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Pledge

The Level One Credo

We shall strive to be the leader in
supplying Silicon Connectivity solutions
and to provide a fair return on
investment to our shareholders while
being a responsible corporate citizen in
our community.

We shall strive to achieve Total
Customer Satisfaction.

We pledge to both external and internal
customers that we shall strive to
anticipate, understand, and fulfill their
needs. We shall continuously improve
each of our work functions to enhance
the value of our products and services.

Brlot S

Robert S. Pepper, Ph.D.
President and CEO
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Product Status Indicators
In this publication the designations Advance, Preliminary and Standard are used as follows:

Advance Information ‘indicates a product still in the design cycle. Any specifications
listed are engineering targets only.

Preliminary Information indicates a product which has not been released to production.
Some specifications may be changed or added after full qualifica-
tion and production release.

Standard Product indicates a product which has been qualified and released to
production.

Level One reserves the right to make changes without further notice to any products herein to improve
reliability, function or design. Level One does not assume any liability arising out of the application or
use of any product or circuit described herein; neither does it convey any license under its patent rights
nor the rights of others. Level One products are not authorized for use as components in life support
devices or systems intended for surgical implant into the body or intended to support or sustain life.
Buyer agrees to notify Level One of any such intended end use whereupon Level One shall determine
availability and suitability of its product or products for the use intended.

Level One and are registered trademarks of Level One Communications, Inc.
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General Information

Level One

Providing Silicon Solutions for Communications Connectivity

Mission

Level One Communications, Inc. of Folsom,
California, is a rapidly growing dedicated pro-
ducer of silicon solutions for complex mixed-
signal (analog and digital) communications and
networking connectivity applications. The com-
pany is a recognized leader specializing in the
development of very large scale integrated cir-
cuit (VLSI) Application Specific Standard Prod-
ucts (ASSPs), such as transceivers, repeaters
and related devices used in two key areas of the
rapidly-expanding telecommunications and data
communications industry:

1) Connectivity solutions for Digital Trans-
mission systems, including fast-growing
T1/E1 and

2) Connectivity solutions for Networking sys-
tems including Local and Wide Area Net-
works (LAN/WAN) such as Ethernet
10Base T; datacom, and digital modems.

A majority of the devices in Level One’s product
line include complex functions incorporated on
single silicon chips for applications formerly
requiring multiple chip sets or board level solu-
tions.

Market Data

With several patents, the company provides a
wide variety of proprietary problem-solving sili-
con connectivity solutions in today’s $2.7 bil-
lion mixed-signal IC market which is projected
to grow at a compounded rate of 30 percent
annually and exceed $5 billion by 1997, accord-
ing to VLSI Research. The two major market
segments currently served by Level One’s prod-
ucts are expected to grow from $800 million in
1992 to more than $2.8 billion by 1997.

History
Level One was founded in December 1985. The
company’s principal investor is Warburg, Pincus
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Capital Company of New York. As its name
implies, Level One’s initial focus was on the
physical layer (“layer one”) of the Open Sys-
tems Interconnection (OSI) seven-layer network
reference model developed by the International
Standards Organization (ISO). In August, 1993
the company completed an initial public offer-
ing. A secondary offering was completed in
February, 1994. Level One is traded on the
NASDAQ exchange under the symbol LEVL.
The company currently occupies two buildings
in a Folsom, CA business park. In April, 1994,
Level One plans to move to a new 60,0007 ft.
facility.

Forward Migrations

Today Level One is adding value to its portfolio
of more than 50 products by integrating solu-
tions encompassing higher layers of the OSI
model into its ICs at the data transfer/condition-
ing layer (layer two), as well as the network
switching, routing and controller layer (layer
three). Level Ones’s products today are aimed
directly at the growing digital telecom/datacom
connectivity markets. These Level One solu-
tions are essential in an age when new technolo-
gies and customer demand are increasing the
need for higher transmission speeds and greater
system performance.

As demand increases for higher trans-
mission speeds, moving from the upper limit of
the analog/voice domain (at 64 kilobits per sec-
ond) to the gigabit level and even beyond, Level
One will continue to implement its product mi-
gration strategy by developing mixed analog/
digital signal processing devices required at
these higher bit rates. The technologies and IC
design techniques Level One has perfected for
baseband short- and long-haul transmission
markets are also applicable in the development
of products for use in broadband coaxial cable
and fiber optic systems.
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The Electronic Superhighway

Level Ones’s advanced silicon connectivity so-
lutions are key building blocks of tomorrow’s
voice/data network and the chief enablers of the
national information superhighway linking
homes and businesses across the nation and
around the globe.

Revenue Growth & Profitability

Level One’s revenue growth rate has been ex-
ceptional. In 1991, productrevenues were 400%
greater than 1990, and 1992 revenues were 175%
greater than 1991. Product revenue for 1993
shows a 105% growth compared with the previ-
ous year. The company has enjoyed consistent
profitability since the first quarter of 1992.

Capitalization

Level One today has a total capitalization ap-
proaching $50 million, including proceeds from
the initial and secondary public offerings. The
two offerings, coupled with consistently increas-
ing earnings and growth, have placed the com-
pany on a firm financial foundation which Level
One can leverage successfully in advancing to
the next stage of corporate development.

Differentiation

Level One fills a unique niche in the mixed-
signal market. Level One made its reputation
firstin the ubiquitous copper wire universe (which
is still far and away the dominant industry sector
for WAN and LAN applications) while also
preparing to address the needs of non-copper
transmission. This strategy will continue to guide
Level One’s growth as the Regional Bell Oper-
ating Companies (RBOC) and other leading
telephone companies work with cable television
providers to provide a full service network in the
years ahead. The company expects that the need
for connectivity and interoperability across
‘baseband and broadband networks will require
the mixed-signal silicon connectivity solutions
provided by Level One.

Installed Plant

While the top 12 telecommunications compa-
nies in America today (telephone and cable TV)
have a total combined installed plant of 430,000
miles of coaxial cable and 6.18 million miles of
fiber optic cable (as reported in Fortune’s April
19, 1993 issue), there is a total of 1.325 billion
miles of copper in place in the franchise territo-
ries of the eight largest telephone companies
alone. As fiber/coax installations increase (as
evidenced by cable giant Tele-Communications,
Inc.’s {TCI} plans to spend $2 billion on an
eight-city fiber hub expansion program and
PacTel’s announcement of a $16 billion fiber/
coax deploymentin the San Francisco Bay Area),
Level One is positioning itself to serve this
expanding market.

New Applications

In order to implement the growing number of
advanced interactive, multimedia, and enter-
prise networking applications*, there is increas-
ing demand for mixed-signal silicon connectiv-
ity solutions to leverage the extensive existing
investments in the installed copper wire base,
while — at the same time — gearing up to
provide solutions to serve the growing needs of
the future mixed media and coax/fiber worlds.
Level One is positioning itself to capture a
significant share of each market sector.

(*Applications include, but are not limited
to: videoconferencing; Group IV Fax; edu-
cational services; telecommuting, image re-
trieval; modem pooling; teleconferencing;
wide area connectivity; secure voice; leased
line backup; desktop conferencing; file trans-
fer; PC access; distributed computing; re-
mote LAN; CAD, CAE, and CAM.)

Industry Leadership

Major ingredients of a firm’s success can be
found in the number of industry leadership posi-
tions a company achieves for itself, as well as by
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the number of industry “firsts” and exclusive,
sole-source products it develops. Level One
maintains an extensive, ongoing research and
development program to develop state-of-the-
art silicon solutions for the mixed-signal, ana-
log/digital transmission and networking mar-
kets. The company’s R&D program has already
yielded significant successes as evidenced by
this partial list of Level One’s accomplishments:

Transmission Achievements

¢ A world leader in twisted-pair telecom/
datacom transceivers.

¢ Worlds’ first supplier of long-haul T1 trans-
ceivers with a one-chip CSU for networking
applications.

e A complete line of fully mtegrated T1/E1
short-haul transceivers
(Level One is the number one supplier in this
market).

» The industry’s only fully-integrated quad
T1/Elreceivers used in the growing SONET
multiplexing and T1/E1 test, monitoring and
performance market.

* Exclusive worldwide provider of integrated
Clock Rate Adapters for E1 and T1 inter-
faces.

* The world’s first integrated T1 and E1 re-
peater chips based on four Level One pat-
ents. Today Level One offers four repeaters:
single T1, dual T1, single E1 and dual E1.

* Organized consortium of leading manufac-
turers to develop chips compliant with the
new industry standard for high-speed digital
subscriber loop interface at T1 or E1 speeds,
the HDSL Data Pump.

Networking Achievements

* Developed the world’s first fully integrated
extended range transceivers for Switched 56
service and Dataphone Digital Service
(DDS).

* Supports the rapid growth of the LAN mar-
ket with new 10Base T Ethernet network
interface connectivity designs.
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¢ Introduced a single chip Media Attachment
Unit (MAU) used to connect to an Ethernet
LAN and a hub transceiver for multipoint
repeaters. Level One is now one of the world’s
top three 10Base T MAU suppliers.

* The industry’s first Ethernet twisted-pair-
to-coaxial-cable adapter IC.

¢ The first firm (in 1992) to address the data
communications industry’s electromagnetic
interference needs by integrating transmit
filter functions onto a chip.

¢ Developed the first multiport quad hub re-
peater chip, the LXT914, with integrated
transmit filters for 10Base T networks.

Unique Design and Modeling /
Simulation Systems
At the heart of Level One’s new product devel-
opment effort is a world class team of communi-
cations mixed-signal silicon design specialists.
They comprise a “rare breed” among today’s
engineering school graduates who are very much
indemand among developers of telecom/datacom
chip-level components and also among original
equipment manufacturers for today’s networks.
To assist this team in its R&D pursuits,
Level One has developed a state-of-the-art, pro-
prietary Computer Aided Design (CAD) system
as well as a software modeling and simulation
system (LxWAVE™) that enables it to design
and test complete VLSI circuits in a fraction of
the time it usually takes to bring new semicon-
ductor products to market — and with fewer
design revisions than competitors require.
Level One knows of no other company
in the world that has a modeling system to rival
LxWAVE, a proprietary software simulation
tool used to model both the physical-level com-
munications system and the associated metallic
transmission networks. LxWAVE has two parts:
LXxNET™ and LxSYS™. LxNET is transmis-
sion simulation software modeling dispersion
and attenuation of baseband signals for a given
set of twisted pair transmission line characteris-
tics. LxSYS is software designed to simulate the
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system of interrelated functional blocks, and
models the transceiver’s resulting behavior and
performance. Together LXNET and LxSYS ac-
curately predict system-level performance of
actual transmission networks. These software
tools, combined with very powerful automatic
test equipment, enable Level One to test its ICs
as if they were transmitting in the real world.

Market Positioning

Level One’s goal is to become the prime source
for the best performing, highest quality IC prod-
ucts in the industry delivered on time with strong
field backup support and better customer rela-
tions than any other semiconductor provider in
the market.

The company is focused on finding sili-
con connectivity solutions for system needs in
the most cost-effective manner. To maintain its
leadership position, Level One strives to con-
tinue to reduce the cost of its products and to
provide its customers with higher added-value
silicon connectivity solutions.

Quality and Reliability Assurance
Extremely stringent quality standards are man-
dated by Level One’s CEO, and are every
employee’s responsibility. Level One’s quality
and reliability assurance focus starts at the prod-
* uctdefinition stage and continues through every
aspect of product design, manufacture, testing
and customer support.

Level One is committed to producing
products of exceptionally high quality and reli-
ability. A quality semiconductor device meets
or exceeds specifications and is delivered on
time. A reliable semiconductor device continues
to conform to specifications over the life of the
equipment of which it is a part.

Quality and reliability cannot be inspected
_ in, screened in or tested in — they must be built-
in to each device. Building in quality and reli-
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ability starts with the initial specification and
proceeds through design and production.

The company has developed an exacting
quality assurance process that has proven suc-
cessful in reducing failure rates to an absolute
minimum for the more than five million silicon

.connectivity ICs produced by the company to

date. Arigorous program of foundry and assem-
bly selection, audit and qualification — as well
as internal controls — ensures a consistent sup-
ply of high quality and reliable devices.

The company establishes a benchmark
performance level all foundries and assemblies
must meet and maintain in order to both qualify
for, and continue to comply with, the company’s
exacting, state-of-the-art manufacturing and pro-
duction standards. Level One, and all of its
affiliated foundries and assemblies, have an ob-
jective of being ISO 9000 compliant by the end
of 1994.

Low Failure Rates

The success of Level One’s quality and reliabil-
ity assurance program is demonstrated by the
company’s extremely low failure/return rate.
Level One’s return rate is less than .4 percent of'
annual sales, which is much better than the
semiconductor industry goal of under 1 percent
of annual sales. The average mean time before
failure (MTBF) for Level One’s ICs is in excess
of 10 million hours.

Multiple Foundry Strategy

Level One’s flexible design methodology uti-
lizes multiple independent silicon foundries —
in the U.S. as well as offshore — to fabricate its
integrated circuits. This enables Level One to

. optimize its manufacturing base to take advan-

tage of process innovations and production sched-
ules. This strategy also reduces total reliance on
a single source and provides a backup mecha-
nism to ensure on time product delivery.

#1LEVEL
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Quality and Reliability

Designing in Quality

Level One has developed a unique approach to
transceiver design and testing. This approach
enables us to ensure that all of the devices we
manufacture meet performance specifications.
Using our proprietary simulation tool,
LxWAVE™, we generate analog signals that
model transmission through various networks
and systems. This enables Level One to test
designs and finished devices under simulated
worst-case conditions to ensure performance to
specifications in extremely demanding scenarios.

LxWAVE consists of two simulation
tools: LXNET™ and LxSYS™. LxNET starts
with a transmission line model using stored
transmission line parameters, many of which are
actual laboratory measured values. Level One
has constructed a wide variety of line models of
various gauges and including single and multi-
pair bundles. The transmission loop environ-
ment can then be modeled by simulating the
effect of topology on the transmission network.
The topology can include transformers, induc-
tors, capacitors, resistors, active circuitry, bridge
taps and other external disturbers. With a given
line model, LxNET calculates the response of
the loop anywhere along the loop.

LxSYS, the second part of LxWAVE,
simulates the behavior of the transceiver in de-
sign. To construct the behavior model, LxSYS
uses software modules corresponding to cir-
cuitry in the Level One design library. Jitter and
noise, analog offsets and nonlinearities, and
bandwidth limitations may also be added.

In the design stage, Level One engineers
use LxWAVE to simulate the response of the
transceiver for various inputs and under various
operating conditions. With these responses, we
develop a template defining the range into which
the transceiver’s output should fall. These tem-
plates are saved for later testing.

[

Designing In Reliability

During design, the reliability aspect of the de-
vice is as important to Level One as perfor-
mance, diesize, and yield. Therefore, Level One
has established design/layout rules and guide-
lines aimed at ensuring reliability. These guide-
lines are followed carefully for all Level One
designs; they are updated as required by failure
analysis history or process changes.

Design and layout guidelines used for
Level One designs are intended to ensure reli-
able circuit operation. Included in the guidelines
are rules intended to reduce susceptibility to
latch-up, enhance circuit ESD robustness, avoid
trace and contact electromigration, ensure di-
electric integrity, reduce metal stress and pro-
vide compatibility with packaging. These guide-
lines are determined in conjunction with the
wafer foundries to guarantee compatibility with
their processes. Packaging and assembly related
guidelines are developed with the assembly house
to enhance package reliability and die protec-
tion.

In addition, Level One designs are very
conservative. Chip components are never de-
signed to the limits of process capabilities or
operated under conditions that could lead to
instability. Designs are subjected to in-depth
circuit simulation at temperature, voltage and
processing extremes before being committed to
silicon. In order to guarantee operation at these
extremes, circuit designs must be conservative.

Level One devices are designed for fab-
rication at several different foundries. The pro-
cesses used by these different foundries are
similar, but not identical. Therefore, our designs
must be able to encompass the process differ-
ences between foundries. This results in devices
less sensitive to variations that may occur during
processing or during the life of the device.
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Foundry and Assembly House

Qualification

The process of choosing and qualifying a wafer
foundry or an assembly house starts long before
any product is built at the facility. Each contrac-
tor is studied in detail to assure compatibility
with Level One requirements. Factors exam-
ined at an assembly house include: package
capabilities; attach types; temperature profiles;
mold compound and epoxy types; inspections;
process control; and quality procedures.

Foundries are evaluated for their ability to
produce Level One designs. The foundry’s
device models or Level One generated models
are used to determine the foundry’s compatibil-
ity. Extensive simulation is performed at pro-
cess, voltage and temperature extremes to en-
sure circuit functionality. The process flow and
construction topology are evaluated for top coat
effectiveness; glassivation and metallization
step coverages; effectiveness of planarization;
electromigration performance; etc. Reliability
data is evaluated for compliance with Level One
reliability requirements.

The manufacturing and quality procedures
followed by the foundry are evaluated carefully
to be sure they can control the process to Level
One specifications. Also, complete lot trace-
ability must be retained.

Finally, both the foundry and the assembly
house must be committed to constant quality
improvement through the use of control charts,
quality groups, and corrective/preventive ac-
tions on any anomalies reported by customers.
Currently, the company has qualified foundries
in North America, Europe and Asia. Multiple
foundries reduce the risks associated with de-
pendency on a single vendor.

Level One assembly in ceramic and plas-
tic DIP, PLCC, TQFP and PQFP packages is
currently being handled by assembly houses in
Asia, Europe and the USA.

Contractor Control

Contractor control is important to ensure consis-
tent performance. Control is a continuous pro-
cess, accomplished through a multifaceted ap-
proach. Contractor surveillance is an important
part of the Level One standard product flow.
Electrical measurements of basic transistor and
topology structures are examined for each wafer
lot received. Each incoming packaged device
lot is subjected to material verification, inspec-
tion, and QC monitor reportreview. In addition,
incoming wafer and packaged device lots are
visually inspected on a sample basis. Any anoma-
lies or trends are detected and reported early in
the process.

Periodically, Level One audits foundry and
assembly house process monitor and control
procedures, quality monitoring, and incoming
material quality assurance.

Product Qualification

Level One products must undergo a strenuous
qualification procedure before production ship-
ments begin. Product qualification includes: es-
tablishment of functional and parametric test
procedures; qualification of the device; qualifi-
cation of the process to be used; and qualifica-
tion of the package.

A device built using a new foundry or a new
assembly house must undergo the most encom-
passing qualification procedure. Because sub-
sets of the qualification procedure are specific to
foundry processes and packages, products using
pre-qualified processes or packages require quali-
fication only of the portions of the procedure not
satisfied by prior qualification. Every qualified
product is capable of meeting each applicable
qualification requirement.
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Among the tests and stresses included in the
qualification procedure are the following:
* operating life tests
¢ Temperature Humidity Bias (THB)
85°C/85% RH or 130°C/85% RH
* autoclave
* temperature cycling
thermal shock
¢ latch-up immunity
* ESD susceptibility
* package and lead mechanical
integrity testing
* hermeticity

Such comprehensive testing stresses the device
design, process and package. For example,
operating life tests stress the device with bias (in
a static or dynamic mode) at elevated tempera-
tures to accelerate possible failure mechanisms
that could occur during the life of the device.
Failure mechanisms accelerated during life test-
ing include parameter shifts, leakages,
electromigration and oxide defects. These fail-
ure mechanisms have been thoroughly studied,
and found to follow the Arrhenius relationship
for reaction rate acceleration with temperature.
This enables Level One to simulate life at a
nominal operating temperature in a relatively
short time.

Autoclave and THB tests are used to
evaluate the resistance to moisture of devices
packaged in plastic. The ability of the package
to protect the die is evaluated in autoclave, in an
unbiased, high temperature, pressurized steam
environment. Metallization corrosion is the
dominant failure mechanism. Bias-dependent
moisture effects are enhanced through THB,
which is a humid (85% RH), high temperature
(85°C or 130°C) environment. Failure mecha-
nisms include metallization corrosion, leakages
and voltage shifts. The package, process and
circuit design are all stressed with THB.

[

Package and bond integrity are evalu-
ated using temperature cycling, thermal shock,
and package and lead mechanical testing

Destructive physical analysis (DPA) is
used to evaluate the details of construction,
workmanship, and potential reliability. In this
analysis, the package and/or die is dissected and
examined in detail, using X-ray, optical micros-
copy, and scanning electron microscopy. Items
such as bond wire dress, ball formation, die
attach, lead frame, package or mold compound,
passivationintegrity, die construction and work-
manship are analyzed.

Product Monitoring

Aftera productis qualified, Level One’s product
monitoring program continues to verify quality
and long-term reliability. Under this program,
the Quality and Reliability Department takes
periodic samples of the product from finished
goods and subjects them to selected product
qualification tests.  Process related tests are
performed on a quarterly basis. Each process/
foundry used in production is monitored sepa-
rately. Package reliability testing is performed
bi-annually. Each production package type/
assembly is monitored individually.

The results of the reliability testing per-
formed for the product monitoring program are
published in Level One Reliability Reports.

Animportant area of productmonitoring
is reviewing failure history for indications of
process or assembly anomalies. If trends are
seen, the anomaly is identified through failure
analysis, pinpointing possible process or assem-
bly influences. Level One then implements
corrective actions, working with the foundry or
assembly house. Design rules and guidelines are
modified, if necessary, to prevent future reoc-
currence of the failure mechanism.
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Production Flow

Production flow is shown in Figure 1. Level One
participates in quality and reliability monitoring
through each aspect of the production cycle by
reviewing electrical and inspection data from
the foundry and assembly house. AtLevel One,
we perform all device testing (at the wafer and
package level), as well as wafer and package
inspections, using in-house expertise.

With each wafer lot, the foundry sends
results of electrical measurements of basic tran-
sistor and topology structures. These measure-
ments are reviewed by Level One Quality and
Engineering and compared to specified values
for the process. If the deviation falls outside the
specification limits, the material is held until
disposition by Quality. Feedback to the foundry
is immediate, and a mutually-agreed-upon cor-
rective action plan is executed. '

A similar inspection and QC monitoring
report is received with each assembled lot from
the assembly house. This report is reviewed for
each incoming lot.

When required, 100% burn-in is per-
formed on the lot. Burn-in yield is monitored by
statistical process control. When alotis found to
have burn-in yield outside the control limits, the
lot is held until disposition by Quality. A lot
sample burn-in is run on material that is not
100% burned-in. Lots that do not pass specific
criteria are held until disposition by Quality.

Before disposition to box stock, the lot
traveler is reviewed by Quality to ensure that all
test, inspection and production steps have been
performed.

A sample of the product must pass a
rigorous quality acceptance test before authori-
zation to ship is given. This testing, consisting
of electrical and visual inspection, is performed
by Quality. Upon successful completion of this
test, authorization to ship is given by Quality.

By maintaining close working relation-
ships with the foundries and assembly houses,
Level One is involved throughout the produc-
tion of the product.

Testing

All devices are 100% tested using parametric
and functional tests using analog and digital test
vectors from the LxWAVE simulator. Test
vectors are downloaded to the production tester
forincorporation into test programs. The analog
and digital signals transmitted through various
networks are reconstructed by the tester and
used as stimuli to the device under test (DUT).
Noise can be added to further evaluate the
device’s response under less than optimum op-
erating conditions. The response is sampled by

* the tester and compared to the template con-

structed for the particular input stimulus.

Using the simulated waveforms, the DUT
is tested for response to various line lengths and
superimposed noise amplitudes. Typically, the
DUT is first tested with a “zero-length line”
waveform as if the receiver and the driver were
tied directly to one another. This is a functional
test of the major blocks of the DUT. A worst-
case waveform is applied next. This is simula-
tion of a specified line length with noise super-
imposed on the signal. This ensures conform-
ance to the specifications even under worst-case
conditions.

These dynamic functional tests, com-
bined with parametric tests, ensure that the de-
vices are rigorously tested under various operat-
ing conditions without the use of cable spools or
other hardware.

Product Traceability

To ensure traceability, each lot traveler tracks
the product history including: foundry lot; as-
sembly; inspections; tests; burn-in (if required);
quality control and quality acceptance testing;
and shipping destination. This documentation is
retained for future reference. The lot traveler
enables Level One to determine which lots were
shipped to a particular customer. In addition,
each device is branded with the lot number and
a special trace code toenable complete traceabil-

ity.

#1LEVEL
@ONE ®



General Information

Figure 1: Level One Production Flow
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General Information

Electrostatic Discharge

Electrostatic discharge (ESD) can damage sen-
sitive semiconductor devices. Damage occurs
unless precautions are taken to eliminate the
generation of dangerous static levels, and to
design robust circuitry with sufficient protec-
tion. Level One uses both approaches to ensure
that the devices shipped to our customers are
uncompromised, and that they will survive nor-
mal handling.

Level One’s design guidelines for ESD
protection produce devices which tolerate nomi-
nal ESD levels without damage. Before use in
device designs, we test the susceptibility to ESD
damage of standard input and output cells, using
special Level One designed test circuits. In
addition, the ESD susceptibility of each device
type is determined as part of the product qualifi-
cation before release to production.

Proper ESD handling of devices is policy
at Level One. Those who handle devices are
fully trained in the proper procedures for han-
dling static-sensitive devices and know that han-
dling devices incorrectly may damage them.
Packaged devices are handled only at special
workstations designed to eliminate damaging
static levels. Packaged devices are shipped in
containers designed to eliminate risk of damage
caused by ESD.

Constant Improvement Program

To assure shipment of high-quality, highly reli-
able devices, Level One pursues constant im-
provement in all aspects of production and test-
ing. For example, small group problem-solving
teams have been assembled. The teams consist
of personnel from both operations and quality,
working together to solve problems and improve
our manufacturing flow.
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T1/E1 Primary Rate Specifications

Primary Rate Specifications

Line Rate 1.544 MHz 1.544 MHz 2.048 MHz 2.048 MHz
+ 200 B/S +75B/S + 50 ppm + 50 ppm
Cable Length ABAM/B55 ft 3000/6000 ft 350 m 1000 m
to DSX point (1000 ft)
Pulse Amplitude 24-36V 24-36V 2.37 V (£10%) Coax (75 Q)
3.0 V (£10%) Twisted-Pair (120 Q)
Receive <10dB 0-36dB 0-6dB at 0-18dB at
Attenuation 1.024 MHz 1.024 MHz
Line Build-Out Pre-Equalized 0.0, 7.5, 15dB No No
Pulses

Maximum 15 (or B8BZS) 15 (or B8ZS) HDB3 HDB3
Successive Zeros Code Code
Maximum Jitter Worst Case: Worst Case: 20-2400 Hz:

138Ul @ 1 Hz 138Ul @ 1 Hz 1.5 Ul N/A

28 Ul @ 100 Hz |28 Ul @ 10-300 Hz

10Ul @ 310 Hz 4 Ul @ 10kHz
Applicable LXT300/301 LXT310 LXT300/301 LXT318
Level One LXT304A LXT304A
Transceivers LXT305/305A LXT305/305A

Short Haul T1 Long Haul T1 Short Haul E1 Long Haul E1

[[g LEVEL
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T1/E1 Primary Rate Specifications

36V
100% =3.0V
24V

50%

0%

1.544 MHz DSX-1 Pulse Mask

—

20%

I

20%

—

10%

w,

DSX-1

Pulse Mask

)
10% Vol l AL
— 0 250
Nanoseconds

500

V

NI DS1
Pulse Mask

100

NOTE: The Network Interface DS1 spec is a relaxed version of the DSX-1 Pulse Mask which allows for cable loss
between the equipment output and the Network Interface.

1.544 MHz T1 Pulse Mask Corner Point Specifications

DSX-1 Template NI DS1 Template
Maximum Curve | Minimum Curve | Maximum Curve | Minimum Curve

Time (ns)| %V |Time(ns)| %V |Time(ns)| %V |Time (ns)| %V
0 5 0 -5 0 5 0 -5
250 5 350 -5 250 5 350 -5
325 80 350 50 325 80 350 50
325 115 400 95 325 120 400 90
425 115 500 95 425 120 500 95
500 105 600 90 500 105 600 90
675 105 650 50 675 105 650 50
725 -7 650 -45 725 5 650 -45
1100 5 800 -45 1100 5 800 -45
1250 5 925 -20 1250 5 896 -26
1100 -5 1100 -5
1250 -5 1250 -5

(¢LEVEL
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T1/E1 Primary Rate Specifications

2.048 MHz E1 Pulse Mask

269 ns
(244 + 25)

el -

-y
v=100%He | ¥
1 20% e
| bd
@
50% M
244ns
Nominal Pulse
- 219ns >
oo E .
10% 20% 10%
+
- 489 ns -
(244 +25)
2.048 MHz E1 Pulse Mask Specifications
Parameter Coaxial | Shielded [Units
Cable | Twisted-
pair
Test load impedance 75 100 ohms
Nominal peak voltage of a mark 2.37 3 \Y%
Peak voltage of a space 0+0.237| 0+03 \Y%
Nominal pulse width 244 244 ns
Ratio of amplitudes of positive and negative pulses 95-105| 95-105 | %
at center of pulse
Ratio of widths of positive and negative pulses at 95-105| 95-105 | %
nominal half amplitude ‘
Lﬂg LEVEL
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T1/E1 Primary Rate Specifications

Short Haul T1/E1 Transceiver Overview

Receiver Data / Clock Cata / Clock Data / Clock Data / Clock
Features Recovery, Recovery Recovery Recovery
Jitter Attenuation Jitter Attenuation
Transmitter Line Driver Line Driver Line Driver Line Driver
Features Jitter Attenuation
Recommended 25 Q typical 25 Q typical 75 Q typical 75 Q typical
Load
Transmit Fixed Fixed Adjustable Adjustable
Return Loss
Loss of Signal Detection of 1 Detection of 1 12.5% mark' 12.5% mark
Reset Condition mark mark density density
4 marks in 32 bits | 4 marks in 32 bits
Number of E1 1 1 2 2
Equalizer Codes
uUP Interface ' Yes No Yes Yes
lg LEVEL
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Standard Product
February, 1994

LXT300/LXT301

T1/E1 Integrated Short Haul Transceivers
with Receive Jitter Attenuation

The LXT300 and LXT301 are fully integrated transceivers ¢ Compatible with most popular PCM framers including
for both North American 1.544 MHz (T1), and European the LXP2180A and LXP2181A

2.048 MHz (E1) applications. Transmit pulse shapes (DSX- . . X
1orEl)aresclectable for variousline lengths andcable types.  * Line driver, data recovery and clock recovery functions

* Receive jitter attenuation starting at 3 Hz meets or

The LXT300 provides receive jitter attenuation starting at 3 exceeds AT&T Pub 62411 (LXT300 only)

Hz, and is microprocessor controllable through a serial inter-
face. The LXT301 is pin compatible, but does not provide LXT300 and LXT301 are pin compatible, and offer pin

jitter attenuation or a serial interface. and functional compatibility with Crystal CS61574
(LXT300) and Crystal CS6158 (LXT301)

Both transceivers offer a variety of diagnostic features in-

cluding transmit and receive monitoring. Clock inputs may  « Minimum receive signal of 500 mV
be derived from an on-chip crystal oscillator or digital inputs.
They use an advanced double-poly, double-metal CMOS
process and each requires only a single 5-volt power supply.

Selectable slicer levels (E1/DSX-1) improve SNR

* Programmable transmit equalizer shapes pulses to meet
DSX-1 pulse tempiate from 0 to 655 ft

« PCM / Voice Channel Banks * Local and remote loopback functions

* Data Channel Bank / Concentrator * Transmit Driver Performance Monitor (DPM) output

» T1/E1 multiplexer :

+ Digital Access and Cross-connect Systems (DACS) » Receive monitor with Loss of Signal (LOS) output

+ Computer to PBX interface (CPI & DMI) * Receiver jitter tolerance 0.4 UI from 40 kHz to 100 kHz

* High speed data transmission lines
* Interfacing Customer Premises Equipment to a CSU
« Digital Loop Carrier (DLC) terminals * Available in 28 pin DIP or PLCC

* Microprocessor controllable (LXT300 only)

MODE "
e CONTROL \\Dmven
HOST HIW TPOS -
INT 1EC1 TNEG EQUALIZER S -
SDi |EC2 o
sDo |EC3 /
5 |RLooP K
scLK |LLooP Teu SYNCHRONIZER .t
CLKE [TAOS ’ Lo
INTRNL CLK TIMING ‘ AT
Mok GENERATOR RCVRY PEAKOR
1 DETECTH RRING
XTALIN
S e R
ROLK g
v Y
RPOS = ELASTIC |a— DATA
RNEG < STORE |4 | LATCH — . -
’ MONITOR MRING
LOS RECEIVE
MONITOR |
[ELEVEL o -
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LXT300/301 T1/E1 Integrated Short Haul Transceivers with Receive JA

Absolute Maximum Ratings

Parameter Sym Min Max Units
DC supply (referenced to GND) RV+, TV+ - 6.0 A"
Input voltage, any pin ! Vi RGND - 0.3 RV++0.3 v
Input current, any pin 2 Iy -10 10 mA
Ambient operating temperature T, -40 85 °C
Storage temperature . Tgo -65 150 oC

WARNING: Operations at or beyond these limits may result in permanent damage to the device. Normal operation not guaranteed at these extremes.
'Excluding RTIP and RRING which must stay within -6V to RV + 0.3V.
2Transient currents of up to 100 mA will not cause SCR latch-up. TTIP, TRING, TV+ and TGND can withstand a continuous current of 100mA.

Recommended Operating Conditions

Parameter Sym Min | Typ | Max | Units Test Conditions
DC supply 3 RV+,TV+ | 475 50 | 525 \%
Ambient operating temperature T, -40 25 85 °C
Total power dissipation # P, - 620 - mW | 100% ones density & maximum
line length @ 525 V

3TV+ must not exceed RV+ by more than 0.3 V.
+Power dissipation while driving 25 Q load over operating temp range. Includes device and load. Digital input levels are within 10% of the
supply rails and digital outputs are driving a 50 pF capacitive load.

Digital Characteristics (T, =-40° to 85°C, V4 = 5.0 V +5%, GND =0 V)

Parameter Sym | Min | Typ | Max | Units | Test Conditions
High level input voltage > ° (pins 1-5, 10, 23-28) Vi 2.0 - — A\
Low level input voltage *° (pins 1-5, 10, 23-28) - Vo - ~ 0.8 \%
High level output voltage *° (pins 6-8, 11, 12, 23,25) Vou | 24 - - v I, 400 pA
Low level output voltage >° (pins 6-8, 11, 12, 23, 25) Voo - - 0.4 A I, =1.6mA
Input leakage current L. -10 - +10 HA
Three-state leakage current’ (pin 25) I, -10 - +10 | pA

’ Functionality of pins 23 and 25 depends on mode. See Host/ Hardware Mode descriptions.
$Qutput drivers will output CMOS logic levels into CMOS loads.

Analog Specifications (T, =-40° to 85°C, V+ = 5.0 V5%, GND =0 V)

Parameter Min Typ | Max| Units | Test Conditions
AMI Output Pulse Amplitudes | DSX-1 24 30 | 36 v | measured at the DSX
El 2.7 3.0 3.3 A% measured at line side
Recommended Output Load at TTIP and TRING - 25 ~ Q
Jitter added by the transmitter 7 | 10Hz - 8kHz - - 0.01 Ul
8kHz - 40 kHz - - 0.025 | UI
10Hz - 40 kHz - - 0.025 | UI
Broad Band - - 0.05 Ul
Sensitivity below DSX (0dB =24V) 13.6 - - dB
500 - - mV
Loss of Signal threshold - 0.3 - \
Data decision threshold DSX-1 63 70 77 | %peak
El 43 50 57 | % peak
Allowable consecutive zeros before LOS 160 175 190 -
Input jitter tolerance 10kHz - 100kHz 0.4 - - UI
Jitter attenuation curve corner frequency ® - 3 - Hz

"Input signal to TCLK is jitter-free.

8 Circuit attenuates jitter at 20 dB/decade above the corner frequency. b‘ L EV E.L
26 LL ONE o




LXT300/301 T1/E1 Integrated Short Haul Transceivers with Receive JA

MCLK

MoK O 1 281 CLKEAOS IO CLKEMAOS e ] 1~ 28| TAOS
Tolk O 2 27 0 SCLKLLOOP 176 o TCK O 2 27 @ LLOOP
TPOS E 3 26 g CS/RLOOP = TPOS E 3 26 0 RLOOP
TNEG 4 25 SDO/EC3 (57 v =7 ] TNEG 4 25 0 EC3
MODE § 5 24 0 SDIEC2 b B e awo g5 240 Ece
ANEG O 6 23 HINT/ECT RPOS []7 2] INTECH RNEG O 6 20 ECt
RPos O 7 22 P RGND Aotk (s LXT300PE B panp RPOS O 7 22 3 RGND
RCLK O 8 21 B Rv+ XTAUN o 2 Ave RCLK O 8 213 Rv+
XTALIN O ¢ 208 RRING  yraour [ +f AANG RT O 9 20 B RRING
Xour g 10 9B RTP oPM RTIP NC g 10 9 Q RTP
ppm O N 18 O MRING ‘ 12 13 14 15 18 |7 u 19f] ppm O 1 18 MRING
Los 4 12 78 mme Los MR,NG Los 0 12 1783 mTIP
e g 13 6 0 TRING . MT.p TP g 13 16 0 TRING
Tenp § 14 150 Tv. TGND ThNG TGND O 14 1503 TV
LXT300 (DIP) LXT300 (PLCC) LXT301 (DIP)
Table 1: Pin Descriptions
Pin#| Sym |VO Name Description
A 1.544 or 2.048 MHz clock input used to generate internal clocks. Upon
1 MCLK | 1 Master Clock Loss of Signal (LOS), RCLK is derived from MCLK.
LXT300 Only: If MCLK not applied, this pin should be grounded.
2 TCLK | 1 Transmit Transmit clock input. TPOS and TNEG are sampled on the falling edge of
Clock TCLK. If TCLK is not supplied, the transmitter remains powered down.
3 TPOS | 1 Transmit Input for positive pulse to be transmitted on the twisted-pair line.
Positive Data .
4 TNEG | 1 Transmit Input for negative pulse to be transmitted on the twisted-pair line.
Negative Data
Setting MODE to logic 1 puts the LXT300 in the Host mode. In the Host
mode, the serial interface is used to control the LXT300 and determine its
I Mode Select status.
MODE (LXT300) Setting MODE to logic 0 puts the LXT300 in the Hardware (H/W) mode.
In the Hardware mode the serial interface is disabled and hard-wired pins
5 are used to control configuration and report status.
GND | - (LXT301) Tie to Ground.
Received data outputs. A signal on RNEG corresponds to receipt of a
6 RNEG | O Receive negative pulse on RTIP and RRING. A signal on RPOS corresponds to
Negative Data | receipt of a positive pulse on RTIP and RRING. RNEG and RPOS outputs
are Non-Return-to-Zero (NRZ). Both outputs are stable and valid on the
rising edge of RCLK.
7 RPOS | O Receive LXT300 only: In the Host mode, CLKE determines the clock edge at which
Positive Data | these outputs are stable and valid. In the Hardware mode both outputs are
stable and valid on the rising edge of RCLK.
8 RCLK | O Recovered This is the clock recovered from the signal received at RTIP and RRING.
Clock
9 RT - Resistor Connect to RV+ through a 1 kQ resistor.
Termination
(LXT301)
[CLEVEL
ONE o 2-7




LXT300/301 T1/E1 Integrated Short Haul Transceivers with Receive JA

Table 1: Pin Descriptions continued

Pin#| Sym |VO Name Description
9 | XTALIN| I | Crystal Input | An external crystal operating at four times the bit rate (6.176 MHz for DSX-1,
(LXT300) 8.192 MHz for E1 applications with an 18.7pF load ) is required to enable the
jitter attenuation function of the LXT300. These pins may also be used to
10 | XTALOUT| O | Crystal Output | disable the jitter attenuator by connecting the XTALIN pin to the positive
(LXT300) supply through a resistor, and floating the XTALOUT pin.
10 N/C - (LXT301) | No connection
Driver DPM goes to a logic 1 when the transmit monitor loop (MTIP and MRING)
11 DPM | O | Performance | does notdetect asignal for 63 2 clock periods. DPM remains at logic 1 until
Monitor a signal is detected.
12 LOS O | Loss df Signal | LOS goes to a logic 1 when 175 consecutive spaces have been detected.
LOS returns to a logic 0 when a mark is detected.
13 TTIP | O | Transmit Tip | Differential Driver Outputs. These outputs are designed to drive a 25 Q load.
The transmitter will drive 100 Q shielded twisted-pair cable through a 2:1
16 | TRING | O | Transmit Ring | step-up transformer without additional components. To drive 75Q coaxial
cable, two 2.2 Q resistors are required in series with the transformer.
14 | TGND | - Transmit Ground return for the transmit drivers power supply TV+.
Ground
15 TV+ 1 Transmit +5 VDC power supply input for the transmit drivers. TV+ must not vary from
Power Supply | RV+ by more than 10.3V. :
17 MTIP | I | Monitor Tip | These pins are used to monitor the tip and ring transmit outputs. The trans-
ceiver can be connected to monitor its own output or the output of another
LXT300 or 301 on the board.
LXT300 only: To prevent false interrupts in the host mode if the monitor is nof
18 | MRING | 1 | Monitor Ring | used, apply a clock signal to one of the monitor pins and tie the other monitor
pin to approximately the clock's mid-level voltage. The monitor clock can
range from 100kHz to the TCLK frequency.
19 RTIP | I | Receive Tip | The AMI signal received from the line is applied at these pins. A center-
tapped, center-grounded, 2:1 step-up transformer is required on these pins.
20 | RRING | I | Receive Ring | Data and clock from the signal applied at these pins are recovered and output
on the RPOS/RNEG, and RCLK pins.
21 RV+ 1 | Receive Power | +5 VDC power supply for all circuits except the transmit drivers.
Supply (Transmit drivers are supplied by TV+.)
22 | RGND | - Receive Ground return for power supply RV+.
Ground

9] EVEL
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LXT300/301 T1/E1 Integrated Short Haul Transceivers with Receive JA

Table 1: Pin Descriptions continued

Pin# Sym Vo Name Description
. This LXT300 Host mode output goes low to flag the host processor
INT (0] Interrupt when LOS or DPM go active. INT is an open-drain output and should
(Host Mode) be tied to power supply RV+ through a resistor. INT is reset by
clearing the respective register bit (LOS and/or DPM.)
23
The signal applied at this pin in the LXT300 Hardware mode and
EC1 I | Equalizer Control 1{ LXT301! is used in conjunction with EC2 and EC3 inputs to determine
(H/W Mode) shape and amplitude of AMI output transmit pulses.
SDI I Serial Data In The serial data input stream is applied to this pin when the LXT300
(Host Mode) operates in the Host mode. SDI is sampled on the rising edge of SCLK.
24
The signal applied at this pin in the LXT300 Hardware mode and
EC2 I | Equalizer Control 2| LXT301 is used in conjunction with EC1 and EC3 inputs to determine
(H/W Mode) shape and amplitude of AMI output transmit pulses.
The serial data from the on-chip register is output on this pin in the
(0] Serial Data Out LXT300 Host mode. If CLKE is high, SDO is valid on the rising edge
SDO (Host Mode) of SCLK. If CLKE is low SDO is valid on the falling edge of SCLK.
This pin goes to a high-impedance state when the serial port is being
25 written to and when CS is high.
Equalizer Control 3| The signal applied at this pin in the LXT300 Hardware mode and
EC3 1 (H/W Mode) LXT301 is used in conjunction with EC1 and EC2 inputs to determine
shape and amplitude of AMI output transmit pulses.
. Chip Select This input is used to access the serial interface in the LXT300 Host
26 CS 1 (Host Mode) mode. For each read or write operation, CS must transition from high
to low, and remain low.
This input controls loopback functions in the LXT300 Hardware mode
RLOOP | I | Remote Loopback | and LXT30!. Setting RLOOP to a logic 1 enables the Remote Loop-
(H/W Mode) back mode. Setting both RLOOP and LLOOP causes a Reset . )
SCLK I Serial Clock This clock is used in the LXT300 Host mode to write data to or read
27 (Host Mode) data from the serial interface registers.
Local Loopback This input controls loopback functions in the LXT300 Hardware mode
LLOOP | I (H/W Mode) and LXT301. Setting LLOOP to a logic 1 enables the Local Loopback
Mode.
Setting CLKE to logic 1 causes RPOS and RNEG to be valid on the
CLKE I Clock Edge falling edge of RCLK, and SDO to be valid on the rising edge of
(Host Mode) SCLK. When CLKE is a logic 0, RPOS and RNEG are valid on the
28 rising edge of RCLK, and SDO is valid on the falling edge of SCLK.
When set to a logic 1, TAOS causes the LXT300 (Hardware mode) and
TAOS I | Transmit All Ones| LXT30! to transmit a continuous stream of marks at the TCLK fre-
(H/W Mode) quency. Activating TAOS causes TPOS and TNEG inputs to be
ignored. TAOS is inhibited during Remote Loopback.

e




LXT300/301 T1/E1 Integrated Short Haul Transceivers with Receive JA

Functional Description

The LXT300 and 301 are fully integrated PCM transceivers
for both 1.544 MHz (DSX-1) and 2.048 MHz (E1) applica-
tions. Both transceivers allow full-duplex transmission of
digital data over existing twisted-pair installations. Figure 1
is a simplified block diagram of the LXT300. The LXT301
isshown inFigure 2. The LXT301 is similar to the LXT300,
but does not incorporate the Jitter Attenuator and associated
Elastic Store, or the serial interface port.

The LXT300 and 301 transceivers each interface with two
twisted-pair lines (one twisted-pair for transmit, one
twisted-pair for receive) through standard pulse transform-
ers and appropriate resistors.

Transmitter

The transmitter circuits in the LXT300 and 301 are identical.
The following discussion applies to both models. Data

received for transmission onto the line is clocked serially
into the device at TPOS and TNEG. Input synchronization
is supplied by the transmit clock (TCLK). The transmitted
pulse shape is determined by Equalizer Control signals EC1
through EC3 as shown in Table 2. Refer to Table 3 and
Figure 3 for master and transmit clock timing characteris-
tics. Shaped pulses are applied to the AMI line driver for
transmission onto the line at TTIP and TRING. Equalizer
Control signals are hard-wired to the LXT301.

LXT300 Only: Equalizer Control signals may be hardwired
in the Hardware mode, or input as part of the serial data
stream (SDI) in the Host mode.

Pulses can be shaped for either 1.544 or 2.048 MHz applica-
tions. 1.544 MHz pulses for DSX-1 applications can be
programmed to match line lengths from 0 to 655 feet of
ABAM cable. The LXT300 and 301 also match FCC and
ECSA specifications for CSU applications. 2.048 MHz
pulses can drive coaxial or shielded twisted-pair lines using
appropriate resistors in line with the output transformer.

Table 2: Equalizer Control Inputs

EC3 | EC2| EC1 Line Length' Cable Loss? Application Frequency
0 1 1 0- 133 ft ABAM 0.6dB
1 0 0 133 - 266 ft ABAM 12dB
1 0 1 266 - 399 ft ABAM 1.8dB DSX-1 1.544 MHz
1 1 0 399 - 533 ft ABAM 24dB
1 1 1 533 - 655 ft ABAM 3.0dB
0 0 0 CCITT Recommendation G.703 El 2.048 MHz
0 1 0 FCC Part 68, Option A CSU (DS-1) 1.544 MHz
! Line length from transceiver to DSX-1 cross-connect point.
2 Maximum cable loss at 772 kHz.
Figure 2: LXT301 Block Diagram
EC1, EC2, CONTROL LINE
EC3 DRIVER
TPOS > \ o TTIP
TNEG EQUALIZER 2 -
V TRING
TCLK SYNCHRONIZER
DATA
sucsns] : |
TIMING
| INTRNL CLK PEAK RTIP
MaLk GENERATOR RC;’RY DETECTOR ARING
- DATA :] : |
RPOS
s = RCVRY
RECEIVE TRANSMIT = ?GE'&G
Los RECEIVE < l—' MONITOR
DPM -
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LXT300/301 T1/E1 Integrated Short Haul Transceivers with Receive JA

Driver Performance Monitor Line Code

The transceiver incorporates a Driver Performance Monitor ~ The LXT300 and 301 transmit data as a 50% AMlI line code
(DPM) in parallel with the TTIP and TRING at the output  as shown in Figure 4. Power consumption is reduced by
transformer. The DPM output level goes high upon detec-  activating the AMI line driver only to transmit a mark. The
tionof 63 consecutive zeros. Itisresetwhenaoneisdetected  output driver is disabled during transmission of a space.
on the transmit line, or when a reset command is received.

Table 3: LXT300 and 301 Master Clock and Transmit Timing Characteristics (See Figure 3)

Parameter Sym | Min | Typ' | Max | Units ' Test Conditions
Master clock frequency DSX-1| MCLK - 1.544 - MHz
El MCLK - 2.048 - MHz
Master clock tolerance MCLKt{ - +100 - ppm
Master clock duty cycle MCLKd| 40 - 60 %
Crystal frequency DSX-1| fc - 6.176 - MHz
LXT300 only El fc - 8.192 - MHz
Transmit clock frequency |DSX-1{ TCLK - 1.544 - MHz
' El |TCLK| - |208| - | MHz
Transmit clock tolerance TCLKt - - +50 ppm
Transmit clock duty cycle TCLKd| 10 - 90 %
TPOS/TNEG to TCLK setup time tor 25 - - ns
TCLK to TPOS/TNEG Hold time G 25 - - ns

! Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing.

Figure 3: LXT300 and 301 Transmit Clock Timing Diagram

TCLK ia
/f
& tsut tHT
/
TPOS /

TNEG : / /L

Figure 4: 50% AMI Coding Diagram

1 0 1

1
f————
]
R
e , ]
| ]
]

TRING

25

®1LEVEL
E ONE e 2-11



LXT300/301 T1/E1 Integrated Short Haul Transceivers with Receive JA

Receiver

The LXT300 and LXT301 receivers are identical except for
the jitter attenuator and elastic store. The following discus-
sion applies to both transceivers except where noted.

The signal is received from one twisted-pair line on each side
of a center-grounded transformer. Positive pulses are re-
ceived at RTIP and negative pulses are received at RRING.
Recovered data is output at RPOS and RNEG, and the
recovered clock is output at RCLK. Refer to Table 4 and
Figure 5 for LXT300 receiver timing. LXT301 receiver
timing is shown in Table 5 and Figure 6.

The signal received at RPOS and RNEG is processed
through the peak detector and datasslicers. The peak detector
samples the inputs and determines the maximum value of the
received signal. A percentage of the peak value is provided
to the data slicers as a threshold level to ensure optimum

signal-to-noise ratio. For DSX-1 applications (determined

by Equalizer Control inputs EC1 - EC3 # 000) the threshold

is setto 70% of the peak value. This threshold is maintained

above 65% for up to 15 successive zeros over the range of

specified operating conditions. For E1 applications (EC
- inputs = 000) the threshold is set to 50 %.

The receiver is capable of accurately recovering signals with
up to -13.6 dB of attenuation (from 2.4 V), corresponding to
areceived signal level of approximately 500 mV. Maximum
line length is 1500 feet of ABAM cable (approximately 6
dB). Regardless of received signal level, the peak detectors
are held above aminimum level of .3 V to provide immunity
from impulsive noise. f

After processing through the data slicers, the received signal
is routed to the data and clock recovery sections, and to the
receive monitor. The receive monitor generates a Loss of
Signal (LOS) output upon receipt of 175 consecutive zeros

Table 4: LXT300 Receive Characteristics (See Figure 5)

Parameter Sym | Min | Typ' | Max | Units Test Conditions

Receive slicer threshold DSX-1 | RST | 65 70 75 %

El RST 45 50 55 %
Receive clock duty cycle RCLKd| 40 - 60 %
Receive clock pulse width |DSX-1| t,, | - 324 - ns

El tw - 244 - ns
RPOS / RNEG to RCLK DSX-1| ty, - 274 - ns
rising setup time El tur - 194 - ns
RCLK rising to RPOS / DSX-1| t, - 274 - ns
RNEG hold time El tir - 194 - ns

Figure 5: LXT300 Receive Clock Timing Diagram

! Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing.

tpw

RCLK ————-—-/

, trw
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RPOS HOST MODE
RNEG >< >< {/{/ CLKE =1
/ / fe1SUR R HOST MODE
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LXT300/301 T1/E1 Integrated Short Haul Transceivers with Receive JA

(spaces). The receiver monitor loads a digital counter at the
RCLK frequency. The countis incremented each time azero
is received, and reset to zero each time a one (mark) is
received. Uponreceipt of 175 consecutive zeros the LOS pin
goes high, and the RCLK outputis replaced with the MCLK.

(In the LXT300 only, if MCLK is not supplied the RCLK
output will be replaced with the centered crystal clock.)

The LOS pin will reset as soon as a one (mark) is received.

In the LXT300 only, recovered clock signals are supplied to
the jitter attenuator and the data latch. The recovered data
is passed to the elastic store where it is buffered and
synchronized with the dejittered recovered clock (RCLK).

Jitter Attenuation (LXT300 Only)

Jitter attenuation of the LXT300 clock and data outputs is
provided by a Jitter Attenuation Loop (JAL) and an Elastic
Store (ES). An external crystal oscillating at 4 times the bit
rate provides clock stabilization. Refer to Table 6 for crystal

Table 5: LXT301 Receive Timing Characteristics (See Figure 6)

Parameter Sym | Min | Typ' | Max | Units Test Conditions
Receive clock duty cycle? |DSX-1 [ RCLKd| 40 50 60 %
) E1l RCLKd| 40 50 60 %
Receive clock pulse width 2 | DSX-1 tow 594 648 702 ns
El tow 447 488 529 ns
Receive clock pulse width | DSX-1| ¢, - 324 - ns
high E1l Cown - 244 - ns
Receive clock pulse width | DSX-1| ¢t 270 324 378 ns
low El Cowr, 203 244 | 285 ns
RPOS / RNEG to RCLK DSX-1]| ty. 50 270 - ns
rising setup time El tsor 50 203 - ns
RCLK rising to RPOS / DSX-1 tr 50 270 - ns
RNEG hold time El tir 50 203 - ns

! Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing.
2 RCLK duty cycle widths will vary depending on extent of received pulse jitter displacement. Max and Min RCLK duty cycles are for worst case
jitter conditions (0.4 UI clock displacement for 1.544 MHz, 0.2 UI clock displacement for 2.048 MHz.)

Figure 6: LXT301 Receive Clock Timing Diagram
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specifications. The ES is a 32 x 2-bit register. Recovered
data is clocked into the ES with the recovered clock signal,
and clocked out of the ES with the dejittered clock from the
JAL. When the bit count in the ES is within two bits of
overflowing or underflowing, the ES adjusts the output
clock by 1/8 of a bit period. The ES produces an average
delay of 16 bits in the receive path.

Operating Modes

The LXT300 and 301 transceivers can be controlled through
hard-wired pins (Hardware mode). Both transceivers can
also be commanded to operate in one of several diagnostic
modes.

LXT300 Only: The LXT300 can be controlled by a micro-
processor through a serial interface (Host mode). The mode
of operation is set by the MODE pin logic level.

Host Mode Operation (LXT300 Only)

To allow a host microprocessor to access and control the
LXT300 through the serial interface, MODE is set to 1. The
serial interface (SDI/SDO) uses a 16-bit word consisting of
an 8-bit Command/Address byte and an 8-bit Data byte.
Figure 7 shows the serial interface data structure and timing.

The Host mode provides a latched Interrupt output (INT)
which is triggered by a change in the Loss of Signal (LOS)
and/or Driver Performance Monitor (DPM) bits. The Inter-
rupt is cleared when the interrupt condition no longer exists,
and the host processor enables the respective bit in the serial
input data byte. Host mode also allows control of the serial
data and receive data output timing. The Clock Edge
(CLKE) signal determines when these outputs are valid,

Table 6: LXT300 Crystal Specifications (External)

relative to the Serial Clock (SCLK) or RCLK as follows:

CLKE Output Clock Valid Edge
RPOS RCLK Rising
Low RNEG RCLK Rising
SDO SCLK Falling
RPOS RCLK Falling
HIGH RNEG RCLK Falling
SDO SCLK Rising

The LXT300 serial port is addressed by setting bit A4 in the

Address/Command byte, corresponding to address 16. The
LXT300 contains only a single output data register so no
complex chip addressing scheme is required. The register is
accessed by causing the Chip Select (CS) input to transition
fromhighto low. Bit 1 of the serial Address/Command byte
provides Read/Write control when the chip is accessed. A
logic 1 indicates a read operation, and a logic 0 indicates a
write operation. Table 7 lists serial data output bit combina-
tions for each status. Serial data I/O timing characteristics
are shown in Table 8, and Figures 8 and 9.

Hardware Mode Operation (LXT300 and 301)

In Hardware mode the transceiver is accessed and controlled
through individual pins. With the exception of the INT and
CLKE functions, Hardware mode provides all the functions
provided in the Host mode. In the Hardware mode RPOS
and RNEG outputs are valid on the rising edge of RCLK.
The LXT301 operates in Hardware mode at all times.

LXT300Only: To operatein Hardware mode, MODE must
be set to 0. Equalizer Control signals (ECI through EC3)

Parameter T E1
Frequency 6.176 MHz 8.192 MHz
Frequency Stability +20 ppm @ 25°C +20 ppm @ 25°C
+25 ppm from -40° C to + 85°C +25 ppm from -40° C to + 85° C
(Ref 25° C reading) (Ref 25° C reading)
Pullability CL =11pFto 18.7 pF, +AF = 175 to 195 ppm| CL = 11 pF to 18.7 pF, +AF =95 to 115 ppm|
CL =18.7 pF to 34 pF, -AF =175 to 195 ppm | CL = 18.7 pF to 34 pF, -AF =95 to 115 ppm
Effective series resistance{ 40 Q Maximum 30 Q Maximum
Crystal cut AT AT
Resonance Parallel Parallel
Maximum drive level 2.0 mW 2.0 mW
Mode of operation Fundamental Fundamental
Crystal holder HC49 (R3W), g; Z Z ’;’fFT;;:g;;lm HC49 (R3W), ((:3; : ’i 7plt-“‘Fnt1;;11(l;navl.1m
g LEVEL
2-14 ONE o



LXT300/301 T1/E1 Integrated Short Haul Transceivers with Receive JA

are input on the Interrupt, Serial Data In and Serial Data
Out pins. Diagnostic control for Remote Loopback
(RLOOP), Local Loopback (LLOOP), and Transmit All
Ones (TAOS) modes is provided through the individual pins
used to control serial interface timing in the Host mode.

Reset Operation (LXT300 and 301)

Upon power up, the transceiver is held static until the power
supply reaches approximately 3V. Upon crossing this
threshold, the device begins a 32 ms reset cycle to calibrate
the transmit and receive delay lines and lock the Phase Lock
Loop to the receive line. A reference clock is required to

calibrate the delay lines. The transmitter reference is pro-
vided by TCLK. MCLK provides the receiver reference for
the LXT301. The crystal oscillator provides the receiver
reference in the LXT300. If the LXT300 crystal oscillator
is grounded, MCLK is used as the receiver reference clock.

The transceiver can also be reset from the Host or Hardware
mode. In Host mode, reset is commanded by simultaneously
writing RLOOP and LLOOP to the register. In Hardware
mode, reset is commanded by holding RLOOP and LLOOP
high simultaneously for 200 ns. Reset is initiated on the
falling edge of the reset request. In either mode, reset clears
and sets all registers to 0 and then begins calibration.

Table 7: LXT300 Serial Data Output Bits (See Figure 7)

Bit D5 | Bit D6 | Bit D7 Status
0 0 0 Reset has occurred, or no program input.
0 0 1 TAOS active
0 1 0 Local Loopback active
0 1 1 TAOS and Local Loopback active
1 0 0 Remote Loopback active
1 0 1 DPM has changed state since last Clear DPM occurred
1 1 0 LOS has changed state since last Clear LOS occurred
1 1 1 LOS and DPM have both changed state since last Clear DPM and Clear LOS
occurred

Figure 7: LXT300 Serial Interface Data Structure

3

-

ADDRESS / COMMAND BYTE DATA INPUT/OUTPUT BYTE
A A
SDI/SDO RAN]A0|A1IA2|A3]A4|A5IA6 DO]D1|DZIDS|D4|D5|D6|D7
ADDRESS / —
COMMAND RW 0 0 0 1 0 X
BYTE A0 A6
R/W = 1: READ X = DON'T CARE
R/W=0:WRITE
CLEAR INTERRUPTS SET LOOPBACKS OR RESET
NOTE: Output Data
Byte same as Input
INPUT Data Byte shown at
DATA LOS" DPM EC1 EC2 EC3 |REMOTE|LOCAL| TAOS left, except for Bits D5
BYTE DO (LSB) D7 (MSB) | through D7 shown in
Table 7 above.
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Table 8: LXT300 Serial /O Timing Characteristics (See Figures 8 and 9)

Parameter Sym | Min | Typ' | Max | Units Test Conditions

Rise/Fall time - any digital output tee - - 100 ns Load 1.6 mA, 50pF
SDI to SCLK setup time te 50 - - ns

SCLK to SDI hold time oo 50 - - ns

SCLK low time te, 240 - - ns

SCLK high time ty 240 - - ns

SCLK rise and fall time o b - - 50 ns

CS to SCLK setup time te 50 - - ns

SCLK to CS hold time teew | 50 - - ns

CS inactive time town 250 - - ns

SCLK to SDO valid tow | - - 1200 | ns

SCLK falling edge or CS rising edge | g, - 100 - ns

to SDO high Z

! Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing.

Figure 8: LXT300 Serial Data Input Timing Diagram
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Figure 9: LXT300 Serial Data Output Timing Diagram
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Diagnostic Mode Operation

In Transmit All Ones (TAOS) mode the TPOS and TNEG
inputs to the transceiver are ignored. The transceiver trans-
mits a continuous stream of 1's at the TCLK frequency when
the TAOS mode is activated. TAOS can be commanded
simultaneously with Local Loopback, but is inhibited during
Remote Loopback.

In Remote Loopback (RLOOP) mode, the transmit data and
clock inputs (TPOS, TNEG and TCLK) are ignored. The
RPOS and RNEG outputs are looped back through the
transmit circuits and output on TTIP and TRING at the
RCLK frequency. Receiver circuits are unaffected by the
RLOOP command and continue to output the RPOS, RNEG
and RCLK signals received from the twisted-pair line.

In Local Loopback (LLOOP) mode, the receiver circuits are
inhibited. The transmit data and clock inputs (TPOS, TNEG
and TCLK) are looped back onto the receive data and clock
outputs (RPOS,RNEG and RCLK.) The transmitter circuits
are unaffected by the LLOOP command. The TPOS and
TNEG inputs (or a stream of 1's if the TAOS command is
active) will be transmitted normally.

LXT300 Only: When used in this mode with a crystal, the
transceiver can be used as a stand-alone jitter attenuator.

Power Requirements

The LXT300 and 301 are low-power CMOS devices. Each
operates from a single +5 V power supply which can be
connected externally to both the transmitter and receiver.
However, the two inputs must be within +.3V of each other,
and decoupled to their respective grounds separately, as
shown in Figure 10. Isolation between the transmit and
receive circuits is provided internally.

Applications
LXT300 1.544 MHz T1 Interface Applications

Figure 10 is a typical 1.544 MHz T1 application. The
LXT300 is shown in the Host mode with the LXP2180A T1/
ESF Framer providing the digital interface with the host
controller. Both devices are controlled through the serial
interface. An LXP600A Clock Adapter (CLAD) provides
the 2.048 MHz system backplane clock, locked to the
recovered 1.544 MHz clock signal. The power supply inputs
are tied to a common bus with appropriate decoupling
capacitors installed (1.0 uF on the transmit side, 68yF and
0.1 uF on the receive side.)

$LEVEL
E ONE e

LXT300 2.048 MHz E1 Interface Applications

Figure 11 is a typical 2.048 MHz E1 application. The
LXT300 is shown in Hardware mode with the LXP2181A
E1/CRC4 Framer. Resistors are installed in line with the
transmit transformer for loading a 75 Q coaxial cable. The'
in-line resistors are not required for transmission on 100 Q
shielded twisted-pair lines. As in the T1 application Figure
10, this configuration is illustrated with a crystal in place to
enable the LXT300 Jitter Attenuation Loop, and a single
power supply bus. The hard-wired control lines for TAOS,
LLOOP and RLOOP are individually controllable, and the
LLOOP and RLOOP lines are alsotied to asingle control for
the Reset function.

LXT301 1.544 MHz T1 Interface

Figure 12 is a typical 1.544 MHz T1 application of the
LXT301. The LXT301 is shown with the LXP2180A T1/
ESF Framer. An LXP600A Clock Adapter (CLAD) pro-
vides the 2.048 MHz system backplane clock, locked to the
recovered 1.544 MHz clock signal. The power supply inputs
are tied to a common bus with appropriate decoupling
capacitors installed (1.0 uF on the transmit side, 68uF and
0.1 uF on the receive side.)

LXT301 2.048 MHz E1 Interface

Figure 13 is a typical 2.048 MHz E1 application of the
LXT301. The LXT301 is shown with the LXP2181A E1/
CRC4 Framer. Resistors are installed in line with the
transmit transformer for loading a 75 Q coaxial cable. The
in-line resistors are not required for transmission on 100 Q
shielded twisted-pair lines. As in the T1 application Figure
12, this configuration is illustrated with a single power
supply bus. The hard-wired control lines for TAOS, LLOOP
and RLOOP are individually controllable, and the LLOOP
and RLOORP lines are also tied to a single control for the
Reset function.

2-17




LXT300/301 T1/E1 Integrated Short Haul Transceivers with Receive JA

Figure 10: Typical LXT300 1.544 MHz T1 Application (Host Mode)
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INOTEJT] IN ADDITION TO THE LXP2180A, THE LXT300 IS COMPATIBLE WITH A WIDE VARIETY OF DIGITAL FRAMING AND SIGNALING
DEVICES, INCLUDING THE LXP2181A, DS2180A, MT8976, AND R8070.

INOTE[2] WHEN LXT300 IS CONNECTED TO THE CROSS-CONNECT FRAME THROUGH A LOW LEVEL MONITOR JACK, RECEIVE
TRANSFORMER SHOULD BE 1 :2: 2 TO BOOST THE INPUT SIGNAL.
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Figure 11: Typical LXT300 2.048 MHz E1 Application (Hardware Mode)
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Figure 12: Typical LXT301 1.544 MHz T1 Application

LXP2180A 1,544 MHz CLOCK

T1/ESF L LXT301 1ok

FRAMER TRANSCEIVER 2ka |V*

+——>] mowk TAOS )
TouK [Je———4—— [ 1ok LLOOP 10k

VW

10kQ

VWA~

TPOS TPOS RLOOP

]
]
]
TNEG Eca [ —1
—
]

TNEG

GND EC2

I e 1
>
ANEG jd—;—q RNEG EC1
ov
RPOS :I‘—*—E RPOS RGND le
4=

RCLK RCLK RV+

E1.5i

RT RRING

[
L
-
- NG ATe [ 20008 g1:1:1
LXP600A / 602
2.048 | AA T1 LINE
MHz CLAD . ] oem MRING [ MERECEWE«
<—{Jeo F_s’j_l O tos TP [T -
— —D TTIP TRING :
Y teno v+ [ H

IN ADDITION TO THE LXP2180A, THE
LXT301 IS COMPATIBLE WITH A WIDE VARIETY OF I

DIGITAL FRAMING AND SIGNALING DEVICES,
INCLUDING THE DS2180A, MT8976, AND R8070.

Figure 13: Typical LXT301 2.048 MHz E1 Application
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T

. . Preliminary Information
: R i February, 1994
LXT300Z/ LX T301Z

T1/E1 Integrated Short Haul Transceivers
with Receive Jitter Attenuation

The LXT300Z and LXT301Z are fully integrated transceiv- ¢ Compatible with most popular PCM framers including
ers for both North American 1.544 MHz (T1), and European the LXP2180A and LXP2181A

2.048 MHz (E1) applications. They are pin and functionally
compatible with standard LXT300/301 devices, with some
circuit enhancements. * Receive jitter attenuation starting at 3 Hz meets or
exceeds AT&T Pub 62411 (LXT300Z only)

« Line driver, data recovery and clock recovery functions

The LXT300Z provides receive jitter attenuation starting at 3
Hz, and is microprocessor controllable through a serial inter-  * Constant low impedance drivers during marks and

face. The LXT301Z is pin compatible, but does not provide spaces (3 €2 typical)

jitter attenuation or a serial interface. Transmit drivers , yangmit amplitude variation with supply is less than 1%
provide low output impedance, constant during transmission (typical)

of both marks and spaces, resulting in an improved perfor-

mance over various cable networking configurations. Both ¢ Minimum receive signal of 500 mV

ransee vers d"frie;e?v?‘;fgﬁcgﬁfmggcf?;ists‘"!f::“;i « Selectable slicer levels (E/DSX-1) improve SNR
derived from an on-chip crystal oscillator or digital inputs. Programmable transmit equalizer shapes pulses to meet
They use an advanced double-poly, double-metal CMOS DSX-1 pulse template from 0 to 655 ft

process and each requires only a single 5-volt power supply.

* Local and remote loopback functions

* Transmit Driver Performance Monitor (DPM) output

¢ PCM / Voice Channel Banks

¢ Data Channel Bank / Concentrator ¢ Receive monitor with Loss of Signal (LOS) output

¢ T1/E1 multiplexer (12.5% one’s density reset)

« Digital Access and Cross-connect Systems (DACS) .

« Computer to PBX interface (CPI & DMI) * Receiver jitter tolerance 0.4 UI from 40 kHz to 100 kHz

« High speed data transmission lines
« Interfacing Customer Premises Equipment to a CSU
Digital Loop Carrier (DLC) terminals e A

* Microprocessor controllable (LXT300Z only)

ilable in 28 pin DIP or PLCC

MODE LINE
> CONTROL DRIVER
TPOS - TTIP
TNEG EQUALIZER )i -

/ TRING

DATA
sucsnﬁ::' I
PEAK [*® RTIP

TCLK SYNCHRONIZER

MCLK INTRNL CLK
GENERATOR
DETECTOR| _ _ RRING
XTALIN -~ <]::| l
XTALOUT <= ATTENUATOR
RCLK ¢
[ \
RPOS - ELASTIC  |at—{ DATA
RNEG STORE |q | LATCH
TRANSMIT MTIP
MONITOR MRING
LOS ¢ RECEIVE [**
MONITOR
DPM =
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LXT304A

Standard Product
February, 1994

Low-Power T1/E1 Integrated Short Haul Transceiver
with Receive Jitter Attenuation

The LXT304A is a fully integrated low-power transceiver ~ * Low power consumption (400 mW maximum)
for both North American 1.544 MHz (T1), and European 40% less than the LXT300

2.048 MHz (E1) applications. It features a constant low
output impedance transmitter allowing for high transmitter
return loss in T1/E1 applications. Transmit pulse shapes
(DSX-1 or E1) are selectable for various line lengths and
cable types.

* Constant low output impedance transmitter regardless of
data pattern

High transmit and receive return loss

Meets or exceeds all industry specifications including

The LXT304A provides receive jitter attenuation starting at CCITT G.703, ANSI T1.403 and AT&T Pub 62411

3 Hz, and is microprocessor controllable through a serial Compatible with most popular PCM framers including
interface. the LXP2180A (T1) and LXP2181A (E1)

Line driver, data recovery and clock recovery functions

It offers a variety of diagnostic features including transmit
and receive monitoring. The device incorporates an on-chip
crystal oscillator, and also accepts digital clock inputs. It
uses an advanced double-poly, double-metal CMOS process
and requires only a single 5-volt power supply.

Minimum receive signal of 500 mV

Selectable slicer levels (E1/DSX-1) improve SNR

Programmable transmit equalizer shapes pulses to meet
DSX-1 pulse template from 0 to 655 ft

« PCM / Voice Channel Banks Local and remote loopback functions

¢ Data Channel Bank / Concentrator

Transmit / Receive performance monitors with DPM and
LOS outputs

Receiver jitter tolerance 0.4 UI from 40 kHz to 100 kHz

* T1/E1 multiplexer )

* Digital Access and Cross-connect Systems (DACS)
* Computer to PBX interface (CPI & DMI)

» High speed data transmission lines

* Interfacing Customer Premises Equipment to a CSU
* Digital Loop Carrier (DLC) terminals

Receive jitter attenuation starting at 3 Hz

Microprocessor controllable
Available in 28 pin DIP or PLCC

MODE oL LINE
| CONTR DRIVER
HOST |H/W TPOS > . o TTIP
INT [EC1 TNEG EQUALIZER 2 -
SDi |EC2 TRING
spo [EC3 d
CS .|RLOOP TCLK SYNCHRONIZER
SCLK |LLOOP . DATA
CLKE [TAOS SLICER!
TIMING
T e 0 e L qi.;’*
RRING
R -
ROLK ATTENUATOR
¥ \
RPOS ~a ELASTIC |a—| DATA
RNEG STORE |4 | LATCH
TRANSMIT MTIP
MONITOR MRING
LOS RECEIVE
MONITOR
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Absolute Maximum Ratings

Parameter Sym Min Max Units
DC supply (referenced to GND) RV+, TV+ - 6.0 \'
Input voltage, any pin ! Vin RGND - 0.3 RV++03 A
Input current, any pin 2 I, -10 10 mA
Ambient operating temperature T, -40 85 °C
Storage temperature Too -65 150 °C

WARNING: Operations at or beyond these limits may result in permanent damage to the device. Normal operation not guaranteed at these extremes.
'Excluding RTIP and RRING which must stay within -6V to RV + 0.3V.
2 Transient currents of up to 100 mA will not cause SCR latch-up. TTIP, TRING, TV+ and TGND can withstand a continuous current of 100mA.

Electrical Characteristics (T, = -40° to 85°C, V+ = 5.0 V 5%, GND =0 V)

Parameter Sym | Min Max | Units | Test Conditions
Total power dissipation 3 P, - 400 | mW 100% ones density & max
line length @ 525 V
High level input voltage *° (pins 1-5, 10, 23-28) Viu 2.0 - v
Low level input voltage * (pins 1-5, 10, 23-28) Vo - 0.8 \"
High level output voltage *° (pins 6-8, 11, 12, 23, 25) Vou 24 - A\ Iy =- 400 pA
Low level output voltage ** (pins 6-8, 11, 12, 23, 25) Voo - 0.4 \ I, ;=1.6mA
Input leakage current © I 0 +10 | pA
Three-state leakage current * (pin 25) L, 0 +10 HA
3 Power dissipation while driving 75 Q load over operating temp range. Includes device and load. Digital input levels are within 10% of the
supply rails and digital outputs are driving a 50 pF capacitive load.
* Functionality of pins 23 and 25 depends on mode. See Host / Hardware Mode descriptions.
> Output drivers will output CMOS logic levels into CMOS loads.
¢ Except MTIP and MRING I, =+ 50 pA.
Analog Specifications (T, =-40°t0 85°C, V+ =5.0 V5%, GND =0 V)
Parameter Min Typ | Max | Units | Test Conditions
AMI Output Pulse Amplitudes | DSX-1 24 30 | 36 Vv | measured at the DSX
CEPT 2.7 3.0 33 A% measured at line side
Recommended output load at TTIP and TRING - 75 - Q
Jitter added by the transmitter 7 10Hz - 8kHz - - 0.01 Ul
8kHz - 40 kHz - - 0.025 Ul
10Hz - 40 kHz - - 0.025 UI
Broad Band - - 0.05 Ul
Sensitivity below DSX (0dB =24V) 13.6 - - dB
: 500 - - mV
Loss of Signal threshold - 0.3 - \
Data decision threshold . DSX-1 63 70 77 | %peak
CEPT 43 50 57 | % peak
Allowable consecutive zeros before LOS 160 175 190 -
Input jitter tolerance 10kHz - 100kHz 0.4 - - Ul
Jitter attenuation curve corner frequency 8 - 3 - Hz
Minimum Return Loss > Transmit Receive
Min Typ | Min Typ
S1kHz - = 102kHz 20 28 20 30 dB
102kHz - 2.048 MHz 20 28 20 30 dB
2.048 MHz - 3.072 MHz 20 24 20 25 dB

7 Input signal to TCLK is jitter-free.
® Circuit attenuates jitter at 20 dB/decade above the corner frequency.
? In accordance with CCITT G.703/RC6367A return loss specifications when wired per Figure 10 (DSX-1) or Figure 11 (CEPT).

10 Guaranteed by design. (] LEVE.L
2-24 | g ONEo
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Recommended Operating Conditions

Parameter Sym Min Typ Max Units
- DC supply ! RV+, TV+ 4.75 5.0 5.25 \Y%
Ambient operating temperature T, -40 25 85 °C

! TV+ must not exceed RV+ by more than 0.3 V.

MCLK
MCLK O 1~ 28 1 CLKE/TAOS s i
TCLK 02 27 QA S_C_LK/LLOOP TNEG CS/RLOOP
TPOS E 3 26 O CS/RLOOP =
TNEG 4 25 O SDO/EC3 T3z 1 B @ |
MODE O 5 24 11 sSDIEC2 ':zg; E: zi% :g%i?
RNEG O 6 23 @ INT/ECH RPOS []7 2a] INT/EC1
RPos O 7 22 1 RGND RCLK (e 2f] RGND
RCLK O 8 21 0 Av+ XTAUN []s 2f] AV4
XTALIN O 9 20 1 RRING XTALOUT [lro 2f] RRING
XTAouT O 10 9B RTIP DPM [y RTIP
DPM E 'I'I ]8 D MR‘NG U 12 13 14 15 16 17 |s :|
Los O 12 173 MTIP LOS MRING
e O 13 16 0 TRING TTlP an
TeND O 14 150 Tvs TGND THING
28-pin DIP 28-pin PLCC
Table 1: Pin Descriptions
Pin#| Sym |I/O Name Description

A 1.544 or 2.048 MHz clock input used to generate internal clocks. Upon
1 MCLK | T | Master Clock | Loss of Signal (LOS), RCLK is derived from MCLK. If MCLK is not
applied, this pin should be grounded.

2 TCLK | 1 Transmit | Transmit clock input. TPOS and TNEG are sampled on the falling edge of

Clock TCLK. If TCLK is not supplied, the transmitter remains powered down.
3 TPOS | 1 Transmit Input for positive pulse to be transmitted on the twisted-pair line.
Positive Data
4 TNEG | 1 Transmit Input for negative pulse to be transmitted on the twisted-pair line. . .
" Negative Data

Setting MODE to logic 1 puts the LXT304A in the Host mode. In the Host
mode, the serial interface is used to control the LXT304A and determine its
5 | MODE | 1 | Mode Select | status.

Setting MODE to logic 0 puts the LXT304A in the Hardware (H/W) mode.
In the Hardware mode the serial interface is disabled and hard-wired pins
are used to control configuration and report status.

6 RNEG | O Receive Received data outputs. A signal on RNEG corresponds to receipt of a
Negative Data | negative pulse on RTIP and RRING. A signal on RPOS corresponds to
receipt of a positive pulse on RTIP and RRING. RNEG and RPOS outputs

are Non-Return-to-Zero (NRZ). Both outputs are stable and valid on the
7 RPOS | O Receive - rising edge of RCLK. In the Host mode, CLKE determines the clock edge
Positive Data | at which these outputs are stable and valid. In the Hardware mode both
outputs are stable and valid on the rising edge of RCLK.

8 RCLK | O Recovered This is the clock recovered from the signal received at RTIP and RRING.
Clock

#1LEVEL
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Table 1: Pin Descriptions continued

Pin#| Sym |IO Name Description
9 | XTALIN| I | Crystal Input | An external crystal operating at four times the bit rate (6.176 MHz for DSX-1,
8.192 MHz for E1 applications with an 18.7pF load ) is required to enable the
] jitter attenuation function of the LXT304A. These pins may also be used to
10 | XTALOUT| O | Crystal Output | disable the jitter attenuator by connecting the XTALIN pin to the positive
supply through a resistor, and tying the XTALOUT pin to ground.
Driver DPM goes to a logic 1 when the transmit monitor loop (MTIP and MRING)
11 DPM | O | Performance | does notdetect a signal for 63 +2 clock periods. DPM remains at logic 1
Monitor until a signal is detected.
LOS goes to a logic 1 when 175 consecutive spaces have been detected.
12 LOS O | Loss Of Signal | LOS returns to a logic 0 when the received signal reaches 12.5% ones density,
based on 4 ones in any 32 bit periods with no more than 15 consecutive zeros.
13 TTIP | O | Transmit Tip | Differential Driver Outputs. These low impedance outputs achieve maximum
power savings through a 1:1.15 transformer (T1), or a 1:1 (75 Q) or 1:1.26
16 | TRING | O | Transmit Ring | (120- Q) transformer (E1) without additional components. To provide higher
return loss, resistors may be used in series with a transformer as specified in
Tables 8, 9 and 10.
14 TGND | - Transmit Ground return for the transmit drivers power supply TV+.
Ground
15 TV+ I Transmit +5 VDC power supply input for the transmit drivers. TV+ must not vary from
Power Supply | RV+ by more than +0.3V.
17 MTIP | I | Monitor Tip | These pins are used to monitor the tip and ring transmit outputs. The trans-
ceiver can be connected to monitor its own output or the output of another
LXT304A on the board. To prevent false interrupts in the host mode if the
monitor is not used, apply a clock signal to one of the monitor pins and tie the
18 | MRING | I | Monitor Ring | other monitor pin to approximately the clock's mid-level voltage. The monitor
clock can range from 100kHz to the TCLK frequency.
19 RTIP I | Receive Tip | The AMI signal received from the line is applied at these pins. A center-
tapped, center-grounded, 2:1 step-up transformer is required on these pins.
Data and clock from the signal applied at these pins are recovered and output
20 | RRING | I | Receive Ring | on the RPOS/RNEG, and RCLK pins.
- 21 RV+ I | Receive Power | +5 VDC power supply for all circuits except the transmit drivers.
Supply (Transmit drivers are supplied by TV+.)
22 | RGND | - Receive Ground return for power supply RV+.
Ground
[LEVEL
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Table 1: Pin Descriptions continued

Pin# Sym | /O Name Description
- This LXT304A Host mode output goes low to flag the host processor
INT (o} Interrupt when LOS or DPM go active. INT is an open-drain output and should
(Host Mode) be tied to power supply RV+ through a resistor. INT is reset by
clearing the respective register bit (LOS and/or DPM.)
23
The signal applied at this pin in the LXT304A Hardware mode is used
EC1 I | Equalizer Control 1 | in conjunction with EC2 and EC3 inputs to determine shape and
(H/W Mode) amplitude of AMI output transmit pulses.
SDI I Serial Data In The serial data input stream is applied to this pin when the LXT304A
(Host Mode) operates in the Host mode. SDI is sampled on the rising edge of SCLK.
24
The signal applied at this pin in the LXT304A Hardware mode is used
EC2 I | Equalizer Control 2 | in conjunction with EC1 and EC3 inputs to determine shape and
(H/W Mode) amplitude of AMI output transmit pulses.
The serial data from the on-chip register is output on this pin in the
(0] Serial Data Out LXT304A Host mode. If CLKE is high, SDO is valid on the rising
SDO (Host Mode) edge of SCLK. If CLKE is low SDO is valid on the falling edge of
SCLK. This pin goes to a high-impedance state when the serial port is
25 being written to and when CS is high.
Equalizer Control 3 | The signal applied at this pin in the LXT304A Hardware mode is used
EC3 I (H/W Mode) in conjunction with EC1 and EC2 inputs to determine shape and
amplitude of AMI output transmit pulses.
o Chip Select This input is used to access the serial interface in the LXT304A Host
26 CS I (Host Mode) mode. For each read or write operation, CS must transition from high
to low, and remain low.
This input controls loopback functions in the LXT304A Hardware
RLOOP | I | Remote Loopback | mode. Setting RLOOP to a logic 1 enables the Remote Loopback
(H/W Mode) mode. Setting both RLOOP and LLOOP causes a Reset .
SCLK I Serial Clock This clock is used in the LXT304A Host mode to write data to or read
27 (Host Mode) data from the serial interface registers.
Local Loopback This input controls loopback functions in the LXT304A Hardware
LLOOP| 1 (H/W Mode) mode. Setting LLOOP to a logic 1 enables the Local Loopback Mode.:
Setting CLKE to logic 1 causes RPOS and RNEG to be valid on the
CLKE I Clock Edge falling edge of RCLK, and SDO to be valid on the rising edge of
(Host Mode) SCLK. When CLKE is alogic 0, RPOS and RNEG are valid on the
28 rising edge of RCLK, and SDO is valid on the falling edge of SCLK.
When set to a logic 1, TAOS causes the LXT304A (Hardware mode) to
TAOS I | Transmit All Ones | transmit a continuous stream of marks at the TCLK frequency. Activat-
(H/W Mode) ing TAOS causes TPOS and TNEG inputs to be ignored. TAOS is
inhibited during Remote Loopback.

gLF_VEL
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Functional Description

The LXT304A is a fully integrated PCM transceiver for both
1.544 MHz (DSX-1) and 2.048 MHz (E1) applications. It
allows full-duplex transmission of digital data over existing
twisted-pair installations.

Figure 1is asimplified block diagram of the LXT304A. The
LXT304A transceiver interfaces with two twisted-pair lines,
one twisted-pair for transmit, one twisted-pair for receive.

Receiver

The LXT304A receives the signal input from one twisted-
pair line on each side of a center-grounded transformer.
Positive pulses are received at RTIP and negative pulses are
received at RRING. Recovered data is output at RPOS and
RNEG, and the recovered clock is output at RCLK. Referto
Table 2 and Figure 2 for LXT304A receiver timing.

The signal received at RPOS and RNEG is processed
through the peak detector and data slicers. The peak detector

samples the inputs and determines the maximum value of
the received signal. A percentage of the peak value is
provided to the data slicers as a threshold level to ensure
optimum signal-to-noise ratio. For DSX-1 applications
(determined by Equalizer Control inputs EC1 - EC3 # 000)
the threshold is set to 70% of the peak value. This threshold
is maintained above 65% for up to 15 successive zeros over
the range of specified operating conditions. For E1
applications (EC inputs = 000 or 001) the threshold is 50 %.

Thereceiveris capable of accurately recovering signals with
up to -13.6 dB of attenuation (from 2.4 V), corresponding to
_a received signal level of approximately 500 mV. Maxi-
mum line length is 1500 feet of ABAM cable (approxi-
mately 6 dB of attenuation). Regardless of received signal
level, the peak detectors are held above a minimum level of
.3 V to provide immunity from impulsive noise.

After processing through the data slicers, the received signal
is routed to the data and clock recovery sections, and to the
receive monitor. The data and clock recovery circuits are
highly tolerant with an input jitter tolerance significantly
better than required by Pub 62411, as shown in Figure 3.

Table 2: LXT304A Receive Characteristics (See Figure 2)

Parameter Sym | Min | Typ' | Max | Units Test Conditions

Receive slicer threshold DSX-1 | RST 65 70 75 %
CEPT | RST | 45 50 55 %

Receive clock duty cycle RCLKd| 40 - 60 %
Receive clock pulse width (DSX-1| t,, - 324 - ns
' CEPT G - 244 - ns

RPOS /RNEG to RCLK DSX-1| ty,. - 274 - ns
rising setup time CEPT | t, - 194 - ns
RCLK rising to RPOS / DSX-1| t. - 274 - ns
RNEG hold time CEPT | t, - 194 - ns

Figure 2: LXT304A Receive Clock Timing

! Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing.

trw | tpw

- Pt

RCLK —— N/ N

/N

tsur | tHR

- ‘s 17
RPOS >< > < 7/ HOST MODE
RNEG // CLKE=1
&4
, dsur |, tHR ,
RNEG / / / CLKE=0, &
7/ / H/W MODE
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The receiver monitor loads a digital
counter at the RCLK frequency. The
countis incremented eachtime a zero is
received, and reset to zero each time a
one (mark) is received. Upon receipt of
175 consecutive zeros the LOS pin goes
high, and a smooth transition replaces
the RCLK output with the MCLK. (If
MCLK is not supplied the RCLK output
will be replaced with the centered crys-
tal clock.) The LOS pin is reset when
the received signal reaches 12.5% ones
density (4 marks in 32 bits) with no
more than 15 consecutive zeros.

Recovered clock signals are supplied to
the jitter attenuator and the data latch.
The recovered data is passed to the
elastic store where it is buffered and
synchronized with the dejittered recov-
ered clock (RCLK).

Jitter Attenuation

Jitter attenuation of the LXT304A
clock and data outputs is provided by a
Jitter Attenuation Loop (JAL) and an
Elastic Store (ES). An external crystal

Figure 3: Typical Receiver Input Jitter Tolerance (Loop Mode)

10000 U1

10 Hz

100 Hz

1 kHz
Frequency

10 kHz 100 kHz

oscillating at 4 times the bitrate provides clock stabilization.
Refer to Table 3 for crystal specifications. The ESis a 32 x
2-bitregister. Recovered datais clocked into the ES with the
recovered clock signal, and clocked out of the ES with the

Table 3: LXT304A Crystal Specifications (External)

dejittered clock from the JAL. When the bit count in the ES
is within two bits of overflowing or underflowing, the ES
adjusts the output clock by 1/8 of a bit period. The ES
produces an average delay of 16 bits in the receive path.

CL = 18.7 pF to 34 pF, -AF =175 to 195 ppm

Parameter T1 E1
Frequency 6.176 MHz 8.192 MHz
Frequency Stability +20 ppm @ 25°C +20 ppm @ 25°C
+ 25 ppm from -40° C to + 85° C + 25 ppm from -40° Cto + 85°C
(Ref 25° C reading) (Ref 25° C reading)
Pullability CL =11pFto 18.7 pF, +AF =175 to 195 ppm| CL = 11 pF to 18.7 pF, +AF =95 to 115 pp!

CL = 18.7 pF to 34 pF, -AF =95 to 115 ppm

Effective series resistance

40 Q Maximum

30 Q Maximum

C,, = 17 {F typical

Crystal cut AT AT

Resonance Parallel Parallel

Maximum drive level 2.0 mW 2.0 mW

Mode of operation Fundamental Fundamental

Crystal holder HC49 (R3W), C,, = 7 pF maximum HC49 (R3W), C, = 7 pF maximum

C,, = 17 fF typical

#LEVEL
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Transmitter

Data received for transmission onto the line is clocked
serially into the device at TPOS and TNEG. Input synchro-
nization is supplied by the transmit clock (TCLK). If TCLK
is not supplied the transmitter remains powered down,
except during remote loopback. Refer to Table 4 and Figure
4 for master and transmit clock timing characteristics.

The transmitted pulse shape is determined by Equalizer
Control signals EC1 through EC3 as shown in Table 5.
Equalizer Control signals may be hardwired in the Hardware
mode, or input as part of the serial data stream (SDI) in the
Host mode. Shaped pulses are applied to the AMI line driver
for transmission onto the line at TTIP and TRING. The line
driver provides a constant low output impedance of 3 Q
(typical). This well controlled output impedance provides
excellent return loss (> 20 dB) when used with external
9.4 Q precision resistors (+ 1% accuracy) in series with a

transmit transformer with a turns ratio of 1:2.3 (* 2%
accuracy). Series resistors also provide increased surge
protection and reduce short circuit current flow.

Pulses can be shaped for either 1.544 or 2.048 MHz applica-
tions. 1.544 MHz pulses for DSX-1 applications can be
programmed to match line lengths from 0 to 655 feet of
ABAM cable. The LXT304A also matches FCC and ECSA
specifications for CSU applications. A 1:1.15 transmit
transformer is used for 1.544 MHz systems. For higher
return loss in DSX-1 applications, use 9.4 Q resistors in
series with a 1:2.3 transmit transformer.

2.048 MHz pulses can drive coaxial or shielded twisted-pair
lines. For E1l systems, a 1:2 transmit transformer and series
resistors are recommended. This design meets or exceeds all
CCITT and European PTT specifications for transmit and
receive returnloss. A 1:1or 1:1.26 transformer may be used
without series resistors.

Table 4: LXT304A Master Clock and Transmit Timing Characteristics (See Figure 4)

Parameter Sym Min Typ' Max Units
Master clock frequency DSX-1 MCLK - 1.544 - MHz
El MCLK - 2.048 - MHz
Master clock tolerance MCLKt - +100 - ppm
Master clock duty cycle MCLKd 40 - 60 %
Crystal frequency DSX-1 fc - 6.176 - MHz
El fc - 8.192 - MHz
Transmit clock frequency | DSX-1 TCLK - 1.544 - MHz
El TCLK - 2.048 - MHz
Transmit clock tolerance TCLKt - - 50 ppm
Transmit clock duty cycle TCLKd 10 - 90 %
TPOS/TNEG to TCLK setup time toor 25 - - ns
TCLK to TPOS/TNEG Hold time . 25 - - ns
! Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing.
Figure 4: LXT304A Transmit Clock Timing
//
TCLK 7/
l/
T
tsu tHT y
TPOS //
TNEG //
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Driver Performance Monitor The serial interface (SDI/SDO) uses a 16-bit word consist-
ing of an 8-bit Command/Address byte and an 8-bit Data
byte. Figure 6 shows the serial interface data structure and

timing.

The transceiver incorporates a Driver Performance Monitor
(DPM) in parallel with TTIP and TRING at the output
transformer. The DPM output goes high upon detection of
63 consecutive zeros. It is reset when aone is detected on the
transmit line, or when a reset command is received.

The Host mode provides a latched Interrupt output (INT)
which is triggered by a change in the Loss of Signal (LOS)
and/or Driver Performance Monitor (DPM) bits. The
Interrupt is cleared when the interrupt condition no longer
exists, and the host processor enables the respective bit in
the serial input data byte. Host mode also allows control
of the serial data and receive data output timing. The Clock
Edge (CLKE) signal determines when these outputs are
valid, relative to the Serial Clock (SCLK) or RCLK as

Line Code

The LXT304A transmits data as a 50% AMI line code as
shown in Figure 5. The output driver maintains a constant
low output impedance regardless of whether it is driving
marks or spaces.

Figure 5: 50% AMI Coding follows:
! ° ' CLKE Output Clock Valid Edge
' BIT CELL \ | \
' : \ ' RPOS | RCLK Rising
T\, T T T - LOW RNEG RCLK Rising
\ \
b .' . /[ SDO SCLK Falling
- — — 4+ — — &+ -
-—_— 1 + RPOS RCLK Falling
\
e ; , ]__\—:— HIGH | RNEG | RCLK Falling
—+ u 4 - SDO SCLK Rising

Operating Modes
The LXT304A serial port is addressed by setting bit A4 in

The LXT304A transceiver can be controlled through hard-
wired pins (Hardware mode) or by a microprocessor through
a serial interface (Host mode). The mode of operation is set
by the MODE pin logic level. The LXT304A can also be
commanded to operate in one of several diagnostic modes.

Host Mode Operation

To allow a host microprocessor to access and control the
LXT304A through the serial interface, MODE is set to 1.

the Address/Command byte, corresponding to address 16.
The LXT304A contains only a single output data register so
no complex chip addressing scheme is required. Theregister
is accessed by causing the Chip Select (CS) input to transi-
tion from high to low. Bit 1 of the serial Address/Command
byte provides Read/Write control when the chip is accessed.
A logic 1 indicates a read operation, and a logic 0 indicates
a write operation. Table 6 lists serial data output bit combi-
nations for each status. Serial data I/O timing characteristics
are shown in Table 7, and Figures 7 and 7.

Table 5: Equalizer Control Inputs

EC3 | EC2| EC1 Line Length' Cable Loss? Application Frequency
0 1 1 0- 133 ft ABAM 0.6 dB
1 0 0 133 - 266 ft ABAM 1.2dB
1 0 1 266 - 399 ft ABAM 1.8dB DSX-1 1.544 MHz
1 1 0 399 - 533 ft ABAM 24dB
1 1 1 533 - 655 ft ABAM 3.0dB
0 0 0 CCITT Recommendation G.703 E1 - Coax (75 Q) 2.048 MHz
0 0 1 E1 - Twisted-pair (120 Q)
0 1 0 FCC Part 68, Option A CSU (DS-1) 1.544 MHz
! Line length from transceiver to DSX-1 cross-connect point.
2 Maximum cable loss at 772 kHz.
[LOLEVEL
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Hardware Mode Operation

In Hardware mode the transceiver is accessed and controlled
through individual pins. With the exception of the INT and
CLKE functions, Hardware mode provides all the functions
provided in the Host mode. In the Hardware mode RPOS
and RNEG outputs are valid on the rising edge of RCLK. To
operate in Hardware mode, MODE must be set to 0.
Equalizer Control signals (EC1 through EC3) are input on
the Interrupt, Serial Data In and Serial Data Out pins.
Diagnostic control for Remote Loopback (RLOOP), Local
Loopback (LLOOP), and Transmit All Ones (TAOS)
modes is provided through the individual pins used to

control serial interface timing in the Host mode.
Reset Operation

Upon power up, the transceiver is held static until the power
supply reaches approximately 3V. Upon crossing this
threshold, the device begins a 32 ms reset cycle to calibrate
the transmit and receive delay lines and lock the Phase Lock
Loop to the receive line. A reference clock is required to
calibrate the delay lines. The transmitter reference is pro-
vided by TCLK. The crystal oscillator provides the receiver
reference. If the LXT304A crystal oscillator is grounded,
MCLK is used as the receiver reference clock.

Table 6: LXT304A Serial Data Output Bits (See Figure 6)

Bit D5 | Bit D6 | Bit D7 Status
0 0 0 Reset has occurred, or no program input.
0 0 1 TAOS active
0 1 0 Local Loopback active
0 1 1 TAOS and Local Loopback active
1 0 0 ~ Remote Loopback active
1 0 1 DPM has changed state since last Clear DPM occurred
1 1 0 LOS has changed state since last Clear LOS occurred
1 1 1 LOS and DPM have both changed state since last Clear DPM and Clear LOS
occurred

Figure 6: LXT304A Serial Interface Data Structure

cs

-

ADDRESS / COMMAND BYTE DATA INPUT / OUTPUT BYTE
A A
SDI/SDO RW| A0 | A1| A2| A3 | A4 | A5| A6| DO| D1| D2| D3| D4 | D5 | D6 | D7
ADDRESS / _
COMMAND R/W 0 0 0 1 0 X
BYTE A0 A6
RW = 1: READ X = DON'T CARE
R/W =0:WRITE
CLEAR INTERRUPTS SET LOOPBACKS OR RESET
. NOTE: Output Data
Byte same as Input
INPUT Data Byte shown at
DATA LOS DPM EC1 EC2 EC3 |REMOTE|LOCAL| TAOS 1:“, e’:ﬁegt_,fOI’hBﬂS D5
DO (LSB D7 (MSB roug shown in
BYTE ( ) ( ) Table 6 above.
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Table 7: LXT304A Serial VO Timing Characteristics (See Figures 7 and 8)

Parameter Sym | Min | Typ' | Max | Units Test Conditions

Rise/Fall time - any digital output L - - 100 ns Load 1.6 mA, 50pF
SDI to SCLK setup time toe 50 - - ns

SCLK to SDI hold time eon 50 - - ns

SCLK low time t. | 240 - - ns

SCLK high time b | 240 | - - ns

SCLK rise and fall time Gt - - 50 ns

CS to SCLK setup time tee 50 - - ns

SCLK to CS hold time tew | SO - - ns

CS inactive time Cown 250 - - ns

SCLK to SDO valid tepy - - | 200 | ns

SCLK falling edge or CS rising edge | to, - 100 - ns

to SDO high Z

! Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing.

Figure 7: LXT304A Serial Data Input Timing Diagram

fc
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/l /]
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CONTROLBYTE | DATABYTE

Figure 8: LXT304A Serial Data Output Timing Diagram
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The transceiver can also be reset from the Host or Hardware
mode. In Host mode, reset is commanded by simultaneously
writing RLOOP and LLOOP to the register. In Hardware
mode, reset is commanded by holding RLOOP and LLOOP
high simultaneously for 200 ns. Reset is initiated on the
falling edge of the reset request. In either mode, reset clears
and sets all registers to 0 and then calibration begins.

Diagnostic Mode Operation

In Transmit All Ones (TAOS) mode the TPOS and TNEG
inputs to the transceiver are ignored. The transceiver trans-
mits a continuous stream of 1's at the TCLK frequency when
TAOS is activated. TAOS can be commanded simultane-
ously with Local Loopback, but is inhibited during Remote
Loopback.

In Remote Loopback (RLOOP) mode, the transmit data and
clock inputs (TPOS, TNEG and TCLK) are ignored. The
RPOS and RNEG outputs are looped back through the
transmit circuits and output on TTIP and TRING at the
RCLK frequency. Receiver circuits are unaffected by the
RLOOP command and continue to output the RPOS, RNEG
and RCLK signals received from the twisted-pair line.

InLocal Loopback (LLOOP) mode, the receiver circuits are
inhibited. The transmit data and clock inputs (TPOS, TNEG
and TCLK) are looped back onto the receive data and clock
outputs (RPOS, RNEG and RCLK.) The transmitter circuits
are unaffected. The TPOS and TNEG inputs (or a stream of
1's if the TAOS command is active) will be transmitted
normally. When used in this mode with a crystal, the
transceiver can be used as a stand-alone jitter attenuator.

Figure 9: Typical LXT304A 1.544 MHz T1 Application (Host Mode)
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DEVICES, INCLUDING THE LXP2181A, DS2180A, MT8976, AND R8070.

IN ADDITION TO THE LXP2180A, THE LXT304A IS COMPATIBLE WITH A WIDE VARIETY OF DIGITAL FRAMING AND SIGNALING
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LXT304A Low Power T1/E1 Integrated Short Haul Transceiver with Receive JA

Power Requirements

The LXT304A is a low-power CMOS device. It operates
from a single +5 V power supply which can be connected
externally to both the transmitter and receiver. However, the
two inputs must be within+ .3V of each other, and decoupled
to their respective grounds separately, as shown in Figure 9.
Isolation between transmit and receive circuits is provided
internally. During normal operation, TAOS or LLOOP, the
transmitter powers down if TCLK is not supplied.

Applications

Clock Adapter (CLAD) provides the 2.048 MHz system
backplane clock, locked to the recovered 1.544 MHz clock
signal. The power supply inputs are tied to a common bus
with appropriate decoupling capacitors installed (1.0 uF on
the transmit side, 68uF and 0.1 pF on the receive side.)

1.544 MHz DSX-1 Applications

Figure 10is a 1.544 MHz DSX-1 application using EC code
011. For DSX-1 applications, series resistors can be used
to provide higher return loss. Table 8 lists transformer ratios,
Rt values and typical return losses for 1.544 MHz EC codes.

Table 8: T1/DSX-1 Output Combinations (100 Q)

1.544 MHz T1 Interface Applications EC XfmrRatio' RtValue® Rtnl 3
Figure 9is atypical 1.544 MHz T1 applicationusinga1:1.15 . _
transmit transformer without in-line resistors to provide g}} ) i}} } :;'15 ﬁ:;gfg (2)05:1;3
maximum power savings. The LXT304A is showninthe |47 _ 193 1:23 Ri=94 0 28 dB
Host mode with the LXP2180A T1/ESF Framer providing - - -
the digital interface with the host controller. Both devices g“::l??;‘;’;‘;mw accuracy is +2 %.
are controlled through the serial interface. An LXP600A 3 Typical return 1055;102 kHz - 2.048 MHz band.
Figure 10: Typical LXT304A DSX-1 Application (Hardware Mode)
LXP2180A [ xpeon oo LXT304A 100k@ \
T1/ESF 1.544 MHz | cLOCK Vs
T1/EsF TRANSCEIVER . s
—1 | wmow TA0s [ F—— /
TOLK [ = ] Tok toor [+——1]10ke
TPOS [ }—-—F—| TPOS RLOOP [ —— |]loke
TNEG | b—— =] nea ecs |}
t+—1 wmooe EC2 [ }—
anee [ f+—] mnee EC1 [—-
ov
rros | Je— | rpos RGND :}m—l
RCLK | J&———{| Rok AVs [ —Jeewr ==
RRING [}
l:]&_ETmE XTALIN | |
r4
T xraLout RTIP [ 2003 | |1
] oem MRING | | AN g;,;g;w;z
200 Q §
0 ros MTIP [}
0.47 pF non-polarized
O m — ]
P TRING IE‘ (94 Q)§ 1.544 MHz
) TRANSMIT
'-—E TGND v+ [ ey Z
1:23 _
1) JV+
= 1.0uF '
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2.048 MHz E1 Interface Applications

Figure 11isa2.048 MHz E1 TWP application using EC code
001 and 15 Q Rt resistors in line with the transmit trans-
former to provide high return loss and surge protection.
When high return loss is not a critical factor, a 1:1 or 1:1.26
transformer without in-line resistors provides maximum
powersavings. Tables 9 and 10list typical returnloss figures
for various transformer ratios, Rt values and associated
2.048 MHz EC codes for 75 Q coax and 120 Q TWP,
respectively. The LXT304A is shown in Hardware mode

Table 9: E1 Output Combinations (75 Q)

EC  XfmrRatio' RtValue* RtnlLoss®
001 1:1 Rt=10Q 5dB
001 1:2 Ri=143Q 12dB
000 1:1 Rt=0Q 0.5dB
000 1:2 Rt=94Q 24 dB

! Transformer turns ratio accuracy is + 2 %.
2 Rt values are+ 1 %.
3 Typical return loss, 102 kHz - 2.048 MHz band.

Table 10: E1 Output Combinations (120 Q)

with the LXP2181A E1/CRC4 Framer. The hard-wired EC Xfmr Ratio' RtValue*> RtnLoss®
control lines for TAOS, LLOOP and RLOOP are individu- -
ally controllable, and the LLOOP and RLOOP lines are also 001 1:1 Rt=0Q 0.5dB
tied to asingle control for the Reset function. Asinthe DSX- 001 1:2 Rt=15Q 30dB
1 application Figure 10, this configuration is illustrated with 000 1:1.26 Rt=0Q 0.5dB
a crystal in place to enable the LXT304A Jitter Attenuation 000 1:2 Rt=8.7Q 12dB
Loop, and a single power supply bus. 3 Transformer turns ratio accuracy is 2 %.
2 Rt values are + 1 %.
) 3 Typical return loss, 102 kHz - 2.048 MHz band.
Figure 11: LXT304A 2.048 MHz E1 Application (Hardware Mode)
Lxpataia | [XPoRACAD] LXT304A ook
E1/CRC4 | 2.048MHz| cLOCK v
1/ GRC: " | TRANSCEIVER soca |V
——-E — —AN—]
ToLK [ Je —{] 7o tLoop [ }——"]l1oke]
—
TPOS [ ——-——1—{| TPOS RLooP [——]]1oka)
TNEG [TH——{| NG Eca [}
+—L| mope Ec2 [}
rvee | ] rNEa EC1 DV—
0
rros | F«——— | Rrpos RGND o 1
RCLK H——-‘: RCLK RV+ D_n__—IESuF —
| XTAUN RRING | |- 1
=
XTALOUT RTIP |1 1500, 1:1:1
NOTE In addition to !he LXP2!81A, E
the LXT304A is compatible VA& 2.048 MHz
with a wide variety of framing L . DPM MRING D 150Q § RECEIVE
and signaling devices,
including the DS2181A, ] ros MTIP [}
MT8979, AND R8070. - 0.47 uF non-polarized
NOTE E Various transformer l: TTIP TRING | 2.048 MHz
- ratios and associated M'T
Rt values are listed in l——E TGND TV+ D——?
Tables 9.and 10.
11 ]
V+
11 1
= 0w
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D4 Channel Bank Applications

Existing D4 Channel Bank architectures frequently employ:
(1) aplug-in card for T1 pulse generation (6.0 V peak); and
(2) a separate card for pulse shaping and Line Build-Out
(LBO). The LXT304A integrates the functions of both cards
on asingle chip producing a DSX-1 compatible, 3.0 V peak
output pulse with a standard transformer. In new designs,
the LXT304A can replace two cards with one. However, the
LXT304A is also compatible with existing dual-card archi-

tectur%z. With an appr?;;lrigtg ‘(;utp:lt( tranifor‘;ner, lthe Parameter Value

LXT304A can produce full 6. peak amplitude pulses - -

suitable for D4 Channel Bank applications with separate Turns Ratio 1:2.3 (&5 %)

pulse shaping/LBO cards. Primary Inductance 1.2 mH min
. Leakage Inductance 0.5 uH max

To achieve the 6.0 V peak output, the FCC Part 68-010 . .

Equalizer Code setting is used. (EC = 010). With the Interwinding Capacitance 25 pF max

standard 1:1.15 transformer, this code produces a 3.0 V peak Series Resistance 1.0 Q PRI

pulse. However, doubling the transformer turns ratio to
1:2.30 produces the desired 6.0 V peak pulse.

Figure 12 shows a D4 Channel Bank application circuit
using the correct Equalizer Code setting and transformer.
Transformer specifications are listed in Table 11. Vendors
supplying suitable transformers include Pulse Engineering,
Bel Fuse, Midcom and Schott. Application circuit function-
ality was confirmed using a Pulse Engineering PE65558
transformer.

Table 11: Transformer Specifications

Note: Typical pulse undershoot = 30% (£10) %.

Figure 12: LXT304A 1.544 MHz D4 Channel Bank Applications (Hardware Mode)

2048 LXPG0OA LXT304A 100k
MHz CLAD 1.544 MHz V4
M o ke [ TRANSCEIVER a 200
D MCLK TAOS I"“"‘
TCLK [ ] =[] Tek toop [F——"]l1oke
TPOS [ }—— =[] TPOS RLOOP [T—e—"1]10k
TNEG [} 1\EG
- LXP2180A
T1/ESF |
FRAMER i L] mooe
ANEG je———— 1 &NEG
rros | Fe———— | nrpos RGND __ij'_——l
=
ROLK [ te——1——1{ Rowk Ave [H—Teewr =
— ] XTALN RRING |7}
LXPG00A 16176
CLAD MHz RTIP 1 200 0% 1:1:1
2,048 1.544 XTALOUT LI b3
MHz MHz .
ClKo  CLKi L] opm MRING [ = %EL&?&Z
] vros
Note: For D4 Channel Bank applica- D P
tions, the LXT304A canbe usedin either TGND
the hardware control mode (shown) or
the software control mode. Under soft- 11
ware control, the EC code is set through -_J;_— ,fol,,p
the serial channel.

(Lo
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LXT305

T1/E1 Integrated Short Haul Transceiver

with Transmit Jitter Attenuation

The LXT305 is a fully integrated transceiver for both North
American 1.544 MHz (T1), and European 2.048 MHz (E1) the LXP2180A and LXP2181A
applications. Transmit pulse shapes (T1 or E1) are se-

lectable for various line lengths and cable types. « Line driver, data recovery and clock recovery functions

¢ Compatible with most popular PCM framers including

The LXT305 provides transmit jitter attenuation starting at ~ « Minimum receive signal of 500 mV

3 Hz, and is microprocessor controllable through a serial

interface. Itis especially well suited for applicationsinvolv- e Selectable slicer levels (T1/E1) improve SNR

ing T1 and higher rates such as M13 mux, SONET, etc. A

variety of diagnostic features including transmit andreceive ¢ Programmable transmit equalizer shapes pulses to meet
monitoring are incorporated. Clock inputs may be derived DSX-1 pulse template from 0 to 655 ft

from an on-chip crystal oscillator or digital inputs.

* Local and remote loopback functions

The LXT305, an advanced double-poly, double-metal . .
CMOS device, requires only a single 5-volt power supply. ~ * Transmit Driver Performance Monitor (DPM) output

» Receive monitor with Loss of Signal (LOS) output

* SONET Equipment
* M13 Multiplexers
* PCM/ Voice Channel Banks « Pin and functional compatibility with Crystal CS61535
* Data Channel Bank / Concentrator

« T1/El multiplexer * Replaces CS61534

 Receiver jitter tolerance 0.4 UI from 40 kHz to 100 kHz

* Digital Access and Cross-connect Systems (DACS)

A » Transmit jitter attenuation starting at 3 Hz
* Computer to PBX interface (CPI & DMI)

* High speed data transmission lines * Microprocessor controllable
* Interfacing Customer Premises Equipment to a CSU
« Digital Loop Carrier (DLC) terminals * Available in 28 pin DIP and PLCC

Hog H/W

INT |EC1

MODE LINE

soilece [] | CONTROL DRIVER

SDo |EC3
scc_i RLOOP 1TPOS > > - - TTIP

1K [LLoo EQUALIZER - | -
CLKE [Taos (N TNEG JTTER TRING
TCLK *| ATTENUATOR
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XTALOUT DATA

SLICERS
_ INTRNL CLK TIMING - ATIP
MoLK GENERATOR RCVRY PEAK
DETECTOR
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®LEVEL
E ONEe 2-39



LXT305 T1/E1 Integrated Short Haul Transceiver with Transmit Jitter Attenuation

Absolute Maximum Ratings
Parameter Sym Min Max Units
DC supply (referenced to GND) RV+, TV+ - 6.0 v
Input voltage, any pin ! Vi, RGND - 0.3 RV++03 \'Z
Input current, any pin 2 I -10 10 mA
Ambient operating temperature T, -40 85 °C
Storage temperature Tee - -65 150 °C

WARNING: Operations at or beyond these limits may result in permanent damage to the device. Normal operation not guaranteed at these extremes.
'Excluding RTIP and RRING which must stay within -6V to RV + 0.3V.
2Transient currents of up to 100 mA will not cause SCR latch-up. TTIP, TRING, TV+ and TGND can withstand a continuous current of 100mA.

Recommended Operating Conditions

Parameter Sym Min | Typ | Max | Units Test Conditions
DC supply * RV+,TV+ | 475 50 | 525 \%
Ambient operating temperature T, -40 25 85 °C )
Total power dissipation P, - 620 - mW | 100% ones density & maximum
line length @ 525V

3TV+ must not exceed RV+ by more than 0.3 V.
4 Power dissipation while driving 25 Q load over operating temp range. Includes device and load. Digital input levels are within 10% of the
supply rails and digital outputs are driving a 50 pF capacitive load.

Digital Characteristics (1, = -40° to 85°C, V+=5.0V 5%, GND =0 V)

Parameter Sym | Min | Typ | Max | Units | Test Conditions
High level input voltage > °(pins 1-5, 10, 23-28) Vi 2.0 - - v
Low level input voltage > (pins 1-5, 10, 23-28) \3 - - 0.8 \
High level output voltage > (pins 6-8, 11, 12, 23, 25) Vou 2.4 - - v I, =- 400 pA
Low level output voltage > ° (pins 6-8, 11, 12, 23, 25) Vo - - 0.4 v I,=1.6mA
Input leakage current L -10 - +10 LA
Three-state leakage current® (pin 25) I, -10 — +10 UA

SFunctionality of pins 23 and 25 depends on mode. See Host / Hardware Mode descriptions.
$Output drivers will output CMOS logic levels into CMOS loads.

Analog Specifications (1, =-40° to 85°C, V+=5.0V +5%, GND =0 V)

Parameter Min Typ | Max| Units | Test Conditions
AMI Output Pulse Amplitudes T1 ‘ 24 3.0 3.6 \'4 measured at the DSX
El 2.7 3.0 3.3 \' measured at line side
Recommended Output Load at TTIP and TRING - 25 - Q
Jitter added by the transmitter ’ 10Hz - 8kHz - — 0.01 Ul
8kHz - 40 kHz - - 0.025 Ul
10Hz - 40 kHz - - 0.025 Ul
Broad Band - - 0.05 Ul
Sensitivity below DSX (0dB =24V) 13.6 - - dB
500 - - mV
Loss of Signal threshold - 0.3 - \Y
Data decision threshold T1 63 70 77 | %peak
i El 43 50 57 | % peak
Allowable consecutive zeros before LOS 160 175 190 -
Input jitter tolerance 10kHz - 100kHz 0.4 - - Ul
Jitter attenuation curve corner frequency ¢ - 3 - Hz
"Input signal to TCLK is jitter-free.
8Circuit attenuates jitter at 20 dB/decade above the corner frequency. g l(_)ENVEE"L
®
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MCLK
g1~ 28] CLKemAos ToLk CLKE/TAOS
MCLK TPOS SCLK/LLOOP
TCclK O 2 27 O SCLK/LLOOP TNEG CSRLOOP
TPOS E 3 gg g CS/RLOOP -
SDO/EC3 A A——
JgEGE s 24 8 S_DI//EC2 MODE [|s * ° 2 ' %% % Spo/kEcs
RNEG O 6 23 P INT/ECT RNEG []e 24[] SDIEC2
rRPOs § 7 22 0 RGND RPOS []7 2] INTEC
RCLK H 8 21 F Rv+ RCLK []s 2f] RGND
XTALN § 9 20H RRING XTALN []s af] RV+
XAouT 5 0 1mp rme XTALOUT RRING
opm § 1 18 8 MRING Qo =[]
Los g 12 78 mrp DPM Oz 15 14 15 16 17 18" RTIP :
mp 4 13 16 B TRING =
Teno H14 5P Tve Los X MRING
' TP MTIP
. TGND . TRING
28-pin DIP 28-pin PLCC Vs
Pin Descriptions
Pin#| Sym |1/O0 Name Description
A 1.544 or 2.048 MHz clock input used to generate internal clocks. Upon
1 | MCLK| 1 | Master Clock | Loss of Signal (LOS), RCLK is derived from MCLK. If MCLK is not
applied, this pin should be grounded.
2 | TCLK | I Transmit Transmit clock input. TPOS and TNEG are sampled on the falling edge of
‘ Clock TCLK. Except during remote loopback, the transmitter remains powered
down if TCLK is not supplied.
3 TPOS | I Transmit Input for positive pulse to be transmitted on the twisted-pair line.
Positive Data
4 TNEG | I Transmit Input for negative pulse to be transmitted on the twisted-pair line.
Negative Data
Setting MODE to logic 1 puts the LXT305 in the Host mode. In the Host
5 | MODE| I | ModeSelect | mode, the serial interface is used to control the LXT305 and determine its
status.
Setting MODE to logic 0 puts the LXT305 in the Hardware (H/W) mode.
In the Hardware mode the serial interface is disabled and hard-wired pins
are used to control configuration and report status.
6 | RNEG| O Receive Received data outputs. A signal on RNEG corresponds to receipt of a
Negative Data | negative pulse on RTIP and RRING. A signal on RPOS corresponds to
receipt of a positive pulse on RTIP and RRING. RNEG and RPOS outputs
are Non-Return-to-Zero (NRZ). In the Host mode, CLKE determines the
7 RPOS | O Receive clock edge at which these outputs are stable and valid. In the Hardware
Positive Data | mode both outputs are stable and valid on the rising edge of RCLK.
8 | RCLK| O | Recovered This is the clock recovered from the signal received at RTIP and RRING.
Clock

[
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Pin Descriptions continued

Pin#| Sym [1/O Name Description

9 | XTALIN| I | Crystal Input | An external crystal operating at four times the bit rate (6.176 MHz for T1,
8.192 MHz for E1 applications) with an 18.7pF load is required to enable the
jitter attenuation function of the LXT305.

10 | XTALOUT| O | Crystal Output | These pins may also be used to disable the jitter attenuator by connecting the
XTALIN pin to the positive supply through a resistor, and tying the
XTALOUT pin to ground.

11 DPM | O Driver DPM goes to a logic 1 when the transmit monitor loop (MTIP and MRING)

Performance | does not detect a signal for 63 2 clock periods. DPM remains at logic 1
Monitor until a signal is detected.

12 LOS | O | Loss Of Signal | LOS goes to a logic 1 when 175 consecutive spaces have been detected.
LOS returns to a logic 0 when a mark is received.

13 TTIP | O | Transmit Tip | Differential Driver Outputs. These outputs are designed to drive a 25 Q
load. The transmitter will drive 100 2 shielded twisted-pair cable through a

16 TRING | O | Transmit Ring | 2:1 step-up transformer without additional components. To drive 75Q coax-
ial cable, two 2.2 Q resistors are required in series with the transformer.

14 TGND | - Transmit Ground return for the transmit drivers power supply TV+.

Ground
15 TV+ I Transmit +5 VDC power supply input for the transmit drivers. TV+ must not vary
Power Supply | from RV+ by more than +0.3V.

17 MTIP | I | Monitor Tip . | These pins are used to monitor the tip and ring transmit outputs. The
transceiver can be connected to monitor its own output or the output of
another LXT305 on the board.

Host mode only: ‘To prevent false interrupts in the host mode if the monitor

18 | MRING | I | Monitor Ring | is not used, apply a clock signal to one of the monitor pins and tie the other
monitor pin to approximately the clock's mid-level voltage. The monitor
clock can range from 100kHz to the TCLK frequency.

19 RTIP I | Receive Tip | The AMI signal received from the line is applied at these pins. A center-
tapped, center-grounded, 2:1 step-up transformer is required on these pins.

20 | RRING [ I | Receive Ring | Data and clock from the signal applied at these pins are recovered and output
on the RPOS/RNEG, and RCLK pins.

21 RV+ I | Receive Power | +5 VDC power supply for all circuits except the transmit drivers.

Supply (Transmit drivers are supplied by TV+.)
22 RGND | - Receive Ground return for power supply RV+.
Ground
[OLEVEL
242 ONE e
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Pin Descriptions continued

Pin #| Sym |[1/O Name Description
o This LXT305 Host mode output goes low to flag the host processor
INT (0] Interrupt when LOS or DPM go active. INT is an open-drain output and should
(Host Mode) be tied to power supply RV+ through a resistor. INT is reset by
clearing the respective register bit (LOS and/or DPM.)
23
The signal applied at this pin in the LXT305 Hardware mode is used
EC1 I | Equalizer Control 1| in conjunction with EC2 and EC3 inputs to determine shape and
(H/W Mode) amplitude of AMI output transmit pulses.
SDI I Serial Data In The serial data’input stream is applied to this pin when the LXT305
(Host Mode) operates in the Host mode. SDI is sampled on the rising edge of
SCLK.
24
EC2 1 | Equalizer Control 2| The signal applied at this pin in the LXT305 Hardware mode is used
(H/W Mode) in conjunction with EC1 and EC3 inputs to determine shape and
amplitude of AMI output transmit pulses.
The serial data from the on-chip register is output on this pin in the
SDO (o} Serial Data Out LXT305 Host mode. If CLKE is high, SDO is valid on the rising
(Host Mode) edge of SCLK. If CLKE is low SDO is valid on the falling edge of
SCLK. This pin goes.to a high-impedance state when the serial port
25 is being written to and when CS is high.
EC3 1 | Equalizer Control 3| The signal applied at this pin in the LXT305 Hardware mode is used
(H/W Mode) in conjunction with EC1 and EC2 inputs to determine shape and
amplitude of AMI output transmit pulses.
CS I Chip Select This input is used to access the serial interface in the LXT305 Host
(Host Mode) mode. For each read or write operation, CS must transition from high
to low, and remain low.
26
RLOOP | I | Remote Loopback | This input controls loopback functions in the LXT305 Hardware
(H/W Mode) mode. Setting RLOOP to a logic 1 enables the Remote Loopback
mode. Setting both RLOOP and LLOOP causes a Reset .
SCLK I Serial Clock This clock is used in the LXT305 Host mode to write data to or read
(Host Mode) data from the serial interface registers.
27
Local Loopback This input controls loopback functions in the LXT30S Hardware
LLOOP | I (H/W Mode) mode. Setting LLOOP to a logic 1 enables the Local Loopback
Mode.
CLKE I Clock Edge Setting CLKE to logic 1 causes RPOS and RNEG to be valid on the
(Host Mode) falling edge of RCLK, and SDO to be valid on the rising edge of
SCLK. When CLKE is a logic 0, RPOS and RNEG are valid on the
28 rising edge of RCLK, and SDO is valid on the falling edge of SCLK.
TAOS I | Transmit All Ones| When set to alogic 1, TAOS causes the LXT305 (Hardware mode) to
(H/W Mode) transmit a continuous stream of marks at the MCLK frequency.

g LEVEL
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Functional Description

The LXT305 is a fully integrated PCM transceiver for both
1.544 MHz (T1) and 2.048 MHz (E1) applications which
allows full-duplex transmission of digital data over existing
twisted-pair installations.

Figure 1 is a simplified block diagram of the LXT305. The
LXT305 transceiver interfaces with two twisted-pair lines
(one twisted-pair for transmit, one twisted-pair for receive)
through standard pulse transformers and appropriate resis-
tors.

Transmitter

Data received for transmission onto the line is clocked
serially into the device at TPOS and TNEG. Input synchro-
nization is supplied by the transmit clock (TCLK). If TCLK
is not supplied, the transmitter remains powered down (ex-
cept during remote loopback). The transmitted pulse shape
is determined by Equalizer Control signals EC1 through
EC3 as shown in Table 1. Refer to Table 2 and Figure 2 for
master and transmit clock timing characteristics. Shaped
pulses are applied to the AMI line driver for transmission
onto the line at TTIP and TRING. Equalizer Control signals
may be hardwired in the Hardware mode, or input as part of
the serial data stream (SDI) in the Host mode.

Pulses can be shaped for either 1.544 or 2.048 MHz applica-
tions. 1.544 MHz pulses for DSX-1 applications can be
programmed to match line lengths from 0 to 655 feet of
ABAM cable. The LXT305 also matches FCC and ECSA
specifications for CSU applications. 2.048 MHz pulses can

Table 1: Equalizer Control Inputs

drive either coaxial or shielded twisted-pair lines using
appropriate resistors in line with the output transformer.

Jitter Attenuation

Jitter attenuation of the LXT305 transmit outputs is provided
by aJitter Attenuation Loop (JAL) and an Elastic Store (ES).
An external crystal oscillating at 4 times the bitrate provides
clock stabilization. Refer to Table 3 for crystal specifica-
tions. The ES is a 32 x 2-bit register. Transmit data is
clocked into the ES with the transmit clock (TCLK) signal,
and clocked out of the ES with the dejittered clock from the
JAL. When the bit count in the ES is within two bits of
overflowing or underflowing, the ES adjusts the output
clock by 1/8 of a bit period. The ES produces an average
delay of 16 bits in the transmit path.

Driver Performance Monitor

The transceiver incorporates a Driver Performance Monitor
(DPM) connected in parallel with TTIP and TRING at the
output transformer. The DPM output level goes high upon
detection of 63 consecutive zeros. It is reset when a one is
detected on the transmit line, or when a reset command is
received.

‘Line Code

The LXT305 transmits data as a 50% AMI line code as
shown in Figure 3. Power consumption is reduced by
activating the AMI line driver only to transmit a mark. The
output driver is disabled during transmission of a space.

EC3| EC2| ECt1 Line Length! Cable Loss? Application Frequency
0 1 1 0-133 ft ABAM 0.6 dB
1 0 0 133 - 266 ft ABAM 1.2dB
1 0 1 266 - 399 ft ABAM 1.8dB DSX-1 1.544 MHz
1 1 0 399 - 533 ft ABAM 24dB
1 1 1 533 - 655 ft ABAM 3.0dB
0 0 0 CCITT Recommendation G.703 El 2.048 MHz
0 1 0 FCC Part 68, Option A CSU (DS-1) 1.544 MHz

! Line length from transceiver to DSX-1 cross-connect point.
2 Maximum cable loss at 772 kHz.
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Table 2: LXT305 Master Clock and Transmit Timing Characteristics (See Figure 2)

Parameter Sym Min Typ' Max Units
Master clock frequency T1 MCLK - 1.544 - MHz
El MCLK - 2.048 - MHz
Master clock tolerance MCLKt - +100 - ppm
Master clock duty cycle MCLKd 40 - 60 %
Crystal frequency T1 fc - 6.176 - MHz
El fc - 8.192 - MHz
Transmit clock frequency T1 TCLK - 1.544 - MHz
El TCLK - 2.048 - MHz
Transmit clock tolerance TCLKt - - 150 ppm
Transmit clock duty cycle TCLKd 10 - 90 %
TPOS/TNEG to TCLK setup time toor 25 - - ns
TCLK to TPOS/TNEG Hold time Car 25 - - ns

! Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing.

Figure 2: LXT305 Transmit Clock Timing Diagram
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Receiver

The signal isreceived from one twisted-pair line on each side
of a center-grounded transformer. Positive pulses are re-
ceived at RTIP and negative pulses are received at RRING.
Recovered data is output at RPOS and RNEG, and the
recovered clock is output at RCLK. Refer to Table 4 and
Figure 4 for LXT305 receiver timing.

The signal received at RPOS and RNEG is processed
through the peak detector and data slicers. The peak detector
samples the inputs and determines the maximum value of the
received signal. A percentage of the peak value is provided
to the data slicers as a threshold level to ensure optimum
signal-to-noise ratio. For T1 applications (determined by
Equalizer Control inputs EC1 - EC3 # 000) the threshold is
set to 70% of the peak value. This threshold is maintained
above 65% for up to 15 successive zeros over the range of
specified operating conditions. For E1 applications
(EC inputs = 000) the threshold is set to 50 %.

The receiver is capable of accurately recovering signals with
up to -13.6 dB of attenuation (from 2.4 V), corresponding to
areceived signal level of approximately S00 mV. Maximum

Table 3: LXT305 Crystal Specifications (External)

cable length is 1500 feet of ABAM cable (approximately
6 dB). Regardless of received signal level, the peak detec-
tors are held above a minimum level of .3 V to provide
immunity from impulsive noise.

After processing through the data slicers, the received signal
is routed to the data and clock recovery sections, and to the
receive monitor. The receive monitor generates a Loss of
Signal (LOS) output upon receipt of 175 consecutive zeros
(spaces). The receiver monitor loads a digital counter at the
RCLK frequency. The countisincremented eachtime azero
is received, and reset to zero each time a one (mark) is
received. Uponreceipt of 175 consecutive zeros the LOS pin
goes lﬁgh, and the RCLK outputis replaced with the MCLK.
The LOS output is reset when a mark is received.

Operating Modes

The LXT305 transceiver can be controlled by a micropro-
cessor through the serial interface (Host mode), or through
hard-wired pins (Hardware mode). The mode of operation
is setby the MODE pinlogiclevel. The transceivers can also
be commanded to operate in one of several diagnostic
modes.

Parameter ™ E1
Frequency 6.176 MHz 8.192 MHz
Frequency Stability +20 ppm @ 25° C +20 ppm @ 25° C
' + 25 ppm from -40° C to + 85° C + 25 ppm from -40° C to + 85° C
(Ref 25° C reading) (Ref 25° C reading)
Pullability CL =11 pF to 18.7 pF, +AF = 175 to 195 ppm| CL = 11 pF to 18.7 pF, +AF =95 to 115 ppm|
CL = 18.7 pF to 34 pF, -AF = 175 to 195 ppm | CL = 18.7 pF to 34 pF, -AF =95 to 115 ppm
Effective series resistance| 40 Q Maximum 30 Q Maximum
Crystal cut AT AT
Resonance ‘ Parallel Parallel
Maximum drive level 2.0 mW 2.0 mW
Mode of operation Fundamcntal Fundamental .
Crystal holder HC49 (R3W), g; : Z -ffpt?;gg?m HC49 (R3W), g: = Z ;)I;Il:;;ilg?m
g LEVEL
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Table 4: LXT305 Receive Characteristics (See Figure 4)

Parameter Sym Min Typ' Max Units

Receive slicer threshold T1 RST 65 70 75 %

El RST 45 50 55 %
Receive clock duty cycle ? T1 RCLKd 40 50 60 %

El RCLKd 40 50 60 %
Receive clock pulse width? | T1 G 594 648 702 ns

El tow 447 488 529 ns
Receive clock pulse width Tl Gown - 324 - ns
high El Cown - 244 - ns
Receive clock pulse width T1 Cowr, 270 324 378 ns
low El towt 203 244 285 ns
RPOS /RNEG to RCLK T1 tsur 50 270 - ns
rising setup time El Lo 50 203 - ns
RCLK rising to RPOS / T1 tir 50 270 - ns
RNEG hold time El | 50 203 - ns

! Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing.
2 RCLK duty cycle widths will vary depending on extent of received pulse jitter displacement. Max and Min RCLK duty cycles are for worst case
jitter conditions (0.4 Ul clock displacement for 1.544 MHz, 0.2 UI clock displacement for 2.048 MHz.)

Figure 4: LXT305 Receive Clock Timing Diagram

e tpw .
tpwL I/ \

RCLK __/% N

|, tsur tHR
RPOS > '/ HOST MODE
RNEG /[ CLKE=1

- tsur tHR
RPOS /’ / %= et X HOST MODE
RNEG // >< > CLKE=0, &
7/ H/W MODE
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Host Mode Operation

To allow a host microprocessor to access and control the
LXT305 through the serial interface, MODE is set to 1. The
serial interface (SDI/SDO) uses a 16-bit word consisting of
an 8-bit Command/Address byte and an 8-bit Data byte.

The Host mode provides a latched Interrupt output (I_I\TT)
which is triggered by a change in the Loss of Signal (LOS)
and/or Driver Performance Monitor (DPM) bits. The Inter-
rupt is cleared when the interrupt condition no longer exists,
and the host processor enables the respective bit in the serial
input data byte. Host mode also allows control of the serial
data and receive data output timing. The Clock Edge
(CLKE) signal determines when these outputs are valid,
relative to the Serial Clock (SCLK) or RCLK as follows:

CLKE Output Clock Valid Edge
RPOS RCLK Rising
LOW RNEG RCLK Rising
SDO SCLK Falling
RPOS RCLK Falling
HIGH RNEG RCLK Falling
SDO SCLK Rising

The LXT305 serial port is addressed by setting bit A4 in the

Address/Command byte, corresponding to address 16. The
LXT305 contains only a single output data register so no
complex chip addressing scheme is required. The register is
accessed by causing the Chip Select CS) input to transition
from highto low. Bit 1 of the serial Address/Command byte
provides Read/Write control when the chip is accessed. A
logic 1 indicates a read operation, and a logic 0 indicates a
write operation. Table 5 lists serial data output bit combina-
tions for each status. Serial data structure is shown in Figure
5 and I/O timing characteristics are shown in Table 6, and
Figures 6 and 7.

2-48

Hardware Mode Operation

In Hardware mode the transceiver is accessed and controlled
through individual pins. With the exception of the INT and
CLKE functions, Hardware mode provides all the functions
provided in the Host mode. In the Hardware mode RPOS
and RNEG outputs are valid on the rising edge of RCLK.

To operate in Hardware mode, MODE must be set to 0.
Equalizer Control signals (EC1 through EC3) are input on
the Interrupt, Serial Data In and Serial Data Out pins.
Diagnostic control for Remote Loopback (RLOOP), Local
Loopback (LLOOP), and Transmit All Ones (TAOS)
modes is provided through the individual pins used to
control serial interface timing in the Host mode.

Reset Operation

Upon power up, the transceiver is held static until the power
supply reaches approximately 3V. Upon crossing this
threshold, the device begins a 32 ms reset cycle to calibrate
the transmit and receive delay lines and lock the Phase Lock
Loop to the receive line. A reference clock is required to
calibrate the delay lines. MCLK provides the receiver
reference. The crystal oscillator provides the transmitter
reference. If the LXT305 crystal oscillator is grounded,
MCLK is used as the transmitter reference clock.

The transceiver can also be reset from the Host or Hardware
mode. In Host mode, resetis commanded by simultaneously
writing RLOOP and LLOOP to the register. In Hardware
mode, reset is commanded by holding RLOOP and LLOOP
high simultaneously for 200 ns. Reset is initiated on the
falling edge of the reset request. In either mode, reset clears
and sets all registers to 0 and then begins calibration.
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Table 5: LXT305 Serial Data Output Bits (See Figure 5)

Bit D5 | Bit D6 | Bit D7 Status
0 0 0 Reset has occurred, or no program input.
0 0 1 TAOS active
0 1 0 Local Loopback active
0 1 1 TAOS and Local Loopback active
1 0 0 Remote Loopback active
1 0 1 DPM has changed state since last Clear DPM occurred
1 1 0 LOS has changed state since last Clear LOS occurred
1 1 1 LOS and DPM have both changed state since last Clear DPM and Clear LOS
occurred

Figure 5: LXT305 Serial Interface Data Structure
=] r

ADDRESS / COMMAND BYTE DATA INPUT/OUTPUT BYTE
A A
SDI/SDO RIW|A0|A1|A2|A3[A4|A5|A6 DOID1ID2|D3|D4|DS|D6|D7
ADDRESS/ —_
COMMAND R/W 0 0 0 0 1 0 X
BYTE AO A6
RAW = 1: READ X = DON'T CARE
R/W=0:WRITE
CLEAR INTERRUPTS SET LOOPBACKS OR RESET
NOTE: Output Data
Byte same as Input
INPUT Data Byte shown at
DATA LOS DPM EC1 EC2 EC3 |REMOTE|LOCAL| TAOS k;f!. e)ﬁeggfoghBils DS
D7 (MSB) | throug own in
BYTE DO(LSB) ( ) Table 5 above.

$LEVEL
LD ONEs 2-49



LXT305 T1/E1 Integrated Short Haul Transceiver with Transmit Jitter Attenuation

Table 6: LXT305 Serial /O Timing Characteristics (See Figures 6 and 7)

Parameter Sym | Min | Typ' | Max | Units Test Conditions

Rise/Fall time - any digital output tr - - 100 ns Load 1.6 mA, 50pF
SDI to SCLK setup time toc 50 - - ns

SCLK to SDI hold time teon 50 - - ns

SCLK low time t. 240 - - ns

SCLK high time oy 240 - - ns

SCLK rise and fall time Lt - - 50 ns

CS to SCLK sefup time _ Tt |50 | - [ - [ ns

SCLK to CS hold time tocu 50 - - ns

CS inactive time town 250 - - ns

SCLK to SDO valid teov - - 200 ns

SCLK falling edge or CS rising edge |  tep, - 100 - ns

to SDO high Z

! Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing.

Figure 6: LXT305 Serial Data Input Timing Diagram

tc
[
// 1l
1/ 1/
tccH
tcc tcH
SCLK _\__/ e
tcoH
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oo Y on YO Y

CONTROL BYTE | DATA BYTE

Figure 7: LXT305 Serial Data Output Timing Diagram
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Diagnostic Mode Operation

In Transmit All Ones (TAOS) mode the TPOS and TNEG
inputs to the transceiver are ignored. The transceiver trans-
mits a continuous stream of 1's at the TCLK frequency when
TAOS is activated. TAOS can be commanded simultane-
ously with Local Loopback, but is inhibited during Remote
Loopback. During TAOS, the transmitter is locked to
MCLK.

In Remote Loopback (RLOOP) mode, the transmit data and
clock inputs (TPOS, TNEG and TCLK) are ignored. The
RPOS and RNEG outputs are looped back through the
transmit circuits and output on TTIP and TRING at the
RCLK frequency. Receiver circuits are unaffected by the
RLOOP command and continue to output the RPOS, RNEG
and RCLK signals received from the twisted-pair line.

In Local Loopback (LLOOP) mode, the receiver circuits are
inhibited. The transmit data and clock inputs (TPOS, TNEG
and TCLK) are looped back onto the receive data and clock
outputs (RPOS, RNEG and RCLK.) The transmitter circuits
are unaffected by the LLOOP command. The TPOS and
TNEG inputs will be transmitted normally. (A streamof1's
will be transmitted if the TAOS command is active.)

Power Requirements

The LXT305 is alow-power CMOS device. Itoperates from
a single +5 V power supply which can be connected exter-
nally to both the transmitter and receiver. However, the two
inputs must be within + .3V of each other, and decoupled to
their respective grounds separately, as shown in Figure 8.
Isolation between the transmit and receive circuits is pro-

* vided internally. Except during remote loopback, the trans-
mitter powers down if TCLK is not supplied.

@1 EVEL
E ONE 6

Applications
1.544 MHz DSX-1 Interface Applications

Figure 8 is a typical 1.544 MHz DSX-1 application. The
LXT305 is shown in the Host mode with the LXP2180A
T1/ESF Framer providing the digital interface with the host
controller. Both devices are controlled through the serial
interface. An LXP600A Clock Adapter (CLAD) provides
the 2.048 MHz system backplane clock, locked to the
recovered 1.544 MHz clock signal. The power supply inputs
are tied to a common bus with appropriate decoupling
capacitors installed (1.0 UF on the transmit side, 68uF and
0.1 uF on the receive side.)

2.048 MHz E1 Interface Applications

Figure 9 is a typical 2.048 MHz E1 application. The
LXT305 is shown in Hardware mode with the LXP2181A
E1/CRC4 Framer. Resistors are installed in line with the
transmit transformer for loading a 75 Q coaxial cable. The
in-line resistors are not required for transmission on 100 Q
shielded twisted-pair lines. As in the DSX-1 application
Figure 8, this configuration is illustrated with a crystal in
place to enable the LXT305 Jitter Attenuation Loop, and a
single power supply bus. The hard-wired control lines for
TAOS, LLOOP and RLOOP are individually controllable,
and the LLOOP and RLOOP lines are also tied to a single
control for the Reset function.
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Figure 8: Typical LXT305 1.544 MHz T1 Application (Host Mode)
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IN ADDITION TO THE LXP2180A, THE LXT305 IS COMPATIBLE WITH A WIDE VARIETY OF DIGITAL FRAMING AND SIGNALING
DEVICES, INCLUDING THE LXP2181A, DS2180A, MT8976, AND R8070.

WHEN LXT305 IS CONNECTED TO THE CROSS-CONNECT FRAME THROUGH A LOW LEVEL MONITOR JACK, RECEIVE
TRANSFORMER SHOULD BE 1:2:2 TO BOOST THE INPUT SIGNAL.

2-52
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Figure 9: Typical LXT305 2.048 MHz E1 Application (Hardware Mode)

(' 2.048 MHz CLOCK )
LXP2181A LXT305 100k @
E1/CRC4
FRAMER TRANSCE'VER ‘_4 220k Q V+
I: MCLK TAOS l .
-—
TOLK | e [ ] Ttow LLooP [ F——]]1ok0)]
TPOS [ ] =[] TPOS RLOOP [——"|1oka
1 ] |
TNEG | } L] TneG Ecs [ F——]
J'_—[: MODE Ec2 [—
ANEG | I — | RNEG ECl [ J——
oV
RPOS | _J= 1: RPOS RGND :'W‘l
RCLK }—Oq—q RCLK RV+ :'—‘——JE’”F =
RRING [ } -
I___'s_qz-lj XTALIN C
MHz 1 150 1:1
——{| x7aLouT RTIP | | !
] opm MRING | } AN %i 2046 Mz
» |j LOS MTIP [ ]
.47 pF non-polarized
{ 1 |
TTIP TRING | I 2,048 MHz
- TRANSMIT
|—| TGND TV+ |
22Q 4.,
1 {f { v+
- 1.0pF
2.2Q RESISTORS REQUIRED ONLY FOR 75 Q COAXIAL CABLE.
NOTE n NOT REQUIRED FOR TRANSMISSION ONTO 100 Q CABLE.
IN ADDITION TO THE LXP2181A, THE LXT305 IS COMPATIBLE WITH A WIDE
NOTE| E VARIETY OF FRAMING AND SIGNALING DEVICES, INCLUDING THE
DS2181A, MT8979, AND R8070.
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NOTES:
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Standard Product
February, 1994

Low Power T1/E1 Integrated Short Haul Transceiver
with Transmit Jitter Attenuation ’

The LXT305A is a fully integrated transceiver for both

North American 1.544 MHz (Tl), and Europcan 2.048 MHz 40% less than the LXT305

(E1) applications. Transmit pulse shapes (T1 or El) are

selectable for various line lengths and cable types. « Constant low output impedance transmitter,
regardless of data pattern

* Low power consumption (400 mW maximum)

The LXT305A provides transmitjitter attenuation starting at

3 Hz, and is microprocessor controllable through a serial ¢ Compatible with most popular PCM framers including
interface. It is especially well suited for applications in the LXP2180A and LXP2181A

which the T1/E1 signals are demultiplexed from a higher

rate service such as DS3 or SONET. This demultiplexing ~ * Line driver, data recovery and clock recovery functions
results in a "gapped" clock which the 305A smooths out.

¢ Minimum receive signal of 500 mV

The LXT305A, an advanced double-poly, double-metal
CMOS device, requires only a single 5-volt power supply.

* Selectable slicer levels (T1/E1) improve SNR

* Programmable transmit equalizer shapes pulses to meet
DSX-1 pulse template from 0 to 655 ft

¢ SONET Equipment ¢ Local and remote loopback functions
* M13 Multiplexers
+ Digital microwave Radio ¢ Transmit Driver Performance Monitor (DPM) output

*« PCM / Voice Channel Banks

« Receive monitor with Loss of Signal (LOS) output
¢ Data Channel Bank / Concentrator

* T1/E1 multiplexer « Receiver jitter tolerance 0.4 Ul from 40 kHz to 100 kHz
* Digital Access and Cross-connect Systems (DACS) o . i
« Computer to PBX interface (CPI & DMI) + Transmit jitter attenuation starting at 3 Hz

« High speed data transmission lines
¢ Interfacing Customer Premises Equipment to a CSU
« Digital Loop Carrier (DLC) terminals * Available in 28-pin DIP and PLCC

* Microprocessor controllable

IN'Ij EC1 IMODE > LINE

spi |EC2 | CONTROL DRIVER

SDo |EC3

¢s |rLoor H TPOS > > X——»WIP
SCLK LLOOP HY - EQUALIZER ; >
CLKE | TAOS JITTER TRING

TOLK | ATTENUATOR > :
XTALIN >~
XTALOUT -

DATA
SLICERS
INTRNL CLK TIMING RTIP
MCLK GENERATOR RCVRY PEAK I
DETECTOR
RCLK <& % <':{ - RRING
RPOS ~# DATA [ -

RNEG & RCVRY |
LOS & | RECEIVE I | TRANSMIT — MTIP
| MONITOR MONITOR |l | MRING
DPM ]
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Absolute Maximum Ratings

Parameter Sym Min Max Units
DC supply (referenced to GND) RV+, TV+ - 6.0 A"
Input voltage, any pin ! Vi RGND-0.3 RV++03 v
Input current, any pin 2 Ly -10 10 mA
Ambient operating temperature T -40 85 °C
Storage temperature T -65 150 °C

WARNING: Operations at or beyond these limits may result in permanent damage to the device. Normal operation not guaranteed at these extremes.
'Excluding RTIP and RRING which must stay within -6V to RV + 0.3V.
2Transient currents of up to 100 mA will not cause SCR latch-up. TTIP, TRING, TV+ and TGND can withstand a continuous current of 100mA.

Electrical Characteristics (T, =-40°t085°C, V+ = 5.0 V 5%, GND =0 V)

Parameter Sym | Min | Max | Units | Test Conditions
Total power dissipation 3 P, - 400 | mW 100% ones density & max
line length @ 525V
High level input voltage ** (pins 1-5, 10, 23-28) Vi 2.0 - v
Low level input voltage *° (pins 1-5, 10, 23-28) Vo - 0.8 \"%
High level output voltage *3 (pins 6-8, 11, 12, 23, 25) Vou 2.4 - A I, =- 400 pA
Low level output voltage ** (pins 6-8, 11, 12, 23, 25) Voo - 0.4 \ L=1.6mA
Input leakage current ¢ L, 0 +10 LA
Three-state leakage current * (pin 25) I, 0 +10 LA

3 Power dissipation while driving 75 Q load over operating temperature range. Includes device and load. Digital input levels are within 10% of the

supply rails and digital outputs are driving a 50 pF capacitive load.

4 Functionality of pins 23 and 25 depends on mode. See Host / Hardware Mode descriptions.

5 Output drivers will output CMOS logic levels into CMOS loads.

¢ Except MTIP and MRING I | =+ 50 pA.

Analog Specifications (T, =-40° to 85°C, V+ = 5.0 V+5%, GND = 0 V)

Parameter Min Typ | Max | Units | Test Conditions
AMI Output Pulse Amplitudes | DSX-1 24 3.0 | 3.6 v | measured at the DSX
) CEPT 27 3.0 33 A measured at line side
Recommended output load at TTIP and TRING - 75 - Q
Jitter added by the transmitter ’ | 10Hz - 8kHz - - 0.01 Ul
8kHz - 40 kHz - - 0.025 | UI
10Hz - 40 kHz - - 0.025 | UI
Broad Band — - 0.05 Ul
Sensitivity below DSX (0dB =24V) 13.6 - - dB
500 - - mV.
Loss of Signal threshold - 0.3 - \Y
Data decision threshold DSX-1 63 70 77 | %peak
CEPT 43 50 57 | % peak
Allowable consecutive zeros before LOS 160 175 190 -
Input jitter tolerance 10kHz - 100kHz 04 - - Ul
Jitter attenuation curve corner frequency - 3 - Hz
Minimum Return Loss * 1° Transmit Receive
Min Typ | Min Typ
51kHz - 102kHz 20 28 20 30 dB
102kHz - 2.048 MHz 20 28 20 30 dB
2.048 MHz - 3.072 MHz 20 24 20 25 dB

7 Input signal to TCLK is jitter-free.

8 Circuit attenuates jitter at 20 dB/decade above the corner frequency.
? In accordance with CCITT G.703/RC6367A return loss specifications (CEPT), when wired as shown in Figure 9.

1 Guaranteed by design.
2-56
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Recommended Operating Conditions

Parameter Sym Min Typ Max Units
DC supply ! RV+, TV+ 4.75 5.0 5.25 v
Ambient operating temperature T, -40 25 85 °C

! TV+ must not exceed RV+ by more than 0.3 V.

MCLK
Ly TCLK CLKE/TAOS
MCLK O 1 28 CLKE/TAOS
TOLK § 2 27 0 SCLKALOOP s ES; ég vl
TPOS E 3 26 g CS/RLOOP &
TNEG 4 25 SDO/EC3 T s 2 1 28 27 28
MODE § 5 241 sDiEC2 e - " Soveor
RNEG O 6 23 O INT/ECH APOS []7 2[] INTIEC
RPos O g g H RGND ACLK s 2] RGND
RCLK O F RV+ XTALN [Js uf] AV+
XTALN § ¢ 20 1 RRING XTALOUT (1o f] RRING
xTaoutr g 10 198 RTIP OPM [ o ATIP
pPM O n 18 MRING 12 13 14 15 16 |7 Is
Los 0 12 170 MTIP LOS —? MRING
TP g 13 16 0 TRING TTIP MTIP
TaND O 14 150 Tve TGND TRING
28-pin DIP 28-pin PLCC
Pin Descriptions
Pin#| Sym |VO Name Description
A 1.544 or 2.048 MHz clock input used to generate internal clocks. Upon
1 MCLK | 1 Master Clock Loss of Signal (LOS), RCLK is derived from MCLK. If MCLK is not
applied, this pin should be grounded.
2 TCLK | I Transmit Transmit clock iﬁpuL TPOS and TNEG are sampled on the falling edge of
Clock TCLK.
3 TPOS | 1 Transmit Input for positive pulse to be transmitted on the twisted-pair line.
Positive Data
4 TNEG | I Transmit Input for negative pulse to be transmitted on the twisted-pair line.
Negative Data
Setting MODE to logic 1 puts the LXT305A in the Host mode. In the Host
mode, the serial interface is used to control the LXT305A and determine its
5 | MODE | 1 Mode Select status.
Setting MODE to logic 0 puts the LXT305A in the Hardware (H/W) mode.
In the Hardware mode the serial interface is disabled and hard-wired pins
are used to control configuration and report status.
6 { RNEG | O Receive Received data outputs. A signal on RNEG corresponds to receipt of a
Negative Data | negative pulse on RTIP and RRING. A signal on RPOS corresponds to
receipt of a positive pulse on RTIP and RRING. RNEG and RPOS outputs
are Non-Return-to-Zero (NRZ). Both outputs are stable and valid on the
7 RPOS | O Receive rising edge of RCLK. In the Host mode, CLKE determines the clock edge
Positive Data | at which these outputs are stable and valid. In the Hardware mode both
outputs are stable and valid on the rising edge of RCLK.
8 RCLK | O Recovered This is the clock recovered from the signal received at RTIP and RRING.
Clock

LEVEL
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Pin Descriptions continued

Pin#| Sym |I/O Name Description

9 | XTALIN| I | Crystal Input | An external crystal operating at four times the bit rate (6.176 MHz for T1,
8.192 MHz for E1 applications) with an 18.7pF load is required to enable the
jitter attenuation function of the LXT305A.

10 | XTALOUT| O | Crystal Output | These pins may also be used to disable the jitter attenuator by connecting the

i XTALIN pin to the positive supply through a resistor, and tying the
XTALOUT pin to ground.
11 DPM | O Driver DPM goes to alogic 1 when the transmit monitor loop (MTIP and MRING)
Performance | does not detect a signal for 63 +2 clock periods. DPM remains at logic 1
Monitor until a signal is detected.

12 LOS O | Loss Of Signal | LOS goes to a logic 1 when 175 consecutive spaces have been detected.
LOS returns to a logic 0 when the receive signal input reaches 12.5% marks
density (4 marks in 32 bit periods) with no more than 15 consecutive zeros.

13 TTIP | O | Transmit Tip | Differential Driver Outputs. These low impedance outputs achieve maxi-
mum power savings through a 1:1.15 transformer (T1) or a 1:1 (75 Q) or
1:1.26 (120 Q) transformer (E1) without additional components. To provide

16 | TRING | O | Transmit Ring | higher return loss, resistors may be used in series with a transformer as
specified in Tables 7, 8 and 9.

14 | TGND | - Transmit Ground return for the transmit drivers power supply TV+.

Ground
15 TV+ I Transmit +5 VDC power supply input for the transmit drivers. TV+ must not vary
Power Supply | from RV+ by more than +0.3V.

17 MTIP | I | Monitor Tip | These pins are used to monitor the tip and ring transmit outputs. The
transceiver can be connected to monitor its own output or the output of
another LXT305A on the board.

Host mode only: To prevent false interrupts in the host mode if the monitor

18 | MRING | I | Monitor Ring | is not used, apply a clock signal to one of the monitor pins and tie the other
monitor pin to approximately the clock's mid-level voltage. The monitor
clock can range from 100 kHz to the TCLK frequency.

19 RTIP I | Receive Tip | The AMI signal received from the line is applied at these pins. A center-
tapped, center-grounded, 2:1 step-up transformer is required on these pins.

20 | RRING | I | Receive Ring | Data and clock from the signal applied at these pins are recovered and output
on the RPOS/RNEG, and RCLK pins.

21 RV+ I | Receive Power | +5 VDC power supply for all circuits except the transmit drivers.

Supply (Transmit drivers are supplied by TV+.)
22 | RGND | - Receive Ground return for power supply RV+.
Ground
fLOLEVEL
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Pin Descriptions continued

Pin#| Sym (1/0 Name . Description
o This LXT305A Host mode output goes low to flag the host processor
INT (o} Interrupt when LOS or DPM go active. INT is an open-drain output and should
(Host Mode) be tied to power supply RV+ through a resistor. INT is reset by
clearing the respective register bit (LOS and/or DPM.)
23
The signal applied at this pin in the LXT305A Hardware mode is used
EC1 I | Equalizer Control 1| in conjunction with EC2 and EC3 inputs to determine shape and
(H/W Mode) amplitude of AMI output transmit pulses.
SDI I Serial Data In The serial data input stream is applied to this pin when the LXT305A
(Host Mode) operates in the Host mode. SDI is sampled on the rising edge of
SCLK.
24
EC2 I | Equalizer Control 2| The signal applied at this pin in the LXT305A Hardware mode is used
(H/W Mode) in conjunction with EC1 and EC3 inputs to determine shape and
amplitude of AMI output transmit pulses.
The serial data from the on-chip register is output on this pin in the
SDO o Serial Data Out LXT305A Host mode. If CLKE is high, SDO is valid on the rising
(Host Mode) edge of SCLK. If CLKE is low SDO is valid on the falling edge of
SCLK. This pin goes to a high-impedance state when the serial port
25 is being written to and when CS is high.
EC3 I | Equalizer Control 3| The signal applied at this pin in the LXT305A Hardware mode is used
(H/W Mode) in conjunction with EC1 and EC2 inputs to determine shape and
amplitude of AMI output transmit pulses.
Cs I Chip Select This input is used to access the serial interface in the LXT305A Host
(Host Mode) mode. For each read or write operation, CS must transition from high
to low, and remain low.
26
RLOOP | I | Remote Loopback | This input controls loopback functions in the LXT305A Hardware
(H/W Mode) mode. Setting RLOOP to a logic 1 enables the Remote Loopback
mode. Setting both RLOOP and LLOOP causes a Reset .
SCLK I Serial Clock This clock is used in the LXT305A Host mode to write data to or read
(Host Mode) data from the serial interface registers.
27
Local Loopback This input controls loopback functions in the LXT305A Hardware
LLOOP | 1 (H/W Mode) mode. Setting LLOOP to alogic 1 enables the Local Loopback
Mode.
CLKE I Clock Edge Setting CLKE to logic 1 ciuses'RPOS and RNEG to be valid on the
(Host Mode) falling edge of RCLK, and SDO to be valid on the rising edge of
SCLK. When CLKE is a logic 0, RPOS and RNEG are valid on the
28 rising edge of RCLK, and SDO is valid on the falling edge of SCLK.
TAOS I | Transmit All Ones| When set to alogic 1, TAOS causes the LXT305A (Hardware mode)
(H/W Mode) to transmit a continuous stream of marks at the MCLK frequency.

#1LEVEL
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Functional Description

The LXT305A is a fully integrated PCM transceiver for both
1.544 MHz (T1) and 2.048 MHz (E1) applications which
allows full-duplex transmission of digital data over existing
twisted-pair installations.

Figure 1 is a simplified block diagram of the LXT305. The
LXT305A transceiver interfaces with two twisted-pair lines
(one twisted-pair for transmit, one twisted-pair for receive)
through standard pulse transformers and appropriate resis-
tors.

Transmitter

Data received for transmission onto the line is clocked
serially into the device at TPOS and TNEG. Input synchro-
nization is supplied by the transmit clock (TCLK). The
transmitted pulse shape is determined by Equalizer Control
signals EC1 through EC3 as shownin Table 1. Refer to Table
2 and Figure 2 for master and transmit clock timing charac-
teristics. Shaped pulses are applied to the AMI line driver for
transmission onto the line at TTIP and TRING. Equalizer
Control signals may be hardwired in the Hardware mode, or
input as part of the serial data stream (SDI) in the Host mode.

Pulses can be shaped for either 1.544 or 2.048 MHz applica-
tions. 1.544 MHz pulses for DSX-1 applications can be
programmed to match line lengths from 0 to 655 feet of
ABAM cable. The LXT305A also matches FCC and ECSA
specifications for CSU applications. 2.048 MHz pulses can
drive either coaxial or shielded twisted-pair lines.

Table 1: Equalizer Control Inputs

Jitter Attenuation

Jitter attenuation of the LXT305A transmit outputs is pro-
vided by aJitter Attenuation Loop (JAL) and an Elastic Store
(ES). An external crystal oscillating at 4 times the bit rate
provides clock stabilization. Refer to Table 3 for crystal
specifications. The ES is a 32 x 2-bitregister. Transmit data
is clocked into the ES with the transmit clock (TCLK) signal,
and clocked out of the ES with the dejittered clock from the
JAL. When the bit count in the ES is within two bits of
overflowing or underflowing, the ES adjusts the output
clock by 1/8 of a bit period. The ES produces an average
delay of 16 bits in the transmit path.

Driver Performance Monitor

The transceiver incorporates a Driver Performance Monitor
(DPM) connected in parallel with TTIP and TRING at the
output transformer. The DPM output level goes high upon
detection of 63 consecutive zeros. It is reset when a one is
detected on the transmit line, or when a reset command is
received.

Line Code

The LXT305A transmits data as a 50% AMI line code as
shown in Figure 3. The output driver maintains a constant
low output impedance of 3 Q (typical) regardless of whether
it is driving marks or spaces. This well controlled output
impedance provides excellent return loss (> 20 dB) when
used with external 9.4 Q precision resistors (+ 1% accuracy)
in series with a transmit transformer with a turns ratio of
1:2.3 ( 2% accuracy) . Series resistors also provide in-
creased surge protection and reduced short circuit current
flow.

EC3 | EC2| EC1 Line Length! Cable Loss? Application Frequency
0 1 1 0- 133 ft ABAM 0.6 dB
1 0 0 133 - 266 ft ABAM 1.2dB
1 0 1 266 - 399 ft ABAM 1.8dB DSX-1 1.544 MHz
1 1 0 399 - 533 ft ABAM 2.4 dB
1 1 1 533 - 655 ft ABAM 3.0dB
0 0 0 CCITT Recommendation G.703 E1 - Coax 2.048 MHz
0 0 1 E1 - Twisted-Pair
0 1 0 FCC Part 68, Option A CSU (DS-1) 1.544 MHz

! Line length from transceiver to DSX-1 cross-connect point.
2 Maximum cable loss at 772 kHz.
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Table 2: LXT305A Master Clock and Transmit Timing Characteristics (See Figure 2)

Parameter Sym Min Typ' Max Units

Master clock frequency T1 MCLK - 1.544 - MHz

El MCLK - 2.048 - MHz

Master clock tolerance MCLKt - +100 - ppm
Master clock duty cycle MCLKd 40 - 60 %

Crystal frequency Tl fc - 6.176 - MH:z

, El fc - 8.192 - MHz

Transmit clock frequency Tl TCLK - 1.544 - MHz

El TCLK - 2.048 - MHz

Transmit clock tolerance TCLKt - - 150 ppm
Transmit clock duty cycle TCLKd 10 - 90 %
TPOS/TNEG to TCLK setup time tor 25 - - ns
TCLK to TPOS/TNEG Hold time tir 25 - - ns

! Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing.

Figure 2: LXT305A Transmit Clock Timing Diagram
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Figure 3: 50% AMI Coding Diagram
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Receiver

The signal is received fromone twisted-pairline on each side
of a center-grounded transformer. Positive pulses are re-
ceived at RTIP and negative pulses are received at RRING.
Recovered data is output at RPOS and RNEG, and the
recovered clock is output at RCLK. Refer to Table 4 and
Figure 4 for LXT305A receiver timing.

Table 3: LXT305A Crystal Specifications (External)

The signal received at RPOS and RNEG is processed
through the peak detector and data slicers. The peak detector
samples the inputs and determines the maximum value of the
received signal. A percentage of the peak value is provided
to the data slicers as a threshold level to ensure optimum
signal-to-noise ratio. For T1 applications (determined by
Equalizer Control inputs EC1 - EC3 # 000 or 001) the

C,, = 17 {F typical

Parameter T E1
Frequency 6.176 MHz 8.192 MHz
Frequency Stability +20 ppm @ 25°C +20 ppm @ 25°C
+25 ppm from -40° C to + 85° C + 25 ppm from -40° C to + 85° C
(Ref 25° C reading) (Ref 25° C reading)
Pullability CL =11.7 pF to 18.7 pF, +AF =175 to 195 ppm | CL = 11.7 pF to 18.7 pF, +AF =95 to 115 ppm
CL = 18.7 pF to 34 pF, -AF = 175 to 195 ppm | CL = 18.7 pF to 34 pF, -AF =95 to 115 ppm
Effective series resistance{ 40 Q Maximum 30 Q Maximum
Crystal cut AT AT
Resonance Parallel Parallel
Maximum drive level 2.0 mW 2.0 mW
Mode of operation Fundamental Fundamental
Crystal holder HC49 (R3W), C, = 7 pF maximum HC49 (R3W), C, = 7 pF maximum

C,, = 17 fF typical

Table 4: LXT305A Receive Characteristics (See Figure 4)

Parameter Sym Min Typ' Max Units

Receive slicer threshold T1 RST 65 70 75 %

E1l RST 45 50 55 %
Receive clock duty cycle 2 T1 RCLKd 40 50 60 %

El RCLKd 40 50 60 %
Receive clock pulse width? | T1 tw 594 648 702 ns

El tow 447 488 529 ns
Receive clock pulse width T1 town - 324 - ns
high El Gowne - 244 - ns
Receive clock pulse width T1 |- 270 324 378 ns
low El - 203 244 285 ns
RPOS / RNEG to RCLK T1 o 50 270 - ns
ﬁsing setup time E1 Coor 50 203 - ns
RCLK rising to RPOS / T1 tir 50 270 - ns
RNEG hold time El G 50 203 - ns

Ty pical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing.
8

2 RCLK duty cycle widths will vary depending on extent of received pulse jitter displacement. Max and Min RCLK duty cycles are for worst case

jitter conditions (0.4 UI clock displacement for 1.544 MHz, 0.2 UI clock displacement for 2.048 MHz.)
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threshold is set to 70% of the peak value. This threshold is
maintained above 65% for up to 15 successive zeros over the
range of specified operating conditions. For E1 applications
(EC inputs = 000 or 001) the threshold is set to 50 %.

The receiver is capable of accurately recovering signals with
up to -13.6 dB of attenuation (from 2.4 V), corresponding to
areceived signal level of approximately 500 mV. Maximum
cable length is 1500 feet of ABAM cable (approximately 6

Figure 4: LXT305A Receive Clock Timing Diagram

dB). Regardless of received signal level, the peak detectors
are held above aminimum level of .3 V to provide immunity
from impulsive noise.

After processing through the data slicers, the received signal
is routed to the data and clock recovery sections, and to the
receive monitor. The data and clock recovery circuits are
highly tolerant, with an input jitter tolerance significantly
better thanrequired by Pub 62411, as showninFigure 5. The

B trw t >
PWL_ /™ \
RCLK _/ tPwH N____
| L. tsur tHR
RPOS >< > < / HOST MODE
RNEG // CLKE=1
tSur tHR "
RPOS /’/’ P - N HOST MODE
RNEG / < y, CLKE =0, &
: 7/ H/W MODE

Figure 5: LXT305A Receive Jitter Tolerance

receive monitor generates a Loss of Signal
(LOS) output upon receipt of 175 consecutive
zeros (spaces). The receiver monitor loads a

digital counter at the RCLK frequency. The

1Hz

10Hz 100 Hz 1 kHz

Frequency

10 kHz

count is incremented each time a zero is re-
ceived, and reset to zero each time a one (mark)
is received. Upon receipt of 175 consecutive
zeros the LOS pin goes high, and the RCLK
output is replaced with the MCLK. Received
marks are output regardless of the LOS status,
but the LOS pin will not reset until the ones
density reaches 12.5%. This level is based on
receipt of at least 4 ones in any 32 bit periods
with no more than 15 consecutive zeros.

Operating Modes

The LXT305A transceiver can be controlled by
a microprocessor through a serial interface
(Host mode), or by hard-wired pins (Hardware
mode). The mode of operation is set by the

MODE pin logic level. The transceivers can
also be commanded to operate in one of several

100 kHz

s

diagnostic modes.
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Host Mode Operation

To allow a host microprocessor to access and control the
LXT305A through the serial interface, MODE is set to 1.
The serial interface (SDI/SDO) uses a 16-bit word consist-
ing of an 8-bit Command/Address byte and an 8-bit Data
byte.

The Host mode provides a latched Interrupt output (INT)
which is triggered by a change in the Loss of Signal (LOS)
and/or Driver Performance Monitor (DPM) bits. The Inter-
rupt is cleared when the interrupt condition no longer exists,
and the host processor enables the respective bit in the serial
input data byte. Host mode also allows control of the serial
data and receive data output timing. The Clock Edge
(CLKE) signal determines when these outputs are valid,
relative to the Serial Clock (SCLK) or RCLK as follows:

CLKE Output Clock Valid Edge
RPOS RCLK Rising

LOW RNEG RCLK Rising
SDO SCLK Falling
RPOS RCLK Falling

HIGH RNEG RCLK Falling
SDO SCLK Rising

The LXT305A serial port is addressed by setting bit A4 in
the Address/Command byte, corresponding to address 16.
The LXT305A contains only a single output data register so
no complex chip addressing scheme is required. Theregister
is accessed by causing the Chip Select (CS) input to
transition from high to low. Bit 1 of the serial Address/
Command byte provides Read/Write control when the chip
is accessed. A logic 1indicates a read operation, and alogic
0 indicates a write operation. Table 5 lists serial data output
bit combinations for each status. Serial data structure is
shown in Figure 6 and I/O timing characteristics are shown
in Table 6, and Figures 7 and 8.

2-64

Hardware Mode Operation

In Hardware mode the transceiver is accessed and controlled
through individual pins. With the exception of the INT and
CLKE functions, Hardware mode provides all the functions
provided in the Host mode. In the Hardware mode RPOS
and RNEG outputs are valid on the rising edge of RCLK.

To operate in Hardware mode, MODE must be set to 0.
Equalizer Control signals (EC1 through EC3) are input on
the Interrupt, Serial Data In and Serial Data Out pins.
Diagnostic control for Remote Loopback (RLOOP), Local
Loopback (LLOOP), and Transmit All Ones (TAOS)
modes is provided through the individual pins used to
control serial interface timing in the Host mode.

Reset Operation

Upon power up, the transceiver is held static until the power
supply reaches approximately 3V. Upon crossing this
threshold, the device begins a 32 ms reset cycle to calibrate
the transmit and receive delay lines and lock the Phase Lock
Loop to the receive line. A reference clock is required to
calibrate the delay lines. MCLK provides the receiver
reference. The crystal oscillator provides the transmitter
reference. If the LXT305A crystal oscillator is grounded,
MCLK is used as the transmitter reference clock.

The transceiver can also be reset from the Host or Hardware
mode. In Host mode, resetis commanded by simultaneously
writing RLOOP and LLOOP to the register. In Hardware
mode, reset is commanded by holding RLOOP and LLOOP
high simultaneously for 200 ns. Reset is initiated on the
falling edge of the reset request. In either mode, reset clears
and sets all registers to 0, then calibration begins.

#1LEVEL
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Table 5: LXT305A Serial Data Output Bits (See Figure 6)

Bit D5 | Bit D6 | Bit D7 Status
0 0 0 Reset has occurred, or no program input.
0 0 1 TA;OS active
0 1 0 Local Loopback active
0 1 1 TAOS and Local Loopback active
1 0 0 Remote Loopback active
1 0 1 DPM has changed state since last Clear DPM occurred
1 1 0 LOS has changed state since last Clear LOS occurred
1 1 1 LOS and DPM have both changed state since last Clear DPM and Clear LOS
occurred

Figure 6: LXT305A Serial Interface Data Structure

=] -
s [Ty

ADDRESS / COMMAND BYTE DATA INPUT /OUTPUT BYTE
A A

SDI/ SDO RNV]A01A1IA2|A3|A4|A5I A6 DOI D1|DZ|D3|D4'DS|DS|D7

ADDRESS/ .
COMMAND R/W 0 0 0 0 1 0 X
BYTE AO A6
R/E: 1:READ X =DONT CARE
R/W=0: WRITE
CLEAR INTERRUPTS SET LOOPBACKS OR RESET
NOTE: Output Data
Byte same as Input
INPUT Data Byte shown at
DATA LOS DPM EC1 EC2 EC3 |REMOTE|LOCAL| TAOS left, except for Bits D5
BYTE DO (LSB) D7 (MSB) through D7 shown in
Table 5 above.
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Table 6: LXT305A Serial IO Timing Characteristics (See Figures 7 and 8)

Parameter Sym | Min | Typ' | Max | Units Test Conditions

Rise/Fall time - any digital output tee - - | 100 ns Load 1.6 mA, 50pF
SDI to SCLK setup time toc 50 - - ns

SCLK to SDI hold time oo 50 - - ns

SCLK low time te 240 - - ns

SCLK high time ton 240 - - ns

SCLK rise and fall time [ - - 50 ns

CS to SCLK setup time tec 50 - - ns

SCLK to CS hold time ' tocu 50 - - ns

CS inactive time twn | 250 - - ns

SCLK to SDO valid teov - - 200 ns

SCLK falling edge or CS rising edge | t.y, - 100 - ns

to SDO high Z

! Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing.

Figure 7: LXT305A Serial Data Input Timing Diagram
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Figure 8: LXT305A Serial Data Output Timing Diagram
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Diagnostic Mode Operation

In Transmit All Ones (TAOS) mode the TPOS and TNEG
inputs to the transceiver are ignored. The transceiver trans-
mits a continuous stream of 1's when the TAOS mode is
activated. TAOS can be commanded simultaneously with
Local Loopback, but is inhibited during Remote Loopback.
During TAOS, the transmitter islocked to MCLK. IfMCLK
is not supplied, the transmitter powers down.

.In Remote Loopback (RLOOP) mode, the transmit data and
clock inputs (TPOS, TNEG and TCLK) are ignored. The
RPOS and RNEG outputs are looped back through the
transmit circuits and output on TTIP and TRING at the
RCLK frequency. Receiver circuits are unaffected by the
RLOOP command and continue to output the RPOS, RNEG
and RCLK signals received from the twisted-pair line.

In Local Loopback (LLOOP) mode, the receiver circuits are
inhibited. The transmit data and clock inputs (TPOS, TNEG
and TCLK) are looped back onto the receive data and clock
outputs (RPOS, RNEG and RCLK.) The transmitter circuits
are unaffected by the LLOOP command. The TPOS and
TNEG inputs will be transmitted normally. (A streamof1's
will be transmitted if the TAOS command is active.) During
local loopback if TCLK is not supplied, the transmitter
powers down. If LOS and LLOOP are both active, LLOOP
takes precedence, forcing RCLK = TCLK.

Power Requirements

The LXT305A is a low-power CMOS device. It operates
from a single +5 V power supply which can be connected
externally to both the transmitter and receiver. However, the
two inputs must be within+ .3V of each other, and decoupled
to their respective grounds separately, as shown in Figure 9.
Isolation between the transmit and receive circuits is pro-
vided internally.

The transmitter powers down to conserve power when the
required clock input is not supplied. The LXT305A enters
the power down mode during normal operation and local
loopback if TCLK is not supplied, and during TAOS if
MCLK is not supplied.

#1EVEL
EONE ®

Applications
1.544 MHz T1 Interface Applications

Figure 9 is a typical 1.544 MHz T1 interface application
using a 1:1.15 transmit transformer without in-line resistors
for maximum power savings. The LXT305A is shown in
the Host mode with the LXP2180A T1/ESF Framer
providing the digital interface with the host controller. Both
devices are controlled through the serial interface. An
LXP600A Clock Adapter (CLAD) provides the 2.048 MHz
system backplane clock, locked to the recovered 1.544 MHz
clock signal. The power supply inputs are tied to a common
bus with appropriate decoupling capacitors installed (1.0 pF
on the transmit side, 68uF and 0.1 UF on the receive side.)

For DSX-1 applications, series resistors can be used in line
with the transmit transformer to provide higher return loss.
Table 7 lists transformer ratios, Rt values and typical return
loss values for 1.544 MHz EC codes.

2.048 MHz E1 Interface Applications

Figure 10 is a typical 2.048 MHz E1 application. The
LXT305A is shown in Hardware mode with the
LXP2181A E1/CRC4 Framer. As inthe DSX-1 application
Figure 9, this configuration is illustrated with a crystal in
place to enable the LXT305A Jitter Attenuation Loop, and
a single power supply bus. The hard-wired control lines for
TAOS, LLOOP and RLOOP are individually controllable,
and the LLOOP and RLOOP lines are also tied to a single
control for the Reset function. EC3 and EC2 are hardwired
to ground, but the EC1 pinis switchable high orlow selecting
codes 000 and 001. Withthe 1: 1 transformer ratio and code
000 selected on the EC inputs, the LXT305A outputs the
CCITT specified 2.37 V pulse onto 75 Q coaxial cable.
Simply changing the EC code to 001 allows the LXT305A
to match the 3.0 V pulse specification for 120 Q shielded
twisted-pair cable. No transformer change is required. For
situations where at 1:1.26 transformer is desired, EC code
000 selects the correct output for 120 Q twisted-pair cable.

To achieve higher return loss, increased surge protection and
lower output short circuit current, series resistors can be used
in line with the transmit transformer. Tables 8 and 9 list
transformer ratios, series resistor (Rt) and typical return loss
values with associated 2.048 MHz EC codes for 75 Q coax
and 120 Q TWP, respectively.
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Table 7: T1/DSX-1 Output Combinations (100 Q)
EC Xfmr Ratio' Rt Value® Rtn Loss®
011 - 111 1:1.15 Rt=0Q 0.5dB

011 - 111 1:2 Rt=94Q 20dB
011 - 111 1:23 Rt=94Q 28 dB

! Transformer turns ratio accuracy is £ 2 %.
2 Rtvalues are + 1 %.
3 Typical return loss, 102 kHz - 2.048 MHz band.

Figure 9: Typical LXT305A 1.544 MHz T1 Application (Host Mode)
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INOTE[1] IN ADDITION TO THE LXP2180A, THE LXT305A IS COMPATIBLE WITH A WIDE VARIETY OF DIGITAL FRAMING AND SIGNALING
DEVICES, INCLUDING THE LXP2181, DS2180A, MT8976, AND R8070.
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Table 8: E1/CEPT Output Combinations (75 Q)

Table 9: E1/CEPT Output Combinations (120 Q)

EC  XimrRatio' BtValue® RBtnLoss® EC  XfmrRatio' RtValue* Rtnloss®
001 1:1 Rt=10Q 5dB 001 1:1 Rt=0Q 0.5dB
001 1:2 Rt=143Q 12dB 001 1:2 Rt=15Q 30dB
000 1:1 Rt=0Q 0.5dB 000 1:1.26 Rt=0Q 0.5dB
000 1:2 Rt=94Q 24 dB 000 1:2 Rt=8.7Q 12dB
! Transformer turns ratio accuracy is + 2 %. 3 Transformer turns ratio accuracy is + 2 %.
2 Rtvaluesare+ 1 %. 2 Rtvalues are + 1 %.
3 Typical return loss, 102 kHz - 2.048 MHz band. 3 Typical return loss, 102 kHz - 2.048 MHz band.
Figure 10: Typical LXT305A 2.048 MHz E1 Application (Hardware Mode)
( 2.048 MHz CLOCK )
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NOTE n IN ADDITION TO THE LXP2181, THE LXT305A IS COMPATIBLE WITH A WIDE VARIETY OF FRAMING AND SIGNALING DEVICES,
INCLUDING THE LXP2180A, DS2181, MT8979, AND R8070.
FOR 75 Q COAXIAL CABLE, USE A 1: 1 TRANSFORMER RATIO AND EC CODE 000.
NOTE E FOR 120 Q TWISTED-PAIR CABLE USE EITHER A 1 : 1 TRANSFORMER WITH EC CODE 001, OR A 1 : 1.26 TRANSFORMER WITH
CODE 000 .
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Standard Product
February, 1994

LXT310
T1 CSU / ISDN PRI Transceiver

The LXT310is the first fully integrated transceiver for T1
CSU and ISDN Primary Rate Interface (ISDN PRI) applica-
tions at 1.544 MHz. This transceiver operates over 6,000
feet of 22 AWG twisted-pair cable without any external
components. To compensate for shorterlines, 7.5dB, 15dB,
and 22.5 dB frequency-dependent transmit Line Build-Outs
(LBOs) are provided.

* Fully integrated transceiver comprising: on-chip equal-
izer; timing recovery/control; data processor; receiver;
and transmitter with Line Build-Out and digital control

» Meets or exceeds ANSI and CCITT specifications
including T1.403, T1.408, and AT&T Pub 62411

« Selectable Receiver Sensitivity. Fully restores the
received signal after transmission through a cable with
attenuation of either 0 to 26 dB, or 0 to 36 dB @772 kHz

The device offers selectable B8ZS encoding/decoding, and
unipolar or bipolar data I/0. The LXT310 also provides
jitter attenuation in either the transmit or receive direction
starting at 6 Hz, and incorporates a serial interface (SIO) for
microprocessor control.

« Selectable Unipolar or Bipolar data /O
* Selectable B8ZS encoding/decoding

« Line attenuation indication output

The LXT310 offers a variety of diagnostic features includ-
ing loopbacks and loss of signal monitoring. It uses an
advanced double-poly, double-metal CMOS process and
require only a single 5-volt power supply.

138 Ul jitter tolerance at 1 Hz
* Output short circuit current limit protection
* On-line idle mode for redundant systems

e 7.5 dB, 15 dB, and 22.5 dB transmit LBOs

* ISDN Primary Rate Interface (PRI) (ANSI T1.408)
e CSU interface to T1 Service (Pub 62411) .
¢ DS1 Metallic Interface (ANSI T1.403)
* T1 LAN bridge

Local, remote and inband network loopback functions

¢ Receive monitor with Loss of Signal (LOS) output

* CPU to CPU Channel Extenders « Jitter attenuation starting at 6 Hz, switchable to transmit
« Digital Loop Carrier - Subscriber Carrier Systems or receive path

¢ T1 Mux

o Channel Banks * Microprocessor controllable

TCLK | TRANSMIT |— Tr#“ESNM;T »DL,NE TP
TPOS B6ZS / e opt——=| TIMING & RIVERS
TNEG UNIPOLAR e | [ o contROL | | FLTER »ﬁ TRING
ENCODER e o Leo
* Encoder ! } A0S Enable e LBO Select CLKE
Enable ) cs
: SCLK
Dec sDI
Enable | Enable} SDO
XTAL IN = TTER Clear LLooP
XTAL OUT " Enable LOCAL
ATTENUATOR
JASEL \ LOOPBACK
REMOTE ' | EQUALIZER | o EaL'
LOOPBACK I »| controL [Z—
| ain
y \ A H te+ H 1 I
APOS -1 LniboLAR T 3 DATA S, AL et e
ANeo - o " NOISE &
RCLK = pEeooeR IS i VN RECOVERY CROSSTALK [ RECEDE RRING
T ’ sticers L_FLTER
NLOOP - & PEAK
N _NLOOP REGEVE | DETECTORS
LoS e & LOS CLOCK MCLK
- PROCESSOR | GENERATOR
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Absolute Maximum Ratings

Parameter Sym Min Max Units
DC supply (referenced to GND) RV+, TV+ - 6.0 \4
Input voltage, any pin Vi RGND - 0.3 RV++023 v
Input current, any pin ' Ly 210 10 mA
Ambient operating temperature T, -40 85 °C
Storage temperature Tge -65 150 °C

WARNING: Operations at or beyond these limits may result in permanent damage to the device. Normal operation not guaranteed at these extremes.
!Transient currents of up to 100 mA will not cause SCR latch-up. TTIP, TRING, TV+ and TGND can withstand a continuous current of 100mA.

Operating Conditions/Characteristics

Parameter Sym Min | Typ' | Max | Units Test Conditions
DC supply 2 RV+, TV+ | 475 | 50 | 525 A%
Ambient operating temperature T, - 25 - °C
Power dissipation * P, - 375 | 450 | mW | 100% ones density & maximum
line length @ 525 V

! Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing.

2 TV+ must not exceed RV+ by more than 0.3 V.

3 Power dissipation while driving 25 Q load over operating temperature range. Includes device and load. Digital input levels are within 10% of the

supply rails and digital outputs are driving a 50 pF capacitive load.

Digital Characteristics (T, = -40° 0 85°C, V+ = 5.0 V5%, GND = 0 V)

Parameter Sym | Min | Typ | Max | Units | Test Conditions

High level input voltage "2 (pins 1-5, 10,23-28) Vi 2.0 - - \Y

Low level input voltage ! (pins 1-5, 10, 23-28) \ - - 0.8 A%

High level output voltage "2 (pins 6-8, 12,23, 25) Vou | 24 - - v I,=- 400 pA

Low level output voltage "2 (pins 6-8, 12, 23, 25) VoL - - 0.4 v Iy, =1.6mA

Input leakage current I, 0 - +10 UA

Three-state leakage current! (pin 25) L, 0 - +10 | pA

! Funcﬁonality of pins 23 and 25 depends on mode. See Host / Hardware Mode descriptions.
2 Qutput drivers will output CMOS logic levels into CMOS loads.
Analog Characteristics (T, =-40°t085°C, V+ = 5.0 V5%, GND =0 V)
Parameter Min | Typ'| Max| Units | Test Conditions

Recommended output load at TTIP and TRING 50 - 200 Q

AMI Qutput Pulse Amplitudes 24 3.0 3.6 \

Jitter added by the transmitter > 10Hz - 8kHz 3 - - 0.01 Ul measured at the
8kHz - 40 kHz 3 - - 0.02 Ul output with
10Hz - 40 kHz 3 - - 0.02 Ul LBO1=0, and
Broad Band ~ - 0.04 Ul LBO2=0

Receive signal attenuation Mode 1 (EGL =1) 0 26 - dB

range @ 772 kHz Mode 2 (EGL =0) 0 36 - dB

Allowable consecutive zeros before LOS 160 175 190 -

Input jitter tolerance 10kHz - 100kHz 0.4 - - Ul 0 dB line
1Hz 138 - — Ul

Jitter attenuation curve corner frequency * - 6 - Hz

! Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing.

2 Input signal to TCLK is jitter-free.
? Guaranteed by characterization; not subject to production testing.

4 Circuit attenuates jitter at 20 dB/decade above the corner frequency.
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I
McLK O 1 28 1 CLKE/TAOS MoK
2 27 0 CLKE/TAOS
TCLK SCLK/ALLOOP TPOS
o 3 2 0O cs SCLK/LLOOP
TPOS CS/RLOOP TNEG 2
TNEG O 4 25 0 SDO/LBO2 CS/RLOOP
4
MODE O 5 24 O SDILBO1 MODE [fs * ° ¢ ' = 7 % SDO/LBO2
RNEG O 6 23 1 INT/NLOOP RNEG
RPOS O 7 22 [ RGND Qe 21 SDILBO1
8 2 RPOS [} =[] INT/NLOOP
RCLK O 13 RV+ RCLK s
XTALN O 9 20 A RRING XTALIN E : =l RGND
xTALouT O 10 190 RTIP XIOUT RV«
N 1 8 C 10 20 RR'NG
JASEL O 1 LATN JASEL
Los O 12 17 O EGL 0"z 15 14 15 16 17 15 RTIP
TP O 13 16 O TRING jf
LOS LATN
TGND [ 14 150 Tv+ TTIP / EGL
28-Pin TGND 28-Pin TRING
DiP PLCC TV+
Table 1: Pin Descriptions
Pin#| Sym | /O Name Description
A 1.544 MHz clock input used to generate internal clocks. Upon Loss of
1 | MCLK | I | Master Clock | Signal (LOS), RCLK is derived from MCLK. If MCLK is not applied, this
pin should be grounded.
2 | TCLK | 1 Transmit Transmit clock input. TPOS and TNEG are sampled on the falling edge of
Clock TCLK. :
3 | TPOS/ | I | Transmit Data | Input data to be transmitted on the twisted-pair line. Normally, pin 3 is
TDATA Input TPOS and pin 4 is TNEG, the positive and negative sides of a bipolar input
pair. However, if pin 4 is held high for at least 16 TCLK cycles (equivalent
4 | TNEG/ | 1 Data Input/ to 15 successive bipolar violations), the LXT310 switches to a unipolar
UBS Polarity Select | mode. The LXT310 returns to bipolar I/O when pin 4 goes low.
Setting MODE to logic 1 selects the Host mode. In Host mode, the serial
S | MODE | 1 Mode Select interface is enabled for control and status reporting. Setting MODE to logic
0 selects the Hardware (H/W) mode. In Hardware mode the serial interface
is disabled; hard-wired pins control configuration and report status. Tying
MODE to RCLK enables Hardware mode and the B8ZS encoder/decoder.
6 | RNEG | O | Receive Data | In Bipolar data I/O mode pins 6 and 7 are bipolar data outputs. A signal on
Negative RNEG corresponds to receipt of a negative pulse on RTIP/RRING, and a
signal on RPOS corresponds to a positive pulse on RTIP/RRING. RNEG/
RPOS outputs are Non-Return-to-Zero (NRZ). In Host mode, CLKE
7 | RPOS | O | Receive Data | determines the clock edge at which these outputs are stable and valid. In
Positive Hardware mode both outputs are stable and valid on the RCLK rising edge.
6 BPV | O Bipolar In Unipolar data I/O mode, pin 6 goes high to indicate receipt of a Bipolar
Violation Violation of the AMI code.
7 |RDATA| O | Receive Data | In Unipolar mode, data received from the twisted-pair line is output at pin 7.
8 | RCLK | O | Receive Clock | This is the clock recovered from the signal received at RTIP and RRING.

L(‘,LEVEL
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Table 1: Pin Descriptions continued

Pin#| Sym |l/O Name Description
9 | XTALIN| I | Crystal Input | An external crystal (18.7 pF load capacitance, pullable) operating at 6.176
MHz (four times the bit rate) is required to enable the jitter attenuation
- function of the LXT310. These pins may also be used to disable the jitter
10 | XTALOUT| O | Crystal Output | attenuator by connecting the XTALIN pin to the positive supply through a
resistor, and leaving the XTALOUT pin unconnected.
11 | JASEL | I Jitter Selects jitter attenuation location. When JASEL = 1, the jitter attenuator is
Attenuation | active in the receive path. When JASEL = 0, the jitter attenuator is active in
Select the transmit path.
12 LOS | O | Loss Of Signal | LOS goes to a logic 1 when 175 consecutive spaces have been detected.
LOS returns to a logic 0 when the received signal reaches a mark density of
12.5% (determined by receipt of four marks within 32 bit periods.) Re-
ceived marks are output on RPOS and RNEG even when LOS is at a logic 1.
13 TTIP | O | Transmit Tip | Differential Driver Outputs. These outputs are designed to drive a 50 - 200
Qload. Line matching resistors and transformer can be selected to give the
16 | TRING | O | Transmit Ring | desired pulse height.
14 | TGND | - Tx Ground | Ground return for the transmit drivers power supply TV+.
15 TV+ 1 Transmit +5-VDC power supply input for the transmit drivers. TV+ must not vary
Power Supply | from RV+ by more than+0.3V.
17 EGL I | Equalizer Input sets equalizer gain. When EGL = 0, up to 36 dB of equalizer gain may
Gain Limit | be added. When EGL = 1, equalizer gain is limited to no more than 26 dB.
18 | LATN | O Line Encoded output. Pulse width, relative to RCLK, indicates receive cqualizér
Attenuation | gain setting (line insertion loss at 772 kHz) in 7.5 dB steps. When LATN =
Indication 1 RCLK pulse, the equalizer is set at 7.5 dB gain, 2 pulses = 15 dB, 3 pulses
(See Figure 6) | =22.5 dB and 4 pulses = 0 dB. Output is valid on the rising edge of RCLK.
19 RTIP | I | Receive Tip | The AMI signal received from the line is applied at these pins. A 1:1
transformer is required. Data and clock from the signal applied at these pins
20 | RRING | I | Receive Ring | are recovered and output on the RPOS/RNEG, and RCLK pins.
21 RV+ I | Receive Power | +5 VDC power supply for all circuits except the transmit drivers. (Transmit
Supply drivers are supplied by TV+.)
22 { RGND | - Rx Ground Ground return for power supply RV+.
NLOOP | O Network When high, indicates Inband Network Loopback has been activated by
Loopback reception of 00001 pattern for five seconds. NLOOP is reset by reception of
(H/W Mode) | 001 for five seconds, or by activation of RLOOP or LLOOP.
23
INT (0] Interrupt This LXT310 Host mode output goes low to flag the host processor when
(Host Mode) | LOS or NLOOP changes state. INT is an open drain output and should be
tied to power supply RV+ through a resistor. INT is reset by clearing the
LOS or NLOOP register bit.
[LOLEVEL
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Table 1: Pin Descriptions continued

Pin# Sym | /O Name Description
SDI I Serial Data In The serial data input stream is applied to this pin when the LXT310
24 (Host Mode) operates in the Host mode. SDI is sampled on the rising edge of SCLK.
LBO1 I Line Build-Out In Hardware mode this input is used in conjunction with LBO2 to select
Select 1 the transmit line build-outs: 00 =0dB, 01 =7.5dB, 10=15dB, and
(H/W Mode) 11=22.5dB.
The serial data from the on-chip register is output on this pin in the
SDO O | Serial Data Out LXT310 Host mode. If CLKE is high, SDO is valid on the rising edge
(Host Mode) of SCLK. If CLKE is low SDO is valid on the falling edge of SCLK.
This pin goes to a high-impedance state when the serial port is being
25 written to and when CS is high.
LBO2 I Line Build-Out The signal applied at this pin in the LXT310 Hardware mode is used in
Select 2 conjunction with LBO1 to select the transmit line build-outs.
(H/W Mode) 00=0dB,01=7.5dB, 10=15dB, and 11 =22.5dB.
CsS I Chip Select This input is used to access the serial interface in the Host mode. For
(Host Mode) each read or write operation, CS must transition from high to low, and
remain low.
26
|/ RLOOP | I | Remote Loopback | This input controls loopback in the Hardware mode. Setting RLOOP to
(H/W Mode) alogic 1 enables Remote Loopback. During Remote Loopback, in-line
encoders and decoders are bypassed. Setting both RLOOP and LLOOP
while holding TAOS low causes a Reset. Setting both RLOOP and
LLOOP with TAOS high (or tying RCLK to RLOOP) enables Network
Loopback detection.
SCLK I Serial Clock This clock is used in the Host mode to write data to or read data from
(Host Mode) the serial interface registers.
27
LLOOP | I Local Loopback This input controls loopback functions in the Hardware mode. Setting
(H/W Mode) LLOOP to a logic 1 enables the Local Loopback Mode. Setting both
LLOOP and RLOOP while holding TAOS low causes a Reset.
Setting CLKE to logic 1 causes RPOS and RNEG to be valid on the
CLKE I Clock Edge falling edge of RCLK, and SDO to be valid on the rising edge of
(Host Mode) SCLK. When CLKE is alogic 0, RPOS and RNEG are valid on the
rising edge of RCLK, and SDO is valid on the falling edge of SCLK.
28
When set to a logic 1 in the Hardware mode, TAOS causes the LXT310
TAOS I | Transmit All Ones | to transmit a stream of marks at the TCLK frequency. Activating
(H/W Mode) TAOS causes TPOS and TNEG inputs to be ignored. TAOS is inhib-
: ited during Remote Loopback. Setting TAOS, LLOOP and RLOOP
simultaneously enables Network Loopback detection.

(o
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Functional Description

The LXT310is a fully integrated PCM transceiver for 1.544
MHz (T1) applications. It allows full-duplex transmission
of digital data over existing twisted-pair installations.

The LXT310 interfaces with two twisted-pair lines (one pair
for transmit, one pair for receive) through standard pulse
transformers and appropriate resistors. ’

Figure 1is ablock diagram of the LXT310. The transceiver
may be controlled by a microprocessor through the serial
port (Host Mode), or by individual pin settings (Hardware
Mode). The jitter attenuator may be positioned in either the
transmit or receive path.

Transmitter

Inputdata (bipolar or unipolar) for transmission onto the line
is clocked serially into the device. Bipolar dataisinputat pin
3 (TPOS) and pin 4 (TNEG). Unipolar data is input at pin 3
(TDATA) only. (Unipolar mode is enabled by holding pin
4 high for 16 RCLK cycles). Input data may be passed

Figure 2: LXT310 Transmit Clock Timing

TCLK //L

tsut tHT /_
TPOS
TNEG /L

through the Jitter Attenuator and/or B8ZS encoder, if se-
lected. In Host mode, B8ZS is selected by setting bit D3 of
the input data byte. In Hardware mode, B8ZS is selected by
connecting the MODE pin to RCLK. Inputsynchronization
is supplied by the transmit clock (TCLK). Timing require-
ments for TCLK and the Master Clock (MCLK) are defined
in Table 2 and Figure 2.

Idie Mode

The LXT310 incorporates atransmitidle mode. This allows

multiple transceivers to be connected to a single line for
redundant applications. TTIP and TRING remain in a high
impedance state when TCLK is not present (TCLK
grounded). The high impedance state can be temporarily
disabled by enabling either TAOS, Remote Loopback or
Network Loopback.

The transmitted pulse shape is determined by Line Build Out
(LBO) inputs LBO1 and LBO2 as follows:

Line Build-Out (dB) 1] 5 15 225]
LBO1 0 1 0 1
'LBO2 0 0 1 1

LBO settings are input through the serial port in the Host
mode. In the Hardware mode, LBO inputs are applied
through individual pins. Shaped pulses meeting the various
T1 CSU and ISDN PRI requirements are applied to the AMI
line driver for transmission onto the line at TTIP and
TRING. Refer to Table 3 and Figure 3 for T1 pulse mask
specifications.

Table 2: LXT310 Master Clock and Transmit Timing Characteristics (See Figure 2)

Parameter Sym Min Typ' Max Units Notes

Master clock frequency MCLK - 1.544 - MHz

Master clock tolerance MCLKt - +100 - ppm

Master clock duty cycle MCLKd | 40 - 60 %

Crystal frequency fc - 6.176 - MHz LXT310 only

Transmit clock frequency TCLK - 1.544 - MHz V

Transmit clock tolerance TCLKt - - +100 ppm

Transmit clock duty cycle TCLKd 10 - 90 %o

TPOS/TNEG to TCLK setup time toor 50 - - ns

TCLK to TPOS/TNEG Hold time G 50 - - ns
! Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing.
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Short Circuit Limit

The LXT310 transmitter is equipped with a short-circuit
limiter. This feature limits to approximately 120 mA RMS
the current the transmitter will source into alow-impedance
load. The limiter trips when the RMS current exceeds the
limit for 100 pus (~ 150 marks). Itautomatically resets when
the load current drops below the limit.

The LXT310 meets or exceeds FCC and AT&T specifica-

tions for CSU and NI applications, as well as ANSI T1E1,
and CCITT requirements for ISDN PRI

Figure 3: 1.544 MHz T1 Pulse Mask

Line Code

The LXT310 transmits data as a 50% AMI line code as
shown in Figure 4. Power consumption is reduced by
activating the AMI line driver only to transmit a mark. The
output driver is disabled during transmission of a space.
Biasing of the transmit DC level is on-chip.

Receiver

The twisted-pair input is received via a 1:1 transformer.
Recovered data is output at RPOS/RNEG (RDATA in
unipolar mode), and the recovered clock is output at RCLK.
Refer to Table 4 and Figure 5 for receiver timing.

3.6V T

o\ S

0% |~ B ‘ :
10% | ERSSRNNENN]
0 250 500 100
Nanoseconds

Table 3: Pulse Mask Corner Point Specifications

Maximum Curve Minimum Curve
Time (ns) % V Time (ns) % V
0 5 0 -5
250 5 350 -5
325 80 350 50
325 120 400 90
425 120 500 95
500 105 600 90
675 105 650 50
725 5 650 -45
1100 5 800 -45
1250 5 896 -26
1100 -5
1250 -5

#LEVEL
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Figure 4: 50% AMI Coding Diagram
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The signal received at RPOS and-RNEG is processed
through the receive equalizer. The Equalizer Gain Limit
(EGL) input determines the maximum gain that may be
applied at the equalizer. When set to 0, up to 36 dB of gain
may be applied.

When EGL = 1, gain is limited to no more than 26 dB
providing for increased noise margin in shorter loop opera-
tion. Insertion loss of the line in 7.5 dB steps, as indicated
by the receive equalizer setting, is encoded in the LATN
output as shown in Figure 6.

Table 4: LXT310 Receive Timing Characteristics (See Figure 5)

Parameter Sym Min Typ' Max Units
Receive clock duty cycle 2 RCLKd 40 50 60 %
Receive clock pulse width 2 tow 600 648 © 700 ns
Receive clock pulse width high { - - 324 - ns
Receive clock pulse width low - 303 324 345 ns
RPOS / RNEG to RCLK rising setup time [ - 274 - ns
RCLK rising to RPOS /RNEG hold time | - 274 - ns

! Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing.

2 RCLK duty cycle widths will vary depending on extent of received pulse jitter displacement. Max and Min RCLK duty cycles are for worst case

jitter conditions (0.4 UI clock displacement for 1.544 MHz.)

Figure 5: LXT310 Receive Clock Timing

- tpw

< PWH - tPwL ‘

/————\ h - ———

tsur L1, tHR
i >< >< / ( LXT310 Host Mode (CLKE = 1)
RNEG F
—/ <Asur | tHR

RPOS \ N LXT310 Host Mode (CLKE = 0)
RNEG // >< /<_7; ,L_ LXT310 Hardware Mode

Figure 6: LATN Pulse Width Encoding

LATN 1 2

|

: —PLATN = 4 RCLK, 0 dB of Attenuation
| ATN =3 RCLK, 22.5 dB of Attenuation
<&———| ATN = 2 RCLK, 15 dB of Attenuation
< ATN = 1 RCLK, 7.5 dB of Attenuation

NOTE:
LATN is stable and valid
on the rising edge of RCLK.
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The equalized signal is filtered and applied to the peak
detector and data slicers. The peak detector samples the
inputs and determines the maximum value of the received
signal. A percentage of the peak value is provided to the data
slicers as a threshold level to ensure optimum signal-to-
noise ratio. The threshold is set to 50% of the peak value.
The receiver is capable of accurately recovering signals with
up to 36 dB of cable attenuation (from 2.4 V).

After processing through the data slicers, the received signal
is routed to the data and timing recovery section, then to the
B8ZS decoder (if selected) and to the LOS processor. The
LOS Processor loads a digital counter at the RCLK fre-
quency. The count is incremented each time a zero (space)
is received, and reset to zero each time a one (mark) is
received. Uponreceiptof 175 consecutive zeros the LOS pin
goes high, and asmooth transition replaces the RCLK output
with the MCLK. (During LOS if MCLK is not supplied and
JASEL = 1, the RCLK output is replaced with the centered
crystal clock.)

Received marks will be output regardless of the LOS status,
but the LOS pin will not reset until the ones density reaches
12.5 %. This level is based on receipt of atleast4 ones in any
32 bit periods.

Jitter Attenuation
Jitter attenuation is provided by a Jitter Attenuation Loop

(JAL) and an Elastic Store (ES). An external crystal oscil-
lating at 4 times the bit rate provides clock stabilization.

Table 5: LXT310 Crystal Specifications (External)

Refer to Table 5 for crystal specifications. The ESis a 32 x
2-bitregister. When JASEL = 1, the JAL is positioned in the
receive path. When JASEL =0, the JAL is positioned in the
transmit path.

Data (TPOS/TNEG / TDATA or RPOS/RNEG / RDATA)
is clocked into the ES with the associated clock signal
(TCLK or RCLK), and clocked out of the ES with the
dejittered clock from the JAL. When the bit count in the ES
is within two bits of overflowing or underflowing, the ES
adjusts the output clock by 1/8 of a bit period. The ES
produces an average delay of 16 bits in the associated path.

Operating Modes

The LXT310 can be controlled by a microprocessor through

a serial interface (Host mode), or through individual pins,
(Hardware mode). The mode of operation is set by the
MODE pin logic level.

Host Mode Operation

The LXT310 operates in the Host mode when MODE is set
to 1. The 16-bit serial word consists of an 8-bit Command/
Address byte and an 8-bit Data byte. Table 6 lists the output
data bit combinations. Figure 7 shows the serial interface
data structure and timing. The Host mode provides alatched
Interrupt output (INT) which is triggered by a change in the
LOS or NLOOP bits. The Interrupt is cleared when the
interrupt condition no longer exists, and the host processor
writes a one to the respective bit in the serial input data byte.

Parameter Specification
Frequency 6.176 MHz
Frequency Stability +20 ppm @ 25° C
+ 25 ppm from -40° C to + 85° C
(Ref 25° C reading)
Pullability CL = 11.7 pF to 18.7 pF, +AF =175 to 195 ppm
CL = 18.7 pF to 34 pF, -AF = 175 to 195 ppm
Effective series resistance 40 Q Maximum
Crystal cut AT
Resonance Parallel
Maximum drive level 2.0 mW
Mode of operation Fundamental
Crystal holder HC49 (R3W), C, = 7 pF maximum

C,, = 17 fF typical

$LEVEL
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Table 6: LXT310 Serial Data Output Bit Coding (See Figure 7)

Bit DS | Bit D6.| Bit D7 Status
0 0 0 Reset has occurred, or no program input.
0 0 1 TAOS active
0 1 0 LLOOP active
0 1 1 TAOS and LLOOP active
1 0 0 RLOOP active
1 0 1 NLOOP has changed state since last Clear NLOOP occurred.
1 1 0 LOS has changed state since last Clear LOS occurred.
1 1 1 LOS and NLOOP have both changed state since last Clear NLOOP and Clear LOS.

Figure 7: LXT310 Serial Interface Data Structure

Cs

ADDRESS / COMMAND BYTE DATA IN‘PUT / OUTPUT BYTE
A A
-

SDI/SDO RW| A0 | A1] A2| A3 | A4 | A5| A6| DO| D1 D2| D3| D4 | D5 | D6 | D7
ADDRESS / _
COMMAND R/W 0 0 0 0 1 0 X
BYTE AO A6

R/W =1 : READ X = DON'T CARE

R/W =0 : WRITE

CLEAR INTERRUPT SET DIAGNOSTICS OR RESET

A A
p

INPUT LOS | NLOOP| B8ZS | LBO1| LBO2 | RLOOP | LLOOP| TAOS
DATA DO (LSB) D7 (MSB)
BYTE 1=ENABLE | 1=ENABLE 1=ENABLE | 1=ENABLE | 1=ENABLE

NOTE: Output Data Byte same as Input Data Byte shown above, except for Bits D5 through D7 listed in Table 6.

Host mode also allows control of the serial data and receive
data output timing. The Clock Edge (CLKE) signal deter-
mines when these outputs are valid, relative to the Serial
Clock (SCLK) or RCLK as listed in Table 7.
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Table 7: CLKE Settings

Output Clock | CLKE=0 CLKE =1
RPOS/RNEG | RCLK | Rising Edge | Falling Edge
SDO SCLK | Falling Edge | Rising Edge

e
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The LXT310 serial port is addressed by setting bit A4 in the
Address/Command byte, corresponding to address 16. The
LXT310 contains only a single output data register so no
complex chip addressing scheme is required. The register is
accessed by causing the Chip Select (CS) input to transition
fromhighto low. Bit 1 of the serial Address/Command byte
provides Read/Write control when the chip is accessed. A
logic 1 indicates a read operation, and a logic 0 indicates a

write operation. Serial data I/O timing characteristics are -

shown in Table 8, and Figures 8 and 9.
Hardware Mode Operation

In Hardware mode the transceiver is accessed and controlled
through individual pins. With the exception of the INT and
CLKE functions, Hardware mode provides all the functions
provided in the Host mode. In the Hardware mode RPOS/
RNEG or RDATA outputs are valid on the rising edge of
RCLK. The LXT310 operates in Hardware mode only when
MODE is set to 0 or connected to RCLK.

Initialization and Reset Operation

Upon power up, the transceiver is held static until the power
supply reaches approximately 3V. Upon crossing this
threshold, the device begins a 32 ms reset cycle to calibrate
the transmit and receive delay lines and lock the Phase Lock
Loop to the receive line. A reference clock is required to
calibrate the delay lines. The transmitter reference is pro-
vided by TCLK. The crystal oscillator provides the receiver
reference. If the crystal oscillator is grounded, MCLK is
used as the receiver reference clock.

The transceiver can also be reset from the Host or Hardware
mode. In Host mode, resetis commanded by simultaneously
writing ones to RLOOP and LLOOP, and a zero to TAOS.
In Hardware mode, reset is commanded by holding RLOOP
and LLOOP high simultaneously for 200 ns while holding
TAOS low. In either mode, reset clears and sets all registers
to 0. :

Diagnostic Mode Operation

In Transmit All Ones (TAOS) mode, the TPOS and TNEG
inputs to the transceiver are ignored and the transceiver
" transmits acontinuous stream of 1’s at the TCLK frequency.
(If TCLK is not provided, TAOS is locked to the MCLK.)
This can be used as the Blue Alarm Indicator (AIS). In Host
mode, TAOS is commanded by writing a one to bit D7 of the
input databyte. In Hardware mode, TAOS is commanded by
setting pin 28 high. TAOS can be commanded simulta-
neously with Local Loopback, but is inhibited during Re-

#1EVEL
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mote Loopback.

Local Loopback (LLOOP) is designed to exercise the maxi-
mum number of functional blocks. During LLOOP opera-
tion, the RTIP/RRING inputs from the line are disconnected.
Instead, the transmit outputs are routed back into the receive
inputs. This tests the encoders/decoders, jitter attenuator,
transmitter, receiver and timing recovery sections. In Host
mode, Local Loopback is commanded by writing a one to bit
D6 of the input data byte. In Hardware mode, Local
Loopback is commanded by setting pin 27 high. If TAOS
and LLOOP are both set, the All Ones pattern is transmitted
onto the line while the TPOS/TNEG input data is looped
back to the RPOS/RNEG outputs.

In Remote Loopback (RLOOP) mode, the transmit data and
clock inputs (TCLK and TPOS/TNEG or TDATA) are
ignored, and the in-line encoders and decoders are bypassed.
The RPOS/RNEG or RDATA outputs are looped back
through the transmit circuits and output on TTIP and
TRING at the RCLK frequency. Receiver circuits are
unaffected by the RLOOP command and continue to output
the RCLK and RPOS/RNEG or RDATA signals received
from the twisted-pair line. In Host mode, Remote Loopback
is commanded by writing a one to bit D5 of the input data
byte. In Hardware mode, Remote Loopback is commanded
by setting pin 26 high.

Network Loopback can be commanded from the network
when the Network Loopback detect function is enabled. In
Host mode, Network Loopback (NLOOP) detection is en-
abled by simultaneously writing ones to RLOOP, LLOOP
and TAOS, then writing zeros in the next cycle. In Hardware
mode, Network Loopback detection is enabled by holding
RLOOP, LLOOP and TAOS high simultaneously for 200 ns
then bringing them to logic 0, or by tying RCLK to RLOOP.
NLOOP detection may be disabled by resetting the chip.

When NLOOP detection is enabled, the receiver monitors
the input data stream for the NLOOP data patterns (00001 =
enable, 001 =disable). When an NLOOP enable data pattern
is repeated for a minimum of five seconds (with 10 BER),
the device begins remote loopback operation. The LXT310
responds to both framed and unframed NLOOP patterns.
Once remote network loopback detection is enabled at the
chip and activated by the correct data pattern, it is identical
to remote loopback initiated at the chip. NLOOP is reset by
receiving the disable pattern for 5 seconds, or by activation
of RLOOP. NLOOP is temporarily interrupted by LLOOP,
but the NLOOP state is not reset.
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Table 9: LXT310 Serial VO Timing Characteristics (See Figures 9 and 10)

Parameter Sym | Min | Typ' | Max | Units Test Conditions

Rise/Fall time - any digital output | - - 100 ns Load 1.6 mA, 50pF
SDI to SCLK setup time tc 50 - - ns

SCLK to SDI hold time | A 50 - - ns

SCLK low time t. 240 - - ns

SCLK high time t 240 - - ns

SCLK rise and fall time Gt - - 50 ns

CS to SCLK setup time te 50 - - ns

SCLK to CS hold time teen 50 - - ns

CS inactive time town 250 - - ns

SCLK to SDO valid topy - - 200 ns

SCLK falling edge or CS rising edge | tup, - 100 - ns

to SDO high Z

! Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing.

Figure 8: LXT310 Serial Data Input Timing Diagram

tew
cs
y/i /L
1! 1/
tccH
tcc tcH
SCLK —\__/ e
tcoH
toc
SDI 3 LSB X: é% LSB 3 é MSB k.
CONTROLBYTE | DATABYTE

Figure 9: LXT310 Serial Data Output Timing Diagram

tcov : tcoz
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2-82

$LEVEL
[E6RE. |




LXT310 T1 CSU/ISDN PRI Integrated Long Haul Transceiver

Application Considerations
LATN Decoding Circuits and External Components

To conserve pins, the line attenuation output is encoded as a
simple serial bit stream. Table 9 provides the decoded output
for each equalizer setting. Figure 10 is a typical decoding
circuit for the LATN output. It uses a 2-bit synchronous
counter (half of a 4-bit counter) with synchronous reset, and
a pair of flip-flops. Table 10 lists approved crystals and
transformers.

Table 9: LATN Output Coding

Power Requirements

The LXT310isalow-power CMOSdevice. Itoperates from
a single +5 V power supply which can be connected exter-
nally to both the transmitter and receiver. However, the two
inputs must be within + .3V of each other, and decoupled to
their respective grounds separately, as shown in Figure 11.
Isolation between the transmit and receive circuits is pro-
vided internally.

Figure 10: Typical LATN Decoding Circuit

L1 L2 Line Attenuation vee
L e co cl co—
0 0 0.0dB Q[ Qr—
0 1 -7.5dB RCLK —»1> R > R
1 0 -15.0dB
1 1 -22.5dB ? ?
v LATN—4-
Q D Q D=
\
Table 10: Approved Crystals and Transformers Ll L2
Component Manufacturer Part Numbers
Crystal M-Tron MP-1 3808-010/4144-002
(6.176 MHz) Monitor Products MSC1311-01B
CTS Knights 6176-180
Valpey Fisher VF49A16FN1
U .S. Crystal U18-18-6176SP
Tx Transformer Bell Fuse 0553-5006-1C
(1:2) FEE Fil-Mag 6671308
Midcom 671-5832
Pulse Engineering 65351, 65771
Schott Corp 67127370 and 67130850
HALO TD61-1205G and TD67-1205G (combo Tx/Rx)
Rx Transformer FEE Fil-Mag FE 8006-155
(1:1) Midcom 671-5792
Pulse Engineering 64936 and 65778
Schott Corp 67130840 and 67109510
HALO TD61-1205G and TD67-1205G (combo Tx/Rx)

#1LEVEL
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Host Mode Applications

Figure 11 shows a typical T1 CSU application with the.
LXT310 operating in the Host mode (MODE pin tied high).
The LXP2180A T1/ESF Framer provides the digital inter-
face with the host controller. Both devices are controlled
through the serial interface. In the Host mode, the LOS
alarmisreported via the serial port so t.he LOS pinisallowed
to float.

An LXP600A Clock Adapter (CLAD) provides the 2.048
MHz system backplane clock, locked to the recovered 1.544

MHz clock signal. The 6.176 MHz crystal across XTALIN
and XTALOUT enables the JAL which is switched to the
transmit side by the ground on JASEL. (Refer to Table 10
for approved crystals and transformers.) The power supply
inputs are tied to acommon bus with appropriate decoupling
capacitors (68UF and 0.1 pF) installed on each side.

The twisted-pair interfaces are relatively simple. A 100 Q
resistor across the input of a 1:1 transformer is used on the
receive side, and a pair of 12.5 Q resistors are installed inline
with the 1:2 output transformer.

Figure 11: Typical LXT310 Host Mode T1/CSU Application

TO HOST CONTROLLER

Vd AY
LXP2160A LXT310
T1 ESF
ERAMER . TRANSCEIVER
TMSYNC TFSYNG | ja—! _Elj MCLK cke |+
cs TOK | ———» | TCIK SCLK
spo tPOos [ ————— | TPOS cs
’ —{V+
SDI TNEG [ ————P ] SDO
= ™ TNEG |
iNT SPs MODE ] 3 z2ka
————-Hj SCLK RANEG| ———— | RNEG INT [}
rros [ ] l'I————JO Y
RPOS
RaND | Y or
ROLK| 17z L ROLK RV+ ’b—‘ =
[Nore][1] ——1{] XTAuN RRING | |
|:'6.176 T LINE
MHz Aeceve &
= xraout RTIP
LXP600N601 : L » See Figure 14
JASEL LATN ee Figure
cLko CLAD © =
2.048 MHz Fsi D LOS EGL
—i TTIP MHz
T TRING 125Q 3¢ 11 LINE
‘ ovi—{] TaND Vs | :::}125“ AASMIT ©
NOTE][1] The LXT310 is compatible with a wide
variety of framing/signaling devices, including the
LXP2180A, DS2180A, MT8976, and R8070. 1l
11 68 uF Jv
+
X 1o wF -
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LXT310 Hardware Mode Applications

Figure 12 is atypical 1.544 MHz ISDN PRI application with
the LXT310, LXP2180A framer and an LXP600A clock
adapter. The LXT310 is operating in the Hardware mode
with B8ZS encoding enabled (MODE pin 5 tied to RCLK).
As in the T1 CSU application, Figure 11, this configuration
is illustrated with a single power supply bus. CMOS control

logic is used to set both LBO pins high, selecting the 22.5 dB
LBO, and the EGL pin is tied low, allowing for full receiver
gain. The TAOS, LLOOP and RLOOP diagnostic modes are
individually controllable. The RCLK input to the OR gate
at RLOOP allows for clocking of the RLOOP pin, which
enables network loopback detection. The receive and trans-
mit line interfaces are identical to the Host mode application
shown in Figure 11.

Figure 12: Typical LXT310 Hardware Mode Application

LXP600A
CLAD | [€—2.048 MHz
FSi| o
CLKo|
I LXT310
LXP2180A TRANSCEIVER
T1 ESF > TAOS .
FRAMER L] ™ok A0S | F—
ToLK [ e ] ok woopr [ —4—
TPOS [ }—— 1| TPOS RLOOP [ —CE— | cwos
Control
Logic
TNEG :]_——’: TNEG ot [ JF——| "
E MODE LBO2 b———— B
RNEG | ¢————1| RNEG NLOOP [T]
—] rano [T+ |
RPOS | J&— RPOS RGND o+
§ ’_l :E 0.1pF
RCLK | J&—4—T11 Reik RV+ [ ¢ =
1:1
— | XTALN RRING [} %
6.176 MHz ] — 1009% %g;é&m:z
| xraLour RTIP |}
[] vaseL LATN [ ]
<+—— | Los EGL [}
1:2
—L] TP TRNG | ] 1,544 MHz
125Q 2C TILINE —p»
TRANSMIT
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. | [ O uE IV+
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In addition to the LXP2180A, the LXT310 is compatible with a wide variey of
n framing/signaling devices, including the DS2180A, MT8976 and R8070.
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LXT318
E1 NTU /ISDN PRI Transceiver

The LXT318 is the first fully integrated transceiver for E1
Network Termination Unit (NTU) and ISDN Primary Rate

Interface (ISDN PRI) applications at 2.048 MHz. The
transceiver operates from 0.0 km to 2.6 km of 0.6 mm (22
AWG) twisted-pair cable without any external components.

The LXT318 offers selectable HDB3 encoding/decoding,
and unipolar or bipolar data1/0. The LXT318 also provides
jitter attenuation in either the transmit or receive direction
starting at 6 Hz, and incorporates a serial interface (SIO) for
microprocessor control.

The LXT318 offers a variety of diagnostic features includ-
ing loopbacks and loss of signal monitoring. Itis built using
an advanced double-poly, double-metal CMOS process and
require only a single 5-volt power supply.

* PCM 30/ ISDN PRI Interface (CCITT G.703, 1.431)
e NTU (interface to E1 Service)
* E1 Mux or LAN bridge

Preliminary Information
February 1994

« Fully integrated transceiver comprising: on-chip equal-
izer; timing recovery/control; data processor; receiver;
transmitter and digital control

* Pin compatible with the LXT310 T1 CSU/ISDN PRI
(1.544 MHz) Transceiver

» Meets or exceeds CCITT specifications including G.703,
G.736,1.431 and G.823 for E1 short haul (6 dB) or long
haul (43 dB) applications

* Fully restores the received signal after transmission
through a cable with attenuation of 43 dB @1024 kHz

* Selectable Unipolar or Bipolar data /O

* Selectable HDB3 encoding/decoding

¢ Output short circuit current limit protection

* On-line idle mode for testing or for redundant systems
 Local and remote loopback functions

* Receive monitor with Loss of Signal (LOS) output

« Jitter attenuation starting at 6 Hz, switchable to transmit

« CPU to CPU Channel Extenders or reccive path

¢ Microprocessor controllable

* Available in 28-pin DIP and PLCC (extended temp)

« Digital Loop Carrier - Subscriber Carrier Systems
¢ Channel Banks

TCLK eys ;" TRANSMIT N > TP
TPOos —}»{ HDB3/ s spo————» TIMING & Vrlﬁl\’}.EEns
TNEG UNIPOLAR —H-H=io—— | CONTROL - > TRING
ENCODER LI v

Encoder M TAOS Enable - CLKE

Enable ! - cs

[ T] Serial Word SPES.!:}'- - SCLK

Decoder h RLOOP) H LOS 3 < SDI

Enable | Enable ! Clear >
XTALIN < LLOOP $bo
XTAL OUT - Enable LOCAL
ATTENUATOR
JASEL > ——’I LOOPBACK
r
REMOTE I EQUALIZER
LOOPBACK I CONTROL
. Gain
- a1l — l
m HDB3/ e L. TIMING N
::2 - UNIPOLAR [ b= [T &DATA [* No\fég N - IR q il RTIP
- DECODER [ - RECOVERY] RECEIVE
1 DECODER | Py s— - CROSSTALK -
RCLK = ot — FILTER ﬁ EQUALIZER RRAING
SLICERS
& PEAK
INT Los - RECEIVE DETECTORS
LOS = PROCESSOR [ CLOCK | MCLK
GENERATOR
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Operating Conditions/Characteristics

Parameter Sym Min | Typ' | Max | Units Test Conditions
DC supply 2 RV+,TV+ | 475 50 | 525 \%
Ambient operating temperature T, -40 - +85 °C
Power dissipation 3 P, - 300 400 mW | 100% ones density & maximum
line length @ 5.25 V

! Typical figures are at 25°C and are for design aid only, not guaranteed and not subject to productlon testing.
2 TV+ must not differ from RV+ by more than 0.3 V.

3 Power dissipation while driving 25 Q load over operatmg

supply rails and digital outputs are driving a 50 pF capacitive load.

Digital Characteristics (T, =-40°to 85°C, V+ = 5.0V 5%, GND =0 V)

p range. Includes device and load. Digital input levels are within 10% of the

Parameter Sym | Min | Typ | Max | Units | Test Conditions
High level input voltage "2 (pins 1-5, 10, 23-28) Vi 2.0 - - \J
Low level input voltage 2 (pins 1-5, 10, 23-28) \ - - | 08 \%
High level output voltage % (pins 6-8, 12, 23, 25) Vou 24 - - \% Lyyr=- 400 pA
Low level output voltage ! (pins 6-8, 12, 23, 25) Vou - - 04 v I, ,=1.6mA
Input leakage current | 0 - +10 UA
Three-state leakage current ! (pin 25) I, . 0 - +10 HA
! Functionality of pins 23 and 25 depends on mode. See Host / Hardware Mode descriptions.
2 Output drivers will output CMOS logic levels into CMOS loads.
Analog Characteristics" (T, = -40° to 85°C, V+ = 5.0 V5%, GND = 0 V)
Parameter Min | Typ'| Max| Units | Test Conditions
Recommended output load at TTIP and TRING 50 120 200 Q
AMI Output Pulse Amplitudes 2.7 3.0 33 v measured at the
Jitter added by the transmitter > 20Hz - 100kHz ? - - 0.05 Ul output
Input jitter tolerance 20 kHz - 100 kHz 0.2 0.3 - UI 0-43dB line
10 Hz 100 500 - Ul
Jitter attenuation curve corner frequency * - 6 - Hz
Receive signal attenuation range @ 1024 kHz 0 43 - dB
Allowable consecutive zeros before LOS 160 175 190 -
Minimum Return Loss *1° Transmit Receive
Min Typ | Min Typ
51kHz - 102kHz TBD TBD | 12 TBD| (B
102kHz - 2.048 MHz TBD TBD | 18 TBD| dB
2.048 MHz - 3.072 MHz TBD TBD | 14 TBD| dB

*G d by characterization; not subject to production testing.
* Circuit attenuates jitter at 20 dB/decade above the corner frequency.
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Ny
MCLK O 1 28 A CLKE/TAOS ﬁgt,‘i
o 2 27 B CLKE/TAOS
TCLK SCLK/LLOOP TPOS
d 3 26 ©s SCLK/LLOOP
TPOS /RLOOP TNEG RS RLOOP
TNEG O 4 250 spo - =
MODE O 5 24 A spI MODE Em sDo
RNEG O 6 23 O iNT
RNEG []e 21 sDI
RPOS OO0 7 22 O RGND SO
RPOS [}7 2] INT
RCLK [] 8 21 O Rv+
RCLK (s 2[] RGND
XTALIN O 9 20 O RRING
XTALIN [ 9 21 :| RV+
XTALOUT [4 10 19 O RTIP XTALOUT
Qo =[] RRING
JASEL O 1 18 O LATN JASEL
Los [ 12 17 3 GND Oz 15 14 15 16 17 150 RTIP
TP 4 13 16 1 TRING {
TGND O 14 150 Tvs #ﬁg f_) X é’.‘«?
28-Pin TGND 28-Pin TRING
DIP PLCC TV+
Table 1: Pin Descriptions
Pin#| Sym | /O Name Description
A 2.048 MHz clock input used to generate internal clocks. Upon Loss of
1 | MCLK | I | Master Clock | Signal (LOS), RCLK is derived from MCLK. If MCLK is not applied, this
pin should be grounded.
2 TCLK | I Transmit Transmit clock input. TPOS and TNEG are sampled on the falling edge of
Clock TCLK.
3 | TPOS/ | 1 | TransmitData | Input for data to be transmitted on the twisted-pair line. Normally, pin 3 is
TDATA Input TPOS and pin 4 is TNEG, the positive and negative sides of a bipolar input
pair. However, when pin 4 is held high for at least 16 TCLK cycles
4 | TNEG/ | I Data Input/ (equivalent to 15 successive bipolar violations), the LXT318 switches to a
UBS Polarity Select | unipolar mode. Unipolar mode pin functions are listed in Table 2.
5 | MODE | I Mode Select Setting MODE to logic 1 puts the LXT318 in the Host mode. In the Host
mode, the serial interface is used to control the LXT318 and determine its
status. Setting MODE to logic O puts the LXT318 in the Hardware (H/W)
mode. In the Hardware mode the serial interface is disabled and hard-wired
pins are used to control configuration and report status. Tying MODE to
RCLK activates the Hardware mode and enables the HDB3 éncoder/
decoder.
6 | RNEG/| O Receive Bipolar data outputs. A signal on RNEG corresponds to receipt of a
BPV Negative Data | negative pulse on RTIP/RRING. A signal on RPOS corresponds to receipt
of a positive pulse on RTIP/RRING. RNEG/RPOS outputs are Non-Return-
to-Zero (NRZ). In Host mode, CLKE determines the clock edge at which
7 | RPOS/| O Receive these outputs are stable and valid. In Hardware mode both outputs are
RDATA Positive Data | stable and valid on the rising edge of RCLK.
In Unipolar mode, pin 6 output is a Bipolar Violation indication and pin 7 is
the unipolar data output. See Table 2 for Unipolar mode functions.
8 | RCLK | O | Receive Clock | This is the clock recovered from the signal received at RTIP and RRING.
LEVEL
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Table 1: Pin Descriptions continued

Pin#| Sym |[I/O|  Name Description
9 | XTALIN| I | Crystal Input | An external crystal (18.7 pF load capacitance, pullable) operating at four
times the bit rate ( 8.192 MHz ) is required to enable the jitter attenuation
function of the LXT318. These pins may also be used to disable the jitter
10 | XTALOUT| O | Crystal Output | attenuator by connecting the XTALIN pin to the positive supply through a
resistor, and tying the XTALOUT pin to ground.
Jitter Selects jitter attenuation location. When JASEL = 1, the jitter attenuator is
11 | JASEL | I Attenuation | active in the receive path. When JASEL = (), the jitter attenuator is active in
Select the transmit path.
LOS goes to logic 1 after 175 consecutive spaces and returns to logic 0 when
12 LOS | O | Loss Of Signal | the received signal reaches 12.5% mark density (minimum of four marks
within 32 bit periods, with no more than 15 consecutive zeros.) Received
marks are output on RPOS and RNEG even when LOS is at a logic 1.
13 TTIP | O | Transmit Tip Differential Driver Outputs. These outputs are designed to drive a 50 - 200
Q load. Line matching resistors and transformer can be selected to give the
16 | TRING | O | Transmit Ring | desired pulse height.
14 | TGND | - Tx Ground Ground return for the transmit drivers power supply TV+.
15 TV+ I Transmit +5 VDC power supply input for the transmit drivers. TV+ must not vary
Power Supply | from RV+ by more than £ 0.3V.
17 GND | - Ground This pin must be tied to ground.
18 | LATN | O Line Encoded output. Pulse width, relative to RCLK, indicates receive equalizer
Attenuation | gain setting (line insertion loss at 1024 kHz) in 9.5 dB steps. When LATN =
Indication 1 RCLK pulse, the equalizer is set at 9.5 dB gain; 2 pulses = 19 dB; 3 pulses
=28.5 dB and 4 pulses = 0 dB. Output is valid on the rising edge of RCLK.
19 RTIP | I Receive Tip | The AMI signal received from the line is applied at these pins. A 1:1
transformer is required. Data and clock from the signal applied at these pins
20 | RRING | I | ReceiveRing | are recovered and output on the RPOS/RNEG, and RCLK pins.
21 RV+ | I | Receive Power | +5 VDC power supply for all circuits except the transmit drivers. (Transmit
Supply drivers are supplied by TV+.)
22 | RGND | - Rx Ground | Ground return for power supply RV+.
23 INT (o) Interrupt In Host mode, this pin goes low to flag the host processor when LOS
(Host Mode) | changes state. INT is an open drain output and should be tied to power
supply RV+ through a resistor. Reset INT by clearing the LOS register bit.
GND | - Ground In Hardware mode, this pin is inactive and should be tied to ground.
(H/W Mode)
24 SDI I | Serial DataIn | The serial data input stream is applied to this pin when the LXT318 operates
(Host Mode) | inthe Host mode. SDI is sampled on the rising edge of SCLK.
GND | - Ground This pin is inactive in the Hardware mode and should be tied to ground.
(H/W Mode)
[COLEVEL
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Table 1: Pin Descriptions continued

Pin# Sym |VO Name Description
25 SDO » o Serial Data Out In the Host mode, serial data from the on-chip register is output on this
(Host Mode) pin. If CLKE is high, SDO is valid on the rising edge of SCLK. If
CLKE is low SDO is valid on the falling edge of SCLK. SDO goestoa
high-impedance state when the serial port is being written to.
GND - Ground This pin is inactive in the Hardware mode and should be tied to ground.
(H/W Mode)
26 | CS I Chip Select In the Host mode, this input is used to access the serial interface. For
(Host Mode) each read or write operation, CS must transition from high to low, and
remain low.
RLOOP | I | Remote Loopback | Inthe Hardware mode, this input controls remote loopback. Setting
(H/W Mode) RLOOP to a logic 1 enables Remote Loopback. During Remote
Loopback, in-line encoders and decoders are bypassed. Setting both
RLOOP and LLOOP while holding TAOS low causes a Reset.
27 | SCLK I Serial Clock In the Host mode, this clock is used to write data to or read data from
(Host Mode) the serial interface registers.
LLOOP | 1 Local Loopback In the Hardware mode, this input controls local loopback. Setting
(H/W Mode) LLOORP to a logic 1 enables the Local Loopback Mode. Setting both
LLOOP and RLOOP while holding TAOS low causes a Reset.
28 | CLKE 1 Clock Edge In the Host mode, this pin controls transitions of the data outputs.
(Host Mode) Setting CLKE to logic 1 causes RPOS and RNEG to be valid on the
falling edge of RCLK, and SDO to be valid on the rising edge of
SCLK. When CLKE is alogic 0, RPOS and RNEG are valid on the
rising edge of RCLK, and SDO is valid on the falling edge of SCLK.
TAOS I | Transmit All Ones | In the Hardware mode, this pin controls the TAOS function. When set
(H/W Mode) to a logic 1, TAOS causes the LXT318 to transmit a stream of marks at
the TCLK frequency. Activating TAOS causes TPOS and TNEG
inputs to be ignored. TAOS is inhibited during Remote Loopback.
Table 2: Unipolar Data I/O Pin Descriptions
Pin# Sym |1/O Name Description
3 |TDATA| I Transmit Data Unipolar input for data to be transmitted on the twisted-pair line.
4 UBS I Uni-Bi When pin 4 is held high for at least 16 TCLK cycles (equivalent to 15
Polarity Select successive bipolar violations), the LXT318 switches to unipolar data I/O.
The device immediately returns to bipolar I/O when pin 4 goes low.

6 BPV O | Bipolar Violation | Pin 6 goes high when a bipolar violation is received.

7 |RDATA| O Receive Data Unipolar data output. RDATA is a Non-Return-to-Zero (NRZ) output.
In Host mode, CLKE determines the clock edge at which RDATA is
stable and valid. In Hardware mode RDATA is stable and valid on the
rising edge of RCLK.

Note: Table 2 lists only those pins which are affected by the switch to unipolar data I/O.

(s
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Functional Description

The LXT318 s a fully integrated PCM transceiver for 2.048
MHz (E1) applications. It allows full-duplex transmission
of digital data over existing twisted-pair installations.

The LXT318 transceiver interfaces with two twisted-pair
lines (one twisted-pair for transmit, one twisted-pair for
receive) through standard pulse transformers and appropri-
ate resistors.

Figure 1 is ablock diagram of the LXT318. This transceiver
may be controlled by a microprocessor through the serial
port (Host Mode), or by individual pin settings (Hardware
Mode). The jitter attenuator may be positioned in either the
transmit or receive path, as determined by pin 11 (JASEL).

Transmitter

Input data (bipolar or unipolar) for transmission onto the line
is clocked serially into the LXT318. Bipolar data is input at
pin3 (TPOS) and pin4 (TNEG). Unipolar dataisinputatpin
3 (TDATA) only. (Unipolar mode is enabled by holding pin
4 high for 16 RCLK cycles). Input data may be passed
through the Jitter Attenuator and/or HDB3 encoder, if se-

Figure 2: LXT318 Transmit Clock Timing

/L
TCLK 7/
tsur tHr o
TPOS
TNEG /

Table 3: LXT318 Master Clock and Transmit Timing Characteristics (See Figure 2)

lected. In Host mode, HDB3 is selected by setting bit D3 of
the input data byte. In Hardware mode, HDB3 is selected by
connecting the MODE pin to RCLK. Inputsynchronization
is supplied by the transmit clock (TCLK). Timing require-
ments for TCLK and the Master Clock (MCLK) are defined
in Figure 2 and Table 3.

Line Code

The LXT318 transmits data as a 50% AMI line code as
shown in Figure 3. Biasing of the transmit DC level is on-
chip. Shaped pulses meeting the various CCITT require-
ments are applied to the AMI line driver for transmission
onto the line at TTIP and TRING. Refer to Figure 4 for E1
pulse mask specifications.

Idle Mode

The LXT318 incorporates atransmitidle mode. This allows
multiple transceivers to be connected to a single line for
redundant applications or for testing purposes. TTIP and
TRING remain in a high impedance state when TCLK is not
present (TCLK grounded). The highimpedance state canbe
temporarily disabled by enabling Remote Loopback.

Figure 3: 50% AMI Coding Diagram

Parameter Sym Min Typ! Max Units Notes
Master clock frequency MCLK - 2.048 - MH:z
Master clock tolerance MCLKt - *100 - ppm
Master clock duty cycle MCLKd | 40 - 60 %
Crystal frequency fc - 8.192 - MHz
Transmit clock frequency TCLK - 2.048 - MHz
Transmit clock tolerance TCLKt - - +100 ppm
Transmit clock duty cycle TCLKd 10 - 90 %
TPOS/TNEG to TCLK setup time toor 50 - - ns
TCLK to TPOS/TNEG Hold time tur 50 - - ns

! Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing.
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Short Circuit Limit

The LXT318 transmitter is equipped with a short-circuit
limiter. This fedture limits to approximately 120 mA RMS
the current the transmitter will source into a low-impedance
load. The limiter trips when the RMS current exceeds the

Figure 4: 2.048 MHz E1 Pulse Mask

limit for 100 us (~ 150 marks). It automatically resets when
the load current drops below the limit.

The LXT318 meets or exceeds CCITT specifications for
NTU applications, as well as requirements for ISDN PRI

26905 Parameter TPW Units
o
100% [/ | Test load impedance 120 Q
o B 2J°/. A
L _HA a Nominal peak mark voltage 3.0 \%
,4/ Nominal peak space voltage 0+£0.30 v
50%
244 ns Nominal Nominal pulse width 244 ns
Pulse
219 ns Ratio of positive and negative 95-105 %o
[Fo% (244 -25) 0% pulse amplitudes at center of
0% — —- pulse ‘
10% 20% o
3 . " .
489 s - Ratio of positive and negative 95-105 %
(244 +25) pulse amplitudes at nominal
half amplitude
Figure 5: LXT318 Receive Clock Timing Receiver
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tPwH tpwL
AcLK —/] P — N—
| _tsur tHR ,
::gg ( )( /. /_ Host Mode (if CLKE = 1)
7

N Host Mode (if CLKE = 0)
/_and Hardware Mode
<

The receiver input from the twisted-pair is received via
a 1:1 transformer. Recovered data is output at RPOS/
RNEG (RDATA in unipolar mode), and the recovered
clock is output at RCLK. Refer to Figure 5 and Table
4 for receiver timing.

The signal received at RTIP and RRING is processed
through the receive equalizer which may apply up to 43

dB of gain. Insertion loss of the line, as indicated by the

Table 4: LXT318 Receive Timing Characteristics (See Figure 5)
Parameter Sym Min Typ' Max Units
Receive clock duty cycle 2 RCLKd 40 50 60 %
Receive clock pulse width 2 tow - 488 - ns
Receive clock pulse width high Gown - 244 - ns
Receive clock pulse width low | - 220 244 268 ns
RPOS / RNEG to RCLK rising setup time tour - 194 - ns
RCLK rising to RPOS /RNEG hold time tir - 194 - ns

! Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing.

2 RCLK duty cycle widths will vary depending on extent of received pulse jitter displacement. Max and Min RCLK duty cycles are for worst case
jitter conditions (0.4 UI clock displacement for 2.048 MHz.)
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receive equalizer setting, is encoded in the LATN output as
shown in Figure 6.

The equalized signal is filtered and applied to the peak
detector and data slicers. The peak detector samples the
inputs and determines the maximum value of the received
signal. A percentage of the peak value is provided to the data
slicers as a threshold level to ensure optimum signal-to-
noise ratio. The threshold is set to 50% of the peak value.
The receiver is capable of accurately recovering signals with
up to 43 dB of cable attenuation (from 2.7 V).

After processing through the data slicers, the received signal
isrouted to the data and timing recovery section, then to the
HDB3 decoder (if selected) and to the LOS processor. The
data and timing recovery sections provide an input jitter
tolerance significantly better than required by CCITT
G.823, as shown in Figure 7.

The LOS Processor loads a digital counter at the RCLK
frequency. The count is incremented each time a zero
(space) is received, and reset to zero each time a one (mark)
is received. Uponreceipt of 175 consecutive zeros the LOS

Figure 6: LXT318 Line Attenuation (LATN) Pulse Width Encoding

LATN

RCLKI f|§|§|§|||||||||||llll

IR R E R |
| | | |

gt NS e By
1 I 2, 3 , 4 5

| 1

1 |

I
1
>:LATN

4'—"—‘_"“‘—NLATN 3 RCLK, 28.5 dB of Attenuation
4—:—>:LATN 2 RCLK, 19 dB of Attenuation
[“#—=LATN = 1 RCLK, 9.5 dB of Attenuation

4 RCLK, 0 dB of Attenuation

Figure 7: LXT318 Jitter Tolerance @ 43 dB (Typical)
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pin goes high, and a smooth transition replaces the RCLK
output with the MCLK. (During LOS , if MCLK is not
supplied and JASEL = 1, the RCLK output is replaced with
the centered quartz crystal frequency.)

adjusts the output clock by 1/8 of a bit period. The ES
produces an average delay of 16 bits in the associated path.

Table 5: LXT318 Crystal Specifications (External)

. . Parameter Specification
Received marks will be output regardless of the LOS status,
but the LOS pin will not reset until the ones density reaches Frequency 8.192 MHz
12.5 %. This level is based on receipt of at least4 ones in any :
32 bit periods, with no more than 15 consecutive zeros. Frequency Stability | £20 ppm @ 25° C
. . + 25 ppm from -40° C to + 85° C
tion
Jitter Attenuatio (Ref 25° C reading)
Jitter attenuation is provided by a Jitter Attenuation Loop Pullability CL =11 pFto 18.7 pF,
(JAL) and an Elastic Store (ES). Figure 8 shows the LXT318 +AF = 175 to 195 ppm
jitter attenuation performance compared with the jitter tem-
plate specified by CCITT G.736. An external crystal oscil- CL =18.7pF to 34 pF,
lating at 4 times the bit rate provides clock stabilization. -AF =175 to 195 ppm
Refer to Table 5 for crystal specifications. The ESis a32 x Effective series 40 Q max
2-bitregister. When JASEL = 1, the JAL is positioned in the resistance
receive path. When JASEL =0, the JAL is positioned in the
transmit path. Crystal cut AT
Data (TPOS/TNEG / TDATA or RPOS/RNEG / RDATA) | Resonance Parallel
. is clocked into the ES with the associated clock signal Drive level 2.0 mW max
(TCLK or RCLK), and clocked out of the ES with the -
dejittered clock from the JAL. When the bitcountin the ES | Mode of operation | Fundamental
is within two bits of overflowing or underflowing, the ES Crystal holder HC49 (R3W), C, = 7 pF max
C,, = 17 fF typical
Figure 8: LXT318 Jitter Attenuation (Typical)
20dB
c ' ‘ Z
0 : CleI' G.736 Template
- 0.5 z, . /40 Hz
© | _%}/{//}5/? e Slope equivalent to 20
S 0dBF ™" e e T "~dBperdecade @@ """~ "
5 e ey X S R s
= ' X :
=10dBY v o -219.5dB /- - -
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1 4
20dB}--- E~ ~~~~~~ R . N S
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Control Modes

The LXT318 transceiver can be controlled by a micropro-
cessor through a serial interface (Host mode), or through
individual hard-wired pins (Hardware mode). The mode of
operation is determined by the input to pin 5 (MODE). With
MODE set high (1), the LXT318 operates in the Host mode.
With MODE set low (0), the LXT318 operates in the
Hardware mode. With MODE tied to RCLK, the LXT318
operates in the Hardware mode with the HDB3 encoder/
decoder enabled. The LXT318 can also be commanded to
operate in one of several diagnostic modes.

Host Mode Control

The LXT318 operates in the Host mode when pin 5 (MODE)
is sethigh. In Host mode the LXT318 is controlled through
the serial I/0 port (SIO) by a microprocessor. The LXT318
provides apair of dataregisters, one for command inputs and
one for status outputs, and an interrupt (INT) output.

An SIO transaction is initiated by a low-going pulse on the
two Chip Select pin, CS. The 318 responds by writing the
incoming serial word from the SDI pin into its command
register. If the command word contains a read request, the
318 subsequently outputs the contents of its status register
onto the SDO pin. The Clock Edge (CLKE) signal deter-
mines when the SDO and receive data outputs are valid,
relative to the Serial Clock (SCLK) or RCLK as listed in
Table 6.

Table 6: CLKE Settings

CLKE Output Clock Valid Edge
RPOS RCLK Rising
LOW RNEG RCLK Rising
SDO SCLK Falling
RPOS RCLK Falling
HIGH RNEG RCLK Falling
SDO SCLK Rising

The 16-bit serial word consists of an 8-bit Command/
Address byte and an 8-bit Data byte as shown in Figures 9
and 10. SIO timing characteristics are shown in Table 8, and
Figures 11 and 12.

Serial Input Word

Figure 9 shows the Serial Input data structure. The LXT318
is addressed by setting bit A4 inthe Address/Command byte,
corresponding to address 16. Bit 1 of the serial Address/
Command byte provides Read/Write (R/W) control when
the chip is accessed. The R/W bit is set to logic 1 to read the
data output byte from the chip, and set to logic 0 to write the
input data byte to the chip.

The second 8 bits of a write operation, the Data Input byte,
clear Loss of Signal (LOS) interrupts, reset the chip, and
control HDB3 encoding/decoding, and diagnostic modes.
The first bit (DO) clears and/or masks LOS interrupts, the
third bit (D2) enables or disables HDB3 coding/decoding,
and the last 3 bits (D5 - D7) control operating modes (normal
and diagnostic) and chip reset. Refer to Table 7 for details
on bits DS - D7.

Table 7: SIO Input Bit Settings (See Figure 9)

Mode RLOOP LLOOP TAOS
Bit D5 Bit D6 Bit D7
RLOOP 1 0 N/A
LLOOP 0 1 N/A
TAOS 0 N/A 1
RESET 1 1 0
Serial Output Word

Figure 10 shows the Serial Output data structure. When the
Serial Input word had bit AO = 1, the LXT318 drives the
output data byte onto the SDO pin. The output data byte
reports Loss of Signal (LOS) conditions, HDB3 code set-
ting, and operating modes (normal or diagnostic as shown
in Table 8). The first bit (DO) reports LOS status. The third
bit (D2) reports the HDB3 setting. The last 3 bits (D5 - D7)
report operating modes and interrupt status.

Table 8: LXT318 Serial Data Output Bit Coding (See Figure 10)

Bit D5 | Bit D6 | Bit D7 Status
0 0 0 Reset has occurred, or no program input.
0 0 1 TAOS active
0 1 0 LLOOP active
0 1 1 TAOS and LLOOP active
1 0 0 RLOORP active
1 0 1 Reserved
1 1 0 LOS has changed state since last Clear LOS occurred
1 1 1 Reserved
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The Host mode provides a latched Interruptoutput pin, INT.  Table 8. If the INT line is low, the interrupt status overrides

An interrupt is triggered by a change in the LOS bit (DOof  all other reports and bits DS - D7 reflect the interrupt status
“ the output data byte). If the INT line is high (no interruptis  as listed in Table 8.

pending), bits D5 - D7 report the operating modes listed in

Figure 9: LXT318 SIO Input Data Structure

ADDRESS / COMMAND BYTE INPUT DATA BYTE
A A
Y A
SDI A2 | A3
ADDRESS/ | o | o | o
COMMAND | RW | A0
BYTE RAW = 1: READ

RW =0:WRIT

CLEAR/ MASK IN

INPUT LOS HDB3 RLOOP | LLOOP | TAOS
gﬂg DO (LSB) D7 (MSB)

1=CLEAR 1 = ENABLE 1 = ENABLE 1 =ENABLE 1= ENABLE

Figure 10: LXT318 SIO Output Data Structure

ADDRESS / COMMAND BYTE
AL X =DONT CARE
OUTPUT DATABYTE
1 0 0 0 0 1 0 X AL
SDI | RW | A0 A4 A6 ] ] 2\
Do| D1 | D2 | D3 |D4 |D5 |D6 | D7
sDO __ __ __ . . o

SIGNAL
MONITO

OPERATING MODES

OUTPUT LOS RLOOP | LLOOP| TAOS
§¢I2 DO (LSB) D7 (MSB)

1=TRUE 1=ENABLED | 1=ENABLED | 1=ENABLED
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Table 9: LXT318 Serial VO Timing Characteristics (See Figures 11 and 12)

Parameter Sym | Min | Typ' | Max | Units Test Conditions

Rise/Fall time - any digital output ter - - 100 ns Load 1.6 mA, 50pF
SDI to SCLK setup time te 50 - - ns

SCLK to SDI hold time ton | 5O - - ns

SCLK low time to 240 - - ns

SCLK high time - 240 - - ns

SCLK rise and fall time ot - - 50 ns

CS to SCLK setup time te 50 - - ns

SCLK to CS hold time tew | 50 - - ns

CS inactive time twn | 250 - - ns

SCLK to SDO valid tepy - - | 200 | ns

SCLK falling edge or CS rising teoz - 100 - ns

edge to SDO high Z

!Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing.

Figure 11: LXT318 Serial Data Input Timing Diagram

/l /L
17 T

tccH
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CONTROL BYTE [ DATA BYTE

Figure 12: LXT318 Serial Data Output Timing Diagram
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Interrupt Handling

As shown in Figure 13, the interrupt generator can be
masked by writing aone to the respective bit of the input data
byte (D0). When an interrupt has occurred, the INT output
pinis pulled low. The output stage of the INT pin consists

1. If the interrupt bit (LOS, DO of the output data byte) is

high, writing a one to the respective input bit (DO, of the
input data byte) will clear the interrupt. Leaving a one
in this bit position will effectively mask the interrupt.
To re-enable the interrupt capability, reset DO to zero.

only of a pull-down device. Hence, an external pull-up 2. If the LOS bit is not high, the interrupt will be cleared

resistor is required. The interrupt is cleared as follows:

Figure 13: LXT318 Interrupt Handling

bits D5 and D6 = 1, and D7 = 0.

by resetting the chip. To reset the chip, set data input

Start-up or Reset -
Interrupt Enabled

INT = High (No Interrupt)

Mak Yes

Interrupt
?

Does an
Interrupt

Condition
Exist?

No

INT*= Low (Interrupt) | Yes

i

Write a “1” to DO of
Input Status Word to
Mask LOS Interrupt

/

Read Output Status Word*
(bits D5 - D7 = Operating Mode)

Read Output Status Word*
(bits D5 - D7 = Interrupt Status)

Read Output Status Word*
(bits D5 - D7 = Operating Mode)

* Regardless of Interrupt Status,
bit DO indicates LOS status, and
bit D2 indicates HDBS3 status.

{

Write a “1” to DO of
Input Status Word to
Clear/Mask LOS
Interrupt

I INT goes high

* Regardless of Interrupt Status,
bit DO indicates LOS status, and
bit D2 indicates HDB3 status

Re-E;Q No

Interrupt
?

Yes

Write a “0” to DO of
Input Status Word to
re-enable LOS
Interrupt

!

J
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Hardware Mode Operation

In Hardware mode the transceiver is accessed and controlled
through individual pins. With the exception of the INT and
CLKE functions, Hardware mode provides all the functions
provided in the Host mode. In the Hardware mode RPOS/
RNEG or RDATA outputs are valid on the rising edge of
RCLK. The LXT318 operates in Hardware mode only when
MODE is set to 0 or connected to RCLK.

Initialization and Reset Operation

Upon power up, the transceiver is held static until the power
supply reaches approximately 3V. Upon crossing this
threshold, the device begins a 32 ms reset cycle to calibrate
the transmit and receive delay lines and lock the Phase Lock
Loop to the receive line. A reference clock is required to
calibrate the delay lines. The transmitter reference is pro-
vided by TCLK. The crystal oscillator provides the receiver
reference. If the crystal oscillator is grounded, MCLK is
used as the receiver reference clock. All PLLs are continu-
ously calibrated.

The transceiver can also be reset from the Host or Hardware
mode. InHost mode, resetis commanded by simultaneously
writing ones to RLOOP and LLOOP, and a zero to TAOS.
In Hardware mode, reset is commanded by holding RLOOP
and LLOOP high simultaneously for 200 ns while holding
TAOS low. In either mode, reset sets all registers to 0.

Diagnostic Mode Operation

Transmit All Ones. See Figure 14. In Transmit All Ones
(TAOS) mode the TPOS and TNEG inputs to the transceiver
areignored and the transceiver transmits a continuous stream
of 1’s at the TCLK frequency. (In the LXT318 with JASEL
=0and TCLK not provided, TAOS is locked to the MCLK.)
This can be used as the Blue Alarm Indicator (AIS). In Host
mode, TAOS is commanded by writing a one to bit D7 of the
inputdatabyte. In Hardware mode, TAOS is commanded by
setting pin 28 high. TAOS can be commanded simulta-
neously with Local Loopback as shown in Figure 15, but is
inhibited during Remote Loopback.

2-100

Local Loopback. SeeFigure 16. Local Loopback (LLOOP)
is designed to exercise the maximum number of functional
blocks. During LLOOP operation, the RTIP/RRING inputs
from the line are disconnected. Instead, the transmit outputs
are routed back into the receive inputs. This tests the
encoders/decoders, jitter attenuator, transmitter, receiver
and timing recovery sections. In Host mode, Local Loop-
back is commanded by W{iting a one to bit D6 of the input
data byte. In Hardware mode, Local Loopback is com-
manded by setting pin 27 high. If TAOS and LLOOP are
both set, the All Ones pattern is transmitted onto the line
while the TPOS/TNEG input data is looped back to the
RPOS/RNEG outputs through the jitter attenuator.

Remote Loopback. See Figure 17. In Remote Loopback
(RLOOP) mode, the transmit data and clock inputs (TCLK
and TPOS/TNEG or TDATA) are ignored, and the in-line
encoders and decoders are bypassed. The RPOS/RNEG or

'RDATA outputs are looped back through the transmit cir-

cuits and output on TTIP and TRING at the RCLK fre-
quency. Receiver circuits are unaffected by the RLOOP
command and continue to output the RCLK and RPOS/
RNEG or RDATA signals received from the twisted-pair
line. In Host mode, Remote Loopback is commanded by
writing a one to bit D5 of the input data byte. In Hardware
mode, Remote Loopback is commanded by setting pin 26
high.

Application Considerations
LATN Decoding Circuits and External Components

The line attenuation (LATN) output is encoded as a simple
serial bit stream for use in line monitoring applications.
Table 10 provides the decoded output for each equalizer
setting. Figure 18 is a typical decoding circuit forthe LATN
output. It uses a 2-bit synchronous counter (half of a 4-bit
counter) with synchronous reset, and a pair of flip-flops.
Table 11 lists approved cnjystals and transformers.
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Figure 14: TAOS Data Path Figure 15: TAOS with LLOOP Data Path

Transmit All Ones = LLOOP BLOOP TAOQOS Transmit All Ones = LLOOP BLOOP IAQ.S
0 0 1 + Local Loopback 1 0
— TAOS
TAOS Timing & —>TTIP TPOS — It~ Timing & L TTIP
TCLK Control > TRING TNEG —] §\<\ Control
TPOS —T—\ (All 1s) TCLK — —TRING
TNEG ™| \ . *Selectable JA (All 1s)
Tx or Rx Path
RPOS ¢ RRING g';gg__ Recovery RRING
Figure 16: Local Loopback Data Path Figure 17: Remote Loopback Data Path
Local Loopback = LLOOP RLOOP  TAQS Remote Loopback = LLOOP RLOOP TAOS
1 0 0 1 0
TPOS __}~ Timing & > TTIP TPOS __] B Timing & L »TTIP
ToEe T [ Contro | > TRING o Iy Control > TRING
Selectable JA Selectable JA
Tx or Rx Path Tx or Rx Path
RCLK <1 Timing __RTIP RCLK 0 L T Timing RTIP
:ggg::: Recovery \—|—RRING 225‘; S ] Recovery RRING
Table 10: LATN Output Coding Figure 18: Typical LATN Decoding Circuit
. . vce
L1 L2 Line Attenuation L wfa co o col—
Qr Q
0 0 0.0 dB RoLK —=> g > R
0 1 -9.5dB § ¥
1 0 -19.0dB LATN—1
1 1 -28.5dB
Q D= |— Q D
> >
\ !
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Power Requirements

The LXT318 is a low-power CMOS devices. It operates
from a single +5 V power supply which can be connected
externally to both the transmitter and receiver. However, the
two inputs must be within+ .3V of each other, and decoupled
to theirrespective grounds separately, as shownin Figure 19.
Isolationbetween the transmit and receive circuits is provided
internally.

Table 11: Approved Crystals and Transformers

LXT318 Host Mode Applications

Figure 19 shows a typical E1 NTU application with the
LXT318 operating in the Host mode (MODE pin tied high).
The LXP2181A E1/CRC Framer provides the digital inter-
face with the host controller. Both devices are controlled
through the serial interface. In the Host mode, the LOS
alarmis reported via the serial port so the LOS pinis notused
(although it still reports valid LOS status.)

The 8.192 MHz crystal across XTALIN and XTALOUT
enables the JAL which is switched to the transmit side by the
ground on JASEL. The power supply inputs are tied to a
common bus with appropriate decoupling capacitors (68uF
and 0.1 pF) installed on each side.

The line interfaces are relatively simple. A 120 Q resistor
(for TWP applications) across the input ofa 1:1 transformer
is used on the receive side, and a pair of 15 Q resistors are
installed in series with the 1:2 transmit transformer.

Component Manufacturer Part Numbers
| Crystal CTS Knights 8192-100
(8.192 MHz) M-Tron 3808-020
Monitor Products MSC1311-01B-8.192
U .S. Crystal U18-18-8192SP
Valpey Fisher VF49A16FN1-8.192
Tx Transformer Bell Fuse 0553-5006-IC
(1:2) FEE Fil-Mag 6621308
Midcom 671-5832
Pulse Engineering 65351, 65771
Schott Corp 67127370 and 67130850
HALO TD61-1205G and TD67-1205G (combo Tx/Rx)
Rx Transformer FEE Fil-Mag FE 8006-155
(1:1) Midcom 671-5792
Pulse Engineering 64936 and 65778
Schott Corp 67130840 and 67109510
HALO TD61-1205G and TD67-1205G (combo Tx/Rx)
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Figure 19: Typical LXT318 Host Mode E1/ NTU Application

TO HOST CONTROLLER
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NOTE]1] IN ADDITION TO THE LXP2181A, THE LXT318 IS COMPATIBLE WITH A WIDE VARIETY OF DIGITAL FRAMING AND
SIGNALING DEVICES, INCLUDING THE DS2181A, MT8979, AND R8070.

NOTE[2] THE LXT318 IS COMPATIBLE WITH A VARIETY OF TRANSFORMER RATIOS AND RESISTOR VALUES.
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LXT318 Hardware Mode Applications

Figure 20 shows a typical 2.048 MHz application with the
LXT318 operating in the Hardware mode. As in Figure 19,
this configuration is illustrated with a single power supply

bus. CMOS control logic is used to set the TAOS, LLOOP
and RLOOP diagnostic modes’ individually. The RCLK
output is tapped to-clock the MODE pin, enabling HDB3
encoding. The receive and transmit line interfaces are
identical to the Host mode application shown in Figure 19.

Figure 20: Typical LXT318 Hardware Mode Application

Master Clock | =048 MHz
LXT318
LXP2i81A TRANSCEIVER
E1 ——>|j [
FRAMER MCLK TAOS .
TOK [ Je—d—» 10k LLOOP | F——| oy
Logic
TPOS [ ————»[ | TPOS RLOOP [ }b——
TNEG [ F—={"] 1neq Nne [
—{ | MmoDE N/C :’
RNEG |1 [ | rNEG Ne ]
oV
Rros | f*— | Rrpos RGND [ -
——0.1yuF
RCLK | Je————{ Rcik Rv+ [ ¢ —L—_—
—1{ | xTAUN RRING [} —
8.192 MHz T3 — 1200 % %&g& Mz
| xrvaLour RTIP | _I +
[ - TO LATN
E JASEL LATN } Decoding Circuit
<«——1] LOs GND [ H—
——‘: TTIP TRNG | 2,048 MHz
. E1 LINE
TGND v+ [ TRANSMIT
} 0.1 pF I V+
a || 68uF
= [}
In addition to the LXP2181A, the LXT318 is compatible with a wide variey of
NOTE n framing/signaling devices, including the DS2181A, MT8979 and R8070.
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Advance Information
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LXT332

Dual T1/ E1 Line Interface Unit

Rz

The LXT332 is a fully integrated dual Line Interface Unit

Digital (crystal-less) jitter attenuation, selectable for
(LIU) for both North American 1.544 MHz (T1), and Euro- receive or transmit path

pean 2.048 MHz (E1/CEPT) applications. It features B8ZS/

HDB3 encoders and decoders, and a constant low output ~ * High transmit and receive return loss

impedance transmitter for high return loss. Transmit pulse
shape is selectable for various line lengths and cable types.

Constant low output impedance transmitter with
programmable equalizer shapes pulses to meet DSX-1
The LXT332 incorporates an advanced crystal-less digital pulse template from 0 to 655 ft

jitter attenuator starting at 6 Hz, switchable to either the

transmit or receive side. This eliminates the need for an Meets or exceeds industry specifications including
external quartz crystal. It offers both aserial interface (SIO) CCITT G.703, ANSI T1.403 and AT&T Pub 62411
for microprocessor control and a hardware control mode for
stand-alone operation.

The LXT332 offers a variety of advanced diagnostic and Complete line driver, data recovery and clock recovery
performance monitoring features. It uses an advanced functions

double-poly, double-metal CMOS process and requires only
a single 5-volt power supply.

Compatible with most industry standard framers

Minimum receive signal of 500 mV, with selectable
slicer levels (CEPT/DSX-1) to improve SNR

¢ Local, remote, and dual loopback functions

« PCM / Voice Channel Banks
¢ Data Channel Bank / Concentrator

Built-In Self Test with QRSS Pattern Generator

e T1/E1 multiplexer

« Digital Access and Cross-connect Systems (DACS) * Transmit / Receive performance monitors with Driver
« Computer to PBX interface (CPI & DMI) Fail Monitor (DFM) and Loss of Signal (LOS) outputs
+ SONET/SDH Multiplexers

« Interfacing Customer Premises Equipment to a CSU
« Digital Loop Carrier (DLC) terminals

 Receiver jitter tolerance 0.4 UI from 40 kHz to 100 kHz

Available in 44-pin PLCC

l QRSS/BPV Generator
TCLK " Transmit [ ] N\ o TP
TPOS -1 B8ZS / HDB3 4»0——*-]-. imii Equalizer > H
. D
TNEG — | Unipoler | e TRING
T
DFM
LEN Select
Decoder
Enable

JASEL N MCLK

0 : HFC

Loopback | : : [
L FHEHE

B82S/ HDB3 . Timing RTIP

:::: b 3“"’:;':’ Lo — & | RRING
- ecoder [«—4—ot% Data

— L INTO/

RCLK - o+ Recovery Pso(x
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Los P f— Clear Transcelver 0 SCLK
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LXT332 Dual T1/E1 Line Interface Unit

Two complete LIUs in a single PLCC
Simplifies board design, saves real estate

Proven architecture (LXT3xx series)

In addition to the inherent advantages of a dual
LIU, the LXT332 also provides several ad-
vanced features which are not available in other
LXT30x-series devices. All of the added features
are easily implemented. Many require only a
clock pulse to change from one mode to another.

New Features Some features are available in Host Mode only.
Standard LXT332 Features Additional Host-Mode Features
o Tri t * High Fr n lock

All LXT332 output pins can be forced to a high-Z
tristate mode. The tristate modeis enabled or disabled
by the TRSTE pin.

Bipolar or Unipolar Data /O

The LXT332 / Framer interface can be either bipolar
(default) or unipolar (selectable). The unipolar mode is
selected by applying a clock to the TRSTE pin. The
MCLK, TCLK, RCLK or any other available clock that
is close to the line frequency can be used.

r HDB3 Zer r ion

The LXT332 incorporates zero suppression encoders
and decoders for use in the unipolar dataI/O mode. The
encoders/decoders can be activated or deactivated by
changing the logic level on the re-mapped TNEG pin.

lectable Jitter A ti

. Jitter attenuation can be placed in either the transmit or

receive path, or deactivated. The Jitter Attenuation
Select (JASEL) pin determines the jitter attenuation
mode.

Dual Loopback

This option enables simultaneous loopbacks to both the
framer and the line. The TCLK, TPOS and TNEG
framerinputs are routed through the jitter attenuator and
looped back out the RCLK RPOS and RNEG outputs.
The RTIP/RRING line inputs are looped back through
the timing recovery block and line driver onto the TTIP/
TRING outputs.
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The LXT332 provides a pair of high frequency clock
outputs, one from each LIU. These 8x clocks (12.352
MHz for T1, 16.384 MHz for E1) are tied to the de-
jittered clock from the JA of the respective LIU.

The same pins which provide the High Frequency
Clocks can also be used to insert bipolar violations into
the outgoing data stream. Violations can be inserted
into each LIU channel independently.

¢ Built-In Self Test (QRSS)
The LXT332 can generate and transmita QRSS pattern
for Built-In Self Test (BIST) applications. Logic errors
and bipolar violations can be inserted into the QRSS
output. The LXT332 also detects QRSS pattern syn-
chronization and reports bit errors in the received QRSS
pattern data stream.

* AIS Detection
The LXT332 detects the AIS alarm signal on the receive
side independent of the loopback modes. When AIS is
detected (less than 3 zeros in 2048 bits), the LXT332
provides an indicator output.

(s



LXT312 / LXT315
Low Power T PCM Repeaters

The LXT312 and LXT315 are integrated repeater circuits
for T1 carrier systems. The LXT312 is a dual repeater and
the LXT315 is a single repeater. The LXT312and LXT315
are designed to operate as regenerative repeaters for 1.544

Mbit/s data rate PCM lines. Each includes all circuits
required for a regenerative repeater system including the
equalization network, automatic line build-out (ALBO), and
a state of the art analog/digital clock extraction network
tuned by an external crystal.

The key feature of the LXT312 family is that it requires only
acrystal and a minimum of other components to complete a
repeater design. Compared with traditional tuned coil-type
repeaters, they offer significant savings in component and
labor costs, along with reduced voltage drop/power con-
sumption, and improved reliability. To ensure performance
for allloop lengths, the LXT312 and LXT315 are 100% AC/
DC tested using inputs generated by Level One's proprietary
transmission line and network simulator.

The LXT312 and LXT315 are advanced CMOS devices
which require only a single +5V power supply.

Standard Product
February, 1994

Integrated repeater circuit on a single CMOS chip

On-chip equalization network

On-chip ALBO

Low power consumption ‘

No tuning coil

On-chip Loopback

Recovered Clock Output

0 to 36 dB dynamic range

-11 dB interference margin

Compatible with CB113/TA24 specifications

Single 5 V only CMOS technology

Available in 16-pin ceramic DIP

NOISE & TIMING > RCLK
RECEIVE >
CROSSTALK RECOVERY TP
RTIP1 | EQUALIZER — " [ TER > & oNE | >
-~ S TRANSMIT DRIVERS TRING1
RRING > D NN SR N > ANSMIT .
A SLICERS ]
& PEAK
DETECTORS
EQUALIZER [ CSE‘SE‘SL xq:'[glm‘
CONTROL | GENERATOR >
EQUALIZER
LOOPBACK >
LPBK ! CONTROL | CONTROL
SLICERS
& PEAK
DETECTORS Y
TTIP2 < TIMING | NOISE& | <
LINE RECOVERY CROSSTALK RECEIVE RTIP2
TRING2 <e}—DRIVERS & - FILTER EQUALIZER | RRING2
RCLK2 TRANSMIT - "\
- CONTROL =~ ~
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LXT312/315 Low Power T1 PCM Repeaters

RTIP1 4 1 ~ 16 B GNDR RTIP & 1 ~ 16 GNDR
RRING1 [ 2 15 A RTIP2 RRING [ 2 15 N/C
vee O 8 14 O RRING2 vec O 8 14 O N/C
RCLK1 ] 4 13 B LPBK RCLK J 4 13 @ GND
RCLK2 ] 5 12 @ XTO NC O 5 12 g XTO
TTIP1 ] 6 11 O XTI TTIP ] 6 11 3 XTI
TRING1 ] 7 10 pg TTIP2 TRING } 7 10 @ N/C
GNDT ] 8 9 [ TRING2 GNDT 8 9 @ NC
LXT312 LXT315
Pin Descriptions
Pin # Sym 1/0 Name Description
1 RTIP1 I Repeater Tip and Tip and ring receive inputs for Channel 1.
2 RRING1 I Ring Inputs
4 RCLK1 (0] Recovered Clock Clock output recovered from Channel 1 receive input.
6 TTIP1 (0] Repeater Tip and Open drain output drivers for Channel 1.
7 TRING1 (o} Ring Outputs
11 XTI I Crystal Oscillator Either a 6.176 MHz crystal must be connected across these two
12 XTO (0] Input and Output pins, or a clock must be applied at XTI and XTO left floating.
3 VCC I Power Supply Power supply input for all circuits. +5 V (£0.25 V)
8 GNDT - Transmit Ground Ground return for transmit circuits.
16 GNDR - Receive Ground Ground return for receive circuits.
9! TRING2 (0] Repeater Side 2 Tip | On the LXT312 dual repeater, these are open drain output
10! TTIP2 (0] and Ring Outputs drivers for Channel 2.
141 | RRING2 I Repeater Side 2 On the LXT312 dual repeater these are tip and ring receive
15! RTIP2 I Ring and Tip Inputs | inputs for Channel 2.
5! RCLK2 (0] Recovered Clock On the LXT312 dual repeater, this is the recovered clock output
for Channel 2.
132 LPBK I Loopback Control On the LXT312, this pin controls Loopback Selection.
High = Loopback side 1 data to side 2. Low = No Loopback.
Notes:

1. On the LXT315 single repeater, these pins are not connected (N/C).
2. On the LXT31S5 single repeater, this pin must be connected to GND.

Absolute Maximum Ratings*
* Exceeding these values may cause permanent damage. : SDupp ly\}’ (;ltage XCC -1083VV o6V
Functional operation under these conditions is not nve.r oltage OH
implied. Exposure to maximum rating conditions for ~ ° RCCC]V'CI Current Te 100 mA .
extended periods may affect device reliability. * Operating temperature  T,,  -40 °C (min) to +85 °C (max)
« Storage temperature Tgr -65 °C (min) to +150 °C (max)

v
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LXT312/315 Low Power T1 PCM Repeaters

Recommended Operating Conditions (Vottages are with respect to ground unless otherwise specified.)

Parameter Symbol Min Typ Max Units
Supply voltage Vee 4.75 5.0 5.25 v
Operating temperature Tep -40 - 85 °C

Electrical Characteristics (Ta = -4010 85°C, V. = 5V +5%)

Parameter Symbol Min Typ' Max Units
Interference Margin SNR -11 - - dB
Receiver Dynamic Range - -36 - dB
Digital Outputs - Low (I, = 1.6 mA) Vou - - 0.4 A

(I, =10 uA) Vou - 0.2 - \Y%
Digital Outputs - High Iy =0.4 mA) Vou 2.4 - - A

(I, < 10 pA) Vou - 45 _ \%
Digital Inputs - High Vi 2.0 - _ \Y%
Digital Inputs - Low Vo - - 0.8 v
Supply Current All zeros Iec - 15 22 mA
(from VCC supply)? All ones Ic - - 23 mA
Driver Leakage Current (V. = 18 V) I, - - 100 A
Driver Pulse Amplitude (Driver output I, =20 mA) A, 0.65 - 0.95 \"
Driver Pulse Width Gow 299 324 349 ns
Driver Pulse Imbalance - - - 15 ns
Rise and Fall Time (any digital output®) e/t - - 18 ns
Setup Time - TTIP/TRING to RCLK trsy 90 - - ns
Hold Time - TTIP/TRING from RCLK U 90 - - ns

! Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.
2Measured with CLOAD <10 pF, RLOAD > 100 kQ.

Figure 2: Digital Timing Characteristics

tr tr
RCLK
trsu|ttH tow
TTIP \‘ e 7 i
TRING\__/ \__/ M \_
(with external pull-up)
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LXT312/315 Low Power T1 PCM Repeaters

General Description

PCM signals are attenuated and dispersed in time as they
travel down a transmission line. Repeaters are required to
amplify, reshape, regenerate and retime the PCM signal,
then retransmit it.

The LXT312 and LXT315 each contain all the circuits

required to build acomplete PCM repeater. The operational

range of the repeaters is 0 to 36 dB of cable loss at 772 kHz

(equal to 6300 feet of 22 gauge pulp-insulated cable between
_ repeaters ).

Functional Description
Receive Function

The signal is received through a 1 : 1 transformer at RTIP
and RRING and equalized for up to 36 dB of cable loss. The
receive equalizer uses a proprietary on-chip adaptive filter
technique which is equivalent to a 3-port ALBO equalizer
design. The monolithic structure of the filter and the absence
of external components provide excellent ISI and dispersion
elimination, and accurate data transfer over temperature.

Receiver noise immunity is optimized by a proprietary
crosstalk elimination filter which eliminates the unneeded
high frequency components of the received signal.

Timing Recovery Function

The equalized signal is full wave rectified and used to
generate information for the timing recovery circuit. This
circuit uses a mixed analog/digital technique to provide a
low-jitter PLL similar to a tuned tank with excellent jitter
tracking ability. But unlike a tuned tank, the free running
frequency of the PLL clock is accurately controlled by the
external reference crystal. No adjustmentis required. Refer
to Table 1 for crystal specifications.

Recovered clbck signals are available on the RCLK pins for
applications that require synchronization to the bit stream.

Transmit Function
Recovered data is resynchronized to the recovered clock
signal by the timing recovery and transmit control section.

The data is then retransmitted to the network via two open
drain, high voltage transistors.
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Loopback Function (LXT312 Only)

The LXT312 includes a loopback: function for network
diagnostics. With the LPBK pin low, the repeater operates
in the normal mode. When the LPBK pin is pulled high, the
data is looped back from side 1 to side 2.

Test Setups

Both the LXT312 and LXT315 are fully tested (100% AC
and DC parameters) using inputs generated by Level One's
proprietary transmission line and network simulator. De-
vice testing includes receiver jitter tolerance, jitter transfer
and interference margin, and receiver immunity to gaussian
and 60 Hz noise. Specifications and bench test setups are
shown in Figures 3 through 10.

Receiver Jitter Tolerance Testing
Receiver jitter tolerance meets the template shown in Figure

3, when operated at line losses from O to 36 dB. Figure 4
shows the setup used for jitter tolerance testing.

Table 1: LXT312/315 Crystal Specifications

Parameter Specification
Frequency 6.176 MHz
Frequency ! + 50 ppm
Effective series 40 Q Maximum
resistance

Crystal cut AT

Resonance Parallel
Maximum drive level 2.0 mW

Mode of operation Fundamental

! @ 25°C, CLoad = 10 pF; and from -40° C to + 85° C
(Ref 25° C reading)
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LXT312/315 Low Power T1 PCM Repeaters

Figure 3: Receiver Jitter Tolerance Template

A

Sinusoidal Input Jitter Amplitude
(Pk - Pk Ul)

o
w
c

l

|

3

10 Hz 6430 Hz 40 kHz
Jitter Frequency

Figure 4: Receiver Jitter Tolerance Test Setup

Cable
0dB - 36 dB
QRSS
- i @ 772 kHz
Source with Sinusoidal LXT312/ Error
Zero [ Jitter —-%A—P LXT315 [—® Detector
Restriction Modulator Repeater
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LXT312/315 Low Power T1 PCM Repeaters

Receiver Jitter Transfer Testing

Receivejitter transfer meets the template shown in Figure 5,
when operated with line losses from 0 to 36 dB and input
jitter amplitude of 0.15 UI peak-to-peak. Jitter gain at a
given frequency is defined as the difference between intrin-
sic jitter and additive jitter at the measurement frequency,
divided by the amplitude of the input jitter. Figure 6 shows
the setup used for jitter transfer testing.

Figure 5: Receiver Jitter Transfer Template

Interference Margin Testing

The LXT312 and LXT315 receiver noise interference mar-
gin is specified at a minimum of -11 dB for line losses from
0dB to 36 dB. The test setup used to measure noise margin
is shown in Figure 7.

A

o
-

Jitter Gain (dB)
o

|
Acceptable Range

|
I .
| >
10 9650
Jitter Frequency (Hz)
Figure 6: Receiver lJitter Transfer Test Setup
Cable
0dB-36dB
30822 ?vith Sinusoidal | @ 772kHz | | XT312/ Jitter Spectrum
Zero | Jitter LXT315 [—®Demodulator—®| Analyzer
Restriction Modulator Repeater
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LXT312/315 Low Power T1 PCM Repeaters

Gaussian Noise Immunity Testing

Receiver immunity to gaussian noise is specified at a maxi-
mum BER of 107 for a quasi-random T1 signal at
1.544 MHz (+ 130 ppm). The receiver must be immune to
noise power expressed as Np = - (L + 4.7) dBm, where L
corresponds to the line loss and is valid for 0 - 36 dB.

Figure 8 shows the setup used to test gaussian noise immu-
nity. The noise source is gaussian to at least 6 sigma and
filtered to simulate expected noise in a binder group (per
AT&T TA #24/CB113).

60 Hz Pulse Modulation Immunity Testing

Receiver immunity to 60 Hz pulse amplitude modulation is
specified using the gaussian noise source described in the
previous paragraph on gaussian noise immunity. Pulse
amplitude modulation is specified between 10% and 30% of
the nominal amplitude (see AT&T TA #24/CB113 for
details on the modulation envelope). Figure 9 shows the
setup used for testing receiver immunity to 60 Hz pulse
amplitude modulation. The following figures reflect noise
power for 107 BER at each modulation level, where L
corresponds to the line loss and is valid for 0 - 35 dB:

Modulation Level =~ Noise Power

10% Np =- (L +5.7) dBm
20% Np =- (L +6.7) dBm
30% Np =- (L +8.7) dBm

Figure 7: Receiver Noise Interference Margin Test Setup

QRSS Source Line Out
u >
with Artificial Line _ LXT312 /
Interference Generator Line In LXT315
and Error Detector [ Repeater
(Lear Siegler 415A-2
or Equivalent)
Figure 8: Receiver Gaussian Noise Immunity Test Setup
Cable
0dB-36dB
QRSS @ 772 kHz
Source with LXT312 /
Zero P4 LXT315
Restriction Repeater
Gaussian Filter Error
White Noise | (Compatible Detector
Generator [ T |with TA #24)
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‘LXT31 2/315 Low Power T1 PCM Repeaters

Receiver Timing Recovery Testing

Receiver timing recovery phase shift modulation for repeti-
tive 8-bit patterns is specified at less than 0.07 UI. This is
tested using any two out of 35 possible 8-bit patterns and
measuring the change in output pulse timing from one

pattern to the other (see AT&T TA #24 / CB113 for details
on the patterns). Switching rate from one pattern to the other
is specified at between 300 Hz and 500 Hz. The setup used
to test receiver timing recovery phase shift modulation is
shown in Figure 10.

Figure 9: Receiver 60 Hz Pulse Amplitude Modulation Immunity Test Setup

Cable
0dB- 36 dB v
QRSS 60 Hz @ 772 kHz
Source with Amplitude | LXT312 /
Zero ¥ Modulator |7 LXT315
Restriction : Repeater
Gaussian Filter Error
White Noise > (Compatible Detector
Generator with TA #24) ‘

Figure 10: Receiver Timing Recovery Phase Shift Modulation Test Setup

Cable
0dB-36dB
@ 772 kHz
Pattern | o . LXT312 /
Setting —/_> Transmitter _+> LXT315
4 Repeater
l J
l
Pattern | Pattern Phase Shift
Setting Switching Measuring
Control
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LXT312/315 Low Power T1 PCM Repeaters

Applications

Figure 11 is a typical T1 dual repeater application circuit
showing standard repeater card edge connections. A jumper
selectable shorting option for the fault location circuitry is
also shown (dashed lines, connector pins 2 and 7).

Figure 11: Typical T1 Dual Repeater Application Diagram

5.6 Q2 {W SCHOTT #10951 SCHOTT #10951 5.6 Q 1W

=
=
S
e]
A

vr

n
*
AAA
WA

LXT312 $F

RTIP1  GNDR[]
RRING1  RTIP2[H

.—Mﬂt vce RRING2| }—

n

51V = []RCK1  LPBK :]_—_L
~ (=

[] rRCLK2 XTO
3 6.176 MHZ
6.3V L[] TTIP1 xT
%a ] RN TTIP,
= 7] TRING1 |2:|—’33Q

XMT1 ==

56Q1W P o .

100pF|  01pF[
$33Q

£240Q 100 pH 3 1 L =:og 100 iH 240 Q}

1:1ct : 3ct P * SCHOTT#12535~9027
SCHOTT #12535-9027 Z—E

Notes * RTIP/RRING Resistors are used to provide surge protection.
Values can be 0 - 100 Q.
** TTIP/TRING Zeners are used to to reduce surge susceptibility.
Values canbe 12 - 14 V.
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LXT312/315 Low Power T1 PCM Repeaters

NOTES:
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Low Power E1 PCM Repeaters

The LXT313 and LXT316 are integrated repeater circuits
for E1 carrier systems. The LXT313 is a dual repeater and
the LXT316is a single repeater. The LXT313 and LXT316
are designed to operate as regenerative repeaters for 2.048
Mbit/s data rate PCM lines. Each includes all circuits
required for a regenerative repeater system including the
equalization network, automatic line build-out (ALBO), and
a state of the art analog/digital clock extraction network
tuned by an external crystal.

The key feature of the LXT313 family is that it requires only
acrystal and a minimum of other components to complete a
repeater design. Compared with traditional tuned coil-type
repeaters, they offer significant savings in component and
labor costs, along with reduced voltage drop/power con-
sumption, and improved reliability. To ensure performance
for allloop lengths, the LXT313 and LXT316 are 100% AC/
DC tested using inputs generated by Level One's proprietary
transmission line and network simulator.

The LXT313 and LXT316 are advanced CMOS devices
which require only a single +5V power supply.

Standard Product
February 1994

* Integrated repeater circuit on a single CMOS chip

* On-chip equalization network

¢ On-chip ALBO

* Low power consumption
* No tuning coil
* On-chip Loopback

* Recovered Clock Output

0 to 43 dB dynamic range
* -14 dB interference margin
* Single 5 V only CMOS technology

¢ Available in 16-pin ceramic DIP

AECEIVE NOISE & TIMING » RCLKI
STALK RECOVERY
RTIP1 > EQUALIZER |—a| CFOETTAT > & TN —> TP
_ TRANSMIT DRIVERS| . TRING!
RRING > [> N e BN * CONTROL
\ SLICERS i
& PEAK
DETECTORS
CONTROL
EQUALIZER [ CLOCK | - > gﬁt‘gw
CONTROL |« GENERATOR o
LOOPBACK = FE%Jr\?Tlfazc’)ELn
LPBK CONTROL >
‘ SLICERS
& PEAK
DETEGTORS y
TTP2 TIMING NOISE& | - 2
il B RECOVERY CROSSTALK ERECEIVE ATIP
TRING2 <l DRIVERS a FILTER QUA - RRING2
TRANSMIT
RCLK2 ¢ sl X Xz <]
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LXT313/316 Low Power E1 PCM Repeaters

(

(

RTIP1 4 1 16 P GNDR RTIP O 1 16 B GNDR
RRING1 ] 2 15 A RTIP2 RRING O 2 15 0 N/C
vec O 3 14 A RRING2 veec O 38 14 0 N/C
RCLK1 4 4 13 A LPBK RCLK ] 4 13 @ N/C
RCLK2 O 5 12 A XTO NC O 5 12 @ XTO
TTIP1 ] 6 11 A XTI TTIP 6 113 XTI
TRINGt ] 7 10 [@ TTIP2 TRING ] 7 10 @ NC
GNDT ] 8 9 [ TRING2 GNDT ] 8 9 A NC
LX1313 LXT1316
Pin Descriptions
Pin # Sym 1/0 Name Description
1 RTIP1 I Repeater Tip and Tip and ring receive inputs for Channel 1.
2 RRING1 I Ring Inputs
4 RCLK1 O | Recovered Clock Clock output recovered from Channel 1 receive input.
6 TTIP1 0} Repeater Tip and Open drain output drivers for Channel 1.
7 TRING1 (0} Ring Outputs
11 XTI I Crystal Oscillator Either a 8.192 MHz crystal must be connected across these two
12 v XTO 0 Input and Output pins, or a clock must be input at XTI and XTO left floating.
3 VCC I Power Supply Power supply input for all circuits. +5 V (0.25 V)
8 " GNDT - Transmit Ground Ground return for transmit circuits.
16 GNDR - Receive Ground Ground return for receive circuits.
9! | TRING2 (0} Repeater Channel 2 | On the LXT313 dual repeater, these are open drain output
10! TTIP2 (0] Tip and Ring Outputs| drivers for Channel 2.
14" | RRING2 I Repeater Channel 2 | On the LXT313 dual repeater these are tip and ring receive
15! RTIP2 I Ring and Tip Inputs | inputs for Channel 2.
5! RCLK2 (0} Recovered Clock On the LXT313 dual repeater, this is the recovered clock output
for Channel 2.
132 LPBK I Loopback Control On the LXT313, this pin controls Loopback Selection.
High = Loopback side 1 data to side 2. Low = No Loopback.
Notes:

1. On the LXT316 single repeater, these pins are not connected (N/C).
2. On the LXT316 single repeater, this pin must be connected to GND.

Absolute Maximum Ratings*

* Exceeding these values may cause permanent damage.
Functional operation under these conditions is not
implied. Exposure to maximum rating conditions for
extended periods may affect device reliability.

2-118

. * Storage temperature T,

* Supply Voltage Ve -03Vto6V

* Driver Voltage Vou 18V

* Receiver Current Ic 100 mA

* Operating temperature T, -40 °C (min) to +85 °C (max)

-65 °C (min) to +150 °C (max)
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LXT313/316 Low Power E1 PCM Repeaters

Recommended Operating Conditions (voltages are with respect to ground unless otherwise specified.)

Parameter Symbol Min Typ Max Units
Supply voltage Ve 4.75 5.0 5.25 v
Operating temperature Toe -40 - 85 °C

Electrical Characteristics (Ta =-40t0 85°C, V. = 5V +5%)

Parameter Symbol Min Typ' Max Units
Interference Margin SNR -14 - - dB
Receiver Dynamic Range - -43 - 0 dB
Digital Outputs - Low (I, = 1.6 mA) VoL - - 0.4 \Y%

(I, = 10 pA) v, - 0.2 - v
Digital Outputs - High (I,;=0.4 mA) Vou 2.4 - - v

(Ipy < 10 pA) Vou - 45 - \'
Digital Inputs - High Vi 2.0 - _ A%
Digital Inputs - Low Vi - - 0.8 v
Supply Current All zeros I - 15 23 mA
(from VCC supply)? All ones I - - 25 mA
Driver Leakage Current (V,,, = 18 V) L. - - 100 HA
Driver Pulse Amplitude (Driver output I, = 20 mA) A, 0.65 - 0.95 \Y%
Driver Pulse Width tow 219 244 269 ns
Driver Pulse Imbalance - - - 15 ns
Rise and Fall Time (any digital output?) o/t - - 25 ns
Setup Time - TTIP/TRING to RCLK tsu 90 - - ns
Hold Time - TTIP/TRING from RCLK ty 90 - - ns

!"Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.
*Measured with C; |, < 10pF,R; > 100kQ.

Figure 2: Digital Timing Characteristics
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LXT313/316 Low Power E1 PCM Repeaters

Géneral Description

PCM signals are attenuated and dispersed in time as they
travel down a transmission line. Repeaters are required to
amplify, reshape, regenerate and retime the PCM signal,
then retransmit it.

The LXT313 and LXT316 each contain all the circuits
required to build a complete PCM repeater. The operational
range of the repeaters is 0t043 dB of cable loss at 1.024 MHz
(equal to 2 km of 22 gauge pulp-insulated cable between
repeaters ).

Functional Description
Receive Function

“'The signal is received through a 1 : 1 transformer at RTIP
and RRING and equalized for up to 43 dB of cable loss. The
receive equalizer uses a proprietary on-chip adaptive filter
technique which is equivalent to a 3-port ALBO equalizer
design. The monolithic structure of the filter and the absence
of external components provide excellent ISI and dispersion
elimination, and accurate data transfer over temperature.

Receiver noise immunity is optimized by a proprietary
crosstalk elimination filter which eliminates the unneeded
high frequency components of the received signal.

Timing Recovery Function

The equalized signal is full wave rectified and used to
generate information for the timing recovery circuit. This
circuit uses a mixed analog/digital technique to provide a
low-jitter PLL similar to a tuned tank with excellent jitter
tracking ability. But unlike a tuned tank, the free running
frequency of the PLL clock is accurately controlled by the
external reference crystal. No adjustmentis required. Refer
to Table 1 for crystal specifications.

Recovered clock signals are available on the RCLK pins for
applications that require synchronization to the bit stream.

Transmit Function
Recovered data is resynchronized to the recovered clock
signal by the timing recovery and transmit control section.

The data is then retransmitted to the network via two open
drain, high voltage transistors.
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Loopback Function (LXT313 Only)

The LXT313 includes a loopback function for network
diagnostics. With the LPBK pin low, the repeater operates
in the normal mode. When the LPBK pin is pulled high, the
data is looped back from side 1 to side 2.

Test Setups

Both the LXT313 and LXT316 are fully tested (100% AC
and DC parameters) using inputs generated by Level One's
proprietary transmission line and network simulator. De-
vice testing includes receiver jitter tolerance, jitter transfer
and interference margin for line losses from 0 dB to 43 dB
@ 1.024 MHz. Specifications and bench test setups are
shown in Figures 3 through 7.

Receiver Jitter Tolerance Testing
Receiver jitter tolerance meets the template shown in Figure

3, when operated at line losses from 0 to 43 dB. Figure 4
shows the setup used for jitter tolerance testing.

Table 1: LXT313/316 Crystal Specifications

Parameter Specification
Frequency 8.192 MHz
Frequency ! + 50 ppm
Effective series 30 Q Maximum
resistance

Crystal cut AT

Resonance Parallel
Maximum drive level 2.0 mW

Mode of operation Fundamental

! @ 25°C, CLoad =10 pF; and from -40° Cto + 85°C
(Ref 25° C reading)
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LXT313/316 Low Power E1 PCM Repeaters

Figure 3: Receiver lJitter Tolerance Template

A

Sinusoidal Input Jitter Amplitude
(Pk - Pk Ul)

0.3 Ul | 1
[ |
I | =
10 Hz 20 kHz 40 kHz
Jitter Frequency
Figure 4: Receiver lJitter Tolerance Test Setup
Cable
0dB-43dB
QRSS
, Sinusoidal | @ 1.024 MHz | | xT313/ Error
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Encoding Modulator Repeater
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LXT313/316 Low Power E1 PCM Repeaters

Receiver Jitter Transfer Testing

Receive jitter transfer meets the template shown in Figure 5,
when operated with line losses from 0 to 43 dB and input
jitter amplitude of 0.15 UI peak-to-peak. lJitter gain at a
given frequency is defined as the difference between intrin-
sic jitter and additive jitter at the measurement frequency,
divided by the amplitude of the input jitter. Figure 6 shows

Figure 5: Receiver lJitter Transfer Template

the setup used for jitter transfer testing.
Interference Margin Testing
The LXT313 and LXT316 receiver noise interference mar-

gin is specified at a minimum of -14 dB for line losses from
0 dB to 43 dB. The test setup used to measure noise margin

is shown in Figure 7.
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Figure 6: Receiver Jitter Transfer Test Setup
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LXT313/316 Low Power E1 PCM Repeaters

Applications

Figure 8 is a typical E1 dual repeater application circuit
showing standard repeater card edge connections. A jumper
selectable shorting option for the fault location circuitry is
also shown (dashed lines, connector pins 2 and 7).

Figure 8: Typical E1 Dual Repeater Application Diagram
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NOTES:
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ﬁ'\%%%% Standard Product
February, 1994

LXT324
T1/E1 Integrated Quad Receiver

The LXT324 is a fully integrated quad PCM receiver for  « 4 independent DSX-1/E1 receivers
both North American 1.544 MHz (T1), and European 2.048 '
MHz (E1) applications. It incorporates four independent
receivers in a single 28-pin DIP or PLCC. The operating
frequency is pin selectable.

e Circuit functions include data and clock recovery

»  Single Master Clock input
The LXT324 receiver performs data and timing recovery,

and uses peak detection and a variable threshold to reduce e Meets or exceeds AT&T PUB 62411 requirements
impulsive noise. LXT324 receiver sensitivity down to 500 for input jitter tolerance
mV allows for up to 13.6 dB of attenuation.

The LXT324 is an advanced double-poly, double-metal ~ *  Unipolar RPOS and RNEG outputs
CMOS device and requires only a single 5-volt power
supply. ‘ e Minimum receive signal of 500 mV

«  Selectable slicer levels (DSX-1/CEPT) to provide
improved SNR

 High-density T1/E1 line cards

* DSX-1/E1 test equipment

* DSX-1/E1 line monitoring

« DSX-1/ El receive line interface

« Single 5 V only CMOS technology

e Available in 28-pin DIP and PLCC
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BY X

CLOCK
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arip Y SLICERS
TIMING
T | PEAK RCVRY ROLK
RRING o |DETECTOR |
o DATA APOS
vce | LATCH § RNEG
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RECEIVER #3
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LXT324 Ti/E1 Integrated Quad Receiver

- T 6 -
rrost H 1 — 28 vee g28gzi,
RNEG1T O 2 27 RRING1 ErcSacax 2
RCLK1 O 3 26 @ RTIP1 A
RPOS2 O 4 25 @ NC RPOS2 ] s ° 2 [IRRING2
RNEG2 O 5 24 [ RRING2 RNEG2] ¢ 2 [JRTIP2
RCLk2 O 6 23 @ RTIP2
ve d 7 » b ne RCLK2 ] 7 23 [IN/C
RPOS3 [ 8 21 B RRING3 NC s 2 IRRING3
RNEG3 [ 9 20 @ RTIP3 RPOS3[] 21 [IRTIP3
RCLK3 [ 10 19 0 N/C RNEG3 ] 10 20 [IN/C
RPOS4 O 11 18 A RRING4 RCLK3 ] 11 12 1] RRING4
RNEG4 [ 12 17 O RTIP4 12 13 14 15 16 17 18
RCLK4 [] 13 16 @ MODE SY¥soxwy
GND o 14 15 @ MCLK 883308 ¢F
Fge =3E
Pin Descriptions
Pin# | sym |vo Name Description
oP pLcc
1|2 | RPOS1 [ O | Receiver1 | Receiver 1 dataoutputs. A signal on RNEG1 corresponds to receipt of a
Positive Data | negative pulse on RTIP1 and RRING1. A signal on RPOS1 corresponds
to receipt of a positive pulse on RTIP1 and RRING1. RNEG1 and
2| 3 | RNEG1 | O | Receiver1 | RPOSI outputs are Non-Return-to-Zero (NRZ). Both outputs are stable
Negative Data | and valid on the rising edge of RCLK1.
3|4 |RCLK1| O Recovered | This is the clock recovered from the signal received at RTIP1 and
Clock 1 RRING1.
4|5 | RPOS2 | O Receiver 2
Positive and
5| 6 | RNEG2 | O | Negative Data | These are the data and clock outputs recovered from the signal received at
and Recovered | RTIP2 and RRING2.
6|7 | RCLK2| O Clock
718 N/C - N/C No connection.
819 | RPOS3 | O Receiver 3
Positive and | These are the data and clock outputs recovered from the signal received at
9 | 10 | RNEG3 | O | Negative Data | RTIP3 arid RRING3.
and Recovered
10|11 | RCLK3 | O Clock
11|12 | RPOS4 | O | Receiver4 »
Positive and | These are the data and clock outputs recovered from the signal received at
12| 13 | RNEG4 | O | Negative Data | RTIP4 and RRING4.
and Recovered
13|14 | RCLK4 | O Clock
14115 GND -- Ground Ground.
15|16 | MCLK | I | Master Clock | A 1.544 MHz or 2.048 MHz clock input used to generate internal clocks.
Upon loss of signal, the RCLKSs are derived from MCLK.
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LXT324 T1/E1 Integrated Quad Receiver

Pin Descriptions continued

Pin # Sym (VO Name Description
OP | PLCC
16 | 17 | MODE | I | ModeSelect | Setting MODE to logic 1 sets the data slicer thresholds to S0% of the
incoming signal (CEPT mode). Setting MODE to logic 0 sets the data
slicer thresholds to 70% of the incoming signal (DSX-1 mode). The Mode
Select operates independently from the MCLK rate. This allows the 50%
slicer ratio to be used with a 1.544 MHz MCLK, for improved sensitivity.
17 | 18 RTIP4 | I | Receiver4 Tip | The AMI signal received from the fourth twisted-pair line is applied at
these pins. A center-tapped, center-grounded transformer is required on
18 | 19 | RRING4| 1 Receiver 4 these pins. Data and clock from the signal applied at these pins are
Ring recovered and output on the RPOS4/RNEG4, and RCLK4 pins.
19 | 20 N/C - N/C No connection. Must be grounded to reduce crosstalk.
20 | 21 RTIP3 | I |Receiver 3 Tip | The AMI signal received from the third twisted-pair line is applied to
and Ring the LXT324 at these pins.
21 | 22 |RRING3| I
22| 23 N/C - N/C No connection. Must be grounded to reduce crosstalk.
23 | 24 RTIP2 | I |Receiver 2 Tip | The AMI signal received from the second twisted-pair line is applied to
and Ring the LXT324 at these pins.
24 | 25 |RRING2| I
25 | 26 N/C - N/C No connection. Must be grounded to reduce crosstalk.
26 | 27 RTIP1 | I |Receiver 1 Tip | The AMI signal received from the first twisted-pair line is applied to
and Ring the LXT324 at these pins.
27 | 28 |RRING1| I
28 1 VvCC I | Power Supply | +5 VDC power supply.
Absolute Maximum Ratings*
* Exceeding these valuesmay  « Supply voltage Vee 0.3Vto 6V
cause permanent damage. * Voltage on any I/O pin' Vio GND -0.3V to V. +0.3V
Functional operation under « Current on any I/O pin? Lo +10 mA
?l:s;::m;"o":uz':gt * Package power dissipation P 1w
prlet. SApe « Storage temperature T,  -65°C (min) to 150 °C (max)

absolute maximum rating

conditions for extended

periods may affect device

'Excluding RTIP and RRING which must stay within -6V to RV + 0.3V.
2 Transient currents of up to 100 mA will not cause SCR latch-up.

reliability.
Recommended Operating Conditions (Voltages are with respect to ground unless otherwise stated)
Parameter Sym Min Typ Max Units
Supply voltage Vee 4.75 5 5.25 \%
Operating Temperature Tep -40 - 85 °C
[CLEVEL
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LXT324 T1/E1 Integrated Quad Receiver

DC Electrical Characteristics (Clocked operation over recommended temperature and power supply ranges.)

Parameter Sym (Min | Typ| Max| Units Test Conditions
Supply current I - - 40 mA
Input high voltage Vi 20 - - \% Digital inputs
Input low voltage \ - - 0.8 v Digital inputs
Output high voltage Vou 24 - - v I,=.4mA
Output low voltage Vou - - 0.4 \% I,=1.6mA
Input leakage current I, - - +10 HA Digital inputs
Output current I, - - 1.6 mA V=04V
Output Rise/Fall time Tee - - 25 ns 15 pF load
Master and Receive Clock Timing Characteristics (See Figure 2)
Parameter Sym | Min | Typ' | Max | Units Test Conditions
Master clock frequency DSX-1| MCLK - 1.544 - MHz
CEPT | MCLK - 2.048 - MHz
Master clock tolerance MCLKt| - +100 - ppm
Master clock duty cycle MCLKd| 40 50 60 %
Receive clock duty cycle RCLKd| 40 50 60 %
Receive clock pulse width | DSX-1 Gow 270 324 378 ns
CEPT G 203 244 | 285 ns
RPOS / RNEG to RCLK DSX-1 | to. 50 270 - ns
rising setup time CEPT Coor 50 203 - ns
RCLK rising to RPOS / DSX-1 Lir 50 270 - ns
RNEG hold time CEPT tie 50 203 - ns
Rise/fall time - any digital output ter - - 25 ns 15 pF load

! Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing.

Figure 2: Clock Timing Diagram
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LXT324 T1/E1 Integrated Quad Receiver

Functional Description

The LXT324 is a fully integrated PCM receiver for both
1.544 MHz (DSX-1) and 2.048 MHz (CEPT) applications.
The mode of operation is setby the MCLK frequency and the
MODE pin logic level. The LXT324 is alow-power CMOS
device which operates from a single +5 V power supply.

Figure 1 is a simplified block diagram of the LXT324.
Receiver characteristics are listed in Table 1. The signal is
received from the twisted-pair line on each side of a center-
grounded transformer. (Positive pulses are received at RTIP
and negative pulses are received at RRING.) This differen-
tial signal is processed through the peak detector and data
slicers. The peak detector samples the inputs and determines
the maximum value of the received signal. A percentage of
the peak value is provided to the data slicers as a threshold
level to ensure optimum signal-to-noise ratio. For DSX-1
applications (MODE Select = 0) the threshold is set to 70%
of the peak value. This threshold is maintained above 65%
for up to 15 successive zeros over the range of specified
operating conditions. For CEPT applications (MODE Se-
lect = 1) the threshold is set to 50 %. The slicer threshold is
maintained through a capacitive storage arrangement and a
combination of Refresh and Bleed-off circuitry. This design

Table 1: Receiver Characteristics

balance prevents the refresh circuitry from driving the
threshold too high, while ensuring that it is maintained over
long strings of successive zeros.

The LXT324 is capable of accurately recovering signals
with up to 13.6 dB of attenuation (from 2.4 V), correspond-
ing to a received signal level of 500 mV. Maximum cable
length is 1500 feet of ABAM cable (approximately 6 dB).
Regardless of received signal level, the peak detectors are
held above a minimum level of 0.15 V to provide immunity
from impulsive noise.

After processing through the data slicers, the received signal
isrouted to the data and clockrecovery sections. Recovered
clock signals are supplied to the data latch. The recovered
data is synchronized with the recovered clock (RCLK), then
output at RNEG and RPOS. RPOS and RNEG outputs are
valid on the rising edge of RCLK.

Line Interface

The LXT324 interfaces with four twisted-pair lines (one
twisted-pair for each receiver) through standard pulse
transformers and appropriate resistors. Recommended
transformer characteristics are listed in Table 2.

Parameter Sym Min Typ' Max Units
Slicer ratio DSX-1 SRd 63 70 71 %
CEPT SRc 43 50 57 %
Dynamic range DR 0.50 - 3.6 Vpeak
Undershoot Us - - 62 %
Sensitivity below DSX - 13.6 - - dB
(0dB =2.4V) - 500 - - mV
Table 2: Recommended Transformer Characteristics
Parameter 1:1:1 1:2:2 Units
DC resistance Primary 1.0 maximum 1.0 maximum Q
Secondary 1.0 maximum 2.0 maximum Q
Primary inductance 1.2 typical 0.5 minimum mH
Leakage inductance 0.5 maximum 1.0 maximum uH
Interwinding capacitance 25 maximum 40 maximum pF
! Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing.
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LXT324 T1/E1 Integrated Quad Receiver

Applications

The LXT324 is compatible with both DSX-1 and CEPT
systems. Low +5 V only power consumption simplifies
design considerations where multiple receivers are required.
The LXT324 is well suited foruse in both test equipment and
monitor applications. The primary difference in circuit
design for these two applications is the input transformer.
The typical DSX-1 pulse seen in testequipment applications

requires a 1:1:1 transformer at the receiver input. The
attenuated pulse seen in monitor applications may require a
1:2:2 transformer to boost the input signal. Figure 3 is a
typical 1.544 MHz DSX-1 application. The LXT324 is
shown tapped into the Cross Connect frame with 800 Q
resistors across each leg of the center tapped, center
grounded 1:2:2 step-up transformer.

Figure 3: Test/ Monitor Equipment Application Diagram
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LXT325
T1/E1 Integrated Quad Receiver with LOS

The LXT325 is a fully integrated quad PCM receiver for ¢ 4 independent DSX-1/CEPT receivers
both North American 1.544 MHz (T1), and European 2.048
MHz (E1) applications. It incorporates four independent
receivers in a single 28-pin DIP or PLCC. Each receiver
incorporates a Loss Of Signal (LOS) detection circuit and
output driver. The operating frequency is pin selectable.

«  Loss Of Signal (LOS) output for each receiver
e Circuit functions include data and clock recovery

The LXT325 receiver performs data and timing recovery, ~*  Single Master Clock input
and uses peak detection and a variable threshold to reduce

impulsive noise. LXT325 receiver sensitivity downto 500  »  Meets or exceeds AT&T PUB 62411 requirements
mYV allows for up to 13.6 dB of attenuation.

. *  Unipolar RPOS and RNEG outputs
The LXT325 is an advanced double-poly, double-metal

CMOS device and requires only a single 5-volt power

supply. e Minimum receive signal of 500 mV

«  Selectable slicer levels (DSX-1/CEPT) to provide
improved SNR

« High-density T1/E1 line cards
DSX-1/CEPT test equipment
DSX-1/CEPT line monitoring

DSX-1/CEPT receive line interface Available in 28-pin plastic DIP and PLCC

«  Single 5 V only CMOS technology
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LXT325 Ti/E1 Integrated Quad Receiver with LOS
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Pin Descriptions
Pin# | sym |VO| Name Description
P PLCC
1] 2 | RPOS1 | O | Receiver1 | Receiver 1 dataoutputs. A signal on RNEG] corresponds to receipt of a
Positive Data | negative pulse on RTIP1 and RRING1. A signal on RPOS!1 corresponds
to receipt of a positive pulse on RTIP1 and RRING1. RNEG1 and
2| 3 | RNEGl | O | Receiver1 |RPOSI outputs are Non-Return-to-Zero (NRZ). Both outputs are stable
Negative Data | and valid on the rising edge of RCLK1.
314 |RCLK1 | O Recovered | This is the clock recovered from the signal received at RTIP1 and
Clock 1 RRING1.
4| 5 | RPOS2 | O | Receiver?2
Positive and
51 6 | RNEG2 { O | Negative Data | These are the data and clock outputs recovered from the signal received at
and Recovered | RTIP2 and RRING2.
6|7 | RCLK2 | O Clock
718 LOS3 O | Loss of Signal | LOS pins go high when the associated receiver detects 175 consecutive
3 spaces. The LOS output returns low when a mark is received.
8| 9 | RPOS3 | O | Receiver3
Positive and | These are the data and clock outputs recovered from the signal received at
9 | 10 | RNEG3 | O | Negative Data | RTIP3 and RRING3.
and Recovered
10| 11 | RCLK3 | O Clock
11| 12 | RPOS4 | O | Receiver4
Positive and | These are the data and clock outputs recovered from the signal received at
12| 13 | RNEG4 | O | Negative Data | RTIP4 and RRING4.
and Recovered
13| 14 | RCLK4 | O Clock
14| 15 GND -- Ground Ground.
151 16 | MCLK | I | Master Clock | A 1.544 MHz or 2.048 MHz clock input used to generate internal clocks.
Upon loss of signal, the RCLKs are derived from MCLK.
[LEVEL
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LXT325 T1/E1 Integrated Quad Receiver with LOS

Pin Descriptions continued

Pin# | sym (VO| Name Description
IIP | PLCC
16 | 17 | MODE | I | Mode Select | Setting MODE to logic 1 sets the data slicer thresholds to 50% of the
incoming signal (CEPT mode). Setting MODE to logic 0 sets the data
slicer thresholds to 70% of the incoming signal (DSX-1 mode). The Mode
Select operates independently from the MCLK rate. This allows the 50%
slicer ratio to be used with a 1.544 MHz MCLK, for improved sensitivity.
17 | 18 | RTIP4 | I | Receiver4 Tip | The AMI signal received from the fourth twisted-pair line is applied at
these pins. A center-tapped, center-grounded transformer is required on
18 | 19 | RRING4| 1 Receiver 4 these pins. Data and clock from the signal applied at these pins are
Ring recovered and output on the RPOS4/RNEG4, and RCLK4 pins.
19 | 20 LOS4 | O | Loss of Signal | LOS output for receiver 4.
20 | 21 RTIP3 | I | Receiver 3 Tip | The AMI signal received from the third twisted-pair line is applied to
and Ring the LXT325 at these pins.
21 | 22 |RRING3| I
22 | 23 LOS2 | - | Lossof Signal | LOS output for receiver 2.
23 | 24 | RTIP2 | I | Receiver2Tip [ The AMI signal recéived from the second twisted-pair line is applied to
and Ring the LXT325 at these pins.
24 | 25 |RRING2| 1
25 | 26 LOS1 | O | Lossof Signal | LOS output for receiver 1.
26 | 27 RTIP1 I | Receiver 1 Tip | The AMI signal received from the first twisted-pair line is applied to
and Ring the LXT325 at these pins. .
27 | 28 |RRINGI| I
28 1 VvCC I | Power Supply | +5 VDC power supply.
Absolute Maximum Ratings*
* Exceeding these values may  « Supply voltage Vee 0.3V to 6V
cause permanent damage. * Voltage on any /O pin' =V, GND -0.3V to V. +0.3V
Functional operation under « Current on any 1/O pin? Lo +10 mA
these conditions is not * Package power dissipation P 1w
implied. Exposure to D o . o
« Storage temperature Ter -65 °C (min) to 150 °C (max)

absolute maximum rating

conditions for extended

periods may affect device

reliability.

'Excluding RTIP and RRING which must stay within -6V to RV + 0.3V.
2Transient currents of up to 100 mA will not cause SCR latch-up.

Recommended Operating Conditions (voitages are with respect to ground unless otherwise stated)

» Parameter Sym Min Typ Max Units
Supply voltage Vee 4.75 5 525 v
Operating Temperature Top -40 - 85 °C
[CLEVEL
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LXT325 Ti/E1 Integrated Quad Receiver with LOS

DC Electrical Characteristics (Clocked operation over recommended temperature and power supply ranges.)

Parameter Sym |Min | Typ| Max| Units Test Conditions
Supply current Ic - - 40 mA
Input high voltage Vi 2.0 - - v Digital inputs
Input low voltage \5 - - 0.8 v Digital inputs
Output high voltage Vou 24 | - - v I,=.4mA
Output low voltage Voo - - 04 v I,=1.6mA
Input leakage current L, - - +10 LA Digital inputs
Output current I, - - 1.6 mA Vo=04V
Output Rise/Fall time Tqe - - 25 ns 15 pF load

Master and Receive Clock Timing Characteristics (See Figure 2)

Parameter Sym | Min | Typ' | Max | Units Test Conditions
Master clock frequency DSX-1 | MCLK - 1.544 - | MHz
CEPT |MCLK| - 2.048 - MHz
Master clock tolerance MCLKt| - +100 - ppm
Master clock duty cycle MCLKd| 40 50 60 %
Receive clock duty cycle RCLKd| 40 50 60 %
Receive clock pulse width | DSX-1 Cow 270 325 378 ns
CEPT | t. | 203 | 244 | 285 | ns
RPOS /RNEG to RCLK DSX-1 |ty 50 270 - ns
rising setup time CEPT | (., 50 203 - ns
RCLK rising to RPOS / DSX-1 Uik 50 270 - ns
RNEG hold time CEPT . 50 203 - ns
Rise/fall time - any digital output G - - 25 ns 15 pF load

! Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing.

Figure 2: Clock Timing Diagram
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LXT325 T1/E1 Integrated Quad Receiver with LOS

Functional Description

The LXT325 is a fully integrated PCM receiver for both
1.544 MHz (DSX-1) and 2.048 MHz (CEPT) applications.
The mode of operation is setby the MCLK frequency and the
MODE pin logic level. The LXT325 is alow-power CMOS
device which operates from a single +5 V power supply.

Figure 1 is a simplified block diagram of the LXT325.
Receiver characteristics are listed in Table 1. The signal is
received from the twisted-pair line on each side of a center-
grounded transformer. (Positive pulses are received at RTIP
and negative pulses are received at RRING.) This differen-
tial signal is processed through the peak detector and data
slicers. The peak detector samples the inputs and determines
the maximum value of the received signal. A percentage of
the peak value is provided to the data slicers as a threshold
level to ensure optimum signal-to-noise ratio. For DSX-1
applications (MODE Select = 0) the threshold is set to 70%
of the peak value. This threshold is maintained above 65%
for up to 15 successive zeros over the range of specified
operating conditions. For CEPT applications (MODE Se-
lect = 1) the threshold is set to 50 %. The slicer threshold is
maintained through a capacitive storage arrangement and a
combination of Refresh and Bleed-off circuitry. This design

Table 1: Receiver Characteristics

balance prevents the refresh circuitry from driving the
threshold too high, while ensuring that it is maintained over
long strings of successive zeros.

The LXT325 is capable of accurately recovering signals
with up to 13.6 dB of attenuation (from 2.4 V), correspond-
ing to a received signal level of 500 mV. Maximum cable
length is 1500 feet of ABAM cable (approximately 6 dB).
Regardless of received signal level, the peak detectors are
held above a minimum level of 0.15 V to provide immunity
from impulsive noise.

After processing through the data slicers, the received signal
isrouted to the data and clockrecovery sections. Recovered
clock signals are supplied to the data latch. The recovered
data is synchronized with the recovered clock (RCLK), then
output at RNEG and RPOS. RPOS and RNEG outputs are
valid on the rising edge of RCLK.

Line Interface

The LXT32S interfaces with four twisted-pair lines (one
twisted-pair for each receiver) through standard pulse
transformers and appropriate resistors. Recommended -
transformer characteristics are listed in Table 2.

Parameter Sym Min Typ! Max Units
Slicer ratio DSX-1 SRd 63 70 77 %
CEPT SRc 43 50 57 %
Dynamic range DR 0.50 - 3.6 Vpeak
Undershoot us - - 62 %
Sensitivity below DSX - 13.6 - - dB
(0dB =2.4V) - 500 - - mV
! Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing.
Table 2: Recommended Transformer Characteristics
Parameter 1:1:1 1:2:2 Units
DC resistance Primary 1.0 maximum 1.0 maximum Q
Secondary 1.0 maximum 2.0 maximum Q
Primary inductance 1.2 typical 0.5 minimum mH
Leakage inductance 0.5 maximum 1.0 maximum uH
Interwinding capacitance 25 maximum 40 maximum pF
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LXT325 T1/E1 Integrated Quad Receiver with LOS

Applications

The LXT325 is compatible with both DSX-1 and CEPT
systems. Low +5 V only power consumption simplifies
design considerations where multiple receivers are required.
The LXT325 is well suited for use in both test equipment and
monitor applications. The primary difference in circuit
design for these two applications is the input transformer.
The typical DSX-1 pulse seen in test equipment applications

requires a 1:1:1 transformer at the receiver input. The
attenuated pulse seen in monitor applications may require a
1:2:2 transformer to boost the input signal. Figure 3 is a
typical 1.544 MHz DSX-1 application. The LXT325 is
shown tapped into the Cross Connect frame with 800 Q
resistors across each leg of the center tapped, center
grounded 1:2:2 step-up transformer.

Figure 3: Test/ Monitor Equipment Application Diagram
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LXP600A, LXP602 and LXP604

Low-Jitter Clock Adapters (CLAD)

The LXP600A, LXP602 and LXP604 Clock Adapters
(CLAD:s) incorporate Level One's patented frequency con-
version circuitry. The LXP600A and LXP602 convert a
1.544 MHz input clock to a 2.048 MHz output clock, or vice
versa. The LXP604 converts between 1.544 MHz and 4.096
MHz. Each CLAD produces two different high frequency
output (HFO) clocks for applications which require a
higher-than-baud rate backplane or system clock.

Level One’s patented locking method enables the CLAD to
perform frequency conversion with no external compo-
nents, while generating very little jitter on the output clock.
The conversion is digitally controlled so the output clock
(CLKO)isas accurate as the input clock (CLKI), and the two
clocks are frequency locked together. When an input frame
sync pulse (FSI) is provided, the CLAD also phase locks
CLKIand CLKO together, and locks the output frame sync
pulse (FSO) to FSI.

CLAD | CLKI | CLKO | HFO
LXP600A | 1.544 | 2.048 | 6.144
2.048 | 1.544 | 6.176
LXP602 | 1.544 | 2.048 | 8.192
2.048 | 1.544 | 6.176
LXP604 | 1.544 | 4.096 | 8.192
4.096 | 1.544 | 6.176

Standard Product
February, 1994

* Generates a 1.544 MHz clock and its frame sync from a
2.048 MHz or 4.096 MHz clock and its frame sync, or
vice versa

« Low output jitter meets AT&T Publication 62411 for
1.544 MHz, and CCITT Recommendation G.823 for -
2.048 MHz

« Digital control of frequency conversion process

* No external components

* Available in 8-pin plastic DIP

* Pin-selectable operation mode

* Advanced CMOS device requires only a single +5V
power supply

« Internal timing system for Channel Banks, Digital Loop
Carriers, Multiplexers, Internal Timing Generators, PBX,
etc.

« Conversion between 2.048 MHz or 4.096 MHz
backplane rates and 1.544 MHz T1 clock rate.

« Conversion between North American and European
standards (T1/E1 Converter).

ANALOG
CLKI — » PHASE-LOCKED o o > HFO
LOOP
FEEDBACK FREQUENCY o
DIVIDER - CONVERTER OUTPUT DIVIDER = CLKO
SEL © ¢ ¢ ERAME SYNC .
Fsi __ | GENERATOR FSO
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LXP602/604 Low Jitter Clock Adapters

R J
Fso 01 gp vce
HFo 02 7Q Fsi
ckI O3 61 SEL
CLKO [ 4 5[ GND
8-pin DIP
Table 1: Pin Descriptions
Pin #| Sym | /O Name Description
1 | FSO| O |Frame Sync Frame synchronization output at 8 kHz. FSO is synched to CLKO and to FSI
Output (if FSI is provided.)
2 | HFO| O | HighFrequency |HFO is used to derive CLKO. HFO can also clock external devices.
Output HFO is always a multiple of CLKO (CLKO x 2, x3, or x4).

Actual frequencies are determined by device, CLKI and CLKO frequencies .
and Mode Select (SEL) input, as listed in Table 6.

3 |CLKI| I | Clock Input Input clock (1.544, 2.048 or 4.096 MHz) to be converted.

4 |CLKO| O | Clock Output ‘Output clock (1.544, 2.048 or 4.096 MHz) derived from CLKIL

5 |[GND| - | Ground Ground.

6 SEL | I | Mode Select Controls frequency conversion as listed in Table 6.
When SEL = 1, higher frequency CLKI (2.048 for LXP600A and LXP602, or
4.096 MHz for LXP604) is converted to 1.544 MHz CLKO.
When SEL = 0, 1.544 MHz CLKI is converted to higher frequency CLKO
(2.048 for LXP600A and LXP602, or 4.096 MHz for LXP604).

7 FSI | I |Frame Sync Input |8 kHz frame synchronization pulse. Tie high or low if not used.

8 | VCC| - |Power Supply +5 V power supply input.
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LXP602/604 Low Jitter Clock Adapters

Table 2: Operating Conditions (Voltages are with respect to ground unless otherwise specified.)

Parameter Symbol Min | Typ | Max | Units Test Conditions
Supply voltage Ve 4.75 5.0 5.25 \'
Supply current | - - 8 mA No TTL loading
I. - - 14 mA Full TTL loading
Operating temperature Tep -40 - 85 °C
Table 3: Digital Characteristics
Parameter Symbol Min Max Units
Input low voltage \ - 0.8 \%
Input high voltage - 2.0 - v
Output low voltégc (I,, =+ 1.6 mA) Voo - 0.4 \"
Output low voltage (I, <+ 10 pA) Vou - 0.2 Vv
_ Output high voltage (I, = - 0.4 mA) Vou 2.4 - A"
Output high voltage (I, < - 10 pA) Vou 4.5 - v
Input leakage current L, -10 10 LA
Table 4: Timing Values (see Figure 2)
Parameter Symbol Min Max Units
Capture range on CLKI - +10000 - ppm
Lock range on CLKI - +10000 - ppm
Input clock duty cycle - 35 65 %
Rise/fall time on CLKI, FSI Trf - 40 ns
Rise/fall time on CLKO, FSO, HFO with a 25 pF load Tef - 40 ns
Figure 2: Rise and Fall Times
Trf Trf
VIHVOH — Hf— = = = = = = =
VILVOL A == === — — =~
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LXP602/604 Low Jitter Clock Adapters

Table 5: Timing Values (see Figures 3 through 7)

Parameter Symbol Min Typ' Max Units
FSI setup time from CLKI rising Tsui 46 - - ns
FSI/CKLI hold time Thi 30 - - ns
FSI pulse width (low) Twi 76 - TCLKI? ns
CLKO delay from CLKI __TdC -15 0 +15 ns
CLKO duty cycle Cdc 49 - 51 %
FSO delay from HFO TdF -5 - 30 ns
FSO pulse width (low) Two - - TCLKO? ns
CLKO delay from HFO TdH -15 - +15 ns

! Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing.
2 TCLKI is the period of CLKI.
3 TCLKO is the period of CLKO.

Figure 3: LXP600A and LXP602 High to Low Frequency Conversion Frame Sync Alignment

(6.176 MHz)

Figure 4: LXP604 High to Low Frequency Conversion Frame Sync Alignment

CLKI

(4.096MHz) | [ l

Fsl
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LXP602/604 Low Jitter Clock Adapters

Figure 5: LXP600A Low to High Frequency Conversion Frame Sync Alignment
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Figure 6: LXP602 Low to High Frequency Conversion Frame Sync Alignment
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Figure 7: LXP604 Low to High Frequency Conversion Frame Sync Alignment
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LXP602/604 Low Jitter Clock Adapters

Functional Description

The CLADs convert an input clock (CLKI) at a particular
frequency to an output clock (CLKO) at a different fre-
quency. They also produces a frame sync output (FSO) and
ahigh frequency output (HFO) clock. The HFO is a multiple
(2x, 3x, or 4x) of CLKO. The HFO and CLKI/CLKO
conversion frequencies are different for each device, and
controlled by the Mode Select input as listed in Table 6.

The LXP600A and LXP602 convert between 1.544 MHz
and 2.048 MHz. When converting from 2.048 MHz to 1.544
MHz, both CLADs produce a 6.176 MHz HFO. However,
when converting from 1.544 MHz to 2.048 MHz, the
LXP600A produces a 6.144 MHz HFO and the LXP602
produces an 8.192 MHz HFO.

The LXP604 converts between 1.544 MHz and 4.096 MHz.
When converting from 4.096 to 1.544 MHz the LXP604
HFO is 6.176. When converting from 1.544 MHz to 4.096
MHz, the LXP604 produces an 8.192 MHz HFO.

The Mode Select (SEL) input controls whether the device
converts to a higher or lower frequency as described below:

* 2,048 or 4,096 to 1,544 MHz: To produce a
1.544 MHz output clock from a 2.048 MHz or
4.096 MHz input clock, SEL must be set high. In
this mode HFO = 6.176 MHz for all CLAD:s.

* 1.544 10 2.048 MHz 0r 4.096 MHz: To produce a

When FSTis first asserted, the CLKI and CLKOrrising edges
will be aligned within a maximum of 500 ms.

If FSI is not provided, pin 7 should be tied high or low.
CLKO and FSO are still generated with the CLKO fre-
quency locked to CLKI.

Output Jitter

Refer to Table 7. The CLAD output jitter meets the follow-
ing specifications:

* 2.048 MHz 0r4.096 MHz to 1.544 MHz: In this mode
of operation, the CLADs meet the output jitter require-
ments of AT&T Publication 62411. When there is no
jitter on input clock CLKI, the maximum jitter on
CLKOis0.020 UI pp with no bandlimiting,0.010 UI pp
over the range of 10 Hz to 40 kHz, and 0.012 Ul pp in
the 8 - 40 kHz band.

* 1.544 MHz to 2.048 MHz or 4,096 MHz: In this mode
of operation, the CLADs meet the output jitter require-
ments of CCITT Recommendation G.823. When there
is no jitter on input clock CLKI, the maximum jitter on
CLKO is 0.035 UI pp over the range of 20 Hz to
100 kHz, and 0.025 UI pp in the 18 - 100 kHz band.

Table 6: CLAD Frequency Conversions

CLAD CLKI CLKO HFO SEL
2.048 MHz or 4.096 MHz output clock from a 1.544
MHz input clock, SEL must be set low. In this mode LXP600A 1.544 2.048 6.144 0
the LXP600A HFO = 6.144 MHz, and the LXP602 2.048 1.544 6.176 1
and LXP604 HFO = 8.192 MHz.
LXP602 1.544 2.048 8.192 0
In both frequency modes, CLKO is frequency locked to 2.048 1.544 6.176 1
CLKI. WhenFSlis applied, CLKO and CLKI are also phase
locked with FSO and FSI synchronized as shown in Figures LXP604 1%; :'(5)32 g : 3(2; (1)
3 through 7. - - -
Table 7: Output Jitter Specifications
Parameter Sym Frequency |[Spec'| Typ? | Max | Units Test Conditions
Output Jitter on CLKO No Bandlimiting |0.050 | 0.010 { 0.020 | UI pp | CLKI = 2.048 or 4.096 MHz
CLKO = 1.544 MHz Tj1 | 10Hz to40kHz |0.025| 0.005 | 0.010 | Ulpp |JI=0
(All CLADs) 8 kHz to 40 kHz |0.025 | 0.006 | 0.012 | UI pp | FSI applied
Output Jitter on CLKO Tj2 | 20 Hz to 100 kHz | 1.500 | 0.025 | 0.035 | UIpp | CLKI = 1.544 MHz,
CLKO = 2.048 MHz =0
(LXP600A and 602 Only) 18 kHz to 100 kHz | 0.200 | 0.015 | 0.025 | Ul pp FSI applied

1 Specifications from AT&T Publication 62411 and CCITT Recommendations G.823 (for 1.544 MHz and 2.048 MHz, respectively).
2 Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing.
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LXP602/604 Low Jitter Clock Adapters

Jitter Transfer

The CLADs are sensitive to jitter on the input clock in certain
frequency bands. The jitter transfer curve is determined by
the frequency and amplitude of the inputjitter. Figures 8 and
9 show nominal jitter transfer measured in nanoseconds.
These figures graph outputjitter (less intrinsic jitter) divided
by input jitter (0.25 UI). Jitter transfer from a 2.048 MHz
CLKIto a 1.544 MHz CLKO is shown in Figure 8. In this

mode, jitter in the critical 8 kHz band is slightly attenuated
while jitter in the 18 - 70 kHz band is transferred with a small
net gain. Jitter transfer from a 1.544 MHz CLKI to a 2.048
MHz CLKO is shown in Figure 9. In both modes, with an
input jitter level of 0.25 UL, jitter transfer is held below a net
gain of 1.110.

(Jitter transfer varies with input jitter. Performance in a
specific application should be verified in the actual circuit.)

Figure 8: Nominal Jitter Transfer - 2.048 MHz CLKI to 1.544 MHz CLKO (Input Jitter = 0.25 Ul)

ns,
NET GAIN %

1.150
1.100
1.050
1.000

0.950

0.900 I

40 kHz
JITTER FREQUENCY

Figure 9: Nominal Jitter Transfer - 1.544 MHz CLKI to 2.048 MHz CLKO (Input Jitter = 0.25 Ul)
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LXP602/604 Low Jitter Clock Adapters

Design Considerations

Power-up
Standard CMOS device precautions apply to the CLAD.
Inputs must be applied either simultaneously with or after
the power supply VCC. CLAD input signals include CLKI,
FSI and SEL.

The CLAD internal circuitry takes a maximum of 200 ms to
stabilize. There is an additional delay of 500 ms maximum

Figure 10: Typical CLAD Application Circuit

for CLKO to be phase-locked to the incoming clock CLKI
during frame synchronization FSIL

Power Supply Decoupling and Filtering

The CLAD are designed to meet AT&T Publication 62411
specifications for jitter in the range from 10 Hz to 100 kHz.
Proper power supply decoupling is critical for meeting these
specifications. Asshown inFigure 10, a typical application
with a pair of CLAD:s for backplane frequency conversion,
a standard 0.1uF bypass capacitor is recommended.
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LXP602/604 Low Jitter Clock Adapters

The CLADs are monolithic silicon devices which incorpo-
rates both analog and digital circuits. CLAD application
circuit design may require closer attention to power supply
filtering and bypassing than required for strictly digital
devices.

Switching power supplies which operate below 100 kHz
may produce noise spikes which can affect the analog
sections of the CLAD. These spikes should be filtered with
an RC network at the CLAD VCC pin.

Figure 11: Frame Sync (FSI) Generation Circuit

Frame Sync Generation

A frame sync pulse is required to synchronize the input and
output clocks. If a frame sync pulse is not provided on the
backplane, one can be generated from the existing 2.048
MHz backplane clock. A typical FSI generation circuit is
shown in Figure 11.
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NOTES:
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LXP610 :
Low-Jitter Multi-Rate Clock Adapter (CLAD)

The LXP610 Multi-Rate Clock Adapter (CLAD) offers pin-
selectable frequency conversion between T1 and E1 rates as
well as 8 additional rates from 1.544 MHz to 8.192 MHz.
The output clock is frequency locked to the input clock.
When an input frame sync pulse is provided, the CLAD
phase locks the input and output clocks together, and locks
the 8 kHz output frame sync pulse to the input frame sync
pulse. The frame sync polarity is also pin selectable.

Five different high frequency output clocks are available for
applications which require a higher-than-baud rate
backplane or system clock. The high frequency output
(HFO) clock varies with the input clock frequency.

Level One’s patented locking method enables the CLAD to
perform frequency conversion with no external compo-
nents, while generating very little jitter on the output clock.
The conversion is digitally controlled so the output clock is
as accurate as the input clock.

The CLAD is an advanced CMOS device. It requires only
asingle +5 V power supply.

Standard Product
February, 1994

« Translates between 10 different frequencies.
Generates basic and high frequency output clocks and
frame sync from an input clock and its frame sync.

 High Frequency Output clock for higher-than-baud rate
backplane systems

* Low output jitter meets AT&T Publication 62411 for
1.544 MHz, and CCITT Recommendation G.823 for
2.048 MHz

« Digital control of frequency conversion process
* No external components

« Pin-selectable operation mode

* Low-power 5V only CMOS in 14-pin plastic DIP
or 28-pin PLCC

« Internal timing system for Channel Banks, Digital Loop
Carriers, Multiplexers, Internal Timing Generators, etc.

« Conversion between T1/E1 clock rates and higher
frequency backplane rates (T1/E1 converter)

« Special backplane interfaces (e.g. NTI 2.56 MHz)

INPUT ANALOG
CLKI ®| DIVIDER [—™{PHASE-LOCKED OUTPUT > HFO
LOOP ™ DIVIDER » CLKO
} \
FEEDBACK FREQUENCY
DIVIDER [ CONVERTER
A A T A
SEL . —»| FRAME SYNC [ FSP
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LXP610 Low Jitter Multi-Rate Clock Adapter P3
FSO vCC
N/C P4
N/C N/C
P3 E]VIAJ VCC szuozsnzs
NC [s ¢ = N/IC
FSO O2 13Q P4 HFO [Je 2] FSI
14pin HFO O3 120 FsI NC [ 28 pin = NC
DIP N/C O4 11 FSP N/C s PLCC =P FSP
CLKI Os5 108 SEL N/C Es 2] N/IC
CLko g6 9p P2 CLK = SEL
N/C E 12 13 14 15 7 ] N/c
P1E7 8:GND 13 14 15 16 17 18"
N/C _—y’ L N/C
. ot CLKO N/C
Table 1: Pin Descriptions
. GND
Pin# | sym | VO Name Descnptuon
DIP |PLCC
1] 1 P3 I | Program Pin 3 Program pins control frequency conversion and FSO pulse width
7114 P1 I' | Program Pin 1 in conjunction with the SEL pin as listed in Table 2.
9116 P2 I | Program Pin 2
13 |27 P4 I | Program Pin 4
2 | FSO O | Frame Sync Output | Frame synchronization output at 8 kHz. FSO is synched to CLKO and
to FSI (if FSI is provided.) Active low unless FSP = 1.
3| 6 | HFO O | High Frequency A high frequency output which can be used to clock external devices.
Output HFO outputs are determined in accordance with Table 2.
10 | CLKI | I | Clock Input Primary rate clock to be converted.
13 [ CLKO | O | Clock Output Primary rate clock derived from CLKI.
15 | GND - | Ground Ground.
10 {20 | SEL I | Mode Select Controls frequency conversion and FSO pulse width in conjunction
with Program pins 1-4, as listed in Table 2.
11 {22 | FSP I | Frame Sync Polarity | When high, causes FSI and FSO to be active high pulses.
12 |24 | FSI I | Frame Sync Input | Frame synchronization pulse (8 kHz or any subrate multiple).
Active low when FSP = 0. Active high when FSP = 1.
14 |28 | VCC 1 | Power Supply Input | +5 V power supply input.

NOTE: The following pins are not connected (N/C): DIP pin 4 and PLCC pins 3, 4, 5, 7, 8,9, 11, 12, 17, 18, 19, 21, 23, 25 and 26.
Table 2: Program Pin Functions

Mode Select SEL=0 SEL =1
P4 P3 P2 P1 CLKI CLKO HFO FSO CLKI CLKO HFO | FSO
0 0 0 0 1.544 2.048 6.144 Long (L) 2.048 3.088 L
0 0 0 1 3.088 2.048 8.192 Short (S) 2.048 3.088 L
0 0 1 0 1.544 2.048 6.144 L 2.048 1.544 L
0 0 1 1 1.544 2.048 8.192 S 2.048 1.544 L
0 1 0 0 1.544 2.560 7.680 L 2.560 1.544 L
0 1 0 1 6.176 4.096 8.192 L 8.192 3.088 L
0 1 10 1.544 2.560 7.680 L 2.560 1.544 L
0 1 1 1 6.176 2.048 8.192 S 8.192 1.544 L
1 0 00 3.088 2.048 6.144 L 2.048 3.088 L
1 0 0 1 3.088 4.096 8.192 L 4.096 3.088 L
1 0 10 3.088 2.048 6.144 L 2.048 3.088 L
1 0 11 1.544 4.096 8.192 L 4.096 1.544 L
1 1 0 0 6.176 2.560 7.680 L 2.560 1.544 L
1 1 01 6.176 4.096 8.192 L 8.192 3.088 L
1 1 10 6.176 2.560 7.680 L 2.560 1.544 L
1 1 1 1 6.176 4.096 8.192 L 8.192 1.544 L
LEVEL
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LXP610 Low Jitter Muiti-Rate Clock Adapter

Table 3: Operating Conditions/Characteristics

Parameter Symbol Min | Typ | Max | Units Test Conditions
Supply voltage Vee 4.75 5.0 525 v
Supply current | A - - 8 mA No TTL loading
L. - - 14 mA Full TTL loading
Operating temperature Tep -40 - 85 °C

! Transient currents of up to 100 mA will not cause SCR latch-up.

Table 4: Digital Characteristics

Parameter Symbol Min Max Units
Input low voltage Vo - 0.8 A\
Input high voltage Vi 2.0 - \"
Output low voltage (I,, =+ 1.6 mA) Vou - 0.4 \'
Output low voltage (I, <+ 10 pA) Vou - 02 v
Output high voltage (I, = - 0.4 mA) Vou 24 - v
Output high voltage (I, <- 10 pA) Vou 45 - \'
Input leakage current L. -10 10 HA
Table 5: Timing Values (see Figure 2)
Parameter Symbol Min Max Units
Capture range on CLKI - +10000 - ppm
Lock range on CLKI - +10000 - ppm
Input clock duty cycle —_— 35 65 %
Rise/fall time on CLKI, FSI Tef - 40 ns
Rise/fall time on CLKO, FSO, HFO with a 25 pF load Tef - 40 ns
Figure 2: Rise and Fall Times
Trf Trf
|
VHVOH — Hf = = = = = = — — /_
VILVOL A= ———-—— = — -
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LXP610 Low Jitter Multi-Rate Clock Adapter

Table 6: Timing Values (see Figures 3 through 7)

Parameter Symbol Min Typ Max Units
FSI setup time from CLKI rising Toui 46 - - ns
FSI/CKLI hold time Thi 30 - - ns
FSI pulse width _Twi 76 - TCLKI! ns
CLKO delay from CLKI TdC -15 0 +15 ns
CLKO duty cycle . Cdc 49 - 51 %
FSO delay from HFO TdF- -5 - 30 ns
FSO pulse width Two - - TCLKO? ns
CLKO delay from HFO TdH . -15 - 15 ns

!'TCLKlI s the period of CLKI.
2TCLKO is the period of CLKO.

Figure 3: Timing Relationships - FSI/ CLKI to CLKO / FSO and HFO
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LXP610 Low Jitter Multi-Rate Clock Adapter

Figure 4: Output Frame Sync Alignment when HFO = 2 x CLKO -
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Figure 6: Output Frame Sync Alignment when HFO = 4 x CLKO
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Figure 7: Output Frame Sync Alignment when HFO = 5 x CLKO
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LXP610 Low Jitter Multi-Rate Clock Adapter

Functional Description

The CLAD converts an input clock (CLKI) at a particular
frequency to an output clock (CLKO) at a different fre-
quency. It also produces a frame sync output (FSO) and a
high frequency output clock (HFO). The HFO frequency is
a multiple (2x, 3x, 4x, or 5x) of CLKO. The specific
frequencies are determined by the Mode Select (SEL) and
Program (P1 - P4) inputs. Table 7 lists the CLKO and HFO
frequencies available with a given input CLKI. (Table 2,

page 2, lists the same data, keyed to Program Pin settings.)

Figures 4 through 7 show output frame sync alignments.

CLKO is always frequency-locked to CLKI. When a frame
sync input (FSI) is supplied, CLKI and CLKO are also phase-
locked. The CLAD accepts FSI pulses at 8 kHz, or at any
sub-rate multiple (ie., 1, 2 or4 kHz). The frame sync output
(FSO) pulse is synchronized to the FSI pulse.

“When an 8 kHz FSI is first asserted, the CLKI and CLKO

rising edges will be aligned within a maximum of 500 ms.
For other FSI rates, the alignment period is correspondingly
lengthened. For example, at 4 kHz, the FSI/FSO-alignment
is completed within a maximum of one second.

If an input frame sync pulse is not provided, the FSI pin
should be tied high or low. CLKO and FSO are still
generated with the CLKO frequency locked to CLKIL

Table 7: Input to Output Frequency Conversion Options

CLKI CLKO HFO FSO P4 P3 P2 P1 SEL
1.544 2.048 6.144 | Long (L) 0 0 X 0 0
1.544 2.048 8.192 | Short (S) 0o 0 1 1 0
1.544 2.560 7.680 L 0 1 X 0 0
1.544 4.096 8.192 L 1 0 1 1 0
2.048 1.544 6.176 L 0 0 1 X 1
2.048 3.088 6.176 L 0 0 0 X 1
2.048 3.088 6.176 L 1 0 X 0 1
2.560 1.544 7.720 'L X 1 X 0 1
3.088 2.048 6.144 L 1 0 X 0 0
3.088 2.048 8.192 S 0 0 0 1 0
3.088 4.096 8.192 L 1 0 0 1 0
4.096 1.544 6.176 L 1 0 1 1 1
4.096 3.088 6.176 L 1 0 0 1 1
6.176 2.048 8.192 S 0o 1 1 1 0
6.176 2.560 7.680 L 1 1 X 0 0
6.176 4.096 8.192 L 0 1 0 1 0
6.176 4.096 8.192 L 11 X 1 0
8.192 1.544 6.176 L X 1 1 1 1
8.192 3.088 6.176 L X 1 0 1 1
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LXP610 Low Jitter Multi-Rate Clock Adapter

Output Jitter

Refer to Table 8. The CLAD output jitter meets the follow-
ing specifications:

* 2.048 MHz 0r4.096 MHz to0 1.544 MHz: In this mode
of operation, the CLAD meets the output jitter require-
ments of AT&T Publication 62411. When there is no
jitter on input clock CLKI, the maximum jitter on
CLKOis 0.020 Ul pp with no bandlimiting, 0.010 Ul in
the 10 Hz - 40 kHz band, and 0.012 Ul in the 8 - 40 kHz
band.

* 1.544 MHz t0 2.048 MHz or 4.096 MHz: In this mode
of operation when there is no jitter on input clock CLKI,
the maximum jitter on CLKO is 0.035 UI pp over the
range of 20 Hz to 100 kHz, and 0.025 UP pp in the 18-
100 kHz band.

Table 8: Output Jitter Specifications

Jitter Transfer

The CLAD is sensitive to jitter on the input clock in certain
frequency bands. The jitter transfer curve is determined by
the frequency and amplitude of the input jitter. Figures 8 and
9 show nominal jitter transfer measured in nanoseconds.
These figures graph output jitter (Iess intrinsic jitter) divided
by input jitter (0.25 UI). Jitter transfer from a 2.048 MHz
CLKI to a 1.544 MHz CLKO is shown in Figure 8. 1In this
mode, jitter in the critical 8 kHz band is attenuated while
jitter in the 18 - 70 kHz band is transferred with a small net
gain. Jitter transfer froma 1.544 MHz CLKI to a2.048 MHz
CLKO is shown in Figure 9. In both modes, with an input
jitter level of 0.25 UL, jitter transfer is held below a net gain
of 1.110. (Jitter transfer varies with the input jitter level.
Performance in a particular application should be verified in
the actual circuit.)

Parameter Sym| Frequency |Spec'| Typ?| Max | Units Test Conditions
Output Jitter on CLKO No Bandlimiting | 0.050 | 0.010 | 0.020 | UI pp | CLKI =2.048 or 4.096 MHz
CLKO = 1.544 MHz Tji | 10 Hz to 40 kHz |0.025 | 0.005 | 0.010 | Ulpp | JI=0

8 kHz to 40 kHz | 0.025 | 0.006 | 0.012 | Ul pp | FSI applied
Output Jitter on CLKO Tj2 | 20 Hz to 100 kHz | 1.500| 0.025 | 0.035 | Ul pp | CLKI = 1.544 MHz,
CLKO =2.048 MHz =0

18 kHz to 100 kHz| 0.200 | 0.015 | 0.025 | Ul pp | FSI applied

1 Specifications from AT&T Publication 62411 and CCITT Recommendations G.823 (for 1.544 MHz and 2.048 MHz, respectively).
2 Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing.
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LXP610 Low Jitter Multi-Rate Clock Adapter

Figure 8: Nominal Jitter Transfer - 2.048 MHz CLKI to 1.544 MHz CLKO (Input Jitter = 0.25 Ul)
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Figure 9: Nominal Jitter Transfer - 1.544 MHz CLKI to 2.048 MHz CLKO (Input Jitter = 0.25 Ul)
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LXP610 Low Jitter Multi-Rate Clock Adapter

Application and Design Considerations
Frame Sync Generation

A frame sync pulse is required to synchronize the input and
output clocks. If a frame sync pulse is not provided on the
backplane, one can be generated from the existing 2.048
- MHz backplane clock. A typical FSI generation circuit is
shown in Figure 10.

Power Supply Decoupling and Filtering

The LXP610 CLAD is designed to meet AT&T Publication
62411 specifications for jitter in the range from 10 Hz to
100 kHz. Proper power supply decoupling is critical for
meeting these specifications. As shown in Figure 11, a
standard 0.1uF bypass capacitor is recommended.

The CLAD is amonolithicsilicondevice whichincorporates

both analog and digital circuits. CLAD application circuit

design may require closer attention to power supply filtering
" and bypassing than required for strictly digital devices.

Figure 10 Frame Sync (FSI) Generation Circuit

Switching power supplies which operate below 100 kHz
may produce noise spikes which can affect the analog
sections of the CLAD. These spikes should be filtered with
an RC network at the CLAD VCC pin.

Typical Application

Figure 11 shows a typical application circuit using a pair of
LXP610 CLADs to convert between the 2.56 MHz
backplane frequency and the 1.544 MHz T1 rate. The
CLAD atthe top of the figure provides the 1.544 MHz TCLK
for the T1 framer and transceiver. For conversion from 2.56
MHz to 1.544 MHz, P1, P2, and P4 are tied low; and P1 and
SEL are tied high. In this configuration, the LXP610 HFO
is 7.720 MHz.

The CLAD at the bottom of Figure 11 produces the
2.56 MHz backplane clock. For conversion from
1.544 MHzt02.56 MHz, P1,P2,P3 and P4 are tied high; and
SEL is tied low. The HFO produced in this configuration is
7.680 MHz.
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LXP610 Low Jitter Multi-Rate Clock Adapter

Figure 11: Typical Application Circuit
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Standard Product
August 1992

LXP2175
T1/E1 Elastic Store

The LXP2175 is one of a family of Level One Primary Rate  * Drop-in replacement for the DS2175
Interface solutions. It is compatible with LXT30x series

transceivers, and LXP2180A/2181A framer/formatters. ~ * Rate buffer for TI/E1 transmissions
The LXP2175 is a low-power CMOS elastic-store memory
optimized for use in primary rate telecommunications trans-
mission equipment. '

* Synchronizes loop-timed and system-timed T1/E1 data
streams

1 for 1.544 to 2.048 MHz rate i
Compatible with North American T1 (1.544 MHz) and 0% for 1.544 1020 z rafe conversion

EuropeanE1(2.048 MHz) primary rate networks, the device
serves as a synchronous element between asynchronous data
streams. The LXP2175 has several flexible operating modes + Easily monitored two-frame buffer depth
which eliminate support logic and hardware otherwise re-

quired to interconnect parallel or serial TDM backplanes. « Comprehensive on-chip slip control logic
The LXP2175 is a drop-in replacement for the DS2175.

Supports parallel and serial backplanes

« Slips occur only on frame boundaries

Outputs report slip occurrences and direction

. Digital Trunks

e Drop and Insert Equipment Align feature allows buffer to be recentered at any time

. Digital Cross-connects (DACS)

* Compatible with Level One LXP2180A and
. PABX-to-computer interfaces such as DMI and CPL LXP2181A framer/formatters

Available in 16-pin DIP and SOP
. Private Network Equipment

RSER - > SSER
>| PcMm
BUFFER sysTeM | SYSCLK
RCLK > CONTROLLER[® SFSYNC
RECEIVE < S
RMSYNC »| CONTROLLER
ﬁ > SMSYNC
RCLKSEL - SOHOLK
SLIP
roaic SCLKSEL
= > FSD
ALN FsD
- S0P
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LXP2175 T1/E1 Elastic Store

RCLKSEL & ]u'lé 0 vDD
RCLK O 2 15 0 SYSCLK
RSER O 3 14 O - SSER
RMSYNC [ 4 13 g SMSYNC
FSD O] 5 12 SFSYNC
SUP CJ6 11 SCHCLK
AIN 07 1w0pQ sP
vss 08 9 QP SCLKSEL
Pin Descriptions
Pin Sym | VO Name Description
1 | RCLKSEL| I Receive Clock Tie to VSS for 1.544 MHz applications, to VDD for 2.048 MHz.
Select
2| RCLK | I | ReceiveClock | Primary 1.544 MHz or 2.048 MHz data clock.
3 RSER | I | Receive Serial Sampled on falling edge of RCLK.
Data
4 | RMSYNC| I | Receive Multi- Rising edge establishes receive side frame and multiframe boundaries.
frame Sync / )
5 FSD (0] Frame Slip State indicates direction of last slip; latched on slip occurrence.
Direction
6 SLIP (0] Frame Slip Active low, open collector output. Held low for 65 SYSCLK cycles when
: a slip occurs.
7 ALN I Align Recenters buffer on next system side frame boundary when forced low.
8 VSS - | Signal Ground 0.0 volt ground return.
9 | SCLKSEL| I System Clock Tie to VSS for 1.544 MHz applications, to VDD for 2.048 MHz.
Select
10 S/P I Serigl Parallel Tie to VSS for parallel backplane applications, to VDD for serial.
elect
11 | SCHCLK | O | System Channel | Transitions high on channel boundaries; useful for serial to parallel
Clock conversion of channel data.
12| SFSYNC | T | SystemFrame | Rising edge establishes system side frame boundaries.
Sync
13 | SMSYNC| O | SystemMulti- | Siip-compensated multiframe output. Used with RMSYNC to monitor
frame Sync depth of store in real time.
14 SSER o System Serial Updated on rising edge of SYSCLK.
Data
15| SYSCLK [ T | System Clock 1.544 or 2.048 MHz data clock.
16 VDD 1| Positive Supply | 5 volt power supply input.
fLLEVEL
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LXP2175 T1/E1 Elastic Store

PCM Buffer

The LXP2175 utilizes a two-frame buffer to synchronize
incoming PCM data to the system backplane clock. Buffer
depth is mode dependent: 2.048 MHz to 2.048 MHz appli-
cations use 64 bytes of buffer memory; all other modes are
supported by 48 bytes. The buffer samples data at RSER on
the falling edge of RCLK. Output data appears at SSER and
is updated on the rising edge of SYSCLK. The buffer depth
is constantly monitored by on-board contention logic. A
"slip" occurs when the buffer is completely emptied or filled.
Slips automatically recenter the buffer to a one-frame depth
and always occur on frame boundaries.

Data Format

Data is presented to, and output from, the elastic store in a
"framed" format. A rising edge at RMSYNC establishes
receive side frame boundaries (see Figures 2 and 3). Arising
edge at SFSYNC establishes system side multiframe
boundaries (see Figures 4 and 5). North American (T1)
frames contain 24 data channels of 8 bits each and an F-bit
(193 bits total). European (E1) frames contain 32 data
channels (256 bits). The frame rate of bothsystems is 8 KHz.
RMSYNC and SFSYNC do not require a pulse at every
frame boundary. If desired, they may be pulsed once to
establish frame alignment. Internal counters will then main-
tain the frame alignment and may be reinforced by the next
rising edge at RMSYNC and/or SFSYNC.

Slip Correction Capability

The two-frame buffer depth is adequate for T1 and E1
applications where short-term jitter synchronization, rather
than correction of significant frequency differences, is re-
quired. The LXP2175 provides a balance between total
+ delay (less than 250 ms at its full depth) and slip correction
capability.

Buffer Recentering
Many applications require that the buffer be recentered
during system power-up and/or initialization. Forcing ALN

low recenters the buffer on the nextrising edge of SFSYNC.
A slip will occur during this recentering if the buffer depth

' $1LEVEL
DONE ®

is adjusted. Ifthe depth is presently optimum, no adjustment
(slip) occurs.

Slip Reporting

SLIP is held low for 65 SYSCLK cycles when a slip occurs.
SLIP is an active-low, open-collector output. FSD indicates
slip direction. When low (buffer empty), a frame of data was
repeated at SSER during the previous slip. When high
(buffer full), a frame of data was deleted. FSD is updated at
every slip occurrence.

Buffer Depth Monitoring

SMSYNC is a system side output pulse which indicates
system side multiframe boundaries. The distance between
rising edges at RMSYNC and SMSYNC indicates the cur-
rent buffer depth. Slip direction and/or an impending slip
condition may be determined by monitoring RMSYNC and
SMSYNC real time. SMSYNC s held high for 65 SYSCLK
cycles.

Clock Select

Receive and system side clock frequencies are independ-
ently selectable by inputs RCLKSEL and SCLKSEL. 1.544
MHz is selected when RCLKSEL (SCLKSEL)=0; and
2.048 MHz is selected when RCLKSEL (SCLKSEL)=1.1In
1.544 MHz (receive) to 1.544 MHz (system) applications,
the F-bit is passed through the receive buffer and presented
at SSER immediately after arising edge on SESYNC. The F-
bit is forced to 1 in 2.048 MHz to 1.544 MHz applications.
No F-bit position exists in 2.048 MHz system side applica-
tions.

Parallel Compatibility

The LXP2175 is compatible with parallel and serial
backplanes. In serial applications (S/P = 1), channel 1 data
appears at SSER after arising edge at SFESYNC. In parallel
applications (S/P = 0), the device utilizes a look-ahead cir-
cuit. Datais output 8 clocks earlier as shown in Figures 4 and
5, allowing a user to parallel convert data externally, using
an HC595 shift register.
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LXP2175 T1/E1 Elastic Store

Figure 2: Receive Side Timing (RCLK = 1.544 MHz)

e ] UL UUTUIUUY

RMSYNC l-\

|<—Channel 24 ‘i I‘ Channel 1———>|

Figure 3: Receive Side Timing (RCLK = 2.048 MHz)

RMSYNC | AN

Note 1 |-‘—Channel 32 *}‘ Channel 1———————'

! All channel data is passed through the elastic store in 2.048 MHz system side applications (SCLKSEL = 1); Data in channels > 24 is ignored in 1.544
MHz system side applications (SCLKSEL = 0).

Figure 4: System Multiframe Boundary Timing (SYSCLK = 1.544 MHz)

sse | LU UL U LU UL UUUU U

SFSYNC |-\

SMSYNC |

SCHCLK | [

SP=0 7 /
: Note1) l‘———Channel 1 + Channel 2—>|

! In 1.544 MHz receive side applications (RCLKSEL = 0), the F-bit position contains F-bit data extracted from the data stream at RSER. The F-bit

position is forced to "1" in 2.048 MHz receive side applications (RCLKSEL = 1).
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LXP2175 T1/E1 Elastic Store

Figure 5: System Multiframe Boundary Timing (SYSCLK = 2.048 MHz)
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1 All channel data is passed through the elastic store in 2.048 MHz system side applications (SCLKSEL = 1); Data in channels > 24 is ignored in 1.544
MHz system side applications (SCLKSEL = 0).

Abso".‘te Maximum Ratings* * Voltage on any pin relative to ground -1.0Vto+7V

* Exceeding gncse Val“;S may C:IUSC ) « Operating temperature (2175SC and NC) 0 °C (min) to 70 °C (max)
permanent damage. Functional operation o . o
under these conditions is not implied. (2175SE and NE) -40°C (mfn) to 85 °C (max)
Exposure to absolute maximum rating * ¢ Storage temperature -55 °C (min) to 125 °C (max)
conditions for extended periods may « Soldering temperature 260 °C for 10 seconds

affect device reliability.

Recommended Operating Conditions (Voltages are with respect to ground (VSS) unless otherwise stated)

Parameter Sym Min Typ' Max Units
Logic 1 Vi 2.0 - Vot 3 v
Logic 0 \a -03 - +0.8 \
Supply voltage Voo 4.5 5 ) 5.5 v

DC Electrical Characteristics - Clocked operation over recommended temperature and power supply ranges

Parameter Sym Min | Typ' Max Units Test Conditions
Input capacitance Cn - - 5 pF
Output capacitance Cour - - 7 pF
Supply current I, - 6 - mA See Notes 2 and 3
Input leakage I -1.0 - +1.0 A
Output high current | -1.0 - - mA | V., =24V, See Note 4
Output low current I, +4.0 - - mA Vo =04V, See Note 5

! Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.
2 SYSCLK =RCLK = 1.544 MHz

3 Qutputs Open

4 All outputs except SLIP, which is open collector.

* All outputs.
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LXP2175 T1/E1 Elastic Store

A.C. Electrical Characteristics

SR

Parameter Sym Min Max Units

RCLK Period trerk 200 - ns
RCLK, SYSCLK Rise and Fall te b - 20 ns
RCLK Pulse Width tawis, trwe 100 - ns
SYSCLK Pulse Width town tswe 100 - ns
SYSCLK Period tsck 200 - ns
RMSYNC Setup to RCLK Rising tsc ‘tkw:yz +tkw[/2 ns
SFSYNC Setup to SYSCLK Rising tec -tsW2 +tsw,/2 ns
RMSYNC, SFSYNC, ALN Pulse Width tow 100 ns
RSER Setup to RCLK Falling ton 50 ns
RSER Hold from RCLK Falling [ 50 ns
Propagation Delay SYSCLK to SSER, tovp - 75 ns
or RCLK to RSER

Propagation Delay SYSCLK to SMSYNC High toss - 75 ns
Propagation Delay SYSCLK or RCLK to ths - 100 ns
SLIP Low, FSD low/high

ALN Setup to SFSYNC Rising t 500 - ns

2-162
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LXP2175 T1/E1 Elastic Store

Figure 6: Receive A.C. Timing Diagram
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Figure 7: System A.C. Timing Diagram
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Notes:
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Standard Product
August 1992

LXP2176
T1 Receive Buffer

The LXP2176 is one of a family of Level One T1 interface
solutions and is compatible with the LXT300/301 Trans-
ceiver, the LXP2180A Framer/Formatter, and the LXP600/
601 Clock Rate Adapter. The LXP2176 is a low-power
CMOS device specifically designed for synchronizing re-
ceive side loop-timed T-carrier data streams with system
side timing. The device has several flexible operating
modes which simplify interfacing incoming data to parallel
and serial TDM backplanes. The device extracts, buffers
and integrates ABCD signaling; signaling updates are pro-
hibited during alarm or slip conditions. The buffer replaces
extensive hardware in existing applications with one inte-
grated chip. The LXP2176 is a fully pin-compatible drop-
in replacement for the DS2176.

* Drop-in replacement for the DS2176

» Synchronizesloop-timed and system timed T1 data streams

» Two-frame buffer depth; slips occur on frame boundaries

 Output indicates when slip occurs

* Buffer may be recentered externally

* Ideal for 1.544 to 2.048 MHz rate conversion
« Interfaces to parallel or serial backplanes

« Extracts and buffers robbed-bit signaling

« Inhibits signaling updates during alarm or slip conditions

* Integration feature "debounces" signaling

. Digital Trunks
. Drop and Insert Equipment

« Slip-compensated outputindicates when signaling updates
. Transcoders occur
. Digital Cross-connects (DACS)

. Private Network Equipment

L]
. PABX-to-computer interfaces such as DMI and CPIL.

* Compatible with LXP2180A T1 framer/formatter

* Choice of 24-pin DIP or 28-pin PLCC (surface mount)

» SSER
RSER PCM SYSCLK
RCLK RECEIVE —-> < CONTROLLER = SBIT8
RMSYNC —{CONTROLLER - o
13 ‘—I b | T——» smsyne
SLIP - ————> sLIP » SCHCLK
AN — = Lodc g SCLKSEL
FMS >
SIGNALING[® SIGFRZ
g o
smo BUFFER >
SM1 > — B
SIGH - -
= D
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LXP2176 T1 Receive Buffer

24-Pin DIP 28-Pin PLCC
SiGH of1 ~24p VDD g By
RMSYNC 2 23|31 SCLKSEL é S2Ba3 ?
RCLK O3 22 SYSCLK CeEmS Ao
RSER a4 21 SSER
A Qs 20p SuP Al 2728 1SSER
B Qo 19p SBIT8 Bl stp
C g7 18 SMSYNC el SBITs
D s 17[ SIGFRZ nic ] IN/C
SCHCLK o 160 SFSYNC cf IN/C
SMO M0 15p AN i SMSYNC
SMI Hu1 uap FMS scHeLk 1SIGFRZ
VSS iz 13p SP N
T w (2] e
_ 5820 zRS
Pin Descriptions &
Pin L
Sym | I/O Name Description
DIP |PLCC :
1 1 SIGH I | Signaling Inhibit | When low, ABCD signaling updates are disabled for a period
determined by SMO and SM1, or until returned high.
RMSYNC/| I | Receive Multi- Must be pulsed high at multiframe boundaries to establish frame
2 2 frame Sync and multiframe alignment.
3 3 RCLK I Receive Clock Primary 1.544 MHz clock.
4 4 RSER I Receive Serial Sampled on falling edge of RCLK.
Data
5|5 A 0 | RBSOutputs | Robbed-Bit Signaling Outputs
6| 6 B
7109 C
8| 10 D
9 | 11 SCHCLK | I | System Channel | Transitions high on channel boundaries; useful for serial-to-
Clock parallel conversion of channel data.
10 | 12 SMO O | Signaling Modes | Select signaling supervision technique.
11| 13 SM1 Oand1
12| 14 VSS - | Signal Ground Signal Ground. 0.0 volts.
13 ] 15 S/P I Serial Parallel Tie to VSS for parallel backplane applications, to VDD for serial.
Select
14 | 16 FMS I Frame Mode Tie to VSS to select 193S (D4) framing,
Select to VDD for 193E (extended).
15| 17 ALN I Align Recenters buffer on next system side frame boundary when forced
low.
16 | 18 SFSYNC | 1 System Frame Rising edge establishes start of frame.
Sync
[LEVEL
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LXP2176 T1 Receive Buffer

Pin Descriptions continued

Pin Sym vo Name Description
DIP |PLCC
17 19 | SIGFRZ | O Signaling When high, indicates signaling updates have been disabled internally
Freeze via a slip or externally by forcing SIGH low.
18 | 20 | SMSYNC | O | System Multi- Slip-compensated multiframe output; indicates when signaling up-
frame Sync dates are made.
19 | 23 SBIT8 I | SystemBit8 High during the LSB time of each channel.
Used to reinsert extracted signaling into outgoing data stream.
20 | 24 SLIP ¢} Frame Slip Active low, open collector output. Held low for 64 SCLK cycles
when a slip occurs.
21 | 25 SSER O | System Serial Updated on rising edge of SYSCLK.
Output
22 { 26 | SYSCLK | I | System Clock 1.544 or 2.048 MHz data clock.
23 27 {SCLKSEL| I | System Clock Tie to VSS for 1.544 MHz applications, to VDD for 2.048 MHz.
Select
24 28 VDD I | Positive Supply | 45 Volt power supply input.

Figure 2: Receive Side Timing
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LXP2176 T1 Receive Buffer

OVERVIEW

The LXP2176 performs two primary functions:
1) Synchronization of received T1 PCM data (looped
timed) to host backplane frequencies
2) Supervision of robbed-bit signalling data embed-
ded in the data stream.

. The buffer, while optimized for use with the LXP2180A T1
Framer/formatter, is also compatible with other framers and
transceivers. The LXP2180A data sheet should serve as a
valuable reference when designing with the LXP2176.

DATA SYNCHRONIZATION
PCM Buffer

The LXP2176 utilizes a two-frame buffer (386 bits) to
synchronize incoming PCM data to the system backplane
clock. The buffer samples data at RSER on the falling edge
of RCLK. Output data appears at SSER and is updated on the
rising edge of SYSCLK. A rising edge at RMSYNC estab-
lishes receive side frame and multiframe alignment as
shown in Figure 2. A rising edge at SFSYNC establishes
system side frame alignment. The buffer depth is constantly
monitored by on-board contention logic, a "slip" occurs
when the buffer is completely emptied or filled. Slips auto-
matically recenter the buffer to a one-frame depth and
always occur on frame boundaries.

Slip Correction Capability

The two-frame buffer depth is adequate for most T-carrier
applications where short-term jitter synchronization, rather
than correction of significant frequency differences, is re-
quired. The LXP2176 provides a balance between total
delay and slip correction capability.

Buffer Recentering

SLIP is held low for 65 SYSCLK cycles when a slip occurs.
SLIP is an active-low, open-collector output.

Buffer Depth Monitoring

SMSYNC is a system side output pulse which indicates
system side multiframe boundaries. The distance between
rising edges at RMSYNC and SMSYNC indicates the cur-
rent buffer depth. Slip direction and/or an impending slip
condition may be determined by monitoring RMSYNC and
SMSYNC in real time. SMSYNC is held high for 65
SYSCLK cycles.

Clock Select
The LXP2176 is compatible with two common backplane

frequencies: 1.544 MHz, selected when SCLKSEL=0; and
2.048 MHz, sclected when SCLKSEL= 1. In 1.544 MHz

Figure 3: System Multiframe Boundary Timing (SYSCLK = 1.544 MHz)
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LXP2176 T1 Receive Buffer

applications the F-bit is passed through the receive buffer ~ In2.048 MHz applications (SCLKSEL=1), the PCM buffer
and presented at SSER immediately after a rising edge on  control logic establishes slip criteria different from that used
SFSYNC. The F-bit is dropped in 2.048 MHz applications  in 1.544 MHz applications to compensate for the faster
and the MSB of channel 1 appears at SSER one bit period  system-side read frequency.

after a rising edge at SFSYNC. SSER is forced to 1 in all

channels greater than 24. See Figures 3 and 4.

Figure 4: System Multiframe Boundary Timing (SYSCLK = 2.048 MHz)
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SCHCLK
SBIT8 L
(3?5?) Forced to 1 in Channels 25 thru 32 G XXX X X Kese)
|=———Channel i————=]
SSER
(8/P=0) Channel 1 >!< Channel 2
A,B,CD Forced to 1 in Channels 25 thru 32 \< Channel 1 )(

Figure 5: 193S System Multiframe Timing

Frame # '12'1|2|3|4|5|6|7|8|9|10|11|12|1|2‘3|4l5|6|7|B|9|10|11|12|1I

srswe LTI LT U It
SMSYNC I——I I—l ﬂ_

Figure 6: 193E System Multiframe Timing

Framo# 24| 1l2]3la)sle|7]elolto]11]12]13]14]15]16] 17| 18] 19]20]21]22]23]24] 1 |
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LXP2176 T1 Receive Buffer

Parallel Compatibility

The LXP2176 is compatible with parallel and serial
backplanes. Channel 1 data appears at SSER after a rising
edge at SFSYNC as shown in Figures 3 and 4 (serial
applications, S/P = 1). The device utilizes a look-ahead
circuit in parallel applications (S/P = 0). Data is output 8
clocks earlier, allowing a user to parallel convert data
externally.

SIGNALING SUPERVISION
Extraction

Indigital channel banks, robbed bit signaling data is inserted
into the LSB of each channel during signaling frames. - In
193S framing (FMS = 0) applications, A signaling data is
inserted into frame 6 and B signaling data is inserted into
frame 12. 193E framing (FMS = 1) includes two additional
signaling bits: C signaling data is inserted into frame 18 and
D signaling data is inserted into frame 24. This embedded

Table 2: Signaling Supervision Modes

signaling data is synchronized to system side timing (via the
PCM buffer) before being extracted and presented at outputs
A, B, C, and D. Outputs A, B, C and D are valid for each
individual channel time and are repeated per channel for all
frames of the multiframe. In 193S applications, outputs C
and D contain the previous multiframe's A and B data.
Signaling updates occur once per multiframe, at the rising
edge of SMSYNC unless prohibited by a freeze.

Freeze

The signaling buffer allows the LXP2176 to "freeze" (pre-
vent update of) signaling information during alarm or slip
conditions. A slip condition or forcing SIGH low freezes
signaling; duration of the freeze is dependent on SMO and
SM1. Updates will be unconditionally prohibited when
SIGH is held low. During freezing conditions "old" data is
recirculated in the outputregisters and appears at A,B,C and
D. SIGFRZ is held high during the freeze condition, and
returns low on the next signaling update. Input to output
delay of signaling data is equal to one multiframe (the depth

SMo SM1 FMS Selected Mode
0 0 0 193S framing, no integration, 1 multiframe freeze.
0 0 1 193E framing, no integration, 1 multiframe freeze.
0 1 0 1938 framing, 2 multiframes integration and freeze.
0 1 1 193E framing, 2 multiframes integration and freeze.
1 0 0! 193S framing, 5 multiframes integration, 2 multiframes freeze.
1 0 1 193E framing, 3 multiframes integration, 2 multiframes freeze.
1 1 0 Test mode.
1 1 1 Test mode.

! During slip or alarm conditions, integration is limited to 2 multiframes to minimize signaling delay.

Figure 7: Slip and Signaling Supervision Logic Timing
swsyve | [ L [0 [ Q0 I
_lf

SiGH I

SLIP

| I—
ALN |

SIGFRZ [ | I I I |

(Notes 1& 2)

! Integration feature disabled (SMO = SM1 = 0) in timing shown.
2 Depending on present buffer depth, forcing ALN low may or may not cause a slip condition.
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LXP2176 T1 Receive Buffer

of the signaling buffer) + the current depth of the PCM buffer
(1 frame + approximately 1 frame).

Integration

Signaling integration is another feature of the LXP2176.
When selected, it minimizes the impact of random noise hits
on the span and resultant robbed-bit signaling corruption.
Integration requires that per-channel signaling databe in the
same state for two or more multiframes before appearing at
A, B, C,and D. SMO and SM1 are used to select the degree
of integration or to bypass the feature totally. Integration is
limited to two multiframes during slip or alarm conditions to
minimize update delay.

Clear Channel Considerations

The LXP2176 does not merge the "processed" signaling
information with outgoing PCM data at SSER. This assures
integrity of data in clear channel applications. SBIT8
indicates the LSB position of eachchannel. When combined
with off-chip support logic, it allows the user to selectively
insert robbed-bit signaling data into the outgoing data
stream.

LXP2176/LXP2180A System Application

Figure 8 shows how the LXP2180A T1 Framer/Formatter
and the LXP2176 Receive Buffer interconnect in a typical
application.

Figure 8: Serial 1.544 MHz Backplane Interface Application

Toe Transmit SIGNALING
TPOS TPOS  TSIGSEL Backplane
= TNEG TNEG  TSIGFR =1 Interface ==
aPOS TCHCLK
N - RPOS  TABCD
RNEG = ANEG TSER
VDD ™O
LXT300 sps  TFSYNC %
ROLK RLCLK VDD 3— S
RLCLK  RMSYNC = RMSYNG siP 1
TLCLK RSER | RSER A = m
RLINK RFER —{ smo B <
= TLINK RLOS SIGH c > ©
TMSYNC ‘> &— sMm1 SSEg i
TEST NT — s )
vss INT SLP  SYSCLK |=@ N
RST |t SFSYNC [ T
SDI |t =] FMS =
. SCLK |t | ALN
= cs &— SCLKSEL <
sDO &—] vss  smsyne -
-4 -
LXP2180A ’ e LXP2176
Al ) ‘ /
Data Link ” Host
Supervision 1 Controller
{8
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LXP2176 T1 Receive Buffer

Absolute Maximum Ratings*

* Exceeding these values may * Voltage on any pin relative to ground -1.0V to +7V
;ause.per;lnanem qmnagg. « Operating temperature -40 °C (min) to 85 °C (max)
‘ mf::::(:::xdi?iﬂ:‘sa;o:ol:.n er . Storagf: temperature -55 °C (min) to 125 °C (max)
implied. Exposure to * Soldering temperature 260 °C for 10 seconds
absolute maximum rating
conditions for extended
periods may affect device
reliability.

Recommended Operating Conditions (voltages are with respect to ground (GND) unless otherwise stated)

Parameter Sym Min Typ' Max | Units Test Conditions

Logic 1 Vi 20 - Vpt3| V
Logic0 \'A -0.3 - +0.8 A%

Supply voltage Voo 4.5 5 55 A\

Capacitance

Input capacitance Cwn - - 5 pF

Output capacitance Cour - - 7 pF

DC Electrical Characteristics - Clocked operation over recommended temperature and power supply ranges

Supply current Ip - 6 10 mA See Notes 2 and 3
Input leakage I -1.0 - +1.0 HA

Output high current A -1.0 - - mA Vou =24V, See Note 4
Output low current I, +4.0 - - mA Vo, =04V, See Note 5
Output leakage I, -1.0 - +1.0 pA See Note 6

! Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.
2 TCLK = RCLK = 1.544 MHz

* Outputs Open

4 All outputs except SLIP, which is open collector.

* Alloutputs.

S Applies to SLIP when tristated.

g loF_VEL
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A.C. Electrical Characteristics

Parameter Sym Min Typ' Max Units
RCLK Period teeik 250 648 ns
RCLK, SYSCLK Rise and Fall te b - 20 ns
RCLK Pulse Width | —— 125 324 ns
SYSCLK Pulse Width town, tswr 100 244 ns
SYSCLK Period bk 200 488 ns
RMSYNC Setup to RCLK Rising tec ) ey ns
SFSYNC Setup to SYSCLK Rising tse ) oo ns
RMSYNC, SFSYNC, SIGH, ALN tow 100 ns
Pulse Width
RSER Setup to RCLK Falling ty 50 ‘ ns
RSER Hold from RCLK Falling ' tep 50 ns
Propagation Delay SYSCLK to SSER, tovp 100 ns
A,B,C,D
Propagation Delay SYSCLK to toss 75 ns
SMSYNC High
Propagation Delay SYSCLK or RCLK tos 100 ns
to SLIP Low
Propagation Delay SYSCLK to tose 75 ns
SIGFRZ Low/High
ALN, SIGH Setup to SFSYNC Rising te 500 ns

! Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.
2 TCLK = RCLK = 1.544 MHz

3 Outputs Open

4 All outputs except SLIP, which is open collector.

5 All outputs.

6 Applies to SLIP when tristated.
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Figure 9: Receive A.C. Timing Diagram
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Figure 10: System A.C. Timing Diagram
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LXP2180A
T1 ESF Framer/Formatter

The LXP2180A is one of a family of Level One T1 interface
solutions. Itis compatible with the LXT300 series transceiv-
ers and LXP600 series clock adapters. The device interfaces
tothe DS1 1.544 Mbps digital trunk. A pin compatible drop-
in replacement for the Dallas DS2180A, the LXP2180A
provides all formatting necessary for transmission on the T1
link. It supports both 193S and 193E superframe standards
and provides clear channel capability through appropriate
zero suppression and signaling modes.

The transmit framer/formatter circuits generate appropriate
framing bits, insert robbed bit signaling, supervise zero
suppression, generate alarms and provide output clocks for
data conditioning and decoding. The receive and synchro-
nizer circuits establish frame and multiframe boundaries,
extract signaling data and report alarms and signaling for-
mats. Control functions allow both stand-alone Hardware
mode operation and Host mode operation for use with a
microprocessor/microcontroller.

The LXP2180A is a monolithic CMOS device which re-
uires only a single +5V power suppl

DS1/ESF digital trunk interfaces

» Computer to PBX interfaces (DMI and CPI)
» High speed computer to computer data links
* Digital cross-connect interface

.

Standard Product
August 1992

3

Drop-in replacement for the DS2180A

.

Single chip DS1 rate framer/formatter

Supports common framing standards
- 12 frames/superframe "193S"
- 24 frames/superframe "193E"

Three zero suppression modes
- B7 stuffing

- B8ZS

- Transparent

Simple serial interface for configuration, control and
status monitoring in Host mode

Hardware mode for stand-alone applications requires no
host processor

Compatible with LXT300 series transceivers -
Selectable 0, 2, 4, 16 state robbed bit signaling modes

Allows mix of "clear" and "non-clear" DS0 channels on
same DS1 link

¢ Alarm generation and detection

» Receive error detection and counting for transmission
performance monitoring

* +5V supply, low-power CMOS technology
* Available in 40-pin plastic DIP and 44-pin PLCC

TMSYNG = TSIGSEL
TFSYNG TRANSMIT » TMO
TOLK TIMING — TCHOLK
TLCLK —& - TSIGFR
L
* F-BIT DATA DATA
TLINK & TPOS
SELECTOR _ | BIPOLAR > TNEG
TSER CODER
TABCD
INT YELLOW ALARM
SDO 4—————.'
SDI
os SERIAL . -
s CONTROL INFORMATION RECEIVE SYNC - - o
SPS INTERFACE REGISTERS CONTROLLER I RBV
AYEL - YELLOW ALARM RPOS
= ! DEGODER e
RCLK
RSER -
RABCD DATA
" RLINK = DEMULTIPLEXER GEI\‘I:EORDAEI'OR 4 CRC
RCLK
ReiGSEL RECEIVE SYNCHRONIZER = RFER
RCHCLK TIMING
AMSYNC &
RFSYNC
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LXP21 80A T1 ESF Framer/Formatter

44-Pin PLCC
X 235
Ow 5> oo
OXHdpn®Q0oW >
SPPSLEESFERR
6 5 4 3 2 1 444342 41 40
TSER [} 7 = 39 [] RNEG
T™O [ 8 38 [] RPOS
TSIGSEL [] 9 37 IRST
TSIGFR [| 10 36 [] TEST
TABCD ] 11 35 [] RSIGSEL
TLINK [ 12 34 [] RSIGFR
TLCLK [l 13 33 [] RABCD
TPOS [ 14 32 [] RMSYNC
TNEG {| 15 31 ] RFSYNC
INT | 16 30 [] RSER
sDI [ 17 29 [] RCHCLK
18 19 20 21 22 23 24 25 26 27 28

g e e ey e e e e e gy e

40-Pin DIP
TMSYNC {1 ~ 4 b VDD
TFSYNC [ 2 39 g RLOS
TCLK 13 38 @ RFER
TCHCLK O 4 37 O RBV
TSER [ 5 36 O RCL
TMO ([ 6 35 01 RNEG
TSIGSEL [ 7 34 01 RPOS
TSIGFR [] 8 33 O RST
TABCD [ ¢ 32 0 TEST
TLINK ] 10 31 [0 RSIGSEL
TICLK O 11 30 1 RSIGFR
TPOS 1 12 29 @ RABCD
TNEG [ 13 28 1 RMSYNC
INT ] 14 27 [0 RFSYNC
sDl [ 15 26 [0 RSER
SDO [ 16 25 1 RCHCLK
CsS v 24 i3 RCLK
SCLK 718 23 0 RLCLK
SPS 19 22 i RLINK
VSsS 1 20 21 0 RYEL

Table 1: Transmit Pin Descriptions

QNXVUWAIXOXXO
QQ_IQ_(/)UJZ\._I_IE

>5Z200
o Oun> o

Pin# Sym 1/0 Name Description
DIP |PLCC
1 1 | TMSYNC| I | Transmit Multi- | Transmit Multiframe Sync may be pulsed high at multiframe
frame Sync boundaries to reinforce multiframe alignment, or tied low, which
allows internal multiframe counter to free run.
2 | 2 | TFSYNC| I | Transmit Frame | Transmit Frame Sync. Rising edge identifies frame boundary. May
Sync Channel B2 | be pulsed every frame to reinforce internal frame counter, or tied low
to allow TMSYNC to establish frame/multiframe alignment.
3|4 TCLK I | Transmit Clock | 1.544 MHz primary clock.
4 | 5 | TCHCLK | O | Transmit Chaﬁnel 192 kHz clock which identifies time slot (channel) boundaries.
Clock Useful for parallel to serial conversion of channel data.
517 TSER I | Transmit Serial | NRZ data input, sampled on falling edge of TCLK.
Data
6 | 8 T™MO O | Transmit Multi- | Output of internal multiframe counter, indicates multiframe bounda-
frame Out ries. 50% duty cycle.
7 | 9 | TSIGSEL | O | Transmit Signal- | In 193E framing mode, this output is a 0.667 kHz clock which
ing Select identifies signaling frames A and C. In 193S framing, it's a 1.33 kHz
clock.
8 | 10 | TSIGFR | O | Transmit Signal- | High during signaling frames, low otherwise.
ing Frame .
9 | 11 | TABCD | I | Transmit ABCD | When enabled via TCR.4, sampled during channel LSB time in
Signaling signaling frames on falling edge of TCLK.
[CLEVEL
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LXP2180A T1 ESF Framer/Formatter

Table 1: Transmit Pin Descriptions continued

Pin# Sym |(1/O Name Description
DIP [PLCC
10 { 12 | TLINK I | Transmit Data | Sampled during F-bit time (falling edge of TCLK) of odd frames
Link for insertion into the outgoing data stream (193E-FDL insertion).
Sampled during the F-bit time of even frames for insertion into the
outgoing data (193S-External S-Bit insertion).
11 | 13 | TLCLK | O | TransmitLink | Transmit Link Clock is a 4 kHz demand clock for TLINK input.
Clock
12 | 14 TPOS (o] Transmit Transmit Bipolar Data Outputs. Updated on rising edge of TCLK.
Positive and
13 | 15 TNEG O | Negative Data

Table 2: Port Pin Description

Pin# Sym |[1/0 Name Description
DIP {PLCC
14 | 16 INT! O | Receive Alarm | In Host mode, an active low, open drain output which flags the host
Interrupt controller during alarm conditions.
15 17 Sor I Serial Data Serial port input data for on-board registers. Sampled on rising
Input edge of SCLK (Host mode).
16 | 18 SDO! 0 Serial Data Serial output of control and status information from on-board
Output registers. Updated on falling edge of SCLK, tri-stated during serial
) port write or when CS is high (Host mode).
17 | 19 [ I Chip Select Must be low to write or read the serial port registers (Host mode).
18 | 20 | SCLK! I Serial Data Used to read or write the serial port registers (Host mode).
Clock
19 | 21 SPS I Serial Port Tie to VDD to select serial port (Host mode). Tie to VSS to select
Select the Hardware mode.

1. Multifunction pins; see Hardware mode description.

Table 3: Power and Test Pin Descriptions

Pin# Sym |1/O Name Description
DIP |PLCC
20 | 22 VSS — | Signal Ground | 0.0 V signal ground.
32 | 36 TEST I Test Mode Tie to VSS for normal operation.
40 | 44 VDD — | Positive Supply | +5V power supply input.

®LEVEL
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Table 4: Receive Pin Descriptions

Pin# it
T S Sym |I/O Name Description
21 23 RYEL | O | Receive Yellow | Transitions high when yellow alarm detected, goes low when
Alarm alarm clears.
22 | 24 | RLINK | O |Receive Link Data| Updated with extracted FDL data one RCLK before start of odd
' frames (193E) and held until next update. Updated with extracted
S-bit data one RCLK before start of even frames (193S) and held
until next update.
23 26 | RLCLK | O Receive Link | 4 kHz demand clock for RLINK.
Clock
24 27 RCIK | I Receive Clock | 1.544 MHz primary clock.
25 29 | RCHCLK | O | Receive Channel | 192 kHz clock, identifies time slot (chamiel) boundaries.
Clock
26 30 RSER | O Receive Serial | Received NRZ serial data, updated on rising edge of RCLK.
Data
27 31 | RFSYNC| O Receive Frame | Extracted 8 kHz clock, one RCLK wide, indicates F-bit position
Sync in each frame.
28 32 [RMSYNC| O | Receive Multi- | Extracted multiframe sync; edge indicates start of multiframe.
frame Sync 50% duty cycle.
29 33 | RABCD | O | Receive ABCD | Extracted signaling data output, valid for each channel time in
Signaling signaling frames. In non-signaling frames, RABCD outputs the
LSB of each channel word.
30 34 | RSIGFR | O |Receive Signaling | High during signaling frames, low during re-sync and non-
Frame signaling frames.
31 35 | RSIGSEL| O | Receive Signaling | In 193E framing a .667 kHz clock which identifies signaling
Select frames A and C. A 1.33 kHz clock in 193S framing.
33 37 RST I Reset High-low transition clears all internal registers and resets receive
side counters. High-low-high transition initiates a receive resync.
34 38 RPOS I | Receive Positive | Receive Bipolar Data Inputs are sampled on the falling edge of
and Negative | RCLK. Tie together to receive NRZ data and disable bipolar
35 39 RNEG | I Inputs violation monitoring circuitry.
36 40 RCL O | Receive Carrier | Receive Carrier Loss goes high if 32 consecutive "0's" appear at
Loss RPOS and RNEG. Goes low after next "1."
37 | 41 RBV O | Receive Bipolar | Receive Bipolar Violation goes high during accused bit tie at
Violation RSER if bipolar violation detected, low otherwise.
38 42 RFER | O | Receive Frame | Receive Frame Error. High during F-bit time when FT or FS
Error errors occur (193S) or when FPS or CRC errors occur (193E).
Low during resync.
39 43 RLOS | O | Receive Loss of | RLOS indicates sync status. Goes high when internal resync is in
Sync progress, low otherwise.
l(,‘, LEVEL
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Table 5: Register Summary

Register | Address Side! Description / Function

RSR 0000 R? Receive Status Register. Reports all receive alarm conditions.

RIMR 0001 R Receive Interrupt Mask Register. Allows masking of individual alarm
generated interrupts.

BVCR 0010 R Bipolar Violation Count Register. An 8-bit presetable counter which
records individual bipolar violations.

ECR 0011 R Error Count Register. Two independent 4-bit counters which record
OOF occurrences, and individual frame bit or CRC errors.

CCR? 0100 T/R Common Control Register. Selects device operating characteristics
common to receive and transmit sides.

RCR? 0101 R Receive Control Register. Programs device operating characteristics
unique to the receive side.

TCR? 0110 T Transmit Control Register. Selects additional transmit side modes.

TIR1 0111 T Transmit Idle Registers. Designate which outgoing channels are to be

TIR2 1000 T substituted with idle code.

TIR3 1001 T

TTR1 1010 T Transmit Transparent Registers. Designate which outgoing channels

TTR2 1011 T are to be treated transparently. (No robbed bit signaling or bit 7 zero

TTR3 1100 T insertion.)

RMR1 1101 R Receive Mark Registers. Désignate which incoming channels are to be

RMR2 1110 R replaced with idle or digital milliwatt codes (under control of RCR).

.RMR3 1111 R
Notes

! Transmit or Receive side register.
2 RSR s aread-only register. All other registers are read/write.
3 Reserved bit locations in control registers should be programmed to 0 to maintain compatibility with future transceiver products.

Operating Modes Host Mode
In the Host mode, pins 14 through 18 comprise a micropro-
cessor/microcontroller compatible serial port which can be
used for device configuration, control and status monitoring.

Serial Port Interface

Pins 14 through 18 of the LXP2180A serve as a micropro-
cessor/microcontroller compatible serial port. Sixteen on-

In the Hardware mode no offboard processor is required.
Pins 14 through 18 are re-configured into "Hardwired"
selectpins. Features such as selective "clear” DSO channels,
insertion of idle code and alteration of sync algorithm are
unavailable in the Hardware mode.

#LEVEL
EONE ®

board registers allow the user to update operational charac-
teristics and monitor device status via a host controller,
minimizing hardware interfaces. Port read/write timing is
unrelated to the system transmit and receive timing, allow-
ing asynchronous reads and/or writes by the host.
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Address/Command Byte

Reading or writing the control, configuration or status reg-
isters requires writing one address/command byte (ACB)
prior to transferring register data. As shown in Figure 2, the
first bit written (LSB) of the address/command word speci-
fies register read or write. The following 4-bit nibble
identifies theregister address. The nexttwo bits arereserved
and must be set to zero for proper operation. The last bit of
the address/command word enables burst mode when set;
the burst mode causes all registers to be consecutively
written or read. Data is written to and read from the
transceiver LSB first.

Chip Select and Clock Control

All data transfers are initiated by driving the CS input low.
Inputdatais latched on the rising edge of SCLK and must be
valid during the previous low period of SCLK to prevent
momentary corruption of register data during writes. Data
is output on the falling edge of SCLK and held to the next
falling edge. All data transfers are terminated if the CS input
transitions high. Port control logic is disabled and SDO
tristated when CS is high.

Figure 2: Address/Command Byte (ACB)

Data I/O

Data I/O timing is shown in Figure 3. Following the eight
SCLK cycles that input an address/command byte to write,
adatabyte is strobed into the addressed register on the rising
edges of the next eight SCLK cycles. Following an address/
command word to read, contents of the selected register are
output on the falling edges of the next eight SCLK cycles.
The SDO pin is tri-stated during device write, and may be
tied to SDI in applications where the host processor has a
bidirectional I/0 pin.

Burst Mode

The burst mode allows all on-board registers to be consecu-
tively read or written by the host processor. A burstread is
used to poll all registers; RSR contents will be unaffected.
This feature minimizes device initialization time on power-
up or system reset. Burst mode is initiated when ACB.7 is
set and the address nibble is 0000. Burst is terminated by
low-high transition on CS.

(MSB) (LSB)
BM - - ADD3 ADD2 ADD1 ADDO R/W
Symbol Position Name And Description
BM ACB.7 Burst Mode. If set (and ACB.1 through ACB.4 = 0) burst read or write is enabled.
- ACB.6 Reserved. Must be set to 0 for proper operation.
- ACB.S Reserved. Must be set to 0 for proper operation.
ADD3 ACB.4 MSB of register address.
ADDO ACB.1 LSB of register address.
R/W ACB.0 Read/Write Select. 0 = write addressed register. 1 = read addressed register.

Figure 3: Serial Port Read/Write

=\

m

SCLK

SDI, SDO
-

mrouuuuyuuyyyyyy UL
LSS 000000000006,

A J

~
Address/Command

1. SDI sampled on rising edge of SCLK.
2. SDO updated on falling edge of SCLK.

~
Data Input/Output
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Common Control Register

The Common Control Register (CCR) is shown in Figure 4.
Loopback

Enabling loopback will typically induce an Out Of Frame
(OOF) condition. If appropriate bits are set in the receive
control register (RCR), the receiver will resync to the looped
transmit frame alignment . During the looped condition, the
transmit outputs (TPOS, TNEG) will transmitall "1's" unfra-
med. All operating modes (B8ZS, alarm, signaling, etc.)
except for blue alarm transmission are available in loopback.

Figure 4: Common Control Register

Bit Seven Stuffing

Existing systems meet ones density requirements by forcing
bit 7 of all zero channels to 1. Bit 7 stuffing is globally
enabled by asserting bit CCR.1, and may be disabled on an
individual channel basis by setting appropriate bits in TTR1
- TTR3.

B8ZS

The LXP2180A supports existing and emerging zero sup-
pression formats. Selection of B8ZS coding maintains
system ones density requirements without disturbing data
integrity as required in emerging clear channel applications.
B8ZS coding replaces eight consecutive outgoing zeros with
a B8ZS code word. Any received B8ZS code word is
replaced with all zeros.

. (MSB) (LSB)

- FRSR2 | EYELMD FM SYELMD | B8ZS B7 LPBK

Symbol Position Name And Description

- CCR.7 Reserved. Must be set to 0 for proper operation.

FRSR2 CCR.6 Function of Rec Status Register 2. 0 = Detected B8ZS code words reported
at RSR.2. 1 =Change of Frame Alignment (COFA) reported at RSR.2 when
last resync resulted in change of frame or multiframe alignment.

EYELMD CCR.5 193E Yellow Mode Select. 0 = Yellow alarm is a repeating pattern set of 00
hex and FF hex.

1 = Yellow alarm is a "0" in the bit 2 position of all channels.

FM CCRA4 Frame Mode Select. 0 =D4 (1938, 12 frames/superframe).

1 = Extended (193E, 24 frames/superframe)

SYELMD CCR.3 193S Yellow Mode Select. Determines yellow alarm type to be transmitted
and detected while in 193S framing. If set, yellow alarms are a "1" in the S-
bit position of frame 12. If cleared, yellow alarm is a "0" in bit 2 of all
channels. Does not affect 193E yellow alarm operation.

B8ZS CCR.2 Bipolar Eight Zero Suppression. 0 =No B8ZS. 1 = B8ZS enabled.

B7 CCR.1 Bit Seven Zero Suppression. If CCR.1 = 1, channels with an all zero content
will be transmitted with bit 7 forced to "1."

If CCR.1 = 0, no bit 7 stuffing occurs.

LPBK CCR.O Loopback. When set, the device internally loops output transmit data into
the incoming receive data buffers and TCLK is internally substituted for
RCLK.

‘G LEVEL
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Transmit Control Register
The Transmit Control Register (TCR) is shown in Figure 5.
Transmit Biue Alarm

The blue alarm, also known as the Alarm Indication Signal
(AIS), is an unframed, all 1's sequence enabled by asserting
TCR.1. Blue alarm overrides all other transmit data patterns
and is disabled by clearing TCR.1. Use of the TIR registers
allows an unframed, all 1's alarm transmission if required by
the network.

Transmit Yellow Alarm
In 193E framing, a yellow alarm is a repeating pattern set of

FF (Hex) and 00 (Hex) on the 4 kHz facility datalink (FDL).
In 193S framing, the yellow alarm format is dependent on

Figure 5: Transmit Control Register

the state of bit CCR.3. In all modes, yellow alarm is enabled
by asserting TCR.0 and disabled by clearing TCR.0.

Transmit Signaling

When enabled via TCR.4, channel signaling is inserted in
frames 6 and 12 (193S); or 6, 12, 18 and 24 (193E) in the 8th
bit position of every channel word. Signaling data is
sampled at TABCD on the falling edge of TCLK during bit
8 of each input word during signaling frames. Logical
combination of clocks TMO, TSIGFR and TSIGSEL allow
external multiplexing of separate links for A, Bor A, B, C,
D signaling sources.

Transmit Transparency Registers

The Transmit Transparency Registers, TTR1 - TTR3, are
shown in Figure 6. Individual DSO channels in the T1 frame

(MSB) (LSB)
ODF TFPT CP RBSE TIS 193SI TBL TYEL
Symbol Position Name And Description
ODF TCR.7 Output Data Format. 0 = Bipolar data at TPOS and TNEG.
1 = NRZ data at TPOS; TNEG = 0.
TFPT TCR.6 Transmit Framing Pass Through. 0 = FT/FPS sourced internally.
1 = FT/FPS sampled at TSER during F-bit time.

TCP TCR.5 Transmit CRC Pass Through. 0 = Transmit CRC code internally generated.
1 = TSER sampled at CRC F-bit time for external CRC insertion.

RBSE TCR.4 Robbed Bit Signaling Enable. 1 = signaling inserted in all channels during
signaling frames. 0 = No signaling inserted. (The TTR registers allow the
user to disable signaling insertion on selected DS0O channels.)

TIS TCR.3 Transmit Idle Code Select. Determines idle code format to be inserted into
channels marked by the TIR registers. 0 = insert 7F (Hex) into marked
channels. 1 = insert FF (Hex) into marked channels.

19381 TCR.2 193S S-bit Insertion. Determines source of transmitted S-bit.

0 = internal S-bit generator. 1 = external (sampled at TLINK input).

TBL TCR.1 Transmit Blue Alarm. O = disabled. 1 =enabled.

TYEL TCR.O Transmit Yellow Alarm. 0 = disabled. 1 =enabled.
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may be programmed clear (no inserted robbed bit signaling
and no bit 7 zero suppression) by setting the appropriate bits
in the TTR registers. Channel transparency is required in
mixed voice/data and data-only environments such as ISDN,
where data integrity must be maintained.

Transmit Idle Code Insertion

The Transmit Idle Registers, TIR1 - TIR3, are shown in
Figure 7. Individual outgoing channel in the frame can be
programmed with idle code by asserting the appropriate bits
in the transmit idle registers. One of two idle code formats,
7F (Hex) and FF (Hex) may be selected by the user via

Figure 6: Transmit Transparency Registers

TCR.3. If enabled, robbed bit signaling data is inserted into
the idle channel, unless the appropriate TTR bitis set for that
channel. This feature eliminates external hardware cur-
rently required to intercept and stuff unoccupied channels in
the DS1 bit stream. Transmit insertion hierarchy is shown in
Figure 8.

Transmit Multiframe Timing

Transmit multiframe timing for 193S framing and 193E
framing is shown inFigures 9 and 10, respectively. Transmit
multiframe boundary timing is shown in Figure 11.

(MSB) (LSB)
CH8 CH7 CHé6 CHS CH4 CH3 CH2 CH1 [TTR1
CH16 | CHI15 CH14 CH13 CH12 CHI11 CHI10 CH? [mR2
CH24 | CH23 CH22 CH21 CH20 CH19 CH18 CH17 |rr3
Symbol Position Name And Description
CH24 TTR3.7 Transmit Transparency Registers. Each of these bit positions represents a
DSO0 channel in the outgoing frame. When set, the corresponding channel
CH1 TTR1.0 is transparent. '

Figure 7: Transmit idle Registers

(MSB) . (LSB)
CH8 CH7 CHé6 CH5 CH4 CH3 CH2 CH1 |TIRI
CH16 | CHI15 CH14 CH13 CH12 CHI11 CHI10 CH? |TIR2
CH24 | CH23 | CH22 | CH21 | CH20 | CH19 | CH18 | CHI17 |3
Symbol Position Name And Description
CH24 TIR3.7 Transmit Idle Registers. Each of these bit positions represents a DSO channel
in the outgoing frame. When set, the corresponding channel
CH1 TIR1.0 will output an idle code format determined by TCR.3.
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Figure 8: Transmit Insertion Hierarchy
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Figure 9: 193S Transmit Multiframe Timing

Frame# 12 |1 |2 |3 |a |5 |6 |7 |8 |9 [10|11]12]1|2]3|4]|5]6]7

TMSYNC N N\
TMo | L I L
TSIGSEL _| | [ | | | [
TSIGFR 1 . [ -

L7 e N e 1 s e Y e e T Y s I e B
A G AR G SRR O AN YA

Note 2
TLINK
1 1

Note 3 t t } } }

—]
T

1. Transmit frame and multiframe timing may be established in one of four ways:
a. With TESYNC tied low, TMSYNC may be pulsed high once every multiframe period to establish multiframe boundaries, allowing
internal counters to determine frame timing.
b. TFSYNC may be pulsed every 125 microseconds; pulsing TMSYNC once establishes multiframe boundaries.
c. TMSYNC and TFSYNC may be continuously pulsed to establish and reinforce frame and superframe timing.
d. f TMSYNC is tied low and TFSYNC is pulsed at frame boundaries, the transmitter will establish an arbitrary multiframe boundary
as indicated by TMO.
2. Channels in which robbed bit signaling is enabled will sample TABCD during the LSB bit time in frames indicated.
3. When external S-bit insertion is enabled, TLINK will be sampled during the F-bit time of even frames and inserted into the outgoing
data stream.

Figure 10: 193E Transmit Multiframe Timing

Frame# 24 |1 |2 |3 |4 |5 |6 |7 |8 |9 10|11 |12]|13 141516 |17 |18 [19]|20 |21 | 22|23 |24 | 1

TMSYNC _Tu 1

™Mo | 1 [~
TSIGSEL __| | | l I~
TSIGFR —| i 1 |

mek_[1L ML L L rerereererer i rer
MAAG O AN CY AN AN SRR ()

TLlNK ] 1 1 i 1

Note 3 t t T } T T T T

-~

1. Transmit frame and multiframe timing may be established in one of four ways:
a. With TESYNC tied low, TMSYNC may be pulsed high once every multiframe period to establish multiframe boundaries, allowing
internal counters to determine frame timing.
b. TFSYNC may be pulsed every 125 microseconds; pulsing TMSYNC once establishes multiframe boundanes.
c. TMSYNC and TESYNC may be continuously pulsed to establish and reinforce frame and superframe timing.
d. If TMSYNC s tied low and TESYNC is pulsed at frame boundaries, the transmitter will establish an arbitrary multiframe boundary
as indicated by TMO. )
2. Channels in which robbed bit signaling is enabled will sample TABCD during the LSB bit time in frames indicated.
3. TLINK is sampled during the F-bit time of odd frames and inserted into the outgoing data stream (FDL data).
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Figure 11: Transmit Multiframe Boundary Timing

TS inisisisiinnisisnipisisisinininigininininin
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1. TLINK timing shown is for 193E framing. In 193E framing, TLINK is sampled as indicated for insertion into F-bit position of odd
frames. When S-bit insertion is enabled in 193S framing, TLINK is sampled during even frames.
2. IfTCR.5=1, TSER is sampled durmg the F-bit time of CRC frames for insertion into the outgoing data stream (193E framing only).
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Receive Control Register

The Receive Control Register (RCR) is shown in Figure 12.
Receive Code Insertion

Incoming receive channels can be replaced with idle (Hex
7F) or digital milliwatt (u-Law format) codes. The Receive

Mark Registers (RMR 1 - RMR3) indicate which channels
are inserted. RMR registers are shown in Figure 13. When

Figure 12: Receive Control Register

set, bitRCR.5 serves as a global enable for marked channels,
and bit RCR 4 selects inserted code format: 0 = idle code,
1 = digital milliwatt.

Receive Synchronizer

Bits RCR.0 through RCR.3 allow the user to control opera-
tional characteristics of the synchronizer. Sync algorithm,
candidate qualify testing, auto resync, and command resync
modes may be altered at any time in response to changing
span conditions.

(MSB) (LSB)
ARC OOF RCI RCS SYNCC | SYNCT | SYNCE | RESYNC
Symbol Position Name And Description
ARC RCR.7 Auto Resync Criteria. 0 = Resync on OOF or RCL event.
1 =resync on OOF only.
OOF RCR.6 Out-Of-Frame Condition Detection. 0 = two of four framing bits in error.
1 = two of five framing bits in error.

RCI RCR.S5 Receive Code Insert. When set, the receive code selected by RCR.4 is
inserted into channels marked by RMR registers. If clear, no code is
inserted.

RCS RCR 4 " Receive Code Select. 0 =idle code. 1= digital Milliwatt.

SYNCC RCR.3 Sync Criteria. Determines the type of algorithm used by the receive
synchronizer and differs for each frame mode.
193S Framing (CCR.4 = 0). 0 = synchronize to frame boundaries using F,.
pattern, then search for multiframe using F.

1 =cross couple F. and F; patterns in sync algorithm.
193E Framing (CCR.4 = 1). 0 = normal sync (uses FPS only).
1 = validate new alignment with CRC before declaring sync.

SYNCT RCR.2 Sync Time. If set, 24 consecutive F-bits of the framing pattern must be
qualified before sync is declared. If clear, 10 bits are qualified.

SYNCE RCR.1 Sync Enable. If clear, the transceiver will automatically begin a resync if
two of the previous four or five framing bits were in error, or if carrier loss is
detected. If set, no auto resync occurs.

RESYNC RCR.O Resync. When toggled low to high, the transceiver will initiate resync
immediately. The bit must be cleared, then set again for subsequent resyncs.
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Receive Signaling

Robbed bit signaling data is presented at RABCD during

RSIGFR and RSIGSEL allow the user to identify and extract
AB or ABCD signaling data. Receive multiframe timing for
193S and 193E framing modes are shown in Figures 14 and

each channel time in signaling frames for all 24 incoming

15, respectively. Receive multiframe boundary timing is
channels. Logical combination of clocks RMSYNC,

shown in Figure 16.

Figure 13: Receive Mark Registers

(MSB) (LSB)

CH8 CH7 CHé CH5 CH4 CH3 CH2 CH1
CH16 | CHI15 CH14 CH13 CH12 CH11 CHI10 CH9
CH24 | CH23 CH22 CH21 CH20 CH19 CH18 CH17
Symbol Position Name And Description
CH24 RMR3.7 Receive Mark Registers. Each of these bit positions represents a DSO

. channel in the incoming T1 frame. When set, the corresponding channel

CH1 RMR1.0 will output codes determined by RCR.4 and RCR.5.

RMR1
RMR2
RMR3

Figure 14: 193S Receive Multiframe Timing

Frame#12|1 |2 |3 |4 |5 |6 |7 |s |9|1o|11|12|1 |2 |3 |4 |5 |6 |7
T3NS O | O 1
RMSYNC __| L [ L

RSIGSEL | | | | | | ]

RSIGFR ~ | 1 I 1
RLCLK - [~ [ LI L[ L LI fLrir
A SNAANNANNNV Y SANNNNNNNNNV G S
ALINK. X XX X X X XXX

1. Signaling data is updated during signaling frames on channel boundaries.
RABCD is the LSB of each channel word in non-signaling frames.
2. RLINK data (S-bit) is updated one bit time prior to S-bit frames and held for two frames.
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Figure 15: 193E Receive Multiframe Timing

Frame# 24| 1 [2 |3 |4 |5 |6 |7 |8 |9|10|11]12]13]14|15]16]17 [18]19 |20]|21 |22] 23|24
Y237 XS | I | | | | o |

RMSYNC __| l I~
RSIGSEL | 1 [ | I
RSIGFR ~ | 1 ] 1 [

RWICLK [ mp oo rorrrirJroyrerrruwrrrr
A AR CVARAANAARY O AR O AR ()

RLINK S X X X X X X X X X_

Note 2

—

. Signaling data is updated during signaling frames on channel boundaries.
RABCD is the LSB of each channel word in non-signaling frames.
2. RLINK data (FDL-bit) is updated one bit time prior to odd frames and held for two frames.

Figure 16: Receive Multiframe Boundary Timing

RPOS,
RNEG
Note 1 LSB F MSB LSB MSB LSB MSB

RFSYNC []

RMSYNC |

RSIGSEL [

RSIGFR ]

RLCLK |

RCHCLK | I I l I I

RLINK
Note 2 X

RABCD X X X

Channel 23 B or D Channel 24 B or D

RSER
LSB MSB LSB F MsB LSB MSB

1. Total delay from RPOS and RNEG to RSER output is 13 RCLK periods.
2. RLINK timing shown is for 193E timing. In 193S timing, RLINK is updated on even frame boundaries and is held across multiframe
edges.
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Receive Alarm Reporting

Incoming serial data is monitored by the transceiver for
alarm occurrence. Alarm conditions are reported in two
ways: (1) via transition on the alarm output pins; and (2)
registered interrupt, in which the host controller reads the
Receive StatusRegister (RSR) inresponse to an alarm driven
interrupt. The RSR register is shown in Figure 17. Interrupts

may be direct, in which the transceiver demands service for

areal time alarm, or count-overflow triggered, in which an
on-board alarm event counter exceeds a user-programmed
threshold. The user may mask individual alarm conditions
by clearing the appropriate bits in the receive interrupt mask
register (RIMR). The RIMR register is shown in Figure 18.

Alarm Servicing
The host controller must service the transceiver in order to

clear an interrupt condition. Clearing appropriate bits in the
RIMR will unconditionally clear an interrupt. Direct inter-

Figure 17: Receive Status Register (RSR)

rupts (those driven from real-time alarms) will be cleared
when the RSR is directly read, unless the alarm condition
still exists. Count-overflow interrupts (BVCS, FCS) are not
cleared by adirectread of the RSR. They will be cleared only
when the user presets the appropriate count register to a
value other than all "1's." A burst read of the RSR will not
clear an interrupt condition.

Alarm Counters

The three on-board alarm event counters ( BPV, OOF, and
ESF) allow the transceiver to monitor and record error -
events without processor intervention on each event occur-
rence. All of these counters are presetable by the user,
establishing an event count interrupt threshold. As each
counter saturates, the next error event occurrence will set a
bitin the RSR and generate an interrupt unless masked. The
user may read these registers at any time; in many systems,
the host will periodically poll these registers to establish link
error rate performance.

(MSB) (LSB)
BVCS ECS RYEL RCL FERR B8ZSD RBL RLOS
Symbol Position Name And Description
BVCS RSR.7 Bipolar Violation Count Saturation. Set when the 8-bit counter at BVCR
saturates.
ECS RSR.6 Error Count Saturation. Set when either of the 4-bit counters at ECR
‘saturates.
RYEL RSR.5 Receive Yellow Alarm. Set when yellow alarm detected. (Detected yellow
alarm format determined by CCR.4 and CCR.3.)
RCL RSR.4 Receive Carrier Loss. Set when 32 consecutive "0's" appear at RPOS and
RNEG.
FERR RSR.3 Frame Bit Error. Set when F, (193S) or FPS- (193E) bit error occurs.
B8ZSD  RSR.2 Bipolar Eight Zero Substitution Detect. Set when B8ZS code word detected.
RBL RSR.1 Receive Blue Alarm. Set when two corisecutive frames have less than three
zeros (total) in the data stream (F-bit positions not tested).
RLOS RSR.0 Receive Loss of Sync. Set when resync is in progress; if RCR.1 =0, RLOS
transitions high on an OOF event or carrier loss, indicating auto resync.
[OLEVEL
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BVCR - Bipolar Violation Count Register (RIMR.7 = 1). Presetting this register allows the user to

establish specific count interrupt thresholds. The counter
The BVCR register is shown in Figure 19. This 8-bitbinary ~ will count "up" to saturation from the preset value, and may
up counter saturates at 255 and will generate an interrupt for ~ be read at any time. Counter increments occur at all times
each occurrence of a bipolar violation once saturated  and are not disabled by resync.

Figure 18: Receive Interrupt Mask Register (RIMR)

(MSB) (LSB)
BVCS ECS RYEL RCL FERR B8ZSD RBL RLOS
Symbol Position Name And Description
BVCS RIMR.7 Bipolar Violation Count Saturation Mask.
1 = interrupt enabled. 0 = interrupt masked.
ECS RIMR.6 Error Count Saturation Mask.
1 = interrupt enabled. 0 = interrupt masked.
RYEL RIMR.S Receive Yellow Alarm Mask.
1 = interrupt enabled. 0 = interrupt masked.
RCL RIMR .4 Receive Carrier Loss Mask.
1 = interrupt enabled. 0 = interrupt masked.
FERR RIMR.3 Frame Bit Error Mask.
1 = interrupt enabled. 0 = interrupt masked.
B8ZSD RIMR.2 Bipolar Eight Zero Substitution Detect Mask.
1 = interrupt enabled. 0 = interrupt masked.
RBL RIMR.1 Receive Blue Alarm Mask.
= interrupt enabled. 0 = interrupt masked.
RLOS RIMR.O Receive Loss of Sync Mask.
1 = interrupt enabled. 0 = interrupt masked.

Figure 19: Bipolar Violation Count Register (BVCR)

(MSB) (LSB)
BVD7 | BVDé BVDS BVD4 BVD3 BVD2 BVDI BVDO

Symbol Position Name And Description
BVD7 BVCR.7 MSB of bipolar violation count.

BVD0 BVCR.0 LSB of bipolar violation count.
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Error Count Register - Out Of Frame and
Errored Superframe Events

These separate 4-bit binary up counters saturate at acountof

15 and will generate an interrupt for each occurrence of an
OOF event or an ESF event after saturation (RIMR.6 = 1).
Presetting these counters allows the user to establish specific
count interrupt thresholds. The counters will count up to
saturation from the preset value, and maybe read at any time.
These counters share the same register address, and must be
written to or read from simultaneously.

Out Of Frame (OOF) is declared when at least two of four (or
five) consecutive framing bits are in error. F, bits are tested
for OOF occurrence in 193S; the FPS bits are tested in 193E.
OOF events are recorded by the 4-bit OOF counter in the
error count register. The OOF counter records out of frame
events in both 193S and 193E. In the 193E framing mode,
the OOF event is logically "OR'ed" with an on-chip gener-
ated CRC checksum. This event, known as errored super-
frame, is recorded by the 4-bit ESF error counter in the error
count register. In the 193S framing mode, the 4-bit ESF
counter records individual F, and F errors whenRCR.3=1,
or F, errors only when RCR.3 =0. ECR counter increments
are disabled when resync is in progress (RLOS high).

Alarm Outputs

The transceiver also provides direct alarm outputs for appli-
cations when additional decoding and demuxing are re-
quired to supplement the on-board alarm logic. Alarm
output timing is shown in Figure 21.

Figure 20: Error Count Register (ECR)

RLOS Output

The receive loss of sync output indicates the status of the
receiver synchronizer circuitry: when high, an off-line re-
synchronization is in progress and a high-low transition
indicates resync is complete. The RLOS bit (RSR.0) is a
latched version of the RLOS output. If the auto-resync mode
is selected (RCR.1 = 0) RLOS is areal time indication of a
carrier loss or OOF event occurrence.

RYEL Output

The yellow alarm output transitions high when a yellow
alarm is detected. A high-low transition indicates the alarm
condition has been cleared. The RYEL bit (RSR.5) is a
latched version of the RYEL output. In 193E framing, the
yellow alarm pattern detected is 16 pattern sets of 00 (Hex)
and FF (Hex) received at RLINK. In 193S framing, the
yellow alarm format is dependent on CCR.3: if CCR.3 =0,
the RYEL output transitions high if bit 2 of the 256 or more
consecutive channels is 0; If CCR.3 = 1, yellow alarm is
declared when the S-bit received in frame 12 is 1.

RBV output

The bipolar violation output transitions high when the ac-
cused bit emerges at RSER. RBV will go low at the next bit
time if no additional violations are detected.

RFER Output

The receive frame error output transitions high at the F-bit
time and is held high for two bit periods when a frame error

(MSB) (LSB)
OOFD3 | OOFD2 | OOFD1 | OOFDO | ESFD3 ESFD2 ESFD1 ESFDO
OOF Count ESF Error Count—————|
Symbol Position Name And Description
OOFD3  ECR.7 MSB of OOF event count.
OOFD0 ECR4 LSB of OOF event count.
ESFD3  ECR.3 MSB of ESF error count.
ESFDO  ECR.0 LSB of ESF error count.
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occurs. In 193S framing, F, and F; patterns are tested. The
FPS patternis tested in 193E framing. Additionally,in 193E
framing, RFER reports a CRC error by a low-high-low
transition (one bit period wide) one half RCLK period before
a low-high transition on RMSYNC.

Reset

A high-low transition on RST clears all registers and forces
immediate receive resync when RST returns high. Thisreset
has no effect on transmit frame, multiframe, or channel
counters. RST must be held low on system power-up to
insure proper initialization of transceiver counters and reg-
isters. Following reset, the host processor should restore all
control modes by writing appropriate registers with control
data.

Hardware Mode

For preliminary system prototyping or applications which
do not require the features offered by the serial port, the
transceiver can be reconfigured by the SPS pin. Tying SPS

Figure 21: Alarm Output Timing

to VSS disables the serial port, clears all internal registers
except CCR and TCR and redefines pins 14 through 18 as
mode control inputs. Hardware mode control inputs are
listed in Table 6. The Hardware mode allows device retrofit
into existing applications where mode control and alarm
conditioning circuits are often designed with discrete logic.

Hardware Common Control

In the Hardware mode bits TCR.2, CCR.4, TCR.0, CCR.1
and CCR.2 map to pins 14 through 18. The loopback feature
(bit CCR.0) is enabled by tying pins 17 (zero suppression)
and 18 (B8ZS) to 1. (The last states of pins 17 and 18 are
latched as when both pins are taken high, preserving the
current zero suppression mode). Robbed bit signaling (bit
TCR.4) is enabled for all channels. The user may tie TSER
to TABCD externally to disable signaling if so desired. Bit
CCR.3 is forced to 0, which selects bit 2 yellow alarm in
193S framing. Contents of the RCR, as well as the remaining
bit locations in the CCR and TCR, are cleared in the
Hardware mode. The RST input may be used to force
immediate receiver resync, and has no effect on transmit.

RFSYNC

—

RMSYNC I

———

RFER ' i

Note 1

RBV

Note 2

RCL

// |

Note 3

//

'RLOS |

Note 4

\\ // |

/7

NOTES:

1. RFER transitions high during F-bit time if received framing pattern bit is in error. (Frame 12 F-bits in 193S are ignored

if CCR.3 = 1.) Also, in 193E, RFER transitions %2 bit time before the rising edge of RMSYNC to indicate a CRC error
for the previous multiframe.

. RBV indicates received bipolar violations and transitions high when accused bitemerges fromRSER. If B8ZS is enabled,

RBYV will not report the zero replacement code.

RCL transitions high (during 32nd bit time) when 32 consecutive bits received are "0". RCL transitions low when the
next "1" is received. .

RLOS transitions high during the F-bit time that caused an OOF event (any 2 of 4 consecutive FT or FPS bits are in error)
if auto-resync mode is selected (RCR.1 = 0). Resync will also occur when loss of carrier is detected (RCL = 1). When
RCR.1 = 1, RLOS remains low until resync occurs, regardless of OOF or carrier loss flags. In this situation, resync is
initiated only when RCR.0 transitions low-to-high or the RST pin transitions high-low-high.
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T1 OVERVIEW
Framing Standards

The LXP2180A is compatible with the existing Bell System
D4 framing standard described in AT&TPUB 43801 and the
new extended superframe format (ESF) as described in
AT&T C.B. #142. In this document, D4 framing is referred
toas 193S, and ESF (also known as Fe) isreferred to as 193E.
Progranimable features of the LXP2180A allow support of
other framing standards which are derivatives of 193E and
193S. The salient differences between the 193S and 193E
formats are the number of frames per superframe and use of
the F-bit position (refer to Tables 7 and 8). In 193S, 12
frames make up a superframe; in 193E, 24. A frame consists
of 24 channels (time-slots) of 8-bit data preceded by an F-bit.
Channel data is transmitted and received MSB first.

F-Bits

The use of the F-bit position in 1938 is split between the
terminal framing pattern (known as F-Bits) which provides
frame alignment information, and the signaling framing
pattern (known as Fg-bits) which provides multiframe
alignment information. In 193E framing, the F-bit position
is shared by the framing pattern sequence (FPS), which
provides frame and multiframe alignment information, a 4
kHz data link (Facility data link) known as FDL, and CRC
(cyclic redundancy check) bits. The FDL bits are used for
control and maintenance (inserted by the user at TLINK).
The CRC bits are an indicator of link quality and may be
monitored by the user to establish error performance.

Table 6: Hardware Mode Pin Descriptions

Signaling

During frames 6 and 12 in 193S, A and B signaling informa-
tion is inserted into the LSB of all channels transmitted. In
193E, A and B data is inserted into frames 6 and 12; C and
D data is inserted into frames 18 and 24. This allows a
maximum of four signaling states to be transmitted per
superframe in 193S; 16 states per superframe in 193E.

Alarms

The LXP2180A supports all alarm pattern generation and
detection required in typical Bell System applications.
These alarm modes are explained in AT&T PUB 43801,
AT&T C. B. #142 and elsewhere in this document.

Line Coding

T1 line data is transmitted in a bipolar alternate mark
inversion (AMI) line format; ones are transmitted as alter-
nating negative and positive pulses and zeros are simply the
absence of pulses. This technique minimizes DC voltage on
the T1 span and allows clock to be extracted from data. The
network currently has a one's density constraint to keep
clock extraction circuitry functioning, which is usually met
by forcing bit 7 of any channel consisting of all 0's to 1. The
use of Bipolar Eight Zero Substitution (B8ZS) satisfies all
the ones density requirements, while allowing data traffic to
be transmitted without corruption. This feature is known as
clear channel and is explained more completely in AT&T
C.B.#144. When the B8ZS feature is enabled, any outgoing
stream of eight consecutive zeros is replaced with a B8ZS
code word. If the last "one" transmitted was positive, the

Pin # Register Bit Location Name and Description
14 TCR-D2 193S - S-bit Insertion’. 1 =external; 0 = internal
15 CCR-D4 Framing Mode Select. 1=193E; 0=193S
16 TCR-DO Transmit Yellow Alarm>?. 1 = enabled; 0 = disabled
17 CCR-D] Zero Suppression®. 1 =bit 7 stuffing; 0 = transparent
18 CCR-D2 B8ZS®. 1= enabled; 0= disabled

NOTES:

1. S-bit yellow alarm (193S) is not internally supported; however, the user may elect to insert external S-bits for alarm purposes.

2. Bit2 (1938S) and data link (193E) yellow alarms are supported.

3. Tying pins 17 and 18 high enables loopback in the Hardware mode.
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inserted code is 000 + - O - +; if negative, the code word
inserted is 000 - + 0 +-. Bipolar violations occur in the fourth
and seventh bit positions, which are ignored by the
DS2180A error monitoring logic when B8ZS is enabled.
Any received B8ZS code word is replaced with all 0's if
B8ZS is enabled. Also, the receive status register will report
any occurrence of B8ZS code words to the host controller.
This allows the user to monitor the link for upgrade to clear
channel capability, and respond to it. The B8ZS monitoring
feature works at all times and is independent of the state of
CCR.2.

TRANSMITTER OVERVIEW

The transmit side of the LXP2180A is made up of six major
functional blocks: timing and clock generation, data selec-

Table 7: 193E Framing Format

tor, bipolar coder, yellow alarm, F-bit data and CRC. The
timing and clock generation circuit develops all on-board
and output clocks to the system from inputs TCLK,
TESYNC and TMSYNC. The yellow alarm circuitry gen-
erates mode dependent yellow alarms. The CRC block
generates checksum results utilized in 193E framing. F-bit
data provides mode dependent framing patterns and allows
insertion of link or S-bit data externally. All of these blocks
feed into the data selector, where (under control of the CCR,
TCR, TIRs and TTRs) the contents of the outgoing data
stream are established by bit selection and insertion. The
bipolar coder formats the output of the data selector to make
it compatible with bipolar transmission techniques and in-
serts zero suppression codes. The bipolar coder also sup-
ports the on-board loopback feature. Input-to-output delay
of the transmitter is 10 TCLK cycles.

Frame # F-Bit Use Bit use In Each Channel Signaling-Bit Use
FPS' FDL2 | CRC? Data Signaling*$s | 2-State | 4-State | 16-State
1 - M - Bits1-8
2 - - C1 Bits1-8
3 - M - Bits1-8
4 0 - - Bits1-8
5 - M - Bits 1-8
6 - - C2 Bits1-7 Bit 8 A A A
7 - M - Bits 1 -8
8 0 - - Bits 1-8
9 M - Bits 1-8
10 - - C3 Bits 1-8
11 - M - Bits1-8
12 1 - - Bits1-7 Bit8 A B B
13 - M - Bits 1-8
14 - - Cc4 Bits 1 -8
15 - M - Bits 1 -8
16 0 - - Bits1-8
17 M - Bits1-8
18 - - C5 Bits1-7 Bit 8 A A (]
19 - M - Bits 1-8
20 1 - - Bits 1 -8
21 - M - Bits 1 -8
22 - - Cé6 Bits 1 -8
23 - M - Bits1-8
24 1 - - Bits1-7 Bit 8 A B D
NOTES:

1.  FPS - Framing Pattern Sequence.
2. FDL - 4 kHz Facility Data Link; M = message bits.

3. CRC - Cyclic Redundancy Check Bits. The CRC code will be internally generated by the device when TCR.5 =0. When
TCR.5 = 1, externally supplied CRC data will be sampled at TSER during the F-bit time of frames 2, 6, 10, 14, 18 and 22.

4. The user may program any individual channels clear, in which case Bit 8 will be used for data, not signaling.

5. Depending on application, the user can support 2-state, 4-state or 16-state signaling by the appropriate decodes of TMO,
TSIGFR, TSIGSEL (transmit side) and RMSYNC, RSIGFR and RSIGSEL (receive side).
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RECEIVER OVERVIEW
Synchronizer

The heart of the receiver is the synchronizer/sync monitor.
This circuit serves two purposes: 1) monitoring the incom-
ing data stream for loss of frame or multiframe alignment;
and 2) searching for a new frame alignment pattern when
sync loss is detected. When sync loss is detected, the
synchronizer begins an off-line search for the new align-
ment; all output timing signals remain at the old alignment
with the exception of RSIGFR, which is forced low during
resync. When one and only one candidate is qualified, the
output timing will move to the new alignment at the be-
ginning of the next multiframe. One frame later, RLOS will
transition low, indicating valid sync and the resumption of
the normal sync monitoring mode. Several bits in the RCR
allow tailoring of the resync algorithm by the user. These
bits are described in the following paragraphs.

Sync Time (RCR.2)

Bit RCR.2 determines the number of consecutive framing
pattern bits to be qualified before SYNC is declared. If
RCR.2 =1, the algorithm will validate 24 bits, if RCR.2 =0,
10 bits are validated. 24-bit testing results in superior false
framing protection, while 10-bit testing minimizes reframe
time (although in either case, the synchronizer will only
establish resync when one and only one candidate is found).

Table 8: 193S Framing Format

Resync (RCR.0)

A zero-to-one transition of RCR.0 causes the synchronizer
to search for the framing pattern sequence immediately,
regardless of the internal sync status. In order to initiate
another resync command, this bit must be cleared and then
set again.

Sync Enable (RCR.1)

When RCR.1 is cleared, the receiver will initiate automatic
resync if any of the following events occur:

1) an OOF event (Out-Of-Frame), or 2) carrier loss (32
consecutive 0'sappear atRPOS and RNEG). AnOOFevent
occurs any time that 2 of 4 F, or FPS bits are in error. When
RCR.1 is set, the automatic resync circuitry is disabled; in
this case, resync can only be initiated by setting RCR.0to 1,
or externally via a low-high transition on RST. Note that
using RST to initiate resync resets the receive output timing
while RSTis low; use of RCR. 1 does notaffect output timing
until the new alignment is located.

Sync Ciriteria (RCR.3)

193E Bit RCR.3 determines which sync algorithm is
utilized when resync is in progress (RLOS = 1). In 193E
framing, when RCR.3 = 0, the synchronizer willlock only to
the FPS pattern and will move to the new frame and
multiframe alignment after the framing candidate is

Frame # F-Bit Use

Bit use In Each Channel

Signaling-Bit Use

Fr' Fs? Data

Signaling®

O XN D WN =
_ o= o O

10
11
12

| @ = | O = | S| =

<

Bits1-8
Bits 1 -8
Bits1-8
Bits 1 -8
Bits1-8
Bits1-7
Bits1-8
Bits 1-8
Bits1-8
Bits1-8
Bits1-8
Bits1-7

Bit 8 A

Bit 8 B

NOTES:

1. FT (terminal framing) bits provide frame alignment information.

2. FS (signaling frame) bits provide multiframe alignment information.

3. The S-bit in frame 12 may, be used for yellow alarm transmission and detection in some applications.

4. The user may program any individual channels clear, in which case Bit 8 will be used for data, not signaling.
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qualified. RLOS will go low one frame after the move to the

new alignment. When RCR.3 = 1, the new alignment is

further tested by a CRC code match. RLOS will transition

" low after a CRC match occurs. If no CRC match occurs in
three attempts (three multiframes), the algorithm will reset
and a new search for the framing pattern begins. It takes 9
ms for the synchronizer to check the first CRC code after the
new alignment has been loaded. Each additional CRC test
takes 3 ms. Regardless of the state of RCR.3, if more than
one candidate exists after about 24 ms, the synchronizer will
begin eliminating emulators by testing their CRC codes
online in order to find the true framing candidate.

193S In 193S framing, when RCR.3 = 1, the synchronizer
will cross check the FT pattern with the FS pattern to help
eliminate false framing candidates such as digital milliwatts.
The FS patterns are compared to the repeating pattern . . .
00111000111000 . . . (00MXO0 if CCR.3—YELMD—is
equal to a 1). In this mode, FT and FS patterns must be
correctly identified by the synchronizer before sync is
declared. Clearing RCR.3 causes the synchronizer to search
for FT patterns (101010 . . .) without cross-coupling the FS
pattern. Frame sync will be established using the FT
information, while multiframe sync will be established only
if valid FS information is present. If no valid FS pattern is
identified, the synchronizer will move to the FT alignment,
RLOS will go low, and a false multiframe position may be
indicated by RMSYNC. RFER will indicate when the
received S-bit pattern does not match the assumed internal
multiframe alignment. This mode can be used in
applications where non-standard S-bit patterns exist. In
such applications, multiframe alignment information can be
decoded externally by using the S-bits present at RLINK.

Table 9: Average Reframe Time'

APPLICATIONS
Backplane Interface

A typical backplane interface circuit is shown in Figure 22.
The LXP2180A is shown in Host mode with an LXP2176
providing the interface to the backplane, and an LXT300
providing the line interface.

Processor-Based Signaling

Many robbed-bit signaling applications utilize a micropro-
cessor to insert transmit signaling data into the outgoing data
stream. The circuit shown in Figure 23 decouples the
processor timing from that of the LXP2180A by use of a
small FIFO memory. The processor writes to the FIFO (6
bytes are written: 3 for A data, 3 for B data) only when
signaling updates are required. The FIFO automatically
retransmits old data when no updates occur. The system is
interrupt-driven from the transmit multiframe sync input;
the processor must update the FIFO prior to Frame 6 (625 ps
after interrupt) to prevent data corruption. The application
circuitshown supports 193S framing; additional hardware is
required for 193E applications.

Frame RCR2=0 RCR2=1 Units
Mode
Min Avg | Max Min | Avg | Max
193S 3.0 3.75 4.5 6.5 7.25 8.0 ms
193E 6.0 7.5 9.0 13.0 145 16.0 ms
NOTES:

1. Average Reframe Time is defined here as the average time it takes from the start of resync (rising edge of RLOS) to the
actual loading of the new alignment (on a multiframe edge) into the output receive timing.

(o
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Figure 22: Backplane Interface Application using LXP2180A with LXP2176
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Figure 23: Processor-Based Transmit Signaling Insertion Application
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Absolute Maximum Ratings*

* Exceeding these values may
cause permanent damage.
Functional operation under
these conditions is not
implied. Exposure to
absolute maximum rating
conditions for extended
periods may affect device
reliability.

« Voltage on any pin relative to ground
* Operating temperature

* Storage temperature

« Soldering temperature

-1.0Vto+7V

-40 °C (min) to +85 °C (max)
-55 °C (min) to +125 °C (max)
260 °C for 10 seconds

Recommended Operating Conditions (voltages are with respect to ground (GND) unless otherwise stated)

Parameter Sym Min | Typ' | Max | Units Test Conditions
Logic 1 Viu 20 - Vot 3| V
Logic 0 \5 -0.3 - +0.8 \'/
Supply voltage Voo 45 5 5.5 \'/
Capacitance
Input capacitance Cn - - 5 pF
Output capacitance Cour - - 7 pF

DC Electrical Characteristics - Clocked operation over recommended temperature and power supply ranges

Supply current L - 3 10 mA See Notes 2 and 3

Input leakage I, - - 1 HA

Output leakage I - - 1 HA See Note 4

Output high current Toy -1 - - mA Vou =24V, See Note 5
Output low current | +4 - - mA Vo =04V, See Note 6

! Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.

2 TCLK = RCLK = 1.544 MHz
3 Outputs open.
* Applies to SDO when tristated.

* All outputs except INT, which is open collector.

¢ All outputs.

91 EVEL
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A.C. Electrical Characteristics - Serial Port

Parameter Sym Min Typ' Max | Units Test Conditions?
SDI to SCLK Setup the 50 | - - ns Cload = 100 pF
SCLK to SDI Hold teon 50 - - ns C load = 100 pF
SDI to SCLK Falling Edge tep 50 - - ns C load = 100 pF
SCLK Low Time te 250 - - ns | Cload =100 pF
SCLK High Time ten 250 - - ns Cload = 100 pF
SCLK Rise and Fall Time tete - - 500 ns C load = 100 pF
CS to SCLK Setup tee 50 - - ns | Cload=100pF
SCLK to CS Hold tecu 50 - - ns | Cload=100pF
CS Inactive Time toww | 250 - - ns | Cload=100pF
SCLK to SDO Valid tepy - - 200 ns | Cload =100 pF
CS to SDO High Z tenz - - 75 ns | Cload=100pF
SCLK Setup to CS Falling toec 50 - - ns | Cload =100 pF

! Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.
? Measured at V,, =2.0V, V;, = .8V, and 10 ns maximum rise and fall time.

Figure 24: Serial Port Write A.C. Timing
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Figure 25: Serial Port Read A.C. Timing
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A.C. Electrical Characteristics - Transmit

Parameter Sym Min Max | Units | Test Conditions'
TCLK Period t, 250 - ns C load = 100 pF
TCLK Pulse Width Yo, twn 125 - ns Cload = 100 pF
TCLK, RCLK Rise & Fall Times (g - - ns C load = 100 pF
TSER, TABCD, TLINK Setup to tsmo 50 - ns C load = 100 pF
TCLK Falling
TSER, TABCD, TLINK Hold from turo 50 - ns C load = 100 pF
TCLK Falling
TFSYNC, TMSYNC Setup to TCLK ters -125 125 ns C load = 100 pF
Rising
Propagation Delay TFSYNC to TMO, tors - 75 ns C load = 100 pF
TSIGSEL, TSIGFR, TLCLK
Propagation Delay TCLK to TCHCLK toren - 75 ns C load = 100 pF
TFSYNC, TMSYNC Pulse Width trep 100 - ns C load = 100 pF

! Measured at V;,, = 2.0V, V; = .8V, and 10 ns maximum rise and fall time.

Figure 26: Transmit A.C. Timing Diagram
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A.C. Electrical Characteristics - Receive

Parameter Sym | Min | Typ' | Max | Units | Test Conditions?

Propagation Delay RCLK to tors - - 75 ns C Load = 100 pF
RMSYNC, RFSYNC, RSIGSEL,
RSIGFR, RLCLK, RCHCLK
Propagation Delay RCLK to RSER, toro - - 75 ns C Load = 100 pF
RABCD, RLINK
Transition Time, All Outputs trr - - 20 ns C Load = 100 pF
RCLK Period t, 250 648 - ns C Load = 100 pF
RCLK Pulse Width to b 125 324 - ns C Load = 100 pF
RCLK Rise & Fall Times to b - 20 - ns C Load = 100 pF
RPOS, RNEG Setup to RCLK Falling tsro 50 - - ns C Load = 100 pF
RPOS, RNEG Hold to RCLK Falling turo 50 - - ns C Load = 100 pF
Propagation Delay RCLK to RYEL, tora - - - ns C Load = 100 pF
RCL, RFER, RLOS, RBV
Minimum RST Pulse Width on System tasr 1 - - ps C Load = 100 pF
Power Up or Restart

T Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.

2 Measured at V,,, = 2.0V, V,, = 8V, and 10 ns maximum rise and fall time.

Figure 27: Receive A.C. Timing Diagram
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E1 CRC Framer/Formatter

Standard Product
January 1994

The LXP2181A is one of a family of Level One E1/CEPT

"(2.048 MHz) interface solutions. An enhanced version of
the earlier LXP2181, it is a pin compatible drop-in replace-
ment for the Dallas DS2181A. A selectable 2181 Emulation
mode provides full backward compatibility with the
LXP2181 and DS2181. Itis designed for E1 networks and
supports all logical requirements of CCITT Red Book Rec-
ommendations G.704, G.706 and G.732.

The transmit side generates framing patterns and CRC4
codes, formats outgoing channel and signaling data and
produces network alarm codes. The receive side decodes the
incoming data and establishes frame, CAS multiframe, and
CRC4 multiframe alignments. Once synchronized, the
device extracts channel, signaling and alarm data.

The device offers both Host and Hardware control modes. In
Host mode, a serial port allows access to 14 on-chip control
and status registers. In this mode, a host processor controls
such features such as error logging, per-channel code ma-
nipulation and alteration of the receive synchronizer algo-
rithm. The Hardware mode is intended for preliminary
system prototyping and/or retrofitting into existing systems.
This mode requires no host processor and disables special
features available in the processor mode.

The LXP2181A is a monolithic CMOS device which re-
quires only a single +5V power supply.

Drop-in replacement for the DS2181A.

« 2181 Emulation mode provides full backward
compatibility with the LXP2181 and DS2181

Single chip primary rate framer/formatter meets CCITT
standards G.704, G.706 and G.732

« Supports new CRC4 based framing standards and CAS
and CCS signaling standards

.

» Host mode uses simple serial interface for device
configuration and control

» Hardware mode for stand-alone applications requires no
host processor

Comprehensive on-chip alarm generation, alarm
detection and error logging logic

Shares footprint with LXP2180A T1 Framer/Formatter

3

Fully compatible with LXT30X series transceivers and
LXP60X series clock adapters

Available in 40-pin DIP or 44-pin PLCC

"« Computer-to-PBX interfaces (DMI and CPI)

« High speed computer to computer data links
« Digital cross-connect interface

o TSIGSEL
—» TMO
LN TRANSMIT - TCHOLK
TOLK TIMING & TSIGFR
o]
[ ALiGN wORD GENERATOR ||
TSER
DATA - TPOS
TSD
TIND SELECTOR HDB3 > TNEG
v CODER
rN'f Y
L=l ALARM GENERATOR |
S0 < —| SERIAL PORT/
= HARDWARE
SOk MODE CONTROL
»| LOOPBACK
sPS > Loaic CONTROL, STATUS & ALARM
REGISTERS
RYEL - ALARM *
DETECTION — RroS
DECODER RCLK
\
Freb = DATA DEMUX |
RECEIVE
o SYNCHRONIZER/
e = SYNC CONTROLLER
ROSYNG RECEIVE e | — — — — ] w rwsa
RAF & TIMING INDICATORS |— — — — — —{ = RFSA
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Absolute Maximum Ratings*

* Exceeding these values may
cause permanent damage.
Functional operation under
these conditions is not
implied. Exposure to
absolute maximum rating
conditions for extended
periods may affect device
reliability.

* Voltage on any pin relative to ground
* Operating temperature

* Storage temperature

* Soldering temperature

-1.0Vto+7V

-40 °C (min) to 85 °C (max)
-55 °C (min) to 125 °C (max)
260 °C for 10 seconds

Recommended Operating Conditions (voltages are with respect to ground (VSS) unless otherwise stated)

Parameter Sym | Min | Typ' | Max | Units Test Conditions
Logic 1 Vi 2.0 - Vp+3| V
Logic0 Vo -0.3 - +0.8 A%
Supply voltage Voo 4.5 5 5.5 \%
Capacitance
Input capacitance Cw - - pF
Output capacitance Cour - - 7 pF

DC Electrical Characteristics - Clocked operation over recommended temperature and power supply ranges

Supply current L, - 6 10 mA See Notes 2 and 3

Input leakage I -1.0 - +1.0 RA See Note 4

Output leakage | -1.0 - +1.0 HA See Note 5

Output high current | A -1.0 - - mA Vou =24V, See Note 6
Output low current I, +4.0 - - mA Vo, =04V, See Note 7

! Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.

2 TCLK = RCLK = 2.048 MHz.
* Qutputs Open.
LOV<V, <V,

$ All outputs except INT, which is open collector.

$ All outputs.
7 Applies to SDO when tristated.
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40-Pin DIP 44-Pin PLCC
TMSYNC O 1 40 B VvDD v oI
TFSYNC O 2 39 @ RLOS <(—)l <zg o
TClK O3 38 0 RFER $TS250adkza
TCHCLK [ 4 37 B Rev ECPELERSEERR
™o O 6 35 B RNEG 6 5 4 3 2 1 444342 41 40
XD 7 34 g RPOS TSER [| 7 < 39 I RNEG
TSTS [ 8 33 RST T™O | 8 38 [l RPOS
TSD O 9 32 A TEST TXD [ 9 37 I RST
TIND O 10 31 @ RCSYNC TSTS ] 10 36 [1 TEST
TAF é n 30 @ RsTs TSD [ 11 35 [] RCSYNC
TPOS 12 293 RsD TIND [ 12 34 [] RSTS
TNEG E 13 28 0 RMSYNC TAF [} 13 33 [] RSD
INT 14 27 @ RFSYNC TPOS [| 14 32 ] RMSYNC
sDI [ 15 26 @ RSER TNEG [| 15 31 a RFSYNC
SDO [ 16 25 1 RCHCLK INT [} 16 30 [] RSER
cCs 17 24 7 RCLK SDI | 17 29 [] RCHCLK
SCLK ] 18 23 F RAF 18 19 20 21 22 23 24 25 26 27 28
SPS [ 19 22 1 RDMA YOOI <OL ¥ <
vss 20 21 (1 RRA gl asoT=rE <49
7] mw>mg8 eQ
Table 1: Transmit Pin Descriptions
Pin# Sym |[1/O Name Description
DIP |PLCC
1 1 TMSYNC | I | Transmit Multi- | Transmit Multiframe Sync. Low-high trasnsition establishes start
frame Sync of CAS and/or CRC4 multiframe. May be tied low, which allows
internal multiframe counter to run free.
2 2 TESYNC | I | Transmit Frame | Transmit Frame Sync. Low-high transition every frame period
Sync Channel B2 | establishes frame boundaries. May be tied low allowing
TMSYNC to establish frame boundaries.
3 4 TCLK I | Transmit Clock | 2.048 MHz primary clock.
41 5 TCHCLK | O | Transmit Channel | 256 kHz clock which identifies time slot (channel) boundaries.
Clock Useful for parallel to serial conversion of channel data.
S| 7 TSER I | Transmit Serial | NRZ data input, sampled on falling edges of TCLK.
Data
6| 8 TMO O | Transmit Multi- | Output of internal multiframe counter, high during frame 0. Low
frame Out otherwise.
71 9 TXD I Transmit Extra Sampled on falling edge of TCLK during bit times 5, 7, and 8 of
Data time slot 16 in frame 0 when CAS signaling is enabled.
81 10 TSTS O | Transmit Signal- | High during time slot 16 of every frame. Low otherwise.
ing Time slot
9| 11 TSD I | Transmit Signal- | CAS signaling data input. Sampled on falling edges of TCLK for
ing Data insertion into outgoing time slot 16 when enabled.
fLOLEVEL
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Table 1: Transmit Pin Descriptions continued

Pin# | Sym (1/O Name Description
DIP |PLCC

10| 12 | TIND | I Transmit Sampled on falling edge of TCLK during bit 1 time of time slot 0

International and every frame (international) and/or during bit times 4 through 8 of
National Data time slot 0 during non-align frames (national) when enabled.

11| 13| TAF | O Transmit High during frames containing the frame alignment signal, low
Alignment Frame otherwise.

12| 14 | TPOS | O | Transmit Positive

and Transmit Bipolar Data Outputs. Updated on rising edge of TCLK.
13| 15 | TNEG| O Negative Data

Table 2: Port Pin Description

Pin# Sym |I/O0 Name Description
DIP |PLCC]
14| 16 | INT! O | Receive Alarm An active low, open drain output which flags the host controller
Interrupt during alarm conditions.

15| 17 | SDI' I | Serial Data Input Data for on-chip control registers. Sampled on rising edge of
SCLK.

16 | 18 | SDO! | O | Serial Data Output | Serial output of control and status information from on-chip
registers. Updated on falling edge of SCLK, tristated during serial
port write or when CS is high.

17|19 | cs 1 Chip Select Must be low to write or read the serial port registers.

18 | 20 |SCLK!' | 1 | Serial Data Clock Used to read or write the serial port registers.

19| 21 SPS I | Serial Port Select Tie to VDD to select serial port (Host mode). Tie to VSS to select
the Hardware mode.

1. Multifunction pins; see Hardware mode description (Table 9, page 21).

Table 3: Power and Test Pin Descriptions

Pin# | Sym [I/O Name Description
DIP |PLCC|
20| 22 | VSS - Signal Ground 0.0 V signal ground.
32|36 | TEST | I Test Mode Tie to VDD for normal operation. Tie to VSS for 2181 emulation.
40| 44 | vDD | - | Positive Supply +5V power supply input.
[L5LEVEL
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Table 4: Receive Pin Descriptions

c

ONE o

Pin# Sym |I/0 Name Description
DIP |PLCC
21 23 RRA | O | Receive Remote | Transitions high when yellow alarm detected, goes low when alarm
Alarm clears.
22| 24 | RDMA | O | Receive Distant | Transitions high when yellow alarm detected, goes low when alarm
Multiframe Alarm | clears.
23| 26 RAF | O | Receive Alignment| High during frames containing the alignment signal. Low otherwise
Frame
241 27 | RCLK | I Receive Clock | 2.048 MHz primary clock.
25| 29 | RCHCLK| O | Receive Channel | 256 KHz clock, identifies time slot (channel) boundaries; useful for
Clock serial-to-parallel conversion of channel data.
26| 30 | RSER | O Receive Serial ' | Received NRZ serial data, updated on rising edge of RCLK.
Data
27| 31 | RFSYNC | O Receive Frame | Trailing edge indicates start of frame.
Sync
28| 32 |RMSYNC| O Receive Multi- | Low-high transition indicates start of CAS multiframe; held high
frame Sync during frame 0.
29| 33 RSD | O | Receive Signaling | Extracted time slot 16 data, updated on rising edge of RCLK.
Data
30| 34 RSTS O | Receive Signaling | High during time slot 16 of every frame. Low otherwise.
Time slot
31| 35 [ RCSYNC| O Receive CRC4 | Low-high transition indicates start of CRC4 multiframe. Held high
Sync during CRC4 frames 0 through 7 and held low during frames 8
through 15.
33| 37 RST I Reset Must be asserted during device power-up and when changing to/
from the Hardware mode.
34) 38 RPOS | I Receive Positive | Receive Bipolar Data Inputs are sampled on the falling edge of
and Negative | RCLK.
35| 39 RNEG | I Inputs
36| 40 RCL 0 Receive Carrier
Loss Low-high transition indicates loss of carrier.
37| 41 RBV (o} Receive Bipolar | Receive Bipolar Violation pulses high during detected bipolar
Violation violations.
38| 42 RFER | O Receive Frame | Receive Frame Error pulses high when frame alignment, CAS
Error multiframe alignment or CRC4 words are received in error.
39| 43 RLOS | O Receive Loss of | RLOS indicates synchronizer status: high when frame, CAS and/or
Sync CRC4 multiframe search underway; low otherwise.
LEVEL
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Table 5: LXP2181AP (PLCC Package) Receive Sync Indicator Pin Descriptions’

PLCC|  gym /o Name Description
Pint | P
3 RMSA (0] Receive Multi- | Indicates Receive Multiframe Search Active. Transitions high when
- Frame Search the synchronizer searching for the CAS multiframe alignment word
Active . is activated.
6 RFSA 0] Receive Frame | Indicates Receive Frame Search Active. Transitions high when the
Search Active synchronizer searching for the FAS is active.

25 RCTO (o] Receive CRC4 | Indicates Receive CRC4 Time-Out. - Transitions high when the
Counter Time- RCTO counter reaches its maximum count of 32. Returns low when:
Out (1) LXP2181A reaches CRC4 multiframe synchronization;

(2) CRC4 is disabled via CRC.2; or

(3) LXP2181A is issued a hardware reset via the RST pin.

28 |, RCSA o} Receive CRC4 | Indicates Receive CRC4 Search Active. Transitions high when the
Search Active synchronizer searching for the CRC4 multiframe alignment word is
active.

! These pin descriptions apply only to the LXP2181AP (PLCC package), and only when the device is operating in the normal
mode. These pins are tri-stated during the 2181 Emulation mode.

Table 6: Register Summary

Register | Address | Side' | Description / Function

RIMR 0000 R Receive Interrupt Mask Register. Allows masking of alarm generated interrupts.

RSR 0001 R? Receive Status Register. Reports all receive alarm conditions.

BVCR 0010 R Bipolar Violation Count Register. 8-bit presetable counter which records
individual bipolar violations.

CECR 0011 R CRC4 Error Count Register. 8-bit presetable counter which records individual
CRC4 errors.

FECR 0100 R Frame Error Count Register. 8-bit presetable counter which logs individual errors
in the received frame alignment signal.

RCR? 0101 R Receive Control Register. Establishes receive side operating characteristics.

CCR? 0110 T/R | Common Control Register. Establishes additional operating characteristics

common to both transmit and receive sides.

TCR3 0111 T Transmit Control Register. Selects additional transmit side modes.

TIR1 1000 T Transmit Idle Registers. Designate which outgoing time slots are to be substituted

TIR2 1001 T with idle code.

TIR3 1010 T

TIR4 1011 T

TINR 1100 T Transmit International and National Register. When enabled via the TCR,
contents are inserted into the outgoing national and/or international bit positions.

TXR 1101 T Transmit Extra Register. When enabled via the TCR, contents are inserted into

the outgoing extra bit positions.

Transmit or Receive side register.
2 RSR is aread-only register. All other registers are read/write.
* Reserved bit locations in control registers should be programmed to 0, to maintain compatibility

with future products. (]
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Operating Modes )

The LXP2181A operates in either the Host mode or the
Hardware mode. In the Host mode pins 14 through 18
comprise a microprocessor/microcontroller compatible se-
rial port which can be used for device configuration, control
and status monitoring.

In the Hardware mode no offboard processor is required.
Pins 14 through 18 are reconfigured into "Hardwired" select
pins.

Host Mode - Serial Port Interface

Pins 14 through 18 of the LXP2181A serve as a micropro-
cessor/microcontroller compatible serial port. Fourteen on-
board registers (refer to Table 6) allow the user to update
operational characteristics and monitor device status via a
host controller, minimizing hardware interfaces. Port read/
write timing is unrelated to the system transmit and receive
timing, allowing asynchronous reads and/or writes by the
host. The timing set is identical to that of "8051 type"
microcontrollers operating in serial port mode 0. For proper
operation of the port and the transmit and receive registers,
the user should provide TCLK and RCLK as well as SCLK.

Address/Command Byte

An address/command byte (ACB) must precede any read or
write of the port registers. As shownin Figure 2, the first bit
(LSB) of the address/command word specifies register read
or write. The following 4-bit nibble identifies the register
address. The next two bits are reserved and must be set to
zero for proper operation. The last bit of the address/
command word enables burst mode when set; the burst mode
causes all registers to be consecutively written orread. Data
is written to and read from the port LSB first.

Figure 2: Address/Command Byte (ACB)

Chip Select and Clock Control o

All data transfers are initiated by driving the CS input low.
Input data is latched on the rising edge of SCLK and must be
valid during the previous low period of SCLK to prevent
momentary corruption of register data during writes. Data
is output on the falling edge of SCLK and held to the next
falling edge. All data transfers are terminated and SDO is
tristated when the CS input transitions high.

Clocks

To access the serial port registers both TCLK and RCLK are
required along with SCLK. Transmit and receive registers
are internally accessed by TCLK and RCLK, respectively.
The CCR is considered a receive register for this purpose.

Data /O

Datal/O timing is shown in Figure 3. Following the 8 SCLK
cycles that input a Write address/command byte, data at SDI
is strobed into the addressed register on the rising edges of
the next 8 SCLK cycles. Following a Read address/com-
mand word, contents of the selected register are output at
SDO on the falling edges of the next 8 SCLK cycles. The
SDO pin is tristated during device write, and may be tied to
SDI in applications where the host processor has a bidirec-
tional I/O pin.

Burst Mode

The burst mode allows all on-chip registers to be consecu-
tively read or written by the host processor. This feature
minimizes device initialization time on power-up or system
reset. Burst mode is initiated when ACB.7 is set and the
address nibble is 0000. All registers must be read or written
during the burst mode. If CS transitions high before the
burst is complete, data validity is not guaranteed.

(MSB) (LSB)
BM - - ADD3 ADD2 ADD1 ADDO R/W
Symbol Position Name And Description
BM ACB.7 Burst Mode. If set (and ACB.1 through ACB.4 = 0) burst read or write is enabled.
- ACB.6 Reserved. Must be set to O for proper operation.
- ACB.S Reserved. Must be set to 0 for proper operation.
ADD3 ACBA4 MSB of register address.
ADDO ACB.1 LSB of register address.
R/W ACB.0 Read/Write Select. 0 = write addressed register. 1 = read addressed register.

Figure 3: Serial Port Read/Write

« \ NOTES:
1. SDI 's'ampled
s LU LML U UL srsei™
0 KuReoempeoxemxX e Ko Xere X KXo KX X2 XX 2 800 updated
Address/Sommand Data InpuYt/0utput of SCLK.
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E1 Frame Structure

The E1 frame is made up of 32 8-bit channels (time slots)
numbered from 0 to 31. The frame alignment signal in bit
positions 2 thru 8 of time slot 0 of every other frame is
independent of the various multiframe modes described
below. Outputs TAF and RAF indicate frames which con-
tain the alignment signal. Time slot 0 of frames not contain-
ing the frame alignment signal is used for alarm and national
data.

Multiframe Signaling Modes

E1 networks support Channel Associated Signaling (CAS)
or Common Channel Signaling (CCS). These signaling
modes are independently selectable for transmit and receive
sides. Bit5 of the Transmit Control Register (TCR), shown

Figure 4: Transmit Control Register

in Figure 4, controls transmit signaling mode. The Receive
Control Register (RCR) controls receive side signaling
mode.

CAS Mode :

CAS (selected when TCR.5 = 0 and/or when RCR.5 =0) is
a bit oriented signaling technique which utilizes a 16 frame
multiframe. The multiframe alignment signal (0-hex), extra
and alarm bits occupy time slot 16 of frame 0. Time slot 16
of the remaining 15 frames is reserved for channel signaling
data. Four signaling bits (A, B, C and D) are transmitted
once per multiframe as shown in Figure 8. CAS output
format is shown in Figure 9. Input TMSYNC establishes the
transmitted CAS multiframe position. Signaling data may
be sourced from input TSD (TCR.6 = 1) or multiplexed into
TSER (TCR.6 = 0).

(MSB) (LsB)
TUA1 TSS TSM INBS NBS XBS TSA1 ODM
Symbol Position Name And Description
TUAl  TCR.7 Transmit Unframed All 1s. 0 = Normal Operation.
1 = Replace outgoing data at TPOS and TNEG with unframed all 1's code.
TSS TCR.6 Transmit Signaling Select!. 0 = Signaling data embedded in the serial bit
stream is sampled at TSER during time slot 16. 1 = Signaling data is channel
associated and sampled at TSD as shown in Table 6.
TSM TCR.5 Transmit Signaling Mode!. 0 = Channel Associated Signaling (CAS)
1 = Common Channel Signaling (CCS)
INBS TCR.4 International Bit Select. 0 = Sample international bit at TIND.
1 = Outgoing international bit = TINR.7.
NBS TCR.3 National Bit Select. 0 = Sample national bits at TIND.
1 = Source outgoing national bits from TINR.4 through TINR.0.
XBS TCR.2 Extra Bit Select. 0 = Sample extra bits at TXD.
1 = Source extra bits from TXR.0, TXR.1 and TXR.3.
TSALl TCR.1 Transmit Signaling All 1's. 0 = Normal Operation.
1 = Force contents of time slot 16 in all frames to all 1's.
ODM TCR.0 Output Data Mode. 0 = TPOS and TNEG outputs are 100% duty cycle.
1 = TPOS and TNEG outputs are 50% duty cycle. ~

! 'When the Common Channel Signaling (CCS) mode is enabled (TCR.5 = 1), the TSD input is disabled internally; all time slot 16

data is sampled at TSER.
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CCS Mode _

CCS (selected when TCR.5 = 1 and/or when RCR.1 = 1)
utilizes all bit positions of time slot 16 in every frame for
“message oriented” signaling data transmission. In CCS
mode one can use either time slot 16 or any one of the other
30 data channels for message oriented signaling. The CCS
mode has no multiframe structure and the insertion of CAS
multiframe alignment, distant multiframe alarm and/or extra
bits into time slot 16 is disabled. TSER is the source of time
slot 16 data.

CRC4 Coding

The need for enhanced error monitoring capability and
additional protection against emulators of the frame align-
ment word has letto the development of a cyclic redundancy
check (CRC) procedure. Receive and transmit side CRC
modes are enabled by bits 2 and 3, respectively, of the
Common Control Register (CCR) shown in Figure 5. When

Figure 5: Common Control Register!

enabled, CRC4 coding replaces the international bit posi-
tions in frames 0 thru 12 and 14 with a CRC4 multiframe
alignment pattern and associated checksum words. The
CRC4 multiframe must begin with a frame containing the
frame alignment signal (CCR.6 = 0). A rising edge at
TMSYNC establishes the CRC4 multiframe alignment
(TMSYNC will also establish outgoing CAS multiframe
alignment if enabled via TCR.5).

Incoming CRC4 multiframe alignment is indicated by
RCSYNC. Detected CRC4 checksum errors are reported at
output RFER and logged in the CECR.

Receive Synchronizer

The fixed characteristics of the receive synchronizer may be
modified by use of programmable characteristics residentin
the CCR and in the Receive Control Register (RCR) shown

- in Figure 6. Sync criteria must be met before synchroniza-

(MSB) (LSB)
- TAFP THDE RHDE TCE RCE EMM LLB
Symbol Position Name And Description
- CCR.7 Reserved. Must be set to O for proper operation.

TAFP CCR.6 Transmit Align Frame Position>. When clear, the CAS multiframe begins
with a frame containing the frame alignment signal. When set, the CAS
multiframe begins with a frame not containing the frame alignment signal.

THDE CCR.S5 Transmit HDB3 Enable. 0 = Outgoing data at TPOS and TNEG is AMI
coded. 1 =Outgoing data at TPOS and TNEG is HDB3 coded.

RHDE CRCA4 Receive HDB3 Enable. 0 = Incoming data at RPOS and RNEG is AMI
coded. 1 =Incoming data at RPOS and RNEG is HDB3 coded.

TCE CCR.3 Transmit CRC4 Enable. When set, outgoing international bit positions in
frames O through 12 and 14 are replaced by CRC4 multiframe alignment and
checksum words.

RCE CCR.2 Receive CRC4 Enable. 0 = Disable CRC4 multiframe synchronizer.

1 = Enable CRC4 synchronizer, search for CRC4 multiframe alignment once
frame alignment complete. ‘

EMM CCR.1 2181 Emulation Mode. 0 = 2181 Emulation Mode. 1 = Normal Operation.

LLB CCR.O Local Loopback. 0 = Normal Operation.

1 = Internally loop TPOS, TNEG and TCLK to RPOS, RNEG and RCLK.

! CCR is considered a receive register and operates from RCLK and SCLK.
2 This bit must be cleared when CRC4 multiframe mode is enabled (CCR.3 = 1); its state does not affect CCS framing (RCR.5 = 1).

#LEVEL
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tion is declared. Resync criteria establish error occurrences
which will cause an auto-resync event when enabled
(RCR.1=0).

As shown in Figure 7, the receive synchronizer searches for
the frame alignment signal (FAS) first. Once identified, the
output timing set associated with the framing pattern (’all
outputs except RCSYNC) is updated to that new alignment.
If enabled, the synchronizer then begins CAS and/or CRC4
multiframe search, outputs RMSYNC and/or RCSYNC are
then updated. Output RLOS is held high during the entire
resync process, then transitions low after the last output
timing update indicating resync is complete. Figure 7 also
shows the four synchronizer activity indicators available
only on the LXP2181AP (PLCC package). Refer to Table 5.

Fixed Frame Sync Criteria

Valid frame sync is assumed when the correct frame align-
ment signal is present in frame N and frame N+2 and not
present in frame N+1 (Bit 2 of Time slot 0 of Frame N+1 is

Figure 6: Receive Control Register

also checked for “1”). CAS and/or CRC4 multiframe
alignment search is initiated when the frame search is
complete if enabled via RCR.5 and/or CCR.2.

Fixed CAS Multiframe Sync Criteria

CAS multiframe sync is declared when the multiframe
alignment pattern is properly detected and time slot 16 of the
previous frame contains code other than zeros. . When op-
erating in the 2181 emulation mode, frame search is re-
started if no valid pattern can be found in 12 to 14 ms.

Fixed CRC4 Multiframe Sync Criteria

CRC4 multiframe sync is declared if at least two valid CRC4
multiframe alignment signals are found within 8 ms after
frame alignment is completed. If not found within 8 ms,
frame search is restarted. The search for multiframe
alignment signal is performed in time slot O of frames not
containing the frame alignment signal. When operating in
the 2181 emulation mode, CRC4 multiframe search timeout
is extended from 8 ms to between 12 and 14 ms.

(MSB) (LSB)
- - RSM CMSC CMRC FRC SYNCE [ RESYNC

Symbol - Position Name And Description

- RCR.7 Reserved, must be set to 0 for proper operation.
- RCR.6 Reserved, must be set to 0 for proper operation.

RSM RCR.5 Received Signaling Mode. 0 = Channel Associated Signaling (CAS)
1 = Common Channel Signaling (CCS).

CMSC RCR.4 CAS Multiframe Sync Criteria. 0 = Declare sync when fixed sync criteria
are met. 1 = Declare sync when fixed criteria are met and two additional
consecutive valid multiframe alignment signals are detected.

CMRC RCR.3 CAS Multiframe Resync Criteria. 0 = Utilize only fixed sync criteria.

1 =Resync if fixed criteria met and/or if two consecutive time slot 16 words
have values of zero in the first four MSB positions (0000xxxx).

FRC RCR.2 Frame Resync Criteria. 0 = Utilize only fixed resync criteria.

1 = Resync if fixed criteria met and/or if bit 2 in time slot O of non-align
frames is received in error on three consecutive occasions.

SYNCE RCR.1 Sync Enable. If clear, the transceiver will automatically begin a resync if
error criteria are met. If set, no auto resync occurs.

RESYNC RCR.O Resync. When toggled low to high, the receive synchronizer will initiate
resync immediately. The bit must be cleared, then set again for subsequent
resyncs.

[LEVEL
2212 ONEo



LXP2181A E1 CRC I'-"ramerlFormatter

Fixed Frame Resync Criteria

When enabled via RCR.1, the device will automatically
initiate frame search whenever the frame alignment word is
received in error three consecutive times.

Fixed CAS Multiframe Resync Criteria
When enabled via RCR.1, the device will automatically
initiate frame search whenever two consecutive CAS multi-
frame alignment words are received in error.

Fixed CRC4 Multiframe Resync Criteria

When enabled via RCR.1, the device will automatically

initiate frame search whenever 85 or fewer individual CRC4

bits of the last 1000 CRC4 words are received without error.

Even when the incoming CRC4 code words are random data,
 the probability that 85 bits are good out of 1000 words is

Figure 7: Receive Synchronization Flowchart

almost 100%. The threshold for the CRC4 Multiframe
Resync Criteria is chosen such that under most circum-
stances it will not be triggered. (In the 2181 Emulation
mode, the resync criteriais relaxed to 64 out of 1024 words.)

When the LXP2181A is used with a processor, the user may
choose his own threshold by using the on-chip CRC4 Error
Count Register (CECR). There can be only one possible
CRC4 word error per ms, so the counter can be used to
monitor errors for a maximum period of 255 ms before
possible saturation. This period can be extended, for ex-
ample, by reading the CECR every 200 ms, clearing it, and
accumulating the error count in a host microcontroller. Five
such reads would establish aone second monitoring period.
For example, a threshold of 700 CRC4 word errors in a one
second monitoring period can be set this way. The resync

Power Up
or Reset
FAS
™ GSearch [#—-——-——-——-——-——————- <
/ RFSA=1"* \.‘
‘ 1
12-14ms
2181 Emulation FAS Sync Time-Out
et — — — — ] 12-14ms Criteria Met
Time-Out RFSA=0" A
A ]
CAS Muitiframe Search !
Increment b \ | CRC4 Multiframe Search f i |
%— RCTO* [w— _8ms |« (i Enabled via CCR2) <——-—-J\———J “&E’:ﬁ,’:ﬁg ;"::g;f)) X
Counter Time-Out RCSA=1"* RMSA=1"* ) |
1
= Ny e—————— B
RLOS -1 A\ 2181 Emulation’
. CRC4 Sync Criteria Met; Sync CAS Sync Criteria Met
Resync if Reset RCTO Counter [ Declared [ RMSA=0"
RCR.1=0 RCSA=0" RLOS = 0
Set FAS Check for FAS Framing
‘—1 FSERR [*— Resync [®— Error (Dependson [
(RSR.3) Criteria Met RCR.2)
L_ CRC4 Check for 2915 Out of If CRC4 is
Resync 1000 CRC4 Word Errors [ On —]
Criteria Met| ™~ ,7 | (ccr2=1)
Y 2181 Emulation Mode
Check for 2960 Out of
1024 CRC4 Word Errors * The RFSA,RMSA,RCSAandRCTO
indicators are available only on the
S osyme Check for CAS MF If CAS is On LXP2181AP (44-pin PLCC pack-
~ set MFSERR [ Word Error — (RCR5-0) ["=— age). These pins are three-stated
(RSR.2) (Depends on RCR.3) during 2181 Emulation Mode.
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process can be manually initiated using bit position 0 in the
Receive Control Register (RCR.0).

For hardware' mode applications of the LXP2181A, the
RFER pin may be used withRCSYNC pin to demultiplex the
CRC4 word errors. Errors are then counted externally. The
resync process can be manually initiated using the Reset pin.

CAS Signaling Source

CAS applications sample signaling data at TSER when
TCR.6 = 0; an on-chip data multiplexer accepts CAS data
input at TSD when TCR.6 = 1. Refer to Table 7 and Figure
8 for TSD input timing. The data multiplexer must be
disabled (TCR.6 = 0) when the CCS mode is enabled
(TCR.5 =1). The CAS output format is shown in Figure 9.

Transmit International and National Data

Bit 1 of time slot 0 in all frames is known as the international
bit. When TCR.4 = 1, the transmitted international bit is
sourced from TINR.7 (see Figure 10). When TCR.4 =0, the
transmitted international bit is sampled at TIND during the
first bit period of each frame. The international bit positions
in all outgoing frames except 13 and 15 are replaced by
CRC4 codewords and the CRC4 multiframe alignment
signal when CCR.3 = 1.

Bits 4 thru 8 of time slot 0 in non-align frames are reserved
for national use. When TCR.3 = 1, the transmitted national
bits are sourced fromregister locations TINR.4 thru TINR.0.
If TCR.3 =0, the national bits are sampled at TIND during
bit times 4 thru 8 of time slot 0 in non-align frames.

Figure 8: TSD Input Timing

Reserved bit positions in the TINR must be set to 0 when
written; those bits may be 0 or 1 when read.

Transmit Extra Data

In the CAS mode, time slot 16 of frame O contains the
multiframe alignment pattern, extra bits and the distant
multiframe alarm. When CAS is enabled (TCR.S = 0), the

Table 7: TSD Input Timing (TCR.6 = 1; TCR.5=0)

Frame # Time Slot Signaling Data
Sampled at TSD
0 17
1 1,18
2 2,19
3 3,20
4 4,21
5 5,22
6 6,23
7 7,24
8 8,25
9 9,26
10 10, 27
11 11,28
12 12,29
13 13,30
14 14,31
15 15

! A, B, C and D signaling data is sampled on the falling edges
of TCLK during bit times 5, 6, 7 and 8 of time slots indicated.

w MUV, U UL

TCHCLK /_—l_/

}A Time Slot 1 -]

- Frame 1

Ny

Time Slot 18. -

Time Slot 1

D 7 oonT cARE” )om ' W

Time Slot 18

Figure 9: CAS Output Format in Time Slot 16

Frame 0' Frame 1 Frame 15
0000 XYXX ABCD for ABCD for ............ reseereesaennanee ABCD for ABCD for
time slot 1 time slot 17 time slot 15 time slot 31
! Time slot 16 of Frame 0 is reserved for the multiframe alignment word (0000), distant multiframe alarm (Y) and extra
bits (X-XX). :
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Figure 10: Transmit International and National Register

(MSB) (LSB)
INB - TRA NB4 NB5 NB6 NB7 NB8
Symbol Position Name And Description
INB TINR.7 International Bit. Inserted into the outgoing data stream when TCR.4 = 1.
- TINR.6 Reserved, must be set to O for proper operation.
TRA TINR.5 Transmit Remote Alarm.
0 = Normal Operation; bit 3 of time slot 0 in non-alignment frames clear.
1 = Alarm Condition; bit 3 of time slot 0 in non-alignment frames set.
NB4 TINR.4 Transmit National Bits.
NB5 TINR.3 Inserted into the outgoing data stream at TPOS and TNEG when TCR.3 = 1.
NB6 TINR.2
NB7 TINR.1
NB38 TINR.O

Figure 11: Transmit Extra Register

(MsB) _(LSB)
- - - - XB1 TDMA XB2 XB3
Symbol Position Name And Description
- TXR.7 Reserved, must be set to O for proper operation.
- TXR.6 Reserved, must be set to O for proper operation.
- TXR.5 Reserved, must be set to 0 for proper operation.
- TXR.4 Reserved, must be set to O for proper operation.
XB1 TXR.3 Extra Bit 1.
TDMA TXR.2 Transmit Distant Multiframe Alarm
0 = Normal Operation; bit 6 of time slot 16 in frame O clear.
1 = Alarm condition; bit 6 of time slot 16 in frame O set.
XB2 TXR.1 Extra Bit 2.
XB3 TXR.0 Extra Bit 3.
Figure 12: Transmit Idle Registers
(MSB) (LSB)

TS7 TS6 TS5 TS4 TS3 TS2 TS1 TSO' |TIR1
TS15 TS14 TS13 TS12 TS11 TS10 TS9 TS8 |TIR2
TS23 | TS22 | TS21 | TS20 | TS19 | TS18 | TS17 | TS16' |1|R3
TS31 TS30 TS29 TS28 TS27 TS26 TS25 TS24 TIR4

Symbol Position Name And Description

TS31 TIR4.7 Transmit Idle Registers. Each of these bit positions represents a time slot in
the outgoing stream at TPOS and TNEG. When set, the contents of that

TSO TIR1.0 time slot are forced to idle code (11010101).

®LEVEL
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extra bits (see Figure 11) are sourced from TXR.0, TXR.1
and TXR.3 (TCR.2 = 1) or the extra bits are sampled
externally at TXD during the extra bit time (TCR.2 =0). The
extra bits, alignment pattern and alarm signal are not utilized
in the CCS mode (TCR.5 = 1), input TSER “overwrites” all
time slot 16 bit positions.

Reserved bit positions in the TXR must be set to 0. when

Transmit Timing

A low-high transition at TMSYNC once per multiframe
(every 2 ms) or at a multiple of the multiframe rate estab-
lishes outgoing CAS and/or CRC4 multiframe alignment.
Output TMO indicates that alignment. A low-high transition
at TFSYNC at the frame rate (125 ps) or at a multiple of the
frame rate establishes the outgoing frame position. Output
TAF indicates that alignment.

written, those bits may be 0 or 1 when read.

Figure 13: Transmit Multiframe Timing

Frame # 15 [0 |1 |2 |3 |4 |5 |6 |7 |8 |9 |10]11]|12]13 |14 |15 ] 0 |

TMSYNC __]| |-
™0 _ [ | L

rsyne _ 1 NN N NN NN AN NN NN 00T

TAPE_ LML L e e
ouo S Iy I Yy Y Yy Ny N

! Alignment frames are "even" frames of the CAS and/or CRC4 multiframes (CCR.6 = 0).
2 Alignment frames are "odd" frames of the CAS multiframe (CCR.6 = 1).

Figure 14: ‘Transmit Multiframe Boundary Timing

TMSYNC

TFSYNC ™.
Note 1
T™O |
Note 1

TCHCLK | i [ | [

Tar X
TSER @000000@@000000@

Time Slot 31 Time Slot 0
Frame 15 ‘l‘ Frame 0
reost YXOOOOESOOOOOOEEOO
Note 3 Time Slot 30—*'4————T|me Slot 31 | Time Slot 0

Frame 15———"‘—Frame 0

! Low-high transitions on TMSYNC and/or TFSYNC must occur one TCLK period early with respect to actual frame and multiframe

boundaries. TMO follows the rising edge of TMSYNC or TFSYNC.
[LEVEL
ONE o

2 TAF transitions on true frame boundaries.
? Delay from TSER to TPOS, TNEG is five TCLK periods.
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TMSYNC and/or TFSYNC may be tied low by theuser,in ~ Table 8: Receive Signaling

which case the arbitrary frame and multiframe alignment - - -
established by the device will be indicated at TMO and TAF. Frame # RSD' Valid During Time Slot #
0 152
Output TAF also indicates frames containing the frame 1 172
alignment signal. Those frames may be “even or odd” ) 118
numbering frames of the outgoing CAS multiframe 3 2' 19
(CCR.6). 4 3,20
5 4,21
6 5,22
Receive Signaling 7 6.23
Receive signaling datais available attwo outputs; RSER and 3 7' 24
RSD (see Figure 16). RSER outputs the signaling data in 9 8’ 25
time slot 16. The signaling data is also extracted from time 10 9’ 26
slot 16 and presented at RSD during the time slots shown in 1 10’ 7
Table 8. 12 11,28
13 12,29
14 13,30
15 4,31

Notes: Applicable only to CAS systems.

! RSD is valid for the least significant nibble in each indicated
time slot. Time slot A data appears in bit 5, B in bit 6, C in bit
7, and D in bit 8.

2 RSD does not output valid data during time slots 0 and 16.

Figure 15: Transmit Signaling Time Slot Timing

e [T UYL LN
TCHCLK | | l | L

TSTS | |

———Time Slot 15—#}#————Time Slot 16—————}=—Time Slot 17—————

Figure 16: RSD Timing

e[ L[,

|4—-———Time S e — E‘ Time Slot 18 _=
e mow WOW
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Receive Timing

The receive side output timing set is identical to that found
on the transmit side. The user may tie receive outputs
directly to the transmit inputs for "drop and insert" applica-
tions. The received data at RPOS and RNEG appears at
RSER after six RCLK delays, without any change except for
the HDB3 to NRZ conversion when HDB3 is enabled.

Figure 17: Receive Multiframe Timing

Alarm Reporting and Interrupt Servicing

Alarm and error conditions are reported at outputs and the
RSR. Use of the RSR and error count registers simplifies
system error monitoring. TheRSR may bereadin one of two
ways; a burstread does not disturb the RSR contents, adirect
read will clear all bits set in the RSR unless the alarm
condition which set them is still active.

RMSYNC __| |

Frame# 15| 0 |1 |2 |3 |4 |5 |6 |7 |8 |9 [10[11]12]13]14]15] 0 |

I L

oo B s s e T e s s N
RCSYNC | I [

! The CAS multiframe may start with an align or non-align frame. The CRC4 multiframe always starts with an align frame.

Figure 18: Receive Multiframe Boundary Timing

{ Time Slot 0

Time Slot 1

RFSYNC

Frame O

1

Note 1

RMSYNC

RCHCLK | | | | l

RCSYNC

RAF

Note 2

RSER
Note 3

Time Stot o———————=|

f—————Time slot 31

- Frame 0.

Frame 15.

boundaries.
2 RAF transitions on true frame boundaries.
* Delay from RPOS, RNEG to RSER is six RCLK periods.
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Interrupts are enabled via the RIMR and are generated
whenever an alarm or error condition sets an RSR bit. The
host controller must service the transceiver in order to clear
an interrupt condition. Clearing the appropriate RIMR bit
will unconditionally clear an interrupt.

Error Logging

The BVCR, CECR and FECR contain 8-bit binary up count-
ers whichincrement on individual bipolar violations, CRC4
code word errors (when CCR.2 = 1), and word errors in the
frame alignmentsignal. Each counter saturates at255. Once
saturated, each following error occurrence will generate an
interrupt (RIMR.0 = 1) until the register is reprogrammed to
a value other than FF (hex). Presetting the registers allows
the user to establish specific error count thresholds; the

Figure 19: Receive Status Register (RSR)

counter will count “up” to saturation from the preset value.
The BVCR increments at all times (regardless of sync
status). CECR and FECR increments are disabled whenever
resync is in progress (RLOS high).

Alarm Outputs

Alarm conditions are also reported in real time at alarm
outputs. These outputs may be used with off-chip logic to
complement the on-chip error reporting capability of the
LXP2181A. In the Hardware mode, they are the only alarm
reporting means available.

RLOS
The RLOS output indicates the status of the receive synchro-
nizer. When high, frame, CAS multiframe and/or CRC4

(MSB) (LSB)
RRA RDMA RSA1 RUA1 FSERR |MFSERR| RLOS ECS
Symbol Position Name And Description
RRA RSR.7 Receive Remote Alarm. Set when bit 3 of time slot O in non-align frames set
for three consecutive non-align frames.
RDMA  RSR.6 Receive Distant Multiframe Alarm'. Set when bit 6 of time slot 16 in frame
0 set for thrée consecutive multiframes.
RSA1 RSR.5 Receive Signaling All "1"s. Set when contents of time slot 16 have been all
"1"s for two consecutive frames.
RUAL1 RSR.4 Receive Unframed All "1"s. Set when <3 bit positions of the last align and
non-align frames received have been 0.
FSERR  RSR.3 Frame Resync Criteria Met. Set when the Frame Error Criteria is met, also
the Frame Resync is initiated if RCR.1 =0.
MESERR RSR.2 CAS Multiframe Resync Criteria Met. Set when the CAS multiframe error
criteria is met, also the Frame Resync is initiated if RCR.1 =0.
RLOS RSR.1 Receive Loss of Sync. Set when resync is in progress.
ECS RSR.0 Error Count Saturation. Set when any of the on-chip counters at FECR,
CECR or BVCR saturates.

! 'When in the CCS mode, the RDMA flag bit and the RDMA pin have no significance. It will be set when bit 6 of time slot 16 in
frame O is set for three consecutive multiframes in either CAS or CCS mode.

[
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multiframe synchronization is in progress. A high-low
transition indicates resync is complete. The RLOS bit
(RSR.1) is a “latched” version of the RLOS output.

RRA

. The remote alarm output transitions high when a remote
alarm is detected. A high-low transition indicates the alarm
condition has been cleared. The alarm condition is defined
as bit 3 of time slot 0 set for three consecutive non-align
frames. The alarm state is cleared when bit 3 has been clear
for three consecutive non-align frames. The RRA bit
(RSR.7) is a “latched” version of the RRA output.

RBV

RBY outputs one RCLK pulse when the accused bit emerges
at RSER. RBYV will return low when RCLK goes low, and
RBY pin bipolar violations are logged in the BVCR. The

RBV pin provides a pulse which can be counted externally
for every violation.

RDMA

RDMA transitions high when bit 6 of time slot 16 in frame
01is set for three consecutive occasions and returns low when
the bit is clear for three consecutive occasions. The RDMA
bit (RSR.6) is a “latched” version of the RDMA output.

RCL
Transitions high after 32 consecutive “0s” appear at RPOS
and RNEG, goes low at next "1" occurrence.

RFER

The RFER output transitions high when received frame
alignment, CAS multiframe alignment and/or CRC4 code
words are in error. The FECR and CECR log error events

Figure 20: Receive Interrupt Mask Register (RIMR)

(MSB) (LSB)
RRA RDMA RSA1 RUA1 FSERR | MFSERR| RLOS - ECS
Symbol Position Name And Description
RRA RIMR.7 Receive Remote Alarm.
1 = Interrupt Enabled. 0 = Interrupt Masked.
RDMA  RIMR.6 Receive Distant Multiframe Alarm.
1 = Interrupt Enabled. 0 = Interrupt Masked.
RSAl RIMR.5 Receive Signaling All "1"s. .
1 = Interrupt Enabled. 0 = Interrupt Masked.
RUA1 RIMR 4 Receive Unframed All "1"s.
1 =Interrupt Enabled. 0 = Interrupt Masked.
FSERR RIMR.3 Frame Resync Criteria Met
1 = Interrupt Enabled. 0 = Interrupt Masked.
MFSERR RIMR.2 CAS Multiframe Resync Criteria Met.
1 =Interrupt Enabled. 0 = Interrupt Masked.
RLOS RIMR.1 Receive Loss of Sync.
1 = Interrupt Enabled. 0 = Interrupt Masked.
ECS RIMR.O Error Count Saturation.
1 = Interrupt Enabled. 0 = Interrupt Masked.
[ELEVEL
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reported at this output. FECR logs only the Frame Align-  Reset _

ment errors. CECR logs CRC4 code word errors. A high-low transition on RST clears all internal registers
exceptthe three error counters; aresync is initiated untilRST

To complement the on-chip error logging capabilities of the  returns high. RST must be held low on system power-up and

LXP2181A, the system designer may use off-chip logic =~ when switching to/from the Hardware mode. Following

gated by receive side outputs RCHCLK, RAF, RSTS and  reset, the host processor should update all on-chip registers

RCSYNC to demux error states present at RFER. to establish desired operating modes.

Figure 21: Bipolar Violation Count Register (BVCR)

(MSB) (LSB)
BVD7 | BVD6 | BVD5 | BVvD4 | BVD3 | BvD2 | BVD1 | BVDO

Symbol Position Name And Description

BVD7 BVCR.7 MSB of bipolar violation count.

BVDO BVCR.0 LSB of bipolar violation count.

Figure 22: CRC4 Error Count Register (CECR)
(MSB) (LSB)
CRC7 | CRC6 CRC5 CRC4 CRC3 CRC2 CRC1 CECO

Symbol Position Name And Description
CRC7 CECR.7 MSB OF CRCA4 error count.

CRCO CECR.0 LSB of CRC4 error count.

Figure 23: Frame Error Count Register (FECR)

(MSB) (LSB)
FE7 FE6 FE5 FE4 FE3 FE2 FE1 FEO

Symbol Position Name And Description
FE7 FECR.7 MSB of frame error count.

FEO FECR.0 LSB of frame error count.

#1LEVEL
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Figure 24: RFER Output Timing for All Error Conditions

reswwe L LI AN ANAANAANTANANAN
V'CI N
AMSYNG__| | [

RCSYNC | | [

RFER | | | |

Figure 25: CAS Multiframe Alignment Error

re ] LI LI LI LI LI L L L

RCHCLK | L |
Rsts | L
RFER o P P [ ]

Figure 26: CRC4 Sub-Multiframe 2 Errored

rex [ LT LT LT LTI LT LT LI L

RCHCLK | |
RFSYNC [ i
RAF |

RCSYNC —l
RFER | |

Note 2

Notes for Figures 24 through 28

! CAS multiframe alignment word received in error, RFER will transition high at first error occurrence and remain high as shown.
2 Previous CRC4 sub-multiframe 2 errored.

3 Frame alignment word errored.

4 Previous CRC4 sub-multiframe errored.

®LEVEL
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Figure 27: Frame Alignment Word Errored

Yo% S N I O S O O
RCHCLK | | r
RFSYNC .
e |

RFER [ 1]

Note 3

Figure 28: CRC4 Sub-Multiframe 1 Errored

YT N 1
RCHCLK | | |
RFSYNC [

e |

Resyne |

RFER I |

Note 4

Notes for Figures 27 and 28
3 Frame alignment word errored.
4 Previous CRC4 sub-multiframe errored.

Hardware Mode except those in Table 9 and redefines pins 14 thru 18 as mode
An on-chip hardware control mode simplifies preliminary ~ control inputs. The mode control inputs establish the device
system prototyping and serves applications which do not  operational characteristics listed in Table 9. The Hardware
require the features of the serial port. Tying SPS low  mode simplifies device retrofit into existing applications
disables the serial port, clears all internal register locations ~ where control interfaces are designed with discrete logic.

Table 9: Hardware Mode Control

Pin # | Register Location Name And Description

14 TINR.S TRA - Transmit Remote Alarm
0 = Normal Operation. 1 = Enable Alarm.

15 TXR.2 TDMA - Transmit Distant Multiframe Alarm.
0 = Normal Operation. 1 = Enable Alarm.

16 CCR.5/CCR4 Data Format.
0 = Input/output data AMI coded. 1 = Input/output data HDB3 coded.

17 CCR.3/CCR.2 | Transmit and Receive CRC4 Multiframe.
0 =Disabled. 1 =Enabled.

18 TCR.5/RCR.5 Transmit and Receive CAS Multiframe.
0 = Enabled. 1 = Disabled.
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A.C. Electrical Characteristics - Serial Port

Parameter Sym Min Max | Units Test Conditions’
SDI to SCLK Setup toe 50 - ns | Cload=100pF
SCLK to SDI Hold tepn 50 - ns Cload = 100 pF
SCLK Low Time to 244 - ns C load = 100 pF
SCLK High TIme ten 244 - ns C load = 100 pF
SCLK Rise and Fall Time tte - 100 ns | Cload= 100 pF
CS to SCLK Setup tee 50 - ns | Cload=100pF
SCLK to CS Hold teen 50 - ns | Cload =100 pF
CS Inactive Time tom | 250 - ns | Cload =100 pF
SCLK to SDO Valid topy - 200 ns | Cload =100 pF
CS to SDO High Z tenz - 75 ns | Cload =100 pF

! Measured at V =2.0V, V = 8V, and 10 ns maximum rise and fall time.

Ta = -40°C to +85°C (E version); 0°C to +70°C (C version). VDb =5V (£ 5V).

Figure 29: Serial Port Write A.C. Timing

tcwi

SDI :>< LSB

-

_ tcc
Cs
_\ // 1/
w/i 17/
tF tccH
-
teH i
SCLK QE; A tcL
toc

MSB

CONTROL BYTE

DATA BYTE

! Only change data when SCLK is low.
2 Shaded regions indicate "don't care" states of input data.

Figure 30: Serial Port Read A.C. Timing

/]

L

/1

S X

1]
/i

X

X )

17

! Serial port write must precede a port read to provide address information.
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A.C. Electrical Characteristics - Transmit'

Parameter Sym Min | Typ? | Max | Units | Test Conditions

TCLK Period t, - 488 - ns C load = 100 pF
TCLK Pulse Width tye, twn - 244 - ns C load = 100 pF
TCLK, RCLK Rise & Fall Times te b - 20 - ns C load = 100 pF
TSER, TSD, TIND, TXD Setup to toro 50 - - ns C load = 100 pF
TCLK Falling

TSER, TSD, TIND, TXD Hold to tero 50 - - ns C load = 100 pF
TCLK Falling

TFSYNC, TMSYNC Setup to TCLK ters 75 - 125 ns C load = 100 pF
Falling

TFSYNC , TMSYNC Hold to TCLK tyrs 50 - 75 ns C load = 100 pF
Falling

Propagation Delay TCLK to TCHCLK, tors - - 75 ns C load = 100 pF
TSTS, TMO, TAF 100 - - ns C load = 100 pF

! Measured at V,, =2.0V, V, = .8V, and 10 ns maximum rise and fall time.
Ta = -40°C to +85°C (E version); 0°C to +70°C (C version). VDD =5V (+ 5V).
2 Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.

Figure 31: Transmit A.C. Timing Diagram

tp tr tr
tw twr —
\ /\ -
TCLK \ /] N\___/ 7
tsTi
tHTD
— el —
TSER, TSD, [
TIND, TXD >< >< ><
tsts|tHTS
TFSYNC,
TMSYNC
trTs
TCHCLK,
TSTS, TMO, ,
TAF :
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A.C. Electrical Characteristics - Receive!

Parameter Sym | Min | Typ? | Max | Units | Test Conditions
Propagation Delay RCLK to tors - - 75 ns CL =100 pF
RMSYNC, RFSYNC, RSTS,

RCHCLK, RAF
Propagation Delay RCLK to RSER, Goro - - 75 ns CL =100 pF
RSD
Transition Time, All Outputs tr - - 20 ns C load = 100 pF
RCLK Period t - 488 - ns C load = 100 pF
RCLK Pulse Width tye, tn - 244 - ns C load = 100 pF
RCLK Rise & Fall Times te b - 20 - ns Cload =100 pF
RPOS, RNEG Setup to RCLK Falling oo 50 - - ns Cload = 100 pF
RPOS, RNEG Hold to RCLK Falling - 50 - - ns Cload = 100 pF
Propagation Delay RCLK to RLOS, tora - - 75 ns . C load = 100 pF
RRA, RBV, RFER, RDMA, RCL
Minimum RST Pulse Width on System tesr 1 - - us C load = 100 pF
Power Up or Restart
! Measured at V|, = 2.0V, V| = .8V, and 10 ns maximum rise and fall time.
2 Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.
Figure 32: Receive A.C. Timing Diagram
tp tr t
R
s [ —\
RCLK _ /| |tero/ } / N__/
o |
RSER, RSD j ) X X 1
tPRs
RMSYNC, RFSYNC, -1 ==
RCSYNC, RAF,
RSTS, RCHCLK —
tPRA
ol
RCL, RBV, RLOS >‘ >< X X

tPRA

RDMA, RRA, RFER

tRsT

RPOS, RNEG X
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LXT901

Universal Ethernet Interface Adapter (Internal MAU)
with Integrated 10Base T MAU, EnDec, AUI and Filters

The LXT901 Universal Ethernet Interface Adapter is de-
signed for IEEE 802.3 physical layer applications. It pro-
vides all the active circuitry to interface most standard 802.3
controllers to either the 10Base-T media or Attachment Unit
Interface (AUI). In addition to standard 10 Mbps Ethernet,
the LXT901 also supports full-duplex operation at 20 Mbps.

LXT901 functions include Manchester encoding/decoding,
receiver squelch and transmit pulse shaping, jabber, link
testing and reversed polarity detection/correction. The
LXT901 can be used to drive either the AUI drop cable or the
10Base-T twisted-pair cable with only a simple isolation
transformer. No external filters are required. Selectable
termination impedance allows the LXT901 to be used with
either shielded or unshielded twisted-pair cable.

The LXT901 is fabricated with an advanced CMOS process
and requires only a single 5-volt power supply.

« Laptop/Palmtop portables (PCMCIA compatibles)
* Computer/workstation 10Base-T LAN adapter boards

Standard Product
January 1994

Functional Features

« Integrated Filters - No External Filters Required
« Integrated Manchester Encoder/Decoder

¢ 10Base-T compliant Transceiver

* AUI Transceiver

* Supports Standard and Full-Duplex Ethernet
Convenience Features

* Automatic/Manual AUI/RJ4S5 Selection

* Automatic Polarity Correction

» Programmable Impedance Driver

* Power Down Mode and four loopback modes

* Available in 64-pin TQFP and 44-pin PLCC packages
Diagnostic Features

» Four LED Drivers

* AUI/RJ4S Loopback

* Remote Signaling of Link Down and Jabber conditions

AUTOSEL 1 MODE SELECT LOGIC
PAUI Controller Compatibility /
Port Select/
LBK Loopback /
L Link Test

MANCHESTER
ENCODER
xS =
RCMPT %
CD -
LEDL =
RXD e
RCLK <= DECODER
COLLISION
coL LOGIC

\ \ \
LEDR LEDT/PDN LEDC NTH JAB

#1LEVEL
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L MD1
TWISTED PAIR — UTP
INTERFACE J\
S » TPOPB
SHAPER WS > TPOPA
Py W > TPONA
FILTER TPONB
COLLISION/
POLARITY [~ TPIP
DETECT/ sucgﬁ
CORRECT TPIN
DOP
DON
1 DIP
RX SLICER oI
COLLISION cIP
RECEIVER | CIN
PLR
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LXT901 Universal Ethernet Interface Adapter

—oT Qzo )
Table 1: Controller Compatibility Mode Options 99E 3528835
Controller Mode: Setting: 6 54321 4443424140
MD1 MDO RLD (7 < 39 1 TPIN
L Qs 38 {1 TPIP
Mode 1 - For Advanced Micro Devices 0 0 Tég‘? E ?o LXT901PC gg 3 ‘lrjggNB
AM7990 or compatible controllers Tork {11 (PLCC) 35 [] TPONA
- XD [ 12 34 [1 vcez
Mode 2 For Intel 82586, 82596 or 0 1 TEN 013 33 aND2
compatible controllers ciko 1 14 32 | TPOPA
31
Mode 3 - For Fujitsu MB86950, MB36960 | 1 0 o o1 oh pn s
or compatible controllers (Seeq 8005) AUTOSEL 117 29 [1 RJAB
18 19 20 21 22 23 24 25 26 27 28
Mode 4 - For National Semiconductor 8390 1 1 T3 ‘g’ A==
or compatible controllers (TI TMS380C26) I EEE -
- E -4 O g o
Table 2: Pin Descriptions Y
P .
, 'é 2| sym (VO Name Description
P
1]10|VCC1| I | PowerInputs |+ 5 volt power supply inputs.
34| 56| VCC2| I 1,2 and
-] 9| VCCA | I |A (TQFP only)
2| 11| CIP | I | AUICollision | Differential input pair connected to the AUI transceiver CI circuit.
3112 CIN | I Pair The input is collision signaling or SQE.
4| 13| NTH | I Normal When NTH = 1, the normal TP squelch threshold is in effect.
Threshold When NTH = 0, the normal TP squelch threshold is reduced by 4.5 dB.
5|14 MDO | I | Mode Select 0 | Mode select pins determine controller compatibility mode in accordance with
6| 15| MD1 | I | Mode Select1 | Table 1, above.
7 ({18 RLD | O| Remote Link | Output goes high to signal to the controller that the remote port is in link
Down down condition.
8|19 LI I {Link Test Enable | Controls Link Integrity Test; enabled when LI = 1, disabled when LI = 0.
9| 21| JAB | O |Jabber Indicator | Output goes high to indicate Jabber state.
10| 22| TEST | I Test Open.
11| 23| TCLK | O | Transmit Clock | A 10 MHz clock output. This clock signal should be directly connected to the
transmit clock input of the controller.
12| 24| TXD | I |TransmitData | Input signal containing NRZ data to be transmitted on the network. TXD is
connected directly to the transmit data output of the controller.
13| 25| TEN | I |Transmit Enable | Enables data transmission and starts the watchdog timer. Synchronous to
TCLK (see Figures 4, 10, 16 and 22 for details).
141 26| CLKO | O Crystal A 20 MHz crystal (Mtron MP-1/MP-2) must be connected across these pins,
15| 27| CLKI | I Oscillator or a 20 MHz clock applied at CLKI with CLKO left open.
16| 28| COL | O |Collision Detect | Output which drives the collision detect input of the controller.
171 29| AUTO | 1 Automatic When AUTOSEL = 1, automatic port selection is enabled (the 901 defaults to
SEL Port Select the AUI port only if TP link integrity = Fail). When AUTOSEL = 0, manual
port selection is enabled (the PAUI pin determines the active port).
feVEiL
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Table 2: Pin Descriptions continued
PlT
t| 2| sym |vO Name Description
c|p
18 |34 | LEDR | O | Receive LED | Open drain driver for the receive indicator LED. Output is pulled low
during receive.
19|35 [LEDT/ | O | Transmit LED/ | Open drain driver for the transmit indicator. Output is pulled low during
PDN I | Power Down | transmit. If externally tied low, the LXT901 goes to power down state.
20136 | LEDL | O Link LED Open drain driver for link integrity indicator. Output is pulled low during
link test pass. If externally tied low, internal circuitry is forced to "Link
Pass" state and 901 will continue to transmit link test pulses.
2137 | LEDC | O | Collision LED | Open drain driver for the collision indicator pulls low during collision.
If externally tied low, the LXT901 disables the internal TP loopback and
collision detect circuits for full-duplex operation or external TP loopback.
2238 | LBK I Loopback Enables internal loopback mode. See Figure 7 (Mode 1), Figure 13 (Mode 2),
Figure 19 (Mode 3) and Figure 25 (Mode 4) for details.
23139 [ GND1 | — | Ground Returns | Grounds.
33|55 | GND2 | - 1, 2and
— |40 | GNDA | - | A (TQFP only)
24|42 |[RBIAS | I Bias Control | A 12.4 kQ 1% resistor to ground at this pin controls operating circuit bias.
25 |44 |RCMPT| O Remote Output goes high to signal the controller that the remote port is compatible
Compatibility | with the LXT901 remote signaling features.
26 (45 | RXD Receive Data | Output signal connected directly to the receive data input of the controller.
27146 CD Carrier Detect | An output to notify the controller of activity on the network.
28 |47 | RCLK | O [Receive Clock | A recovered 10 MHz clock which is synchronous to the received data and
connected to the controller receive clock input.
29|51 | RIAB | O | Remote Jabber | Output goes high to indicate that the remote port is in Jabber condition.
30|52 | PLR | O [ Polarity Reverse| Output goes high to indicate reversed polarity at the TP input.
31|53 [TPOPB| O | Twisted-Pair | Two differential driver pair outputs (A and B) to the twisted-pair cable.
36 |58 |TPONB| O | Transmit Pairs | The outputs are pre-equalized; no external filters are required.
32|54 |TPOPA| O A&B Two pairs are used to provide compatibility with both 100 €2 load cable
35{57 [TPONA| O and 150 Q load cable.
37(59 | UTP I UTP/STP When UTP =0, 150 Q termination for shielded TP is selected.
Select When UTP = 1, 100 Q termination for unshielded TP is selected.
38161 | TPIP | I | Twisted-Pair | A differential input pair from the twisted-pair cable. Receive filter is
39162 | TPIN | I | Receive Pair | integrated on-chip. No external filters are required.
403 | PAUI | I Port/AUI In Manual Port Select mode (AUTOSEL = 0), PAUI selects the active
Select port. When PAUI = 1, the AUI port is selected. When PAUI =0, the TP
port is selected. In Auto Port Select mode, PAUI must be tied to ground.
41|14 | DIP I | AUIReceive | Differential input pair from the AUI transceiver DI circuit.
42(5 | DIN I Pair The input is Manchester encoded.
AUI Transmit | A differential output driver pair for the AUI transceiver cable. The
Pair output is Manchester encoded.
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Absolute Maximum Ratings*

* Exceeding these values may cause permanent damage. * Supply Voltage Vee - 0.3 V (min) to + 6 V (max)
Functional operation under these conditions is not * Operating temperature T, 0 °C (min) to +70 °C (max)
implied. Exposure to maximum rating conditions for ~ « Storage temperature T -65 °C (min) to +150 °C (max)

extended periods may affect device reliability.

Table 3: Operating Conditions (Voltage with respect to ground unless otherwise specified.)

Parameter Symbol| Min Typ' Max Units Test Conditions
Recommended supply voltage Ve 4.75 5.0 5.25 v
Recommended operating temperature | T, 0 - 70 °C
Supply current I - 65 85 mA Idle mode
Normal mode I - 90 110 mA Transmitting on TP
I - 70 90 mA Transmitting on AUI
Power Down mode I - 0.75 2 mA

! Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.

Table 4: VO Electrical Characteristics (Ta=01t070°C, V__ =5V +5%)

»cc

Parameter Symbol | Min Typ' Max | Units Test Conditions
Input low voltage 2 \S - - 0.8 \%
Input high voltage 2 Vi 2.0 - - \%
Output low voltage Vou - - 0.4 \4 I,,=16mA
Output low voltage Vou - - 10 % Vo I, <10 nA
Output low voltage Vou - - 0.7 \% I,,=10mA
(Open drain LED Driver)
Output high voltage oH 24 - - v I,z=40pA
Output high voltage Vou 90 - - % Ve I,y<10pA
Output rise time CMOS _ - 3 12 ns C.oap =20 pF
TCLK & RCLK TTL - - 2 8 ns
Output fall time CMOS - - 3 12 ns Coap =20 pF
TCLK & RCLK TIL - - 2 8 ns
CLKI rise time (externally driven) - - - 10 ns
CLKI duty cycle (externally driven) - - 50750 40/60 %

Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.
Limited functional test patterns. are performed at these input levels. The majority of functional tests are performed at levels of OV
and 3V.

N

Table 5: AUI Electrical Characteristics (Ta= 01070 °C, V= 5V +5%)

Parameter Symbol | Min Typ! Max | Units Test Conditions
Input low current o, - - | 700 HA
Input high current L, - - 500 HA
Differential output voltage Voo +550 - +1200 mV
Differential squelch threshold Vs 150 220 350 mV | 5 MHz square wave input

! Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.
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LXT901 Universal Ethernet Interface Adapter

Functional Description

The LXT901 Universal Ethernet Interface Transceiver per-
forms the physical layer signaling (PLS) and Media Attach-
ment Unit (MAU) functions as defined by the IEEE 802.3
specification. It functions as a PLS-Only device (for use
with 10Base-2 or 10Base-5 coaxial cable networks) or as an
Integrated PLS/MAU (for use with 10Base-T twisted-pair
networks). In addition to standard 10Mbps operation, the
LXT901 also supports full-duplex 20 Mbps operation.

The LXT901 interfaces a back end controller to either an
AUI drop cable or a twisted-pair (TP) cable. The controller
interface includes transmit and receive clock and NRZ data
channels, as well as mode control logic and signaling. The
AUI interface comprises three circuits: Data Output (DO),
Data Input (DI) and Collision (CI). The twisted-pair inter-
face comprises two circuits: Twisted-Pair Input (TPI) and

Twisted-Pair Output (TPO). In addition to the three basic
interfaces, the LXT901 contains an internal crystal oscillator
and four LED drivers for visual status reporting.

Functions are defined from the back end controller side of
the interface. The LXT901 Transmit function refers to data
transmitted by the back end to the AUI cable (PLS-Only
mode) or to the twisted-pair network (Integrated PLS/MAU
mode). The LXT901 Receive function refers to data re-
ceived by the back end from the AUI cable (PLS-Only) or
from the twisted-pair network (Integrated PLS/MAU
mode). In the integrated PLS/MAU mode, the LXT901
performs all required MAU functions defined by the IEEE
802.3 10Base-T specification such as collision detection,
link integrity testing, signal quality error messaging, jabber
control and loopback. In the PLS-Only mode, the LXT901
receives incoming signals from the AUI DI circuit with+ 18
ns of jitter and drives the AUI DO circuit.

Table 6: TP Electrical Characteristics (Ta=0to 70 °C, V_ =5V +5%)
Parameter Symbol | Min Typ' | Max | Units Test Conditions

Transmit output impedance Zor - 5 - Q
Peak differential output voltage Voo 33 35 3.7 \Y% Load = 100 Q at TPOP and TPON
Transmit timing jitter addition 2 - - +64 +10 ns 0 line length for internal MAU
Transmit timing jitter added by - - + +55 ns After line model specified by IEEE
the MAU and PLS sections >3 802.3 for 10Base-T internal MAU
Receive input impedance Zy - 20 - kQ | Between TPIP/TPIN,

CIP/CIN & DIP/DIN
Differential squelch threshold Vos 300 420 585 mV | 5 MHz square wave input
(Normal threshold : NTH = 1)
Differential squelch threshold Vos 180 250 345 mV | 5 MHz square wave input
(Reduced threshold : NTH = 0)

! Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.
2 Parameter is guaranteed by design; not subject to production testing.
3 IEEE 802.3 specifies maximum jitter additions at 1.5 ns for the AUI cable, 0.5 ns from the encoder, and 3.5 ns from the MAU.

Table 7: Switching Characteristics (Ta=01070°C, V=5V 5%)
Parameter Symbol Min Typ Max Units
Jabber Timing:
Maximum transmit time - 20 - 150 ms
Unjab time - 250 - 750 ms
Link Integrity Timing:
Time link loss ) - 65 - 66 ms
Time between Link Integrity Pulses - 8 - 24 ms
Interval for valid receive Link Integrity Pulses - 4.1 - 65 ms
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LXT901 Universal Ethernet Interface Adapter

Controller Compatibility Modes

The LXT901 is compatible with most industry standard
controllers including devices produced by Advanced Micro
Devices (AMD), Intel, Fujitsu, National Semiconductor,
Seeq and Texas Instruments. Four different control signal
timing and polarity schemes (Modes 1 through 4) are re-
quired to achieve this compatibility. Mode select pins (MDO
and MD1) determine Controller compatibility modes as
listed in Table 1.

r thr
Figure 2: Mode 1 RCLK/SoF Timing

- Timing Diagram

A complete set of timing diagrams is provided for each mode
as follows: Mode 1 : Figures 2 - 7,

Mode 2 : Figures 8 - 13,

Mode 3 : Figures 14 - 19,

Mode 4 : Figures 20 - 25.
Related timing specifications are provided in Table 8
(RCLK/Start-of-Frame), Table 9 (RCLK/End-of-Frame),
Table 10 (Transmit Timing) and Table 11 (Collision Detec-
tion, COL/CI Output and Loopback Timing).

f =0,MDO =

[tlolt]oftloft]of1]1|1]o]1]ofo]ol1]o]f1]o

LANRRRRLID

TPIP/TPIN
or DIP/DIN |
tco
CcD }
RCLK
trDS
trRDH
e {DATA—— >
RXD
Notes:

1. RXD changes at the rising edge of RCLK. The controller is sampled at the falling edge.

[tfoftfol1]oftfof1[1]1]o]n

Figure 3: Mode 1 RCLK/EoF Timing
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1. RXD changes at the rising edge of RCLK. The controller is sampled at the falling edge.
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Figure 4: Mode 1 Transmit Timing
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Figure 5: Mode 1 Collision Detect Timing
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LXT901 Universal Ethernet Interface Adapter

rams for

Figure 8: Mode 2 RCLK/Start-of-Frame Timing
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1. RXD changes at the rising edge of RCLK. The controller is sampled at the falling edge.

Figure 9: Mode 2 RCLK/End-of-Frame Timing
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Figure 10: Mode 2 Transmit Timing
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Figure 11: Mode 2 Collision Detect Timing
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Figure 12: Mode 2 COL/CI Output Timing
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Figure 13: Mode 2 Loopback Timing
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LXT901 Universal Ethernet Interface Adapter

Figure 14: Mode 3 RCLK/Start-of-Frame Timing
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1. RXD changes at the rising edge of RCLK. The controller is sampled at the falling edge.

Figure 15: Mode 3 RCLK/End-of-Frame Timing
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Figure 16: Mode 3 Transmit Timing
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Figure 19: Mode 3 Loopback Timing
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Figure 20: Mode 4 RCLK/SoF Timing
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Figure 21: Mode 4 RCLK/EoF Timing
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Figure 22: Mode 4 Transmit Timing
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Figure 23: Mode 4 Collision Detect Timing
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Table 8: RCLK/Start-of-Frame Timing

Parameter Symbol | Minimum | Typical' | Maximum| Units
Decoder acquisition time AUI toata - 900 1100 ns
TP toata - 1300 1500 ns
CD turn-on delay AUI ten - 50 200 ns
TP tep - 400 550 ns
Receive data setup Mode 1 teos 43 70 - ns
from RCLK Modes 2, 3 and 4 teps 30 45 - ns
Receive data hold Mode 1 teps 10 20 - ns
from RCLK Modes 2, 3 and 4 tes 30 45 - ns
Table 9: RCLK/End-of-Frame Timing
Parameter Type Symbol | Mode1 | Mode 2 | Mode 3 | Mode 4 | Units
RCLK hold after CD off Minimum tacu 5 1 27 5 bt
Rcv data throughput delay Maximum teo 400 375 375 375 ns
CD turn off delay 2 Maximum | 500 475 475 475 ns
Receive block out after TEN off | Typical ! tr 5 50 - - bt
Table 10: Transmit Timing
Parameter Symbol Minimum Typical' Maximum Units
TEN setup from TCLK Cencu 22 - - ns
TXD setup from TCLK toscr 22 - - ns
TEN hold after TCLK o 5 - - ns
TXD hold after TCLK Yoy 5 - - ns
Transmit start-up delay - AUI tsrup - 200 450 ns
Transmit start-up delay - TP terun - 350 450 ns
Transmit through-put delay - AUI ten - - 300 ns
Transmit through-put delay - TP ten - 338 350 ns
Table 11: Collision Detection, COL/CI Output and Loobback Timing
Parameter Symbol Minimum Typical ! Maximum Units
COL turn on delay teon - - 500 ns
COL turn off delay CeoLorr - - 500 ns
COL (SQE) Delay after TEN off tsoep 0.65 - 1.6 us
COL (SQE) Pulse Duration toqer 500 - 1500 ns
LBK setup from TEN A 10 25 - ns
LBK hold after TEN [ 10 0 - ns
! Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.
2CD Turnoff delay measured from middle of last bit, so timing specification is unaffected by the value of the last bit.
(LEVEL
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LXT901 Universal Ethernet Interface Adapter

Transmit Function

The LXT901 receives NRZ data from the controller at the
TXD input as shown in Figure 1, and passes it through a
Manchester encoder. The encoded datais then transferred to
either the AUI cable (the DO circuit) or the twisted-pair
network (the TPO circuit). The advanced integrated pulse
shaping and filtering network produces the output signal on
TPON and TPOP, shown in Figure 26. The TPO output is
pre-distorted and prefiltered to meet the 10 Base-T jitter
template. An internal continuous resistor-capacitor fil-
ter is used to remove any high-frequency clocking noise
from the pulse shaping circuitry. No external filters are
required. During idle periods, the LXT901 transmits link
integrity test pulses on the TPO circuit (if L1 is enabled and
integrated PLS/ MAU mode is selected). The UTP pin
controls LXT901 termination impedance.

Figure 26: LXT901 TPO Output Waveform

AV
E\/\J\/\/

Figure 27: Jabber Control Function

When UTP = 0, the LXT901 is set for shielded TP (150 Q).
When UTP= 1, the LXT901 is set for unshielded TP (100 Q).

Jabber Control Function

Figure 27 is a state diagram of the LXT901 Jabber control
function. The LXT901 on-chip watchdog timer prevents the
DTE from locking into a continuous transmit mode. When
a transmission exceeds the time limit, the watchdog timer
disables the transmit and loopback functions, and activates
the JAB pin. Once the LXT901 is in the jabber state, the
TXD circuit must remain idle for a period of 0.25 to 0.75
seconds before it will exit the jabber state.

SQE Function

In the integrated PLS/MAU mode, the LXT901 supports the
signal quality error (SQE) function as shown in Figure 28.
After every successful transmission on the 10Base-T net-
work, the 901 transmits the SQE signal for 10BT+5BT over
the internal CI circuit which is indicated on the COL pin of
the device. When using the 10Base 2 port of the 901, the
SQE function is determined by the external MAU attached.

Figure 28: SQE Function
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r Y
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* DO = Active

NONJABBER OUTPUT

Start_XMIT_Max_Timer

DO = Idlel

DO = Activee®
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JAB [
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LPBK = Disable
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UNJAB WAIT
Start_Unjab_Timer

XMIT = Disable
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Cl = SQE
|

Unjab Timer Done

I
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Unjab_Timer_Not_Done

Power On

¥

OUTPUT IDLE
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SQE WAIT TEST
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ﬁ———' : SQE_Test_Wait_Timer_Done ®
XMIT = Disable
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SQE TEST

Start_SQE_Test_Timer
Cl = SQE

SQE_Test_Timer_Done |
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Receive Function

The LXT901 receive function acquires timing and data from
the twisted-pair network (the TPI circuit) or from the AUI
(the DI circuit). Valid received signals are passed through
the on-chip filters and Manchester decoder then output as
decoded NRZ data and receive timing on the RXD and
RCLK pins, respectively.

An internal RC filter and an intelligent squelch function
discriminate noise from link test pulses and valid data
streams. No external filters are required. The receive
function is activated only by valid data streams above the
squelch level and with proper timing. If the differential
signal at the TPI or the DI circuit inputs falls below 75% of
the threshold level (unsquelched) for 8 bit times (typical),
the LXT901 receive function enters the idle state. If the
polarity of the TPI circuit is reversed, LXT901 detects the
polarity reverse and reports it via the PLR output. The
LXT901 automatically corrects reversed polarity.

Polarity Reverse Function

The LXT901 polarity reverse function uses both link pulses
and end-of-frame data to determine polarity of the received
signal. A reversed polarity condition is detected when eight
opposite receive link pulses are detected without receipt of
a link pulse of the expected polarity. Reversed polarity is
also detected if four frames are received with a reversed
start-of-idle. Whenever polarity is reversed, these two
counters are reset to zero. If the LXT901 enters the link fail

Figure 29: Collision Detection Function

state and no valid data or link pulses are received within 96
to 128 ms, the polarity is reset to the default non-flipped
condition. (If Link Integrity Testing is disabled, polarity
detection is based only on received data.). Polarity correc-
tion is always enabled.

Collision Detection Function

The collision detection function operates on the twisted pair
side of the interface. For standard (half-duplex) 10Base-T
operation, a collision is defined as the simultaneous pres-
ence of valid signals on both the TPI circuit and the TPO -
circuit. The LXT901 reports collisions to the back-end via
the COL pin. If the TPI circuit becomes active while there
is activity on the TPO circuit, the TPI data is passed to the
back-end over the RXD circuit, disabling normal loopback.
Figure 29 is a state diagram of the LXT901 collision detec-
tion function. Refer to Table 11 for collision detection and
COL/CI output timing (NOTE: For full-duplex operation,
the collision detection circuitry must be disabled.)

Loopback Function

The LXT901 provides the normal loopback function speci-
fied by the 10 Base-T standard for the twisted-pair port. The
loopback function operates in conjunction with the transmit
function. Data transmitted by the back-end is internally
looped back within the LXT901 from the TXD pin through
the Manchester encoder/decoder to the RXD pin and re-
turned to the back-end. This "normal" loopback function is
disabled when a data collision occurs, clearing the RXD

@ Power On
DO = Active® *
TPI = Idle® IDLE
XMIT = Enabled TPI = Active
\ i
OUTPUT] INPUT
TPO =DO DI =TPI
DI=DO | po _ Active® DO = Active®
TPl = Active® TPI = Active®
XMIT = Enabled XMIT = Enabled
= COLLISION [+
DO =Idle + : TPO = DO TPl = Idle
. DI=TPI
XMIT = Disabled Cle SQE
DO = Active® DO =Idle
TPI = Idle
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circuit for the TPI data. Normal loopback is also disabled
during link fail and jabber states.

The LXT901 also provides three additional loopback func-

- tions. An external loopback mode, useful for system-level
testing, is controlled by pin 21 (LEDC). When LEDC is tied
low, the LXT901 disables the collision detection and inter-
nal loopback circuits, to allow external loopback.

"Forced" TP loopback is controlled by pin 22 (LBK). When
the TP portis selected and LBK = 1, TP loopback s "forced",
overriding collisions on the TP circuit. When LBK = 0,
normal loopback is in effect.

Figure 30: Link Integrity Test Function

AUTI loopback is also controlled by the LBK pin. When the
AUI port is selected and LBK = 1, data transmitted by the
back-end is internally looped back from the TXD pin
through the Manchester encoder/decoder to the RXD pin.
When LBK = 0, no AUI loopback occurs.

Link Integrity Test

Figure 30 is a state diagram of the LXT901 Link Integrity
test function. The link integrity test is used to determine the
status of the receive side twisted-pair cable. Link integrity
testing is enabled when pin 8 (L) is tied high. When
enabled, the receiver recognizes link integrity pulses which
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are transmitted in the absence of receive traffic. If no serial
data stream or link integrity pulses are detected within 50 -
150 ms, the chip enters a link fail state and disables the
transmit and normal loopback functions. The LXT901
ignores any link integrity pulse with interval less than 2 - 7
ms. The LXT901 will remain in the link fail state until it
detects either a serial data packet or two or more link
integrity pulses.

Remote Signaling

The LXT901 transmits standard link pulses which meet the
10BaseT specification. However, the 901 encodes addi-
tional status information into the link pulse by varying the
link pulse timing. This is referred to as remote signaling.
Using alternate pulse intervals, the LXT901 can signal three
local conditions: link down, jabber, and remote signaling
compatibility. Figure 31 shows the interval variations used
to signal local status to the other end of the line.  The
LXT901 also recognizes these alternate pulse intervals
when received from aremote unit. Remote status conditions
are reported to the controller over the RLD, RIAB and
RCMPT output pins.

Applications
Figures 32 through 38 show typical LXT901 applications.

Auto Port Select with External Loopback
Control (Figure 32)

Figure 32 is a typical LXT901 application. The diagram is
arranged to group similar pins together; it does not represent
the actual LXT901 pinout. The controller interface pins
(transmit data, clock and enable; receive data and clock; and
the collision detect, carrier detect and loopback control pins)
are shown at the top left.

Programmable option pins are grouped center left. The

PAUI pin is tied to ground and all other option pins are tied

high. This set-up selects the following options:

* Automatic Port Selection (PAUI =0 and AUTOSEL = 1)

¢ Normal Receive Threshold (NTH = 1)

¢ Mode 4 (compatible with National NS8390 controllers)
MD0=1,MD1=1)

¢ 100 Q termination for unshielded TP cable (UTP = 1)

* Link Testing Enabled (LI = 1)

Status outputs are grouped at lower left. Local status outputs
drive LED indicators and remote status indicators are avail-
able as required.

Power and ground pins are shown at the bottom of the
diagram. A single power supply is used for both VCC1 and
VCC2 with a decoupling capacitor installed between the
power and ground busses.

Figure 31: Remote Signaling Link Integrity Pulse Timing

LI - 10ms, 15ms 20 ms 10ms, 15ms 20 ms 10ms, 15ms 20 ms
RLD
ALD T 1 1N I8
LI - 20 ms 15ms 10ms| 20ms 15ms 10ms| 20ms 15ms 10ms
RJAB i j
ooy — | 1 1 ] I
LI - |lOms 20ms 10ms, 20ms 10ms, 20ms 10ms, 20ms  10ms
RCMPT
(Note 3) Pl r' _l
Notes: .
1. For Remote Link Down (RLD) signaling, the interval between LI pulses increments from 10 ms to 15
ms to 20 ms, and then the cycle starts over.
2. For Remote Jabber (RJAB) signaling, the interval between LI pulses decrements from 20 ms to 15
ms to 10 ms, and then the cycle starts over.
3. For Remote Compatibility (RCMPT) signaling, the interval between LI pulses continually switches
between 10 ms and 20 ms.
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The TP and AUI interfaces are shown at upper and lower  stalled in each I/O pair but no external filters are required.
right, respectively. Impedance matching resistors are in-  Suitable transformers are listed in notes 2 and 3.

Figure 32: LAN Adapter Board Application - Auto Port Select with External LPBK Control
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S e (1] o B s e et
- 20 MHz - -
_ CLKI CLKO RJ45
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T
A Suitable crystals include the MTRON MP-1 and MP-2.
A Suitable TP transformers include the Fil-Mag 232128, and SM23Z128; Valor PT4069 and ST7011; Pulse
Engineering PE65994 and PE65745; Belfuse S553-0716 and A553-0716; and Halo Electronics TD42-2006Q and
TG42-2006WH1.
_A_ Suitable AUI transformers include the Fil-Mag 23290 and SM23Z90; Valor LT6030 and ST7030;
Pulse Engineering PE64502; and Halo Electronics TD01-0756K and TG01-0756W.
A Bias resistor RBIAS should be located close to the pin and isolated from other signals.
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' LXT901 Universal Ethernet Interface Adapter -

Dual Network Support - 10Base T and Token

Ring (Figure 33)

Figure 33 shows the LXT901 with a Texas Instruments
380C26 CommProcessor. The 380C26 is compatible with

Mode 4 (MD0 and MD1 both high). When used with the

380C26, both the LXT901 and a TMS38054 Token Ring
transceiver can be tied to a single RJ45 allowing dual

network supportfrom asingle connector. The LXT901 AUI
port is not used. )

Figure 33: LXT901/380C26 Interface for Dual Network Support of 10Base T and Token Ring
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A Transceiver
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LEDL 124 kQ
ﬁﬂ vCcC1 RBIAS o
VCC2 GND1 GND2 | W
.
5

A Suitable crystals include the MTRON MP-1 and MP-2.

Suitable TP transformers include the Fil-Mag 232128, and SM23Z128; Valor PT4069 and ST7011;
Pulse Engineering PE65994 and PE65745; Belfuse S553-0716 and A553-0716; and HALO
Electronics TD42-2006Q and TG42-2006WH1.

& Bias resistor RBIAS should be located close to the pin and isolated from other signals.

A Additional magnetics and switching logic (not shown) is required to implement the dual network solution.

To 10 BASE-T
TWISTED-PAIR NETWORK
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LXT901 Universal Ethernet Interface Adapter

Manual Port Select with Link Test Function
(Figures 34 and 35)

MB86950 and MB86960, and Seeq 8005 controllers). Fig-
ure 34 shows the setup for Fujitsu controllers. Figure 35
shows the four inverters required to interface with the Seeq
8005 controller. As in Figure 32, both these Mode 3
applications show the LI pin tied high, enabling Link

With MDO low and MD1 tied high, the LXT901 logic and
framing are set to Mode 3 (compatible with Fujitsu

Figure 34: LAN Adapter Board Application - Manual Port Select with Link Test Function

' i —i—
= 20!:—2{H!;—2105F = S 18pF =
_ CLKI CLKO RJ45
—_IXD 4] TXD
1]1:1 |16 ¥
—IEN ey TPIN 2500 g é
< ICKN |
MB86950 or | e TPIP 09 s 14 i o
MB86960 < | RCLK " ®| 22
RXD 75Q1% b
BACK-END/ 2221 RXD P
CONTROLLER | o XCD | ¢op TPONB sl | O 28
INTERFACE XcoL__| coL TPONA 3750 1% 3 % 0l L L® - E
y 37.5Q 1%, =
_A—Q—“ LBK TPOPA JogdE ®| £
Port Selection —— = PAUI TPOPB 7501% ﬁ
AUTOSEL 5
= NTH
PR%GPIEII_%AN%ING MDO N (/
MD1 |_ 78Q 1 r—16 @Q‘”‘
éaao gaao uTP 5 CIN é g O @
Ll _l 3 w
— 2 15 v
Amber Amber Am ; —S RJAB CIP = @@ :’o_: D
RLD 780 4 13 @-4—4 Q 8
2 RCMPT DON % ® Z0
REMOTE &LINE | Z@
STATUS _ JAB ® =
- PLR 5|3 e @ 195
DOP 4 @ 1K
330 @ o e
78Q 7 10 @
v Y i, Ya DIN ®
Green|Red |Red !Red LEDC Fuse
LEDR DIP 8 9 ~|
LEDT/PDN - &
LEDL 12.4 kQ
+5 zll VCCi RBIAS ° ChGaszls +12V
vCC2 GND1 GND2| % n
1
T
A\ suitable crystais include the MTRON MP-1 and MP-2.
A Suitable TP transformers include the Fil-Mag 237128, and SM232128; Valor PT4069 and ST7011; Pulse
Engineering PE65994 and PE65745; Belfuse S553-0716 and A553-0716; and Halo Electronics TD42-2006Q and
TG42-2006WH1.
@ Suitable AUI transformers include the Fil-Mag 23790 and SM23Z90; Valor LT6030 and ST7030;
Pulse Engineering PE64502; and Halo Electronics TD01-0756K and TGO1-0756W.
A Bias resistor RBIAS should be located close to the pin and isolated from other signals.
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LXT901 Universal Ethernet Interface Adapter

Testing; and the UTP and NTH pins are both tied high,
selecting the standard receiver threshold and 100 Q2 termina-
tion forunshielded TP cable. However, in these applications

AUTOSEL is tied low, allowing external port selection
through the PAUI pin. The remote status outputs are
inverted to drive LED indicators.

Figure 35: Manual Port Select with Seeq 8005 Controller

External T —
20 MHz Left Open 01 pF = 18pF —
Source [ - -
CLKI <—1--Do-————> CLKI CLKO
LPBK 1'>o——> LBK 11111 RJ4s
CSN | cD TPIN9 S AL ® §
LD RxD | RXD % g O£
50Q 4 =
S i et RCLK o | N l@| %2
00 COLL fa—c<] coL TPONB —AAA I_ o3
:::Isndzu ® | 2o
TXEN {— - TEN TPONA | g L ca
THC |a——{ TCIK 50 35 = 18| e
TxD ——————» TXD TPOPA ‘mi 2 2 I\D E
Port Selection -f—————= PAUI TPOPB 750Q 1%
—»| AUTOSEL 5
PROGRAMMING > NTH (o)) (/‘
OPTIONS MDO
780 4 16 OHH
MD1 CIN ®
ésao é‘sso gaso uTpP _><.| 3 g O@
LI J 10, w
— 2 16
Amlﬁ)r Ambler Am Ler RJAB CIP—& @@ 8 E‘
l — RLD 78Q 4 13 @_._1 50
RCMPT DON % @ L'ZJ %
REMOTE & LINE - JAB @ Zo
STATUS ge
- PLR DOP |-$—5 12 @ ® O35
330 $330 $330 $330 @ & of
78.(2 7 10 @ -
b Yok, Y, Yo DIN ®
Green|Red ed IRed LEDC Fuse
LEDR 8 9 ~ |
LEDT/PDN DIP —» LA
LEDL 12.4 kQ
+5 \:,'Ir VCC1 RBIAS \ ChGa:;is +12V
VCC2 GND1 GND2 ‘2“
T .
C Suitable TP transformers include the Fil-Mag 232128, and SM23Z128; Valor PT4069 and ST7011;
Pulse Engineering PE65994 and PE65745; Belfuse S553-0716 and A553-0716; and HALO
Electronics TD42-2006Q and TG42-2006WH1.
Suitable AUI transformers include the Fil-Mag 23Z90 and SM23290; Valor LT6030 and ST7030;
A Pulse Engineering PE64502; and HALO Electronics TD01-756K, and TG01-0756W.
A Bias resistor RBIAS should be located close to the pin and isolated from other signals.
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LXT901 Universal Ethernet Interface Adapter

150 Q Shielded Twisted-Pair Only (Figure 36)

Figure 36 shows the LXT901 in a typical twisted-pair only
application. The DTE is connected to a 10Base-T network
through the twisted-pair RJ45 connector. (The AUI port is
not used.) With MDO tied high and MD1 grounded, the
LXT901 logic and framing are set to Mode 2 (compatible
with Intel 82586 and 82596 controllers).

A 20 MHz system clock input at CLKI is used in place of the
crystal oscillator. (CLKOis leftopen.) The LI pinexternally
controls the link test function. The UTP and NTH pins are
both tied low, selecting the reduced receiver threshold and
150 Q termination for shielded TP cable. The switch at
LEDT/PDN manually controls the power down mode.

Figure 36: 150 Q Shielded Twisted-Pair Only Application
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LXT901 Universal Ethernet Interface Adapter

AUI Encoder/Decoder Only

(Figure 38)

In this application the DTE is connected to a coaxial network
through the AUI. AUTOSEL is ticd low and PAUI is tied
high, manually selecting the AUI port. The twisted-pair port
isnotused. WithMD1and MDO bothlow, the LXT901 logic

Figure 38: AUl Encoder/Decoder Only Application

and framing are set to Mode 1 (compatible with AMD
AM7990 controllers). The LI pin is tied low, disabling the
link test function. The LBK input controls loopback. A 20
MHz system clockis supplied at CLKI with CLKO leftopen.

_—]
78Q 1 16 @""
®
2 Bl —edl|
3 @@ g3
78Q 4 13 (O "gg
B el
3 5 12 @@ (-.)5
27| o @ °3
@®
% . %gg Fuse

Suitable AUI
transformers include the
Fil-Mag 23290 and
SM23Z90; Valor LT6030
and SM6030; and HALO
Electronics TD01-0756K
and TG01-0756W.

Bias resistor
RBIAS should
be located
close to the pin
and isolated
from other
signals.
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LXT901 Universal Ethernet Interface Adapter

Full Duplex Support (Figure 39)

Figure 39 shows the LXT901 with a Texas Instruments
380C24 CommProcessor. The 380C24 is compatible with
Mode 4 (MDO and MD1 both high). When used with the

380C24 or other full duplex-capable controller, the LXT901
supports full-duplex Ethernet, effectively doubling the
available bandwidth of the network. In this application the
LXT901 AUI port is not used.

Figure 39: Full-Duplex Application - Auto Port Select with External LPBK Control
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4

A Half/Full Duplex Selection controlled by TMS380C24 pins TESTO and OUTSELO.

A

VAN
YN

Suitable TP transformers include the Fil-Mag 232128, and SM23Z128; Valor PT4069 and ST7011;

Pulse Engineering PE65994 and PE65745; Belfuse S553-0716 and A553-0716; and HALO
Electronics TD42-2006Q and TG42-2006WH1.

Bias resistor RBIAS should be located close to the pin and isolated from other signals.

Suitable crystals include the MTRON MP-1 and MP-2.
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LXT902
Ethernet Twisted-Pair Media Attachment Unit

Standard Product

February 1994

The LXT902 twisted-pair Media Attachment Unit (TP-
MAU) is designed to allow Ethernet connections to use the
existing twisted-pair wiring plant through an Ethernet At-
tachment Unit Interface (AUI). The LXT902 provides the
electrical interface between the AUI and the twisted-pair
wire.

LXT902 functions include level-shifted data pass-through
from one transmission media to another, collision detection,
Signal Quality Error (SQE) testing and automatic correction
of polarity reversal on the twisted pair input. Italso includes
LED drivers for transmit, receive, jabber, collision, reversed

polarity detect and link functions.

The LXT902 is an advanced CMOS device and requires only
a single 5-volt power suppl

» Computer/workstation interface boards
* LAN repeater )
* External 10Base-T converter

Jabber function

Automatic AUI/RJ4S selection

Internal predistortion generation

Selectable link test, SQE test disable

* Single 5 V supply, CMOS technology

* Available in 28-pin DIP or PLCC

Meets or exceeds IEEE 802.3 standards for AUI and
10Base-T interface

Direct interface to AUI and RJ45 connectors

Internal common mode voltage generation

» Twisted-pair receive polarity reverse detection and
selectable polarity correction

» LED driver for transmit, receive, jabber, collision, link
and reversed polarity indicators or for flashing status
indicator

—TPOP
»TPON

L PRC

TPIP

?* A *TT

DOP ——{ AUI TXMIT PULSE
DON »| RECEIVER I—> SHAPING
WATCHDOG POLARITY
—
[LooPBACK|=— TIMER SETECT
.
DIPp —= AUI RCVR TP
DIN <= DRIVER RECEIVER
LINK
M‘EI)O MODE H INTEGRITY SQUELCH
MD1—t+—>»{ SELECT
Clp = COLLISION COLLISION
CIN = DRIVER DETECTOR LED
SQE ™ SQE TEST DRIVER
CLKI ——»={ XTAL
CLKO ———»{ OSC

TPIN

| EDP/S

> EDJ
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» LEDC

» LEDL
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LXT902 Media Attachment Unit

sond 1 < 2 h Leoc 383 é 558 Table 1: Mode Select Options
DOP [ 2 27 P LEDR e T BT MD1 | MDO Mode
LEDi O 3 26 (3 LEDT .
oL O 4 25 b LEDP/s e []5 25 flror | O | O QX%W'T compliant
PRC ] 5 24 O TPOP  pocls 24 [leno2
C(IET(‘Z E (7> gg g Sglg; cwo[l7 23 [lveee 0 Reduced squelch level
eND1 O 8 21 p Pon  cwilfe 22 [ltPoN 0 | Half current AUI
cN@go 20 [ veel enoi []9 21 [Jvec
cP o 19 [ RBIAS 10 20 1 1 DO, DI & CI ports
moodl 11 sp M N E " - gf;:s disabled
DIN O 12 17 [ SeE cP
op O 13 16 B P 1 E.- |1_:'3 |1_4I E;l ‘1_6'; 11_|7 -1_8: Clock| Test Mode, Jabber on
ug 14 15 B TPIN é s " §¢84 0 |Clock| Test mode, Jabber
=T Disabled
Table 2: Pin Descriptions
Pin | sym |I/0 Name Description
pip|PLce| O
1 2 | DON | I | DataOutNegative | Differential input pair connected to the AUI transceiver DO circuit.
213 DOP | I | Data Out Positive
314 {(LEDJ|I/O Jabber LED Open drain driver for the Jabber indicator LED. Output goes active!
Driver when watchdog timer begins jab, and stays active until end of the
unjab wait period (491 - 525 ms) . When tied to ground, causes
LEDP/S to act as a multi-function blinking status indicator.
4 5 |LEDL| O - Link LED Open drain driver for the Link indicator LED. Output is active
Driver except during Link Fail or when Link Integrity Test is disabled.
5 6 PRC |[I/O| Polarity Reverse The LXT902 automatically corrects reversed polarity at TPI when
Correction PRC is tied high. In Test mode, this pin is a 10 MHz output.
6 | 7 |CLKO| - Crystal The LXT902 requires either a 20 MHz crystal (or ceramic resonator)
7 8 |CLKI| - Oscillator connected across these pins, or a 20 MHz clock applied at CLKI.
8 9 |GND1| - Ground 1 Ground.
9 | 10 | CIN | O | Collision Negative | Differential driver output pair tied to the collision presence pair of
the Ethernet transceiver AUI cable. The collision presence signal is
a 10 MHz square wave. This output is activated when a collision is
10| 11 CIP | O | Collision Positive | detected on the network, during self-test by the SQE sequence, or
after the watchdog timer has expired to indicate the transmit wire
pair has been disabled.
11|12 {MDO | I Mode Select 0 Selects operating modes in conjunction with MD1. See Table 1
above for mode select options. i
12 | 13 | DIN | O | DatalIn Negative Differential driver pair connected to the AUI transceiver DI circuit.
13| 14 DIP | O | DataInPositive
14| 15 LI I Link Integrity Link integrity testing is enabled when this pin is tied high. With
Test Enable link test enabled, the LXT902 sends the link integrity signal in the
absence of transmit traffic. It also recognizes received link test
pulses, indicating the receive wire pair is present in the absence of
transmit traffic.
15|16 |TPIN | I Twisted Pair Differential receive inputs from the twisted pair input filter.
16 | 17 | TPIP | 1 Receive Inputs

3-28
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LXT902 Media Attachment Unit

Table 2: Pin Descriptions continued

Pin # -
PP PLCe| SYym [I/O Name Description
17| 18 SQE |I/0| Signal Quality SQE is enabled when this pin is tied high. When enabled,
Error Test the LXT902 sends the signal quality error test sequence to the CI
Enable of the AUI cable after every successful transmission to the media.
In Test mode, SQE becomes a 20 MHz output.
18| 19 MD1 1 Mode Select 1 Selects operating modes in conjunction with MD0. (See Table 1.)
MD1 clock input between 2.0 and 2.5 MHz enables Test mode.
19| 20 | RBIAS | - Resistor Bias control pin for the operating circuit. Bias set from external
Bias Control resistor to ground. External resistor value = 12.4 kQ (+ 1%).
20 | 21 VCC1 I Power Supply 1 | +5 V power supply.
21122 | TPON | O Twisted Pair Transmit drivers to the twisted-pair output filter. The output is
24 | 25 TPOP | O Transmit Manchester encoded and pre-distorted to meet the 10Base-T
Outputs template.
22123 VCC2 I Power Supply 2 | +5 V power supply.
23|24 | GND2 | - Ground 2 Ground.
25|26 |LEDP/S| O Polarity/Status Open drain LED driver. In normal mode, LEDP/S is active when
LED Driver reversed polarity is detected. If LED]J is tied to ground, the output
LEDP/S indicates multiple status conditions as shown in Figure 2.
On solid = Normal, 1 Blink = Link Down, 2 Blinks = Jabber,
5 Blinks = Polarity Reversed.
26 | 27 LEDT | O Transmit LED Open drain driver for the Transmit indicator LED.
Driver Output is active during transmit.
27| 28 LEDR | O Receive LED Open drain driver for the Receive indicator LED.
Driver Output is active during receive.
28 | 1 LEDC | O Collision LED Open drain driver for the Collision indicator LED.
Driver Output is active when a collision occurs.

Absolute Maximum Ratings*

* Exceeding these values may cause permanent damage. -03Vto6V
Functional operation under these conditions is not
implied. Exposure to maximum rating conditions for

extended periods may affect device reliability.

* Supply Voltage Vee
* Operating temperature T,

* Storage temperature Ter

0 °C (min) to +70 °C (max)
-65 °C (min) to +150 °C (max)

Recommended Operating Conditions (Voltages are with respect to ground unless otherwise specified.)

Parameter Symbol Min Typ Max Units
Supply voltage! Vee 4.75 5.0 5.25 v
Operating temperature Tep 0 - 70 °C
! Maximum voltage differential between VCC1 and VCC2 must not exceed 0.3V.
[LOLEVEL
ONE o 3-29



LXT902 Media Attachment Unit

Switching Characteristics (Ta =010 70°C, V... = 5V 15%)

Parameter . Min Typ' Max Units
Jabber Timing
Maximum transmit time 2 98.5 - 131 ms
Unjab time? 491 - 525 ms
Time from Jabber to CSO on CIP/CIN * 0 - 900 ns
Link Integrity Timing ‘
Time link loss? : 65 - 66 ms
Time between Link Integrity Pulses? 9 - 11 ms
Interval for valid receive Link Integrity Pulses? 4.1 - 65 ms
Collision Timing
Simultaneous TPI/TPO to CSO state on CIN/CIP 0 - 900 ns
DO loopback to TPI on DI 3 300 - 900 ns
CS0 state delay after TP/DO idle - - 900 ns
CSO0 high pulse width 40 - 60 ns
CS0 low pulse width 40 - 60 ns
CSO0 frequency - 10 - MHz
SQE Timing
SQE signal duration 500 - 1500 ns
Delay after last positive transition of DO 0.6 - 1.6 us
LED Timing
LEDC, LEDT, LEDR on time? 100 - — ms
LEDP/S on time? (See Figure 2) - 164 - ms
LEDP/S period 2 (See Figure 2) - 328 - ms
General
Receive start-up delay 0 - 500 ns
Transmit start-up delay 0 - 200 ns
Loopback start-up delay 0 - 500 ns
!Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.
2Switching times reduced by a factor of 1024 during Test mode.
3 Parameter is guaranteed by design; not subject to production testing.
@ LEVEL
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LXT902 Media Attachment Unit

1/0 Electrical Characteristics (Ta =010 70 °C, V= 5V +5%)

Parameter Symbol Min Typ' Max Units Test Conditions

Input low voltage? Vi - - 0.8 v

Input high voltage? Vi 2.0 - - v

Output low voltage Vou - - 0.7 v Drive current = 10 mA

(Open drain LED Driver)

Supply current I - 60 70 mA Line Idle

Vel =V 2=525V) - 125 140 mA Line Active,
transmitting all ones

Input leakage current? L. - +1 +10 HA Input between VCC and
GND

Three state leakage current L - +1 +10 MA Output between VCC

(high Z) and GND

'"Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.
2MDO0, MD1, SQE, PRC and LI pins. MDO clock (test mode) must be CMOS level input.
3Not including TPIN, TPIP, DOP or DON.

Figure 2: LEDP/S Status Indication Timing

Link Fail J —J IT _J u
-l - - | ——b—-l<—
656 ms 492 ms 164 ms
Jabber ' I l ’ ‘ ,‘" [ "‘_‘I I_l r‘ -
- | — - l—
‘ 984 ms 328 ms
Polarity l | I l l I ' l l l [ l
Reverse
B 1.968 s ) o

NOTE: LEDP/S status indications are shown in order of priority, i.e., Link Fail indication supersedes
Jabber indication which supersedes Polarity Reverse (when PRC = 1). Reversed polarity conditions
supersede Link Fail conditions when PRC = 0 (Polarity Correction Disabled). At the LEDL indicator,
reversed polarity conditions are reported as Link Fail when PRC = 0. This allows the user to distinguish
between actual link failure and apparent link failure due to polarity reversal.
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LXT902 Media Attachment Unit

AUI Electrical Characteristics (Ta=0to 70°C, V. = 5V +5%)

Parameter Symbol | Min Typ! Max Units Test Conditions
Input low current I - - -700 HA
Input high current Ly - - 500 HA
Differential output voltage Voo +550 - +1200 mV
Differential squelch threshold Vis - 220 - mV
Receive input impedance R2 - 20 - kQ Between DOP and DON

! Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.

Transmit Characteristics (Ta =010 70 °C, V. = 5V +5%)

Parameter Symbol| Min Typ' Max Units Test Conditions

Transmit output impedance Z oo - 5 - Q

Peak differential output voltage | V, +45 ~ +52 A% Load =200 Q at TPOP
and TPON

Transmit timing jitter addition 2 - - - +8 ns After Tx filter,
0 line length

Transmit timing jitter addition 2 - - - +3.5 ns After Tx filter and line
model specified by IEEE
802.3 for 10Base-T

! Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.
2 Parameter is guaranteed by design; not subject to production testing.

Receive Characteristics (Ta =010 70°C, V = 5V +5%)

Parameter Symbol | Min Typ! Max | Units Test Conditions
Receive input impedance Zy - 20 - kQ Between TPIP/TPIN
Differential squelch threshold Vos - 420 - mV
Reduced squelch threshold Vosr - 300 - mV
Receive timing jitter ? - - - 1.5 ns

! Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.
2 Parameter is guaranteed by design; not subject to production testing.
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LXT902 Media Attachment Unit

Functional Description

The LXT902 Media Attachment Unit (MAU) interfaces the
Attachment Unit Interface (AUI) to the unshielded twisted
pair cables, transferring data in both directions between the
two. The AUI side of the interface comprises three circuits:
Data Output (DO), Data Input (DI) and Control Interface
(CI). The twisted pair network side of the interface com-
prises two circuits: Twisted Pair Input (TPI) and Twisted
Pair Output (TPO). In addition to the five basic circuits, the
LXT902 contains an internal crystal oscillator, separate
power and ground pins for analog and digital circuits,
various logic controls and six LED drivers for status indica-
tions.

Functions are defined from the AUI side of the interface.
The LXT902 Transmit function refers to data transmitted by
the Data Terminal Equipment (DTE) through the AUI and
MAU to the twisted pair network. The LXT902 Receive
function refers to data received by the DTE through the
MAU and AUI from the twisted pair network. In addition to
basic transmit and receive functions, the LXT902 performs
all required MAU functions defined by the IEEE 802.3
10Base-T specification such as collision detection, link
integrity testing, Signal Quality Error (SQE), jabber control
and loopback.

Transmit Function

The LXT902 transfers manchester encoded data from the
AUI port of the DTE (the DO circuit) to the twisted pair
network (the TPO circuit). The output signal on TPON and
TPOP is pre-distorted to meet the 10 Base-T jitter template,
and filtered to meet FCC requirements. The output wave-
form (after the transmit filter) is shown in Figure 3. If the
differential inputs at the DO circuit fall below 75% of the
threshold level for 8 bit times (typical), the LXT902 transmit
function will enter the idle state. During idle periods, the
LXT902 transmits link integrity test pulses on the TPO
circuit.

®1LEVEL
E ONE »

Receive Function

The LXT902 receive function transfers serial data from the
twisted pair network (the TPI circuit) to the DTE (over the
DI circuit of the AUI). An internal squelch function dis-
criminates noise from link test pulses and valid data streams.
Only valid data streams activate the receive function. If the
differential inputs at the TPI circuit fall below 75% of the
threshold level (unsquelched) for 8 bit times (typical), the
LXT902 receive function will enter the idle state. The TPI
threshold can be reduced by approximately 3 dB to allow for
longer loops in low-noise environments. The reduced
threshold is selected when MD1 =0 and MDO ='1.

Polarity Reverse Function

The LXT902 polarity reverse function uses both link pulses
and end-of-frame data to determine polarity of the received
signal. Areversed polarity condition is detected when eight
opposite receive link pulses are detected without receipt of
alink pulse with the expected polarity. Reversed polarity is
also detected if four frames are received with a reversed
start-of-idle. Whenever polarity is reversed, these two
counters are reset to zero. If the LXT902 enters the link fail

Figure 3: LXT902 TPO Output Waveform

AN AN
IVVAV.
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state and no data or link pulses are received within 96 to 128
ms, the polarity is reset to the default non-flipped condition.
(IfLink Integrity is disabled, polarity detection is based only
on received data pulses.)

Collision Detection Function

The collision detection function operates on the twisted pair
side of the interface. A collision is defined as the simultane-
ous presence of valid signals on both the TPI circuit and the
TPO circuit. The LXT902 reports collisions to the AUI by
sending a 10 MHz signal over the CI circuit. The collision
report signal is output no more than 9 bit times (BT) after the
chip detects a collision. If the TPI circuit becomes active
while there is activity on the TPO circuit, the TPI data is
passed to the DTE over the DI circuit, disabling the loop-
back. Figure 4 is a state diagram of the LXT902 collision
detection function (refer to IEEE 802.3 10Base-T specifi-
cation).

Figure 4: Collision Detection Function

Loopback Function

The LXT902 loopback function operates in conjunction
with the transmit function. Data transmitted by the DTEis .
internally looped back within the LXT902 from the DO pins
to the DI pins and returned to the DTE. The loopback
function is disabled when a data collision occurs, clearing
the DI circuit for the TPI data. Loopback is also disabled
during link fail and jabber states.

SQE Test Function

Figure § is a state diagram of the SQE Test function. The
SQE test function is enabled when the SQE pin is tied high.
When enabled, the SQE test sequence is transmitted to the
controller after every successful transmission on the
10Base-T network. When a successful transmission is
completed, the LXT902 transmits the SQE signal to the AUI
over the CI circuit for 10 BT+ 5 BT. The SQE function can
be disabled for hub applications by tying the SQE pin to
ground.

@ Power On
DO = Active® *
TPI = Idle® IDLE
XMIT = Enabled TPI = Active
OUTPUT INPUT
TPO = DO DI =TPI
DI=DO | b5 - Active® DO = Active®
TPI = Active ® TPI = Active ®
XMIT = Enabled XMIT = Enabled
> COLLISION <
DO = Idle + TPO =DO TPI = Idle
XMIT = Disabled il
DO = Active® DO = Idle
TPI = Idle
lﬂ LEVEL
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Jabber Control Function

Figure 6 is a state diagram of the LXT902 Jabber control
function. The LXT902 on-chip watchdog timer prevents the
DTE from locking into a continuous transmit mode. When
a transmission exceeds the time limit, the Watchdog timer
disables the transmit and loopback functions, and sends the
SQE signal to the DTE over the CI circuit. Once the LXT902
is in the jabber state, the DO circuit must remain idle for a
period of 491 to 525 ms before it will exit the jabber state.

Link Integrity Test Function

Figure 7is astate diagram of the LXT902 Link Integrity Test
Function. The Link Integrity Test is used to determine the
status of the receive side twisted pair cable. The link
integrity test is enabled when the LI pin is tied high. When
enabled, the receiver recognizes link integrity pulses which
are transmitted in the absence of receive traffic. If no serial
data stream or link integrity pulses are detected within 50 -
150 ms, the chip enters a link fail state and disables the
transmit and loopback functions. The LXT902 ignores any
link integrity pulse with interval less than 2 - 7 ms. The
LXT902 will remain in the link fail state until it detects either
a serial data packet or two or more link integrity pulses.

Figure 5: SQE Test Function Figure 6: Jabber Control Function
Power On
—j Power On 1 *
* NO OUTPUT
OUTPUT IDLE
_ { DO = Active
; DO = Active
NONJABBER OUTPUT
OUTPUT DETECTED
Start_XMIT_Max_Timer
_ DO = Active®
‘ DO = Idle M * XMIT_Max_Timer_Done
l—
SQE WAIT TEST JAB
XMIT = Disable
o LPBK = Disable
Start_SQE_Test_Wait_Timer Cl=SQE
. J SQE_Test_Wait_Timer_Done ® * DO = Idle
XMIT = Disable XMIT = Enable
SQE TEST UNJAB WAIT
Start_Unjab_Timer
; XMIT = Disable
rt
Start_SAE_T oot Timer LPBK = Disable
Cl=SQE
SQE_Test_Timer_Done I |

DO = Active®
Unjab_Timer_Not_Done

Unjab Timer Done

(o
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Test Mode

The LXT902 Test mode is selected whena 2 - 2.5 MHz clock
is input on the MD0 mode select pin. Test mode sets the
internal counter chains to run at 1024 times their normal
speed. The maximum transmit time, unjab time, Link
Integrity timing and LED timing are reduced by a factor of
1024. During test operation, 10 MHz and 20 MHz signals
are output on the PRC and SQE pins, respectively. When
Test mode is selected, the SQE function cannot be disabled.

Figure 7: Link Integrity Test Function

In Test mode the PRC function can be disabled by the LI pin.
Jabber can be disabled by setting MD1 = 0.
Applications

External MAU

Figure 8 shows the LXT902 in a typical external MAU

application, interfacing between an AUI and the RJ45 con-
nectors of the twisted pair network. A 20 MHz crystal (or

Power On

[

IDLE TEST

Start_Link_Loss_Timer
Start_Link_Test_Min_Timer

Link_Loss_Timer_Done |

TPI-= Active +
(Link_Test_Rcvd = True
® Link_Test_Min_Timer_Done)

® TPI = Idle

® Link_Test_Rcvd = False ‘

LINK TEST FAIL RESET

Link_Count=0
XMIT = Disable
RCVR = Disable
LPBK = Disable

TPI = Active Link_Test_Rcvd = False
® TP| = |dle

'

TPI = Active

Yy v
LINK TEST FAIL EXTEND

XMIT = Disable
RCVR = Disable
LPBK = Disable

| 7PI = Idle®
DO = Idle

LINK TEST FAIL WAIT
XMIT = Disable
RCVR = Disable
LPBK = Disable
Link_Count = Link_Count + 1
TPl = Activel Link_Test_Rcvd = Idle
® TPI = Idle
LINK TEST FAIL

Start_Link_Test_Min_Timer
Start_Link_Test_Max_Timer
XMIT = Disable
RCVR = Disable
LPBK = Disable

+ Link_Count = LC_Max

Link_Test_Min_Timer_Done
® Link_Test_Rcvd = True

(TPI = |dle® Link_Test_Max_Timer_Done) +
(Link_Test_Min_Timer_Not_Done
® Link_Test_Rcvd = True)
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ceramic resonator) connected across CLKIand CLKO pro-  are required in the TPO and TPI circuits. Details of the
vides the required clock signal. Transmit and receive filters  transmit and receive filters are shown in Figures 9 and 10,
respectively. (Differential filters are also recommended.)

Figure 8: LXT902 External MAU Application Diagram

20 MHz
O
- Cf1 A cC2 —
CLKI CLKO
AUl oP TPOP
D - —t
DON TPON Twisted Pair
To/From
——ee
To/From DIP TPIP Network
Data AN
Terminal o TPIN
Equipment DN &
B = LEDY -5V
cp P LeDc
-l LEDT
CIN
LEDR
LEDL
+5V} vCCi  LEDP/S
Vggz RBIAS | 124 kQ 1%
P g %
MD!
SQE MD?
LI
GND1
GND2 .
1101 0F -
‘: : 1.0 uF Tantalum
A Typically, resistors on the AUI side of the transformer are already present in the terminal.
If termination resistors are present in the terminal, the shaded resistors are not required.
A 20 MHz (+1%) crystal or ceramic resonator may be used at CLKI/CLKO.
A Suitable integrated filter/transformers include Pulse Engineering PE65421, FilMag 7821120B;
Valor PT3877; and HALO Electronics FD02-101G and FD12-101G.

Figure 9: Transmit Filter Diagram Figure 10: Receive Filter Diagram

000 000 000

D GUT [IN > Ti"—e4 OUT
T 1.1 7 LT
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Internal MAU

Figure 11 shows an internal MAU application which takes
advantage of the LXT902's unique AUI/10Base-T switch-
ing feature to select either the D-connector (AUI) or the
RJ45 connector (10Base-T). No termination resistors are
used on the LXT902 side of the AUI interface to prevent
impedance mismatch with the drop cable. The half current
drive mode is used to maintain the same voltage levels in the
absence of termination resistors. This application uses
capacitive coupling instead of transformer coupling. MD1
is tied high so MDO functions as the mode control switch.

When MDO is low, the half current drive mode is selected.
When MDOis high, the LXT902 is effectively removed from
the circuit. The 902 AUI ports (DO, DI and CI) are disabled
isolating the LXT902 from the AUI. The LXT902 DI and CI
ports go to ahighimpedance state and the DO portis ignored.

To implement an auto-select function, LEDL can be tied to
MDO. This activates the 902/AUl interface when the TP link
is active (data or link integrity pulses) and disables it when
the link is inactive.

Figure 11: LXT902 Internal MAU Application Diagram

D-Connector
20 MHz
ENCODER/ — Ci c2 —
DECODER 1:1
000 CLKI  CLKO |, e0sim NS
8391 Py ] pop  TPOP
| 0.1 uF | DON [Twisted Pair
To/From
—> | =o.1 WF bIP TPIP Network
To/From - 80 AN TPIN
Controller | |01 uF DIN o
t | &
Ba— T |;< LEDJ |——Ki—eAW\—{#5V
- 7 P73 epc L A
0.1 uF
i | CIN LEDT |——KI—eAAAA
LEDR ———KI—eA A4
PRC
vcce1 LEDL | |
-
+5Y| VeC2 EDp KA
L RBIAS
SQE | 124kQ11%
Activate — mgg GND1 —
MAU - GND2 |—
A : 4 | #F Tantalum !
: Al uF :
L e e e | —_
A Connect LEDL to MDO to implement auto-select feature.
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LXT903
10Base-T Hub Transceiver

Standard Product

August 1992

The LXT903 hub transceiver is designed for use in multi-
portrepeaters. Itinterfaces the hub (a multi-port transceiver)
to the unshielded twisted-pair media. The LXT903 per-
forms transmit, receive and receive squelch functions.
Additional implementations include 10Base-T link integrity
testing, automatic correction of receive polarity reversal,
and a watchdog timer to jab continuous transmission.

The LXT903 software control mode provides a micropro-
cessor interface withextensive command and status options.
The hardware mode provides stand-alone operation.

The LXT903 is an advanced CMOS device and requires only
a single 5-volt power supply.

Multi-port Repeaters

¢ Meets or exceeds IEEE 802.3 standards for 10Base-T
interface

 Provides predistorted signal to the transmit filter

« Internal programmable squelch circuits

« Detection and correction of reversed polarity

* Microprocessor interface and control

« Differential or single-ended transmit input

¢ LED driver for jabber, link and reversed polarity

e Single 5 V supply, low-power CMOS technology

¢ Available in 24-pin DIP and 28-pin PLCC packages

DIS —

TXP — PULSE = TPOP
TXN — SHAPING » TPON
CLK — -— PDC
TEN — A JAB

PE — PO WATCHDOG » LEDJ

S ——— IMER -

H/S SERALle. _ _ |- - —MER | &y
SDAT/ <} — — — »{ PORT |= TH
PRC r————————--————-——tiKﬁ'/
SCLK/— |—= — |- —p> — LINK LEDL

LTE ™|INTEGRITY | [0 ELCH

CRS = ‘ é

™ POLARITY
LEDP —= DETECT [ %] TP —TPIP
RXD RECEIVER _ TPIN
NOTE: Dotted line = Software control path
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<
[O N7/ W a] 3 E za O
o X w aaoc £
- . O 0O@C 4 -+ O
RXD O 1 24 @ LEDUINT Ao
CRs [] 2 230 TPIN =
PRC/SDAT [ 3 20 TPP LEDP[] 5 2 []BIAS
LEDP [ 4 21 O BIAS TH/CS[] & 24 [Jvec s
THICS [ 5 203 VvCCti
GND1 - 6 19 g TPON GND3[ 7 23 ]VCC1
CLK O 7 18 @ Vvccz GND1[} s 22 []TPON
PE 18 17 O GND2
TEN 0 o b TPOP cLkl] o 21 [Jvcc2
PDC [ 10 15 @ LTE/SCLK PE[] 10 20 [JGND 2
TXP 1 14 DS TEND] 19 [JTPOP
TXN E 12 13p HS 12 13 14 15 16 17 18
| S R NN R Sy NN Ry SEm g Wy S ) «
0oLz I %
. . QO XX 3 F a3 kD
Pin Descriptions e FE 3 o
Pin# | sym |1/0 Name Description
DIP [PLCC .
1|2 [RXD| O Receive Data Data received from the twisted-pair is output to the hub controller DI
circuit on this pin as a CMOS level Manchester encoded data stream.
High impedance when in software shut down mode.
213 |CRS|O Carrier Sense Goes high to indicate valid receive data. High impedance when in
software shut down mode.
PRC | I Polarity Reverse In the hardware control mode, tying this pin high enables the LXT903
Correction to automatically correct for reversed polarity at the TPI circuit.
3 4 (Hardware Control)
SDAT| I/0 Serial Data In software control mode, this pin is the serial data I/O port.
(Software Control)
4| 5 |LEDP| O Polarity Reverse Open drain output. Active low indicates polarity reversed.
TH | I |Threshold Control In hardware mode, forcing this pin low reduces the TP receive
(Hardware Control) | squelch by 4.5 dB.
56 — - —
CS I Chip Select Active low input accesses the serial port in the software mode. CS
(Software Control) must transition high to low, and remain low for each port operation.
6| 8 |GND1| - Ground # 1 Ground.
719 |CLK]| I Clock - 20 MHz CMOS level clock input.
8110 | PE I Port Enable Active CMOS high enables the transmitter. In differential input
mode, PE must be high when TEN is low to enable transmitter.
911 | TEN| I Transmit Enable Active CMOS low enables the transmitter when PE is high. Required
for differential input mode only.
101 12 [ PDC| I Pre-Distortion A CMOS level, synchronous input signal at logic 1 will predistort the
Control output voltage (differential input mode only).
1113 | TXP| I Data Out Positive | Differential input pair connected to the hub controller DO circuit.
12| 14 | TXN | I | Data Out Negative | When D/S pin is tied low, TXP becomes single-ended CMOS level
: input, synchronous to the 20 MHz CLK.
[LEVEL
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Pin Descriptions continued

Pin # Sym |1/O Name
DIP|PLCC

Description

N/A| 15 [ LEDJ O | Jabber LED Driver

Open drain driver for the Jabber indicator LED. Goes active
when watchdog timer begins jab and stays active until end of the
unjab wait period (491 - 525 ms).

13| 16 H/S 1 | Hardware/Software
Control Select

When set to a logic 0, selects software control mode.
When set to a logic 1, selects hardware control mode.

14| 17| D/S | I | Differential/Single-
Ended Select

When set to a logic 0, selects single-ended TXP input.
When set to a logic 1, selects differential TXP/TXN input.

LTE I | Link Test Enable
(Hardware Control)

In hardware control mode, an active high on this pin enables the
link test function.

15( 18
SCLK I Serial Clock The serial clock required for software control operation is input
(Software Control) | on this pin. SCLK must be <2 MHz.
16| 19 | TPOP | O Twisted Pair Transmit drivers to the twisted-pair output filter. The output is
Transmit pre-distorted to meet the 10Base-T template.
19( 22 | TPON | O Outputs
171 20 | GND2 | - Ground 2 Ground.
N/A| 7 | GND3 | - Ground 3 Ground.
IN/A| 26 | GND4 | - Ground 4 Ground.
18] 21 | vVCC2 | - Power Supply #2 | + 5 V power supply input.
20f 23 | VCC1 | - Power Supply # 1 + 5 V power supply input.
N/A| 24 | VCC3 | - Power Supply # 3 + 5 V power supply input.
21| 25 BIAS (0] Resistor Bias Bias control for the operating circuit. Bias is set from an external
Control 12.4 kQ resistor to ground.
22| 27 TPIP I Twisted-Pair Differential receive inputs from the twisted-pair input filter.
23| 28 TPIN I Receive Inputs
LEDL' | O Link Driver LED driver indicates link activity.
(Hardware Control)
24| 1 p—
INT 0 Interrupt The microprocessor interrupt required for software control is
(Software Control) | output on this pin. The interrupt is an open drain, active low

which indicates Jab, Link Failure or Non-correctable Polarity.

'LED drivers pull low when active.
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Absolute Maximum Ratings*

* Exceeding these values may cause permanent damage. * Supply Voltage Vee 03Vto6V
Functional operation under these conditions is not * Operating temperature T, 0 °C (min) to-+70 °C (max)
implied. Exposure to maximum rating conditions for . Storage temperature TST -65 °C (min) to +150 °C (max)

extended periods may affect device reliability.

Recommended Operating Conditions (Voltages are with respect to ground unless otherwise specified.)

Parameter Symbol Min Typ' Max Units
Supply voltage? Vee 4.75 5.0 5.25 v
Operating temperature Ty 0 - 70 °C
!Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.
2Maximum voltage differential between VCC1 and VCC2 (and VCC3 for PLCC parts) must not exceed 0.3V.
1/0 Electrical Characteristics (Ta = 0to 70 °C, V = 5V +5%)
Parameter Symbol | Min Typ' Max Units Test Conditions ‘
Input low voltage Vo - - 0.8 \'
Input high voltage Vi 2.0 - - A\
Output low voltage Voo - - 0.7 v Lyr=10mA
(Open drain LED Driver?)
Supply current Iec - 40 - mA Line Idle
- 75 - mA Line Active
Input leakage current® L, - +1 +10 nA Input between VCC and
GND
High Z state leakage current’ I - +1 +10 MA Output between VCC
and GND
! Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.
2LED Drivers can sink up to 10 mA of drive current. o
3Not including TPIN, TPIP, TXN, TXP, PDC, PE, CLK or TEN.
CMOS I/O Characteristics' (Ta =010 70 °C, V, = 5V +5%)
Parameter Symbol Min Typ? Max Units
Input low voltage Ver - 2.0 - \%
Input high voltage Ve - 3.0 - v
Output low voltage VeoL - 0 - v
Output high voltage Vo - 5.0 - \%
Input leakage current I - +1.0 - LA

!'Pins TXP, TXN, TEN, PE, PDC, CLK and RXD.
2Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.
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Transmit Characteristics Ta =010 70°C, V. =5V +5%)

Parameter Symbol| Min Typ' Max | Units Test Conditions

Transmit output impedance Zyor - 5 - Q

Peak differential output voltage | V, +45 - +52 \% Load =200 Q at TXP/TXN

Differential voltage imbalance Vos - - +40 mV Load =200 Q at TXP/TXN

Transmit timing jitter addition - - - +8 ns After Tx filter, 0 line length

Transmit timing jitter addition - - - +35 ns After Tx filter and line model
specified by IEEE 802.3 for
10Base-T

! Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.

Receive Characteristics (Ta =010 70 °C, V.. = 5V +5%)

Parameter Symbol | Min Typ' Max | Units Test Conditions
Receive input impedance Zy - 20 - kQ Between TPIP/TPIN
Differential squelch threshold Vos - 420 - mV
Reduced squelch threshold Vosr - 250 - mV
Receive timing jitter - - - 1.5 ns

! Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.

Switching Characteristics' (Ta =0to 70 °C, V= 5V +5%)

Parameter Min Typ Max Units
Jabber Timing

Maximum transmit time 88.5 - 144 ms
Unjab time 442 - 578 ms
Link Integrity Timing

Time link loss 65 - 66 ms
Time between Link Integrity Pulses 9 - 11 ms
Valid interval for received Link 4.1 - 65 ms
Integrity Pulses
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Switching Characteristics (Ta=0to70°C, V_, =5V +5%)

Parameter

Symbol

Min

Typ

Max

Units

Serial interface Timing

SCLK low time

S1

100

ns

SCLK high time

52

100

ns

CS to SCLK setup time

tss

50

ns

SCLK to CS hold time

ns

CS inactive time

S5

50

ns

SDAT to SCLK setup time

S6

50

ns

SCLK to SDAT hold time

b7

ns

SCLK to SDAT valid

S8

100

ns

SCLK falling edge or CS rising edge to
SDAT high Z

59

100

ns

SCLK rise/fall time

20

ns

Transmit Timing (Single Ended Mode)

TXP setup time to CLK high

20

ns

TXP hold time from CLK high

ns

Transmit Timing (Differential Mode)

TXP rising edge to PDC rising edge

ns

TXP low to PDC low

ns

TXP high to TXN low

ns

TXP low to TXN high

ns

Receive Timing

Valid receive data to CRS high

500

ns

Receive steady state propagation delay

100

ns

Receive turn-off to CRS low

400

ns

Receiver jitter

+15

- ns

CRS high to RXD low

100

ns

General

Receive start-up delay

500

ns

Transmit start-up delay

200

ns

TXP/TXN rise/fall time

Crie

ns
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Figure 2: LXT903 Serial Interface Timing
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Figure 3: LXT903 Transmit Timing - Single Ended Input Mode
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Figure 4: LXT903 Transmit Timing - Differential Input Mode
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‘Figure 5: LXT903 Receive Timing

TPIP/N f\_

CRS
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Functional Description

The LXT903 hub transceiver interfaces a hub controller to
unshielded twisted-pair cables, transferring data in both
directions. The hub side of the interface comprises three
circuits: Transmit (the DO output from the hub controller),
Receive (the DI input to the hub controller), and Status/
Command. The twisted-pair network side of the interface
comprises two circuits: Twisted Pair Input (TPI) and
Twisted Pair Output (TPO). 'In addition to these basic
circuits, the LXT903 contains logic controls and LED driv-
ers for status indications.

Functions are defined from the hub side of the interface. The
LXT903 Transmit function refers to data transmitted by the
hub over the DO circuit to the twisted-pair network. The
LXT903 Receive function refers to data received by the hub
over the DI circuit from the twisted-pair network. In
addition to basic transmit and receive functions, the LXT903
performs some of the MAU functions defined by the IEEE
802.3 10Base-T specification such as link integrity testing
and jabber control. The LXT903 also offers extensive
software control and status reporting capabilities available
through the serial interface.

Transmit Function

The LXT903 transfers manchester encoded, CMOS level
data from the hub controller to the twisted-pair network (the
TPO circuit). The output signal on TPON and TPOP is pre-
distorted to meet the 10 Base-T jitter template. The output
waveform (after the transmit filter) is shown in Figure 6.
During idle periods, the LXT903 transmits link integrity test
pulses on the TPO circuit. Transmitter inputs can be differ-
ential or single-ended, as selected by the D/S pin. The
differential input is TXP/TXN. Single-ended input is sup-
plied by TXP.

3-46

Single Ended Input Mode .

The single ended transmit interface consists of TXP, Port
Enable (PE) and the 20 MHz clock input (CLK). In the
single-ended mode, TXP is sampled before transmission at
the 20 MHz clock rate and must meet the specified setup and
hold times relative to the CLK input. Predistortion control
is generated internally. PE must be high for transmission to
occur. Transmission begins at the first low-going data on
TXP. End of Frame is detected when TXP is held high for
more than 150 ns (plus setup and hold times).

Differential Input Mode

In the differential input mode, the transmit interface consists
of TXP and TXN, PE, PDC, and the Transmit Enable input
(TEN) Transmission starts when PEishighand TENislow,
and ends when either PEor TEN goesinactive. Predistortion
control is provided by the PDC input.

Receive Function

The LXT903 receive function accepts serial data from the
twisted-pair network (the TPI circuit), converts ittoaCMOS
level signal, and passes it to the hub controller. An internal
squelch function discriminates noise from link test pulses
and valid data streams. Only valid data streams activate the
receive function. If the differential signal at the TPI circuit

Figure 6: LXT903 TPO Output Waveform
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LXT903 10Base-T Hub Transceiver

input falls below 75% of the threshold level (unsquelched)
for 8 bit times (typical), the LXT903 receive function will
enter the idle state. A reduced threshold is available which
lowers the squelch level by 4.5 dB. Reducing the squelch
level extends the network range when used with alow-noise
media such as shielded twisted-pair. In the software control
mode, the reduced threshold is selected through the serial
interface. In the hardware mode, the reduced threshold is
selected by tying the TH pin low.

Polarity Reverse Function

The LXT903 polarity reverse function uses both link pulses

and end-of-frame data to determine polarity of the received
signal. Areversed polarity condition is declared when eight
opposite link pulses are received without receipt of a link
pulse with the expected polarity. Reversed polarity is also
declared if four frames are received with a reversed start-of-
idle. Whenever reversed polarity is declared, these two

Figure 7: Jabber Control Function

Power On

R {

NO OUTPUT

; DO = Active

NONJABBER OUTPUT

Start_XMIT_Max_Timer"

DO = Idle DO = Active *
<——I XMIT_Max_Timer_Done
JAB e
XMIT = Disable
+ DO = Idle
UNJAB WAIT

Start_Unjab_Timer

XMIT = Disable
DO = Active *

Unjab Timer Done
Unjab_Timer_Not_Done

(o

counters are reset to zero. If the LXT903 enters the link fail
state and noreceive data or link pulses are received within 96
to 128 ms, the polarity is reset to the default (non-flipped)
condition. (If Link Integrity is disabled, polarity detection is
based only on received data.)

Jabber Control Function

Figure 7 is a state diagram of the LXT903 Jabber control
function. In the software mode, jabber control may be
disabled through the serial port. In the hardware mode,
jabber control is enabled at all times. The LXT903 on-chip
watchdog timer prevents the device from locking into a
continuous transmit mode. When a transmission exceeds
the time limit, the Watchdog timer disables the transmit
function. Once the LXT903 is in the jabber state, the
transmit circuit must remain idle for a period of 491 to 525
ms before it will exit the jabber state.

Link Integrity Test

Figure 8 is astate diagram of the LXT903 Link Integrity Test
Function. The Link Integrity Test is used to determine the
status of the receive side twisted-pair cable. Link testing is
enabled when the LTE pin is tied high. When enabled, the
receiver recognizes link integrity pulses which are transmit-
ted in the absence of receive traffic. If no serial data stream
or link integrity pulse is detected within 50 - 150 ms, the chip
enters alink fail state and disables the transmit function. The
LXT903 ignores any link integrity pulse with interval less
than 2 - 7 ms. The LXT903 will remain in the link fail state
until it detects either a serial data packet or two or more link
integrity pulses. Link activity is indicated by a low on the
LEDL pin.

Hardware Control Mode

In hardware control mode the serial port is not used, and the
transceiver is accessed and controlled through individual
pins. Hardware control mode is selected when the H/S pin
is set to a logic 1.

Software Control Mode

To allow amicroprocessor to access and control the LXT903
through the serial interface, the H/S pin is settologic 0. The
serial interface consists of three signals: the Chip Select
input (CS), the bidirectional Serial Data port (SDAT), and
a Serial Clock (SCLK). The LXT903 incorporates a stan-
dard microcontroller interface which operates with any
standard 8051 using TXD/RXD (port 3) for SCLK and
SDAT, and any port for CS. The SCLK frequency should be
5 MHz or less. In software control mode, the LEDL pin is
reconfigured as an interrupt out (INT). INT is an open drain,
active low which is set by any of three conditions: Jab, Link
Fail, or Non-Correctable Polarity. The INT signal stays
active until CS goes active (low). The INT bit remains set
until the first portread cycle. Once set and then cleared, INT
will not set again until all failure interrupts return to a pass
state. The INT signal can be masked by bit C4 of the
Command word. The serial data (SDAT) is contained in a
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16-bit word consisting of an 8-bit Address/Command byte

The Command (Write) bits are assigned as follows:

and an 8-bit Command/Status byte. Figure 9showstheserial ~ CO0 Shut Down (TXP/TXN and TEN are ignored,
interface data structure and timing, RXD and CRS go to high impedance. Standard
transmit functions are disabled, but Link Pulse
The Address/Command bits are assigned as follows: reception/transmission continue.)
ACO  Test Mode. Must be 0 (1 reserved for Factory) C1 Link Test Enable/Disable
AC1  Address Bit 0. Must be 0 (reserved) C2 Jabber Enable/Disable
AC2  Address Bit 1. Must be 0 (reserved) C3 Polarity Correction Enable .
AC3  Address Bit 2. Must be 1 (reserved) C4 Mask Interrupt (Prevents the open drain INT pin
AC4  Read/Write. 1 = Read, 0 = Write from going active.)
ACS5  Must be O (reserved) C5 Reduced Threshold
AC6  Must be O (reserved) (Receive. threshold reduced by 4.5 dB.)
AC7  Must be O (reserved) C6 Must be 0 (reserved)
C7 Must be 0 (reserved)
Figure 8: Link Integrity Test Function
Power On
IDLE TEST
Start_Link_Loss_Timer
Start_Link_Test_Min_Timer | TPI = Active +
(Lir_1k_Test_Rcyd =.True
Link_Loss_Timer_Done T Link_Test_Min_Timer_Done)
* TPl = Idle
* Link_Test_Rcvd = False
Y i
LINK TEST FAIL RESET -
LINK TEST FAIL WAIT
Link_Count = 0
XMIT = Disable XMIT = Disable
RCVR = Disable RCVR = Disable
Link_Count = Link_Count + 1
TPI = Active Link_Test_Rcvd = False
« TPl = Idle
TPI = Activ;r Link_Test_Rcvd = Idle
* TPl = Idle
LINK TEST FAIL
Start_Link_Test_Min_Timer
Start_Link_Test_Max_Timer
XMIT = Disable
RCVR = Disable
TP! = Active
+ Link_Count = LC_Max
\ Y
Link_Test_Min_Timer_Done
LINK TEST FAIL EXTEND * Link_Test_Rcvd = True
XMIT = Disable
RCVR = Disable (TPI = Idle * Link_Test_Max_Timer_Done)
(Link_Test_Min_Timer_Not_Done
rT ol = Ido * * Link_Test_Rcvd = True)
DO = Idle
g LEVEL
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The Status (Read) bits are assigned as follows:

SO Link Test Fail/Pass

S1 Jabber On/Off

S2 Polarity Reversed/Normal

S3 Receiver Active (Cleared on Read)
S4 Transmitter Active (Cleared on Read)
S5 Interrupt (Cleared on Read)

S6 Don't Care

S7 Don't Care

The LXT903 serial port is accessed by causing the Chip
Select (CS) input to transition from high to low. Bit4 of the
serial Address/Command byte provides Read/Write control
when the chip is accessed. A logic 1 indicates a read
operation, and a logic 0 indicates a write operation.

Figure 9: LXT903 Serial Interface Data Structure

& B
COMMAND / ADDRESS BYTE COMMAND INPUT / STATUS OUTPUT BYTE
A A
.
spar  |TST| © 0| 1 |RW X| X| X |DofDl|D2|D3|D4fD5|D6|D7|
0o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
ADDRESS / _
COMMAND TST 0 0 1 R/W X X X
BYTE
RMW = 1: READ X = Don't Care
R/W =0 : WRITE
A AND sD | u | JaB | PRC | MASK| TH o | o
BYTE DO D7
1 =Enable |t =Enable |1 =Enable [1 = Enable |1 = Masked|0 = Reduced
or
OuTPUT LI JAB | PLR |[RCV | TX INT X X
STATUS DO D7
BYTE 1 = Fail 1=0n |1 =Reversed|1 = Active | 1 = Active| 1 = Interrupt
[LEVEL
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Applications

Figure 10 shows the LXT903 in a typical hardware control
application. The LXT903 hub transceivers interface the
Hub Controller to_the RJ45 connectors of the twisted pair
network. The D/S pin is grounded, effecting the single
ended mode, so TXN, PDC and TEN are not connected. An
external source provides the required 20 MHz clock signal.
Transmit and receive filters are required in the TPO and TPI

circuits. Details of the transmit and receive filters are shown
in Figures 11 and 12, respectively. (Differential filters are
also recommended.) Integrated filters such as the Valor
PT3877, Fil-Mag 78Z1120B or Pulse Engineering PE65421
may be used. Figure 13 shows a typical software control
application, operating in the differential input mode (D/S is
tied high) with TXN, TEN, and PDC connected.

Figure 10: Typical LXT903 Hardware Control Application

HUB
CONTROLLER LXT903 la — — — 2&2";(2
LXT903 |<— SOURCE
LXT903 |4 —_
LXT903 CLK
TPOP
_—
b ™ TPON
Twisted Pair
RXD RJ45 To/From
TPIP Network
¢ CRS
TPIN ——><
VCC1 [r5v
\eler i
H/S
1w 2= oapF
D/S __|
GND —
—|r BIAS 12.4KQ
i =
S
|1 ?
L]
MUX
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Figure 11: Transmit Filter Diagram Figure 12: Receive Filter Diagram

N> ouT) [IN_>-+—m—¢40UT>
| S | LT

;— _

Figure 13: Typical LXT903 Software Control Application

HUB <
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TEN TPIN —{Rx FILTER
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CRS veez
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NOTES:
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LXT906
Ethernet Twisted-Pair / Coax Adapter

The LXT906 Twisted-Pair / Coax Adapter is designed to
allow a cost effective Ethernet implementation in a mixed
mediaenvironment. Combined with acoax transceiver such
as the DP8392, the LXT906 offers a complete adapter
solution.

LXT906 functions include level-shifted data pass-through
from one transmission media to another, collision detection
and propagation, and automatic correction of polarity rever-
sal on the twisted pair input. It also includes LED drivers for
jabber, coax receive and collision, twisted pair receive and
collision, reversed polarity detect and link indication func-
tions.

The LXT906 is an advanced CMOS device and requires only
a single 5 volt power supply.

* 10Base-T to Coax (10Base5 and 10Base2) adapter

Standard Product
January 1994

3

.

Direct interface to Coax transceiver and to RJ45
connectors.

Collision detection and propagation
Internal predistortion generation

Internal common mode voltage generation
Selectable link test

Twisted-pair receive polarity reverse detection and
correction

LED drivers for TP and coax receive; TP and coax
collision; jabber, link active and reversed polarity
indicators

Single 5 V supply, CMOS technology

Available in 28-pin PLCC

AIP ——® COAX ™ PULSE > TPOP
AIN —| | RECEIVER —— 21 SHAPING » TPON
_>
WATCHDOG
TIMER POLARITY |eg—
DETECT
1
AOP = COAX |a TP —  TPIP
AON == DRIVER |«g— RECEIVER TPIN
1
LINK SQUELCH [ |
—

LI INTEGRITY ! . LOXR
LCXC

CIP —{—% COLLISION -
CIN —| | RECEIVER[| "5 >ATER LED >~ LTPC
DRIVER > LPLR
CLKI —+—»1 XTAL > | LNK
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X o Oococ
TE0EEES
34558588
4 3 2 1 28 27 26
CLKO (I 5 25[] TSTH
CLKI 0s 241 TST2
GND1 ] 7 23] VCC1
RBIAS [| s 22] CIP
Lgoe 2111 CIN
TPIP [J10 20[] AIP
1 19
TPIN [ 12 13 14 15 16 17 18 i AN
LS QU N SN g S g S gy Gum gy
o N NZZ0 O
. . 0880004
Pin Descriptions ESESREI<F
Pin| Sym | /O Name Description
1 LTPR (0] TP Receive LED Open drain driver for the TP Receive indicator LED.
Driver Output pulls low whenever TP receiver is active.
2 | LPLR O | TP Reverse Polarity | Open drain driver for the TP Reversed Polarity indicator LED.
LED Driver Output pulls low whenever reversed polarity is detected.
3 | LLNK (0] TP Link LED Open drain driver for the TP Link indicator LED.
Driver Output goes high whenever link is active.
4 LJAB (0] Jabber LED Open drain driver for the Jabber indicator LED.
Driver Output pulls low whenever LXT906 is in a jabber condition.
S | CLKO | I/0 Crystal The LXT906 requires either a 20 MHz crystal (or ceramic resonator)
6 CLKI Oscillator connected across these pins, or a 20 MHz clock applied at CLKIL.
7 | GND1 - Ground 1 Ground.
8 | RBIAS I Resistor Bias control pin for the operating circuit. Bias set from external
Bias Control resistor to ground. External resistor value = 12.4 kQ (& 1%).
9 LI I Link Integrity Enables Link Integrity Testing when tied high.
10 | TPIP I Twisted-Pair Differential receive inputs from the twisted pair input filter.
11 | TPIN I Receive Inputs
12 | TPOP (6] Twisted-Pair Transmit drivers to the twisted-pair output filter. The output is
15 | TPON (6] Transmit Manchester encoded and pre-distorted to meet the 10Base-T
Outputs template.
13 | GND2 - Ground 2 Ground.
14 | VCC2 I Power Supply 2 +5 V power supply input.
16 | AON O | AUI Out Negative | Differential driver output pair connected to the Coax AUL
17 | AOP 0} AUI Out Positive
18 | TSTO - Test Pin 0 Test pin for factory use. This pin must be left unconnected.
[COLEVEL
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Pin Descriptions continued

Pin Sym (o) Name Description
19 AIN I AUI In Negative Data input pair from the Coax AUL
20 AIP I AUI In Positive
21 CIN I Collision Negative | Differential input pair tied to the collision presence pair of the
22 CIpP I Collision Positive | Ethernet Coax transceiver.
23 VCC1 I Power Supply 1 +5 V power supply.
24 TST2 - Test Pin 2 Test pins reserved for factory use.
25 TST1 - Test Pin 1 These pins must be left unconnected.
26 LCXR (6] Coax (AUI) Open drain driver for the Coax Receive indicator LED.
Receive LED Driver | Output pulls low whenever coax receiver is active.
27 LCXC (0} Coax Collision Open drain driver for the Coax Collision indicator LED.
LED Driver Output pulls low whenever a collision is detected on the coax
circuit.
28 LTPC (6] TP Collision Open drain driver for the TP Collision indicator LED.
LED Driver Output pulls low whenever a collision is detected on the TP line.

Absolute Maximum Ratings*

* Exceeding these values may cause permanent damage.

Functional operation under these conditions is not
implied. Exposure to maximum rating conditions for
extended periods may affect device reliability.

* Supply Voltage Vee -0.3Vto6V
* Operating temperature T, 0 °C (min) to +70 °C (max)
« Storage temperature Ter -65 °C (min) to +150 °C (max)

Recommended Operating Conditions (Voltages are with respect to ground unless otherwise specified.)

Parameter Symbol Min Typ Max Units
Supply voltage Vee 4.75 5.0 525 v
Operating temperature Top 0 - 70 °C

[E6RE.
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Switching Characteristics (Ta=0t070°C,V_ =5V+5%)

Parameter Min Typ' Max Units

Jam Timing
Transmit time 96 - - bit
Link Integrity Timing
Time link loss? 65 - 66 ms
Time between Link Integrity Pulses? 9 - 11 ms
Interval for valid receive Link Integrity Pulses? 3.9 - 65 ms
Collision Timing
End of collision to end of jam - - 1200 ns
Jabber Timing
Maximum transmit time - - 5.1 ms
Unjab time - 6.4 - us
LED Timing
LED on time 100 - - ms
General
Transmit recovery time - - 12 bit
Carrier recbvery time - - 3 bit
TP receive to AUI transmit 0 - 500 ns
AUI receive to TP transmit 0 - 200 ns

! Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.

2Switching times reduced by a factor of 1024 during Test mode.

AUI Electrical Characteristics (Ta=0t070°C,V_ =5V +5 %)

Parameter Symbol | Min Typ' Max Units Test Conditions

Input low current L - - -700 HA
Input high current L, - - 500 A
Differential output voltage Voo +550 - +1200 mV
Differential squelch threshold Vs - 220 - mV
Receive input impedance R, - 20 - kQ Between AOP and AON

! Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.
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/O Electrical Characteristics (Ta=0t070°C,V__=5V+5 %)

' "CC

Parameter Symbol Min Typ! Max Units Test Conditions
Input low voltage \5 - - 0.8 v
Input high voltage ' Vi 2.0 - - A%
Output low voltage Voo - - 0.7 A Load current = 10 mA
(Open drain LED Driver)
Supply current I - 60 80 mA Line Idle
(Ve 1=V, 2=525V) - 125 150 mA Line Active,
transmitting all ones
Input leakage current? L, - +1 50 HA Input between VCC and -
GND

' Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.
2 Not including TPIN, TPIP, AIP, AIN, CIP or CIN.

TP Transmit Characteristics (Ta=01070°C,V, =5V+5 %)

Parameter Symbol| Min Typ' Max Units Test Conditions
Transmit output impedance Z,or - 5 - Q
Peak differential output voltage Voo +45 - +52 \' Load =200 Q at TPOP
and TPON
Transmit timing jitter addition ? - - - +8 ns After Tx filter,
0 line length

! Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.
2 Parameter is guaranteed by design; not subject to production testing.

TP Receive Characteristics (Ta=0t070°C,V__ =5V +5 %)

’_¢cc

Parameter Symbol Min Typ' Max | Units Test Conditions
Receive input impedance Zy - 20 - kQ Between TPIP/TPIN
Differential squelch threshold Vs - 420 - mV
Receive timing jitter ? - - - 1.5 ns

! Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.
2 Parameter is guaranteed by design; not subject to production testing.
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Functional Description

The LXT906 interfaces the coaxial transceiver (AUI) to the
unshielded twisted pair cables, transferring data in both
directions. The AUI side of the interface comprises three
circuits: Data Output (AO), Data Input (AI) and Collision
Interface (CI). The twisted pair network side of the interface
comprises two circuits: Twisted Pair Input (TPI) and
Twisted Pair Output (TPO). In addition to the five basic
circuits, the LXT906 contains an internal crystal oscillator,
various logic controls and seven LED drivers for status
indications.

Coax' to TP Function

The LXT906 receives data from the coax transceiver on the
Al circuit and transmits it to the twisted pair network on the
TPO circuit. The output signal on TPON and TPOP is pre-
distorted to meet the 10Base-T jitter template. The output
waveform (after the transmit filter) is shown in Figure 2. If
the differential inputs at the Al circuit fall below 75% of the
threshold level for 8 bit times (typical), the LXT906 TP
transmit function will enter the idle state. During idle
periods, the LXT906 transmits link integrity test pulses on
the TPO circuit.

Figure 2: LXT906 TPO Output Waveform

N AN N
VAV

TP to Coax Function

The LXT906 receives data from the twisted pair network on
the TPI circuit and transmits it to the coax transceiver on the
AOcircuit. Aninternal squelch function discriminates noise
from link test pulses and valid data streams. Only valid data
streams activate the TP receive function. If the differential
inputs atthe TPI circuit fall below 75% of the threshold level
(unsquelched) for 8 bit times (typical), the LXT906 TP
receive function will enter the idle state. The Coax-to-TP
data path is disabled when the TP-to-Coax path is active.
The Coax-to-TP path is enabled 9 bit times after end of TP-
to-Coax transmission.

3-58

Polarity Reverse Function

The LXT906 polarity reverse function uses both link pulses
and end-of-frame data to determine polarity of the received
signal. A reversed polarity condition is detected when eight
link pulses of the opposite (unexpected) polarity are re-
ceived without receipt of a link pulse with the expected
polarity. Reversed polarity is also detected if four frames are
received with a reversed start-of-idle. Whenever polarity is
reversed, these two counters are reset to zero. If the LXT906
enters the link fail state and no data or link pulses are
received within 96 to 128 ms, the polarity is reset to the
default non-flipped condition. (If Link Integrity is disabled,
polarity detection is based only on received data pulses.)
The LXT906 automatically corrects for reversed polarity.

Jabber Function

The LXT906 interrupts its output if it has transmitted con-
tinuously for longer that 5 ms on TPOP/TPON or AOP/
AON. During jab the repeater state machine is disabled.
Transmission is re-enabled when no activity has been de-
tected on TPIP/TPIN or AIP/AIN for 6.4 us.

Link Integrity Test Function

Figure 3 is astate diagram of the LXT906 Link Integrity Test
Function. The Link Integrity Test is used to determine the
status of the twisted pair cable. Link integrity testing is
enabled when the LI pin is tied high. When enabled, the
receiver recognizes link integrity pulses which are transmit-
ted in the absence of receive traffic. If no serial data stream
or link integrity pulses are detected within 50 - 150 ms, the
chip enters alink fail state and disables the transmit function
and the repeater state machine. The LXT906 ignores any
link integrity pulse with interval less than 2 - 7 ms. The
LXT906 will remain in the link fail state until it detects either
a serial data packet or two or more link integrity pulses.

Collision Propagation Function

A TP collision is defined as the simultaneous presence of
valid signals on both the TPI circuit and the TPO circuit. A
Coax collision is detected when a valid collision signal is
present at CIP/CIN. If a collision is detected the appropriate
collision LED (TP or coax) is activated and a Jam frame is
transmitted as described in Figure 4. The Jam length is
always a minimum of 96 bits: 64 bits of alternating 1's and
0's, followed by an all 1's pattern.
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Figure 3: Link Integrity Test Function

Power On

[ B

IDLE TEST

Start_Link_Loss_Timer
Start_Link_Test_Min_Timer | TPI= Active +
(Link_Test_Rcvd = True
* Link_Test_Min_Timer_Done)

Link_Loss_Timer_Done I

*TPI = ldle
* Link_Test_Rcvd = False J
LINK TEST FAIL RESET ;
LINK TEST FAIL WAIT
Link_Count=0
XMIT = Disable XMIT = Disable
RCVR = Disable RCVR = Disable
TPI = Active Link_Test_Revd = False Link_Count = Link_Count + 1
* TPl = Idle I
TPI = Active Link_Test_Rcvd = Idle
*TPI = Idle

!

LINK TEST FAIL

Start_Link_Test_Min_Timer
Start_Link_Test_Max_Timer
XMIT = Disable
RCVR =Disable

TPl = Active
+ Link_Count = LC_Max

Link_Test_Min_Timer_Done
LINK TEST FAIL EXTEND * Link_Test_Rcvd = True

XMIT = Disable
RCVR = Disable

(TPI = Idle * Link_Test_Max_Timer_Done) 4
(Link_Test_Min_Timer_Not_Done
* Link_Test_Rcvd = True)

[ 1Pi=1die *
DO = Idle
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LXT906 State Diagram

The state diagram, Figure 4, describes the operation of the
LXT906. Itis similar to a repeater state diagram, however
the 906 does not provide retiming, preamble regeneration or
fragment extension. The LXT906 avoids fragment genera-
tion by using a minimum Jam size of 96 bits. Since the TP
side does not have a receive collision detection it is not

considered in this implementation.

Description of State diagram variables :

cXcoll :
TPcoll :
cXact :
TPact :
Twl

Tw2

Jam “:

Coax collision active
TP collision active
Coax data active

TP data active

9 bit time

3 bit time

Minimum 96 bit time

Figure 4: LXT906 State Diagram
Power On l l
l IDLE .
X _S_T_A R _T - Out(ALL) = idle
BEGIN
leXcoll *
I (cXact + cXcoll
TPact)

34

TRANSFER DATA

Out(noAct) = Dataln

(TPact * cXcoll ) +
(cXact * TPcoll )

cXcoll * cXact

TX COLLISION

................

Out(ALL) = Jam

—

'

RX COLLISION
Out(TP) = Jam

Tw2Done

IcXcoll * ITPcoll *

TPcoll

cXcoll*'TPcoll +
TPeoll"leXcoll lcXact*ITPact*lcXcoll TPcoll
:[M <= coll] leXact * i

A 4 lcXcoll * ITPcoll * !Ij'vt’zcgll*!cXcoll*

one
ONE PORT LEFT Tw2Done
Out(notM) = Jam
| L -
Collin(notM) lactM

StartTw1
Out(ALL) = Idle cXcoll + TPcoll +

1 TwiDone
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LXT907 Ethernet Interface for Hub, Switch & Adapter Applications

RN

LXT907

Advance Information
December 1993

Ethernet Interface for Hub, Switch and Adapter Applications (Internal MAU)
with Integrated 10Base T MAU, EnDec, AUI and Filters

The LXT907 Hub/Switch/Repeater Ethernet Interface is
designed for IEEE 802.3 physical layer applications. It
provides, in a single CMOS device, all the active circuitry
for interfacing most standard 802.3 controllers to either the
10Base-T media or Attachment Unit Interface (AUI).

LXT907 functions include Manchester encoding/decoding,
receiver squelch and transmit pulse shaping, jabber, link
testing and reversed polarity detection/correction. The
LXT907 can be used to drive either the AUI drop cable or the
10Base-T twisted-pair cable with only a simple isolation
transformer. No external filters are required. The LXT907
can be used with both standard (10 Mbps) and full-duplex
(20 Mbps) Ethernet controllers.

The LXT907 is fabricated with an advanced CMOS process
and requires only a single 5-volt power supply.

* Hub/Switches for dedicated LAN connections
* Computer/workstation 10Base-T LAN adapter boards

IODE SELECT LOGIC
PAUI Controller Compatibility /
Port Select /
LBK Loopback /
LI Link Test
TCLK -
CLKI ——
CLKO
MANCHESTER
TEN ENCODER
TXD
RLD
REMOTE
RJAB
RCMPT SIGNALING
CD = QUELCH / LINK
LEDL -= DETECT
RXD -
MANCHESTER
ROLK DECODER
COLLISION
coL. < LOGIC

Functional Features

« Integrated Filters - No External Filters Required
« Integrated Manchester Encoder/Decoder
 10Base-T compliant Transceiver

* AUI Transceiver

 Full Duplex Capable (20 Mbps)
Convenience Features

¢ Automatic/Manual AUI/RJ45 Selection
¢ Automatic Polarity Correction

* SQE Disable/Enable function

* Power Down Mode

 Four loopback modes for better testing

Diagnostic Features

» Four LED Drivers

* AUI/RJ45 Loopback

* Remote Signaling of Link Down and Jabber conditions

TWISTED PAIR
INTERFACE

PULSE
SHAPER
&

FILTER L~
COLLISION/

POLARITY g
DETECT/ sucg)n(
CORRECT

RX SLICER |

COLLISION
RECEIVER

LEDR LEDT/PDN LEDC DSQE NTH JAB PLR

s
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—oT oza 5
Table 1: Controller Compatibility Mode Options 995 5598885%
Controller Mode: Setting: 6 543821 4443424140
MD1 MDO RLD [ 7 < 39 ] TPIN
L Qs ss [] TPIP
Mode 1 - For Advanced Micro Devices 0 0 JAB [o 37 | DSQE
AM7990 or compatible controllers TEST [} 10 % [I TPONB
TCLK [ 11 35 [ TPONA
Mode 2 - For Intel 82586, 82596 or 0 1 X0 [f 12 LXT907 % |l veoa
i ’ TEN [ 18 44-pin PLCC - 33 N1 GND2
compatible controllers cLKo 1 14 32 ] TPOPA
3
Mode 3 - For Fujitsu MB86950, MB86960 | 1 0 el B o f PR -
or compatible continuous clock type AUTOSEL [ 17 29 [ RJAB
controllers (Seeq 8005) 18 19 20 21 22 23 24 25 26 27 28
A b b
Mode 4 - For National Semiconductor 8390| 1 1 S EBEEo2ERES
or compatible controllers (TI TMS380C26) ~ E - g S o
4 4
Table 2: Pin Descriptions
Pin# | Sym Name Description
1 VCC1 Power Inputs | + 5 volt power supply inputs.
34 |VCC2 land 2
2 CIp AUI Collision | Differential input pair connected to the AUI transceiver CI circuit.
3 CIN Pair The input is collision signaling or SQE.
4 NTH Normal When NTH = 1, the normal TP squelch threshold is enabled.
Threshold When NTH = 0, the normal TP squelch threshold is reduced by 4.5 dB.
5 MDO Mode Select 0 | Mode select pins determine controller compatibility mode in accordance with
6 MD1 Mode Select 1 | Table 1, above.
7 RLD Remote Link | Output goes high to signal to the controller that the remote port is in link
Down down condition.
8 LI Link Test Enable | Controls Link Integrity Test; enabled whenLI=1, disabled when LI =0.
9 JAB Jabber Indicator | Output goes high to indicate Jabber state.
10 TEST Test Open.
11 TCLK Transmit Clock | A 10 MHz clock output. This clock signal should be directly connected to the
transmit clock input of the controller.
12 TXD Transmit Data | Input signal containing NRZ data to be transmitted on the network. TXD is
connected directly to the transmit data output of the controller.
13 TEN Transmit Enable | Enables data transmission and starts the watchdog timer. Synchronous to
TCLK (see Figures 4, 10, 16 and 22 for details).
14 CLKO Crystal A 20 MHz crystal (Mtron MP-1/MP-2) must be connected across these pins,
15 CLKI Oscillator or.a 20 MHz clock applied at CLKI with CLKO left open.
16 COL Collision Detect. | Output which drives the collision detect input of the controller.
fLOLEVEL
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Table 2: Pin Descriptions continued

Pin#| Sym | VO Name Description
17 AUTO | I Automatic When AUTOSEL = 1, automatic port selection is enabled (the LXT907
SEL Port Select defaults to the AUI port only if TP link integrity = Fail). When
AUTOSEL = 0, manual port selection is enabled (the PAUI pin determines
the active port).

18 LEDR | O | Receive LED | Open drain driver for the receive indicator LED. Output is pulled low
during receive, except when data is being looped back to DIN/DIP from a
remote transceiver ( external MAU). LED “On” (i.e., low output) time is
extended by approximately 100 ms.

19 LEDT/| O | Transmit LED/ | Open drain driver for the transmit indicator LED. Output is pulled low

PDN I | Power Down | during transmit. LED “On” (i.e., low output) time is extended by approxi-
mately 100 ms. If externally tied low, the LXT907 goes to power down
state.

20 LEDL | O Link LED Open drain driver for link integrity indicator LED. Output is pulled low
during link test pass. If externally tied low, internal circuitry is forced to
"Link Pass" state and LXT907 will continue to transmit link test pulses.

21 LEDC/ | O | Collision LED/ | Open drain driver for the collision indicator LED pulls low during colli-

FDE Full Duplex | sion. LED “On” (i.e., low output) time is extended by approximately 100
Enable ms. If externally tied low, the LXT907 enables full duplex operation by
disabling the internal TP loopback and collision detection circuits in
anticipation of external TP loopback or full duplex operation.

22 LBK 1 Loopback Enables internal loopback mode. See Figure 7 (Mode 1), Figure 13 (Mode 2),
Figure 19 (Mode 3) and Figure 25 (Mode 4) for details.

23 GND1 | - | Ground Returns | Grounds.

33 GND2 | - land2

24 RBIAS | I Bias Control | A 12.4 kQ 1% resistor to ground at this pin controls operating circuit bias.

25 RCMPT| O Remote Output goes high to signal the controller that the remote port is compatible

Compatibility | with the LXT907 remote signaling features.

26 RXD | O | Receive Data | Output signal connected directly to the receive data input of the controller.

27 CD O | Carrier Detect | An output to notify the controller of activity on the network.

28 RCLK | O {Receive Clock | A recovered 10 MHz clock which is synchronous to the received data and
connected to the controller receive clock input.

29 RJAB | O | Remote Jabber | Output goes high to indicate that the remote port is in Jabber condition.

30 PLR O | Polarity Reverse| Output goes high to indicate reversed polarity at the TP input.

31 TPOPB| O | Twisted-Pair | Two differential driver pair outputs (A and B) to the twisted-pair cable.

36 TPONB| O | Transmit Pairs | The outputs are pre-equalized; no external filters are required.

32 TPOPA| O A&B Two pairs must be shorted together with 24.9 Q 1% resistors to match

35 TPONA| O impedance of 100Q2 UTP.
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Table 2: Pin Descriptions continued

Pin#| Sym |l/O Name Description
37 |DSQE| I Disable When DSQE = 1, the SQE function is disabled.
SQE When DSQE = 0, the SQE function is enabled. SQE must be disabled for
normal operation in Hub/Switch/Repeater applications.
38 TPIP | I Twisted-Pair | A differential input pair from the twisted-pair cable. Receive filter is
39 TPIN | I Receive Pair | integrated on-chip. No external filters are required.
40 PAUI | I Port/AUI In Manual Port Select mode (AUTOSEL = 0), PAUI selects the active
Select port. When PAUI = 1, the AUI port is selected. When PAUI =0, the TP
port is selected. In Auto Port Select mode, PAUI must be tied to ground.
41 DIP |1 AUI Receive | Differential input pair from the AUI transceiver DI circuit.
42 DIN | I Pair The input is Manchester encoded.
43 DOP | O | AUI Transmit | A differential output driver pair for the AUI transceiver cable. The
44 DON [ O Pair output is Manchester encoded.

Table 3: Operating Conditions (Voltage with respect to ground unless otherwise specified.)

Parameter Symbol| Min Typ' Max Units Test Conditions
Recommended supply voltage Vee 4.75 5.0 5.25 \%
Recommended operating temperature | T, 0 - 70 °C
Supply current Iec - 65 85 mA Idle mode
v Normal mode Icé - 90 110 mA Transmitting on TP
I - 70 90 mA Transmitting on AUI
Power Down mode I - 0.75 2 mA

! Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.
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Table 4: VO Electrical Characteristics (Ta=01t070°C, V_ =5V +5%)

Parameter Symbol | Min Typ' Max | Units Test Conditions
Input low voltage 2 \'S - - 0.8 \Y%
Input high voltage 2 - 2.0 - - \Y%
Output low voltage Voo - - 0.4 \Y I,,=1.6mA
Output low voltage Vou - - 10 % Ve I,,<10pnA
Output low voltage Voo - - 0.7 v I,,=10mA
(Open drain LED Driver)
Output high voltage on 24 - - \% I,,=40 A
Output high voltage Vou 90 - - % Ve I, <10pA
Output rise time CMOS _ - 3 12 ns Cioap = 20 pF
TCLK & RCLK TTL - - 2 8 ns
Output fall time CMOS - - 3 12 ns Coap = 20 pF
TCLK & RCLK TTL - - 2 8 ns
CLKI rise time (externally driven) > . - - - 10 ns
CLKI duty cycle (externally driven) 2 - - 50/50 40/60 %

Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.
Limited functional test patterns are performed under these input conditions. The majority of functional tests are performed at levels
of OV and 3V. This applies to all inputs except TPIP, TPIN, DIP, DIN, CIP and CIN.

Table 5: AUI Electrical Characteristics (Ta=0to 70 °C, V= 5V +5%)

N

Parameter Symbol | Min Typ' Max Units Test Conditions
Input low current I - - -700 HA
Input high current L, - - 500 UA
Differential output voltage Voo +550 - +1200 mV
Differential squelch threshold Vos 150 220 350 mV | 5 MHz square wave input

! Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.

Table 6: TP Electrical Characteristics (Ta=01t070°C, V__ =5V +5%)

) __¢cc

Parameter Symbol [ Min | Typ' | Max | Units Test Conditions
Transmit output impedance Zour - 5 - Q
Peak differential output voltage Vop 33 3.5 3.7 \Y% Load = 100 Q at TPOP and TPON
Transmit timing jitter addition 2 - - +64 +10 ns 0 line length for internal MAU
Transmit timing jitter added by - - +35 +55 ns After line model specified by IEEE
the MAU and PLS sections >* 802.3 for 10Base-T internal MAU
Receive input impedance Zn - 20 - kQ | Between TPIP/TPIN,
CIP/CIN & DIP/DIN

Differential squelch threshold

- Normal (NTH = 1) Vbs 300 420 585 mV | 5 MHz square wave input

- Reduced (NTH = 0) Vst 180 250 345 mV | 5 MHz square wave input

! Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.
% Parameter is guaranteed by design; not subject to production testing.
3 IEEE 802.3 specifies maximum jitter additions at 1.5 ns for the AUI cable, 0.5 ns from the encoder, and 3.5 ns from the MAU.
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Functional Description

The LXT907 Universal Ethernet Interface Transceiver per-
forms the physical layer signaling (PLS) and Media Attach-
ment Unit (MAU) functions as defined by the IEEE 802.3
specification. It functions as a PLS-Only device (for use
with 10Base-2 or 10Base-5 coaxial cable networks) or as an
Integrated PLS/MAU (for use with 10Base-T twisted-pair
networks).

The LXT907 interfaces a back end controller to either an
AUI drop cable or a twisted-pair (TP) cable. The controller
interface includes transmit and receive clock and NRZ data
channels, as well as mode control logic and signaling. The
AUI interface comprises three circuits: Data Output (DO),
Data Input (DI) and Collision (CI). The twisted-pair inter-
face comprises two circuits: Twisted-Pair Input (TPI) and
Twisted-Pair Output (TPO). In addition to the three basic
interfaces, the LXT907 contains an internal crystal oscillator
and four LED drivers for visual status reporting.

Functions are defined from the back end controller side of
the interface. The LXT907 Transmit function refers to data
transmitted by the back end to the AUI cable (PLS-Only
mode) or to the twisted-pair network (Integrated PLS/MAU
mode). The LXT907 Receive function refers to data re-
ceived by the back end from the AUI cable (PLS-Only) or
from the twisted-pair network (Integrated PLS/MAU

mode). In the integrated PLS/MAU mode, the LXT907
performs all required MAU functions defined by the IEEE
802.3 10Base-T specification such as collision detection,
link integrity testing, signal quality error messaging, jabber
control and loopback. In the PLS-Only mode, the LXT907
receives incoming signals from the AUI DI circuit with+ 18
ns of jitter and drives the AUI DO circuit.

Controller Compatibility Modes

The LXT907 is compatible with most industry standard
controllers including devices produced by Advanced Micro
Devices (AMD), Intel, Fujitsu, National Semiconductor,
Seeq and Texas Instruments. Four different control signal
timing and polarity schemes (Modes 1 through 4) are re-
quired to achieve this compatibility. Mode select pins (MDO
and MD1) determine Controller compatibility modes as
listed in Table 1.

A complete set of timing diagrams is provided foreach mode
as follows: Mode 1 : Figures 2 - 7,

Mode 2 : Figures 8 - 13,

Mode 3 : Figures 14 - 19,

Mode 4 : Figures 20 - 25.
Related timing specifications are provided in Table 8
(RCLK/Start-of-Frame), Table 9 (RCLK/End-of-Frame),
Table 10 (Transmit Timing) and Table 11 (Collision Detec-
tion, COL/CI Output and Loopback Timing).

Table 7: Switching Characteristics (Ta=01t0 70 °C, V=5V 5%)

Parameter Symbol Min Typ Max Units
Jabber Timing:
Maximum transmit time - 20 - 150 ms
Unjab time - 250 - 750 ms
Link Integrity Timing:
Time link loss - 65 - 66 ms
Time between Link Integrity Pulses - 8 - 24 ms
Interval for valid receive Link Integrity Pulses - 4.1 - 65 ms

3-68
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Table 8: RCLK/Start-of-Frame Timing

Parameter Symbol | Minimum | Typical' | Maximum| Units
Decoder acquisition time AUl toara - 900 1100 ns
TP toata - 1300 1500 ns
CD turn-on delay AUI tep - 50 200 ns
TP ten - 400 550 ns
Receive data setup Mode 1 . 43 70 - ns
from RCLK Modes 2, 3 and 4 teps 30 45 - ns
Receive data hold Mode 1 teo 10 20 - ns
from RCLK Modes 2, 3 and 4 oo 30 45 - ns
RCLK shut off delay from CD assert (Mode 3) tows - + 100 - ns
Table 9: RCLK/End-of-Frame Timing
Parameter . Type Symbol | Mode1 | Mode2 | Mode3 | Mode 4 | Units
RCLK hold after CD off Min trcn 5 1 - 5 bt
Rcv data throughput delay Max to 400 375 375 375 ns
CD turn off delay Max teporr 500 475 475 475 ns
Receive block out after TEN off Typ ! tre 5 50 - - bt
RCLK switching delay after CD off | Typ ! tewe - - 120 (%80) - ns
Table 10: Transmit Timing
Parameter Symbol Minimum Typical' Maximum Units
TEN setup from TCLK | A— 22 - - ns
TXD setup from TCLK tosc 22 - - ns
TEN hold after TCLK | — 5 - - ns
TXD hold after TCLK tennu 5 - - ns
Transmit start-up delay - AUI tsrup - 200 450 ns
Transmit start-up delay - TP tsrup - 350 450 ns
Transmit through-put delay - AUI top ‘ - - 300 ns
Transmit through-put delay - TP trep - 338 350 ns
Table 11: Collision Detection, COL/CI Output and Loopback Timing
Parameter Symbol | Minimum Typical ' Maximum Units
COL turn on delay teon - - 500. ns
COL turn off delay teoLome - - 500 ns
COL (SQE) Delay after TEN off * tsomn 0.65 - 1.6 us
COL (SQE) Pulse Duration 3 L 500 - 1500 ns
LBK setup from TEN | S— 10 25 - ns
LBK hold after TEN  — 10 0 - ns

! Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.
2CD Turnoff delay measured from middle of last bit, so timing specification is unaffected by the value of the last bit.
3When SQE is enabled (DSQE = 0).

EggWTL
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Figure 2: Mode 1 RCLK/Start-of-Frame Timing
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1. RXD changes at the rising edge of RCLK. The controller is sampled at the falling edge.
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Figure 3: Mode 1 RCLK/End-of-Frame Timing
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Figure 4: Mode 1 Transmit Timing
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Figure 7: Mode 1 Loopback Timing
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Figure 8: Mode 2 RCLK/Start-of-Frame Timing
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Figure 9: Mode 2 RCLK/End-of-Frame Timing
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ligure 10: Mode 2 Transmit Timing
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Figure 11: Mode 2 Collision Detect Timing
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Figure 13: Mode 2 Loopback Timing

LBK —\ J——

Ltl(:iEH tkHEL L
TEN _——\ —kl/—
tcaea
—]
co \ [

®LEVEL v
EONE ® 3-73



LXT907 Ethernet Interface for Hub, Switch & Adapter Applications

Figure 14: Mode 3 RCLK/Start-of-Frame Timing
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Figure 15: Mode 3 RCLK/End-of-Frame Timing
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Figure 16: Mode 3 Transmit Timing
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Figure 17: Mode 3 Collision Detect Timing
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Figure 19: Mode 3 Loopback Timing
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Figure 20: Mode 4 RCLK/Start-of-Frame Timing

[1lof1foftlof1]ol1f1]t]of1]ololof1[o]1]o

TPIP/TPIN
or DIP/DIN |
tcp
CD ’
RCLK
trRDS I
trDH
RXD
«————tDATA—
[1]oftfof[1]o]t]of1]1]1]o]1

Notes:

1. RXD changes at the falling edge of RCLK. The controller is sampled at the rising edge.

Figure 21: Mode 4 RCLK/End-of-Frame Timing
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Figure 22: Mode 4 Transmit Timing
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Figure 23: Mode 4 Collision Detect Timing
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Figure 24: Mode 4 COL/CI Output Timing

TEN / \

tsQep
COL / \
.
Notes: - o
1. Valid when SQE enabled (DSQE = 0). tsQeP

Figure 25: Mode 4 Loopback Timing
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Transmit Function

The LXT907 receives NRZ data from the controller at the
TXD input as shown in Figure 1, and passes it through a
Manchester encoder. The encoded datais then transferred to
either the AUI cable (the DO circuit) or the twisted-pair
network (the TPO circuit). The advanced integrated pulse
shaping and filtering network produces the output signal on
TPON and TPOP, shown in Figure 26. The TPO output is
pre-distorted and prefiltered to meet the 10 Base-T jitter
template. An internal continuous resistor-capacitor fil-
ter is used to remove any high-frequency clocking noise
from the pulse shaping circuitry. No external filters are
required. During idle periods, the LXT907 transmits link
integrity test pulses on the TPO circuit (if LI is enabled and
integrated PLS/MAU mode is selected). External resistors
control the termination impedance.

Figure 26: LXT907 TPO Output Waveform

E AWANAY st
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Figure 27: Jabber Control Function

Jabber Control Function

Figure 27 is a state diagram of the LXT907 Jabber control
function. The LXT907 on-chip watchdog timer prevents the
DTE from locking into a continuous transmit mode. When
a transmission exceeds the time limit, the watchdog timer
disables the transmit and loopback functions, and activates
the JAB pin. Once the LXT907 is in the jabber state, the
TXD circuit must remain idle for a period of 0.25 to 0.75
seconds before it will exit the jabber state.

SQE Function

The LXT907 supports the signal quality error (SQE) func-
tion as shown in Figure 28, although the SQE function can
be disabled. After every successful transmission on the
10Base-T network when SQE is enabled, the LXT907
transmits the SQE signal for 10BT + 5BT over the internal
ClI circuit which is indicated on the COL pin of the device.
When using the 10Base 2 port of the LXT907, the SQE
function is determined by the external MAU attached. SQE
must be disabled for normal operation in hub and switch
applications. The SQE function is disabled when DSQE =
1 and enabled when DSQE = 0.

Figure 28: SQE Function
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Receive Function

The LXT907 receive function acquires timing and data from
the twisted-pair network (the TPI circuit) or from the AUI
(the DI circuit). Valid received signals are passed through
the on-chip filters and Manchester decoder then output as
decoded NRZ data and receive timing on the RXD and
RCLK pins, respectively.

An internal RC filter and an intelligent squelch function
discriminate noise from link test pulses and valid data
streams. No external filters are required. The receive
function is activated only by valid data streams above the
squelch level and with proper timing. If the differential
signal at the TPI or the DI circuit inputs falls below 75% of
the threshold level (unsquelched) for 8 bit times (typical),
the LXT907 receive function enters the idle state. If the
polarity of the TPI circuit is reversed, LXT907 detects the
polarity reverse and reports it via the PLR output. The
LXT907 automatically corrects reversed polarity.

Polarity Reverse Function

The LXT907 polarity reverse function uses both link pulses
and end-of-frame data to determine polarity of the received
signal. A reversed polarity condition is detected when eight
consecutive opposite receive link pulses are detected with-
out receipt of one link pulse or frame of the expected
polarity. Reversed polarity is also detected if four consecu-
tive frames are received with a reversed start-of-idle.

Figure 29: Collision Detection Function

If the LXT907 enters the link fail state and no valid data or
link pulses are received within 96 to 128 ms, the polarity is
reset to the default non-flipped condition. (If Link Integrity
Testing is disabled, polarity detection is based only on
received data.). Polarity correction is always enabled.

Collision Detection Function

The collision detection function operates on the twisted pair
side of the interface. For standard (half-duplex) 10Base T
networks, a collision is defined as the simultaneous presence
of valid signals on both the TPI circuit and the TPO circuit.
The LXT907 reports collisions to the back-end via the COL
pin. If the TPI circuit becomes active while there is activity
on the TPO circuit, the TPI data is passed to the back-end
over the RXD circuit, disabling normal loopback. Figure 29
is a state diagram of the LXT907 collision detection func-
tion. Refer to Table 11 for collision detection and COL/CI
output timing. (NOTE: For full-duplex operation, the colli-
sion detection circuitry must be disabled.)

Loopback Function

The LXT907 provides the normal loopback function speci-
fied by the 10 Base-T standard for the twisted-pair port. The
loopback function operates in conjunction with the transmit
function. Data transmitted by the back-end is internally
looped back within the LXT907 from the TXD pin through
the Manchester encoder/decoder to the RXD pin and re-
turned to the back-end. This "normal” loopback function is

@ Power On
. FDE = True
DO = Active *
TPI = Idle IDLE
XMIT = Enabled
TPI = Active
OUTPUT] INPUT
TPO =DO DI =TPI
DI=DO | b5 - Active DO = Active «
TPI = Active TPI = Active »
XMIT = Enabled XMIT = Enabled
*~ COLLISION [+
DO =Idle + TPO=DO TPI = Idle
— N DI=TPI
XMIT = Disabled Cl- SaE
DO = Active » DO =Idle
TPI = Idle
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disabled when a data collision occurs, clearing the RXD
circuit for the TPI data. Normal loopback is also disabled
during link fail and jabber states.

The LXT907 also provides three additional loopback func-
tions. An external loopback mode, useful for system-level
testing, is controlled by pin 21 (LEDC). When LEDC is tied
low, the LXT907 disables the collision detection and inter-
nal loopback circuits, to allow external loopback.

"Forced" TP loopback is controlled by pin 22 (LBK). When
the TP portis selected and LBK = 1, TP loopback is "forced",
overriding collisions on the TP circuit. When LBK = 0,
normal loopback is in effect.

Figure 30: Link Integrity Test Function

AUI loopback is also controlled by the LBK pin. When the
AUI port is selected and LBK = 1, data transmitted by the
back-end is internally looped back from the TXD pin
through the Manchester encoder/decoder to the RXD pin.
When LBK = 0, no AUI loopback occurs.

Link Integrity Test

Figure 30 is a state diagram of the LXT907 Link Integrity
test function. The link integrity test is used to determine the
status of the receive side twisted-pair cable. Link integrity
testing is enabled when pin 8 (LI) is tied high. When
enabled, the receiver recognizes link integrity pulses which
are transmitted in the absence of receive traffic. If no serial

Power On
IDLE TEST
Start_Link_Loss_Timer
Start_Link_Test_Min_Timer | TPI = Active +
(Link_Test_Rcvd = True
ol Al
Link_Loss_ Timer_Done [ Link_Test_Min_Timer_Done)
®TP| = Idle
@ Link_Test_Rcvd = False *
LINK TEST FAIL RESET *
- LINK TEST FAIL WAIT
Link_Count=0
XMIT = Disable XMIT = Disable
RCVR = Disable RCVR = Disable
LPBK = Disable LPBK = Disable
TPI = Active Link_Test_Revd = False Link_Count = Link_Count + 1
®TP| = Idle
TPI= Activel Link_Test_Rcvd = Idle
® TPl =Idle
Yy
LINK TEST FAIL
Start_Link_Test_Min_Timer
Start_Link_Test_Max_Timer
XMIT = Disable
RCVR = Disable
. LPBK = Disable
TPI = Active
+ Link_Count = LC_Max
. Link_Test_Min_Timer_Done
LINK TEST FAIL EXTEND ® Link_Test_Revd = True
XMIT = Disable
RCVR = Disable
LPBK = Disable (TPI = Idie® Link_Test_Max_Timer_Done) H
(Link_Test_Min_Timer_Not_Done
I TPl Idle® ® Link_Test_Rcvd = True)
DO = Idle
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data stream or link integrity pulses are detected within 50 -
150 ms, the chip enters a link fail state and disables the
transmit and normal loopback functions. The LXT907
ignores any link integrity pulse with interval less than 2 - 7
ms. The LXT907 will remain in the link fail state until it
detects either a serial data packet or two or more link
integrity pulses.

Remote Signaling

The LXT907 transmits standard link pulses which meet the
10BaseT specification. However, the LXT907 encodes
additional status information into the link pulse by varying
the link pulse timing. This is referred to as remote signaling.
Using alternate pulse intervals, the LXT907 can signal three
local conditions: link down, jabber, and remote signaling
compatibility. Figure 31 shows the interval variations used
to signal local status to the other end of the line. The LXT907
also recognizes these alternate pulse intervals when received
from aremote unit. Remote status conditions are reported to
the controller over the RLD, RJAB and RCMPT output pins.

Applications
Figures 32 through 38 show typical LXT907 applications.

Auto Port Select with External Loopback
Control (Figure 32)

Figure 32 is a typical LXT907 application. The diagram is
arranged to group similar pins together; it does not represent
the actual LXT907 pinout. The controller interface pins
(transmit data, clock and enable; receive data and clock; and
the collision detect, carrier detect and loopback control pins)
are shown at the top left.

Programmable option pins are grouped center left. The

PAUI pin is tied to ground and all other option pins are tied

high. This setup selects the following options:

¢ Automatic Port Selection (PAUI =0 and AUTOSEL = 1)

* Normal Receive Threshold (NTH = 1)

¢ Mode 4 (compatible with National NS8390 controllers)
MD0=1,MD1=1)

* SQE Disabled (DSQE =1)

* Link Testing Enabled (LI =1)

Status outputs are grouped at lower left. Local status outputs
drive LED indicators and remote status indicators are avail-
able as required.

Power and ground pins are shown at the bottom of the
diagram. A single power supply is used for both VCC1 and
VCC2 with a decoupling capacitor installed between the
power and ground buses. -

Figure 31: Remote Signaling Link Integrity Pulse Timing

15ms 20 ms 10ms

>

10 ms

LI-

>

15 ms

20 ms 10ms, 15ms 20 ms

RLD

LI

I 11

5

(Note 1) —

20 ms 15ms 10ms 20 ms

LI -

15ms 10ms 20 ms 15ms 10 ms|

RJAB

(Note 2) —

10 ms 20ms 10ms 20 ms

|

10 ms 20ms 10ms 20ms 10ms

RCMPT

(Note 3)

Notes:
1.
ms to 20 ms, and then the cycle starts over.
For Remote Jabber (RJAB) signaling, the interval
ms to 10 ms, and then the cycle starts over.

2.

3.
between 10 ms and 20 ms.

For Remote Link Down (RLD) signaling, the interval between LI pulses increments from 10 ms to 15

For Remote Compatibility (RCMPT) signaling, the interval between LI pulses continually switches

between LI pulses decrements from 20 ms to 15
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The TP and AUI interfaces are shown at upper and lower ~ UTP are installed in each I/O pair but no external filters are
right, respectively. Impedance matching resistors for 1002 required. Suitable transformers are listed in notes 2 and 3.

Figure 32: LAN Adapter Board Application - Auto Port Select with External LPBK Control

PAN

l__ _ll Il __.___|
LaAlle—a e e
_ (T;)L(';' CLKO RJ45
__TXD__> _ 1 1:1 |16 ¥
—IXE | TEN TPIN 50 Q ® g
‘-TXQ_.
NS8390 ToLx TPPL $2° s ul |© AT
--BXC | ]
BACK-END/ RXD 2%“ L ® EE:
CONTROLLER | <220 TPONB ) ox
INTERFACE | o CRS cD TPONA HAAA—8L 12 11 © o8
coL 24.9Q 1% E 10 L..@ [
T COoL 8 E . %
LOOPBACK »| LBK TPOPA 3
ENABLE = TPOPB [To001% 7C O
I e PAUI
= —» AUTOSEL'S
+———p NTH
PROGRAMMING MDO (*2] _—)
OPTIONS MD1 - 780 4 16 @(D--—
DSQE 5 CIN ®
— LI cip 2 15 O ® e
REMOTE [ RJAB ¢ . D) o
STATUS -t RLD 78Q 4 13 @__4 82
n RCMPT DON [—3 @ 29
LINE STATUS | ® JAB § % % ® 6a
; < PLR DOP ? 5 12 @© 9 5
330 $330 $330 $330 @ o <°
78Q 4 10 ® =
w Yu ¥ Ya DIN ®
Green[Red |Red ‘F—z LEDC Fuse
- LEDR DIP 8 9 ~—|
LEDT/PDN - &
LEDL 12.4 kQ
+5ﬂ VCC1 RBIAS v ChGassis +12V
VCC2 GND1 GND2 ‘2" "
:I:

Suitable crystals include the MTRON MP-1 and MP-2.

Suitable TP transformers include the Fil-Mag 237128, and SM23Z128; Valor PT4069 and ST701 1; Pulse
Engineering PE65994 and PE65745; Belfuse $553-0716 and A553-0716; and Halo Engineering TD42-2006Q
and TG42-2006W1.

Suitable AUl transformers include the Fil-Mag 23290 and SM23290; Valor LT6032 and ST7032; Halo
TG01-0756K and TGO1-1006K; and Pulse Engineering PE64502 and PE65723.

Bias resistor RBIAS should be located close to the pin and isolated from other signals.
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Full Duplex Support (Figure 33) 380C24 or other full duplex-capable controller, the LXT907

supports full-duplex Ethernet, effectively doubling the
Figure 33 shows the LXT907 with a Texas Instruments  available bandwidth of the network. In this application the
380C24 CommProcessor. The 380C24 is compatible with ~ SQE function is enabled (DSQE tied to ground), and the
Mode 4 (MDO0 and MD1 both high). When used with the =~ LXT907 AUI port is not used.

Figure 33: Full-Duplex Application - Auto Port Select with External LPBK Control

01|Tj"
AR —
TMS380C24 LXT907 =
VAN TXD ————— = TXD RU45
TXEN f———o—»=f TEN 11 |1e o
TXC j@——— | TCLK TPIN— e ® §
RXD | RXD ® gg
CSN | CD TPONB o&
6| 1:v2] 11 @ 2a
CcoLL | COL TPONAj‘;\g\(/z\fW— ng.__ °a
LPBK ——1ﬁ9—1-4———> LBK : °8§ g -@ %
TESTO ]«—1[_" LEDC TPOPA S o 2
OUTSELO [ A\ $1oke TPOPB [ 260021 A i
*
‘/ B ¢+——>={ AUTOSEL A J—_-:
—» NTH CLKO !
PROGRAMMING MDO 20MHz == 20pF ——
OPTIONS MD1 E -
4.7k Q ¢w—a—] LI CLKI —] |
o — | DSQE 0pF =
REMOTE [ RJAB CIN
STATUS |- RLD cIP
-
LINE STATUS — RCMPT DON
- JAB
"Taa0 3330 2330 |__< PLR pop
DIN
hoen|Fisd Fbd PAUI DIP
LEDR
LEDT/PDN
LEDL 12.4 kQ
+5ﬂ VCC1 RBIAS v
VCC2 GND1 GND2 1f/°
L

—e

Half/Full Duplex Selection controlled by TMS380C24 pins TESTO and OUTSELO.

Suitable TP transformers include the Fil-Mag 237128, and SM23Z128; Valor PT4069 and ST7011;
Pulse Engineering PE65994 and PE65745; Belfuse $553-0716 and A553-0716; and Halo
Electronics TD42-2006Q and TD42-2006W1.

Bias resistor RBIAS should be located close to the pin and isolated from other signals.
Suitable crystals include the MTRON MP-1 and MP-2.

The TMS380C26 may be substituted for dual network support of 10Base T and Token Ring.
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Dual Network Support - 10Base T and Token
Ring (Figure 34)

Figure 34 shows the LXT907 with a Texas Instruments
380C26 CommProcessor. The 380C26 is compatible with

Mode 4 (MDO and MD1 both high). When used with the
380C26, both the LXT907 and a TM380054 Token Ring
transceiver can be tied to asingle RJ45 connector. The SQE
function is enabled (DSQE tied to ground), and the LXT907
AUI port is not used.

Figure 34: LXT907/380C26 Interface for Dual Network Support of 10Base T and Token Ring

To TI TMS38054 From Tl
Token Ring TMS38054
Transceiver Token Ring
A Transceiver
Lol i
380C26 cT>)L(|;| CLKO R4
TXD _ 111:1 |16 ¥
TXE TEN TPIN 350 ® g
TXC [—{ TCLK ol 392 |38 ®©|E
RXC | RCLK @| 2z
RXD (e RXD TPONB . oK
6] 1:42] 11 @ -
-« | PONA A —S o
ggﬁ ggL PO 2490 1% E'TL___@ "E
LBK LBK TPOPA :ﬁ\/\/\—8 cle ®| E
l/l TPOPB | 2490 1% 2% -
=—=18p
- AUTOSEL'S I
NTH =
PROGRAMMING MDO o’
OPTIONS mpi b=
DsQe P&
| LI —
REMOTE [ RJAB
STATUS g RLD glg
|- RCMPT
LINE STATUS | =% JAB
- PLR Bgﬁ
330 $330 $330 isao PAUI
DIN
e’feen Rgd ngd th LEDC DIP
LEDR
LEDT/PDN
LEDL 12.4kQ
+5E VCCi1 RBIAS v
VCC2 GND1 GND2 ‘2/°
:I_

/\ suitable crystals include the MTRON MP-1 and MP-2.

Suitable TP transformers include the Fil-Mag 232128, and SM23Z128; Valor PT4069 and ST7011;
Pulse Engineering PE65994 and PE65745; Belfuse $553-0716 and A553-0716; and Halo

Electronics TD42-2006Q and TD42-2006W1.

A Bias resistor RBIAS should be located close to the pin and isolated from other signals.

A Additional magnetics and switching logic (not shown) is required to implement the dual network solution.
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Manual Port Select with Link Test Function
(Figures 35 and 36)

MB86950 and MB86960, and Seeq 8005 controllers). Fig-
ure 35 shows the setup for Fujitsu controllers. Figure 36
shows the four inverters required to interface with the Seeq
8005 controller. Both these Mode 3 applications show the LI
pin tied high, enabling Link Testing; and the NTH and

With MDO low and MD1 tied high, the LXT907 logic and
framing are set to Mode 3 (compatible with Fujitsu

Figure 35: LAN Adapter Board Application - Manual Port Select with Link Test Function

0 — !
s ==
_ CLKI CLKO RJ45
—IXD g, TXD
111:1 |16 ¥
__TEN
TEN TPIN T2 en g g
< ICKN
MB86950 or TOLK TPIP ?50 e s 14 i &
Mpssoso | @ ECKN— RCLK i @2z
_ RXD ' o E
BACK-END/ | -«—BXD___{ RxD o2
CONTROLLER | o XCD | ¢p TPONB 6l1:v2 11 | '+ 2g
INTERFACE XooL | eoL TPONA [ VY g ¢ 10 I_f'@ 2 E
AC_H LBK TPOPA ] AAA,—8 9 @ E
Port Selection —:——> PAUI TPOPB 249Q1% 'Zk
—»-| AUTOSEL I
PROGRAMMING > NTH b= / )
m ped
OPTION MDO
S = A O+
MD1 78Q 4 16 @ u
330 $330 $330 DSQE >} CN 0)
2 YA — Lt -l clP 2 ls_J @@ s
Amber Amber Amber _S RJAB ¢ @ e} Q
RLD 178Q 4 13 @-L—n uojg
2 RCMPT DON % 2 Z0
REMOTE & LINE | g JAB @ z GQ:
STATUS - oLR 5 12 D) g0
=)
DOP |-—— ® a<
DIN
LEDC § % g @ Fuse
LEDR piPlL$_8 9 —~ |
LEDT/PDN E
LEDL 12.4 kQ
+5ﬂ VCC1 RBIAS VWA ChGa::is +12V
VCC2 GND1 GND2 ‘°’:°
T
A Suitable crystals include the MTRON MP-1 and MP-2.
A Suitable TP transformers include the Fil-Mag 232128, and SM23Z128; Valor PT4069 and ST7011; Pulse
Engineering PE65994 and PE65745; Belfuse $S553-0716 and A553-0716; and Halo Engineering TD42-2006Q
. and TG42-2006W1. :
@ Suitable AUI transformers include the Fil-Mag 23Z90 and SM23Z90; Valor LT6032 and ST7032; Halo
TG01-0756K and TGO1-1006K; and Pulse Engineering PE64502 and PE65723.
A Bias resistor RBIAS should be located close to the pin and isolated from other signals.
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DSQE pins are both tied high, selecting the standardreceiver  selection through the PAUI pin. The remote status outputs
threshold and disabling the SQE function. However, in these are inverted to drive LED indicators.
applications AUTOSEL is tied low, allowing external port

Figure 36: Manual Port Select with Seeq 8005 Controller
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Suitable TP transformers include the Fil-Mag 232128, and SM23Z128; Valor PT4069 and ST7011;
Pulse Engineering PE65994 and PE65745; Belfuse S553-0716 and A553-0716; and HALO
TD42-2006Q and TG42-2006W1.

Suitable AUI transformers include the Fil-Mag 23290 and SM23290; Valor LT6032 and ST7032;
Halo TG01-0756K and TG01-1006K; and Pulse Engineering PE64502 and PE65723.

999

Bias resistor RBIAS should be located close to the pin and isolated from other signals.
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AUI Encoder/Decoder Only isnotused. WithMD1and MDO bothlow, the LXT907logic
(Figure 38) and framing are set to Mode 1 (compatible with AMD
AM7990 controllers). The LI pin is tied low, disabling the
In this application the DTE is connected to acoaxial network  link test function. The DSQE pin is also low, enabling the
through the AUL. AUTOSEL is tied low and PAUI is tied ~ SQEfunction. The LBK input controlsloopback. A20 MHz
high, manually selecting the AUI port. The twisted-pairport  System clock is supplied at CLKI with CLKO left open.

Figure 38: AUI Encoder/Decoder Only Application
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LXT914
Flexible Quad Hub Repeater

LXT914 Flexible Quad Hub Repeater

Preliminary Information
February, 1994

The LXT914 is an integrated multi-port repeater
designed for mixed-media networks. It provides
all the active circuitry required for the repeater
function in a single CMOS device. Itincludes one
Attachment Unit Interface (AUI) port and four
10Base-T transceivers. The AUI port allows con-
nection of an external transceiver (10Base-2,
10Base-5, 10Base-T or FOIRL) or a drop cable.
The 10Base-T transceivers are entirely self-con-
tained and require no external filters.

An inter-repeater backplane interface allows 128
or more 10Base-T ports to be cascaded together.
In addition, a serial port provides information for
network management.

The LXT914 is fabricated with an advanced
CMOS process and requires only a single 5-volt
power supply.

* Four integrated 10Base-T transceivers and one
AUI transceiver on a single chip

* Automatic polarity detection and correction
¢ On-chip transmit and receive filters
* Automatic partitioning of faulty stations

* Programmable squelch level allows extended
range in low-noise environments

* Synchronous or asynchronous inter-repeater
backplane supports "hot swapping"

* Inter-repeater backplane allows cascaded
repeaters, linking 128 or more 10Base-T ports

Serial port for selecting programmable options

» Seven integrated LED drivers

Packaged in 68-pin PLCC

LOC/EXT RESET
A/SYNC SYSCLK
= SENI
& [Twisted-Pair Management » SENO
Ll Port#l Control Port e
Serial d
..... ( P SCLK
Port IRENA
F I_: :°":2 IRDEN
ort Inter-Repeater
Repeater i IRCFS
. . Backplane
(State Machine, Timing Port
Recovery, FIFO, etc.)

LED
Drivers

[
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BCLKIO b TPDIP4
SYSCLK 0 TPDIN4
ASYNC 0 GND9
LOC/EXT b0 TPDON1
CS/SENI b TPDOP1
SENO 0 VCCé
SDI 0 TPDOP2
RTS/SDO O TPDON2
SCLKIO 0 GND8
TEST LXT91 4 0 TPDON3
RESET 0 TPDOP3
SECTP1 b VCC5
SECTP2 b0 TPDOP4
SECTP3 0 TPDON4
SECTP4 0 GND7
FPS/SECAUI 0 AUICIN
VCC4 B AUICIP
Table 1: Common Power, Ground and Clock Pin Descriptions
Pin#| Symbol | VO Name Description
1 VCC1 I Power These pins each require a+5 VDC power supply input. The various inputs
2 vCC2 I Supply may be supplied from a single power source, but special de-coupling
3 VCC3 I Inputs requirements may apply. Each VCC input must be within+ 0.3 V of every
26 VCC4 I | 1through8 other VCC input.
49 VCCs I
55 VCC6 I
67 VCC7 I
68 VCC8 I
9 GND1 - Ground 1 These pins provide ground return paths for the various power supply inputs.
34 GND2 - Ground 2
35 GND3 - Ground 3
36 GND4 - Ground 4
38 GNDS5S - Ground 5
39 GND6 - Ground 6
46 GND7 - Ground 7
52 GND8 - Ground 8
58 GND9 - Ground 9
37 RBIAS - Bias This pin provides bias current for the internal circuitry. The 100 pA bias
current is provided through an external 12.4 kQ resistor to ground.
10 BCLKIO | I/0 | Backplane This 10 MHz clock is used to synchronize multiple repeaters on acommon
Clock backplane. In the synchronous mode, BCLKIO must be supplied to all
repeaters from a common external source. In the asynchronous mode,
BCLKIOis supplied only when arepeater is outputing data to the bus. Each
repeater outputs its internally recovered clock when it takes control of the
bus. Other repeaters on the backplane then sync to BCLKIO for the
duration of the transmission.
11 SYSCLK | I |System Clock | The required 20 MHz system clock is input at this pin.
[COLEVEL
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Table 2: Inter-Repeater Backplane Pin Descriptions

Pin#| Symbol | VO Name Description
4 IRENA | I/O | Inter-Repeater | This pin allows individual LXT914 repeaters to take control of the Inter-
Backplane Repeater Backplane (IRB) data bus (IRDAT).
Enable The IRENA bus must be locally pulled up by a 330 Q resistor.
5 IRDAT | I/O IRB Data This pin is used to pass data between multiple repeaters on the IRB. The
IRDAT bus must be locally pulled up by a 330 Q resistor.
6 IRDEN | O IRB Driver The IRDEN pin is used to enable external bus drivers which may be
Enable required in synchronous systems with large backplanes. This is an active
low signal which is maintained for the duration of the data transmission. In
a multiple repeater configuration, all IRDEN pins may be tied together
(wire "OR* ed) to drive the direction input of bi-directional external bus
transceivers. This wired OR bus must be locally pulled up by a 330 Q
resistor.
7 IRCFS | I/0 | IRB Collision | These two pins are used for collision signaling between multiple LXT914
Flag Sense devices on the Inter-Repeater Backplane (IRB). Both the IRCFS bus and
the IRCOL bus must be pulled-up globally with 330 Q resistors.
8 IRCOL | I/0O | IRB Collision | (IRCFS requires a precision resistor (£ 1 %).)

1  The IRENA, IRDAT and IRDEN buses are pulled up locally (ie., one pull-up resistor per board. If there are three 914s per
board, all three 914s share a single pull-up resistor on each board.)

2 The IRCFS and IRCOL buses are pulled up globally (ie., one pull-up resistor for all boards. If there are eight boards in the
system, all eight boards share a single pull-up resistor. The global pull-up may be located on one of the boards, or on the

backplane.)

Table 3: Mode Select Pin Descriptions

Pin#| Symbol | VO Name

Description

12 A/SYNC | 1 Backplane
Synch Mode
Select

This pin selects the backplane synch mode. When this pin is left floating
an internal pull-up defaults to the Asynchronous mode (A/SYNC high).
In the asynchronous mode 12 or more LXT914s can be connected on the
backplane, and an external 10 MHz backplane clock source is not required.
When the synchronous mode is selected (A/SYNC tied low), 32 or more
LXT914s can be connected to the backplane and an external 10 MHz
backplane clock source is required.

13 | LOC/EXT| 1 | Management
Mode Select

This pin selects the management mode. When this pin is left floating,

an internal pull-up defaults to the Local management mode (LOC/EXT
high). In the Local mode, setup parameters are downloaded from an
EEPROM during initialization. Once initialized with the setup parameters,
the repeater functions independently. _

When the External management mode is selected (LOC/EXT tied low), an
external management device (EMD) provides setup parameters during
initialization. The EMD maintains serial communication with the repeater
during operation and can change the setup parameters at any time.

R
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Table 4: Serial Port Pin Descriptions - External Management Mode

Pin #| Symbol | /O Name Description
14 SENI I | Serial Enable | This active low input is used to access the LXT914 serial interface.
Input To write to the serial input (SDI), the External Management Device
(EMD) must drive this pin from high to low. The input must be asserted
low concurrent with the appearance of data on SDI and remain low for
the duration of the serial input transaction.

15 SENO O | Serial Enable | This active low output is used to access the serial interface of the EMD.

Output ‘When the LXT914 sends a data stream to the EMD through the serial
port (SDO), this output transitions from high to low and remains low for
the duration of the serial transmission.

16 SDI I Serial Data | This pin is the input for the serial interface with the EMD. Setup and

Input operating parameters are supplied to the LXT914 in a serial data stream
from the EMD through this port.

17 SDO 0 Serial Data After every packet transmission or interrupt event, the LXT914 reports

Output status information to the EMD in a serial data stream through this port.

18 SCLK I Serial Clock | This 10 MHz clock synchronizes the serial interface between the
LXT914 and the EMD. Both devices must be supplied from the same
clock source. In synchronous mode, SCLK and BCLK may be tied
together.

Table 5: Serial Port Pin Descriptions - Local Management Mode
Pin #| Symbol | I/O Name Description

14 CS (0] Chip Select The LXT914 is designed for use with an EEPROM or similar device
which may be used to store setup parameters and serially download
them to the LXT914 during initialization. In a single-device applica-
tion or in the first device of a daisy chain application, this pin is an
active high Chip Select output used to enable the EEPROM.

SENI I Serial Enable | In subsequent devices of a daisy-chain configuration, a high-to-low
Input transition on this pin enables the serial input port (SDI). The input must
be asserted concurrent with the appearance of data on SDI and remain
low for the duration of the serial input transaction.

15 SENO O | Serial Enable | During initialization, the LXT914 accepts 48 bits of setup data through

Output the SDI port. After the 48th bit, the LXT914 asserts this pin low. When
multiple LXT914 devices are connected in a daisy-chain, this output is
tied to the SENI input of the next device in the chain. Thus each device
in the chain is serially enabled by the previous device until all the
devices have read in their 48 bits of setup data.

16 SDI I | Setup Data Input | This pin is the serial input port for the setup parameters (48 bits).

This pin should be tied low if no EEPROM is present.

17 RTS O |Request To Send | In a single device application or in the first device of a daisy chain
application, this pin outputs a 9-bit, active high sequence. This pin must
be tied to the EEPROM DI input to trigger the EEPROM to download
its stored data. In subsequent devices this pin is not used.

18 | SCLKIO | I/0| Serial Clock A 1 MHz clock provided by the first LXT914 in the chain to all subse-
quent repeaters and the EEPROM. In the Local mode all repeaters have
their SCLKIO pins tied together.
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Table 6: Miscellaneous Control Pin Descriptions

Pin#| Symbol | VO Name Description
19 TEST I Test Mode This pin must be tied low for normal operation. A high on this pin
Select enables the Factory Test mode.
20 RESET | RESET This pin resets the LXT914 circuitry when pulled high for > 1 ps.
21 SECTP1 1 Security Mode | These pins enable the security mode for the respective twisted-pair ports
22 SECTP2 I Select (TP1 through TP4). When pulled high, the LXT914 JAM:s the affected
23 SECTP3 I | (TPPorts1-4) | port. The SEC pins must be tied low if external security control is not
24 SECTP4 I required.
25 SECAUI I | Security Mode | In the External mode this pin enables the security mode for the AUI
(External) Select port. When pulled high, the LXT914 JAMs the AUI port.
(AUI Port) The security feature is available only in External management mode.
- FPS First Position | In the Local mode this pin identifies the first device in a daisy chain
(Local) Select configuration. When tied high (First position), the LXT914 controls the

local EEPROM by providing clock and handshaking. When tied low (Not
First), the LXT914 will accept CLK and data in its turn from previous
LXT914s in the data chain.

Table 7: LED Driver Pin Descriptions

Pin#| Symbol |VO Name Description
27 LEDCF (0] Collision & This tri-state LED driver pin reports collisions and FIFO errors. It
FIFO Error pulses low to report collisions, and pulses high to report FIFO errors.
LED Driver | When this pin is connected to the anode of one LED and to the cathode of
asecond LED, the LXT914 will simultaneously monitor and report both
conditions independently.
28 LEDIM O | Jabber/MILP & | This tri-state LED driver pin reports jabber and code violations. It
Manchester | pulses low to report MAU Jabber Lockup Protection (MJLP), and pulses
Code Violation | high to report manchester code violations. When this pin is connected
LED Driver | tothe anode of one LED and to the cathode of a second LED, the LXT914
will simultaneously monitor and report both conditions independently.
29 LEDTP1 o TP Port These tri-state LED drivers use an alternating pulsed output to report
30 LEDTP2 | O LED Drivers | TP portstatus. Each pin should be tied to a pair of LEDs (to the anode of
31 LEDTP3 (0] one LED and the cathode of a second LED). When connected this way,
32 LEDTP4 | O each pin reports five separate conditions (receive, transmit, link integrity,
reverse polarity and auto partition).
33 LEDAUI | O AUI Port This tri-state LED driver uses an alternating pulsed output to report
LED Driver | AUIport status. This pin should be tied to a pair of LEDs (to the anode
of one LED and the cathode of a second LED). When connected this way,
this pin reports five separate conditions (receive, transmit, receive jabber,
receive collision and auto partition).

£5
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Table 8: Repeater Port Pin Descriptions

Pin#| symbol | VO Name Description
40 | AUIDOP 0] AUI Data Out | These pins are the positive and negative data outputs for the AUI Port.
41 | AUIDON | O | Pos& Neg
42 | AUIDIP I AUIDataIn | These pins are the positive and negative data inputs for the AUI Port.
43 AUIDIN Pos & Neg
44 AUICIP I | AUICollision | These pins are the positive and negative Collision inputs for the AUI
45 AUICIN I Pos & Neg Port.
47 | TPDON4 | O Line Driver | These pins are the positive and negative outputs from the line drivers
48 | TPDOP4 o Outputs for the respective twisted-pair ports.
50 TPDOP3 (0] for
51 TPDON3 (6] Twisted-Pair
53 | TPDON2 (6] Ports
54 TPDOP2 (o]
56 | TPDOP1 (0]
57| TPDONI1 o
59 | TPDIN4 I Twisted-Pair | These pins are the positive and negative data inputs to the respective
60 | TPDIP4 I Data Inputs | twisted-pair ports.
61 TPDIN3 1 Positive
62 TPDIP3 | 1 &
63 TPDIN2 1 Negative
64 TPDIP2 1
65 TPDIN1 1
66 | TPDIPI I

Table 9: Operating Conditions (Voltage with respect to ground unless otherwise specified.)

Parameter Symbol . Min Typ Max Units
Recommended supply voltage Vee 4.75 5.0 5.25 \%
Recommended operating temperature Tep 0 - 70 °C
Supply current I - - 250 mA
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Table 10: VO Electrical Characteristics (Ta=01070°C, V=5V £5%)

Parameter Symbol Min Typ' Max | Units Test Conditions
Input low voltage * Vi - - 0.8 \Y%
Input high voltage 2 Vi 2.0 - - \Y%
Output low voltage Vou - - 0.4 \Y% I,=16mA
Output low voltage Vou - - 10 % Vo I, <10 pA
Output high voltage Vou 24 - - \Y% I,y =40 pA
Output high voltage Vou 90 - - % Ve I, <10 pA
Input low current I - - 2 mA V=4V
Output rise / fall time - - 3 8 ns Croap =20 pF

! Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.
% Limited functional test patterns are performed at these input levels. The majority of functional tests are performed at levels of 0.4 V
and 2.4V.

Table 11: AUI Electrical Characteristics (Ta=0to 70 °C, V= 5V +5%)

Parameter Symbol Min Typ' Max | Units Test Conditions
Input low current 2 I - - -700 HA
Input high current 2 Iy - - 500 HA
Differential output voltage Vob +550 - + 1200 mV
Receive input impedance ? Z, - 20 - kQ Between CIP/CIN
& DIP/DIN
Differential squelch threshold | Vs - 220 - mV

! Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.
* Parameter is guaranteed by design; not subject to production testing.

Table 12: TP Electrical Characteristics (Ta=0 10 70 °C, V= 5V +5%)

Parameter Symbol| Min | Typ' | Max | Units Test Conditions
Transmit output impedance 2 Zoor - 5 - Q
Peak differential output voltage Voo 33 35 3.7 A Load = 100 Q at TPOP and TPON
Transmit timing jitter addition * - - +64 +10 ns 0 line length
Transmit timing jitter added by - - +35 +55 ns After line model specified by
the MAU and PLS sections %3 IEEE 802.3 for 10Base-T
Receive input impedance 2 y. - 20 - kQ | Between TPIP/TPIN
Differential squelch threshold Vos 300 420 565 mV | 5 MHz square wave input
(Normal threshold : NTH = 1)
Differential squelch threshold Vs 180 250 345 mV | 5 MHz square wave input
(Reduced threshold : NTH = 0)

! Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.
% Parameter is guaranteed by design; not subject to production testing.
3 IEEE 802.3 specifies maximum jitter additions at 1.5 ns for the AUI cable, 0.5 ns from the encoder, and 3.5 ns from the MAU.
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Table 13: IRB Electrical Characteristics (Ta=0to0 70

°C, V., =5V £5%)

L 1
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Parameter Symbol | Minimum | Typical' | Maximum Units
Output high voltage Vou - - TBD mV
Output low voltage Voo - - % Vce mV
Output rise or fall time Tye TBD - TBD us
! Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.
Table 14: Switching Characteristics (Ta= 01070 °C, V__ = 5V +5%)
Parameter Minimum | Typical' | Maximum Units
Jabber Timing
Maximum transmit time 5.0 - 55 ms
Unjab time - 9.6 - us
Link Integrity Timing
Time link loss - 60 - ms
Time between Link Integrity Pulses 10 - 20 ms
Interval for valid receive Link Integrity Pulses 4.1 - 30 ms
Table 15: Serial Port Timing (External Mode)
Parameter Symbol | Minimum | Typical' | Maximum Units
SCLKIO high to SENI low (active) ts1 0 - 50 ns
SCLKIO high to SDIN data valid ts2 0 - 50 ns
SCLKIO high to SENO low (active) ts3 5 - 15 ns
SCLKIO low to SDOUT data valid ts4 5 - 15 ns
Table 16: Inter-Repeater Bus Timing
Parameter Symbol | Minimum | Typical' | Maximum Units
Start of Frame to IRDEN low (active) tiRB1 10 - 150 ns
Start of Frame to TRENA low (active) tiRB2 125 - 225 ns
BCLKIO to IRDAT valid tIRB3 5 - 30 ns
| TRENA low (active) to TP outputs active tiRB4 525 - 600 ns
TRENA low (active) to AUI output active tIRBS 475 - 525 ns
End of Frame clock to IRENA high (inactive) tIRB6 5 - 30 ns
[ TRENA high (inactive) to IRDEN high (inactive) | URB7 95 _ 105 ns
IRENA high (inactive) to TP outputs inactive tIRBS 575 - 600 ns
TRENA high (inactive) to AUI output inactive tIRBY 425 - 450 ns
LEVEL
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Figure 2: Serial Port Timing
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General Description

The LXT914 is an integrated hub repeater for 10Base-T
networks. The hub repeater is the central point for informa-
tion transfer across the network. The LXT914 offers mul-
tiple operating modes to suit a broad range of applications
ranging from simple 4-port stand-alone hubs, to intelligent
128-port enterprise systems with microprocessor/gate array
management.

The LXT914 includes four 10Base-T ports which are essen-
tially self-contained transceivers. The LXT914 also in-
cludes an Attachment Unit Interface (AUI) port, a serial port
and an Inter-Repeater Backplane (IRB) port. The AUI port
allows the 10Base-T network to interface with other net-
works (10Base-2, 10Base-5 or FOIRL). The serial port
allows an external device such as an EEPROM to download
setup parameters to the repeater. In more complex designs
the serial port can also be used to monitor repeater status.
The IRB port enables multiple LXT914s to function as a
single repeater.

10Base-T Ports

The four 10Base-T transceiver ports are completely self-
contained. Since the transmitters and receivers include the
required filtering, only simple, inexpensive transformers are
required to complete the 10Base-T interface. Each indi-
vidual Twisted-Pair (TP) portis implemented in accordance
with the IEEE 802.3 10Base-T standard.

AUI Port

The AUI port is fully compliant with IEEE requirements. It
allows connection of a drop cable or an external transceiver
(10Base-2, 10Base-5, 10Base-T, or FOIRL). The AUI port
supports both capacitive coupling and transformer coupling.
The AUI transmitter is a current driver whichrequires a 78Q2
termination load.

Serial Port

The serial port provides the management interface to the
LXT914. Refer to Table 15 and Figure 2 for serial port
timing. The serial port can be either uni-directional or bi-
directional, depending on the management mode selected.
In the Local management mode the serial port is uni-
directional (input only), and is used only to download setup
parameters during initialization. The Local mode is in-
tended for use with a simple EEPROM, but the serial port
may be tied low if an EEPROM is not required.

In the External management mode, the serial port is bi-
directional (input for setup parameters, output for status
reports). The External mode is intended for use with an
External Management Device (EMD) and a Media Access
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Controller (MAC). The EMD (typically a gate array)
communicates with a microprocessor (eg. Intel 8051) and
can control up to three LXT914 repeaters. This simplifies
design of a relatively standard 12-port repeater on a single
printed circuit board.

Inter-Repeater Backplane

The Inter-Repeater Backplane (IRB) allows several LXT914s
to function as asingle repeater. Refer to Table 16 and Figure
3 for IRB timing. The IRB also allows several multi-
repeater boards to be integrated in a standard rack and to
function as a single unit. The IRB supports "hot swapping"
for easy maintenance and troubleshooting. Each individual
repeater distributes recovered and retimed data to other
repeaters on the IRB for broadcast on all ports simulta-
neously. This simultaneous re-broadcast allows the multi-
repeater system to act as a single large repeater unit. The
maximum number of repeaters on the IRB is limited by bus
loading factors such as parasitic capacitance.

The IRB can be operated synchronously or asynchronously.
In the synchronous mode, a common external source pro-
vides the 10 MHz backplane clock (BCLKIO) and the 20
MHz system clock (SYSCLK) to all repeaters. (BCLKIO
must be synchronous to SYSCLK and may be derived from
SYSCLK using adivide-by-two circuit.) Inthe synchronous
mode 32 or more LXT914 repeaters may be connected on the
IRB, providing 128 10Base-T ports and 32 AUI ports.

In the asynchronous mode an external BCLKIO source is not
required. The repeaters run independently until one takes
control of the IRB. The transmitting repeater then outputs its
own 10 MHz clock onto the BCLKIO line. All other
repeaters sync to that clock for the duration of the transmis-
sion. In the asynchronous mode 12 or more LXT914 devices
may be connected to the IRB, providing 48 10Base-T ports
and 12 AUI ports.

NOTE
The maximum number of repeaters which may be linked
on the backplane is limited by board design factors.

These numbers listed above are engineering estimates
only and may be increased if stronger drivers and careful
board layout is used to reduce capacitive loading.

Repeater Circuitry

The basic repeater circuitry is shared among all the ports
within the LXT914. It consists of a global repeater state
machine, several timers and counters and the timing recov-
ery circuit. The timing recovery circuit includes a FIFO for
retiming and recovery of the clock whichis used to clock the
receive data out onto the IRB.
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The shared functional blocks of the LXT914 are controlled
by the global state machine shown in Figure 4. This diagram

Figure 4: Global State Machine

and all associated notations used are in strict accordance
with section 9.6 of the IEEE 802.3 standard.
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The LXT914 also implements the Partition State Diagram as
defined by the IEEE 802.3 standard and shown in Figure 5.
The value of CCLimit as implemented in the LXT 914 is 64.
The CCLimit value sets the number of consecutive colli-

ligure 5: Partitioning State Diag’am

sions that must occur before the port is subjected to auto-
matic partitioning. Auto-partition/reconnection is also sup-
ported by the LXT914 with Tw5 conforming to the standard
requirement of 450 to 560 bit times.
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Functional Description

The main functions of the LXT914 hub repeater are data
recovery and re-transmission, and collision propagation.
Data packets received at the AUI or 10Base-T ports are
detected and recovered by the port receivers before being
passed to the repeater core circuitry for retiming and re-
transmission. Data packets received through the IRB port
are essentially passed directly to the core for re-transmis-
sion. After recovery of a valid data packet, the repeater
broadcasts it to all enabled stations, except the originator
station.

Initialization

“The following description applies to the initial power-on
reset and to any subsequent hardware reset. When a reset
occurs, the device senses the levels at the various control
pins to determine the correct operating mode.

Local Management Mode Initialization

An internal pull-up causes the LXT914 to default to the
Local management mode unless pin 13 (LOC/EXT) is tied
low. In the Local mode the serial port is a uni-directional
interface used only to download setup parameters from an
external device.

In a Locally managed multiple-repeater (“daisy chain”)
configuration, the first repeater in the chain performs special
functions. First Position Select (FPS) pin 25 is used to
establish position (FPS high = First, FPS low = Not First).
After establishing the Hardware mode, each LXT914 moni-
tors FPS pin 25 to determine its position.

IfFPS = 1 (First Position), the repeater performs the follow-
ing functions:

1. Outputs a 1 MHz Serial Clock (SCLK) on pin 18.
SCLK is derived from the 20 MHz SYSCLK input in
the ASYNC mode, and from BCLKIO in SYNC
mode, and is supplied to the SCLK inputs of all other
repeaters on the bus and to the EEPROM.

2. Asserts Chip Select (CS) high on pin 14 to enable the
EEPROM.

3. Outputs aserial 9-bitrequest-to-send (RTS) strobe.on
pin 17. ( The programmable device responds to the
RTS strobe with a serial data stream containing the
setup parameters for all repeaters in the chain.)

4. Clocks the first48 serial data input (SDI) bits from the
EEPROM on pin 16 into its setup register. Refer to
Tables 17 and 18 for Setup Register bit assignments.

5. Asserts Serial Enable Output (SENO) low on pin 15
to enable the next repeater in line.
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The second repeater has FPS tied low and Serial Enable
Input (SENI) connected to the Serial Enable Output (SENO)
of the first repeater. When enabled by a low on SENI, each
repeater downloads its portion of the stream, then stops
accepting data and asserts SENO low. The SENO pin is
linked to the SENI input of the next repeater. This enables
the next repeater to clock in its 48-bit word and so on.

If FPS = 0 (Not First Position), the repeater performs the
following functions:
1. SYNCs tothe 1 MHz Serial Clock (SCLK) on pin 18.
SCLK is supplied by the First Position repeater.
2. Respondsto SENIlow on pin 14 by enabling the SDI
port.
3. Clocks 48 bits from the EEPROM into its setup
register through the SDI port on pin 16.
4. Asserts SENO low on pin 15 to enable the next
repeater in line.

External Management Mode Initialization

The LXT914 operates in the External management mode
when pin 13 (LOC/EXT) is tied low. In the External mode,
the serial port is a bi-directional interface between the
LXT914 and an external management device (EMD). The
serial port is used to download initial setup parameters to the
repeater and to monitor status reports from the repeater. The
LXT914 setup parameters can be changed at any time by the
EMD. The initialization process for each repeater in a
managed mode configuration is the same, regardless of its
position; each repeater is connected directly to the EMD.
Each LXT914 initializes as follows:

1. Syncsto the 10 MHz Serial Clock (SCLK) on pin 18.
SCLK must be supplied from an external source.

2. Respondsto SENIlow on pin 14 by enabling the SDI
port.

3. Clocks 48 bits from the EMD into its setup register
through the SDI port on pin 16.

4. Onceinitialized, the LXT914 reportsits statusin a48-
bit serial stream after every packet transmission or
interrupt event. Refer to Tables 19 and 20 for packet
status register bit assignments.
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Table 17: Setup Register Bit Assignments

D7 Dé D5 D4 D3 D2 D1 DO
SR(0) DISLI3 DISLI2 DisLI DISAP4 | DISAP3 | DISAP2 DISAP1 | DISAPA
SR(1) DISTX2 | DISTX1 | DISTXA | DPRC4 | DPRC3 | DPRC2 DPRC1 DISLI4
SR(2) ERSQ1 DISRX4 | DISRX3 | DISRX2 | DISRX1 | DISRXA | DISTX4 | DISTX3
SR(3) DFIFOE | DPFRM DSQE DMCV | ERXJAB | ERSQ4 ERSQ3 | ERSQ2
SR(4) RES RES RES RES RES RES RES DMJLP
SR(5) RES RES RES RES RES RES RES RES
Table 18: Setup Register Bit Definitions
BIT DEFINITION
DISAP(X) Disable Auto-Partitioning on Port X
DISLI(X) Disable Link Integrity on Port X (Twisted-pair ports only)
DPRC(X) Disable Polarity Reverse detection and Correction on Port X (Twisted-pair ports only)
DISTX(X) Disable Transmit on Port X
DISRX(X) Disable Receive on Port X
ERSQ(X) Enable Reduced Squelch on Port X (Twisted-pair ports only)
ERXJAB Enable Receive JAB (Long Packet) (Global)
DMCV Disable entering Tx Collision state on reception of Manchester Code Violation
DSQE Disable Signal Quality Error to provide heartbeat (AUI port only)
DPFRM Disable End-of-Frame checking for polarity correction (Global)
DFIFOE Disable entering Tx Collision state on FIFO over/underflow condition (Global)
DMILP Disable MJLP counter (Global)
RES Reserved. Must be set to 0.
g LEVEL
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Table 19: Packet Status Register Bit Assignments

D7 D6 D5 D4 D3 D2 D1 DO
PSR(0) CcoL2 cou COLA RX4 RX3 RX2 RX1 RXA
PSR(1) PR2 PR1 LLS4 LLS3 LLS2 LLS1 cou4 COoL3
PSR(2) SPA AP4 AP3 AP2 AP1 APA PR4 PR3
PSR(3) LP3 LP2 LP1 LPA SP4 SP3 SP2 SP1
PSR(4) | RXJABA MJLP LCcoL4 LCOL3 LCOL2 LCOoL LCOLA LP4
PSR(5) RES RXCOL | MANCV | FIFOER | RXJAB4 | RXJAB3 | RXJAB2 | RXJAB1
Table 20: Packet Status Register Bit Definitions
BIT DEFINITION
RX(X) Received Packet on Twisted-Pair Port 1-4 or on AUI Port
COL(X) Transmit Collision of Twisted-Pair Port 1-4 or on AUI Port
LLS(X) Link Loss State on Twisted-Pair Port 1-4 or on AUI Port
PR(X) Polarity reversed on Twisted-Pair Port 1-4 or on AUI Port
AP(X) Auto-Partition circuit isolated Twisted-Pair Port 1-4 or the AUI Port
SP(X) . Short Packet (less than 74 bits) on Twisted-Pair Port 1-4 or on AUI Port
LP(X) Long Packet (more than 1.3ms) on Twisted-Pair Port 1-4 or on AUI Port
LCOL(X) Late Collision on Twisted-Pair Port 1-4 or on AUI Port
MILP MAU Jabber Lockup Protection
RXJAB(X) Receive Jabber Lockup Protection
FIFOER FIFO overflow/underflow
MANCV Manchester Code Violation
RXCOL Receive Collision on the AUI Port
RES Reserved (Not Used)
(X) means port X, which can be any of the four Twisted-Pair Ports or the AUI-Port
g LEVEL
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10Base-T Port Operation

10Base-T Reception

Each LXT914 10Base-T port receiver acquires data packets
from its twisted-pair input (DIP/DIN). An internal RC filter
and an intelligent squelch function discriminate noise from
link test pulses and valid data streams. No external filters
are required. The receive function is activated only by
valid data streams (above the squelch level and with proper
timing). If the differential signal at the DI circuitinputs falls
below 75% of the threshold level (unsquelched) for 8 bit
times (typical), the port receiver enters the idle state.

Programmable Internal Squelch Level

The 10Base-T port receivers have two squelch levels; a
normal level and a reduced squelch level (-4.5 dB). When
used with low noise media such as shielded Twisted-Pair
cabling, the reduced squelch level allows the loop-length of
the network to be extended.

Polarity Detection and Correction

The LXT914 10Base-T ports detect and correct for reversed
polarity by monitoring link pulses and end-of-frame se-
quences. A reversed polarity condition is declared when the
port receives sixteen or more incorrect link pulses consecu-
tively, or four frames with reversed start-of-idle sequence.
In these cases the receiver reverses the polarity of the signal
and thereby corrects for this failure condition. If the port
enters the link fail state and no valid data or link pulses are
received within 96 to 128 ms, the polarity is reset to the
default non-flipped condition. (If Link Integrity Testing is
disabled, polarity detection is based only on received data.)

10Base-T Transmission

Each LXT914 10Base-T port receives NRZ data from the
repeater core, and passes it through a Manchester encoder.
The encoded data is then transmitted to the twisted-pair
network (the DO circuit). The advanced integrated pulse
shaping and filtering network produces the pre-distorted and
pre-filtered output signal to meet the 10 Base-T jitter tem-
plate. An internal continuous resistor-capacitor filter is
used to remove any high-frequency clocking noise from
the pulse shaping circuitry. No external filters are
required. Duringidle periods, the LXT914 10Base-T ports
transmit link integrity test pulses in accordance with the
802.3 10Base-T standard.

All data packets transmitted by the LXT914 contain a
minimum of 56 preamble bits before the start of frame
delimiter (SFD). In the Asynchronous mode, preamble
regeneration takes place on the transmit side. In the
Synchronous mode the preamble is regenerated on the
receive side and distributed via the IRB. If the total packet
is less than 96 bits including the preamble, the LXT914
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extends the packet length to 96 bits by appending a Jam
signal (1010...) at the end.

10Base-T Link Integrity Testing

The LXT914 fully supports the 10Base-T Link Integrity test
function. The link integrity test is used to determine the
status of the receive side twisted-pair cable. Link integrity
testing is enabled unless disabled via the serial channel.
‘When enabled, the receiver recognizes link integrity pulses
which are transmitted in the absence of data traffic. If nodata
packets orlink integrity pulses are detected within 100 (+50)
ms, the port enters a link fail state and disables its transmit
function. The port will remain in the link fail state until it
detects three or more data packets or link integrity pulses.

AUl Port Operation

AUI Reception

The LXT914 AUI port receiver acquires data packets from
the network (DIP/DIN). The receive function is activated
only by valid data streams above the squelch level. If the
differential signal at the DI circuit inputs falls below 75% of
the threshold level (unsquelched) for 8 bit times (typical),
the AUI receiver enters the idle state.

AUI Transmission

The LXT914 AUI port receives NRZ data from the repeater
core, and passes it through a Manchester encoder. The
encoded data s then transferred to the network (DOP/DON).

Collision Handling

A collision occurs when two or more repeater ports receive
simultaneously, or when the AUI CIP/CIN signal is active.
The LXT914 fully complies with the IEEE 802.3 collision
specifications, both in individual and multi-repeater appli-
cations. In multiple-repeater configurations, collision sig-
naling on the IRB allows all repeaters to share collision
parameters, acting as a single large repeater.

IRCOL is a digital open-drain pin. IRCFS is an analog/
digital port. The IRCOL and IRCFS lines are pulled up
globally (ie., each signal requires one pull-up resistor for all
boards). If there are eight 3-repeater boards in the system, all
eight boards share a single pull-up resistor for TRCOL and a-
single pull-up resistor for IRCFS. The global pull-up may
be located on one of the boards, or on the backplane. The
IRCFS line requires a precision (& 1 %) resistor.

The IRENA, IRDAT and IRDEN lines are each pulled up
locally (one pull-up resistor per board) if external bus drivers
are used. If nobus drivers are used then only one global pull-
up per signal is used.. '
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Security Mode

The LXT914 security mode is fully transparent to the user.
In the External management mode, the security feature is
available for all four TP ports and the AUIport. In the Local
mode, security is available for the TP ports only. (The
SECAUI input is reassigned as FPS).

The security inputs are normally held low to disable the
security feature. Any inputcanindependently be pulled high
to scramble the respective port for any given length of time.
For applications which do not require security control, the
SEC pins must be tied low.

The security mode pins are real time response inputs. This
allows the board designer to screen the destination address
with an application specific device and (on match of the
destination address) to assert the security input to jam the
respective port for the given frame. This real time detection
and jam assertion method provides the flexibility to imple-
ment customer specific solutions. The destination address
decoding and security signal assertion functions can be
integrated into the external management device.

LED Display

The LED display interface consists of seven integrated LED
drivers, one for each of the five network ports and two for
common functions. Each pin provides a three-state pulsed
output (+5V, high Z, and 0V) which allows multiple
conditions to be monitored and reported independently.
Figure 6 shows the LED Driver output conditions and Table
21 lists the repeater states associated with each condition.
For example, using red and green LEDs for the twisted pair

Table 21: Integrated LED Driver Indications

ports as shown in Figure 6, each TP port LED driver provides
the following indications:
* Steady green when link integrity pulses are received
« Blinking green when data is transmitted
¢ Steady red when reverse polarity is detected
* Blinking red when data is received
* Alternating red and green when the port is auto-
partitioned out.

Applications

Figure 7 (Sheets 1 through 4) shows a simple 12-port hub
repeater application with 3 LXT914s. This application also
provides two additional AUI ports - one D-connector and
one coaxial port. The application shown uses the
asynchronous backplane mode so no external backplane
clock source is required.

Figure 7, Sheet 1, shows the XL.93C46 EEPROM which
downloads the setup parameters for all the LXT914s at
initialization. (This EEPROM could be replaced with a
simple resistor which would select the default conditions of
all options.) A single 20 MHz crystal provides the SYSCLK
for all three 914 chips. The LXT914 on Sheet 1 provides the
AUID-connector as well as four twisted-pair ports. Table22
lists transformers tested for use with the LXT914.

Figure 7, Sheet 2, shows a second 914 with four TP ports and
a coaxial port. A MD-001 coax transceiver is used to
implement the port. Sheet 3 shows the third LXT914 with
its four TP ports and indicator LEDs. The AUI port of the
third 914 is not used. Sheet 4 of the schematic shows the
LEDs for the remaining LXT914s, along with the LED
operation table.

Condition LEDTP 1-4 LEDAUI LEDCF LEDJM
1 Rx Link Pulse Rx Jabber FIFO Error Manchester
Code Violation
2 Tx Packet Tx Packet N/A N/A
3 Reversed Polarity Rx Collision Collision MAU Jabber Lockup
Protection (MJLP)

4 Rx Packet Rx Packet N/A N/A

5 Partitioned Out Partitioned Out N/A N/A

$LEVEL
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Figure 6: Integrated LED Driver Indications
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Table 22: Transformer Listing
Port Manufacturer Part Number
Twisted-Pair Transmit Receive
Bel Fuse A553-5999-01 A553-5999-00
FEE Fil-Mag 237339 237338
- HALO Electronics TD54-1006L1 TDO01-1006L1
Nanopulse 5977 5976
PCA 6038 6037
Pulse Engineering PE68008 PE68007
Valor PT34116 PT34117
AUI FEE Fil-Mag 23790, SM237290
HALO Electronics TD01-0756K, TG01-0756W
Pulse Engineering PE64502
Valor LT6030, SM6030
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Figure 7: 12-Port Application Schematic (Sheet 1 of 4)
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Figure 7: 12-Port Application Schematic (Sheet 4 of 4)
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LXT400
All Rate, Extended Range Switched 56 / DDS Transceiver

Standard Product
February 1994

The LXT400 is'an integrated line interface circuit for
Switched 56 (SW 56) and Digital Data Service (DDS),
compatible with any combination of 19 to 26 AWG cable.
The LXT400 operates at any of 14 preset data rates from 2.4
kbps to 72.0 kbps, providing appropriate transmit pulse
shaping, receive signal detection and timing recovery at the
metallic interface between the carrier and the customer
installation. The LXT400 diagnostic features including
loopback, line status and equalizer monitor outputs, while
conforming to AT&T, ANSI and Bellcore specifications.

The LXT400 transmit section includes switched capacitor
filters, continuous reconstruction filters, and a 50% AMI
encoder. The AMI pulse is synchronized with the transmit
clock.

The LXT400 receive section performs line equalization,
data extraction and timing recovery. The LXT400 has a
BER of less than 107 with up to 49 dB of cable attenuation
atthe Nyquist frequency for 56 and 72 kbps, and 40 dB at the
lower rates. The LXT400 is an advanced CMOS device
which requires only a single +5V power supply.

Integrated transmitter, receiver and timing recovery on
a single CMOS chip

Transparent to framing and coding

Receive equalizer filters allow data recovery from
signals with up to 40 dB of attenuation at the Nyquist
frequency, at line rates below 56 kbps, and up to 49 dB
at the 56 and 72 kbps line rates

Single 4.096 MHz crystal or master clock input

.

Digital back-end loopback
* Equalizer output monitor pin

* Line status (loop length, RLOS, etc.) available for
customer maintenance purposes

* Low power consumption (200 mW typical)

Auvailable in 28-pin DIP

Single 5 V only CMOS technology

TPOS ——+——P» + » TTIP
TNEG ———p» AMI Coder Transmit . o
TCLK ————» Filter Driver
LPB - < ™ TRING
WY 4 ‘ vee
RESET - VREF
SE p Control Generator GND
LS - Logic <—1— VINT
FP1-FP4 [ >
MCLK1 Receive '
MCLK2 Timing |we
RCLK - Recovery r«g— /
EQLOUT —= #
- Receive |<g— _fi i RTIP
RPOS : Data -t Equalizer Pre-filter
RNEG —= Extractor [*® - - RRING
/4
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LXT400 All Rate Extended Range SW56/DDS Transceiver

Table 1: Data Rate Programming

\— FP4 | FP3 | FP2 | FP1 _Data Rate '
VINT H 1 28 A EaQLouT 0 0 0 0 2.4 Kbps
RTIP O 2 27 O TEST2 3.2 kb
RRING O 3 26 0 [SE 0 o 1o ! -2 Kbps
TEST1 O 4 25 0 FpP4 0 0 1 0 4.8 kbps
FP2 0 5 24 O TTIP 0 0 1 1 6.4 kbps
LPBK 4 6 23 0 DGND 0 1 0 0 9.6 kbps
AGND § 7 22 H Dvce o |1t | o |1 12.8 kbps
RCLK O 8 21 H TRING 0o | 1 1 0 19.2 kbps
RPOs O 9 20 A avee < P
FP3 O N 18 O RESET 1 0 0 0 56.0 kbps
Ls 0 12 17 B TCLK 1 0 0 1 72.0 kbps
MCLK1 O }3 }6 H TPOS 1 0 1 0 3.5 kbps
MCLK2 O 5 B TNEG 1 0 1 1 7.0 kbps
1 1 0 0 14.0 kbps
1 1 0 1 28.0 kbps
Table 2: Pin Descriptions
Pin| Sym [(VO Name Description
1 VINT I Intermediate Reference voltage used for internal analog circuits. This pin must be
Voltage connected through a 1 kQ resistor (Rv) to the center node between the two
Reference termination resistors, Rr, as shown in Figure 12.
2 RTIP I Receive Tip Receive data input pair. RTIP and RRING are a fully differential input for
3 RRING Receive Ring the receive line interface.
4 TEST1 I Test 1 Factory Test Pin. Leave unconnected.
5 FP2 I Frequency The LXT400 data rate is set by the logic levels present at the FP1 through
19 FP1 I Programming FP4 inputs as shown in Table 1, above. For operation at 64 kbps and other
11 FP3 I Inputs 1 thru 4 alternate data rates, refer to Application Note AN-30.
25 FP4 I
6 LPBK I Loopback When set to logic 1, activates digital back-end loopback.
7 AGND - IC Ground IC ground for all circuits except the transmit driver.
8 RCLK O | Recovered Clock | Clock recovered from signal input at RTIP and RRING.
9 RPOS (0] Receive Data Receive data outputs. A signal on RPOS corresponds to receipt of a
Positive positive pulse on RTIP and RRING. A signal on RNEG corresponds to a
10 RNEG (6] and negative pulse on RTIP and RRING. Both outputs are stable and valid on
Negative the falling edge of RCLK, and are never high simultaneously.
12 LS 0 Line Status An 8-bit serial word indicating loop length, line loss, loss of signal (LOS),
Output etc. LS is valid on the rising edge of RCLK and goes to a high impedance
state when LSE is high. If LSE is tied low, the LS output represents LOS
only.
13| MCLK1 | I | Master Clock 1 The required 4.096 MHz input may be provided by a crystal connected
across these pins, or by a digital clock connected to MCLK1. Ifa clock is
14 | MCLK2 | I | Master Clock 2 provided on MCLK1, MCLK2 must be left unconnected.
Note 1. For infoxmatign on 64 kbps operation and other alternate data rates, refer to Application Note AN-30.
lﬂ LEVEL
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LXT400 All Rate Extended Range SW56/DDS Transceiver

Table 2: Pin Descriptions continued

Pin| Sym |lO Name Description
15 TNEG I | Transmit Data | Inputs are sampled at the halfway point between rising edges of TCLK.
Negative AMI pulses are encoded as follows: TPOS INEG_ Transmit Signal
and 0 Space

16 TPOS I Positive 0 1 Negative Pulse

1 0 Positive Pulse
1 1 Space

17 TCLK I | Transmit Clock | Transmitclock. TPOS and TNEG transitions must be coincident with the
rising edges of TCLK.

18 RESET | I Reset Hardware reset pin. Must be pulsed low on power-up to initialize all
internal circuits. Must also be pulsed low after changing the baud rate
and after forcing or releasing any loopback condition.

20 AVCC I IC Power IC power supply for all circuits except the transmit driver. +5 V (#5%).

21 TRING | O | Transmit Ring Differential driver outputs. Designed to drive the 135 Q twisted-pair cable

24 TTIP O | Transmit Tip through transmit line interface shown in application diagram, Figure 7.

22 DVCC I Driver Power Transmit driver power supply. +5 V (¥5%).

23 DGND | - | Driver Ground | Transmit driver ground.

26 LSE I Line Status Activelow enable forthe LS serial port. This pin musttransition from high

Enable to low to read LS serial data. LSE is sampled on the rising edge of RCLK.

27 TEST2 I Test 2 Analog test pin. Must be tied to ground.

28 | EQLOUT| O Equalizer Monitors Equalizer. Must be left open when not used.

Output Monitor
Table 3: Absolute Maximum Ratings
Parameter Min Max Units
DC supply - AVCC referenced to AGND -0.3 + 6.0 v
DVCC referenced to DGND -0.3 + 6.0 \'
DVCC referenced to AVCC -0.3 +0.3 \%
DGND referenced to AGND -0.3 +0.3 v
Input voltage, any pin "2 AGND - 0.3 AVCC + 0.3 \%
Input or output diode current, any pin ? - +20 mA
Continuous output current, any pin 2 - +25 mA
Continuous current, VCC or GND pins - +50 mA
Storage temperature - 40 + 150 °C
! TTIP and TRING are referenced to DVCC and DGND.
2 Except supply pins.
Table 4: Recommended Operating Conditions
Parameter Sym Min Typ Max Units
DC supply AVCC/DVCC | 475 | 5.0 5.25 v
Ambient operating temperature T, -40 - +85 °C
lﬂ, LEVEL
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LXT400 All Rate Extended Range SW56/DDS Transceiver

Table 5: AC Electrical Characteristics

Parameter Symbol Min Typ' Max Units Notes
Receive Timing (Figure 2)
RCLK period tr - ) - ns
RCLK pulse width high tawn | 72 1)-150| Y2 ) |2 )+ 150 ns
RPOS/RNEG delay from RCLK rising edge | t,, - - 200 ns
Transition time on any digital output to - 10 20 ns 2
Transmit Timing (Figure 3)
TCLK period thy - Yo - ps
TCLK pulse width high Crwn 400 - - ns
TPOS/TNEG setup to TCLK rising edge trsy -400 - 400 ns
TPOS/TNEG hold time from the next b -400 - 400 ns
rising edge of TCLK -
Transition time on any digital input ty - - 40 ns
LS Serial Port Timing (Figure 4)
LS delay from RCLK falling edge tsp - - 200 ns 2
LSE setup to RCLK rising edge tsu 200 - - ns
LSE hold time from RCLK falling edge ‘ tisu 0 - - ns
LSE low to low Z state t - - 100 ns
LSE high to high Z state tyz - - 100 ns
MCLK and Reset Timing (Figure 5)
MCLK1 input frequency fucix - 4.096 - MHz
MCLKT1 frequency tolerance - at OCU frocu - - +50 ppm
- at DSU @ 2400 bps sy - - +80 ppm
- at DSU @ all other rates | f,¢ - - +100 ppm
MCLK pulse width high tywn 98 122 146 ns
RESET pulse width low v, 1000 - - ns
General
Input capacitance Cx - 7 - pF
TCLK jitter at DSU with respect to RCLK tur - - 2 % t,p at DSU
RCLK isochronous distortion at DSU - - 5 % t,r at OCU
Transmit output jitter with respect to TCLK | o, - - 3 % t,; at DSU
Transmit pulse amplitude at TTIP/TRING
- at 9.6 and 12.8 kbps A, 1.44 1.55 1.75 \% 3
- at all other rates Ap 2.56 2.74 2.92 v 3

! Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.

*Measured with 15 pF load.

*The instantaneous peak amplitude of an isolated pulse (i.e.: a mark between two spaces) into a 270 Q resistive load.
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LXT400 All Rate Extended Range SW56/DDS Transceiver

Table 6: DC Electrical Characteristics

Parameter Sym | Min | Typ' | Max | Units Test Conditions

Supply current (transmitting spaces) I - 40 60 mA | 270 Q resistor across TTIP
and TRING

Supply current (transmitting all marks) Ie - 415 60 mA | 270 Q resistor across TTIP
and TRING

Input low voltage \A - - 0.8 v Digital inputs

Input high voltage Vi 2.0 - - v Digital inputs

Output low voltage Vou - - 0.4 v I, =16 mA

Output low voltage Vou - 0.2 - \% I,, <10 pA

Output high voltage Vou 2.4 - - v Iy=04mA

Output high voltage Vou - 45 - A% I,,<10pA

Input leakage current L | 40 | - | 40 | pA |0<V, <V,

! Typical figures are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.

Figure 2: Receive Digital Timing

tPr

Y

tRWH

RCLK :_;/_

TPOS, -
TNEG =

#1LEVEL .
E ONEe 4-5



LXT400 All Rate Extended Range SW56/DDS Transceiver

General Description

The LXT400 comprises three basic sections: transmit,
receive and control logic.

The transmit section includes a 50% AMI encoder, a
programmable switched-capacitor low-pass filter, a low-
pass notch filter, a transmit timing resynchronizer and a
continuous reconstruction filter. An on-chip CMOS driver
is also incorporated to drive a 135 Q line through a
transformer.

The receive section includes pre-filters and line equalizers,
and the timing recovery and data extraction blocks. An
internal digital phase-locked loop (DPLL) is used in
conjunction with the MCLK input to synchronize the
recovered clock and data.

The control logic block initializes the transceiver, selects
receive filters and reports status information on the serial
port. Control logic inputs FP1 through FP4 determine the
data rate in accordance with Table 1. The control logic

Figure 4: LS Serial Port Timing

executes the initialization procedure upon automatic re-
synchronization or external RESET. Filter selection
optimizes the receive signal-to-noise ratio (SNR) by
matching the filter in the equalizer section to the strength of
the received signal (a function of loop length/line loss). The
control logic block also reports receiver status, estimated
linelength (as indicated by filter selection) and areceive loss
of signal (RLOS) alarm on the serial port.

Functional Description
Initialization

Upon power-up, or after changing the baud rate or loopback
condition of the line interface, a RESET pulse is required to
initialize the LXT400. On receipt of the RESET pulse, the
LXT400 executes an iterative cycle of level detection and
offset cancellation to select the appropriate equalizer
settings for the received signal. Receiver initialization can
be monitored on the serial channel. When received data has
a 50% ones density, full operation is achieved within one

tLsu fLsu
—
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RCLK / _) _ 0.4V
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Figure 5: MCLK and RESET Timing
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LXT400 All Rate Extended Range SW56/DDS Transceiver

second after RESET. Under the minimum ones density
condition specified in Table 7, full operation is achieved
within eight seconds after RESET. Correct initialization
assumes the presence of an AMI-coded signal at the RTIP
and RRING inputs. The LXT400 will not correctly initialize
unless a stable signal which meets the network interface
specifications of AT&T Pub 62310 is present at the RTIP
and RRING inputs during the entire initialization process.
The RPOS/RNEG outputs are not valid until full operation
is achieved. During offset cancellation, the RPOS/RNEG
outputs do not adhere to the AMI rule. However, once
initialized (assuming that a proper baud rate is selected),
RPOS and RNEG never simultaneously output a logic 1.

A hardware reset is required after any of the following

changes in transceiver configuration:

1. A change in Baud Rate

2. A change in the local analog loopback configuration

3. Alocal change in the line upon which the transceiver is
communicating (for example, configurations for
changing lines in a "1 for n" redundancy scheme).

Automatic re-initialization may be triggered by changes in
received signal strength as follows:

* Ifreceived signal strength increases by more than about
6 dB after full operation is achieved, automatic re-
initialization occurs.

» Ifreceived signal strength decreases by more than about
4dB, re-initialization occurs. Ifthe decrease inreceived
signal strength exceeds 6 dB, the LXT400 reports an
LOS condition and performs an automatic re-
initialization.

Table 7: Ones Density Requirements

The time required to achieve full operation after
reinitialization, is the same as required for power-on
initialization (i.e., 1 second max with 50% ones density, 8
seconds under minimum ones density conditions).
Reinitialization is not triggered by impulse noise events.

Transmission

TPOS and TNEG must have transitions coincident with the
rising edges of TCLK. The transmit section generates a
50% AMI pulse according to the pulse encoding rules, which
is synchronized with the TCLK input. In DSU applications,
RCLK is typically routed back into the TCLK input. The
instantancous baud period varies with the receive DPLL
phase adjustments, however, the pulse duty cycle is
maintained at 50% of the nominal baud period by internal re-
synchronization to TCLK. The AMI pulse is then processed
through a set of frequency dependent filters.

Initial filtering at all rates is accomplished by a
programmable, switched-capacitor, low-pass filter. This
filter is a single-pole type with the pole set at 1.3 times the
bit rate (as determined by inputs FP1 - FP4).

For data rates of 2.4, 3.2, 4.8, 6.4, 9.6 and 12.8 kbps, the
filtered pulses go through an additional low-pass notch
filter. The notch filter is required to protect other DDS
services with specific band requirements, and provides the
attenuation listed in Table 8. The additional rejection
requirement is weighted within each band by "C-Message"
weighting over double speech sidebands around a carrier in
the middle of each band (28 kHz and 78 kHz). The C-
Message weighting function is graphed in Figure 6.

Figure 6: C-Message Weighting

Data Rate Minimum Average 0dB
(kbps) Ones Density \\
24, 48, 9.6, 19.2 1/12
32, 64,128, 25.6 1/16
56.0 1/14 -10dB
720 1/18
3.5, 7.0,14.0, 28.0 =1/16
-20dB \
1 kHz 2 kHz 3 kHz 4 kHz
Table 8: Notch Filter Attenuation
OCU/Loop Customer (Primary Channel) Rejection Band
Data Rate (kbps) Data Rate (kbps) 24 - 32 kHz 72 - 80 kHz
240132 2.4 5dB 1dB
4.8 or 6.4 4.8 13dB 9dB
9.60r12.8 9.6 17dB 8dB
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LXT400 All Rate Extended Range SW56/DDS Transceiver

Depending on the data rate, the frequency template extends
to different limits as shown in Table 9. (An alternate notch
filter is used for data rates of 3.5 and 7.0 kbps.) The single
pole, low-pass filter would maintain the frequency within
+5%. The notch filter attenuation is added to this.

A continuous filter, common to all data rates, is the final
stage. The continuous filter removes high frequency
components which remain after processing by the low-pass
* filter stages. The pulse is then applied to the line driver for
transmission onto the twisted-pair line.

Table 9: Frequency Limits per Data Rate

Data Rate Upper Frequency Limit
(kbps) (kHz)
24 3.2) 100
48 (6.4 150
9.6 (12.8) 150
19.2 (25.6) 300
56.0 (72.0) 1750
35 100
7.0 150
14.0 150
28.0 1200

Reception

RTIP and RRING inputs are differentially detected, then
processed through the pre-filters and equalizer section. The
continuous pre-filter removes high frequency noise and
prevents aliasing problems for the switched capacitor (SC)
line equalizers which follow. Pulse reshaping is achieved by
the receive equalizer, which consists of an SC step equalizer
and an adaptive decision feedback equalizer (DFE). The
DFE eliminates residual inter-symbol interference (ISI) due
to echoing by multiple bridged tap connections and the
quantized frequency responses of the SC step filters. The
DFE is continuously adapted to compensate for ISI due to
time varying line characteristics such as temperature,
humidity and age. Nine different filter selections based on
signal strength are available.

Changes in Received Signal Strength

During initialization, the LXT400 selects filters appropriate
to the strength of the received signal. Afterinitialization, the
LXT400 continually monitors the receive signal strength to
ensure the optimum signal/filter match. Data reception is
not affected by impulsive noise events or by slow changes in
signal amplitude, such as may be caused by temperature and
humidity changes on the line. (The maximum constant rate
of change which the LXT400 can track is 6 dB per minute.)
However, instantaneous “step” changes (see Figure 7) may
temporarily interfere with datareception. Step changes may
be due to sudden changes in loop loss, far end transmitter
output, etc.

After normal operation has been established, an instanta-
neous single-step change may cause one of three conditions,
as shown in Figure 8.

Under Condition 1, the LXT400 automatically adapts to
minor step changes in signal strength (assuming that the new
input is a valid DDS signal).

Under Condition 3, the LXT400 responds to significant step
changes by re-initializing.

Condition 2, while unlikely to occur in an actual DDS
implementation, may be observed in the laboratory due to
artificial line simulators. Condition 2, which results from a
6 -20dB step increase inreceived signal strength, may result
in a signal/filter mismatch. This condition is characterized
by excessive bipolar violations (BPVs) which can be ob-
served on RPOS and RNEG. External signal quality detec-
tion circuitry can be used to detect excessive BPVs that are
not recognized as standard DDS BPV code words. Upon
detection of unrecognized BPVs, the user may force a reset
on the LXT400 to resume error-free operation.

Under normal operating conditions, step changes in received
signal strength are all under local control. Thus, the user can
reset the LXT400 once the new receive signal has stabilized
at the chip inputs. Remote changes typically involve
disconnecting one line and re-connecting another line of

Figure 7: Step Changes in Received Signal Strength = 20 log,, (*/A1) dB
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LXT400 All Rate Extended Range SW56/DDS Transceiver

differentlength. These changes trigger the RLOS report and
automatic re-initialization. Any remote changes in line
length or transceiver configuration are beyond the local
user's control. Remote changes in baud rate are not detected.

Receive Loss of Signal

RLOS goes high when more than 32 consecutive zeros are
received, caused either by a true loss of signal, or a signal
strength drop greater than 6 dB. The LXT400 automatically
re-initializes when RLOS goes high. Figure 9 shows the

RTIP/RRING input and RLOS output timing relationships
for atrue loss of signal. When signal energy returns to the
chip input, the LXT400 executes one full activation cycle in
the presence of this signal. The result is that RLOS will
remain high for a period of time (0.13 s < tH < 16 s) after
signal energy reappears.

Figure 10 shows the RTIP/RRING input timing and RLOS
output timing relationship for a signal strength decrease
greater than 6 dB. In this case, RLOS will go high for a time
026s<tP<16s.

Figure 8: Conditions Based on Changes in Received Signal Strength

Condition 3: > 20 dB Increase

or > 6 dB Decrease. Decrease.

Reference
Signal Level

Condition 1: 0 -6 dB Increase or

+3

Condition 2 : 6 - 20 dB Increase.
Re-initialization not guaranteed. The

Automatic re-initialization. No
action required. If the condition is
due to a signal strength decrease,
the LXT400 also reports RLOS.

Automatic compensation (may re-
initialize). May pass erroneous data
temporarily before resuming error-
free performance. No action required.

device may continue to pass
erroneous data until reset. RESET
pulse required to ensure accurate
data reception.

Figure 9: RLOS Timing for a True Loss of Signal

RTIP/

RRING i Y

RLOS |

Figure 10: RLOS Timing for a Drop in Signal Strength > 6 dB

RTIP/
RRING

RLOS [
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LXT400 All Rate Extended Range SW56/DDS Transceiver

Timing Recovery

The timing recovery circuit uses a rate synchronizer to
generate a high frequency internal clock from the MCLK
input. A DPLL is used to synchronize this internal clock to
the received data pulses. The output clock from the DPLL
is divided down to generate RCLK and all other required
clocks (except TCLK which is an external input).

Data Extraction

The data extraction block provides RPOS and RNEG
outputs. A positive differential pulse received between
RTIP and RRING results in alogic 1 on RPOS. A negative
differential pulse between RTIP and RRING results in a
logic 1 on RNEG. RPOS and RNEG are output at the
received datarate and are valid on the falling edge of RCLK.

Receiver operation is not affected by the data patterns,
provided the ones density requirements of Table 7 are met
with no more than 26 consecutive zeros. RLOS is declared
after 32 consecutive zeros. However, the RCLK output
remains synchronized to the RTIP/RRING input for more
than 40 consecutive zeros. Bipolar violations are received
properly. The bipolar violation coding rule that successive
violations be of alternating polarity must be followed.
However, if this rule is temporarily broken (due to channel
noise, etc.), long term LXT400 data reception will not be
adversely affected.

Loopback Operation

When the LPBK pinis setto alogic 1, the recovered dataand
clock are sent back through the tranismit section and onto the
line interface, as well as being output on the RPOS/RNEG
andRCLK pins. TPOS/TNEG and TCLK inputs are ignored
in the loopback mode.

4-10

Serial Port Operation

The line status (LS) output is an 8-bit serial word enabled by
pulling LSE low for 8 bit-periods as shown in Figure 4. Bit
assignments are listed in Table 10. ~ Approximate line loss
and loop length (based on received signal strength/filter
selection, assuming far-end pulse transmission compliant
with AT&TPub 623100r TIE1/90-051) are reported via bits
b0 through b3 as listed in Table 11. Bits b4 through b6
indicate the receiver activation state. Bit b7 is the RLOS
alarm.

Figure 11 shows the serial output for a typical LXT400
initialization sequence. Bits b0 - b3 report filter selection
and bits b4 - b6 report receiver status. Bit b6 toggles to
indicate that the receiver is alternating between offset
cancellation (b6 - b4 = 100) and receive level detection (b6
- b4 = 000). The receiver starts with the highest-gain filter
(b3 - b0 = 0111), cancels systematic voltage offset at the
filter output, and then detects the receive signal level at the
filter output. If the signal exceeds the threshold for that filter,
the LXT400 steps down to the filter with the next-highest
gain (b3 - b0 = 1000). This process is repeated until the
receive signal level does not exceed the filter threshold.

Once the appropriate filter is selected, the receiver phase-
locked loop (PLL) and slicer levels converge to match the
receive signal for optimum SNR. During receiver
convergence (b6 - b4 = 001), the PLL adapts to sample the
peak of the receive pulses and the slicer level adapts to the
midway point between zero and the pulse peak voltage.
Once convergence is complete, the LXT400 begins full
operation (b6 - b4 = 010).
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LXT400 All Rate Extended Range SW56/DDS Transceiver

Table 10: LS Word Bit Assignments

Bit# | Name Description

b0 LLO Loop Length Indication, bit 0

bl LL1 Loop Length Indication, bit 1

b2 LL2 Loop Length Indication, bit 2

b3 LL3 Loop Length Indication, bit 3

b4 S1 Receiver Converging when high
b5 S2 Full Operation when high

b6 SO Level Detection when high

b7 RLOS | Receive Loss of Signal when high

Table 11: LS Loop Length Bits

Rate Insertion Loss in dB/ Line Range in km (24 AWG PIC, no bridged taps) for LL3 - LLO
kbps 0111 1000 1001 1010 1011 1100 1101 1110 1111
24 N/A >38/>21.0 38/21.0 | 33/17.3 | 27/134 | 22/96 18/6.2 13/35 7/18
32 N/A >38/>18.6 38/18.6 | 33/15.6 | 28/12.6 |225/9.6 [17.5/65 |12.5/3.7 7/1.8
4.8 N/A >38.5/>158 | 38.5/15.8 | 33/132 | 27/10.6 | 22/80 | 16/53 | 12/28 | 7/13
6.4 N/A >38.5/>14.1| 38.5/14.1 | 33/11.9 | 27.5/98 | 22/75 | 17/53 |125/32 | 7/15
9.6 N/A >37/>114 37/11.4 32/9.6 27119 22/6.2 16/4.3 11/2.6 5/1.1
12.8 N/A >39/>108 | 39/108 | 33/9.1 |275/74 | 22/58 | 16/4.1 | 11/29 | 5/1.0
192 N/A >39/>92 39/92 | 33/78 |27.5/64 | 22/50 | 16/3.5 | 11/2.1 4708
25.6 N/A >38/>83 38/8.3 33/70 |275/58 | 22/45 16/32 |105/19 | 4/0.7
56.0 >475/>8.0 47.5/8.0 41.5/6.9 35/5.8 29/48 |225/3.8 | 17/27 |10.5/16 | 4/05
720 >48/>17.5 48/15 42/6.5 |355/55 | 29/45 | 23/35 | 17/25 |105/15 ] 3/05
3.5 N/A >39/>184 | 39/184 | 34/154 | 28/12.5 | 23/9.6 [17.5/6.6 |125/38 | 7/18
7.0 N/A >39/>138 | 39/13.8 | 34/11.7 | 28/9.6 |225/7.5 [17.5/54 |125/34 | 7/16
14.0 N/A >39/>105 | 39/105 | 34/89 | 28/73 [225/57 |16.5/4.1 [11.5/26 | 5/1.0
28.0 N/A >39/>8.0 39/8.0 33/6.8 275756 | 22/43 16/3.1 10/1.8 4/0.7

NOTE: Theinsertion loss/line range values are defined as being less than or equal to the listed numbers, but greater than the numbers to the immediate
right, or zero for LL3 - LLO = 1111.

Figure 11: Typical Serial Port Output for Receive Activation @ 72 kbps

Offset Level  Offset Level Offset Level PLL & Slicer Full
Canx Detect Canx Detect Canx Detect Convergence Operation
100 000 100 000 100 000 001 010
b6
b5 /
ba VA
b3 - b0 11 1000 1001 -
(LL3 - LLO)
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Design Considerations

Figure 12 shows a typical LXT400 application circuit. A
DSU crystal (4.096 MHz) is connected across MCLK1 and
MCLK?2, with two grounded loading capacitors. The line
interface consists of a pair of 1:1 transformers, center-tapped
on the line side, with appropriate load resistors. The Rs/Cs
shunt network provides high frequency compensation for
the transmit driver. The input signal is developed across the
Rr/Rin network. Rv limits current into the low-impedance
VINT driver during over-voltage conditions on the line.
Table 12 lists external component recommendations.

Crosstalk

It is important to prevent crosstalk between the transmitter
and receiver circuits. Steps were taken to reduce this
interference inside the LXT400, but precautions must be
taken with the line interface circuitry outside the chip as
well. Crosstalk is especially high when the idle pattern
(alternate positive and negative pulses) is being transmitted
because the transmit power is concentrated around the
Nyquist frequency (half the baud rate).

PCB Layout

The external line interface circuit must be laid out to
minimize coupling of other digital and analog signals into
RTIP and RRING (see Figure 13.) These inputs, pins 2 and
3, are high impedance nodes which can pick up interference
from adjacent PCB traces. The line interface circuit must be
designed for loops with up to 50 dB of loss at the Nyquist
frequency, even if the product will never be used on such
long lines. When no receive signal is present, the LXT400
will switch to the highest gain filter, which at 56 and 72
kbit/s produces an internal gain of about 50 dB. Unless
precautions are taken, substantial interference coupling into
RTIP and RRING could exceed the internal slicer levels and
prevent the RLOS report. Layout considerations for
LXT400 application circuits include:

1. Minimum PCB trace lengths between the LXT400 and
the 4.096 MHz crystal and loading capacitors.

2. Minimum PCB trace lengths between resistors Rin and
the RTIP and RRING pins.  Shield these connections
with ground traces.

3. Minimum PCB trace lengths between the receive
transformer and the receive termination network.

Figure 12: Typical LXT400 Application Circuit for 72 kbps Operation

4.096 MHz
o Bl o
~ 50pF 50pF
MCLK1 MCLK2 _——
N\ Rt 60.4Q 1:1
[—— TTIP
TPOS Rsg28Q Protection
— TCLK
_— Ccs—01puF | Network
——| TNEG TRING
To/From Digital Rt 60.4Q =
Back End Logic |-¢——— Rpos ; RTIP Rinv 1:1
- | RCLK VINT Rv $R"| Protection
-4+——— RNEG '8 Rin 2 ge| Network
© RRING W\ -
. = -—
> LSE Rin = 30.1 kQ
— LS TEST{ l—e (Left Unconnected) RV =‘g:8
| RESET Rr =#60.
= | PBK TEST2
-t——— EQLOUT AGND
N\
+5V} AVCC DGND
DVCC FP2
FP1 FP3 | Protection 1
FP4 .1 Network !
| =1 WF t Example |
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LXT400 All Rate Extended Range SW56/DDS Transceiver

Table 12: External Component Recommendations

Component Parameter Recommended Value

Line Transformer Turns ratio 1:1,£ 1%

S ed Manu: Structure Center tapped (for line side)
uggcst anufacturers: N 2 H mini .
Midcom - Phone 800/643-2661 P“a‘:’(a’y II"‘;“Cta“CC 220 ": 3 m;lmm“'f’

Schott - Phone 615/889-8800 Leakage Inductance to 43 pH maximum
Interwinding Capacitance 350 pF maximum
DC Resistance (Primary, Rwp) TQE1Q
DC Resistance (Secondary, Rws) 7Q+1Q

Rin Resistance, Tolerance, Rating 30.1kQ, 1%, /4 W
Rt, Rr Resistance, Tolerance, Rating (135Q-Rwp-Rws) /3 + 1%, /4 W
Rv Resistance, Tolerance, Rating 1kQ,+5%, 14 W
DSU Crystal Nominal frequency 4.096 MHz
Holder style HC-49/U
S;iiis;fgoxmg]g?gtggrg(s);g Operating Mode Fundamc,nt.al, parallel resonant
Monitor - Phone 815/432-529¢ | 1-0ad Capacitance 28 pF nominal
Tolerance +25ppm @ 25 °C
Range +40 ppm, 0 to 70 °C
Aging 3 ppm per year maximum
Maximum ESR 50 Q
Drive Level 2 mW maximum

DSU Crystal Loading Capacitors

Capacitance, Tolerance, Rating

50 pF, 5%, 10 V

Construction

NPO ceramic or equivalent

Transmit Shunt Network

Rs

Resistance, Tolerance, Rating

28Q,+5%, 14 W

Cs

Capacitance, Tolerance, Rating

0.01 pF, £ 20%, 10 V

Figure 13: Suggested LXT400 PCB Layout

TRANSFORMER
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LXT300/310 Adapting Short-Haul T1 Designs for Long-Haul Applications

LXT300 and LXT310 Interchangeability

Adapting Short-Haul T1 Boards to Long-Haul Applications

While the LXT300 is designed for short-haul (up
to 200 m) T1/E1 applications and the LXT310 is
designed for long-haul (up to 2 km) T1 applica-
tions, these transceivers are quite similar in func-
tion. There are only minor differences in line
interfaces and pin configurations. Therefore, T1
equipment designed for short-haul applications
(using the LXT300) can easily be adapted to
provide long-haul capability (using the LXT310)
as an option. This application note describes the
steps necessary to adapt a single design so that it
can be used for both long-haul and short-haul
applications.

¢ In the Hardware mode, three Equalizer inputs
on the 300 are replaced by two LBO inputs and
an NLOOP output on the LXT310. These pins
are identical in the Software mode, but the bit
register is defined differently.

* The LXT300 uses two inputs and an output for
the Driver Performance Monitor (DPM) func-
tion. On the LXT310, these pins are replaced
by inputs for Jitter Attenuation Select
(JASEL) and Equalizer Gain Limitation
(EGL), and an output for Line Attenuation
(LATN).

¢ The LXT300 uses a 1:2 transformer for both
the Tx and Rx line interfaces. The LXT310
uses a 1:2 transformer with two 12.5Q series
resistors for the Tx line interface; it uses a 1:1
transformer for the Rx line interface.

91LEVEL
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To adapt an LXT300 board to accommodate the
LXT310, modify the circuit as follows:

1. Cut the DPM output trace from LXT300 pin
11, and tie the LXT310 JASEL input to VCC.

2. Cut the MTIP and MRING inputs to LXT300
pins 17 and 18. Reconfigure the LXT310input
atpin 17 to allow EGL switching, or simply tie
pin 17 to ground. Connect the LXT310 output
from pin 18 to a LATN decoding circuit.

3. Cut the EC1 input to LXT300 pin 23, and
- connect the LXT310 output from this pin to
NLOOP monitoring circuity.

On the transmit side, both the LXT300 and

LXT310 use a 1:2 transformer. The LXT300
transformer connects directly to the chip as shown
in Figure 1a. The LXT310 requires two 12.5 Q
serial resistors in line with the transformer, as
shown in Figure 1b.

On the receive side, the LXT300 uses a 1:2 trans-
former with 400 Q termination, as shown in
Figure 2a. The LXT310 uses a 1:1 transformer
with 100 Q termination, as shown in Figure 2b.

(A 1:2 CT transformer can be used for both de-

vices. For LXT310 boards, connect only one of
the secondary windings, an effective 1:1 ratio.)

5-1




LXT300/310 Adapting Short-Haul T1 Designs for Long-Haul Applications

LXT300
1:2
——.’
TTIP L,
0Q
TRING - +

LXT310
125 Q

TTIP
125 Q

TRING

L

1:2

I

Figure 1a: LXT300 Transmit Line Interface

Figure 1b: LXT310 Transmit Line Interface

1:2

LXT300

=

200 Q
200 Q

RTIP

RRING

N

1:2 (1:1 Effective)

LXT310

:}I%:?_ 100 @

RTIP

RRING
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Figure 2a: LXT300 Receive Line Interface

Figure 2b: LXT310 Receive Line Interface
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LXT30x/318 Adapting Short-Haul E1 Desngns for Long-Haul Applications

LX T30x and LXT3 1 8 Interchangeablllty
Adapting Short-Haul E1 Designs for Long-Haul Applications

While the LXT300, 304A and 305A are designed
for short-haul T1/E1 applications (up to 14 dB)
and the LXT318 is designed for long-haul E1
applications (up to 43 dB), these transceivers are
quite similar in function. There are only minor
differences in line interfaces and pin configura-
tions. Therefore, E1 equipment designed for
short-haul applications (using LXT30x series
transceivers) can easily be adapted to provide
long-haul capability (using the LXT318). This
application note describes the steps necessary to
adapt a short-haul design so that it can be used for
both long-haul and short-haul applications. (The
LXT318 can support both E1 long-haul and E1
short-haul applications.)

To adapt an LXT30x board to accommodate the
LXT318, modify the circuit as follows:

1. Cutthe DPM output trace from LXT30x pin 11
and tie the LXT318 pin 11 JASEL) to VCC (to
select receive jitter attenuation), or to GND (to
select transmit jitter attenuation).

2. Cut the MTIP and MRING inputs to LXT30x
pins 17 and 18. Connect the LXT318 input at
pin 17 to ground. Connect the LXT318 output
from pin 18 to a LATN decoding circuit.

3. For Hardware mode, cut the EC inputs to
LXT30x (pins 23, 24 and 25), and connect
these LXT318 pins to ground.

e The LXT30x uses three Equalizer inputs in the
Hardware mode. These pins are not used by
the 318 and should be tied to ground. These
pins areidentical in the Software mode, but the
bit register is defined differently.

¢ The LXT30x uses two inputs and an output for
the Driver Performance Monitor (DPM) func-
tion. On the LXT?318, these pins are replaced
by an input for Jitter Attenuation Select
(JASEL) and an output for Line Attenuation
(LATN).

¢ The LXT30x uses a 1:2 transformer for both
the Tx and Rx line interfaces. The LXT318
uses a 1:2 transformer with two 15 Q series
resistors for the Tx line interface, and a 1:1
transformer for the Rx line interface.

®LEVEL
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On the transmit side, both the LXT30x and

LXT318 use a 1:2 transformer. The LXT30x
transformer connects directly to the chip as shown
in Figure 1a. The LXT318 requires two 15 Q
series resistors in line with the transformer, as
shown in Figure 1b.

On the receive side, the LXT30x uses a 1:2 trans-
former with 480 Q termination, as shown in
Figure 2a. The LXT318 uses a 1:1 transformer
with 120  termination for TWP applications, as
shown in Figure 2b.

(A 1:2 CT transformer can be used for both de-
vices. For LXT318 boards, connect only one of
the secondary windings, an effective 1:1 ratio.)




LXT30x/318 Adapting Short-Haul E1 Designs for Long-Haul Applications

LXT30x LXT318
1:2 1:2
00 — : 15Q —
TTIP — TTIP “AMV\e
TRING — TRING AV
Figure 1a: LXT30x Transmit Line Interface Figure 1b: LXT318 Transmit Line Interface

LXT30x LXT318

1:2 1:2 (1:1 Effective)
— - —
RTIP

: RTIP s
3 % §2409 } g S 1200
240 Q
RRING RRING

Figure 2a: LXT30x Receive Line Interface Figure 2b: LXT318 Receive Line Interface
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LXT304A /316/318 Dual-tb-SingIe Chip Migration for Long-Haul E1 Applications

LXT318 Long-Haul E1 Transceiver Soluiion

Migration from Dual-Chip (LXT304A / LXT316) to Single-Chip (LXT318) Implementation

This application note provides manufacturers of
Long-Haul E1 (2.048 Mbps) transmission equip-
ment with a smooth transition from Level One's
LXT304A/316 dual-chip long-haul E1 solution to
an advanced single-chip implementation, the
LXT318.

There are only minor differences in the line inter-

faces for single and dual chip solutions. There-
fore, E1 equipment designed around the dual-chip

solution (using the LXT304A and LXT316) can
easily be adapted to take advantage of the fully
integrated LXT318.

This application note describes the steps neces-

sary to modify a dual-chip design for use with the
LXT318. Both solutions use the same transform-
ers. The modification involves removing the
repeater and associated circuitry (shown in the
shadowed area of the diagram below).

2,048 MHz LXT304A
LXP2181A TRANSCEIVER ggmgzﬂ‘_
E1 CRC4
s L mowk Taos [—
Touk [ e > | 1ok Loop [ — e
|— From
e L] Teos RLOOP L ] cues E1 REPEATER
TNEG [ F————1—>{| ™ea gcs [T—| " RTIP
X MODE Ec2 |} RRING
RNEG | | RNEG ECt [}—o vee
ov
RPOS [ 1 —] nros RaND [ FT——
RCLK | fe———] ok s [
—1_| XTAUN RRING [}
8.192 MHz 3
{7} xtaLout RTIP [
[ opm MRING [ ]
[] ros Mt [
—| tre TRING | Wb e
TGND v+ | 1 __..JW\} ThaNsMT ©
EM“F {v+
— | | _68uF
- LN
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LXT304A /316/318 Dual-to-Single Chip Migration for Long-Haul E1 Applications

In Hardware mode, the LXT304A uses three
Equalizer Control inputs (EC1, EC2 and
EC3), and two transmit driver monitor inputs
(MTIP and MRING). These functions are not
provided on the LXT318. On the LXT318,
pins 17,23, 24 and 25 must be tied to ground.
LXT?318 pin 18 is now the coded line attenua-
tion (LATN) output.

On the LXT318, pin 11 is used as an input for
Jitter Attenuation Select (JASEL). It should
be tied to VCC or ground, as desired.

transformer to pins 19 and 20 of the LXT318

. Tomodify a2-chip long-haul PCB for use with

the LXT318, cut the EC1, 2 and 3 inputs to
LXT304A (pins 23,24 and 25). Tie these three
pins to ground.

. Cutthe MTIP and MRING inputs to LXT304A

pins 17 and 18. Tie pin 17 to ground. Tie pin
18 to an LATN decoding circuit or let it float.

. Cut the DPM output trace from LXT304A pin

11, and tie the LXT318 JASEL input to VCC
(for receive jitter attenuation) or to ground (for
transmit jitter attenuation).

. Remove all the circuitry shown in the shad-

owed area below, and connect the receive

(208mHz ) LXT318
LXP2i81A TRANSCEIVER
e —1 mex Taos [ —
ToLK | | > | Towx Loop [}—
TPOS [ }—————{ | TPOS RLOOP [ }——
mea 1 e e anp [
I MODE GND [}
RNEG :l<————|: RNEG GND [}———t
rros [ +———| rpos ReND [ T——1
ROLK | Je——<—1 Roik RV [
XTALIN RRING [ ]
8.192 MHz[J
XTALOUT RTIP [ |
Ve —{"] uaseL LATN [t
[ Los GND jJ
P TRING | ]
TGND Tv+ [ H
TotuF
= — =
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LXT30x Transceiver / Framer Interface

'Application Guidelines for use with Mitel MT8976 and MT8979 Framers

This application note provides guidelines for in-
terfacing the Level One LXT300 series (LXT300,
301,305,304 A and 305A) transceivers with Mitel
framers in both T1 and E1 applications. Only
minimal circuitry is required to implement the
interface. For T1 (1.544 MHz) applications, the
transmit data pins may be connected directly be-
tween the two chips as shown in Figure 1. A single
4-gate NAND package provides the signal inver-
sion required on the receive side.

Receive side signal inversion is also required for
E1/CEPT (2.048 MHz) applications. A similar
setup using NAND gates in an E1 application is
shown in Figure 2 (back page). Additional cir-
cuitry is also required to synchronize the transmit
data stream in E1 applications. This synchroniza-
tion is easily implemented with a pair of D-flip-
flops, clocked by the common 2.048 MHz trans-
mit clock.

MT8976 LXT300/301/305
T1 ESF (UssamHzclook) T R0aA/305A
Framer Transceiver
Cis | |= =[] TCLK
™A [} »[ ] TPOS
™8 |} > | TNEG
B [ Je——p« 1| RNEG
C Sl o —t+—1_] rPOs
E15 | | (1] Rro
A0 [ g L__Is_m[ XTALIN
MHz
XTALOUT
DPM
XS
LOS
E‘,LEVEL
ONE e 5-7




LXT30x Transceiver / Framer Interface

L R G D R
FRAMER Transceiver

>D TCLK

C2i

TxA

| |
-
TxB —[ | TNEG
:l_L DLS749 | |
| |
By
By

w1 D 9 j--»D TPOS

RNEG

RxB

RxA

RCLK

(1|
( —t—1_| Rros
— L

E2i

o [ g —':ED XTALIN
X I:jl\/in
: XTALOUT

]
LOS

XS
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T1 Jitter Measurement 62411 Certification

T1 J:Her Performance Measurement
AT&T Pub 62411 Certification

This application note provides a brief definition of
jitter and then summarizes jitter performance re-
quirements and measurement techniques specified
for T1 (1.544 MHz) Customer Premises Equipment
(CPE).

Requirements for T1 systems are specified by
AT&T Publication 62411, December 1990 -
Accunet T1.5 Service Description and Interface
Specification. (Similarrequirements for E1 systems
are specified by CCITT G.823 - The Control of Jitter
and Wander within Digital Networks.)

T1 signals are composed of square-wave pulses as
shown below. A "1"is represented by a positive or
negative pulse (the pulses alternate in polarity). A
"0" is represented by the absence of a pulse. To
enhance timing and data recovery, the duration of a
"1" pulse is constrained to 2 of the bit rate period.
Deviations in time between when the pulse transi-
tions occur and when the decoding circuits expect
them to occur are referred to as jitter. Very low
frequency deviations (< 10 Hz) are referred to as
wander. These deviations are equivalent to uninten-
tional phase modulation. Any pulse that is phase-
shifted by more than 50% will be sampled incor-
rectly. ul

- Jitter is measured in Unit Intervals (UIs) A Ulis
equal to the bit rate period. A Ul is, therefore, the
reciprocal of the frequency. For T1 service, a Ul
equals 648 ns, while the "1" pulse duration is 324 ns.
Jitter amplitude is measured in Ul pp (peak-to-peak).
Jitter specifications have both an amplitude compo-
nent and a frequency component; that is, for a given
jitter parameter, performance will be specified at a
particular amplitude (in UI pp) within a particular
frequency band.

®LEVEL
E ONEe

Types of Jitter
There are three parameters of jitter performance
which are specified and measured:
1. Input Jitter Tolerance
(Jitter Accommodation)
2. Output Jitter Generation (Intrinsic Jitter)
3. Jitter Transfer (Jitter Attenuation)

Input Jitter Tolerance. Input jitter tolerance is
defined as a system's ability to recover input data
correctly in the presence of jitter. This value indi-
cates how much input jitter a system or device can
handle before bit errors occur. Individual devices
should have as high a tolerance value as possible
because the system's jitter tolerance is limited to the
tolerance of its most restrictive element. Input jitter
tolerance is also referred to as jitter accommodation.

Output Jitter Generation. Output jitter is de-
fined as the amount of jitter generated in the system
output when zero jitter is present in the input. Essen-
tially, it is a measure of how "noisy" the system is.
Individual system elements should have as low a
value as possible because output jitter is additive.
Each device in a system adds its own intrinsically
generated jitter to the system total, hence the term
"jitter budget". Output jitter is also referred to as
intrinsic jitter or additive jitter.

Jitter Transfer. Jitter transfer, frequently referred
to as jitter attenuation (JA), is defined as the percent-
age of input jitter which is present in the system
output, expressed in dBs. While a certain amount of
jitter attenuation is desirable, excessive jitter attenu-
ation can cause problems with frame slippage and
synchronization. Therefore, jitter attenuation speci-
fications define an acceptable range of values for a
given jitter frequency. (Jitter attenuation circuits
typically use an elastic store as a buffer between
input and output. Buffer size is directly related to
throughput delay. Oversize buffers intended to
maximize jitter attenuation may cause equipment to
fail requirements for maximum throughput delay.)

5-9




T1 Jitter Measurement 62411 Certification

AT&T Pub 62411 Compliance Testing

Jitter performance is strongly related to the transmitted bit
pattern. AT&T Publication 62411 defines a standard quasi-
random test signal (QRTS) used for jitter testing at 1.544
Mbps. The QRTS bit pattern is designed to simulate typical
transmission patterns. Jitter performance testing should be
conducted in a noise-free environment to eliminate, as far as
possible, the effect of other factors on the performance of the
device under test.

Input Jitter Tolerance Testing.

The input jitter tolerance of a DTE is characterized by
determining the level of jitter required to induce bit errors in
a 60-second interval. At frequencies up to 10 kHz, one bit
error is allowed. At higher frequencies, up to 5 errored bits
are allowed in a 60-second period. (Synchronizers, which
provide a system master clock, are held to a tighter spec.
They are characterized by determining the level of jitter
required to induce aloss of synchronization.) Jitter tolerance
is tested at a number of spot frequencies to ensure full
characterization across the spectrum. Figure 1A shows the
jitter tolerance template for DTE. Figure 1B shows the jitter
tolerance template for synchronizers.

Jitter Tolerance Test Procedures
1. Connect the test equipment as shown in Figure 2.
2. Configure thc;. device under test for remote loopback.
3. With its modulation input turned off, configure the
RF signal generator for an appropriate output level to

drive the external clock input of the BER, through an
AC-coupled driver as shown in Figure 2. Test this

6a.

6b.

jitter-free external clocking of the BER with the unit
under test.

Enable the External FM Modulation mode of opera-
tion on the HP8656B.

Set the Frequency Synthesizer to the first jitter fre-
quency to be tested. Set the amplitude of this sine
wave frequency such that the high/low input LEDs on
the HP8656B are off (approximately 2.1 V pp.

DTE Testing. While observing the transmission
tester for bit error indications, adjust the modulation
index on the signal generator to the level required to
produce the minimum error level. (For example, if
the synthesizer is set for a jitter frequency of 10 Hz,
adjust the modulation index as required to produce no
more than one bit error in any 60-second period.)

Synchronizer Testing. While observing the transmis-
sion tester for clock slips (loss of sync), adjust the
modulation index on the signal generator to the level
required to produce the loss of sync. Then, reduce the
modulation index to the level required to achieve
resynchronization. Record both values.

Determine the jitter tolerance using the formula:

Ulpp = Af/‘lt fm

where fm = Jitter Frequency

(synthesizer modulation frequency), and
where Af = FM Modulation Index

(as set on the signal generator).

Figure 1: Input Jitter Tolerance Specified by AT&T Publication 62411
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T1 Jitter Measurement 62411 Certification

for example, 8. Repeatsteps 5 through 7 for additional frequencies to
be tested and plot the results as shown in Figure 3.
38 KHz/ .10 Hz = 1209 Ulpp @ 10 Hz P &

Figure 2: Input Jitter Tolerance Test Setup

. RF External
Signal | 5ipyt AC Coupled Clock BER
Generator ——— | 50 Q Driver —— | Tester
(HP8656B) Input | (TBERD 211)
Modulation &Input AMI QRTS

Line Output Line Input

Main Signal
g Output O
Frequency DTE
Synthesizer (Set for
(HP3325B) Remote
Loopback)

Figure 3: Charting Input Jitter Tolerance Test Results
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1000Ulf-----"----"N-------
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T1 Jitter Measurement 62411 Certification

Output Jitter Generation Testing. Output Jitter Generation Test Procedures

The intrinsic jitter generated by a DTE is characterized by 1. Connect a frequency synthesizer, signal generator
configuring the device for remote loopback and then moni- and telecom tester to produce a jitter-free QRTS
toring the line output when no jitter is present in the line output. Figure 2 may be used as a reference.

input. AT&T Publication 62411 lists maximum output jitter
values for three separate frequency bands, as well as a fourth 2.  Select the filters in the HP3785B as shown in Figure

value for the unlimited broadband output. Outputjitter may 4 and monitor the first frequency band.

be measured with a variety of instruments including peak

.detectors, true RMS voltmeters and spectrum analyzers. 3. Measure and record the output jitter peak values.
Figure 4 shows a typical test setup. Figure 5 lists the

maximum generated jitter allowed in each frequency band, 4. Repeat steps 2 and 3 for each remaining band.

as well as sample test measurements.

Figure 4: Output Jitter Generation Test Setup

Jitter Receiver/ Selectable Filters
Generator
(HP3785B) 8| ° | ™ -
10Hz  8kHz
AMI
Jitter-free Xmit - 8‘ kHI 40|kH' - Peak
QRTS Data Output Z Z > ea
S DTE D-g>p-g><—> E:]%m — Detector
g IS L
10Hz 40kHz
—J —_ |
Figure 5: Output Jitter Generation Specification
Frequency Band 62411 Specified Maximum | Typical 304A Performance
10 Hz - 8 kHz 0.02 U1 (0.8 mV rms) 0.002 UI
10 Hz - 40 kHz : 0.025 Ul (1.25 mV rms) 0.016 Ul
8 kHz - 40 kHz 0.025 U1 (1 mV rms) 0.014 U1
No Bandlimiting 0.05 U1 - (2 mV rms) 0.025 UI

Fi_gure 6: Jitter Attenuation Template

Jitter Attenuation Testing.

excessive jitter attenuation can cause problems with frame
slippage and synchronization. Therefore, jitter attenuation
specifications define an acceptable range of values for a
given jitter frequency as shown in Figure 6. (Jitter attenua-
tion circuits typically use an elastic store as a buffer between
inputand output. Buffersize is directly related to throughput
delay. Oversize buffers may cause equipmentto fail require- o 10 20 100 K ok

ments for maximum throughput delay.) Jitter attenuation is |ﬂ SINEWAVE JITTER FREQUENGY (Hz) >
also referred to as jitter transfer. L
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T1 Jitter Measurement 62411 Certification

Jitter Attenuation Test Procedures 5. Set the reference level (UIINP) on the spectrum ana-
lyzer by temporarily connecting the BERT transmit
1. Connect the test equipment as shown in Figure 7. outputdirectly into the datainput of the jitter receiver/
generator.
2. Set the frequency synthesizer to produce a square
wave reference clock at 1.544 MHz. 6. Re-connect the test equipment as shown in Figure 7
and set the synthesizer to the first jitter frequency to
3. Set the jitter generator as follows: be tested.
a. Frequency: lowest frequency to be tested
b. Amplitude : 75% of the level shown in Figure 1 7. Observe the spectrum analyzer (Figure 8) and record
(use appropriate DTE or Synchronizer template.) the difference between the reference level, Uline, and

the DTE line output level, Ulour.
4. Set the spectrum analyzer as follows:

a. Center Frequency: same as 3a. 8. Repeat éteps 3 through 7 for each frequency to be
b. Frequency Span: 200 Hz - 500 Hz. tested and plot the results as shown in Figure 9.
Figure 7: Jitter Attenuation Test Setup
Jitter
1.544 Ref : Jittered Ext
Waveform MHz Clock Receiver/ Clock Clock BER
Synthesizer —————=| Generator > Tester
(Wavetek 178) Input| (HP3785B) | Output Input|{ (TB211)
DeModulated Data Xmit ¥ Output
Output Input » AMIYQRTS
Rx Y Input
Main
Spectrum ji gnal DTE
Analyzer - ==(Remote
(HP3585A) | Output Loopback)

NOTE: The test setup shown in Figure 7 is used to measure jitter amplitudes less than 10 UI (the limit of the HP3785B).
Alternate test setups should be used for other jitter amplitudes or amplitude/frequency combinations.

Figure 8: Spectrum Analyzer Display Figure 9: Typical LXT304A JA Performance

Attenuation

10 Hz 100 Hz 1kHz 10 kHz 100 kHz
Frequency
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NOTES:
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LXT310 and LXT304A

Combination DS-1/DSX-1 CSU Applications

This application note describes a T1 line
interface for combination DS-1/DSX-1
CSU applications implemented with an
LXT310 long-haul transceiver and an
LXT304A short-haul transceiver. Figure
1, on the next page, is a simplified sche-
matic of the application circuit.

Transmit functions are shared between the
LXT310 (DS-1) and the LXT304A (DSX-
1). Both transmitters are connected to a
single 2:1 transmit transformer through
matching resistors. A pair of AND gates on
the TCLK input pins are used to select the
active transmitter. (The transmitters re-

LEVEL
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main in the power-down state with high
impedance on the TPOS/TNEG inputs un-
til TCLK is supplied.)

Receive functions for both DS-1 and DSX-
1 applications are handled by the LXT310.
The receive circuits of the LXT304A are
not used.

Some additional circuitry is required to
route receive data from the LXT310 to the
LXT304A for Remote Loopback in the
DSX-1 mode. Refer to the LXT310 and
LXT304A data sheets for detailed specifi-
cations.




LXT310/304A Combination DS-1/DSX-1 CSU Applications

Figure 1: Combination DS-1/DSX-1 CSU Application Circuit
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LXT310 Line Protection Circuitry

LXT310 Line Protection Circuitry

Application Guidelines

This application note provides guidelines for line
protection circuitry required in network channel
termination equipment (NCTE), a typical
LXT310 application. NCTE is installed at the
customer premises end of T1 lines. Called "DS-1"
loops, these lines are typically outside the office
environment. They are subject to overvoltage/
overcurrent stresses from lightning strikes, power
crosses, and other noise sources. Protection cir-
cuitry is required to protect the line and the termi-
nation equipment (CSU, Mux, PBX etc.) from
overload stresses.

NCTE protection requirements are specified in
FCC Part 68 (lightning hazards), UL 1459 (AC
hazards), Bellcore TR-TSY-000007 and AT&T
Pub 62411. These documents differentiate be-

tween longitudinal stress (differential between
tip/ring and ground) and metallic stress (differen-
tial between tip and ring). Longitudinal stresses
are more common and include impulsive noise
events such as lightning induced surges. Metallic
stresses are less likely and are usually caused by
power crosses during maintenance activity.

Figure 1 shows a typical LXT310 line interface.
Protective circuit elements are described below.

¢ Resistors RT, RR and RZ in the transmit and
receive lines are selected to match the line
impedance. They also provide some current
limiting action.

¢ Line transformers TT and TR should be break-
downrated at > 1 kV.

* The 6.3 V zener diode bridges clamp metallic
stress, passing only the current required to
hold tip/ring differential at 6.3 V maximum.

e Current is limited by load resistors RL, the
optional fuses FL and the diode bridges.

» The gas discharge tubes provide fast reaction
protection from lightning strikes, conducting
sudden surges to ground.

Suggested component values are listed in Table 1
(back page).
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LXT310 Line Protection Circuitry
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Table 1: Recommended Component Values

Symbol Value
TT ET2>1kV
TR ET>1kV
RL 56Q,5%,2W
RT 125Q,5%, 4 W
RR 100Q,5 %, 4 W
Rz 100Q,5%, 4 W
NB type 1N4004
Nz 6.3 V,5 W, type IN5341A
FL* In-line fuses, 1-1.5 A
GDT* Gas Discharge Tubes

* Optional devices. May be required for UL approval.
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LXT400 Alternate Data Rate Applications

Guidelines for 64 kbps Clear Channel and other Alternate Data Rates

The LXT400 offers 14 selectable data rates using
a single 4.096 MHz master clock. The selectable
data rates include the 10 standard DDS rates and
four PacBell ADN rates listed in Table 1 below.
This application note provides guidelines for us-
ing the LXT400 in circuits which operate at addi-
tional alternate data rates. Figure 1, back page,
shows a typical 64 kbps clear channel applica-
tion circuit using a 4.68114 MHz crystal.

Alternate rate operation is implemented by select-
ing the closest standard data rate with the Fre-
quency Program pins (FP1 - FP4), and then pulling
the chip to the desired data rate with an off-
frequency master clock (MCLK). MCLK may be
supplied by a crystal across MCLK1 and MCLK2
(as shown in Figure 1), or by a digital clock at
MCLK1 with MCLK2 left open.

Table 1: Selectable Data Rates

Data Rates FP1 | FP2| FP3 | FP4
DDS | 24kbps | O 0 0 0
3.2 kbps 1 0 0 0
4.8 kbps 0 1 0 0
6.4 kbps 1 1 0 0
9.6kbps | O 0 1 0
12.8 kbps 1 0 1 0
192kbps | O 1 1 0
25.6 kbps 1 1 1 0
56.0 kbps 0 0 0 1
72.0 kbps 1 0 0 1
ADN| 35kbps | O 1 0 1
7.0 kbps 1 1 0 1
140kbps | O 0 1 1
28.0 kbps 1 0 1 1

Use the following equation to determine the re-
quired MCLK frequency foz

fp/¢

S

f = 4.096 MHz *

where fD = the desired data rate, and
fS = the selected data rate
(selected by pins FP1 - FP4).

Because the LXT400 oscillator operates best at
frequencies above 4 MHz, the next lower data rate
should be selected, and used with a higher fre-
quency MCLK. For example, if the desired data
rate is 64 kbps, two standard rates (56 kbps and 72
kbps) are equidistant from the desired frequency.
Optimum performance is achieved by selecting
the 56 kbps data rate and driving MCLK at a
frequency higher than the standard 4.096 MHz, to
pull the LXT400 up to 64 kbps. With these values
plugged into the equation;

64 k
f,=4.096 MHz * " /(0

f =4.68114 MHz

When MCLK is supplied by a crystal oscillator !,
the FP pins can be hardwired to the desired fre-
quency.  However, in applications which require
operation at multiple frequencies (standard and/or
alternate), relays or control logic can be used to
switch the FP inputs and crystals or digital clocks.
(Relays should be selected to minimize the effects
of contact resistance and capacitance.) Table 2,
back page, lists MCLK frequencies and FP set-
tings for various alternate data rates.

! Crystal f, must be accurate to within + 40 ppm over the temperature range -40 to +85°C. This
ensures an MCLK frequency accurate to within £100 ppm at the DSU. MCLK frequency at the
OCU.must be accurate to within +50 ppm. See LXT400 data sheet for full details.
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LXT400 Alternate Data Rate Applications

Table 2: MCLK Frequency Selection for Alternate Data Rates

Desired Selected FP1| FP2 | FP3 | FP4 MCLK!
Data Rate Data Rate Frequency
38.4 kbps 25.6 kbps 1 1 1 0 6.144 MHz

51.2 kbps 56.0 kbps 0 0 0 1 3.74491 MHz?
64.0 kbps 56.0 kbps 0 0 0 1 4.68114 MHz
NOTES:

1 Crystal f, must be accurate to within 40 ppm over the temperature range -40 to +85°C. This
ensures an MCLK frequency accurate to within £100 ppm at the DSU. MCLK frequency at the OCU
must be accurate to within £50 ppm. See LXT400 data sheet for full details.

2 Inthis case the difference between the desired data rate and the selected data rate is small enough that

the MCLK frequency may drop below 4 MHz without degrading device operation.

Figure 1: Typical LXT400 64 kbps Clear Channel Application

4.68144 MHz
(£ 40 ppm over temp)
A
sy H gy vl
N MCLK1 MCLK2 Rt (1) T
> TPOS TP s 3e0  [Secondary [
—» TCLK Protection
| TNEG TRING Csr10nF | Network |
To/From Digital ' -a' W - Primary
Back End Logic Rin 30.1 kQ 1:1 Protection
gi¢c |-——— RPOS ; RTIP LA Network L—
| Rv(2) $Rr ¢
- gglég 3' VINT —AAN—S (1)| Protection
< o 1kQ 3| Network
© RRING W\ - -
. Rin 30.1 kQ = -
% LSE
LS TEST{1 }—e (Left Unconnected)
1 RESET
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<-—| EQLOUT  AGND s
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NOTES: (1) See LXT400 Data Sheet for equation used to calculate Rt and RR. Je—— : (E)?am(;’::le) 1
(2) Currentlimiting resistorforVINT = — == 4

' ®LEVEL
5-20 @ ONEo



LXT902/906 Impedance Matching for Shielded and Unshielded Twisted-Pair LANs

\"w%

LXT902 and LXT906
for Shielded and Unshielded Twisted-Pair Lines

- Impedance Matching

The LXT902 Media Attachment Unit (MAU) and
LXT906 Twisted-Pair - Coax (TP-CX) Adapter
both require impedance matching with the net-
work media. This application brief provides a
short explanation of the impedance matching net-
works required for shielded and unshielded
twisted-pair lines. This information applies to
both the LXT902 and the LXT906

On the transmit side, the LXT902 and LXT906
use resistors in line with the output as shown in
Figure 1. To provide an optimum match, the total
impedance of the resistors and the filter should
equal the line impedance (RL1 + RL2 + ZF =ZL).

LXT902
or
LXT906
1:1
RL1 —
TPOP —AANN—]
475Q+1% Tx
FILTER 100 Q
RL2 5Q
TPON —
47.5Q+1% =

ot

LEVEL
LLGONE@

On the receive side the LXT902 and LXT906 use
a pair of resistors across the input with the center
node tied to ground through a capacitor as shown
in Figure 2. To provide an optimum impedance
match, use the same formula as used for the trans-
mit side: RL1 + RL2 + ZF = ZL.

For example, when the network media is 100 Q
UTP and the filter impedance is 5€2, each resistor
value should be 47.5Q2. When the network media
is 150 Q STP and the filter impedance is 0L, each
resistor value should be 75€Q. This simple formula
works for both devices and for both the transmit
and receive line interfaces.

LXT902
or
LXT906
9 1:1
-
TPIp | BL
75!1:!:11%': Rx
k=" | FILTER 150 Q
75Q 1%
TPIN [RL2 =
5-21




LXT902/906 Impedance Matching for Shielded and Unshielded Twisted-Pair LANs

NOTES:
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LXT902 FOIRL Application

Low Cost FOIRL/Ethernet Media Conversion

LXT902 Applications

by Haim Shadfir
Senior Design Engineer

This application note describes a transceiver designed for
Fiber Optic Inter-Repeater Link (FOIRL) applications as
shown in Figure 1. A FOIRL, defined in the IEEE 802.3
standard, connects two Ethernet repeater units with a fiber
optic link. The length of the fiber link between LAN
segments is limited to 1 km.

This application note describes a very cost-effective FOIRL
transceiver using the Level One LXT902 10Base T Trans-
ceiver and standard off-the-shelf components for the Fiber
Optic receive/transmit functions.

*  Fiber Optic Signal Reception & Transmission

e AUIReception and Transmission
* Low Light Level Signal Detection

*  Fiber Optic Idle Signal Generation

» Diagnostic LEDs

Fiber Optic Receiver

The Fiber Optic receiver uses a Hewlett Packard HFBR-
2404 (low-cost miniature FO receiver) and a Motorola
MC10H116 (ECL receiver) to convert light pulses from the
fiber into electrical signals at Attachment Unit Interface
(AUI) levels. These signals are then sent to the LXT902 TP
inputs. (The LXT902 will not trigger on a signal <1 MHz.)

For low-light level detection, the receive signal is converted
to the TTL level. The TTL signal is routed through a high-
pass filter into an idle detection circuit clocked at 200 kHz.
If no signal transitions are detected, a low light level signal
is asserted and the LXT902 is forced into the high impedance
state. It remains in the high impedance state until the link is
reactivated.

Fiber Optic Transmitter

The Fiber Optic transmitter uses a Hewlett Packard HFBR-
1404 (low-cost minjature FO transmitter) and a Signetics
74F3037 (30 ohm driver) for the fiberinterface. The 20 MHz
clock is divided down to 1 MHz to provide the idle signal.
Two D flip-flops detect activity in the LXT902 TP output.
When the LXT902 TP signal is idle, a MUX switches the
transmit signal to provide a 1 MHz idle signal to the fiber.
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Refer to Figure 3 for Fiber Input Port Schematic

F902C.SCH
F902B

F902B.SCH

Figure 2: Application Schematic
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Refer to Figure 4 for Fiber Output Port Schematic
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Figure 3: Fiber Input Port Schematic
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Figure 4: Fiber Output Port Schematic
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LXT902 FOIRL Application

Implementation

The FOIRL/Ethernet Adapter Board was built as an exten-
sion of the Level One LDB902 Demo Board. It was tested
with 100 feet of 62.5/125 micron fiber, using SMA connec-
tors. The board was tested on a five-station LAN network,
using two different hubs and two different FOIRL transceiv-
ers. If space is an issue, aPAL can be used to implement the
logic functions.

References
Additional information is available in the following docu-
ments:

¢ Level One LXT902 data sheet

Level One LDB902 data sheet

Level One Application Note AN-22

National Semiconductor DP8392 data sheet
Signetics 74F3037 data sheet

Hewlett Packard HFBR-1404 data sheet

Hewlett Packard HFBR-2404 data sheet

Hewlett Packard Optoelectronics Designer’s Catalog
Hewlett Packard Application Bulletin 78
Hewlett Packard Tech Brief 73

ANSIIEEE Std 802.3b,c,d, and ¢ - 1989 Edition
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LXT902 FOIRL Application

Table 1: Application Parts List

Symbol Description Symbol Description

Resistive Components Integrated Components
R1 124kQ 1% . Ul ) AN7805
R2 3kQ U2 LXT902
R3,R4,R5 78 Q U3 MC10H116
R6,R7,R12,R13,R14,R15 1kQ U4,U8 74HC74
R8,R9,R10,R11,R16,R22 510Q U5 74F00
R17 10Q U6 74HC390
R18,R19 110Q U7 74F3037
R20 36 Q
R21 750 Q Inductive Components
R23,R24,R25 56 Q L1,L2 2.7 uH
R26 - 20Q )
R27 160 Q Miscellaneous Components

D1 - Green LED
Capacitive Components D2,D3,D5 Red LED
C1,C6 1 uF Tantalum D4 Amber LED
C2,C3 27 pF D6 1N916
C4,C5,C18 0.01 pF JD1 HFBR2404
C7,C8,09,C12,C13,C14, 0.1 uF JD2 HFBR1404
C17,C21 JP1 Jumper
C10,C11 100 pF P1 DB15
C15,C16 4.7 uF Q1,Q2 2N3906
C19 : 680 pF S1 SIM5
C20 100 pF Tl 790

X1 20 MHz

g LEVEL
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LXT906 FOIRL Application

Low Cost FOIRL/Ethernet Media Conversion:

LXT906 Applications

The Fiber Optic Inter-Repeater Link (FOIRL) described in
the IEEE 802.3 standard can be used to interconnect two
LAN Ethernet (10Base2 or 10Base5) segments. FOIRL
provides a standard for connecting two Ethernet repeater
units. It is suitable for interconnection of 10Base2 (thin
coax) or 10Base5 (thick coax) LAN segments located in
different buildings. The length of the fiber link between
LAN segments is limited to 1 km.

This application note describes a very cost-effective FOIRL-
to-Ethernet adapter board which can be used as shown in
Figure 1. Built around the new Level One LXT906 LAN
Adapter used as a repeater, this adapter uses the National
Semiconductor DP8392 as a coaxial Ethernet transceiver,
and other components for the Fiber Optic receive/transmit
functions.

«  Fiber Optic Signal Reception & Transmission
¢ Coaxial Ethernet Reception and Transmission
* Low Light Level Signal Detection

¢ Fiber Optic Idle Signal Generation

*  Collision Detection and Propagation

¢ Diagnostic LEDs

Fiber Optic Receiver

The Fiber Optic receiver uses a Hewlett Packard HFBR-
2404 (low-cost miniature FO receiver) and a Motorola
MC10H116 (ECL receiver) to convert the on-off fiber
signals back into electrical signals at Attachment Unit Inter-
face (AUI) levels. These signals are then sent to the LXT906
Twisted-Pair (TP) inputs. (The LXT906 will not trigger on
a signal <1 MHz.)

Forlow-light level detection, the receive signal is converted
to TTL levels. The TTL signal goes through a high-pass
filter to drive an open drain buffer that discharges an RC
circuit. If no on-off signal transitions are detected, low light
indicator D2 is turned off and the LXT906 is forced into the
reset state (code 000 at pins TSTO, TST1 and TST2). It
remains in the reset state until the link is reactivated.

Fiber Optic Transmitter

The Fiber Optic transmitter uses a Hewlett Packard HFBR-
1404 (low-cost miniature FO transmitter) and a Signetics
T4F3037 (30 ohm driver) for the fiberinterface. The 20 MHz
clock is divided down to 1 MHz to provide the idle signal.
An RC circuit and an open drain buffer detect activity in the
LXT906 TP output. When the LXT906 TP signal is idle, a
MUX switches the transmit signal to provide a 1 MHz idle
signal to the fiber.
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Figure 2: Application Schematic
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LXT906 FOIRL Application

Table 1: Application Parts List

Symbol Description Symbol Description
Integrated Components ‘ Resistive Components
Ul AN7809 R1,R2,R3,R4 1.5 kQ
U2 AN7805 RS 1kQ, 1%
U3 LXT906 R6 249 Q, 1%
U4 DP8392 R7 39.2Q, 1%
uUs 74HC390 R8 124 kQ, 1%
§[) 74HC14 R9 300 Q
u7 74F3037/ Signetics R10,R11,R12 56 Q
U8 MCI10H116 R13 20Q
U9 74HC74 R14 . 160 Q
U10 74HCO05 R15,R16,R21,R22,R23,R24 1k
Uil 74HC00 R17,R18,R19,R20,R25R26 510 Q
R27 10Q
Capacitive & Inductive Components R28,R29 110 Q
C1,C2,C3,C4,C5,C6, 0.1 uF R30 36 Q
C10, C11,C14,C15 R31 4.7kQ
C7,C9 1 uF TAN R32 750 Q
C8 0.33 uF TAN
C12,C13 27 pF Miscellaneous Components
C16 2.2 oF D1,D8 1IN916
C17 100 pF D2 Green LED
C18,C19,C20,C21,C24, 0.1 uF D3,D4,D7 Red LED
C25,C26,C30 D5,D6 Amber LED
€22,C23 100 pF D1 HFBR1404 / HP
C27,C32 0.01 uF JD2 HFBR2404 /HP
C28,C29 4.7 uF JP1 Jumper
C31 120 pF J1 BNC Connector
J2 Power Jack
Inductive Components Q1,Q2 2N3906
L1,L2 2.7uH S1 330 Q
X1 Crystal, 20MHz
Implementation References

The FOIRL/Ethernet Adapter Board was built as an exten-
sion of the Level One LDB906 Demo Board. It was tested
with 100 feet of 62.5/125 micron fiber, using SMA connec-
tors. The board was tested on a five-station LAN network,
using two different hubs and two different FOIRL transceiv-
ers. If space is an issue, a PAL can be used to implement the
logic functions.
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Additional information is available in the following documents:

Level One LXT906 data sheet
Level One LDB906 data sheet

Level One LXT902 Application Note AN-24
National Semiconductor DP8392 data sheet

Signetics 74F3037 data sheet

Hewlett Packard HFBR-1404 data sheet
Hewlett Packard HFBR-2404 data sheet
Hewlett Packard Optoelectronics Designer’s Catalog
Hewlett Packard Application Bulletin 78

Hewlett Packard Tech Brief 73

ANSVIEEE Std 802.3b,c,d, and e - 1989 Edition
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Transformer Specrfrcafrons
for Level One Transceiver Applications

Txcvr Frequency Turns Inductance | Leakage | Interwinding | Resistance Dielectric
Ratio Inductance | Capacitance Breakdown
(kHz) (£2%) (uH - Min) | (uH - Max) | (pF - Max) (Q2- Typ) (V - Min)
LXT300
LXT301 1544 /2048 1:2CT 600 Pri 0.75 Pri 50 1.0 Pri 500
Rx & Tx 1.0 Sec
LXT304A
LXT305A | 1544 /2048 1:2CT 600 Pri 0.75 Pri 50 1.0 Pri 500
Rx
LXT304A | 1544 /2048 1:1.15, 600 Pri 0.75 Pri 50 1.0 Pri 500
LXT305A 1:2CT 1.0 Sec
Tx 1:1
1:1.126
LXT310
LXT318 1544 /2048 1:1CT 600 Pri 0.75 Pri 50 1.0 Pri 1000
Rx 1.0 Sec
LXT310
LXT318 1544 /2048 1:2CT 600 Pri 0.75 Pri 50 1.0 Pri 1000
Tx 1.0 Sec
LXT324 :
LXT325 1544 /2048 1:2:2 600 Pri 0.75 Pri 50 1.0 Pri 500
Rx Only 1.0 Sec
LXT312/15
LXT313/16 | 1544 / 2048 1:1CT 1000 Pri 1.0 Pri 25 1.0 Pri 1000
Rx 1.0 Sec
LXT312/15
LXT313/16 | 1544 /2048 | 1:1CT:3CT| 1000 Pri 1.0 Pri 25 1.0 Pri 1000
Tx 1.0 Sec
LXT400 241072 1:1 700 Pri 22 - 43 Pri 350 15.0 Pri 1000
Rx & Tx 15.0 Sec
*1Q)
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Transformer Specifications

Transceiver Application Part Number Manufacturer
LXT300/301 Tx PE-64931, PE-64951 Pulse Engineering
LXT304A/5A 67112060, 67115100 Schott Corp.
LXT305 0553-5006-IC Bell Fuse
671-5832 Midcom
6500-07-011 Nova Magnetics
FE 8006-55, 8006-85 Fil-Mag
LXT310/318 Tx 0553-5006-IC Bell Fuse
(1:2) 6671308 Fil-Mag
671-5832 Midcom
65351, 65771 Pulse Engineering
67127370 and 67130850 Schott Corp.
TD61-1205G and TD67-1205G HALO
(combo Tx/Rx)
LXT310/318 Rx FE 8006-155 Fil-Mag
(1:1) 671-5792 Midcom
64936 and 65778 Pulse Engineering
67130840 and 67109510 Schott Corp.
TD61-1205G and TD67-1205G HALO
(combo Tx/Rx)
LXT312/315 Tx 12535 Schott Corp.
FE 8006-175 Fil-Mag
LXT312/315 Rx 10951 Schott Corp.
FE 8006-155 Fil-Mag
LXT901 TP 237128, 23Z128SM Fil-Mag
PT4069, SM4069 Valor
PE65994, PE65745 Pulse Engineering
$553-0716, A553-0716 Bell Fuse
TD42-2006Q, TG42-2006WH1 HALO Electronics
LXT901 AUI 23790, 23Z90SM Fil-Mag
LXT902 LT6030, SM6030 Valor
LXT914 PE64502 Pulse Engineering
TD01-0756K, TG01-0756W HALO Electronics
LXT902 TP 7871122B-01, 78Z1122D-01 Fil-Mag
LXT903 PT3877 Valor
LXT906 PE65421 Pulse Engineering
FD02-101G, FD12-101G HALO Electronics
LXT914 TP A553-5999-01 Bel Fuse
Tx 237339, 23Z339SM Fil-Mag
TD54-1006L1 HALO Electronics
5977 Nanopulse
6038 PCA
PE68008 Pulse Engineering
PT34116 Valor
LXT914 TP A553-5999-00 Bel Fuse
Rx 237338, 23Z338SM Fil-Mag
TDO01-1006L1 HALO Electronics
5976 Nanopulse
6037 PCA
PE68007 Pulse Engineering
PT34117 Valor
[LOLEVEL
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Quartz Crystal Specifications

Quartz Crystals for T1/E1 Transceivers

The Level One LXT300, LXT305, LXT304A,
LXT305A, LXT310, and LXT318 transceivers
require quartz crystals as companion devices. For
the convenience of our customers, Level One buys
crystals in volume from a qualified vendor, stocks
them and resells them at reasonable prices in
conjunction with Level One transceivers.

The LXC6176 is used in T1 applications and the
L.XC8192 is used in E1 applications. Specifica-
tions for the LXC6176 and LXC8192 crystals are
listed below.

Level One has evaluated and qualified several
crystal vendors for the benefit and convenience of
our customers. We believe customers prefer to
have multiple approved sources. Quartz crystals
qualified for use with Level One transceivers are
listed on the next page. We suggest that customers
establish relations with one or more of these ap-
proved crystal suppliers and buy direct.

Parameter T1 E1
Frequency 6.176 MHz 8.192 MHz
Frequency Stability +20 ppm @ 25° C 120 ppm @ 25°C
+25 ppm from -40° C to + 85° C + 25 ppm from -40° C to + 85° C
(Ref 25° C reading) (Ref 25° C reading)

Pullability CL=11.7-19.0 pF, +AF =175 -250 ppm | CL =11.7 - 19.0 pF, +AF =95 - 140 ppm
CL =19 - 34 pF, -AF = 175 - 250 ppm CL =19 - 34 pF, -AF =95 - 140 ppm

Effective series resistance | 40 Q Maximum 30 Q Maximum

Crystal cut AT AT

Resonance Parallel Parallel

Maximum drive level 2.0 mW 2.0 mW

Mode of operation Fundamental Fundamental

Crystal holder HC49 (R3W), C, = 7 pF maximum HC49 (R3W), C, =17 pF maxirﬁum

C,, = 22 {F typical

C,, = 13 fF typical

(o
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Quartz Crystal Specifications

Qualified Quartz Crystals

Manufacturer Part Number Frequency
M-Tron 3808-010/ 4144-002 6.176 MHz
M-Tron 3808-020 / 4144-001 8.192 MHz
Monitor Products MSC-1311-01B-6.176 6.176 MHz
Monitor Products MSC-1311-01B-8.192 8.192 MHz
CTS Kanights 6176-180 6.176 MHz
CTS Knights 8192-100 8.192 MHz
Valpey Fisher VF49A16FN1-6.176 6.176 MHz
Valpey Fisher VF49A16FN1-8.192 8.192 MHz
US Crystal U18-18-6176SP 6.176 MHz
US Crystal U18-18-8192SP 8.192 MHz
EQLEVEL
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LDB901 Evaluation/Demonstration Board for the LXT901

February 1994

LDB901 Evaluation/Demonstration Board for the
LXT901 Universal Ethernet Interface Adapfter (Internal MAU)

PR

The LDB901 is a full-featured 10Base-T PLS/

MAU evaluation and demonstration board. It

includes the LXT901 Universal Ethernet Interface
Adapter and all required support components. An
RJ45 connector provides the twisted-pair inter-
face. The coax line interface is provided through
a 15-pin D connector. The board provides a
complete set of LED status indicators.

SR

.ﬁ‘?"ﬁ& 2 ?-5:.- %&%&;},@w“" :%:- R
Ll
Movable jumpers allow operator control of select-

able functions. Test points provide access to I/0
signals.

This document provides board layout and sche-
matic diagrams (Figures 1 and 2), acomplete parts
list, demo board specifications and a variety of
oscilloscope photographs.
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LDB901 Evaluation/Demonstration Board for the LXT901

Table 1: Controller Compatibility Mode Options §8£za8 ggza2
To Select This Mode: Set These Levels: fracRlmnannn
MD1 MDO RLD {7 < 39 I TPIN
L Qs 38 I TPIP
Mode 1 (Compatible with Advanced 0 0 g ﬁ ° o ?1 AL
Micro Devices AM7990 controllers) Tk 011 35 {1 TPONA
Mode 2 (Compatible with Intel 0 1 L B ol B0
82586 controllers) CLKO [ 14 32 ] TPOPA
. . - : CLKI [ 15 31[] TPOPB
Mode 3 (Compatible with Fujitsu 1 0 coL [ 16 30 ] PLR
MB86950 and MB86960 controllers) AUTOSEL [} 17 29 [1 RJAB
18 19 20 21 22 23 24 25 26 27 28
Mode 4 (Compatible with National 1 1 Tz 10Xr0OE0OQY
Semiconductor 8390 controllers) aed § BS8Xx0g
| E -3 O 8 [+n
Table 2: LDB901 Parts List =
Symbol Description
Integrated Components
Ul 74HCO0S5
u3 Bel A553-0716 Transformer !
U6 Bel A553-0756 Transformer 2
Capacitive Components
C1,C2,C9, C10 0.1pF
C3,C7,C8 10 uF
C4,C5,C63 18 pF
Resistive Components
R1,R2 50Q, 1%
R3,R6 75Q, 1%
R4 -R5 375Q, 1%
R7 ) 124 kQ, 1%
R8,R9,R10 78 Q 1%
U2 9-Resistor, 330 Q Network
Connectors, Cables and Miscellaneous Components
J5-J11and J14 - J20 Test Points
U8 - U15 and U17 Movable Jumpers
D1 LED, Green
D2 -D6 LED, Red
D7 -D9 LED, Amber
U4 RJ45 Connector
us D-Connector
INSAMD Custom 24-pin Ribbon Cable (VCC & GND Crossed)
X13 Crystal, 20 MHz

1:  Inaddition to the Bell Fuse transformer installed, suitable TP transformers are also produced by Fil-Mag (232128 and
SM23Z128), Valor (PT4069 and SM4069) and Pulse Engineering (PE65994 and PE65745).
2: Inaddition to the Bell Fuse transformer installed, suitable AUI transformers are also produced by Fil-Mag (23Z90 and
SM23Z90), Valor (LT6030 and SM6030) and Pulse Engineering (PE64502).
3:  Crystal X1 and loading capacitors C4 and C5 are not installed. The 20MHz clock is supplied through the ribbon cable to
LXT901 (U7) CLKI. If an external clock is not available, these components may be installed in the positions marked.
' e
®
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LDB901 Evaluation/Demonstration Board for the LXT901

Figure 2: Schematic Diagram of the LDB901 Evaluation / Demonstration Board
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LDB901 Evaluation/Demonstration Board for the LXT901

Table 3: LED Status Indicator Assignments

LED Symbol / Name Indication
D1 - Green LNK / Link Integrity Link is active
D2 - Red TX / Transmit Transmitter is active
D3 - Red RX /Receive Receiver is active
D4 - Red COL / Collision Collision detected
D5 - Red PLR / Polarity Polarity is reversed
D6 - Red JAB / Jabber Device is in Jabber mode
D7 - Amber | RCMPT / Remote Device Compatibility Remote signaling compatibility
D8 - Amber | RLD / Remote Link Down Remote link fail
D9 - Amber | RJAB / Remote Jabber Remote device in Jabber mode

Table 4: Mode Control Jumper Assignments

Jumper Symbol / Name Setting
U8 UTP Sethigh (UTP =1) to select 100  termination for unshielded
TP Termination Select | TP. Setlow (UTP=0) to select 150 Q termination for shielded
TP.
U9 PAUI In Manual Port Select mode (AUTOSEL = 0), PAUI selects
Port/AUI Select the active port. Sethigh (PAUI=1)to selectthe AUI port. Set
low (PAUI=0) to select the TP port. In Auto Port Select mode
(AUTOSEL = 1), PAUI is ignored.
U10 - NTH Set high (NTH = 1) to select the normal TP squelch threshold.
Normal Threshold Setlow (NTH = 0) to reduce the normal TP squelch threshold
by 4.5 dB.
Ull | MD0O/Mode Select 0 | Select controller compatibility modes in accordance with
Ul2 | MD1/Mode Select 1 Table 1. )
U13 LI Set high (LI = 1) to enable Link Integrity Test function.
Link Integrity Set low (LI = 0) to disable Link Integrity Test function.
U14 TEST / Test Leave this pin floating or connect it to VCC.
Ul15 AUTOSEL Set high (AUTOSEL = 1) to enable automatic port
Automatic Port Select | selection. (When auto selection is enabled, the 901 defaults to
the TP port unless the Link Integrity Test fails.) Setlow to
enable manual port selection with PAUI jumper.
u17 PDN When left open, normal operation is enabled. When this
Power Down jumper is inserted (PDN = 0) the LXT901 powers down.
[LOLEVEL
6-4 ON E ®



LDB901 Evaluation/Demonstration Board for the LXT901

Table 5: RJ45 Twisted-Pair Connector U4 Pin Assignments

Pin Symbol Name / Description
1 TPOP TP Data Out Positive
2 TPON TP Data Out Negative
3 TPIP TP Data In Positive

4 NC No connection

5 NC No connection

6 TPIN TP Data In Negative
7 NC No connection

8 NC No connection

Table 6: D-Type AUI Connecto

r U5 Pin Assignments

Pin Symbol Name / Description
1 GND Ground
2 CIP AUI Collision Input Positive
3 DOP AUI Data Out Positive
4 GND Ground
5 DIP AUI Data In Positive
6 GND Power Supply ground return, tied to J11
7 NC No connection
8 NC No connection
9 CIN Collision In Negative
10 DON AUI Data Out Negative
11 GND Ground
12 DIN AUI Data In Negative
13 +12V Tied to AT Bus edge connector pin 40
14 GND Ground
15 NC No connection
Table 7: Ribbon-Type Connector J-NS/AMD Pin Assignments
Pin Symbol Name / Description
1 COL Collision output to controller
2 RXD Receive Data output to controller
3 CD Carrier Detect output to controller
4 RCLK Recovered 10 MHz clock
5,9&13-18 | NC No connection
6 VCC +5V,tied toJ14
7 LBK Loopback input from controller
8 CLKI Tied to 20MHz crystal oscillator
10 TXD Transmit Data input from controller
11 TCLK Transmit Clock input from controller
12 TEN Transmit Enable input from controller
19 GND Ground
20 - 24 NC No connection
L(:, LEVEL
ONE o 6-5




LDB901 Evaluation/Demonstration Board for the LXT901

Oscilloscope Photographs

As shown in Figures 3 through 8, the LXT901
fully meets all requirements of the 10Base-T
specification. Figures 9 through 11 illustrate com-
patibility with various controllers. Figures 12
through 21 compare jitter measurements of the
LXT901 and LXT902 before and after the twisted-
pair line model.

Transmit Harmonics

Figure 3 is a spectrum analysis display of the
LXT901 operating in the Transmit All Ones
(TAOS) mode. All harmonics are at least 35 dB
below the fundamental frequency.

Figure 3: Spectrum Analysis in TAOS Mode

ECU R SN Al RS B BEX KR WRBYT
SR RRBRY. 18, AVISM. AABIAL

2t

Figure 4A: Random Data after the 100 Q Line
Model (Waveform template and Jitter spec.)

Wim1  Wfm2

G
334t

Main Pos= 42.7 div

C?2 Size/div= 334 mV

Random Data

Figures 4A and 4B show waveforms produced by
512 bits of random data after transmission through
simulated 10Base-T line models. The figures also
show the 10Base-T waveform template and jitter
specifications superimposed over the measured

© waveform.

TP Idle Pulse

Figures 5A and 5B show the TP Idle pulse with the
Start of TP_Idle template.  Figure 5A was
measured at the TP outputs of the RJ45 connector.
Figure 5B shows the pulse measured after the
10Base-T line model.

Link Test Pulse

Figures 6A and 6B show the Link Test pulse with
the Link Test template. Figure 6A was obtained at
the TP outputs of the RJ45 connector, and Figure
6B shows the pulse measured after the 10Base-T
line model.

AUI Pulse Waveform
Figure 7 shows the DI signal waveform, measured
at the AUI interface.

End Of Frame
Figure 8 shows the End Of Frame (EOF) pulse
measured at the DI input to the LXT901.

Figure 4B: Random Data after the 150 Q Line
Model (Waveform template and Jitter spec.)

5 Wim 1

Wfm 2

Main Pos= -1.36 div

#1LEVEL
E ONEo

L1 Size/div= 334 mV




LDB901 Evaluation/Demonstration Board for the LXT901

Figure 5A: TP Idle Pulse before Line Model with Figure 5B: TP Idle Pulse after Line Model with
Test Load Test Load

Wim 1 N 00 s

D=100ns

Period+ 412.054064 ns 80 MHz Period= 437 217:2’3% ns
C4 Size/div=1.00V I ] C4 Size/div= 1,00V

Figure 6A: Link Test Pulse before Line Model Figure 6B: Link Test Pulse after Line Model .

PO “0os0nachoncesnd _ ; ) B RO 50 i
Period= 10.23877035 Freq= 97.667978 Hz [Peri " Freq= 97.656641 Hz
MainPos: 2.54 div B ! i Main Po 8.5div

Figure 7: DI (AUI) Rise time < 5 ns with Test Figure 8: End Of Frame Pulse
Load (Transformer Coupling)

N=5.00 us
D=20.0ns

| ' Freq= 2.2571445 MHz E o E w00us ch3 ~'1,9v§
0 _ Dly'd Pos= 4.33 div & : : : ; D 100ns Runs After }




LDB901 Evaluation/Demonstration Board for the LXT901

LXT901 / Controller Compatibility For each pair of oscilloscope photos, figure A
shows SOF alignment and figure B shows EOF

Figures 9,10 and 11 are oscilloscope photographs  alignment.

showing start-of-frame (SOF) and end-of-frame

(EOF) signals for Modes 2, 3 and 4, respectively.  Figures 9A and 9B show Mode 2 frame alignment

(Mode 1 is similar to Mode 4.) signals. Mode 2 is compatible with Intel 82586
Each figure shows: controllers.
TPI (Twisted-Pair Input),
RXD (Received Data Output), Figures 10A and 10B show Mode 3 frame align-
RCLK (Recovered Clock) and ment signals. Mode 3 is compatible with Fujitsu
CD (Carrier Detect). MB86950 and 86960 controllers.
Figure 9A: Mode 2 Start of Frame Figure 9B: Mode 2 End of Frame

TPI

RXD

RCLK

CD

(Mode 2 : Compatible with Intel Corporation 82586 controllers.)

Figure 10A: Mode 3 Start of Frame Figure 10B: Mode 3 End of Frame

TPI

RXD

RCLK

CcD

(Mode 3 : Compatible with Fujitsu MB86950 and 86960 controllers.)

®LEVEL
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LDB901 Evaluation/Demonstration Board for the LXT901

Figures 11A and 11B show Mode 4 frame
alignment signals. Mode 4 is compatible with
National Semiconductor NS8390 controllers.

Figure 11A: Mode 4 Start of Frame

k § 3
2 S Y
2 b R < 3 2
; 3 i LI O E
g 1 8 b

RXD

roLk | TR

CD

(Controller compatibility Mode 1, compatible
with Advanced Micro Devices AM7990
controllers, is similar.)

Figure 11B: Mode 4 End of Frame

(Mode 4 : Compatible with National Semiconductor NS8390 controllers.
Mode 1, compatible with Advanced Micro Devices AM7990 controllers, is similar.)

LXT901 / LXT902 Jitter Comparisons

Figures 12 through 21 are jitter performance com-
parisons of the LXT901 internal MAU and the
LXT902 external MAU. Each pair of oscilloscope
photographs shows the LXT901 on the left and the
LXT902 on theright. The first six photos (Figures
12 through 17) show 0 line length measurements.
The remaining four photos (Figures 18 through
21) show measurements taken after the 10Base-T
line model. Tables 8 and 9 list the applicable 802.3

Table 8: LXT901 Jitter Specs and Measurements

specifications for the LXT901 and LXT902, re-
spectively, and the actual oscilloscope measure-

ments.

0 Line Length Measurements

Preamble

Figures 12 and 13 show preamble output jitter.

The 10Base-T specification is + 8 ns.

The

LXT901 output jitter (Figure 12) is+ 1.4 ns. The
LXT902 output jitter (Figure 13) is + 3 ns.

Table 9: LXT902 Jitter Specs and Measurements

Section 802.3 Spec LXT901 Section 802.3 Spec LXT902
Internal MAU | Measurement External MAU | Measurement
Preamble +8.0ns +14ns Preamble +8.0ns +3.0ns
Random Data Random Data
0 line length +10.0 ns +6.4 ns 0 line length +8.0ns +6.6ns
after line model +55ns +34ns after line model +3.5ns +35ns

#1 EVEL
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LDB901 Evaluation/Demonstration Board for the LXT901

Random Data

Figures 14 through 17 show random data output
jitter. The 10Base-T specification for Internal
MAUSs (LXT901) is + 10 ns. With a Rising Edge
Trigger (Figure 14), the LXT901 output jitter is
+ 6.4ns. WithaFalling Edge Trigger (Figure 16),
the LXT901 output jitter is + 6.0 ns. The 10Base-
T specification for External MAUs (LXT902) is
+ 8 ns. With a Rising Edge Trigger (Figure 15),
the LXT902 outputjitteris+ 6.6 ns. WithaFalling
Edge Trigger (Figure 17), the LXT902 output
jitter is + 6 ns.

Figure 12: LXT901 Preamble Output Jitter
(0 Line Length)

Figure 14: LXT901 Random Data Output Jitter
(0 Line Length - Rising Edge Trigger)

Line Model Measurements

Figures 18 through 21 show random data output
jitter after the line model. The 10Base-T specifi-
cation for an internal MAU (LXT901) is+ 5.5 ns.
With a Rising Edge Trigger (Figure 18), the
LXT901 output jitter is + 3.2 ns. With a Falling
Edge Trigger (Figure 20), the LXT901 output
jitteris+ 3.4 ns. The 10Base-T specification foran
external MAU (LXT902) is 3.5 ns. . With a
Rising Edge Trigger (Figure 19), the LXT902
output jitter is + 3.5 ns. With a Falling Edge

Trigger (Figure 21), the LXT902 output jitter is
+3.2ns.

Figure 13: LXT902 Preamble Output Jitter
(0 Line Length)

Figure 15: LXT902 Random Data Output Jitter
(0 Line Length - Rising Edge Trigger)

@1 EVEL
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Figure 16: LXT901 Random Data Output Jitter Figure 17: LXT902 Random Data Output Jitter
(0 Line Length - Falling Edge Trigger) (0 Line Length - Falling Edge Trigger)

Figure 18: LXT901 Random Data Output Jitter Figure 19: LXT902 Random Data Output Jitter
(After Line Model - Rising Edge Trigger) (After Line Model - Rising Edge Trigger)

Figure 20: LXT901 Random Data Output Jitter Figure 21: LXT902 Random Data Output Jitter
(After Line Model - Falling Edge Trigger) (After Line Model - Falling Edge Trigger)

#LEVEL
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LDB902 Evaluotion/Demonstrcmon Board for the LXT902

LDB902 Evaluahon/Demonsfrahon Board
for the LXT902 10Base-T Media Attachment Unit

The LDB902 is a full feature 10Base-T
MAU evaluation/demonstration board. It
includes the LXT902 Ethernet Twisted Pair
Media Attachment Unit and all required
support components.

The board provides LED status lights for
Link, Jabber, Receive, Transmit, Collision
and Polarity Reverse. Control switches are
provided for Mode 0, Mode 1, SQE test
enable, link test enable and polarity
correction enable. A 15-pin D connector

provides the AUI side interface and anRJ45
jack connects the MAU to the twisted-pair
line.

* Meets or exceeds IEEE 802.3 standards
for 10Base-T interface

* Socketed LXT902 (PLCC)

* All required components for complete
evaluation

» Control of all LXT902 modes
* LED status indicators

» Transmit and receive filters.

—©) LINK
() JABISTAT
—@) coLL
—@) Rcv

@) TRAN

—@ POLR/LEDS

[ 3 ==
@ Filter
48Q -
. ® cIpP TPOP Choke RU4E
®
[ | TPIN + Aax L | [
S ISl
TPIP |
®
® . DOP 50 Q
0.1 pF
= 3nk L
e DIP RBIAS
T 'T‘i 12.4kQ l
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| P (ARGl
- 27 pF 1 = — OFF
- aa- T E
99 GEEh
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LDB902 Evaluation/Demonstration Board for the LXT902

Table 1: LDB902 Parts List (See Figure 8 for complete schematic)

Symbol Description
Integrated Components
Ul LXT902 (in 28-pin socket)
U2 7805CT , 5V voltage regulator
Inductive Components
T1 Fil-Mag 23790 (in 16-pin socket)
T3 Fil-Mag 23781, 14-pin DIP, dual choke
T4 Fil-Mag 78Z1120B, or Valor PT3877 filter
Resistive Components
R1-R2 78.7Q, 1%
R3-R4 392Q, 1%
RS 124kQ, 1%
R6 - R7 475Q, 1%
R10-R11 499Q, 1%
RP1 7-Resistor, 330 Q network
RP2 5-Resistor, 22 kQ network
Capacitive Components
Ci1-C2 27 pF
C3 1 uF, tantalum
C4 0.1 uF
C5 0.33 pF, tantalum
C6 1 uF
C7 1uF
C8 0.1 yF
Cc9 1.0 nF, 5kV
C10 1.0 nF, 5kV
Miscellaneous Components
L1 Miniature green LED
L2-L6 Miniature red LED
X1 20 MHz (% 1%) crystal!
J1 8-position, 8-circuit modular RJ45 jack
J2 15-pin male D-connector
S1 7 position switch
Note 1. Ceramic resonator can be used in place of crystal in customer applications.

6-14
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LDB902 Evaluation/Demonstration Board for the LXT902

Functional Description

The LDB902 Evaluation/Demonstration Board interfaces
the Attachment Unit Interface (AUI) to the unshielded
twisted-pair cables, transferring data in both directions.

AUI Interface

The AUI side of the interface comprises three circuits: Data
Output (DO), Data Input (DI) and Control Interface (CI). A
15-pin male D-connector (J2) provides the interface to the
AUI cable. As shown in Figure 1, termination resistors are
provided for CIP/CIN, DIP/DIN and DOP/DON. A trans-
former isolates the LXT902 from the AUI connector. The
connector shields are shorted together. The shields and the
connector shell are connected to ground through a high-
voltage capacitor. Pin assignments for the D-connector are
listed in Table 2.

Twisted-Pair Interface

The twisted pair network side of the interface comprises two
circuits: Twisted Pair Input (TPI) and Twisted Pair Output
(TPO). An RJ45 jack (J1) provides the interface to the
twisted-pair line. As shown in Figure 1, the LXT902 is

Table 2: D-Connector J2 Pin Assignments

connected to the RJ45 jack through transmit and receive
filters and the data line filter (a choke). Pin assignments for
the RJ45 jack are listed in Table 3.

Control and Status Circuits

In addition to the AUI and twisted-pair interfaces, the
LDB902 provides a complete set of mode control switches
(switch assembly S1) and LED status indicators (L1 - L6).
Eachof'the five mode control switches is connected to apull-
up resistor and can be shorted to ground. Switch assign-
ments and settings are listed in Table 4.

Status indications are provided by the six on-board LEDs.
Although 10 mA LEDs are provided on the demo board, the
LXT902 is also directly compatible with high efficiency
2 mA LEDs which can be used for reduced power consump-
tion. LED assignments and functions are listed in Table 5.

Power Supply

The LDB902 requires a 12 - 15 volt input on pin 13 of the D-
connector. On-board + 5 V voltage regulation is provided by
voltage regulator U2. U2 may require aheat sink, depending
on application.

Pin Symbol LDB902 Connection Description
3 DO-A Transformer-DOP Data Out positive
10 DO-B Transformer-DON Data Out negative
11 DO-S Cap Data Out shield
5 DI-A Transformer-DIP Data In positive
12 DI-B Transformer-DIN Data In negative
4 DI-S Cap Data In shield
7 NC No Connection No connection
15 NC No Connection No connection
8 CO-S Cap
2 CI-A Transformer-CIP Collision In positive
9 CI-B Transformer-CIN Collision In negative
1 CI-S Cap Collision In shield
6 Ve GND Voltage common
13 VP vCC Voltage plus
14 \'A Cap Voltage shield
Shell PG Cap Protective ground

#1LEVEL
E ONEe
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Table 3: RJ45 Connector J1 Pin Assignments

Pin Symbol Name Description

1 TD+ TPOP-filter Data Out positive
2 TD- TPON-filter Data Out negative
3 RD+ TPIP-filter Data In positive
4 NC No Connection No connection

5 NC No Connection No connection

6 RD- TPIN-filter Data In negative
7 NC No Connection No connection

8 NC No Connection No connection

Table 4: Mode Control Switch S1 Assignments

Switch Symbol Name Setting

1 MDO Mode select O MD1| MDO Mode
ON | ON | 10BT compliant MAU
ON | OFF | Reduce squelch (3 dB)

2 MD1 Mode select 1 OFF | ON | Half current AUI driver
OFF | OFF | DO, DI & CI ports disabled

3 LI Link test enable ON = Disable, OFF = Enable

4 SQE Signal quality test enable ON = Disable, OFF = Enable

( heart beat)
5 PRC Polarity correction enable| ON = Disable, OFF = Enable
6 STAT Serial Status Light enable| ON = LEDPindicates serial status
OFF = LEDP indicates polarity
reverse
7 OPT1 Customer Option 1 Not Connected
Table 5: LED Status Indicator Assignments

LED Color Name Indication

1 Green Link Integrity Link is active

2 Red Jabber Jabber is active

3 Red Collision Collision is active

4 Red Receive Receive is active

5 Red Transmit Transmit is active

6 Red Polarity Polarity is reversed!

Note 1: When S1 Switch STAT is set to ON, the Polarity LED becomes a blinking status indicator.
Refer to the LXT902 Data Sheet for additional information on the status indications.

6-16
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LDB902 Evaluation/Demonstration Board for the LXT902

Test Measurements

The LDB902 Evaluation/Demonstration Board provides
access to all signals and waveforms required to fully evalu-
ate the LXT902. A variety of measurements are included
here for comparison purposes. As shown in the scope
photographs (Figures 2 through 7), the LXT902 fully meets
all requirements of the 10Base-T specification.

Transmit Harmonics

Figure 2 is a spectrum analysis display of the LXT902
operating in the Transmit All Ones (TAOS) mode. The
second and third harmonics, noted on the photo, are at least
35 dB below the fundamental frequency.

Figure 2: Transmit All One's - All harmonics are at least -35 dB from fundamental

#LEVEL
E ONE »
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Random Data

Figures 3A and 3B show 512 bits random data waveforms,
before and after the line model. Figure 3A shows the
waveform at the TP output of the RJ45 connector. Figure 3B

Period= 136.7346844 ns

Freq= 7.3134333 MHz
Main Trig= -0.05 V

| 1 Size/div=1.00V

Figure 3A: Random Data before the Line Model

shows the waveform after transmission through a simulated
10Base-T line model. Figure 3B also shows the 10Base-T
waveform template and jitter specifications superimposed
over the measured waveform.

L1 Wim 1
400 mV

Wim: 2

{Perio 08 5ns

Freq= 7.2940041 MHz -
{Main Time/div= 15.0 ns

Figure 3B: Random Data after the Line Model
(Waveform template and Jitter spec.)

TP Idie Pulse
Figures 4A and 4B show the TP Idle pulse. Figure 4A was

L1 L1.01
1.00 V 1.00 ¥

Wim 1

Dly'd Pos= -1.89 div

Figure 4A: TP Idle Pulse before Line Model with
Test Load

6-18

measured at the TP outputs of the RJ45 connector. Figure4B
shows the pulse measured after the 10Base-T line model.

N=1.00 us
D=100ns

Freq= 2.2872180 M
Vert Pos= -4.00 div

Figure 4B: TP Idle Pulse after Line Model with
Test Load
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Link Test Pulse
Figures SA and 5B show the Link Test pulse. The top trace
is the magnified waveform and the bottom trace is the

N=2.00 us
D=100ns

Figure 5A: Link Test Pulse before Line Model

original waveform. Figure SA was obtained at the TP
outputs of the RJ45 connector, and Figure 5B shows the
pulse measured after the 10Base-T line model.

Period= 10.49986545 us
Main Trlg: 0.70V

Figure 5B: Link Test Pulse after Line Model

Rise Time
Figures 6A and 6B show the DI signal waveform, measured
at the AUI interface. The top trace is the DI waveform

L1, D1
1.00V 100V

Figure 6A: DI (AUI) Rise time <5 ns with Test
Load (Transformer Coupling)

E LEVEL

magnified for rise time measurement and the bottom trace is
the DI signal without magnification. Figures 6A and 6B
were obtained using transformer and capacitor coupling,
respectively.

L1 R 5 s X
1.00V 1.00: ¢

Figure 6B: DI (AUI) Rise time < 5 ns with Test
Load (Capacitor Coupling)
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LDB902 Evaluation/Demonstration Board for the LXT902

End Of Frame

Figures 7A and 7B show the End Of Frame (EOF) pulse
measured at the DI input to the LXT902. The top trace is
the magnification of the end of frame and the bottom trace

Period= 437.212832 ns A
Delay1= 18.600 us

Figure 7A: DI (AUI) End of Frame with Test Load
(Transformer Coupling)

is the original waveform. Figure 7A was obtained using
transformer coupling. Figure 7B was obtained with a
capacitor coupling.

N= 2.00 15

L1 D= 100ns

L1,D1
1.00V i

Period=

:Freq= 2.2341662 MHz 5
: Delay1=5.000 us

Size/div=1.00V

Figure 7B: DI (AUl) End of Frame with Test Load
(Capacitor Coupling)

Demonstration Board Schematic

Figure 8 is a schematic diagram of the LDB902 Evaluation/
Demonstration Board.

6-20
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Figure 8: LDB902 Schematic Diagram
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LDB906 Evaluation/Demonstration Board for the LXT906

LDB906 Demonstration Board
for the LXT906 10Base-T to Coax Adapter

The LDB906 is an Ethernet twisted-pair to coax adapter e« Direct interface to Coax and Twisted-Pair network
board. Itincludes the LXT906 adapter chip, a DP8392 coax segments

transceiver, and all required support components. An exter-

nal power supply is packaged with the board. ¢ RJ45 connector for 10Base T interface

The LDB906 provides LED status lights for link, jabber, ¢ Male BNC for Coax interface
reversed polarity, twisted-pair receive and collision, and
coaxreceive and collision. Control jumpers are provided for
link test disable and for 25 Q termination on the coax side.

Collision detection and propagation

Jumper-selectable link test
The LDB906 functions as a 2-port repeater connecting a
10Base T network segment to a 10Base2 or 10Base5 seg-
ment. Itprovides collision propagation and level translation.

Jumper-selectable 25 Q termination for coax side

* 12 V wall transformer power supply
Coax Interface

The board has a male BNC connector for the coax
interface. The coax can be terminated with a 25 ohm
resistor programmable with a jumper. This is useful
when the LDB906 is used to connect an Ethernet
adapter directly to a 10BaseT network segment. When
the LDB906 is used to interface to a coax segment
which is already terminated, this jumper should not be

.

On-board 5 V and 9 V voltage regulators

Seven LED:s for the following indications:

Name Color  When lightis on :

JAB (D2) Red Jabber is on

LINK (D3) Green 10BaseT link is up

PLR (D4) Red 10BaseT polarity reversed

used. TPRX (D5) Red 10BaseT receive active
TPCX (D6) Amber 10BaseT collision active

An NSC DP8392 coax transceiver is mounted on the CXCX (D7) Amber Coax collision active

demo board, however, the LXT906 functions equally CXRX (D8 Red Coax receive active

well with various other coax transceivers. Refer to the
appropriate coax transceiver data sheet for correct
implementation.

10BaseT Interface

An RJ45 jack and an integrated filter/transformer are
provided for the twisted-pair interface. Suitable filters
are supplied by FilMag, Valor, Pulse Engineering and
Bell Fuse. The 10Base T Link test function is sup-
ported on the board, but disabled when Link jumper
JP2 is inserted.

Power

12 VDC power is provided via a power jack connected
to a wall transformer supplied with the board. Two
voltage regulators, Ul (9V) and U2 (5V), supply chip-
level power for the board.
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LDB906 Evaluation/Demonstration Board for the LXT906

LDB906 Parts List

I 1C C itive C. . inued
Ul ANT7809, 9V voltage regulator C7,C9 1 pF, tantalum
U2 ANT7805, 5V voltage regulator C8 0.33 pF, tantalum
U3 DP8392, Coax transceiver C12,C15 27 pF
U4 PT3877, filter/transformer Cl4 1000 nF, 3 kV
us LXT906, TP - Coax Converter
Miscellaneous Components
Resistive Components - D1 IN916
R1-R4 1.5k Q D2, D4, D5, D8 Miniature red LED
R5,R6 499Q, 1% D3 Miniature green LED
R7 1kQ, 1% D6, D7 Miniature amber LED
R8 . 249Q, 1% X1 20 MHz (* 1%) crystal!
R9 392Q, 1% n RJ45 jack
R10 124k Q, 1% 12 male BNC connector
R11,R12 475Q, 1% J3 power jack
S1 T-resistor, 330 Q network JP1-JP5 jumper
PS1 12 V power supply
Capacitive Components (wall transformer, not shown)
C1-C6, C10, C11, 0.1'uF
C13,Cl16,C17 Note 1. Ceramic resonator can be used in place of crystal.

LDB906 Schematic Diagram
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Package Outlines and Ordering Information

8 pin DIP

Dual In-Line Ceramic Case

Dim. Inches Millimeters
Min Max Min Max
A — 490 — 1245
B — | 300 — | 162 M - ,"'__
C — 230 — 5.84 A.I |
D .014 023 0.36 0.58
F .035 .070 0.76 1.78
G .100 BSC 2.54 BSC
H — .095 — 241
J .008 .015 0.20 0.38
K 125 .200 3.18 5.08
L 290 325 137 8.26
M 0° 15° 0° 15°
N 015 .060 0.38 1.52
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Package Outlines and Ordering Information

16 pin SOP

——B—

\ 2 I N < I I 16
P e
—| |— —
LF D— « ¢
H——»
16-pin Plastic SOP
Dim. Inches Millimeters
' Min Max Min Max
A 396 | 414 10.10 | 10.50
B 291 299 7.39 7.59
C .023 .032 0.58 0.82
D 325 330 8.25 8.38
E .004 012 0.10 0.31
F .093 .104 2.26 2.64
G 050 BSC 1.27BSC
H 394 419 10.00 | 10.60
J .009 .013 0.23 0.33
K 014 019 0.36 048
L 6° Typical
gLEVEL
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Package Outlines and Ordering Information

A 14 and 16 pin DIP

i

14-pin Ceramic DIP 14-pin Plastic DIP
Dim. Inches Millimeters Dim. Inches Millimeters
Min Max Min Max Min Max Min Max
A — .790 — 20.10 A — | 7190 — 20.10
B — .300 — 7.62 B — .300 — 7.62
C — 230 — 5.84 C — .230 — 5.84
D .014 .023 0.36 0.58 D 014 023 0.36 0.58
F .035 .070 0.76 1.78 F .035 .070 0.76 1.78
G .100 BSC 2.54 BSC G .100 BSC 2.54 BSC
H — .095 — 241 H — .095 — 241
J .008 .015 0.20 0.38 J .008 .015 0.20 0.38
K 125 .200 3.18 5.08 K 125 .150 3.18 5.08
L .290 325 737 8.26 L .290 325 737 8.26
M 0° 15° 0° 15° M 0° 15° 0° 15°
N .015 .060 0.38 1.52 N .015 .060 0.38 1.52
16-pin Ceramic DIP 16-pin Plastic DIP
Dim. Inches Millimeters Dim. Inches Millimeters
Min Max Min Max Min Max Min Max
A — .890 — 22.60 A — .890 — 22.60
B — 300 — 7.62 B — 300 — 7.62
C — .230 — 5.84 C — .230 — 5.84
D .014 023 0.36 0.58 D 014 023 0.36 0.58
F .035 .070 0.76 - 1.78 F .035 .070 0.76 1.78
G .100 BSC 2.54 BSC G .100 BSC 2.54 BSC
H — 095 — 241 H — 095 — 241
J .008 .015 0.20 0.38 J .008 015 0.20 0.38
K 125 200 3.18 5.08 K 125 150 3.18 5.08
L .290 325 737 8.26 L 290 325 737 8.26
M 0° 15° 0° 15° M 0° 15° 0° 15°
N 015 .060 0.38 1.52 N .015 .060 0.38 1.52
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Package Outlines and Ordering Information

24 pin DIP

oo oguu

Wl =

Dual In-Line Ceramic Case - 600 mil Dual In-Line Plastic Case - 600 mil

Dim. Inches Millimeters Dim. Inches Millimeters
Min Max Min Max Min Max Min Max

A — 1.290 — 32.77 A | — 1.290 — 32.77
B .500 | .600 12.70 | 1520 B .500 | .600 12,70 | 15.20
C — 230 — 5.84 c | — 230 — 5.84
D | .014 | .023 036 | 058 D | .014 | .23 036 | 0.8
F 035 | 070 076 | 1.78 F 035 | .070 076 | 178
G .100 BSC 2.54 BSC G .100 BSC 2.54 BSC
H | — oo | — | 24 H | — 05| — | 24
J 008 | .015 020 | 038 J 008 | .015 020 | 038
K | .25 | 200 3.18 | 508 K | 125 | .150 318 | 3381
L | .59 | .625 14.99 | 1590 L 590 | 625 14.99 | 15.90
M 0° 15° 0° 15° M | 0° 15° 0° 15°
N | .015 | .060 038 | 152 N | 015 | .060 038 | 152

Dual In-Line Ceramic Case - 300 mil Dual In-Line Plastic Case - 300 mil

Dim Inches Millimeters Dim. Inches Millimeters

Min Max Min Max Min Max Min Max

A — 1.290 — 32.77 A — 1.290 — 32.77
B — 300 — 7.62 B — 300 — 7.62
C — 230 — 5.84 C — 230 — 5.84
D | .014 | .023 036 | 0.58 D | .014 | .023 036 | 0.58
F 035 | .070 076 | 1.78 F 035 | 070 076 | 178
G .100 BSC 2.54 BSC G .100 BSC 2.54 BSC

H — 095 — 241 H — 095 — 241
J 008 | .015 020 | 038 J 008 | .015 020 | 0.38
K | .125 | 200 3.18 | 5.08 K | .125 | .150 3.18 | 381
L | 290 | 325 737 | 826 L | 290 | .325 737 | 826
M 0° 15° 0° 15° M| 0 15° 0° 15°
N [.015 | 060 | 038 | 152 N | .015 | .060 038 | 1.52

91 EVEL
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Package Outlines and Ordering Information

T

28 and 40 pin DIP

28 pin Plastic DIP

28 pin Ceramic DIP
Dim. Inches Millimeters
Min Max Min Max
A — 1.490 — 37.85
B 500 | .600 12,70 | 15.20
C — .230 - 5.84
D .014 023 0.36 0.58
F .035 .070 0.76 1.78
G .100 BSC 2.54 BSC
H — .095 — 241
J .008 .015 0.20 '0.38
K 125 200 3.18 5.08
L .590 625 1499 | 15.90
M 0° 15° 0° 15°
N 015 .060 0.38 1.52
40 pin Ceramic DIP
Dim. Inches Millimeters
Min Max Min Max
A — 2.090 — 53.09
_ B .500 .600 12.70 | 15.20
C — .230 — 5.84
D .014 .023 0.36 0.58
F .035 .070 0.76 1.78
G .100 BSC 2.54 BSC
H — .095 — 241
J .008 015 0.20 0.38
K 125 .200 3.18 5.08
L 590 .625 14.99 | 15.90
M 0° 15° 0° 15°
N .015 .060 0.38 1.52

LEVEL
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Dim. Inches Millimeters
Min Max Min Max
A — 1.490 — 37.85
B .500 .600 12.70 | 15.20
C — .230 — 5.84
D 014 023 0.36 0.58
F .035 .070 0.76 1.78
G .100 BSC 2.54 BSC
H — .095 —- 241
J .008 015 0.20 0.38
K 125 .150 3.18 3.81
L 590 .625 14.99 15.90
M 0° 15° 0° 15°
N 015 .060 0.38 1.52
40 pin Plastic DIP
Dim. Inches Millimeters
Min Max Min Max

A — 2.090 — 53.09
B .500 .600 12.70 | 15.20
C — .230 — 5.84
D 014 .023 0.36 0.58
F 035 070 0.76 1.78
G .100 BSC 2.54 BSC
H — .095 — 241
J .008 .015 0.20 0.38
K 125 .150 3.18 3.81
L .590 .625 14.99 | 15.90
M 0° 15° 0° 15°
N 015 .060 0.38 1.52




Package Outlines and Ordering Information

28 and 44 pin PLCC

A rm o ri

O

> (4K

i Smr

TR

A mre

A GF M
< B >
28-pin Plastic Leaded Chip Carrier 44-pin Plastic Leaded Chip Carrier
Dim. Inches Millimeters Dim. Inches “Millimeters
Min Max | Min | Max Min Max | Min Max
A | 20 | 310 ] 737 | 187 A | 49 | .510 1245| 1295
B | 450 | 456 1143 1158 B | .650 | .656 16.51 | 16.66
c | o6 | 032 066 | 081 C | .26 | .032 066 | 081
D | .050BSC 127BSC D | .050BSC 127 BSC
F 090 | .120 227 | 3.05 F | .090 | .120 227 | 305
G | .02 — 0.51 — G | .020 — 0.51 —
H | 390 | 430 991 | 1092 H | .50 | .630 1499 ] 16.00
J 485 | 495 1232] 1257 J 685 | .695 1740| 17.65
K | .018 | .02 046 | 0.56 K | 018 | .02 046 | 056
L | 165 | .180 | 420 | 457 L | .165 | .180 420 | 457
M| 013 | 021 | 033 ] 053 M| 013 | o1 | 033 ] 053

®LEVEL
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Package Outlines and Ordering Information

64 pin TQFP

le A >
|<————B ———ﬂ
' A
A
=
)
—
— |
—
— )
—C D
=
—
—
y
uouutonoooaoroTn v
64-pin Thin Quad Flat Pack
Dim. Inches Millimeters
Min Max Min Max
A 461 484 11.7 123
B 390 .398 9.9 10.1
C .390 .398 9.9 10.1
D 461 484 11.7 123
E .012 .028 0.30 0.70
F .006 .010 0.14 0.26
G .016 024 0.40 0.60
H 051 061 1.29 1.55
J .002 .006 0.04 0.16
K 004 .007 0.11 0.18

c

ONE ¢
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Package Outlines and Ordering Information

68 pin PLCC

Mmririr
-4
o
T
=

)

eyl

—|E}w— GIE FRONT

— Y A
J K
~
—E]| IQmGHT J
1 _LAK
J y
N

68 pin Plastic Leaded Chip Carrier

Dim. Inches Millimeters
Min | Max Min Max

A 985 | .995 25.02 | 25.27

B 950 | .958 24.13 | 24.33

C .800 Nominal | 20.32 Nominal

D .050 Basic 1.27 Basic

E 026 .032 .66 81

F 013 .021 .33 .53

G .890| .930 22.61 | 23.62

H 020] - 51 =

J .090| .130 2.29 3.30

K .165 | .200 4.20 5.08

7-8
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Package Outlines and Ordering Information

=
1>
R

Ordering Information

XXXX

OS0WOrUveZ

=Sm—0

Temperature Range:

commercial range (0° to 70° C)
industrial range (-25°to +85° C)
extended range (-40°to +85° C)

military specifications (-55° to +125° C)

Zm= 0

Package Type:
Plastic Dual In-line Package (DIP)
Ceramic DIP

Plastic Leaded Chip Carrier (PLCC)
Thin Quad Flat Pack (TQFP)

Quad Flat Pack (QFP)

Plastic Small Outline Package (SOP)

O - Y- Z
T TR TR TR

| Product ID: 3-5 alpha-numeric digits

Product type:

T = transceivers

P = peripherals
C =crystals

Level One Communications ID
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Level One Sales Locations

LeveI One Sales Locatlons

105 Lake Forest Way
Folsom, California 95630
Telephone: (916) 985-3670
Fax: (916) 985-3512

Alabama

M Squared, Inc.

1910 Sparkman Drive
Huntsville, Alabama 35816
Phone (205) 830-0498

Fax (205) 837-7049

Arizona

Reptronix, Ltd.

1661 E. Camelback Road, Suite 285
Phoenix, Arizona 85016
Telephone: (602) 230-2630

Fax: (602) 230-7730

Arkansas

Mil-Rep Associates, Inc.

1701 N. Greenville Ave., #1008
Richardson, Texas 75081
Telephone: (214) 644-6731
Fax: (214) 644-8161

California

Trinity Technologies, Inc.
1261 Oakmead Parkway
Sunnyvale, California 94086
Telephone: (408) 733-9000
Fax: (408) 733-9970
Northern California

First Rep

143 Triunfo Canyon Rd., #222
Westlake Village, California 91361
Telephone: (805) 373-0887

Fax: (805) 495-1317

Southern California

except San Diego

S C Cubed, Inc.

5060 Shoreham Place, #200
San Diego, California 92122
Telephone: (619) 458-5808
Fax: (619) 458-5823

San Diego

Colorado

Thorson Rocky Mountain, Inc.
7108 D South Alton Way, Suite A
Englewood, CO 80112
Telephone: (303) 773-6300
Fax: (303) 773-6302

Connecticut

NRG Limited

63 Duka Avenue

Fairfield, CT 06430
Telephone: (203) 384-1112
Fax: (203) 335-2127

Delaware

Third Wave Solutions, Inc.
8335H Guilford Road
Columbia, Maryland 21046
Telephone: (410) 290-5990
Fax: (410) 381-5846

District of Columbia

Third Wave Solutions, Inc.
8335H Guilford Road
Columbia, Maryland 21046
Telephone: (410) 290-5990
Fax: (410) 381-5846
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Level One Sales Locations

Florida

EIR, Inc.

1057 Maitland Center Commons
Maitland, Florida 32751
Telephone: (407) 660-9600
Fax: (407) 660-9091

Georgia

M Squared, Inc.

3000 Northwoods Pkwy, Ste 110
Norcross, Georgia 30071

Phone (404) 447-6124

Fax (404) 447-0422

Illinois

Beta Technology Sales, Inc.
1009 Hawthorn Drive
Itasca, Illinois 60143
Telephone: (708) 250-9586
Fax: (708) 250-9592
Northern Illinois

QDC

8204 W. 100th Terrace
Overland, Kansas 66212
Telephone: (913) 341-2214
Fax: (913) 642-5841
Southern Illinois

Indiana

STB & Associates

1980 E. 116th Street, Suite 120-A
1980 Stratford Center

Carmel, Indiana 46032
Telephone: (317) 844-9227

Fax: (317) 844-1904

Iowa

QDC

8204 W. 100th Terrace
Overland, Kansas 66212
Telephone: (913) 341-2214
Fax: (913) 642-5841

Kansas

QDC

8204 W. 100th Terrace
Overland, Kansas 66212
Telephone: (913) 341-2214
Fax: (913) 642-5841

Louisiana

Mil-Rep Associates, Inc.
6111 FM1960 W, #213
Houston, Texas 77069
Telephone: (713) 444-2557
Fax: (713) 444-2751

Maine

New Tech Solutions, Inc.

111 South Bedford St., Suite 102
Burlington, Massachusetts 01803
Telephone: (617) 229-8888
Fax: (617) 229-1614

Maryland

Third Wave Solutions, Inc.
8335H Guilford Road
Columbia, Maryland 21046
Telephone:  (410) 290-5990
Fax: (410) 381-5846

Massachusetts

New Tech Solutions, Inc.

111 South Bedford St., Suite 102
Burlington, Massachusetts 01803
Telephone: (617) 229-8888
Fax: (617) 229-1614

Michigan

Horizon Technical Sales
240 James Street
Bensenville, IL 60106
Telephone: (708) 860-7900
Fax: (708) 350-2836

Minnesota

Russell and Associates

8030 Cedar Avenue South, Ste 114
Minneapolis, Minnesota 55420

Telephone: (612) 854-1166

Fax: (612) 854-6799
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Level One Sales Locations

Missouri

- QDC

8204 W. 100th Terrace
Overland, Kansas 66212
Telephone: (913) 341-2214
Fax: (913) 642-5841

Nebraska

QDC

8204 W. 100th Terrace
Overland, Kansas 66212
Telephone: (913) 341-2214
Fax: (913) 642-5841

New Hampshire

New Tech Solutions, Inc.

111 South Bedford St., Suite 102
Burlington, Massachusetts 01803
Telephone: (617) 229-8888
Fax: (617) 229-1614

New Jersey

S-J Mid- Atlantic, Inc.

131-D Gaither Drive

Mt. Laurel, New Jersey 08054
Telephone: (609) 866-1234

Fax: (609) 866-8627

South Jersey (within area code 609)

S-J Associates, Inc.

265 Sunrise Highway

Rockville Centre, New York 11570
Telephone: (516) 536-4242

Fax: (516) 536-9638

North Jersey (within area code 201)

New Mexico

Reptronix, Inc.

237-C Eubank Boulevard
Albuquerque, New Mexico 87123
Telephone: (505) 292-1718

Fax: (505) 299-1611

New York

S-J Associates, Inc.

265 Sunrise Highway

Rockville Centre, New York 11570
Telephone: (516) 536-4242

Fax: (516) 536-9638

S-J Upstate New York

3547 West Lake Road
Canandaigua, New York 14424
Telephone: (716) 394-3281
Fax: (716) 394-1139

North Carolina

M Squared, Inc.

1200 Trinity Road

Raleigh, North Carolina 27607
Telephone: (919) 851-0010
Fax: (919) 851-6620

North Dakota

Russell and Associates

8030 Cedar Avenue South, Ste 114
Minneapolis, Minnesota 55420
Telephone: (612) 854-1166

Fax: (612) 854-6799

Ohio

S-J Associates, Inc.

6809 Night Vista Drive
Parma, Ohio 44129
Telephone: (216) 888-7004
Fax: (216) 888-7010

S-J Associates, Midwest

7760 Olentangy River Rd., Suite 119
Columbus, Ohio 43235

Telephone: (614) 885-6700

Fax: (614) 885-6701

Oklahoma

Mil-Rep Associates, Inc.

1701 N. Greenville Ave., #1008
Richardson, Texas 75081
Telephone: (214) 644-6731
Fax: (214) 644-8161




Level One Sales Locations

Oregon

Matrex Marketing & Sales
11140 S.W. Pacific Highway
Portland, Oregon 97219
Telephone: (503) 245-8080
Fax: (503) 246-1848

Pennsylvania

S-J Mid-Atlantic, Inc.

131-D Gaither Drive

Mt. Laurel, New Jersey 08054
Telephone: (609) 866-1234

Fax: (609) 866-8627

Philadelphia & within area code 215

Puerto Rico

EIR, Inc.

1057 Maitland Center Commons
Maitland, Florida 32751
Telephone: (407) 660-9600
Fax: (407) 660-9091

Rhode Island

- New Tech Solutions, Inc.

111 South Bedford St., Suite 102
Burlington, Massachusetts 01803
Telephone: (617) 229-8888
Fax: (617) 229-1614

South Dakota

Russell and Associates

8030 Cedar Avenue South, Ste 114
Minneapolis, Minnesota 55420
Telephone: (612) 854-1166

Fax: (612) 854-6799

Tennessee

M Squared, Inc.

1910 Sparkman Drive
Huntsville, Alabama 35816
Phone (205) 830-0498

Fax (205) 837-7049

Texas

Mil-Rep Associates, Inc.
9430 Research Boulevard
Building IV, Suite 140
Austin, Texas 78759
Telephone: (512) 346-6331
Fax: (512) 346-1975

Mil-Rep Associates, Inc.
6111 FM1960 W, #213
Houston, Texas 77069
Telephone: (713) 444-2557
Fax: (713) 444-2751

Mil-Rep Associates, Inc.
1755 N. Collins, # 215
Richardson, Texas 75080
Telephone: (214) 644-6731
Fax: (214) 644-8161

Utah

Thorson Rocky Mountain, Inc.
1831 E. Fort Union Blvd., #103
Salt Lake City, UT 84121
Telephone: (801) 942-1683
Fax: (801) 942-1694

Vermont

New Tech Solutions, Inc.

111 South Bedford St., Suite 102
Burlington, Massachusetts 01803
Telephone: (617) 229-8888

Fax: (617) 229-1614

Virginia

Third Wave Solutions, Inc.
8335H Guilford Road
Columbia, Maryland 21046
Telephone: (410) 290-5990
Fax: (410) 381-5846

Washington

Matrex Marketing & Sales
4675 150th Place S.E.
Bellevue, Washington 98006
Telephone: (206) 643-0363
Fax: (206) 746-3672

$LEVEL
LLIONE ®
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Wisconsin

Beta Technology Sales, Inc.
9401 W. Beloit Rd. Suite 409
Milwaukee, Wisconsin 53227
Telephone: (414) 543-6609
Fax: (414) 543-9288

Eastern Wisconsin

Russell and Associates

8030 Cedar Avenue South, Ste 114
Minneapolis, Minnesota 55420
Telephone: (612) 854-1166

Fax: (612) 854-6799

Western Wisconsin
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British Columbia

Electro Source, Inc.

6875 Royal Oak Avenue

Burnaby, British Columbia V5J 4J3
Telephone: (604) 435-2533

Fax: (604) 435-2538

Ontario

Electro Source, Inc.

300 March Road, Suite 203
Kanata, Ontario K2K 2E2
Telephone: (613) 592-3214
Fax: (813) 592-4256

Electro Source, Inc.

230 Galaxy Boulevard
Rexdale, Ontario M9W 5R8
Telephone: (416) 675-4490
Fax: (416) 675-6871

Quebec

Electro Source, Inc.

6600 Trans-Canada Highway, # 420
Point Claire, Quebec HOIR 4S2
Telephone: (514) 630-7486

Fax: (514) 630-7421
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Alabama

Pioneer Technologies Group
4835 University Square, #5
Huntsville, Alabama 35816
Telephone: (205) 837-9300
Fax: (205) 837-9358

Arizona

Added Value Electronics Distribution, Inc.

7741 E. Gray Rd., Suite #9
Scottsdale, Arizona 85260
Telephone: (602) 951-9788
Fax: (602) 951-4182

California (Southern)

Added Value Electronics Distribution, Inc.

5752 Oberlin Drive, Suite 105
San Diego, California 92121
Telephone: (619) 558-8890
Fax: (619) 558-3018

Added Value Electronics Distribution, Inc.

14192 Chambers Road
Tustin, California 92680
Telephone: (714) 573-5000
Fax: (714) 573-5050

Added Value Electronics Distribution, Inc.

1545 E. Acequia, Suite A
Visalia, California 93291
Telephone: (209) 734-8861
Fax: (209) 734-8865

California (Northern)
Merit Electronics

2070 Ringwood Avenue
San Jose, California 95131
Telephone: (408) 434-0800
Fax: (408) 434-0935

Colorado

Added Value Electronics Distribution, Inc.

4090 Youngfield Street

Wheat Ridge, Colorado 80033
Telephone: (303) 422-1701
Fax: (303) 422-2529
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Connecticut

Phase 1 Technology Corporation
36A Padanaram Road

Danbury, Connecticut 06811
Telephone: (203) 791-9042

Fax: (203) 790-6128

Florida

Pioneer Technologies Group

337 S. Northlake Blvd., #1000
Altamonte Springs, Florida 32701
Telephone: (407) 834-9090

Fax: (407) 834-0865

Pioneer Technologies Group
674 South Military Trail
Deerfield Beach, Florida 33442
Telephone: (305) 428-8877
Fax: (305) 481-2950

Georgia

Pioneer Technologies Group
4250 C Rivergreen Parkway
Duluth, Georgia 30136
Telephone: (404) 623-1003
Fax: (404) 623-0665

Ilinois

Components, Inc.

1989 J University Lane
Lisle, Illinois 60532
Telephone: (708) 852-7707
Fax: (708) 852-0263

Maryland

Pioneer Technologies

9100 Gaither Road
Gaithersburg, Maryland 20877
Telephone: (301) 921-0660
Fax: (301) 921-4255

Massachusetts

North Star Electronics

100 Research Drive

Wilmington, Massachusetts 01887
Telephone: (508) 657-5155

Fax: (508) 657-6559
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Minnesota

Voyager Electronics Corporation
5201 East River Road, Suite 303
Fridley, Minnesota 55421
Telephone: (612) 571-7766

Fax: (612) 571-9519

New Jersey

GCI Corporation

245-D Clifton Avenue

West Berlin, New Jersey 08901
Telephone: (609) 768-6767
Fax: (609) 768-3649

Phase 1 Technology Corporation
295 Molnar Drive

Elmwood Park, New Jersey 07407
Telephone: (201) 791-2990

Fax: (201) 791-2552

New York

Phase 1 Technology Corporation
46 Jefryn Boulevard

Deer Park, New York 11729
Telephone: (516) 254-2600

Fax: (516) 254-2695

North Star Electronics

30 Wilshire Road

Rochester, New York 14618
Telephone: (716) 244-9846
Fax: (716) 244-9846

North Carolina
Pioneer Technologies Group

2200 Gateway Centre Blvd., Ste. 215

Morrisville, North Carolina 27560
Telephone: (919) 460-1530
Fax: (919) 460-1540
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Texas

LCD Electronics, Inc.

1411 LeMay Drive, Suite 107
Carrollton, Texas 75007
Telephone: (214) 245-0600
Fax: (214) 245-0342

Utah

AVED Inc.

1836 Parkway Blvd.

West Valley City, Utah 84119
Telephone: (801) 975-9500
Fax: (801) 977-0245

Valtrie Marketing, Inc.

226 Galaxie Boulevard
Rexdale, Ontario M9W 5R8
Telephone: (416) 798-2555
Fax: (416) 798-2560

Western Area

1999 S. Bascom Ave, Suite 700
Campbell, California 95008
Telephone: (408) 879-2627
Fax: (408) 377-8876

Central Area

2340 E. Trinity Mills Rd., Suite 306
Carrollton, Texas 75006
Telephone: (214) 418-2956

Fax: (214) 418-2985

Southeastern Area

9240 SW 72nd St., Suite 211
Miami, Florida 33173
Telephone: (305) 271-3577
Fax: (305) 271-3381

Northeastern Area

6 New England Executive Park, Suite 400
Burlington, Massachusetts

Telephone: (617) 229-7320

- Fax: (617) 229-7369
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Level One Sales Locations

Level One Europe Headquarters
3 chemin du Magdelon

37380 Crotelles, France -
Telephone: (33) 47 55 08 80

Fax: (33) 47 5506 32

Austria

Austria Mikro Systeme Int'l AG
Schloss Premstitten

A-8141 Unterpremstiitten, Austria
Telephone: (43) 03136-500

Fax: (43) 03136-500 491

Belgium

Tekelec Belgium N. V.

- Bergensesteenweg 501
B-1500 Halle, Belgium’

Telephone: (32) 2-360-1288

Fax: (32) 2-360-3807

Belgium & Luxembourg

England
- Sales Representatives
Cedar Technologies
The Old Water Works
Howes Lane, Bicester Oxfordshire OX6 8XF
England
Telephone: (44) 869 322366
Fax: (44) 869 322377

Cedar Technologies

62 The Muirs, Kinross
KY13 7AU England
Telephone: (44) 577 864441
Fax: (44) 577 864882

- Distributors

Silicon Concepts Ltd.

PEC Lynchborough Rd, Passfield
Hampshire, GU30 7SB England
‘Telephone: (44) 428 751617
Fax: (44) 428 751603
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England

- Distributors (continued)
Silicon Concepts Ltd. -
Meridale, Welsh Street
Chepstow, Gwent

NP6 5LR England
Telephone: (44) 291 62 4101
Fax: (44) 291 62 9878

France
- Sales Representative

‘Reptronics, sa

1 Bis, Rue Marcel Paul

Bat. B, Z.I La Bonde

91300 Massy, France
Telephone: (33) 1-60-13-9300
Fax: (33) 1-60-13-9198

- Distributor

AVNET Composants

79, Rue Pierre-Sémard - B.P. 90
92322 Chatillon Cedex, France
Telephone: (33) 1-49-65-25-00
Fax: (33) 1-49-65-25-39

Germany

- Sales Representatives
Topas Electronic
Striehlstrasse 18

30159 Hannover, Germany
Telephone: (49) 511-131217
Fax: (49) 511-131216

Topas Electronic

Max Weber Strasse 16
D-2085 Quickborn, Germany
Telephone: (49) 4106-73097
Fax: (49) 4106-73378

- Distributors

Scantec

Behringstrasse 10

82152 Planegg, Germany
Telephone: (49) 89-8598021
Fax: (49) 89-8576574
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Germany

- Distributors (continued)
Scantec

Fliedersteig 28

8501 Ruckersdorf, Germany
Telephone: (49)911-579529
Fax: (49) 911-576829

Scantec

Tannenberg Str. 103

73230 Kirchheim/Teck, Germany
Telephone: (49) 7021-83094
Fax: (49) 7021-82568

Italy

Consystem

Viale Lombardia 20

20095 Cusano Milanino, Italy
Telephone: (39) 2664 00153
Fax: (39) 2664 00339

Netherlands

Tekelec Airtronic

P.0O. Box 63, Industrieweg 8A
2712 LB, Zoetermeer, Netherlands
Telephone: (31) 79-310100

Fax: (31) 79-417504

Portugal

- Sales Representative
Componenta, LDA

R. Luis de Camoes, 128
1300 Lisboa, Portugal
Telephone: (351) 1-3621283
Fax: (351) 1-3637655

- Distributor

Amitron-Arrow Electronica LDA
Quinta Grande, Lote 20
Alfragide

2700 Amadora, Portugal
Telephone: (351) 1-4714806
Fax: (351) 1-4710802
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Spain

Amitron

Avenida De Valladolid, 47D
28008 Madrid, Spain
Telephone: (34) 1 54209 06
Fax: (34) 1 559 0809

Switzerland

Eurodis Primotec AG
Téafernstrasse 37

CH-5405 Baden-Dittwil
Telephone: (41) 56-84 01 71
Fax: (41) 56-83 34 54

Turkey

- Sales Representative

Inter Miihendislik Danismanlik
vd Ticaret, A.S.

Hasircibasi Caddesi No: 55
81310 Kadikdy, Istanbul, Turkey
Telephone: (90) 1-349 9400
Fax: (90) 1-349-9430

- Distributor

INTEREX

1291 E. Hillsdale Blvd, # 203A
Foster City, CA 94404 USA
Telephone: (415) 574-0767
Fax: (415) 574-3764

Scandinavia
Sales Representative
RepDelco A/S
Titangade 15
DK-2200 Copenhagen N, Denmark
Telephone: (45) 3582 1200
Fax: (45) 3582 1205

Distributors

Denmark

E.V. Johanssen Elektronik A/S
Titangade 15

DK-2200 Copenhagen N, Denmark
Telephone: (45) 31 83 90 22

Fax: (45)31839222
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Finland

Komdel OY/Bexab Finland OY
Sinimdentie 10C, PL 51

02631 Espoo, Finland
Telephone: (358) 0 502 3200
Fax: (358) 0 502 3294

Norway

Bexab Norge A/S

Slynga 2, Box 3

2001 Lillestrom, Norway
Telephone: (47) 63 83 3800
Fax: (47) 63 83 2007

Sweden

Bexab Sweden AB
Kemistvigen 10A, Box 523
S-183 25 Tiby, Sweden
Telephone: (46) 8 630 88 00
Fax: (46) 8 73270 58

S.EA. & R.O.W.
Level One S.E.A / R.O.W. Headquarters
105 Lake Forest Way
Folsom, California 95630
Telephone: (916) 985-3670
Fax: (916) 985-3512

Australia

Multi Electronics

47 Talavera Road

North Ryde, NSW, Australia 2113
Telephone: (61) 2-805-1055

Fax: (61) 2-805-0583

China
Leadertronics Company

Room 401, Aviation Science & Technology Bldg.

45 Caoxi Bei Road

Shanghai, P.R.C. 200030
Telephone: (21) 439-7490, Ext. 541
Fax: (21) 438-9955

India

Interex India

1372 A 31st "B" Cross

4th "T" Block, Jayanagar
Bangalore 560 041, India
Telephone: (91) 80-6-647-770
Fax: (91) 80-6-663-2703
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Hong Kong

Leadertronics Company

Unit 1706-07, 17/F, Hewlett Centre
52-54 Hoi Yuen Road,

Kwun Tong, Kowloon, Hong Kong
Telephone: (852) 389-0800

Fax: (852) 797-8429

Israel

Seg Tec :

3 Hametsuda Street, Industrial Park
Azur 58001, Israel

Telephone: (972) 3-556-7458
Fax: (972) 3-556-9490

Japan

Macnica

Hakusan High-tech Park

1-22-2 Hakusan-cho, Midori-ku
Yokohama, 226 Japan
Telephone: (81) 45-939-6140
Fax: (81) 45-939-6141

Korea

Sunin Technology Inc.

Room 1901, SAMKOO Building,
16-49 HANKANGRO-3KA
Seoul, Korea

Telephone: (82) 2-705-0852
Fax: (82) 2-705-0856

Singapore

Serial System PTE Ltd

11, Jalan Mesin, #06-00

Standard Industrial Building,
Singapore 1336

Telephone: (65) 2800 200

Fax: (65) 2861 812; (65) 2866 723

Taiwan

Jeritronics, Ltd.

Floor 7B, No. 267, Sec. 3
Cheng-Teh Road

Taipei, Taiwan, ROC
Telephone: (886) 2-5851636
Fax: (886) 2-5864736

Rest of World

INTEREX

1291 E. Hillsdale Blvd, # 203A

Foster City, California 94404 USA

Telephone: (415) 574-0767

Fax: (415) 574-3764 QLEVEL
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