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INTRODUCTION TO TELECOMMUNICATION PRODUCTS

Advanced Micro Devices supplies system solutions for your telecommunications applications. AMD provides custom-
ers with the most advanced integrated circuits, together with the software and development tools necessary for
keeping pace with the ongoing revolution in telecommunications. AMD telecommunication products support applica-
tions ranging from switches for the analog telephone network to terminals for the Integrated Services Digital Network
(ISDN).

Analog Subscriber Solutions

AMD has established a leadership position in the telephone switching equipment marketplace with the Subscriber
Line Interface Circuit (SLIC) and Subscriber Line Audio-Processing Circuit (SLAC™ and DSLAC™) products. These
components are used in telephone Central Office Exchanges and PBXs around the world and are used in some of the
most sophisticated Central Office Exchanges available today.

AMD’s many evaluation boards, software packages, kits, and extensive documentation allow quick evaluation of the
SLIC/SLAC and DSLAC circuit's performance and features, and fast time-to-market for linecard applications.

ISDN Solutions

ISDN is the standard for the conversion of the world telephone network to an integrated, public digital network for both
voice and data. ISDN technology is being implemented and tested in many parts of the world, and its use will acceler-
ate as the speed and cost advantages of digital communications become readily apparent. The ISDN network will
provide a multitude of new services through simultaneous transmission and reception of voice, data, and video overa
common network.

AMD’s Am79C30A Digital Subscriber Controller™ ISDN circuit provides maximum functional integration consistent
with international standards. It is the world’s first ISDN terminal circuit that can be used to build ISDN telephones and
terminals that conform to CCITT power specifications. This circuit, combined with EPROM, SRAM, a microcontroller,
and a power controller, are all that is needed for a basic CCITT power-compliant telephone or terminal. AMD’s ISDN
development boards and support software guide the user through each step of the ISDN product development
process, significantly reducing time-to-market.

AMD’s Complete Offering

The telecommunication function is just one of the areas where AMD can aid design efforts. AMD is also a leading

supplier of programmable logic devices, high-performance memories, the CISC and RISC processors, and related
peripherals.

AMD has developed more solutions than anyone else for getting applications to market faster with programmable
logic. AMD offers the broadest, best-supplied line of programmable logic devices in the industry.

AMD’s total system solution for managing high-performance dynamic memories offers flexibility, integration, and per-
formance with the industries fastest 32- and 16-bit error detection and correction circuits and the most flexible DRAM
controllers and drivers. AMD is a pioneer in the field of specialty memory devices with an extensive line of bipolar and
CMOS FIFOs. AMD also supplies a broad range of EPROM and SRAM products.

AMD'’s Embedded Processor Division supplies 8- and 16-bit microcontrollers as well as bit block and field programma-
ble controllers. This group also manufacturers the high-performance Am29000™ Family of 32-bit RISC processors.
AMD also offers a line of iAPX microprocessors and related peripherals from the 8088 to the high-performance
Am386™ microprocessor.
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INTRODUCTION TO SLIC PRODUCTS

AMD’s Subscriber Line Interface Circuit (SLIC) products perform the telephone line interface functions required by
most types of telephone switching and transmission equipment. In addition to supporting the BORSCHT functions
(Battery Feed, Overvoltage protection, Ringing, Supervision, Coding, Hybrid and Test), the AMD SLIC Family offers
such features as current limiting, on-hook transmission, polarity reversal, tip-open mode for ground start signaling,
ground- key detection, and ground-key filtering.

SLICs optimize linecard costs by minimizing the number of components needed per line, by minimizing the
board space requirements, and by supporting automated manufacturing techniques not supported by alternative
technologies.

SLIC Types

AMD’s SLIC products are designed to address a number of different applications including:

¢ Central Office Switches,
o Private Branch Exchanges (PBXs) and Key Systems,
» Digital Loop Carriers (DLCs), Muttiplexers, Channel Banks, and Fiber-In-The-Loop (FITL) equipment.

SLICs intended primarily for Central Office applications are offered and comply with the most stringent standards set
by the CCITT, Bellcore, and/or British Telecom. Central Office SLICs also incorporate a self-adjusting switching regu-
lator to reduce power consumption to a minimum and enhance system reliability. Constant current feed SLICs, con-
stant voltage feed SLICs, and versions of each SLIC that supports metering are offered in a variety of configurations
and package types.

AMD also offers SLICs optimized for other switching applications such as PBXs. These SLICs are specified and tested
to meet the requirements of both the EIA/TIA-464-A and ETS| TE10-02 PBX standards. They have a wider battery
operating range than the Central Office SLICs and will operate with either 24- or 48-V batteries. Also, the switching
regulator function is either not offered or is optional, saving the cost of a few external components in applications
where power control into short loops is unnecessary.

Both Central Office and PBX SLICs support on-hook transmission and offer extended temperature performance, mak-
ing either type ideal for Digital Loop Carrier and Multiplexer applications. SLICs from both Central Office and PBX
families are offered that comply with Bellcore’s TR-TSY-000057 Specification for DLCs, and TR-909 for FITL.

Performance grades are offered for all AMD SLICs that support the various idle channel noise and longitudinal balance
specifications worldwide.

SLIC Functions

The signal transmission functions of all AMD SLICs include both two-to-four wire and four-to-two wire conversion. The
two-wire termination impedance is programmed with a single external impedance. The companion AMD SLAC or
DSLAC IC (Single- or Dual-Channel Subscriber Line Audio-Processing Circuit) has a digital balancing filter that pro-
vides the trans-hybrid loss function. if the DSLAC device is not used, most codec/filters provide an uncommitted
op amp for this purpose.

The SLIC’s battery feed architecture makes the DC feed characteristics programmable by external resistors. Further-
more, these characteristics are independent of battery variations. AMD’s PBX SLICs can operate from below 24 V to
above 48 V, while the Central Office SLICs are optimized for 48-V operation.

A polarity reversal function is provided on most SLICs whichtransposes the voltage applied to the A(TIP) and B(RING)
leads with a controlled transition time. All transmission functions continue normally following the transition. A disable
mode is also provided, limiting loop current and cutting power dissipation while allowing the full complement of super-
visory functions to be utilized.

SLIC Products 1-3
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The supervisory functions of off-hook detection and ring-trip detection are read through a single, TTL-compatible
output. To eliminate noise-induced errors, the off-hook signal may be filtered before being detected. Off-hook detec-
tion has athreshold that is set by the value of an external resistor. Additional supervisory controls putthe A leadinto an
open circuit (high impedance) state suitable for application in ground-start systems. Similarly, both the A and B leads
may be open circuited to clear relays, recoverfrom line faults, or turn off out-of-service lines. Two relay drivers support
ring and test relay functions, or can be used for other functions such as a message-waiting lamp.

The SLIC’s user-programmable states are cbntrolled by a TTL-compatible code. The control inputs are designed to

easily interface to popular single-chip microcontrollers, such as the industry standard 8051, or to latched outputs from
a SLAC or DSLAC device.

1-4 SLIC Introduction
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PRODUCT SELECTOR GUIDE

The following selector chart shows the most commonly used AMD SLIC types offered at the time of publication. SLIC
part numbers are shown at the top of the chart and are referenced to the principal SLIC characteristics and features on
the left. Use this selection chart to identify a SLIC that meets the general needs of a specific application, thenturnto the
appropriate data sheet for detailed information. If there is no SLIC that meets these specific requirements, contact
the local AMD sales office or the AMD Communication Products Division for information on new SLIC product
offerings or other assistance.

Bond-Out Options

Some of the Central Office SLICs are offered in a number of different bond-out options. These SLICs are the
Am7953n, Am7957n, Am79M53n, and Am79M57n, where the n is a number indicating the bond-out option used.
Generally, the bond-out options are as follows.

n=0 indicates that both EO and E1 functions are present, with one relay driver and no ground-key filter.
n=1 indicates that both E0 and E1 functions are present, with a ground-key filter and one relay driver.
n=2 indicates that the E1 function only is present, with two relay drivers.

n=3 indicates that the EO function only is present, with two relay drivers.

n=4 indicates that both EO and E1 functions are present, with two relay drivers (32-pin PLCC package).

n=5indicates that both E0 and E1 functions are present, with a ground-key filter pin and one relay driver (32-pin PLCC
package).

All these SLIC versions are potentially available, but not all are presently in production. Versions that are in volume
production are indicated in the chart. If a specific bond-out configuration is not indicated to be in production, please
contact AMD’s Communication Products Division or the local AMD Sales Office.

Performance Grades

Each of the devices shown on the selector chart is offered in standard, —1, and -2 performance grades. Enhanced
performance is specified in the following areas:

» Analog output DC offset

Longitudinal balance

Gain flatness and tracking

Idle channel noise

» Power supply rejection ratio

o Power dissipation

The -2 petformance grade has the same performance as the —1 grade except where noted. See the individual prod-
uct's data sheet for more information. The —2 performance grade SLICs have also been characterized for extended
temperature performance. See the SLIC Extended Temperature Supplement for information on industrial tempera-
ture range (—40°C to +85°C) specifications.

SLIC Products 1-5
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Selector Chart
Possible SLIC Products
Am7953n Am7957n | Am7958 | Am79M53n [Am79M57n |Am79HMS3| Am7942 |Am7943
n= n= n=
1] 4 11314 1 o] 4
Functions
Constant Current Feed ol e . . . .
Constant Resistance Feed ol o] e . o] o
2.2-V Metering . ef o
5-V Metering .
Switching Regulator LI ) s|eo|e . . o | o U] Option
DET Enable Bit, EO o | e oo e . . ° . . JC only
GND Key Select Bit, E1 o | o . . . . o | o . ° JC only|
GND Key Filter Pin ° . . .
Ring Relay Driver o | e BEEEK . . o] o ° . .
Test Relay Driver . o | o | JConly ° JC only | JC only
Packaging
28-pin DIP . ol e . . . . °
22-pin DIP .
32-pin PLCC . . . ) . ) .
1-6 Product Selector Guide
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SLIC FAMILY FUNCTIONAL DESCRIPTION

The internal operation of the AMD Family of Subscriber
Line Interface Circuits is summarized in the Block Dia-
gramin each ofthe SLIC Family data sheets. The follow-
ing sections describe in detail the operation of each
block in these diagrams.

Two-Wire Interface

The function of the two-wire interface is to provide DC
current and to send voice signals to a telephone appara-
tus connected to the central office with a two-wire line.
The two-wire interface also receives the returning voice
signals from the telephone transmitter.

The two-wire interface (see Figure 1) consists of two
current mode line-driver amplifiers, line-voltage sensing
circuits with AC/DC pass separation, and a loop-current
sensing circuit.

The current mode amplifiers driving the AX(TIPX) and
BX(RINGX) pins are controlled by two input signals, I,
and lu. ls controls the longitudinal (common mode) cur-
rent, and lw controls the metallic (transverse) current.

1
Vrea .6__| Veea
AX

Current I = In/Ks

Amplifier

1
:
1
A (" . i
TPy, Re z Su— |
WV O—9 _}E '
Protection (TIPX) It '
1 1
; Veea :
' :
1 1
+ I
Rup < Shorting 1
-3 @ Circuit | 5™ +J Vacuer !
) 1
] 1
: :
1 1
HPA \ |
' + Absolute :
§ Ricor , 1/ Value Voouer !
L ' 1 )
1 1
Cwp ho— : :
0.33 pF ' .
) 1
E \ '
1
| .;. HPB 12 Vions :
v LOOP O - 1
1 '
1 )
1 ]
1 1
1 1
] ]
) 1
+ t
Re s Shorting | Girx !
2 < Circuit |— '
1 B ]
: Current !
! Amplifier loor/292 !
Protection ! I ;
Re BX e ——0 Db
B NW—-C [ =1L/ Ky X
]
1
[7—0__|. BGND Vi '
1 1
Figure 1. Two-Wire Interface 11701A-03
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The two-wire currents are:
lax = Ki{lu + lw) @and lex = Ki(lui = lw)

Where: Ki is the internal current mode amplifier
gain.

Iw is equal to the current into the Receive Summing
Node (RSN), which is the terminating point for the
external networks controlling two-wire impedance, re-
ceive gain, battery feed, and metering gain (in metering
versions). These networks are described in detail later.
lu controls the longitudinal line voltage to obtain the
optimum common mode DC operating point for the cur-
rent mode amplifiers.

The voltage sense signal (Vacver) that goes to the signal
transmission block is the AC metallic component of the
AX and BX voltages.

Two voltage sense signals (|Vocwer| and Vions) go to the
power feed controller block. Veewer is the DC metallic
component of the AX and BX voltages. Vioxs is the
longitudinal component of the AX and BX voltages.

An external capacitor (Cwe), connected between HPA
and HPB, separates the AC and DC components of the
metallic voltage. Since the time constant would be too
long during polarity reversal or pulse dialing, the two-
wire interface has a shorting circuit that decreases the
time constant during these events.

The loop-current sensing circuit produces a current (lo)
that is proportional to the magnitude of the loop current
and is output to the Ro pin. An external resistor and filter
capacitor connected from Ro to Vee converts this current
to a filtered voltage for use by the off-hook
detector.

Signal Transmission

Figures 2a and 2b provide more detail of the SLIC
transmission path. This path is split between the signal
transmission block and the two-wire interface block.

The AC line voltage is sensed by differential amplifiers
between the AX and HPA leads, and between the HPB
and BX leads. The outputs of these amplifiers are equal
to the AC metallic components of the line voltages.

These voltages are summed and buffered by the op
amp G« For non-metering versions, G is set to again
of 1.0. For metering SLICs, Grx is set to a gain of either
0.51 (2.2 VRMS metering versions) or 0.282 (5.1 VRMS
versions) to avoid overload during metering signal
transmission. Longitudinal voltages are rejected by the
differential amplifiers and do not affect Vix.

The balance return signal on Vix exhibits 180° phase
shift with respect to Vax. This allows the SLIC's two-wire
AC input impedance to be programmed by means of an
external impedance that is connected between RSN
and Vix (see Figures 2a and 2b). This impedance may
be a complex R-C network and should be K; times the
desired two-wire input impedance minus K; times the
fuse resistors. This means resistors become K, times
larger and capacitors become K; times smaller. Note
that any external stray capacitance between Vrx and
RSN must be included in Zr when precise computations
for output impedance, gain, trans-hybrid loss, or return
loss are being made.

Zr = Ki Girx (Zawn — 2RF)
Where: Z.w: = desired two-wire impedance

The tour-wire output is found on the Vixterminal, and the
four-wire input terminal is Vex (see Figure 2b). Both
these ports are referenced to analog ground (AGND).

Because the fuse resistors are outside the feedback
loops, they influence the effective gains. These gains
are as follows:

Vap ya KiZr
Gir= o [Ee=0]=——
2= Vex (Ee=0] Zex  Zr + KiGrx (Ze + 2rF)
Z
V
G = Vl[an=0]= K
e 2Rr+ Zr
™ KiGr

Guum Y [Eomg) o~ 2o (Bt2R)

Zr
Z+ 2r¢ + KiGrx
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Figure 2. SLIC Transmission Model
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The dynamic performances of K (the current amplifier
gain) and Grx (the transmit voltage amplifier gain) are
modeled by the following S-domain transfer functions:

1

Ki(S) = | Ki|
14115 - 10® [36+Zws (S)] - S
| Grx| 1
Grx(S) = . .
14 1 1+45 - 107S

424 - 10°Cwe S

Where: |Ki| = Current amplifier DC gain
Zwe = Load between the AX and BX pins
|Gwx| = Two- to four-wire transmit path
midband gain

These functions are useful for the prediction of system
return loss and echo cancellation performance. The
value of Ki is typically 1000 for the Am795XX/
Am79M5XX versions. Ky is 200 for the Am7942,
Am7943, and Am7958. G is 1.0 for non-metering
SLICs, 0.51 for metering versions, (Am79M53X/M57X)
and .282 forthe Am79HMS53. C.» sets the low frequency
limit of the voice band response. A Cwr value of 0.33 uF
should optimize voice-band and DC-loop performance
in many applications.

The transmission circuit also contains a longitudinal
feedback circuit to shunt longitudinal signals to a DC
bias voltage (VLaus) which comes from the power feed
controller. Longitudinally, the SLIC typically appears as
25-ohm resistors from AX and BX to VLesus. The longi-
tudinal feedback does not affect metallic signals.

In metering versions of the SLIC, metering signals are
injected by adding an additional current into summing
point RSN through an external impedance, Zu.

Power Feed Controller

The power feed controller has three sections: (1) the
battery feed circuit; (2) the polarity reversal circuit; and
(3) the bias circuit. These are shown in Figures 3a and
3b. The detailed model is shown in Figure 3a and the
simplified model in Figure 3b.

The battery feed circuit regulates the amount of DC
current and voltage supplied to the telephone over
a wide range of loop resistance. The polarity reversal
circuit gives the SLIC the capability to.reverse the loop
current for pay telephone coin return and other applica-
tions. The bias circuit provides a reference voltage,
which is offset from the subscriber line voltage. The
reference voltage controls the switched mode regulator
(described later), which minimizes SLIC power con-
sumption by providing the minimum supply voltage
needed by the line drivers for proper operation.

Voewer is the DC component of the voltage between
AX and BX. When Cwe is 0.33 uF, the low pass filter
formed by R« and Cwe attenuates frequencies above
1.2 Hz. The loop current is equal to Ki times the current
into the Receive Summing Node (RSN}, which is equal
to the voltage on Roc divided by Roc: + Roce. The values
of the programming resistors, Roci and Rocz, should be
kept somewhat equal in order to minimize the size of
CDC.

Inconstant current feed versions, the battery feed circuit
produces a voltage at the Roc pin whose magnitude is
equal to 2.5 V, and whose sign depends on the feed
polarity desired (minus for normal polarity and plus for
reverse polarity). The netresult is that the SLIC appears
to have a constant current feed with the feed current
given by the following equation:

2.5K;

lrego = 5=
Rocz + Roc2

For example, if K1 is 1000 and a loop current of 40 mA
is desired:

25 - 1000

70 = 62.5K

Roct + Rocz =
In this example, values of Roc1 and Roc. of 31.25K could
be used.

For resistance feed versions, the battery feed produces
a voltage at the Roc pin whose magnitude is equal to
(50 — |Voemer|)/20, and whose sign depends on the feed
polarity desired (minus for normal polarity and plus for
reverse polarity). The net result is that the SLIC appears
to have an apparent open circuit voltage of 50 V and
a feed resistance, Rreen, equal to 20(Roci + Roc)/Ks;
thus, the feed resistance is programmable, but the
apparent open circuit voltage is not. Including the fuse
resistors Re, the total feed resistance is then:

20(Roc1 + Roce)
Ky

For example, if K; = 1000, and a feed resistance of
840 ohms is desired using 20-ohm fuse resistors:

Reeeo = 2Re +

1000(840 -2 + 20) _
20 -

In this example, values of Roei and Rocz of 20K could be
used.

Roer + Rocz = 40K

All versions of the SLIC have an anti-saturation guard
that prevents the output amplifiers from saturatingunder
high line voltage conditions which, in turn, prevents clip-
ping. When the Vaxto Vexvoltage reaches a threshold of
approximately 30 V (exact voltage depends on SLIC
version), the SLIC goes into the Anti-sat 1 region of
operation.

1-10 SLIC Family Functional Description
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In this region, the feed synthesis loop gain is greatly
increased, thereby reducing the output resistance to a
much lower value. The output voltage then rises at a
slower rate with increasing loop resistance, thereby
keeping the amplifier out of saturation. All transmission
specifications are met inthe Anti-sat 1 region. If the line
voltage increases further to greater than approximately
15 V (exact voltage depends on SLIC version) below
Vear, the SLIC goes into the Anti-sat 2 region where the
loop gain is again increased and the output resistance
further decreased. In this region, the voltage rises very
slowly, withincreasing loop resistance, and the DC feed
of the SLIC looks almost like a constant voltage source.
The transmission specifications in the Anti-sat 2 region
will be somewhat degraded. Load lines and equations
describing all regions of operation are provided in each
device data sheet.

To obtain polarity reversal, the input decoder and con-
trol circuit send a signal that reverses the sign of the
voltage on the Ree pin. During reversal, sense resistors
Rue are drastically reduced in value to reduce the time
constant formed by Ru» and Ce. This allows the polarity
reversaltime to be controlled only by Coc and the parallel
combination of Rocs and Roca. A typical polarity transition
time is 1.5 ms. In the previous example for a resistance
feed version SLIC, Rocr and Roc. were computed to be
20K. The value of Coc should then be 0.15 pF.

The Veer output of this block is fed to the switching regu-
lator (see next section) which adjusts Vees, the voltage
supplying the line output amplifiers, until it is equal to
twice Visns. Additional BIAS is added to provide enough
“headroom” for the amplifiers to always operate in the
linear region. In summary, the equations for these
voltages are:

Vhea = Vaer = — (IVDCMET' + B|AS)
Vieias = Vrer/2
Switching Regulator

The switching regulator supplies the operating voltage,
Vees, to the two-wire interface (see Figure 4). This
circuit adjusts Vees to the minimum voltage necessary

to power the output amplifiers. In this manner, the
power consumption is held to a minimum. This is par-
ticularly important for short loops where there is a
potential for high loop currents.

A 256- to 282-kHz clock is required at input CHCLK to
operate the switching regulator. The switch control tells
the switch to disconnect the L pin from Vear at the begin-
ning of each CHCLK cycle, and connect it for a time that
depends upon the difference between Vaer and Veace.
During this time, the current through the inductor de-
creases. A comparator senses when Vez. falls below
Vrer and the inductor is again switched to Vesr. The result
is that the average value of Veea is always held equal to
the value of Veer. The filter capacitor, Cri, between Vees
and BGND smooths out the ripple caused by the induc-
tor switching action.

The regulator is a high-gain feedback circuit, and there-
fore requires the stabilization network formed by Rcx,
Ceui, and Cenz between Vees and CHS.

The design and layout of the external switching regula-
tor circuitry are very important. Fast switching currents
can occur in the catch diode, Dy, and in the Ve filter
capacitor, Cear. These must be low inductance compo-
nents with short leads. Capacitor C-. must have low
effective series resistance at high frequencies. A stable,
voltage insensitive capacitor, such as a metallized poly-
ester type, should be used.

The connections from the diode to the L pin, from Cear to
the Vsar pin, and from the diode to Cexr must all be short,
low-inductance connections.The L pin is subject to very
tast voltage transients as the switch turns on and off, so
all of the connections to this pin must be isolated from
sensitive signals by means of traces connected to
BGND. All of the external components in the regulator
circuit except Ccni must have voltage ratings in excess
of 70 V. Ccii can have a voltage rating of 10 V or more.
Inaddition, the diode must have a reverse recovery time
of less than 4 ns. All of the SLICs in a system should be
synchronized to a common clock to prevent inter-
modulation products and crosstalk in the voice band.
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Input Decoder and Control

The input decoder and control block provide a means
for a microprocessor or SLAC IC to control such system
functions as line activate/disable, ringing, and polarity
reversal.

The input decoder and control block has TTL-compat-
ible inputs, and sets the operating states of the SLIC.
Cs, Co, and C; inputs are common to all versions and
can select seven operating states. C, is a dedicated
input used as a test relay command in versions with
a test relay driver. E, and E, control the function of the
DET output. Table 1 summarizes the SLIC control logic.

Off-Hook Detector

The first and most important loop monitoring function is
off-hook detection. The block diagram of this detectoris

The two-wire interface produces a current equal in mag-
nitude to the loop current divided by 292, and sends it
out on the Ro pin. An external resistor and capacitor (Rs
and C,) connects the Ro pin to Ve (-5 V). The value of
the voltage across resistor Rq is the current leaving the
Ro pin times the value of Rs. The off-hook detector
outputs a logic Low to the DET pin when this voltage
rises above a threshold of 1.25 V.

The value of Rsrequired for a desired off-hook line
current threshold is then:

365

IHresn

Ra=

The value of C, for a typical on-hook to off-hook time
constant of 0.5 ms should satisfy the relation:

R RiCa=0.5
shown in Figure 5. o ms
Table 1. SLIC Decoding
ET Output
EO=1 E0=1
State C. C. G Two-Wire Status E1=0 E1=1
0 0 0 0 Open Circuit Ring Trip Ring Trip
1 0 0 1 Ringing Ring Trip Ring Trip
2 0 1 0 Active Loop Det. Ground Key
3 0 1 1 Disable Loop Det. Ground Key
4 1 0 0 Tip Open Loop Det. —
5 1 0 1 Reserved Loop Det. —_
6 1 1 0 Active Polarity Reversal Loop Det. Ground Key
7 1 1 1 Disable Polarity Reversal Loop Det. Ground Key

Open Circuit: When the SLIC is in the Open Circuit state,
both the AX(TIPX) and BX(RINGX) power amplifiers are
switched off and present high impedance to the line. The
Open Circuit state has the lowest power dissipation. Loop
detectors are inoperative in this state. This function is useful
for allowing line-powered relays to collapse, denying power to
out-of-service lines, as well as allowing clearing of line faults.

Ringing: When the SLIC is in the Ringing state, the ring relay
driver (RINGOUT) is activated, and the Ring Trip Detector is
readable at DET. Also, the AX(TIPX) and BX(RINGX) are both
open circuit. While the SLIC is in the ringing state, signal
transmission is inhibited.

Active: In states where normal, Active operation is in-
dicated, the standard battery convention applies; AX(TIPX) is
near ground and sources current. BX(RINGX) is near Vssr and
sinks current. During active mode operation, all signal trans-
mission and loop supervision functions operate, and the off-
hook detector or ground-key detector is gated.to DET.

Disable: The Disable operating state is the SLIC’s low-power
mode in which the battery feed circuit limits the DC loop cur-
rent to typically 0.5 (value depends on SLIC version) times the

active-mode short circuit current limit. In this state, the off-
hook detector works normally.

Tip Open: When the SLIC is in the Tip Open state, the
AX(TIPX) power amplifier is switched off so that it presents a
high impedance to the line. This mode is provided to facilitate
ground start signaling.

Active Polarity Reversal: When the SLIC is in Active Polarity
Reversal state, the normal battery feed convention is re-
versed, with BX(RINGX) approaching ground and sourcing
current, while AX(TIPX) approaches battery and sinks cur-
rent. While AX(TIPX) and BX(RINGX) are in transition, the
off-hook function is meaningless because the loop current
must pass through zero.

Disable Polarity Reversal: This state is similar to the Disable
state, except that the feed is reversed.

1-14
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Figure 5. Signaling Off-Hook Detection

Ringing Circuit

A generalized ringing circuit is shown in Figure 6. In
common applications, the circuit can be simplified as
shown later. During ringing, the ring relay driver is acti-
vated and the AX(TIPX) and BX(RINGX) leads are
placed in the open circuit state. The ring feed source is
connected by the ring relay to the line, through ring feed
resistors R and R..

The bridging resistors Re:, Re:, Rs, and Rs, and filter
capacitors Ceriand Cer, produce a DC voltage sign re-
versal between DA and DB when an off-hook occurs.

If Ruwax is the maximum line resistance that is to be
detected as an off-hook, the bridging resistors should be
chosen such that:

Rei = Rez: = (Rumx + Rrem)
R Re Ruax
Where: Rreeo = Ry + Re
The capacitors reduce the effective amplitude of the
ringing signal by a factor of 1/]1+j2rfit|.
R3R5| CRTl + RARBZCRTZ
Rs + Re: R« + Re2

where: t =

For =20 Hz ringing, Crr should be chosen to give a
value of t =50 ms. This will reduce the ringing by a factor
6.4 and allow detection within 2 ringing cycles.

For balanced ringing, the ringing voltage splits between
the ground and battery sides. The resistors should be
balanced, (i.e., Ri- Rz, Re1=Raz, and Ra=Ra). A single
capacitor of half the value between DA and DB can re-
place the capacitors Car1 and Cara.

For unbalanced ringing on the ground side, use
equal networks with Ri=R2, Rsi=Rs:, Rs=Rs, and
Cari=Crra.

Forunbalanced ringing on the battery side, the following
simplification can be made. The positive side of the ring-
ing supply is grounded and R is replaced by a short cir-
cuit. In this case, the R4, Rsz, and Crrz network can be
combined with other channels into a ringer threshold,
because the voltage on the DA pinis independent of line
conditions.

Ground-Key Detector

The Ground-Key Detector (for ground-key versions, see
Figure 7) compares the longitudinal control current (1)
to an internally generated threshold current, l.;. The
current flowing in the earth loop will be proportional to
the longitudinal control current. When the current in the
earth loop exceeds the threshold value and E; is High,
the ground-key signal forces the DET output Low.
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Ring Relay Driver Test Relay Driver

Aring relay driver is provided in all versions. Thenormal A test relay driver is provided only on dual relay driver
functioning driver is an internal transistor, with the ~ versions, and has specifications identical to the ring
collector sourced to BGNDand the emitter as the driver  felay driver. In these versions, the test relay driver is
output. Some versions may have the collector brought ~ activated by logic 0 at input pin C.,

out to a separate pin.

1 t
) 1
Ring Relay : Input Decoder :
Kn ' R and Control :
o ing
SV | Relay - ;> c
' Driver P !
1 Input < 0 C:
[ ' Decoder [ 0 Cs
Rer ' :
Ringing|l +———T——W\V— ! '
n ]
Sot?rcg Rez DA Comparator Veo :
- é ; WV Ja o C + A 4 '
CHTZ :
R2< R|3 Rs —7ﬂTC}m / r = _? DET
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1 1
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(RING) I v Y BX '
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. - I 11701A-08
Figure 6. Ringing Circuit
K¢
AO C|
=lr Input o C:
Decoder o Cs
------------------ o C,
\ Vee
-
G 9/ - 0 DET
lu [ . ;
— ! MUX | e 0 Eo
6 | | e 0 E1
GKFIL
11701A-09

Figure 7. Ground-Key Detector
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PBX SLIC
General Description

AMD'’s PBX SLICs are the Am7942 and Am7943(A).
Both are compliant to EIA/TIA-464-A and ETSI-
TE10-02 PBX standards, and will operate over a wide
range of battery voltages.

The Am7942 incorporates a switching regulator func-
tion, similar to that offered on the Central Office SLICs,
and s idealfor large PBXs intended for campus environ-
ments or other applications where loop length is ex-
pected to vary a great deal. In applications such as this,
the switching regulator automatically adjusts the voltage
applied to the SLIC's amplifiers to the minimum required
to achieve the specified loop current, thus minimizing
the system's power consumption. In cases where power
consumption is not an issue, such as many 24-V battery
applications, the switcher can be bypassed, eliminating
the need for a few external components and lowering
system cost. The Am7942 is tested under both 24- and
48-V battery conditions.

The Am7943(A) also incorporates power management
circuitry, butin this case, power is dissipated in an exter-
nalresistor. This approach, while not minimizing system
power dissipation, lowers system cost by eliminating
some external component requirements, and maintains
device reliability, even at higher battery voltages.

Two versions of the Am7943(A) are offered: the stan-
dard Am7943 andthe Am7943A. The primary difference
between the two versions is the way the devices are
tested. The standard version is tested with a 24-V
battery and a 600-ohm load to ensure compliance to
most PBX requirements. Polarity reversal and other
functions not typically required by PBXs are not offered
on the standard version. The “A” version of the Am7943
is specified and tested for compliance to Belicore’s
TR-TSY-000057 standard required by Digital Loop Car-
riers (DLCs) and other types of switching equipment.
The Am7943A is tested with a 48-V battery and a
900-ohm load.

Both the Am7942 and Am7943 support on-hook trans-
mission and offer extended temperature performance,
making either type suitable for Digital Loop Carriers and
other applications.

The signal transmission functions of all AMD SLICs
include both two-to-four-wire and four-to-two-wire
conversion. The two-wire termination impedance is
programmable with a single external impedance. The
companion AMD SLAC or DSLAC IC (Single-Channel
or Dual-Channel Subscriber Line Audio-Processing
Circuit) has a digital balancing filter that provides the
trans-hybrid loss function. If the DSLAC IC is not used,
most codec/filters provide an uncommitted op amp for
this purpose.

The SLIC’s battery feed architecture makes their DC
feed characteristics programmable with external resis-
tors. Furthermore, these characteristics are independ-
ent of battery variations.

A polarity reversal function is provided on all SLICs
which transposes the normal voltage sense of the
A(TIP) and B(RING) leads with a controlled transition
time. All transmission functions continue normally fol-
lowing the transition. A disable mode is also provided,
limiting loop current and cutting power dissipation while
allowing the full complement of supervisory functions to
be utilized.

The supervisory functions of off-hook detection and ring
trip detection are read through a single, TTL-compatible
output. To eliminate noise-induced errors, the off-hook
detector signal may be filtered. Off-hook detectionhas a
threshold that is set by the value of an external resistor.
Additional supervisory controls put the A lead into an
open circuit or high-impedance state suitable for appli-
cation in ground start systems. Similarly, both the A and
B leads may be open circuited to clear relays, recover
from line faults, or turn off out-of-service lines. Relay
drivers support ring and/or test relay functions, or can be
used for other functions such as activating a message
waiting lamp.

The SLIC’s user-programmable states are controlled by
a TTL-compatible code. The control inputs are designed
to easily interface to popular single-chip microcon-
trollers, such as the industry standard 8051, or to
latched outputs from a SLAC or DSLAC device.
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DISTINCTIVE CHARACTERISTICS

Programmable constant current feed
Receive current gain=200

Tip open state for ground start lines

—19 V to —63 V battery operation

Meets EIA/TIA-464-A

Low standby power On-chip switching regulator for low-power
Performs polarity reversal dissipation
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SYSTEM BLOCK DIAGRAM
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CONNECTION DIAGRAMS

28-Pin Plastic DIP
or
28-Pin Ceramic DIP

BGND [ 1 \_/ 28 [] BX(RINGX)
Veea [] 2 27 [ AX(TIPX)
Vee [] 3 26 [] DB
RINGOUT [] 4 25 [] DA
L s 24 [ Ro
Vear E 6 Am7942PC 23 j HPB
Qaar E 7 or 22 [T] HPA
cis[]s A™9420C o Fy,
CHCLK ] 9 20 [] Vee
E1[] 10 19 [] RSN
DET[] 11 18 [ ] AGND/DGND
c2[] 12 17 [] GKFIL
c3[] 13 16 [ ] Roo
c1[] 14 15 [ ] Cas
32-Pin PLCC
- < -
s o i
Z 3 g5 ¥ 5 1]
g 3 58 3 § (=]
OO [MmQ
T 0 a5 8§58
P[5 20[] TP
TEsTouT] 6 281 DA
L0 -7 271 Ro
Ver[] 8 261 HPB
Qe ] o Am7942JC 2500 HPA
CHs[] 10 241 Vx
CHCLK[] 11 2317] Ve
c4] 12 22/ ] RSN
E11 13 cwereesg 21[] AGND/DGND
EpERERERERERE
[lg 8 8356 £ 8 é
(6]

Notes: 1. Pin 1 is marked for arientation.

2. TP is a themal conduction pin tied to substrate (Qsar).
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ORDERING INFORMATION
Standard Products

AMD® standard products are available in several packages and operating ranges. The order number (Valid Combination) is
formed by a combination of the elements below.

AM7942 J c

T—— TEMPERATURE RANGE

C* = Commercial (0°C to 70°C)

PACKAGE TYPE

J = 32-pin Plastic Leaded Chip Carrier (PL 032)
P = 28-pin Plastic DIP (PD 028)
D = 28-pin Ceramic DIP (CD 028)

PERFORMANCE GRADE

Blank = Standard specification
-1 = Performance Grading
—2 = Performance Grading

DEVICE NUMBER/DESCRIPTION
Am7942
Subscriber Line Interface Circuit

Valid Combinations Valid Combinations
Valid Combinations lists configurations planned
DC, JC, PC to be supported in volume for this device. Consult
the local AMD sales office to confirm availability of
AM7942 -1DC, -1JC, -1PC specific valid combinations, to check on newly
released combinations, and to obtain additional
—2DC, -2JC, -2PC data on AMD standard military grade products.

*The performance specifications contained in this data sheet are valid for the commercial temperature range only. See the SLIC
Extended Temperature Supplement for information on industrial temperature range (~40°C to +85°C) specifications.
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PIN DESCRIPTION

AGND/DGND
Ground

Analog and Digital ground.
AX(TIPX)

(Output)

Output of A(TIP) power amplifier.

BGND
Ground

Battery (power) ground.

BX(RINGX)
(Output)

Output of B(RING) power amplifier.

C3-C1 Decoder

(Inputs)

TTL compatible. C3 is MSB and C1 is LSB.

CHCLK
Chopper Clock (Input}—(see Note 1)

Input to switching regulator (TTL compatible). Fre-
quency = 256 kHz (nominal).

CHS
Chopper Stabilization (Input)—(see Note 1)

Connection for external chopper stabilizing compo-
nents.

DA

Ring Trip Negative (Input)

Negative input to ring trip comparator.
DB

Ring Trip Positive (Input)

Positive input to ring trip comparator.
DET

Switch Hook Detector (Output)

When enabled, alogic Low indicates the selected detec-
toristripped. The detector is selected by the logic inputs
(C3-C1, E1). The output is open-collector with a built-
in 15K pull-up resistor.

Et
Ground-Key Enable (Input)

E1 = High connects the ground-key detector to DET.
E1 = Low connects the off-hook or ring trip detector to
DET.

HPA
A(TIP) side of high-pass filter capacitor.

HPB
B(RING) side of high-pass filter capacitor.

L
Switching Regulator Power Transistor
(Output)—(see Note 1)

Connection point for filter inductor and anode of catch
diode. This pin will have up to 60 V of pulse waveformon
it and must be isolated from sensitive circuits. Extreme
care must be taken to keep the diode connections short
because of the high currents and high di/dt.

QBAY

Quiet Battery—(see Note 1)

Filtered battery supply for the signal processing circuits.
Ro

Threshold modification and filter point for the off-hook
detector.

RDC

Connection point for the DC feed current programming
network. The other end of the network connects to
the receiver summing node (RSN). The sign of Vaoc
is minus for normal polarity and plus for reverse polarity.

RINGOUT

Ring Relay Driver (Output)

Open collector driver with emitter internally connected
to BGND.

TESTOUT
Test Relay Driver (Output)—(see Note 3)

Open collector driver with emitter internally connected
to BGND.

c4
Test Relay Driver Command (Input)—(see Note 3)
TTL compatible. A logic Low enables the driver.

GKFIL
(see Notes 2 and 3)

Connection for external ground-key,
capacitor.

RSN
Receive Summing Node (Input)

The metallic current (both AC and DC) between A(TIP)
and B(RING) is equal to 200 times the current into this
pin. The networks which program receive gain, two-wire
impedance, and feed resistance all connectto this node.

noise-filter
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VBA‘I’ vTX
Battery supply. Transmit Audio (Output)
Vee This output is a unity gain version of the AX(TIPX) and

BX(RINGX) metallic voltage. The other end of the two-

+5-V power supply. wire input impedance programming network connects

Vee here.

—5-V power supply. Cas

v Reference Filter Capacitor

R:;ulated Voltage (Input)—(see Note 1) A capacitor should be connected to this pin to filter

N internal anti-saturation reference voltage.
Provides negative power supply for power amplifiers.

Connection point for inductor, filter capacitor, and
chopper stabilization.

Notes: 1. All pins, except CHCLK, connect to Vear when using SLIC without a switching regulator. CHCLK is connected to
AGND/DGND.

2. To prevent noise pickup by the detection circuits when using ground-key mode (E1 = logical 1), a 3300-pF minimum
bypass capacitor is recommended between the GKFIL pin and ground.

3. Not available on standard 28-pin DIP package.
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ABSOLUTE MAXIMUM RATINGS
Storage Temperature ........... -55°C to +150°C

Ve with respect to AGND/DGND .. -0.4Vto+7.0V
Vee with respect to AGND/DGND .. +04Vto-7.0V
Vear With respect to AGND/DGND ... +0.4Vto-70V

Note: Rise time of Vear (dv/dt) must be limited to 27 V/us or
less when Qgar bypass = 0.33 pF.

BGND with respect to
AGND/DGND ............... +1.0Vto-3.0V
AX(TIPX) or BX(RINGX) to BGND:
Continuous .. ................ -70Vto+1.0V
10ms(F=01Hz) ............ -70Vto+5.0V
Tus(F=01Hz) ............. —90Vto+10V
250ns(F=0.1Hz) .......... -120Vto +15V
Current from AX(TIP) or BX(RING) . . ..... +150 mA

Voltage on RINGOUT . ... BGND to 70 V above Qexr
Voltage on TESTOUT .... BGND to 70 V above Qar

Current through Relay Drivers ............ 60 mA
Voltage on Ring Trip Inputs

(DAandDB)...........coovvnen. Vearto OV
Currentinto Ring Triplnputs . ............ +10 mA
Peak Current into Regulator

Switch(Lpin) ..................... 150 mA
Switcher Transient Peak Off

VoltageonLpin ..................... +1.0V
C4-C1, E1, CHCLK to

AGND/DGND ........... —0.4VtoVec +04V
Maximum Power Dissipation, Ta (see note) ... 70°C

In 28-pin ceramic DIP package ......... 258 W

In 28-pin plastic DIP package ........... 14W

In 32-pin PLCC package .............. 1.74 W

Note: Thermal limiting circuitry on chip will shut down the
circuit at a junction temperature of about 165°C. The
device should never see this temperature and opera-
tion above 145°C junction temperature may degrade
device reliability. See SLIC Packaging Considerations
section for more information.

Stresses above those listed under ABSOLUTE MAXIMUM
RATINGS may cause permanent device failure. Functionality
at or above these limits is not implied. Exposure to absolute
maximum ratings for extended periods may effect device
reliability.

OPERATING RANGES
Commercial (C) Devices
Ambient Temperature ............. 0°C to +70°C
Voo o e 475Vt05.25V
VeE vovineie e —4.75Vto-525V
VoA v ettt e -19Vto-63V*
AGND/DGND ............ ..ot oV
BGND with respect to

AGND/DGND ........... -100 mV to +100 mV

10 Kohm Min

*Can be used without switching regulator components in this
range of battery voltages provided maximum power dissipa-
tion specifications are not exceeded.

lL.oad Resistance on Vixto Ground . . . .

” performance grade SLICs are functional from —40°C to
+85°C. See the SLIC Extended Temperature Supplement for
information on industrial temperature range (~40°C to +85°C)
specifications.

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.
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ELECTRICAL CHARACTERISTICS (see Note 1)

Preliminary
Description Test Conditions Notes | P.G.*| Min Typ Max Unit
Analog (Vrx) Output Impedance 5 3 ohm
=35 +35
Analog (Vx} Output Offset -1 -35 +35 mV
-2 -30 +30
Analog (RSN) Input Impedance 300 Hz to 3.4 kHz 1 20 ohm
Longitudinal Impedance at AX or BX 35 ohm
fourwi
Overload Level o w.|re 2 -25 +2.5 Vpk
two-wire
Transmission Performance, two-wire impedance (see Test Circuit D) :
Two-Wire Return Loss 300 Hz to 3400 Hz | 5,10 | I 26 I dB
Longitudinal Balance (two-wire and four-wire, see Test Circuit C); R. = 600 ohms
200 Hz to 1 kHz 52
N | Polarit -1 63 dB
ormal Polarity - 63
200 Hz to 1 kHz 52
. -1 54 dB
Reverse Polarity - 54
Longitudinal to Metallic L-T, L-4 =
1 kHz to 3.4 kHz -1 58 dB
Normal Polarity 2 58
1 kHz to 3.4 kHz .
Reverse Polari -1 54 d8
ty -2 54
40
—_— . . 300 Hz to 800 Hz
Longitudinal Signal Generation 4-L. Reverse Polarity -1 40 dB
-2 42
Active State all 28 mA
Longitudinal Current Capability per Wire
g pabilty p Disable State al 18 RMS
Insertion Loss (two-wire to four-wire and four-wire to two-wire, see Test Circuits A and B)
Battery = -48 V, Ruoc = Ruc = 600 ohms; Battery = -24 V, Rioc = 300 ohms, Ruac = 600 ohms
-0.15 +0.15
Gain Accuracy 0dBm, 1 kHz -1 -0.15 +0.15 | dB
-2 -0.10 +0.10
Variation with E 300 Hz to 3400 Hz ; 'g‘:i +g'lz "
ariation with Frequency Relative to 1 kHz - -0. +0.
-2 -0.10 +0.10
. . +7 dBmto 55 dBm
Gain Tracking 5 -0.10 +0.10 | dB

Reference: -0 dBm

*P.G. = Performance Grade
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AMD n

ELECTRICAL CHARACTERISTICS (continued)

Preliminary
Description Test Conditions Notes { P.G. Min | Typ | Max Unit
Balance Return Signal (four-wire to four-wire, see Test Circuit B)
Battery = —48 V, Rioc = Ruc = 600 ohms; Battery =—24 V, Rioc = 300 ohms, Ruac = 600 ohms
-0.15 +0.15
Gain Accuracy 0 dBm, 1 kHz -1 | -0.15 +0.15 | dB
-2 -0.10 +0.10
o i 300 Hz to 3400 Hz
Variation with Frequency . 3 -0.10 +0.10 | dB
Relative to 1 kHz
+3 dBmto —55 dBm
Gain Trackin 5 -0.10 +0.10 | dB
n fracking Reference: 0 dBm
Group Delay f=1kHz 5,12 5.3 us
Total Harmonic Distortion (two-wire to four-wire or four-wire to two-wire, see Test Circuits A and B)
Battery =—48 V, Ruoc = Rusc = 600 ohms
Harmonic Distortion 0 dBm —64 -50 B
300 Hz to 3400 Hz +7 dBm -55 -40
Idle Channel Noise
Battery = -48 V, Ruoc = Riac = 600 ohms; Battery = —24 V, Rioc = 300 ohms, Risc = 600 ohms
two-wi 7 10
C-Message Weighted Noise o wnre 5 x * dBrnC
four-wire +7 +10
two-wire -83 -80
Psophometric Weighted Noise ° - dBmp
four-wire —83 -80
Single Frequency Out-of-Band Noise (see Test Circuit E)
4 kHz to 9 kHz 5 ~76
Metallic 9 kHz to 1 MHz 4,5,8 -76 dBm
256 kHz and harmonics* 4,5 —-63
1 kHz to 15 kHz 5 —70
Longitudinal Above 15 kHz 4,58 -85 dBm
256 kHz and harmonics* 4,5 =57
Line Characteristics (see Figures 1a, 1b, 1c)
Battery = =24 V, Ric = 300 chms 5,9
Short Loops, Active Mode | Battery = —43 V, Rwc = 600 ohms 5 324 35.0 37.6 mA
Battery = —48 V, Rwc = 600 ohms
Battery = —24 V, Rioc = 640 ohms 5,9 20.0
Long Loops, Active Mode | Battery = —43 V, Rioc = 1300 ohms 5 23.0 mA
Battery = —48 V, Rwc = 1900 chms 18.0
B =~ = h 9
Disable Mode attery = 24 V, Ripo = 600 ohms 5 155 | 175 | 195 | mA
Battery = —48 V, Rwsc = 600 ohms
Tip Open, RL=0
Loop Current I,p pen, A 1.0 mA
Disconnect, R.=0
ILLIM (ITip & [Ring) Tip and Ring Shorted to Ground 70 105 mA
*Applies only when switching regulator is used.
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ELECTRICAL CHARACTERISTICS (continued)

Preliminary
Description Test Conditions Notes | P.G. Min I Typ I Max Unit
Power Dissipation Battery, Normal Loop Polarity
On-Hook Open Circuit Battery =24V, w{o Swifchifg Reg. 9 30 75
Battery = —48 V, with Switching Reg. 35 100
On-Hook Disable Mode Battery = —24 V, w{o Swi?chi‘ng Reg. 9 100 175
Battery = —48 V, with Switching Reg. 135 225
) Battery = —24 V, w/o Switching Reg. 9 135 225
On-Hook Active Mode - — mwW
Battery = —48 V, with Switching Reg. 180 300
Off-Hook Disable Mode Battery = —24 V, w/o Switching Reg. 9 500 800
R = 50 chms Battery = —48 V, with Switching Reg. 400 750
Off-Hook Active Mode Battery = —24 V, w/o Switching Reg. 9 800 1100
R. = 50 ohms Battery = —48 V, with Switching Reg. 800 1000
Supply Currents, Battery =—-24 Vor-48V
Open Circuit Mode 3.0 45
Vee On-Hook Supply Current Disable Mode 9 6.0 10.0
Active Mode 7.5 12.0
Open Circuit Mode 1.0 2.3
Vee On-Hook Supply Current Disable Mode 9 22 3.5 mA
Active Mode 2.7 6.0
Open Circuit Mode 0.4 1.0
Vear On-Hook Supply Current | Disable Mode 9 3.0 5.0
Active Mode 4.0 6.0
Power Supply Rejection Ratio (Vripple = 50 mV RMS)
V. 50 Hz to 3400 Hz 6 25 45
° 3.4 kHz to 50 kHz 22 35
Vee 50 Hz to 3400 Hz 6 20 40 4B
3.4 kHz to 50 kHz 10 25
50 Hz to 3400 Hz . 27 45
Vear 3.4 kHz to 50 kHz 6 20 40
Effective Int. Resistance Cas to GND 5 85 170 255 Kohm
Off-Hook Detector
Current Threshold loer = 365/Ro l I , —20 I : ' +20 l %
Ground-Key Detector Thresholds, Active Mode
Ground-Key Battery = —24 V, B(Ring) to GND 9 1.0 22 4.5 Kohm
Resistance Threshold Battery = —48 V, B(Ring) to GND 2.0 5.0 10.0
Ground-Key B(Ring) to GND 9
Current Threshold Midpoint to GND 7 9 mA
Effective Int. Resistance GKFIL to AGND/DGND 5 18 36 54 Kohm
Ring Trip Detector Input
Bias Current -5 -0.05 pA
Offset Voltage Source Resistance = 0 to 2 Mohm 11 =50 0 +50 mV
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AMD u

ELECTRICAL CHARACTERISTICS (continued)

Preliminary
Description Test Conditions Notes | P.G.| Min LTyp I Max Unit
Logic Inputs (C1, C2, C3, C4, EO0, E1, and CHCLK)
Input High Voltage 2.0 Vv
Input Low Voltage 0.8 v
Input High Current =75 40 A
Input Low Current -0.4 mA
Logic Output (DET)
Output Low Voltage lour = 0.8 mA 0.4 Vv
Output High Voltage lour ==0.1 mA 2.4 \
SWITCHING CHARACTERISTICS
Parameter Test Conditions Min Typ Max Unit
E1 High to DET High Ground-Key Detect Mode - - 3.8
tgkde _ R. Open, Ra Connected us
E1 High to DET Low (see Test Circuit H) - - 1.1
E1 Low to DET Low Switch Hook Detect Mode - - 1.2
tshde . R. = 600 ohms, Rs Open L
E1 Low to DET High (see Test Circuit G) - - 3.8
SLIC Products 1-29



nAMD PRELIMINARY

SWITCHING WAVEFORMS
E1 to DET

o e

- o

S ‘
tgkde tshde tgkde tshde
Note: All delays measured at 1.4-V levels. 15474A-005
RELAY DRIVER SPECIFICATIONS
| |
| |
| |
RINGOUT TESTOUT
| |
| |
| |
BGND BGND
15474A-006
Preliminary
Description Test Conditions Note Min I Typ [ Max Unit
Relay Driver Outputs (RINGOUT, TESTOUT)
On Voltage 25 mA Sink ) +1.5 \
Off Leakage Vou=+15V 100 pA
RELAY DRIVER CHARACTERISTICS (typical)
2
Ta=70°C
//
Ta=25°C
ON Voltage |
at RINGOUT or TESTOUT 1
V) —
0
0 30 60

Current into RINGOUT or TESTOUT (mA)
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Notes:

1. Unless otherwise noted, test conditions are: Battery =—48 V, Vec =45V, Vee =—5 V, R.=600 ohms, Cii» = 0.33 pF, Roct = Roce=
7.14K, Coc=0.47 pF, Ry=35.4K, Ccas=0.47 uF, nofuse resistors, Rr= 120K, and Rax = 60K. Switching regulator components:
L =1 mH, Cr= 0.47 uF (see Application Circuit).

2. Overload level is defined when THD = 1%.

3. Balance return signal is the signal generated at Vix by Vax. This spec assumes the two-wire AC load impedance matches the
programmed impedance.

4. Forfrequencies below 12 kHz, these tests are performed with a longitudinal impedance of 90 ohms and metallic impedance of
300 ohms. For frequencies greater than 12 kHz, a longitudinal impedance of 90 ohms and a
metallic impedance of 135 ohms s used. These tests are extremely sensitive to circuit board layout. Please refer to application
notes for details.

5. Not tested in production. This parameter is guaranteed by characterization or correlation to other tests.

6. This parameter is tested at 1 kHz in production. Performance at other frequencies is guaranteed by
characterization.

7. “Midpoint”is defined as the connection point between two 300-ohm series resistors connected between A(TIP) and B(RING).

8. Fundamental and harmonics from 256-kHz switch regulator chopper are not included.

9. For —24-V battery, switching regulator is disabled. L, CHS, and Vres pins connected to Vesxr pin; CHCLK pin

10. Assumes the following Zr network:

11.

connected to AGND/DGND.

Ve —NMWW—T—"VW\~ RSN

60K 60K
L

150 pF
Tested with 0 ohm source impedance. Two Mohms are specified for system design purposes only.

12. Group delay can be considerably reduced by using a Zr network such as that shown in Note 10 above. The network will reduce

the group delay to less than 2 us. The effect of group delay on linecard performance may be compensated for by using the
SLAC or DSLAC device.

Table 2. User-Programmable Components

Zy is connected between the Vrx and RSN pins.The fuse re-
sistors are Re, and Zzwn is the desired two-wire AC input im-
pedance. When computing Zr, the internal current amplifier
pole and any external stray capacitance between Vrx and
RSN must be taken into account.

Zr = 200(Zowin— 2RF)

Z 200Zx

_ — Zrx is connected from Vex to the RSN. Z; is defined above,
G4a2. I+ 200(Z. + 2RF)

Zmx= and G42, is the desired receive gain.

Roc1, Rocz, and Coc formthe network connected to the Roc pin.

Roc1t + Rocz = 500/ . .
oot e i Roci and Rocz are approximately equal. lioor is the desired

Coc = (1.5 ms)(Roc1 + Rocz)/(RociRoc2)

loop current in the constant current region.

Ro = 365/ly, Co = 0.5 ms/Ro

Ro and Cp form the network connectedfromRoto-5V, and It
is the threshold current between on-hock and off-hook.

1

3.4-10°nfc

Ceas is the regulator filter capacitor, and fc is the desired filter
cut-off frequency.

*Rruse = 20 ohm-50 ohm, user selectable.
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1-31



nAMD PRELIMINARY

Roc1 4+ Roc2=Roc = 14.28K

30 45 _Vamsnv =-56
— .48 V/ Dan—
VBA reny = 28 A4 -Zg V
1 2av — 30
Vio 15 \[\\; Vo
(Volts) — 19V (Volts)
\\\
15
0 20 40 0 20 ¢
I (mA) I, (mA)
Figure 1a. Load Line (Typical)
40 40
\\) )
\ \\
N NS
AN NN Vosrree
I, (mA) 20 N ~ I (mA) 20 ~N S [=-56V
- \ \\ Vam-rsnv_ - \\\ -48
N T\Q\ =-28V 43V
\\\ . b
1o V. 24i \)
0 1200 2400 0 1200 2400
R (Q) R (@)
Figure 1b. Feed Characteristics (Typical)
AX
RSN
a
sLic Roct
R g l h
b
Roc2 I Coc
BX Roc =
Feed Current programmed by Rocs and Roce.
15474A-009

Figure 1c. Feed Programming
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TEST CIRCUITS
AX ‘ . AX
| (Tipx) V™ > apx)  Vx
R
= o
sLIc sLIC
SR
E Vas Vs g R. T
AGND __l AGND j <
RL _ e
2 Rex Rex
BX R BX
@inax) TSN > (RINGX) HSNl_—
ILas = =20 log (Vix/ Vse) - Lz =20 log (Vas / Vi) Ve
BRS = 20 log (Vix/ Vax) 1
A. Two-to-Four Wire Insertion Loss B. Four-to-Two Wire Insertion Loss and Balance Return Signal
AX oV
1WC <R [V TPy V™ (TIPX) ¥
AR Rr
2 <
s1 . sLic
I H v AGND
AGND Rr j_—
E | stic | =
r—y % s2 Rex
BX RSN ) Bx RSN
YWV (RINGX) Vi

. (RINGX) R
S2 Open, S1 Closed: =

L-T Long. Bal. = 20 log (Vas/E) =

L-4 Long. Rej. = 20 log (Vr/E) Zo: The desired impedance (e.g., the character-

istic impedance of the line).
S2 Closed, S1 Open:

4-L Long. Sig. Gen. = 20 log (V./ Vex)

C. Longitudinal Balance

Return Loss =—20 log (2 Vu/Vs)

D. Two-Wire Return Loss Test Circuit

15474A-010
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PRELIMINARY

TEST CIRCUITS (continued)

C
)} AX(TIPX)
68 ohms
56 ohms
EWV— v, 1BC C'D sLIC
68 ohms
} BX(RINGX)
c

1/0wC << 90 ohms

E. Single-Frequency Noise

VCC
'y 6.2K
A(TIP)
DET
Re = 600 J
S —
B(RING)

G. Loop Detector Switching

Ru
A(TIP)
Su R
B(RING)
Re

Se

Current Feed or Ground Key

F. Ground-Key Detection Center Point Test

Re

Ra: 2K at Vear = —48 V
1K at Vear=-24V

H. Ground-Key Switching

15474A-010
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Am 7943( A) Advanced

Micro
Subscriber Line Interface Circuit . Devices
DISTINCTIVE CHARACTERISTICS
B Programmable constant current feed B -19 Vo -56.5 V battery operation
B Current gain=200 B Two-wire impedance set by single external
B Programmable loop detect threshold impedance
B Low standby power B On-hook transmission
B Performs polarity reversal (A version) B On-chip ring relay driver and relay snubber
B Ground-key detector - :"cu't. isfios TRTS
B 0°C to +70°C ambient temperature range re;tejli’fell.:ef::s fes TR-TSY-000057
® Tip open state for ground start lines B Standard version satisfies EIA/TIA-464-A
BLOCK DIAGRAM
T™MG
. ? '
1 1
1 ]
1 t
! Ring Relay Driver ¢ RINGOUT
AX(TIPX) ?— :
! —Ol C1
: ——Ol c2
b Ground-Key I —¢ C3
' nput Decoder
HPA &— Detector and Control  f===-=--- ¢ Eo
T N St 9 E1
1 1
' Two-Wire Interface ————© DET
1 )
1 t
HPB 9 Signal < O RSN
1 1 H 1]
: Transmission ;? Vix
' Off-Hook .
' Detector '
BX(RINGX) ?— o Ro
' .
: Power Feed O Roc
' Controller ? Cas
1 [}
1
DA ? Ring Trip '
DB © »  Detector '
1 [}
Vear S :
] ]
BGND 01 I_ I L '
Voo Ve AGND/DGND 15474A-001
This document contains information on a product under development at Advanced Micro Devices, Inc. The information is intended to help you
evaluate this product. AMD reserves the right to change or di: inue work on this proposed product without notice.
Publication #: 16853 Rev: A Amendment: /0 1_35
issue Date: June 1992




n AMD ADVANCE INFORMATION

CONNECTION DIAGRAMS

22-Pin Plastic DIP
or
22-Pin Ceramic DIP

HPB[| 1 \-/ 22 [7] HPA
RD ] 2 21 [ vix
DA[] 3 20 |1 Ve
DB [] 4 19 [] RsN
AX(TIPX) ] 5 18 [] AGND/DGND
BX(RINGX)[] 6 17 [ ] RDC
BGND [ 7 16 [ Cus
Voo L] 8 15 [ ¢1
RINGouT [] 9 14 [ DET
™G ] 10 13[] c2
Verr [] 11 12[] c3
16853A-01
32-Pin PLCC
% <
o 2 &
o 80 & % 3
=28 52 8
OO0 Mndnn
(297 858 )
TP s 29[ TP
RINGOUTr_‘- 6 28 ] DA
nel] 7 27 [ RD
T™G[] 8 26 [] HPB
VBAT[: 9 25 [ ] NC
c3[] 10 24 [T] HPA
E1[] 11 23 [ vy
c2[ 12 22 [ Vgt
DET] 13 21 [ RSN
T e enreeg
o OoOooOooOod
528 &8 8 2
Q
a
P4
[0}
<

Notes: 1. Pin 1 is marked for orientation.
2. TP is a thermal conduction pin tied to substrate.
3. NC=No connect.
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ADVANCE INFORMATION AMD l‘rl
ORDERING INFORMATION
Standard Products

AMD@® standard products are available in several packages and operating ranges. The order number (Valid Combination) is
formed by a combination of the elements below.

AM7943(A) _ J c

-I——— TEMPERATURE RANGE

C* = Commerecial (0°C to 70°C)

PACKAGE TYPE

J =32-pin Plastic Leaded Chip Carrier (PL 032)
P = 22-pin Plastic DIP (PD 022)
D = 22-pin Ceramic DIP (CD 022)

PERFORMANCE GRADE

Blank = Standard specification
—1 = Performance Grading
—2 = Performance Grading

DEVICE NUMBER/DESCRIPTION
Am7943(A)
Subscriber Line Interface Circuit

Valid Combinations Valid Combinations
Valid Combinations lists configurations planned
DC, JC, PC to be supported in volume for this device. Consult
the local AMD sales office to confirm availability of
AM7943(A) | -1DC,-1JC,-1PC specific valid combinations, to check on newly
released combinations, and to obtain additional
-2DC, -2JC, -2PC data on AMD standard military grade products.

*The performance specifications contained in this data sheet are valid for the commercial temperature range only. See the SLIC
Extended Temperature Supplement for information on industrial temperature range (—40°C to +85°C) specifications.
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INFORMATION

PIN DESCRIPTION

AGND/DGND
Ground

Analog and Digital ground.

AX(TIPX)
(Output)

Output of A(TIP) power amplifier.

BGND
Ground

Battery (power) ground.

BX(RINGX)
(Output)

Output of B(RING) power amplifier.
C3-C1 Decoder

(Inputs)

TTL compatible. C3 is MSB and C1 is LSB.
DA

Ring Trip Negative (Input)

Negative input to ring trip comparator.

DB

Ring Trip Positive (Input)

Positive input to ring trip comparator.
DET
Switch Hook Detector (Output)

When enabled, a logic Low indicates the selected detec-
toris tripped. The detector is selected by the logicinputs
(C3-C1, EO, E1). The output is open-collector with a
built-in 15K pull-up resistor.

Eo
Ground-Key Enable (Input)

A logic High enables DET. Low disables DET (PLCC
only).

E1
Ground-Key Enable (Input)

E1 = Low connects the ground-key or ring-trip detector
to DET; E1 = High connects the off-hook or ring-trip
detector to DET (PLCC only).

HPA

A(TIP) side of high-pass filter capacitor.
HPB

B(RING) side of high-pass filter capacitor.

RD

Threshold modification and filter point for the off-hook
detector.
RDC

Connection point for the DC feed current programming
network. The other end of the network connects to
the Receiver Summing Node (RSN). The sign of Veoc
is minus for normal polarity and plus for reverse polarity.

RINGOUT
Ring Relay Driver (Output)

Open collector driver with emitter internally connected
to BGND.

RSN
Receive Summing Node (Input)

The metallic current (both AC and DC) between A(TIP)
and B(RING) is equal to 200 times the current into this
pin. The networks which program receive gain, two-wire
impedance, and feed resistance all connect to this node.

VBAY

Battery supply.

Vee

+5-V power supply.

VEE

—5-V power supply.

Vi

Transmit Audio (Output)

This output is a unity gain version of the AX(TIPX) and
BX(RINGX) metallic voltage. The other end of the two-
wire input impedance programming network connects
here.

Cus
Reference Filter Capacitor

A capacitor should be connected to this pin to filter
internal anti-saturation reference voltage.

™G
Thermal Management

A resistor connected from this pin to Vear reduces the
on-chip power dissipation in the normal polarity, active
state.
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ADVANCE INFORMATION
ABSOLUTE MAXIMUM RATINGS OPERATING RANGES
Storage Temperature ........... —55°C to +150°C Commercial (C) Devices
Vee with respect to AGND/DGND .. -0.4Vto+7.0V Ambient Temperature (Ta) .......... 0°C to +70°C
Vee with respect to AGND/DGND .. +0.4Vto-7.0V Supply Voltage (Vee) .. ..ot 475Vt05.25V
Vear with respect to AGND/DGND ... +04Vto-70V Vee oo —4.75Vto-525V
Note: Rise time of Vaar (dv/dt) must be limited to 27 V/ps or Vear oo -19Vto-56.5V
loss when Qur bypass = 0.33 pF. AGND/DGND . .....ueeeeeeie e ov
HEBOND o, +t0VIoaoy  BONDwihespectto
T ’ AGND/DGND ........... —100 mV to +100 mV
AX(TIPX) or BX(RINGX) to BGND: Load Resistance on Vix to Ground . . .. 10 Kohm Min
Continuous . . ................ -70Vto+1.0V “o" verformance arade SLICs are functional from
10oms(F=01Hz) ............ —70Vto 5.0V —40°C‘t):+85°C. See ?he SLIC Extended Temperature Sup-
1us(F=01Hz) ............. -90Vto+10V plement for information on industrial temperature range
250ns (F=0.1Hz) .......... —120Vto+15V (~40°C to +85°C) specifications.
Current from AX(TIP) or BX(RING) . . ..... +150 mA Operating ranges define those limits between which the de-
Voltage on RINGOUT ............ BGNDto +10V  Vice specifications are guaranteed.
Current through Relay Driver
orinternal driver catch diodes .......... 60 mA
Voltage on Ring Trip Inputs
(DAandDB)........... ... ..., Vearto OV
Current into Ring TripInputs ... .......... +10 mA
C3-C1,EO0,E1to
AGND/DGND ............ -0.4VtoVec+ 0.4V
Maximum Power Dissipation (see note) ... Ta=70°C
In 22-pin ceramic DIP package .......... 15W
In 22-pin plastic DIP package .......... 1.25W
In32-pin PLCC package .............. 1.74 W

Note: Thermal limiting circuitry on chip will shut down the
circuit at a junction temperature of about 165°C. The
device should never reach this temperature, and
operation above 145°C junction temperature may de-
grade device reliability. See SLIC Packaging Consid-
erations section for more information.

Stresses above those listed under ABSOLUTE MAXIMUM
RATINGS may cause permanent device failure. Functionality
at or above these limits is not implied. Exposure to absolute
maximum ratings for extended periods may effect device reli-
ability.
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a AMD ADVANCE INFORMATION
ELECTRICAL CHARACTERISTICS (see Note 1, page 1-45)

The Am7943 (non-A) device is tested under the following conditions unless otherwise noted. Battery=-—24V,
RL=600 ohms. The Am7943(A) device is tested under the following conditions unless otherwise noted.
Battery =—48V, RL =900 ohms. All specifications apply to both the Am7943 and Am7943(A) unless noted.

) Advance Information
Description Test Conditions Notes | P.G.*| Min Typ Max Unit
Analog (V) Output Impedance 3 ohm
Analog (V) Output Offset -30 +30 mV
Analog (RSN) Input Impedance 300 Hz to 3.4 kHz 1 20 ohm
Longitudinal Impedance at AX or BX 35 ohm
four-wi i tat
Overload Level our w.lre i 'lve s 2 2.5 +2.5 Vpk
two-wire active state
On-hook, Ruc=9000hm
Active or Disable State 2 0.95 Vrms
Transmission Performance
Two-Wire Return Loss (see Test Circuit D)] 200 Hz to 3400 Hz | 48 26 [ dB
Longitudinal Balance (two-wire and four-wire, see Test Circuit C);
RL =600 ohms at Vear=24 V,RL = 740 ohms at Vear=48V
200 Hz to 1 kHz 54
. -1 63 dB
Normal Polarity 2 63
Longitudinal to Metallic L-T, L-4 ”
1 kHz to 3.4 Isz -1 58 dB
Normal Polarity ) 58
_— . . 300 Hz to 800 Hz
Longitudinal Signal Generation 4-L Normal Polarity 42 dB
Longitudinal Current Active State 27 3 mA
9 Disable State 27 | 35 RMS
Insertion Loss (two-wire to four-wire and four-wire to two-wire, see Test Circuits A and B)
Gain Accuracy 0dBm, 1 kHz -0.15 +0.15 | dB
Gain Accuracy, Disable Mode -10 dBm, On-hook, -1.0 +1.0 dB
Riac=900 ohms
Variation with Frequency 300 Hz to 3400 Hz -0.10 +0.10 | dB
Relative to 1 kHz
7 dBm to —55 dBm
Gain Tracking * 4 -0.10 +0.10 | dB
Reference: 0 dBm

*P.G. = Performance Grade

1-40
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ADVANCE INFORMATION AMD a
ELECTRICAL CHARACTERISTICS (continued)

Advance Information
Description Test Conditions Notes | P.G. Min I Typ I Max Unit
Balance Return Signal (four-wire to four-wire, see Test Circuit B)
Gain Accuracy 0dBm, 1 kHz -0.15 +0.15 dB
300 Hz to 3400 Hz
Variation with Frequency . 3 -0.10 +0.10 dB
Relative to 1 kHz
+3 dBm to -55 dBm
Gain Trackin 4 -0.10 0.10 dB
racking Reference: 0 dBm *
Group Delay f=1kHz 4,9 5.3 us
Total Harmonic Distortion (two-wire to four-wire or four-wire to two-wire, see Test Circuits A and B)
Harmonic Distortion two-wire level=0 dBm ~64 =50 dB
300 Hz to 3400 Hz two-wire level=+7 dBm -55 —-40
Idle Channel Noise
-Wi 0
C-Message Weighted Noise two wxre 4 7 + dBrnc
four-wire +7 +10
‘Psophometric Weighted Noise tWO-WI.I'e %3 80 dBmp
four-wire -83 -80
Line Characteristics, Active Mode (see Figures 1a and 1b)
Battery = —43 V, Risc = 600 ohms
Short Loops, Active Mode | Battery = —48 V, Ruc = 600 ohms 4 25 27 29 mA
Battery = -24 V, Rinec = 300 ohms
Long Loops, Active Mode Battery = 43V, Ruc = 1.3K 23 mA
Battery =48 V, HLDC =1.9K 18
Battery = —48 V, Rwc = 600 ohms
isabl d 17 19 21 mA
Disable Mode Battery = —24 V, Rwc = 300 ohms
Vear (-3V
Standby Mode IL= l—“—“l—, Ta=25°C TIL L |13l | ma
RL+1800
Loop Current T|.p open, AL=0 ! mA
Disconnect, RL=0 1
ILLIM (ltip + Iring) Tip and Ring Shorted to Ground 100 130 mA
Open Circuit Voltage Battery=-48YV, Actfve and D!sable 41.3 42.3 \
Battery=—24V, Active and Disable 16 17.3 \'4

*Applies only when switching regulator is used.
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ADVANCE

INFORMATION

ELECTRICAL CHARACTERISTICS (continued)

Advance Information
Description Test Conditions Notes | P.G.| Min | Typ | Max Unit
Power Dissipation, Normal Loop Polarity, Battery=-48V
On-Hook, Open Circuit 25 70
On-Hook, Disable Mode 120 210
On-Hook, Active Mode 160 280 mwW
On-Hook, Standby Mode 35 85
RL=300 Q, RTMG =
Off-Hook, Disable Mode Battery=-48V 900 1050
Battery=—24V 470 560
RL=300 Q, RTMG=1700 250 600
RL=300 Q, RTMG =
Off-Hook, Active Mode Battery=—48V 1.25 1.45
Battery=—24V 6 .75
BL=300 O RTMG=1700 .65 .85 w
Off-Hook, Standby Mode RL=300 Q, Ta=25°C .88 1.20
Supply Currents
Open Circuit Mode 1.5 2
Vee On-Hook Supply Current Disable Mode 4 7.5
Standby Mode 2 2.5
Active Mode 5 8.5
Open Circuit Mode 0.7 2
Vee On-Hook Supply Current Disable Mode 2 3.5 mA
Standby Mode 0.7 2
Active Mode 25 5
Open Circuit Mode 0.3 1
Vear On-Hook Supply Current | Disable Mode 25 4.7
Standby Mode 0.8 1.5
Active Mode 3.5 5.7
Power Supply Rejection Ratio (Vripple = 50 mV RMS), Active Normal Mode
Vee 50 Hz to 3400 Hz 5 35 45
Vee 50 Hz to 3400 Hz 5 30 45 dB
Vear 50 Hz to 3400 Hz 5 35 45
Effective Int. Resistance Cas Pin to Ground 4 85 170 255 Kohm
RFI Rejection 100 Hz to 30 MHz (See Figure E) 4 1 mVRMS
Off-Hook Detector
Current Threshold [ loer = 365/RD 1 [ -0 [ +10 | %
Ground-Key Detector Thresholds, Active Mode
Resistance Threshold B(Ring) to GND 2.0 5.0 10.0 | Kohm
Ground-Key B(Ring) to GND
Current Threshold Midpoint to GND 6 mA
Ring Trip Detector Input
Bias Current -0.5 -0.05 RA
Offset Voltage Source Resistance = 2 Mohm 7 —50 0 +50 mV
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ELECTRICAL CHARACTERISTICS (continued)

Advance Information
Description Test Conditions Notes | P.G. Min I Typ I Max Unit
Logic Inputs (C1, C2, C3, EO, and E1
Input High Voltage 2.0 \
Input Low Voltage 0.8 \
Input High Current All inputs except C3 -75 40 A
Input High Current Input C3 -75 150 A
Input Low Current -0.4 mA
Logic Output (DET)
Output Low Voltage lour = 0.8 MA 0.4 \4
Output High Voltage lour = —0.1 mA 2.4 \)
Table 1. SLIC Decoding
DET Output
State C3 C2 cCt Two-Wire Status E1=1 E1=0
0 0 0 0 Open Circuit Ring Trip Ring Trip
1 0 0 1 Ringing Ring Trip Ring Trip
2 0 1 0 Active Loop Det. Ground Key
3 0 1 1 Disable Loop Det. Ground Key
4 1 0 0 Tip Open Loop Det. Ground Key
5 1 0 1 Standby Loop Det. Ground Key
6 1 1 0 Active Polarity Reversal Loop Det. Ground Key
7 1 1 1 Disable Polarity Reversal Loop Det. Ground Key
Note: EO and E1 are internally pulled High and, in the 22-pin DIP package option, are not pinned-out.
SWITCHING CHARACTERISTICS
(32-Pin PLCC Only)
Parameter Test Conditions Min Typ Max Unit
E1 Low to DET High (E0=1) Ground-Key Detect Mode - - 3.8
tgkde e RL Open, RG Connected us
E1 Low to DET Low (E0=1) (see Test Circuit H) - - 1.1
E1 High to DET Low (E0=1) Switch Hook Detect Mode - - 1.2
tshde - R. = 600 chms, RG Open us
E1 High to DET High (E0O=1) (see Test Circuit G) - - 3.8
tshdd EO High to DET Low (E1=1) 1.1
tshdo E0 Low to DET High (E1=1) 3.8
tgkdd EO High to DET Low (E1=0) 1.1
tgkdo EO Low to DET High (E1=0) 3.8
SLIC Products 1-43
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ADVANCE INFORMATION
SWITCHING WAVEFORMS
E1 to DET
AR
E1 \{ Y/ NN N /
N /] N/
DET /L/‘
——>
tgkde tshde tgkde tshde
EO to DET
AN 16853A-002
NS
E1 V\
Eo to DET
E0 —/ N\ \§\ / N
DET | N
tshdd tshd0 tgkdd tgkdo
16853A—003
Note: All delays measured at 1.4-V levels.
RELAY DRIVER SPECIFICATIONS
|
|
|
RINGOUT
I
I
BGND 16853A-004
Advance Information
Description Test Conditions Note Min I Typ I Max Unit
Relay Driver Output (RINGOUT)
On Voltage 30 mA Sink +0.3 +0.6 Vv
Off Leakage Vou=+5V 100 pA
Zener Breakover 100 pA 6 7.2 \
Zener On Voltage 30 mA 10 \
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Notes:

1.

Unless otherwise noted, test conditions are: Vec = +5 V, Vee = —5 V, Cue = 0.33 pF, Roct = Roc: = 9.26 Kohms, Cope = 0.33
uF, RD = 35.4K, Cas = 0.33 pF, and no fuse resistors. For the Am7943 (non-A): Battery=-24V, RL=600 ohms, and
Rua =co. For the Am7943A: Battery =—48V, RL=900 ohms, and Rus=1700 ohms.

Overload level is defined when THD = 1%.

Balance return signal is the signal generated at Vix by Vex. This specification assumes the two-wire AC load impedance
matches the programmed impedance.

Not tested in production. This parameter is guaranteed by characterization or correlation to other tests.

This parameter is tested at 1 kHz in production. Performance at other frequencies is guaranteed by
characterization.

Midpoint is defined as the connection point between two 300-ohm series resistors connected between A(TIP) and
B(RING).

Tested with 0 ohm source impedance. Two Mohm is specified for system design only.
Assumes the following Zr network: Ve —AAN T AN/ RSN
90K 90K
=
150 pF

Group delay can be considerably reduced by using a ZT natwork such as that shown in Note 8 above. The network will
reduce the group delay to less than 2 ps. The effect of group delay on linecard performance may be compensated for by
using the SLAC or DSLAC device.

Table 2. User-Programmable Components

Zr is connected between the Vrx and RSN pins.The fuse re-
sistors are Rr, and Zxwn is the desired two-wire AC input im-
pedance. When computing Zr, the internal current amplifier
pole and any external stray capacitance between Vrx and
RSN must be taken into account.

Zr = 200(Zawn— 2R¢)

ra 200Zy

Zex =

G42L °  Zy+200(Z.+ 2Re)

Zqx is connected from Vex to the RSN. Zy is defined above,
and G42L is the desired receive gain.

Roc1 + Rocz = 500/l00r
Coc = (1 5 mS)(HDm + Hocz)/(Hom Rucz)

Roc1, Rocz, and Coc formthe network connected to the Roc pin.
Roet and Roc. are approximately equal. lwoor is the desired
loop current in the constant current region.

RD = 365/ly, CD = 0.5 ms/RD

Roand Cp formthe network connectedfrom Roto—5 V, and It
is the threshold current between on-hook and off-hook.

1
Coas=

3.4-10°nfe

Cecas is the regulator filter capacitor, and fc is the desired
filter cut-off frequency.

R is connected from Tua to Vear and is used to limit
power dissipation within the SLIC.

SLIC Products
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RDC1+RDC2=18.52K

50 |
| Vgar=-48V
—
— ]
/ — |
Anti ’/t Disable
nti-sa
vab N T~
(Volts) \
VBAT =-24V
\ .
\\\ Active ___|
]
I
0 15 19 27 30
I L(mA)
. . Roc
In anti-sat region: Vi=Vexr—5.7— A
70
Figure 1a. Load Line (Typical)
AX
RSN
a
| sLiC RDC1
Ru § l -
b
RDC2 CDC

BX RDC -:1

Feed Current programmed by Roc: and Rocz.

Figure 1b. Feed Programming

15474A-009
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TEST CIRCUITS
AX ‘ AX
| ey Ve > (Tipxy Y
AL
- RT
sLIC sLIC
E v, RT
° Ao [ — Vie § AL AGND — §
RL _ =
2 Rex Rex
v BX BX |
RINGX) TSN > (RINGX) RSN
ILos = —20 Log (Vrx / Vo) - Vi

A. Two-to-Four Wire Insertion Loss

ANA AX
o€ <<RL [0V F] (TPX) Vn
2
St o sLic
.—)l'— Vo
£ Vis AGND 1§ RT
— il s2
2 y I BX RSN L)
Vv (RINGX)

S2 Open, S1 Closed:
L-T Long. Bal. = 20 Log (Vas/E)
L-T Long. Rej. = 20 Log (Vx/E)

S2 Closed, S1 Open:
4-1 Long. Sig. Gen. = 20 Log (V./Vrx)

C. Longitudinal Balance (IEEE 455-1984)

ILsz

=-20 Log (Vas/ Vex)

BRS =20 Log (Vrx/ Vrx)

B. Four-to-Two Wire Insertion Loss
and Balance Return Signal

Bx RSN

AX
(TIPX)Vm |
Rr

AGND1

SLIC

RiNeX) | j

Zo: The desired impedance (e.g., the character-
istic impedance of the line).

Return Loss =—20 Log (2 Vu/Vs)

D. Two-Wire Return Loss Test Circuit

15474A-010
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TEST CIRCUITS (continued)

, RF1 :
L1 o 200 Q C1 50Q '
— Y Y M ANV | AW\ — AX
_ : L
: Co T |
' 33nF =
1 1
1 1
HF i :
Gen [ 500 : RF1 ,
2000 C2! 50Q !
S AMN—— —W —1 BX Vrx |—»
o 1 J’ 1
= L2 : Cox : SLIC
' 33nF J:—— i Under Test
1.5 Vrms : ‘l
80% Amplitude Modulated ~ TTTTTTTTTmEoS
100 kHz to 30 MHz
E. RFI Test Circuit
RL
A(TIP)
SM RL
B(RING)
RE
SE
Current Feed or Ground Key
F. Ground-Key Detection Center Point Test
VCC
[ 6. D —
A 2K A
A(TIP)
DET
15 pF
AL = 600 L B
Bl p—— RG
B(RING)
RG: 2K at Vear=—48 V
G. Loop Detector Switching . H. Ground-Key Switching

15474A-010
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TEST CIRCUITS (continued)

+5V
-5V
O——| DA Vee T
VCC
<>
Oo——] DB SRD
RD ——j
panf L 7%
A(TIP) O—J-_ AX (TIPX) Vix
HPA
CHP -E RSN
HPB
B(RING) O——1—] BX(RINGX)
2.2nF ,j; RDC
O0—— RINGOUT AGND/ =
DGND [ L
ﬂﬁ— BGND c3 pb——o°
c c2 p———°©0
BAT
ct p————°
DET pb————»
Battery Vear DET
Dé Battery
™G Ground
Rue Cas ‘1 A7
Cas Analog
I Ground
= L
Digital
Ground
16853A—005

I. Am7943 Test Circuit
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PBX SLICs

Application Notes

The AMD PBX SLIC Family offers a high degree of ver-
satility for applications in many PBX, DLC, and other
types of line circuits. In this section, typical single-chan-
nel and multiple-channel applications are described.

Figure 1 shows a detailed schematic of a single line of a
basic system using one SLIC and one-half of an
Am79C02 DSLAC IC.

In the receive path, the DSLAC IC processes digital
PCM voice data into analog signals and inputs them to
the SLIC RSN pin through resistor RRX. In the transmit
path, the analog output at the SLIC V+x pin is processed
by the DSLAC IC and output in serial-digital format to
the PCM interface. RRX sets the receive gain, and Rris
used to synthesize the AC two-wire output impedance.
Both RT and RRX can be complex to achieve optimized
parameters over the voice band.

In the control path, when the line goes off-hook, the
SLIC pulls its collector DET output down and enables
the DSLAC IC serial control data I/O pins, Din and Dour
(see Figure 1). The microprocessor also recognizes the
off-hook, and typically will send a response such as an
active state or ring relay release command back to the
SLIC, viathe DSLAC IC Dy pin and the C3-C1 databus.
The C4 line is also addressed in the same manner, to

enable or disable the test relay driver. The E1 pin is ad-
dressed directly by the microprocessor as shown.

SLIC monitor and control functions which can be per-
formed using a microprocessor and the circuitry shown
in Figure 2 include:

¢ During the disable state, inform the processor when
an off-hook has occurred and send a power-up
command to the SLIC.

o Detect an off-hook during ringing and send a
command to the SLIC to release the ring relay.

¢ Detect an on-hook condition during the active state
and send a command to the SLIC to enter the disable
state.

* Send a line polarity reverse command to the SLIC.
¢ Command the SLIC into the ground-key sense mode.
e Command the SLIC to energize the ring relay, Kr.

¢ Command the SLIC to energize the test relay, Kr.
For more detailed information on designing with the

AMD SLIC Family, please refer to The Subscriber Line
Interface Circuit Family Application Note, order #07030.
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—= |

2.048-MHz
Clock

o
—o0

J)OOO o0

PCM
Interface

Ringer Threshold
see “Ringing Circuit”
Section
. RB1 R4 +_§_V
77 High Voltage <—|—' Low Voltage .5V
Ringing
Source - DA Vee 1 T Veer MCLK
Ut Vee V.
R2 Am7942 B A oo
. sLIC RD Co (optional)
R3 RT DB
A\~ T RD
PCLK
/ﬂ— Vix Ving Fs
Rey Cax AX
A(TIP) — AGND/
(TIP) (MPX)  'Dand 3 T AGND1
Us . _L_ HPA RTS RRX
HP SN WA
”r -I:_ HPB R Vourt
BX Rpc1 § RDC2 u2
BRING = [RINGX) RDC 1/2 Am79C02
(RING) "2 mr2 pp O I T Coo DSLAC Device
r g Gir [-—=— =
RINGOUT <= i
+5 V/+12 V] L. Caw (optional) L peno DXA
| ] TSCA
| KT | TESTOUT cs C31
| < Dsl c2 Cc21 DXB
pin o L BGND c1 c1 TSCB
T c4 Cc41 DRA
V DET [533)
L REG DRB
Cear D?f CHCLK] CHCLK DIN
L DCLK DOUT
Battery ———K} Vear E1
De ] Qaar Cas
RCH Ca /;;
Cas
— | T CHS
Cemt CCHZJ; O 000
Battery i Microprocessor
Ground . Interface
/J7 Digital
Ground
Analog
Ground

15474A-011

Figure 1. Single Channel of a Dual Channel Subscriber Line Circuit with Switcher Components
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]

2.048-MHz
Clock

0006

Ringer Threshold
see “Ringing Circuit”
Section
+ RB1 R4
777 High Voltage 4——|—D Low Voltage SV
Ringing
Source - DA Vee T Veer MCLK
ui
V
R2 Amzoaziaz L | Veon
c sLic SRD Co
R3 AT
Ao I I - | |
ﬂ|7—_L Vrx Vin CLKX
RF1 AGND/ = AGND
A(TIP) — Cax AX(TIPX) DGND [ = CLKR
KR HPA RTS
U3 L RSN AR
ju Cw | our
" HPB RDC2 uz DXA
h 1/2 Am79C02
B(RING) 2 W oo X | BX(RINGX) ppe DSLAC Device
' km B2 O T RDC1 c TSR
l'—"—ll——l GKF L SCA
——— =
KR RINGOUT L . DGND1
+5 V/4+12 V—y L CGKF (optional)
"""" TESTOUT* C3 C31 DXB
4 c2 c21
bs c1 ci1
. DRA
BGND C4 Ca1
7 DET cst DRB
Vrea*
Corr == L EO - DIN
Eif----=--------- o DCLK  DOUT
CHCLK !
Qeat* -4, :
Batteryl i<t Vear Cas l_—l_— ' .
D6 Cas ~ [
CHs* [
—AM—1 MG i
RMG [[688866¢]
Battery Microprocessor
Ground - Interface
Digital
Ground
Analog
Ground

*Pin not available on the Am7943.
**Pin not available on the Am7942.

(24-V Battery, Without Switcher Components)

Figure 2. Single Channel of a Dual Channel Subscriber Line Circuit

PCM
Interface

15474B-001
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Table 1. Parts List — Single Channel Subscriber Line System

U1

u2

- Ka,Kr

L

D1

us

D2, D3, D6
RFi, RF2
R2

Ra1

R3

R4

Ren

RD

RT

Rrx
Roe1, Rocz
RMG
Cari

Coc

Chp

Cas

Cax, Cex
CruiL

Coar

Ca

Cens
Cenz

Co

Coxe

Note: *The parts marked by an asterisk (*) are user-programmable. The values shown can be altered to suit the application.

Am7942 or Am7943 SLIC

Am79C02 DSLAC device

Relay, 2-C contacts, 1500-V rating

Inductor, 1 mH, 5%**

Diode, 100 V, 100 mA, 4 ns**

Dual transient suppressor, Texas Instruments TISP108A or equivalent
Diode 100 V, 100 mA, 10 ns

Resistor, fuse, 20 ohms to 50 chms

Resistor, 800 ohms, 3%, 3 W (Ring feed resistor)*
Resistor, 1 Mohm, 1%, 1/4 W

Resistor, 825K, 1%, 1/4 W

Resistor, 452K, 1%, 1/4 W

Resistor, 1.3K, 1%, 1/4 W**

Resistor, 35.4K, 1%, 1/4 W (sets off-hook threshold)*
Resistor, 100K, 1%, 1/4 W (sets two-wire impedance)*
Resistor, 100K, 1%, 1/4 W (sets two-wire impedance)*
Resistor, 7.14K, 1%, 1/4 W (sets loop current)*
Resistor 1700 ochms, 5% 2 W (Am7943)

Capacitor, 0.1 uF, 20%, 100 V

Capacitor 0.47 uF, 20%, 10V

Capacitor, 0.33 uF, 20%, 100 V

Capacitor, 0.15 uF, 20%, 100 V

Capacitor, 2200 pF, 20%, 100 V

Capacitor, 0.47 uF, 10%, 100 V, metalized polyester**
Capacitor, 0.47 uF, 20%, 100 V

Capacitor, 0.33 uF, 20%, 100 V**

Capacitor, 0.015 pF, 10%, 50 V, X7R ceramic**
Capacitor, 560 pF, 10%, 100 V, X7R ceramic**
Capacitor, 0.01 pF, 20%, 10 V (sets off-hook filtering)*
Capacitor, 3300 pF, 10%, X7R ceramic

**The parts marked by a double asterisk (**) are not needed for 24-V battery operation without a switcher.

SLIC Products
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CENTRAL OFFICE SLIC PRODUCTS
General Description

AMD’s Central Office SLIC (Subscriber Line Interface
Circuit) products perform the telephone line interface
functions required by most types of telephone switching
and transmission equipment. The full range of signal
transmission, battery feed, and loop supervision func-
tions are supported.

The Am7953X and Am7957X Central Office SLICs are
compatible with CCITT recommendations, while North
American LSSGR recommendations are accommo-
dated by the new Am7958. A number of SLICs in this
family also support the metering function required by
many European countries (see Central Office Metering
SLICs section). The Central Office SLICs feature an
internal, self-adjusting switching regulator to reduce
power consumption to a minimum and enhance system
reliability. Central Office SLICs also support on-hook
transmission and offer extended temperature perform-
ance, making either type ideal for Digital Loop Carrier
and Multiplexer applications.

The signal transmission functions of all AMD SLICs
include both two-to-four-wire and four-to-two-wire
conversion. The two-wire termination impedance is
programmable with a single external impedance. The
companion AMD SLAC or DSLAC IC (Single-Channel
or Dual-Channel Subscriber Line Audio-Processing
Circuit) has a digital balancing filter that provides the
trans-hybrid loss function. If the DSLAC IC is not used,
most codecffilters provide an uncommitted op amp for
this purpose.

The SLIC’s battery feed architecture makes their DC
feed characteristics programmable with external
resistors. Furthermore, these characteristics are inde-
pendent of battery variations. AMD’s Central Office
SLICs are optimized for either 48- or 63-V operation.

A polarity reversal function is provided on all SLICs and
transposes the normal voltage sense of the A(TIP) and
B(RING) leads with a controlled transition time. All
transmission functions continue normally following the -
transition. A disable mode is also provided, limiting loop
current and cutting power dissipation while allowing the
full complement of supervisory functions to be utilized.

The supervisory functions of off-hook detection and ring
trip detection are read through a single, TTL-compatible
output. To eliminate noise-induced errors, the off-hook
detector signal may be filtered. Off-hook detectionhas a
threshold that is set by the value of an external resistor.
Additional supervisory controls put the A lead into an
open circuit or high-impedance state suitable for appli-
cation in ground start systems. Similarly, both the A and
B leads may be open circuited to clear relays, recover
fromline faults, orturn off out-of-service lines. Two relay
drivers support ring and test relay functions, or can be
used for other functions.

The SLIC’s user-programmable states are controlled
by a TTL-compatible code. The control inputs are de-
signed to easily interface to popular single-chip
microcontrollers, such as the industry standard 8051, or
to latched outputs from a SLAC or DSLAC device.
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Am79530/Am79531/ v,
Am79534/Am79535 Micro

Subscriber Line Interface Circuit Devices
DISTINCTIVE CHARACTERISTICS
m  Programmable constant current feed B Ground-key detect
m Line-feed characteristics independent of m Low standby power
battery variations B Two-wire impedance set by single external
®  Programmable loop detect threshold impedance
B On-chip switching regulator for low-power B Polarity reversal feature
dissipation ® Tip open state for ground start lines
m  Pin for external ground-key noise filter B Test relay driver optional
capacitor available
BLOCK DIAGRAM
axmPye— | e '
! : Test Relay Driver ——Q TESTOUT
e N i St
T 2 I
: ' Ground- Key ‘ le——— ¢,
: : . Detector [ —0 C
f ¢——-7o0 (C
HPA 0— : R o ¢,
' ” , Input Decoder o
! i and Control [¢———0 E
! Two-Wire ; ¢ ----" 6 E
: Interface ! ""_’? DET
] < '
1 : < '
HPB ¢— R e S LR R L -F-¢ GKFIL
1 1
' . o 0 Vi
! Signal Transmission} 5 RSN
1 Ll
' i II Off-Hook Detector I— !
E R " o Ro
BX(RINGX) 0—— e Contolier [ Q Roo
gg g Ring Trip Detector E
Vrea 9— :
Lo '
Vesr & Switching Regulator j¢— 1 :
oo §— FYSSD SO0 SIS G G MR
CHS Qs CHCLK Vee Vee AGND 11701B-01

Notes: Am79530—E, and E1 inputs; ring relay sourced intemally to BGND,; no test relay driver.
Am79531—E, and E1 inputs; ring relay sourced intemally to BGND; no test relay driver; ground-key filter pin.
Am79534—E, and E; inputs; ring and test relay drivers sourced intemally to BGND.
Am79535—E, and E; inputs; ring relay driver sourced intemally to BGND; ground-key filter pin.
Current gain (K1) = 1000 for all parts.

This document contains information on a product under developmem at Advanced Micro Devu:es, Inc. The information is intended to help you

evaluate this product. AMD reserves the right to change or work on this proposed product without notice.
Publication #: 16854 Rev. A Amendment /0 1_57
Issue Date: June 1992
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CONNECTION DIAGRAMS

Top View
Am79530
/

BGND[ | 1e 28 [ ] BX(RINGX)
Viea[] 2 27 ;| AX(TIPX)
Vee[] 3 26| ]DB

RINGOUT[] 4 25 [ DA
RSRVD[] 5 24[]Ro
L] s 23[ ]HPB
Var [ 7 22 (] HPA
Quar[| 8 21 [ v
CHS[| 9 20 [ ] Vee
CHCLK[] 10 19[_] RSN
E[] 11 18 [_] AGND/DGND
E[]12 17 [ ] Roc
DET[] 13 16 [_] Cs
c.[]14 15[ _]Cs
Am79531
/

BGND[] 1. 28 ] BX(RINGX)
Veea [ ] 2 27 [T] AX(TIPX)
Ve[| 3 26 [ ] DB

RINGOUT[] 4 25[]DA

GKFIL[C} 5 24 ]Ro

Ls 23 [ ] HPB
Vear[] 7 22 [CJHPA
Qesr[] 8 21 ]V
CHS[] ¢ 20 [ ] Vee
CHCLK[] 10 19 [ ] RSN
E ] 11 18 [_] AGND/DGND
B[] 12 17 [ Roc
DET[] 13 16 [_1Cs
c.[] 14 15[ Cs

Note: Pin 1 is marked for orientation.
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CONNECTION DIAGRAMS (continued)

Am79534
<o
8 o 2B
g , 82z ki
T X 2328
AannonnMonn
BT
™LOs 29[ TP
TESTOUTE 6 28] DA
I 271 Ro
Vewr [] 8 26 ] HPB
Qe [] o 251 HPA
CHS [ 10 241 Vx
CHCLK [] 11 23[] Ve
c, O 12 2211 RSN
E, [ 13 21[] AGND
SCEEEEEEY.
N I I I I |
3 ¢S5 89
w |E| lf%
a
Am79535
= < o
3 o 2 &
a g 2 @ =
£ 8 & 0 X X m
x > > m m < A
Onnonomnnnm
R - 85 8\
TP L[] s 29[ ] TP
GKFIL [T 6 28[] DA
L - 270 R
Var [] 8 26[] HPB
Qur [} o 25[] HPA
CHsS [} 10 241 vx
CHCLK [] 11 23] Ve
“RSRVD ] 12 221 RSN
N N T 211 AGND
T een 2 oa2gQ

o N oo -
LuIE_.oooIS

DGND

Notes: 1. Pin 1 is marked for orientation.
2. TP is a thermal conduction pin tied to substrate (Qgar).
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ORDERING INFORMATION
Standard Products

AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is
formed by a combination of the elements below.

AM7953X _ J c

.l_— TEMPERATURE RANGE

C*= Commerical (0°C to 70°C)

PACKAGE TYPE

J = 32-Pin Plastic Leaded Chip Carrier (PL 032)
P = 28-Pin Plastic DIP (PD 028)

D = 28-Pin Ceramic DIP (CD 028)

PERFORMANCE GRADE

Blank = Standard Specification
-1 Performance Grading

-2 Performance Grading
DEVICE NAME/DESCRIPTION
Am7953X
Subscriber Line Interface Circuit
Valid Combinations Valid Combinations

Valid Combinations list configurations planned to
be supported in volume for this device. Consult
the local AMD sales office to confirm availability of
specific valid combinations, to check on newly
released combinations, and to obtain additional
data on AMD’s standard military grade products.

DC, JC, PC
AM7953X -1DC, -1JC, -1PC

—2DC, -2JC, -2PC

*The performance specifications contained in this data sheet are valid for the commercial temperature range only. See the SLIC
Extended Temperature Supplement for information on industrial temperature range (-40°C to +85°C) specifications.
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PIN DESCRIPTION

AGND

Ground (Am79534 and Am79535)

Analog (Quiet) ground.

DGND

Ground (Am79534 and Am79535)

Digital ground.

AGND/DGND

Ground (Am79530, Am79531)

Analog and digital ground are connected internally to a
single pin.

AX(TIPX)

(Output)

Output of A(TIP) power amplifier.

BGND

Ground

Battery (power) ground.

BX(RINGX)

(Output)

Output of B(RING) power amplifier.

C:~C:

Decoder (Inputs)

TTL compatible. Cs is MSB and Cs is LSB.

C.

Test Relay Driver Command (Input) (Am79534)
TTL compatible. A logic Low enables the driver.
CHCLK

Chopper Clock (Input)

Input to switching regulator (TTL compatlble) Fre-
quency = 256 kHz (Nominal).

CHS

Chopper Stabilization (Input)

Connection for external stabilization components.

DA

Ring Trip Negative (Input)

Negative input to ring trip comparator.
DB

Ring Trip Positive (Input)

Positive input to ring trip comparator.
DET

Detector (Output)

When enabled, a logic Low indicates that the selected
detector.is tripped. The detector is selected by the logic
inputs (Cs—C, Eo, E1). The output is open-collector witha
built-in 15K pull-up resistor.

E.
Read Enable (Input)
(Am79530, Am79531, and Am79534)

A logic High enables DET. A logic Low disables DET.
E,

Ground Key Enable (Input)

When E, is High, E, = High connects the ground-key
detector to DET, and _E_.: Low connects the off-hook
or ring trip detector to DET.

GKFIL

Ground-Key Filter Capacitor Connection
(Am79531 and Am79535)

An external capacitor for filtering out high-frequency
noise fromthe ground-key loop can be connectedto this
pin. An internal 36K —20%, +40% resistor is provided
to form an RC filter with the external capacitor.

In versions which have a GKFIL pin, 3.3 nF minimum
capacitance must be connected from the GKFIL pin to
ground.

HPA
A(TIP) side of high-pass filter capacitor.

HPB

B(RING) side of high-pass filter capacitor.

L

Switching Regulator Power Transistor (Output)

Connection point for filter inductor and anode of catch
diode. This pin wili have up to 60 V of pulse waveform
on it and must be isolated from sensitive circuits. Ex-
treme care must be taken tokeep the diode connections
short because of the high currents and high di/dt.

QBAT
Quiet Battery
Filtered battery supply for the signal processing circuits.

Ro

Threshold modification and filter point for the off-hook
detector.

Roc

Connection point for the DC feed current programming
network. The other end of the network connects to the
Receiver Summing Node (RSN). The sign of Veoc is
minus for normal polarity and plus for reverse polarity.

RINGOUT

Ring Relay Driver (Output)

Sourcing from BGND with internal diode to Qeur.

SLIC Products 1-61



n AMD

PRELIMINARY

TESTOUT
Test Relay Driver (Output) (Am79534)
Sourcing from BGND with internal diode to Qear.

RSN
Receive Summing Node (Input)

The metallic current (both AC and DC) between A(TIP)
and B(RING) is equal to 1000 times the current into this
pin. The networks that program receive gain, two-wire
impedance, and feed current all connect to this node.
This node is extremely sensitive. Care should be taken
to route the 256-kHz chopper clock and switch lines
away from the RSN node.

VBAY

Connected to office battery supply through an external
protection diode.

Vee

+5-V power supply.

VEE

—5-V power supply.

VREG

Regulated Voltage (Input)

Provides negative power supply for power amplifiers
and connection point for inductor, filter capacitor, and
chopper stabilization.

Vix
Transmit Audio (Output)

This output is a unity gain version of the AX(TIPX) and
BX(RINGX) metallic voltage. The other end of the two-
wire input impedance programming network connects
here.
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ABSOLUTE MAXIMUM RATINGS
Storage Temperature ........... —55°C to +1560°C

Vee with respect to AGND/DGND .. -0.4Vto +7.0V
Vee with respect to AGND/DGND .. +0.4Vto-7.0V
Vear with respect to AGND/DGND ... +0.4Vto-70V

Note: Rise time of Vear (dv/dt) must be limited to 27 V/ps or
less when Qgar bypass = 0.33 pF.

BGND with respect to
AGND/DGND ............... +1.0Vto-3.0V
AX(TIPX) or BX(RINGX) to BGND:
Continuous .................. -70Vto +1.0V
10ms(F=01Hz) ............ -70Vto+5.0V
Tus(F=01Hz) ............. -90Vto+10V
250ns (F=01Hz) .......... —120Vto +15 V
Current from AX(TIP) or BX(RING) ... .... +150 mA

Voltage on RINGOUT .... BGND to 70 V above Qear
Voltage on TESTOUT .... BGND to 70 V above Qsar

Current through Relay Drivers ............ 60 mA
Voltage on Ring Trip Inputs

(DAandDB)..............oooa... Vearto OV
Currentinto Ring Trip Inputs . . ........... +10 mA
Peak Current into Regulator

Switch(Lpin) .......... ...t 150 mA
Switcher Transient Peak Off

VoltageonLpin ..................... +1.0V
C4-C1, E1, CHCLK to

AGND/DGND ........... ~0.4Vto Ve +0.4V
Maximum Power Dissipation, Ta (see note) ... 70°C

In 28-pin ceramic DIP package ......... 258 W

In 28-pin plastic DIP package ........... 14W

In 32-pin PLCC package .............. 1.74 W

Note: Thermal limiting circuitry on chip will shut down the
circuit at a junction temperature of about 165°C. The
device should never see this temperature and opera-
tion above 145°C junction temperature may degrade
device reliability. See SLIC Packaging Considerations
section for more information.

Stresses above those listed under ABSOLUTE MAXIMUM
RATINGS may cause permanent device failure. Functionality
at or above these limits is not implied. Exposure to absolute
maximum ratings for extended periods may effect device
reliability.

OPERATING RANGES
Commercial (C) Devices

Ambient Temperature ............. 0°C to +70°C
Voo v e 475Vt05.25V
VEE oot s —-4.75Vto-5.25V
VBAT &t et e et -40Vto-63V
AGND/DGND ......... .. .. oo it ov
BGND with respect to

AGND/DGND ........... —100 mV to +100 mV

10 Kohm Min

“-2” performance grade SLICs are functional from —-40°C to
+85°C. See the SLIC Extended Temperature Supplement for
information on industrial temperature range (-40°C to +85°C)
specifications.

Load Resistance on Vxto Ground . . . .

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.
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ELECTRICAL CHARACTERISTICS over operating range
Am79530/Am79531/Am79534/Am79535 (see Note 1)

Preliminary
Description Test Conditions P.G* Min Typ Max Unit
Analog (Vx) Output Impedance (Note 5) 3 ohm
-35 +35
Analog (V) Output Offset mV
9 (Vi) Outp -1 -30 +30
Analog (RSN) Input Impedance (Note 5) 1 20
300 Hz to 3.4 kHz ohm
Longitudinal Impedance at AX or BX 35
Overload Level four-w.lre 3.1 3.1 Vik
Zawin = 600 to 900 ohms (Note 2) two-wire
Transmission Performance, two-wire impedance
Two-Wire Return Loss 300 Hz to 500 Hz 26
(See Test Circuit D) 500 Hz to 2500 Hz 26 dB
(Notes 5, 10) 2500 Hz to 3400 Hz 20
Longitudinal Balance (two-wire and four-wire, see Test Circuit C)
R. = 600 ohms 300 Hz 1o 3400 H 48
z to z
Longitudinal to Metallic L-T, L-4 -1 52 dB
Longitudinal to Metallic L-T and 200 Hz to 1000 Hz _ow 63 70
L-4 for trimmed version (consult factory) | 1000 Hz to 3400 Hz 58 70
200 Hz to 3400 Hz
(Reverse polarity) 54
Longitudinal Signal Generation 4-L 800 Hz to 800 Hz 40 dB
300 Hz to 800 Hz -1 42
Longitudinal Current Capability Active State 25 mA
per Wire (Note 5) Disable State 18 RMS
Insertion Loss (two-wire to four-wire and four-wire to two-wire, see Test Circuits A and B)
-0.15 0.15
Gain Accuracy 0dBm, 1 kHz * dB
-1 -0.1 +0.1
300 Hz to 3400 Hz
Variation with Frequency (Note 5) . -0.1 +0.1 dB
Relative to 1 kHz
+7 dBm to —55 dBm
Gain Tracking (Note 5) -0.1 +0.1 dB
Reference: 0 dBm
Balance Return Signal (four-wire to four-wire, see Test Circuit B)
-0.15 +0.15
Gain Accuracy (Note 3) 0 dBm, 1 kHz dB
~1 -0.1 +0.1
300 Hz to 3400 Hz
Variation with Frequency (Notes 3, 5) ) -0.1 +0.1 dB
Relative to 1 kHz
+3 dBm to —55 dBm
Gain Tracking (Note 5) -0.1 +0.1 dB
Reference: 0 dBm
Group Delay (Notes 5, 12) F=1kHz 5.3 us
Total Harmonic Distortion (two-wire to four-wire or four-wire to two-wire, see Test Circuits A and B)
Total H ic Distorti 0 dBm, 300 Hz-3.4 kHz -64 -50 B
rm IS ion
orel rarmonie Fisto +9 dBm, 300 Hz-3.4 kHz 55 | 40

*P.G. = Performance Grade

**All other performance parameters equivalent to -1 grade.

Normal Polarity only.
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ELECTRICAL CHARACTERISTICS (continued)
Preliminary
Description Test Conditions P.G. I Min Typ Max Unit
Idle Channel Noise
7 15
R i two-wire * * dBrnC
C-Message Weighted Noise -1 +7 +12
N 57 7 15
(Notes 5,7) four-wire * * dBrnC
-1 +7 +12
-83 =75
. . ) two-wire dBmp
Psophometric Weighted Noise -1 —83 —78
Note 7 -83 =75
(Note 7) four-wire dBmp
-1 -83 -78
Single Frequency Out-of-Band Noise (see Test Circuit E)
Metallic 4 kHz to 9 kHz —~76
(Notes 4, 5, 9) 9 kHz to 1 MHz -76 dBm
(Notes 4, 5) 256 kHz and harmonics -57
Longitudinal 1 kHz to 15 kHz —70
(Notes 4,5, 9) Above 15 kHz -85 dBm
(Notes 4, 5) 256 kHz and harmonics =57
DC Feed Currents (see Figures 1a, 1b, 1c) Battery =—48 V
Active Mode Loop Current Accuracy lLoor (Nominal) = 40 mA -7.5 +7.5 %
Disable Mode R. = 600 ohms 18 20 22
Tip Open Mode R. =600 ohms 1.0 mA
Open Circuit Mode R.= 0 ohms 1.0
Fault Current Limit, lum (lax + lax) AX and BX shorted 130 mA
to ground
Power Dissipation Battery = —48 V, Normal Polarity
o 35 120
On-Hook Open Circuit
-1 35 80
135 250
On-Hook Disable Mode
-1 135 200
200 400 mw
On-Hook Active Mode
-1 200 300
Off-Hook Disable Mode R. =600 ohms 500 750
Off-Hook Active Mode R. = 600 ohms 650 1000
Supply Currents
Open Circuit Mode 3.0 4.5
Vee On-Hook Supply Current Disable Mode 6.0 10.0 mA
Active Mode 75 12.0
Open Circuit Mode 1.0 2.3
Ves On-Hook Supply Current Disable Mode 22 35 mA
Active Mode 2.7 6.0
Open Circuit Mode 0.4 1.0
Vear On-Hook Supply Current Disable Mode 3.0 5.0 mA
Active Mode 4.0 6.0
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ELECTRICAL CHARACTERISTICS (continued)

Preliminary
Description Test Conditions P.G. Min I Typ Max Unit
Power Supply Rejection Ratio (Vripple = 50 mV RMS)
5
50 Hz to 3400 Hz 2 45 dB
Vee -1 30 45
Notes 6, 7 g 22 35
(Notes 6,7) 3.4 kHz to 50 kHz dB
-1 25 35
0
50 Hz to 3400 Hz 2 40 dB
Vee -1 25 40
Notes 6, 7 10 . 25
(Notes 6,7) 3.4 kHz to 50 kHz dB
-1 10 25
7
50 Hz to 3400 Hz 2 8 dB
Vear -1 30 45
Notes 6, 7 20 40
( ) 3.4 kHz to 50 kHz dB
-1 25 40
Off-Hook Detector
Current Threshold Accuracy | toer = 365/Ro Nominal | [ 20 +20 | %
Ground-Key Delectdr Thresholds, Active Mode, Battery = —-48 V (see Test Circuit F)
Ground-Key Resistance Threshold B(Ring) to GND 2.0 5.0 10.0 Kohm
B(Ring) to GND 9
Ground-Key Current Threshold (Note 8) ( 9) mA
Midpoint to GND 9
Ring Trip Detector Input
Bias Current -5 -0.05 pA
Source Resistance
Offset Voltage (Note 11) 010 2 Mohm -50 0 +50 mV
Logic Inputs (Cy, C, Cs, Cs, Eo, Es, and CHCLK)
Input High Voltage 2.0 \
Input Low Voltage 0.8 \'
Input High Current =75 40 nA
Input Low Current -0.4 mA
Logic Output (DET)
Output Low Voltage lour = 0.8 mA 0.4 \
Output High Voltage lour =-0.1 mA 2.4 \
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SWITCHING CHARACTERISTICS
Am79530/Am79531/Am79534/Am79535

Parameter Test Conditions Min Typ Max Unit
E. High to DET High (Eo = 1) Ground-Key Detect Mode 3.8
tgkde _ R. Open, Re Connected s
E: High to DET Low (Eo = 1) (see Test Circuit H) 1.1
EiLow to DET Low (Eo = 1) 1.2
tshde us
E1 Low to DET High (Eo = 1) 3.8
tshdd Eo High to DET Low (E: = 0) Switch Hook Detect Mode 1.1
— R. = 600 chms, Ra Open us
tshdo Eo Low to DET High (E1 = 0) (see Test Circuit G) 3.8
tgkdd E, High to DET Low (E: = 1) 1.1
us
tgkdo Eo Low to DET High (E: = 1) 3.8
Table 1. SLIC Decoding
DET Output
Eo=1* Eo=1*
C. C. G Two-Wire Status Ei=0 Ei=1
0 0 0 Open Circuit Ring Trip Ring Trip
0 0 1 Ringing Ring Trip Ring Trip
0 1 0 Active Loop Det. Ground Key
0 1 1 Disable Loop Det. Ground Key
1 0 0 Tip Open Loop Det. —
1 o] 1 Reserved Loop Det. —
1 1 0 Active Polarity Reversal Loop Det. Ground Key
1 1 1 Disable Polarity Reversal Loop Det. Ground Key

For the Am79530, Am79531, Am79534, and Am79535, a logic Low on Eo disables the DET output into the open-collector state.
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SWITCHING WAVEFORMS
Am79530/Am79531/Am79534/Am79535

E: to DET

Es

Eoto DET

Es

Eo

Note: All delays measured at 1.4-V level.

/ \ i / ___
77
——>
tgkde tshde tgkde tshde
./
77
/ \ yya / .
77
P /L
l/ 7/
tshdd tshdo tgkdd tgkdo

11701B-002
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Relay Driver Specifications

Am79530/Am79531/ Am79534
Am79534/Am79535
BGND BGND
| |
| |
| |
| |
| |
RINGOUT TESTOUT
| |
l |
| |
Qear Qear
11701B-003
Description Test Conditions Min Typ Max Unit
Relay Driver Outputs (RINGOUT, TESTOUT)
On Voltage 50 mA Source BGND -2 BGND-0.95 Vv
Off Leakage 0.5 100 pA
Clamp Voltage 50 mA Sink Qear =2 Vv

Notes:

1.

10.

11.

12

Unless otherwise noted, test conditions are: Battery = —48 V, Vec = +5 V, Vez = =5 V, RL = 600 ohms, Cwr = 0.22 pF,
Roct = Roca=31.25K, Coc = 0.1 uF, Re=51.1K, nofuse resistors, two-wire AC output impedance, programming impedance (Zr)
= 600K resistive, receive input summing impedance (Zmx) = 300K resistive. (See Table 2 for component formulas.)
Overload level is defined when THD = 1%.

Balance return signal is the signal generated at Vix by Vax. This spec assumes that the two-wire AC load impedance
matches the impedance programmed by Zr.

These tests are performed with a longitudinal impedance of 30 ohms and metallic impedance of 300 ohms for frequencies
below 12 kHz and 135 ohms for frequencies greater than 12 kHz. These tests are extremely sensitive to circuit board layout.

Not tested in production. This parameter is guaranteed by characterization or correlation to other tests.

This parameter is tested at 1 kHz in production. Performance at other frequencies is guaranteed by characterization.
When the SLIC is in the Anti-sat 2 operating region, this parameter will be degraded. The exact degradation will depend
on system design. The Anti-sat 2 region occurs at high loop resistances when | Vaar | — | Vax—Vex | is less than approximately
V.

“Midpoint” is defined as the connection point between two 300-ohm series resistors connectedbetween A(TIP) and B(RING).

Fundamental and harmonics from 256-kHz switch-regulator chopper are not included.

AMN RSN
300K

Assumes the following Zr network: Vix —AWN
300K

L
=

30 pF
Tested with 0 ohm source impedance. Two Mohms is specified for system design purposes only.
Group delay can be considerably reduced by using a Zr network such as that shown in Note 10 above. The network will reduce

the group delay to less than 2 ps. The effect of group delay on linecard performance may be compensated for by using SLAC
or DSLAC devices.
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Table 2. User-Programmable Components

Zr = 1000(Zzwn— 2Rr) Zr is connected between the Vrx and RSN pins.The fuse re-
sistors are Re, and Zown is the desired two-wire AC input im-
pedance. When computing Zr, the internal current amplifier
pole and any external stray capacitance between Vrx and
RSN must be taken into account.

Zex = 24 1000 Zv Zrx is connected from Vex to the RSN pin and Zr is defined
G42L Zr + 1000(Z. + 2RF) above and G42L is the desired receive gain.
Roct + Rocz = 2500/lrzen Rocs, Rocz, and Coc formthe network connected to the Roc pin.
Coc = (1.5 ms)(Roc1 + Rocz2)/(Roc1Roc2) Roc: and Roce are approximately equal.
Ro = 365/lr, Co = 0.5 ms/Ro Ro and Coformthe network connected from Roto -5V, and ¢
is the threshold current between on-hook and off-hook.
Vear = —47.3V
Roc1 + Rocz = Roc= 62.5K
50 |
Anti-sat 2
'\\Anti-sat 1
Vax—Vex
(Volts)
Constant current
0
0 I (MA) 60
. 2500
Constant current region: I =
Roc
Anti-sat 1 region:  Vax_ox = 45.78 ——2 |
g : AX-BX = . 152.6 L
R
Anti-sat 2 region:  Vax-ex= 1.067 | Vear| —12.22 ~ (0.0128+ 1;203 ) I

See Figure 1c.

117018-004

Figure 1a. Load Line (Typical)
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50

N
L (mA) \

0 AL (Ohm) 3000

Load Current versus Load Resistance—Am79530/Am79531/Am79534/Am79535
Vear =—47.3 V
Roc = 62.5K

See Figure 1c.

11701B-005
Figure 1b. Feed Characteristics (Typical)
AX
a
R, § h
RSN
SLIC
b . Roct
Roc2 Cos
BX Roc |
Current programmed by Roc1 and Roca.
11701B-006

Figure 1c. Feed Programming
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TEST CIRCUITS

AX
AX V- > \
(TIPX) ™ (TIPX) ™
Ro
= P
SLIC SLIC
>
E Vas Vas ; R. g Rr
AGND __I_ AGND 1
Ru = =
—-—2 Rex Rex
s RSN BX
BX > (RiNgx) RSN
(RINGX) —
Vex
liae = =20 log (Ve / Vas) Iz =-201log (Vs / Vex)
BRS = 20 log (Vi / Vix) L
A. Two-to-Four Wire Insertion Loss B. Four-to-Two Wire Insertion Loss and Balance Return Signal
900 chms
AX
—VW— AX Vix '
1/0C << Ru AL (TIPX) (TIPX)
2
St sLIC
H w > R AGND
T
E AGND j % sLIC
- % S2 Rax
RSN
L'\Nv— px RSN " BX
(RINGX) Vex (RINGX)

S2 Open, S1 Closed:
L-T Long. Bal. = 20 log (Vas/E)
L-4 Long. Rej. = 20 log (Vix/E) Zo: The desired impedance (e.g., the character-
istic impedance of the line).
S2 Closed, S1 Open:

4-1. Long. Sig. Gen. = 20 log (V./ Vrx) Return Loss = —20 log (2 Vu/ Vs)

C. Longitudinal Balance D. Two-Wire Return Loss Test Circuit

15772A-017a
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TEST CIRCUITS (continued)

C R.
—A\—)} AX(TIPX) A(TIP)
68 ohms
56 ohms Su R
_I:\M,. IDC D stic B(RING)
Re
68 ohms
—AM—)} BX(RINGX) s: VWV l
Cc
1/wC << 90 ohms Current Feed or Ground Key
E. Single-Frequency Noise F. Ground-Key Detection
Vee
'y 6.2K
/1A
A(TIP) DET
15 pF
R. = 600 ohms $ B
E0 Re = 2K
B(RING) El b——
G. Loop Detector Switching H. Ground-Key Switching 15772A-017b
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Am79571/Am79573/Am79574 -

Subscriber Line Interface Circuit

Devices

DISTINCTIVE CHARACTERISTICS

B Programmable constant resistance feed B Ground-key detect option available
B Line-feed characteristics independent of B Low standby power
. 'I:attery Va"ia;liOll'lS dotoct threshold B Two-wire impedance set by single external
rogrammable loop detect thresho impedance
B On-chip switching regulator for low-power B Polarity reversal feature
dissipation B Tip open state for ground start lines
B Pin fon:textern.elzl lg);lround-key noise filter @ Test relay driver optional
capacitor available
BLOCK DIAGRAM
e —————— == ——— —_— bt 1
mp‘% +— Ring Relay Driver O RINGOUT
| r——————— T |
]l —ILTest Relay Driver_ll—O TESTOUT
——————— |
! Ground-Ke ¢ © Ci
o0— -Key
HPA | Detector 4—+ C.
: i ¢—0 C;
| ! Input Decoder "____? C
| i and Control  ¢—-——=0Q E,
| Two-Wire Interface { E
| ! <———+ )
HPB T— I ——D(lp DET
|
| i o |
l L —— = - GKFIL
} - Signal =g Vi
| Transmission S i RSN
-Hoo
X O T Detector I
(RINGX) : Ro
I P Power Feed & Roc
[ Controller i
I |
VBQ g Ring Trip Detector i
HEE o Switching — |
Ver & Regulator = |
BGND ¢ - ) SN N S— i S S S
CHS Qe CHCLK Vee Vee AGND
11701B-007
Notes: Am79571—Eo, and E; inputs; ring relay sourced intemally to BGND; no test relay driver; ground-key filter pin.
Am79573—E, input and no E; input; ring and test relay drivers sourced intemally to BGND.
Am79574—Eo. and E: inputs; ring and test relay drivers sourced intemally to BGND.
Output amplifier current gain (K1) = 1000 for all three parts.
This document contains information on a product under development at Advanced Micro Devices, Inc. The information is intended to help you
evaluate this product. AMD reserves the right to change or di inue work on this proposed product without notice.
| Publication #: 16855 Rev. A Amendment /0 1_75
Issue Date: June 1992
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CONNECTION DIAGRAMS
Top View
Am79571 Am79573
/ -/

BGND [ 1+ 28 [] BX(RINGX) BGND [| 1 28 |_] BX(RINGX)
Veea [ 2 27 [ JAX(TIPX) Vres [ 2 27 [J AX(TIPX)
Vee [ 3 26 ] DB Voo [] 3 26[] DB

RINGOUT [] 4 25 ]DA RINGOUT [ 4 25[] DA

GKFIL [] 5 24 [JRo TESTOUT [| 5 24[] Ro

Ls 23 [ JHPB Ls 23| ] HPB
Ver [_] 7 22 [ JHPA Vear [] 7 22 ] HPA
Qer [] 8 21 []Vx Qanr [ 8 21 ] Vx
CHs [ o 20 [] Vee CHs [ o 20 ] Ve
CHCLK [ 10 19 [ ] RSN CHCLK [] 10 19 [ RSN
E [ 11 18 [_] AGND/DGND c. 11 18 ] AGND/DGND
B []12 17 [] Roc E. [] 12 17 ] Ree
DET [{ 13 16 [_] Cs DET [} 13 16 |_] C
c. ] 14 15 [1Cs C. [] 14 15[ ] Cs
Am79574
5 5
g g2 3 E
T > 8 a <8
Ao Mnn
BRI
TP s 20[] TP
TESTOUT [] & 281 pa
L7 271 R
Ve [] 8 261 HPB
Qar [ o 251 HPA
CHs [] 10 2411 Vw
CHclK ] 11 237} Ve
c, O 12 22 RsN
E, [} 13 21[ AGND
\ T 22 = 2 2R )
OO od
uf l’g S ST & %
o

Notes: 1. Pin 1 is marked for orientation.

2. TP is a thermal conduction pin tied to substrate (Qear).
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PIN DESCRIPTION

AGND

Ground (Am79574)

Analog (Quiet) ground.

DGND

Ground (Am79574)

Digital ground.

AGND/DGND

Ground (Am79571 and Am79573)
Analog and digital ground are connected internally to a
single pin.

AX(TIPX)

(Output)

Output of A(TIP) power amplifier.
BGND

Ground

Battery (power) ground.
BX(RINGX)

(Output)

Output of B(RING) power amplifier.
C~—C,

Decoder (Inputs)

TTL compatible. Cs is MSB and C. is LSB.
C.

Test Relay Driver Command (Input)
(Am79573 and Am79574)

TTL compatible. A logic Low enables the driver.
CHCLK

Chopper Clock (Input)

Input to switching regulator (TTL compatible). Fre-
quency = 256 kHz (Nominal).

CHS

Chopper Stabilization (Input)

Connection for external stabilization components.
DA

Ring Trip Negative (Input)

Negative input to ring trip comparator.

DB

Ring Trip Positive (Input)

Positive input to ring trip comparator.

DET
Detector (Output)

When enabled, a logic Low indicates that the selected
detector is tripped. The detector is selected by the logic
inputs (Cs—C,, Eo, E+). The output is open-collector with a
built-in 15K pull-up resistor.

E,

Read Enable (Input)

A logic High enables DET. A logic Low disables DET.

E,

Ground-Key Enable (Input)
(Am79571 and Am79574)

When E; is High, E: = High connects the ground-key
detector to DET, and E, = Low connects the off-hook
or ring trip detector to DET.

GKFIL

Ground-Key Filter Capacitor Connection
(Am79571)

An external filter capacitor for filtering out high fre-
quency noise from the ground-key loop can be con-
nected to this pin. An internal 36K —20%, +40% resistor
is provided to form an RC filter with the external
capacitor.

In versions which have a GKFIL pin, 3.3-nF minimum
capacitance must be connected from the GKFIL pin to
ground.

HPA

A(TIP) side of high-pass filter capacitor.

HPB
B(RING) side of high-pass filter capacitor.

L
Switching Regulator Power Transistor (Output)

Connection point for filter inductor and anode of catch
diode. This pin will have up to60 V of pulse waveformon
it and must be isolated from sensitive circuits. Extreme
care must be taken to keep the diode connections short
because of the high currents and high di/dt.

QBAT

Quiet Battery

Filtered battery supply for the signal processing circuits.

Ro

Threshold modification and filter point for the off-hook
detector.
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RDC

Connection point for the DC-feed resistance program-
ming network. The other end of the network connects to
the Receiver Summing Node (RSN). The sign of Ve is
minus for normal polarity and plus for reverse polarity.

RINGOUT
Ring Relay Driver (Output)
Sourcing from BGND with internal diode to Qear.

TESTOUT

Test Relay Driver (Output)
(Am79573 and Am79574)

Sourcing from BGND with internal diode to Quar.

RSN
Receive Summing Node (Input)

The metallic current (both AC and DC) between A(TIP)
and B(RING) is equal to 1000 times the current into this
pin. The networks that program receive gain, two-wire
impedance, and feed resistance all connectto this node.
This node is extremely sensitive. Care should be taken
to route the 256-kHz chopper clock and switch lines
away from the RSN node.

VBAT

Connected to office battery supply through an external
protection diode.

VCC

+5-V power supply.

Vee

—5-V power supply.

VREG

Regulated Voltage (Input)

Provides negative power supply for power amplifiers,
connection point for inductor, filter capacitor, and chop-
per stabilization.

Vix

Transmit Audio (Output)

This output is a unity gain version of the AX(TIPX) and
BX(RINGX) metallic voltage. The other end of the two-

wire input impedance programming network connects
here.
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ORDERING INFORMATION
Standard Products

AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is
formed by a combination of the elements below.

AM7957X _ J c

TEMPERATURE RANGE
C*= Commerical (0°C to 70°C)

PACKAGE TYPE

J = 32-Pin Plastic Leaded Chip Carrier (PL 032)
P = 28-Pin Plastic DIP (PD 028)
D = 28-Pin Ceramic DIP (CD 028)

PERFORMANCE GRADE .

Blank
-1

Standard Specification
Performance Grading

nnn

-2 Performance Grading
DEVICE NAME/DESCRIPTION
Am7957X
Subscriber Line Interface Circuit
Valid Combinations Valid Combinations
DC. JC. PC Valid Combinations list configurations planned to
» UMy be supported in volume for this device. Consult
the local AMD sales office to confirm availability of
AM7957X -1BC, -1JC, ~1PC specific valid combinations, to check on newly
released combinations, and to obtain additional
—2DC, -2JC, -2PC data on AMD’s standard military grade products.

*The performance specifications contained in this data sheet are valid for the commercial temperature range only. See the SLIC
Extended Temperature Supplement for information on industrial temperature range (—40°C to +85°C) specifications.
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ABSOLUTE MAXIMUM RATINGS
Storage Temperature ........... -55°C to +150°C

Ve with respect to AGND/DGND .. -04Vto+7.0V
Ve with respect to AGND/DGND .. +0.4Vto-7.0V
Vear with respect to AGND/DGND ... +0.4Vto-70V"

Note: Rise time of Vear (dv/dt) must be limited to 27 V/us or
less when Qear bypass = 0.33 pF.

BGND with respect to
AGNDDGND ............... +1.0Vto-3.0V
AX(TIPX) or BX(RINGX) to BGND:
Continuous . ................. -70Vto+1.0V
10ms(F=01Hz) ............ —-70Vto +5.0V
1ps(F=01Hz) ............. —90Vto+10V
250ns(F=01Hz) .......... -120Vto +15 V
Current from AX(TIP) or BX(RING) . . .. ... +150 mA

Voltage on RINGOUT .... BGND to 70 V above Qear
Voltage on TESTOUT .... BGND to 70 V above Qear

Current through Relay Drivers ............ 60 mA
Voltage on Ring Trip Inputs

(DA and DB) ..................... Vearto OV
Current into Ring Trip Inputs . . ........... +10 mA
Peak Current into Regulator

Switch(Lpin) ..., 150 mA
Switcher Transient Peak Off

VoltageonLpin ..................... +1.0V
C4-C1, E1, CHCLK to

AGND/DGND ........... —0.4V1to Ve +0.4V
Maximum Power Dissipation, Ta (see note) ... 70°C

In 28-pin ceramic DIP package ......... 258 W

In 28-pin plastic DIP package ........... 14 W

In 32-pin PLCC package .............. 1.74 W

Note: Thermal limiting circuitry on chip will shut down the
circuit at a junction temperature of about 165°C. The
device should never see this temperature and opera-
tion above 145°C junction temperature may degrade
device reliability. See SLIC Packaging Considerations
section for more information.

Stresses above those listed under ABSOLUTE MAXIMUM
RATINGS may cause permanent device failure. Functionality
at or above these limits is not implied. Exposure to absolute
maximum ratings for extended periods may effect device
reliability.

OPERATING RANGES

Commercial (C) Devices

Ambient Temperature ............. 0°C to +70°C
Ve o e e 475Vt05.25V
Vee ieii i —4.75Vto-5.25V
VAT et e e e -40Vto-63V
AGND/DGND ........ ..., oV
BGND with respect to

AGND/DGND ........... —100 mV to +100 mV

Load Resistance on Vi to Ground . ... 10 Kohm Min

“~2” performance grade SLICs are functional from —40°C to
+85°C. See the SLIC Extended Temperature Supplement for
information on industrial temperature range (—40°C to +85°C)
specifications.

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.
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ELECTRICAL CHARACTERISTICS over operating range
Am79571/Am79573/Am79574 (see Note 1)

Preliminary
Description Test Conditions P.G.* Min Typ Max Unit
Analog (Vx) Output Impedance (Note 5) 3 ohm
Analog (Vi) Output Offset B +35 v
nalo u se m
9 (V) Outpu —1 -30 +30
Analog (RSN) Input Impedance (Note 5 1 20
.g (, ) Inp d ( ) 300 Hz to 3.4 kHz ohm
Longitudinal Impedance at AX or BX
(Note 5) 35
Overl -wi
verload Level four: w}xre 3.1 +3.1 Vpk
Zwin = 600 to 900 ohms (Note 2) two-wire
Transmission Performance, two-wire impedance
Two-Wire Return Loss 300 Hz to 500 Hz 26
(See Test Circuit D) 500 Hz to 2500 Hz 26 dB
(Notes 5, 11) 2500 Hz to 3400 Hz 20
Longitudinal Balance (two-wire and four-wire, see Test Circuit C)
R.= 600 48
- ,Oth i 300 Hz to 3400 Hz
Longitudinal to Metallic L-T, L-4 -1 52 @B
Longitudinal to Metallic L-T and 200 Hz to 1000 Hz on 63 70
L-4 for trimmed version (consult factory) 1000 Hz to 3400 Hz - 58 70
200 Hz to 3400 Hz
(Reverse Polarity) 54
300 Hz to 800 Hz 40
Longitudinal Signal Generation 4-L dB
300 Hz to 800 Hz -1 42
Longitudinal Current Capability Active State 25 mA
per Wire (Note 5) Disable State 18 RMS
Insertion Loss (two-wire to four-wire and four-wire to two-wire, see Test Circuits A and B)
-0.15 0.15
Gain Accuracy 0dBm, 1 kHz * dB
-1 -0.1 +0.1
300 Hz to 3400 Hz
Variation with Frequency (Note 5 -0.1 +0.1 dB
4 v ) Relative to 1 kHz
. . +7 dBmto —55 dBm
Gain Tracking (Note 5) -0.1 +0.1 dB
Reference: 0 dBm
Balance Return Signal (four-wire to four-wire, see Test Circuit B)
. -0.15 +0.15
Gain Accuracy (Note 3) 0dBm, 1 kHz dB
: -1 -0.1 +0.1
300 Hz to 3400 Hz
Variation with Frequency (Notes 3, 5 . -0.1 +0.1 dB
d y( ) Relative to 1 kHz
+3 dBm to ~55 dBm
Gain Tracking (Note 5 -0.1 +0.1 dB
ol ) Reference: 0 dBm
Group Delay (Notes 5, 13) F=1kHz 5.3 us
Total Harmonic Distortion (two-wire to four-wire or four-wire to two-wire, see Test Circuits A and B)
o 0 dBm, 300 Hz-3.4 kHz 64 | -50
Total Harmonic Distortion dB
+9 dBm, 300 Hz-3.4 kHz -55 -40
*P.G. = Performance Grade
**All other performance parameters equivalent to -1 grade.
Normal Polarity only.
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ELECTRICAL CHARACTERISTICS (continued)

Preliminary
Description Test Conditions P.G. I Min Typ Max Unit
Idle Channel Noise
} +7 +15
C-Message Weighted Noise two-wire -1 +7 +12 dBmC
(Notes 5,7) four-wire +7 15 dBmC
-1 +7 +12
two-wire ~83 7 dBmp
Psophometric Weighted Noise -1 -83 -78
(Note 7) four-wire 83 7 dBmp
-1 -83 -78
Single Frequency Out-of-Band Noise (see Test Circuit E)
Metallic 4 kHz to 9 kHz =76
(Notes 4, 5, 9) 9 kHzto 1 MHz -76 dBm
(Notes 4, 5) 256 kHz and harmonics =57
Longitudinal 1 kHz to 15 kHz -70
(Notes 4, 5, 9) Above 15 kHz -85 dBm
(Notes 4, 5) 256 kHz and harmonics -57
Line Characteristics (see Figures 1a, 1b, 1c) Battery = —48 V, R. = 600 and 900 ohms, Reeeo = 800 chms
Apparent Battery Voltage Active Mode 47 50 53 \'
Loop Current Accuracy Active Mode ~7.5 +7.5 %
Loop Current—Tip Open R. = 600 ohms 1.0
Loop Current—Open Circuit R.= 0 ohms 1.0 mA
Loop Current Limit Accuracy (Note 10) R'i:stia\ltZthc/’Igge -20 +20 %
Fault Current Limit, lum (lax + lex) AX and BX shorted 130 mA
to ground
Power Dissipation Battery = -48 V, Normal Polarity
_— 35 120
On-Hook Open Circuit
-1 35 80
X 135 250
On-Hook Disable Mode
-1 135 200
mwW
. 200 400
On-Hook Active Mode
-1 200 300
Off-Hook Disable Mode R.= 600 ohms 500 750
Off-Hook Active Mode R.= 600 ohms 650 1000
Supply Currents
Open Circuit Mode 3.0 4.5
Vee On-Hook Supply Current Disable Mode 6.0 10.0 mA
Active Mode 8.0 13.0
Open Circuit Mode 1.0 2.3
Vee On-Hook Supply Current Disable Mode 2.3 3.7 mA
Active Mode 3.0 6.0
Open Circuit Mode 0.4 1.0
Vear On-Hook Supply Current Disable Mode 3.2 55 mA
Active Mode 4.5 7.0
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ELECTRICAL CHARACTERISTICS (continued)

Preliminary
Description Test Conditions P.G. Min l Typ Max Unit
Power Supply Rejection Ratio (Vripple = 50 mV RMS)
25 45
50 Hz to 3400 Hz dB
Vee -1 30 45
Notes 6, 7 22 35
( ) 3.4 kHz to 50 kHz dB
-1 25 40
20 40
50 Hz to 3400 Hz dB
Vee -1 25 40
6 10 25
(Notes 6,7) 3.4 kHz t0 50 kHz dB
-1 10 25
27 45
50 Hz to 3400 Hz dB
Vear -1 30 45
20 40
(Notes 6,7) 3.4 kHz to 50 kHz dB
-1 25 40
Off-Hook Detector
Current Threshold Accuracy I loer = 365/Ro Nominal I | —20 | +20 | %
Ground-Key Detector Thresholds, Active Mode, Battery = -48 V (see Test Circuit F)
Ground-Key Resistance Threshold B(Ring) to GND 2.0 5.0 10.0 Kohm
B(Ring) to GND 9
Ground-Key Current Threshold (Note 8 mA
y ( ) Midpoint to GND 9
Ring Trip Detector Input
Bias Current -5 -0.05 pA
Source Resistance
Offset Voltage (Note 12) 0to 2 Mohm -50 0 +50 mV
Logic Inputs (C4, Cz, Cs, C4, Eo, Es, and CHCLK)
Input High Voltage 2.0 Vv
Input Low Voltage 0.8 \
Input High Current -75 40 A
Input Low Current -0.4 mA
Logic Output (DET)
Output Low Voltage lour = 0.8 mA 0.4 \Y
Output High Voltage lour ==0.1 mA 24 \Y)
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SWITCHING CHARACTERISTICS
Am79571/Am79573/Am79574

Parameter Test Conditions Min Typ Max Unit
E1 High to DET High (Eo = 1) Ground-Key Detect Mode 3.8
tgkde” R Open, Ra Connected us
E1 High to DET Low (Eo = 1) (see Test Circuit H) 1.1
E: Low to DET Low (Eo= 1) 1.2
tshde* us
E: Low to DET High (Eo= 1) 3.8
tshdd Eo High to DET Low (E: = 0) Switch Hook Detect Mode 1.1
— R. = 600 ohms, Ra Open Hs
tshd0 Eo Low to DET High (E1 = 0) (see Test Circuit G) 3.8
tgkdd* Eo High to DET Low (E; = 1) 1.1
us
tgkdo* Eo Low to DET High (E: = 1) 3.8
* This parameter is not applicable to the Am79573. E1 is intemally connected to a logical 0.
Table 1. SLIC Decoding
DET Output
Eo=1* Eo=1*
State C: C. G Two-Wire Status E;=0** Ey=1*
0 0 0 0 Open Circuit Ring Trip Ring Trip
1 0 0 1 Ringing Ring Trip Ring Trip
2 4] 1 0 Active Loop Det. Ground Key
3 0 1 1 Disable Loop Det. Ground Key
4 1 0 0 Tip Open Loop Det. —_
5 1 0 1 Reserved Loop Det. —
6 1 1 0 Active Polarity Reversal Loop Det. Ground Key
7 1 1 1 Disable Polarity Reversal Loop Det. Ground Key

*A logic Low on E, disables the DET output into the open-collector state.
**For the Am79573, E1 is intemally connected to a logical 0.
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SWITCHING WAVEFORMS
Am79571/Am79573/Am79574

E, to DET*

E

Eoto DET

Es”

Eo

_/

/L

77

(

Note: All delays measured at 1.4-V level.

[————>
tgkde tshde tgkde tshde
/L /
77
/ \ 4 / | W
77
JE—— Z
i
o ame—
tshdd tshdo tgkdd tgkdo
*This waveform is not applicable to the Am79573. E; is intemally connected to a logical 0.
11701B-008
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Relay Driver Specifications

Am79571/Am79573/Am79574 Am79573/Am79574

BGND BGND |
|
| |
| |
| |
| |

RINGOUT TESTOUT

| |
| |
I |

Qear Qaar 11701A-18

Description Test Conditions Min Typ Max Unit

Relay Driver Outputs (RINGOUT, TESTOUT)

On Voltage 50 mA Source BGND -2 BGND -0.95 \

Off Leakage 0.5 100 pA

Clamp Voltage 50 mA Sink Qear —2 \
Notes:

1.

11.

12.
. Group delay can be considerably reduced by using a Zr network such as that shown in Note 11 above. The network will

Unless othetwise noted, test conditions are: Battery = —48 V, Vec = 45 V, Vee = =5 V, Ru= 600 ohms, Cp = 0.22 pF, Roci =
Rocz = 20K, Coc = 0.1 uF, Ra = 51.1K, no fuse resistors, two-wire AC output impedance, programming impedance
(Zr) = 600K resistive, receive input summing impedance (Zax) = 300K resistive. (See Table 2 for component formulas.)

. Overload level is defined when THD = 1%.
. Balance return signal is the signal generated at Vrx by Vex. This spec assumes that the two-wire AC load impedance matches

the impedance programmed by Zr.

. These tests are performed with a longitudinal impedance of 90 ohms and metallic impedance of 300 ohms for frequencies

below 12 kHz and 135 ohms for frequencies greater than 12 kHz. These tests are extremely sensitive to circuit board layout.

. Not tested in production. This parameter is guaranteed by characterization or correlation to other tests.
. This parameter is tested at 1 kHz in production. Performance at other frequencies is guaranteed by characterization.
. When the SLIC is in the Anti-sat 2 operating region, this parameter will be degraded. The exact degradation will depend

on system design. The Anti-sat 2 region occurs at high loop resistances when [ Vear| = | Vax— Vex | is less than approximately
14 V.

. “Midpoint” is defined as the connection point between two 300-ohm series resistors connected between A(T!P) and B(RING).
. Fundamental and harmonics from 256-kHz switch-regulator chopper are not included.
10.

Loop-current limit is calculated using the following equations:

Vepparen
In Disable Mode: luwr = 0.5 —t.
Reeeo
. Vnppamnl
In Active Mode:  luwr = 0.8 ~—m——
Reeeo
Assumes the following Zr network: Vix —AM T AN RSN
300K _-[-— 300K

30 pF
Tested with 0 ohms source impedance. Two Mohms is specified for system design purposes only.

reduce the group delay to less than 2 us. The effect of group delay on linecard performance may be compensated for by using
SLAC or DSLAC devices.
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Table 2. User-Programmable Components

Zr = 1000(Zawin— 2R¢) Zr is connected between the Vrx and RSN pins.The fuse re-
sistors are Rr, and Zowi is the desired two-wire AC input im-
pedance. When computing Zr, the internal current amplifier
pole and any external stray capacitance between Vix and
RSN must be taken into account.

Zex = Z 1000 Zr Zrx is connected from Vrx to the RSN pin and Zr is defined
G42L Z7 + 1000(Z. + 2Rr) above and G42L is the desired receive gain.
Roc1 + Rocz = 50(Rreen — 2RF) Rees, Roce, and Coc form the network connected to the Roc
Coc = (1.5 ms)(Roc1 + Rocz)/ (RociRocz) pin. Roct and Roc2 are approximately equal.
Ro = 365/l, Co = 0.5 ms/Rp Ro and Co formthe network connectedfrom Roto—5V, and I+
is the threshold current between on-hook and off-hook.
Vear=—47.3V
Roc1 + Rocz = Roc= 40K
50
[ Anti-sat 2
— Anti-sat 1
\
Vix—Vex N\ Constant Resistance Feed
Volts
\\
0
0 I (MA) 60
. . HDC
Constant resistance region: Vax-sx = 50— I
Anti-sat 1 region: Vax-ex = 42.72 — P
: : 76.66

Anti-sat 2 region: Vax-ex =| Veur| —11.86 —(_01 + Aoc ) I
] 836
See Figure 1c.

11701B-009

Figure 1a. Load Line (Typical)

SLIC Products 1-87



NAMD PRELIMINARY

AN
AN
I (MA) \

0 Ru(Q) 3000

Load Current versus Load Resistance—Am79571/Am79573/Am79574
Vear =—47.3V
Roc = 40K

See Figure 1c.

11701B-010
Figure 1b. Feed Characteristics (Typical)
AX
a
Ru § I
RSN
SLIC
b RDC|
HDCZ CDC
BX Roc |
Feed resistance programmed by Roct and Roca.
11701B-011

Figure 1c. Feed Programming
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TEST CIRCUITS

AX
AX \Z > V;
T oy ™ mpxy
Ru
= i
SLIC SLIC é
E Vas Vas § R. Rr
AGND -—_I— AGND __I_ <
R = =
2 e R
| RSN BX
(RINGX) =
N
lias = =20 log (Vrx / Vas) lez =—20 log (Vas/ Vrx)
BRS =20 log (Vrx / Vex) ——
A. Two-to-Four Wire Insertion Loss B. Four-to-Two Wire Insertion Loss and Balance Return Signal
900 ohms
AX V.
—VW\— AX Vrx ™
1/0C << Re R | (TPx) (TIPX) o
2
St . sLIic
) w > AGND
AGND |— S Fr L
E I SLic -
- Jzt s2 Rex
PA RSN
L Bx  ASN . BX
(RINGX) Vix (RINGX) Rrx
S2 Open, S1 Closed: =
L-T Long. Bal. = 20 log (Vas/E)
L-4 Long. Rej. = 20 log (Vrx/E) Zo: The desired impedance (e.g., the character-
istic impedance of the line).
S2 Closed, S1 Open:
4-L Long. Sig. Gen. = 20 log (V./ Vax) Return Loss = —20 log (2 Vu/Vs)
C. Longitudinal Balance D. Two-Wire Return Loss Test Circuit

15772A-017a

SLIC Products 1-89



£\ amp PRELIMINARY
TEST CIRCUITS (continued)

Cc R
—AWW—)} AX(TIPX) A(TIR)
68 ohms
56 ohms Su R.
EWV' Ibc D sLic B(RING)
Re
68 ohms
AN I BX(RINGX) s: VWV |
Cc
1/wC << 90 ohms Current Feed or Ground Key
E. Single-Frequency Noise F. Ground-Key Detection
Vee
A 6.2K
i -
A(TIP) DET
15pF
RL= 600 ohms $ B
Eo Ra = 2K
B(RING) El fb———
G. Loop Detector Switching H. Ground-Key Switching 156772A-017b
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Am 79 5 8 Advan_ced

Micro
Subscriber Line Interface Circuit (SLIC) Devices
DISTINCTIVE CHARACTERISTICS
m  Meets LSSGR DC feed requirements m  Performs polarity reversal
B Programmable constant resistance feed m Tip open state for ground start lines
B Receive Current gain = 200 ®  On-chip switching regulator for low-power
dissipation
B Programmable loop detect threshold P
@ Two-wire impedance set by single external
B Ground-key detector impedance
B Low standby power m  Test relay driver (PLCC only)
BLOCK DIAGRAM
: ,
! ———— Test Relay Driver - ————0 TESTOUT
. [ '
, | Ring Relay Driver $ RINGOUT
AX(TIPX) ?— | '
I = O Ct
: L ——0 C2
, | Ground-Key > —0 C3
HPA ¢__ Detector lnpu(: gecodfr _______ ¢ c4
! and Contro 5 Eo
: Two-Wire L 5 E1
' Interface [
' ———9 DET
HPB 0— i !
' »  Signal ©® RSN
' Transmission »0 Vi
) )
: Off-Hook Detector :
BX(RINGX) 60— D ,
: O Ro
1 )
. »| Power Feed 9 Roc
' Controller O Cus
1 1
DA 00— Ring Trip '
DB C'> Detector '
Vrea ?__ :
Le Switching  |¢— ,
Vear @ Regulator :
0 SO0 SR S SN U
CHS Qgar CHCLK Vee Vee AGND/DGND
15772A—001
This document contains information on a product under development at Advanced Micro Devlces Inc. The information is intended to help you
evaluate this product. AMD reserves the right to change or work on this p d product without notice.
Publication #:15772 Rev.B Amendment /0 1-91

Issue Date: June 1992
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SYSTEM BLOCK DIAGRAM

Am7958 DSLAC IC or codec/Filter
Programming
Ring Trip Network
ASN | < Analog
RX Out
Ring Feed AX
TIp — Network
+ PCMK” PCM Data
Ring and Vo
RING — Test Relays
BX
Analog
Vi ! ™Xn
I < Monitor and Control >
Ring and Test
Relay Drive
Two-Wire Four-Wire
15772A-002
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ORDERING INFORMATION
Standard Products

AMD® standard products are available in several packages and operating ranges. The order number (Valid Combination) is

formed by a combination of the elements below.

AM7958 - J c

_|-— TEMPERATURE RANGE

C* = Commercial (0°C to 70°C)

PACKAGE TYPE

J = 32-pin Plastic Leaded Chip Carrier (PL 032)

P =28-pin Plastic DIP (PD 028)
D =28-pin Ceramic DIP (CD 028)

DEVICE NUMBER/DESCRIPTION
Am7958
Subscriber Line Interface Circuit

Valid Combinations

DC, JC, PC
AM7958 -1DC, -1JC, -1PC

—2DC, -2JC, —2PC

PERFORMANCE GRADE

Blank = Standard Specification
-1 = Performance Grading
—2 = Performance Grading

Valid Combinations

Valid Combinations lists configurations planned
to be supported in volume for this device. Consult
the local AMD sales office to confirm availability of
specific valid combinations, to check on newly
released combinations, and to obtain additional
data on AMD standard military grade products.

*The performance specifications contained in this data sheet are valid for the commercial temperature range only. See the SLIC

Extended Temperature Supplement for information on industrial temperature range (—~40°C to +85°C) specifications.

SLIC Products
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CONNECTION DIAGRAMS

32-Pin Plastic Leaded Chip Carrier (PL 032)

<
5 s %
o a 2 o
2 5 8 G % 3 o
g <8 32 8
nMonnMnMmm
(= ° 9 7 858 )
TP 5 201 TP
TESTOUTL] 6 28 | ] DA
L 7 271 Ro
Vear[] 8 26 [ ] HPB
Qear [ o 25 [] HPA
CHS[ 10 24 [ Vix
CHCLK [ 11 23 [ Vee
cal 12 22 [1] RSN
E1[] 13 21 [] AGND/DGND
Y e ereog )
oo od
o o -~
a IEJ 3 8 6 g 8

Notes: 1. Pin 1 is marked for orientation.
2. TP is a thermal conduction pin tied to substrate (Qsar).

28-Pin Plastlc DIP (PD 028)

28-Pin Ceramlc DIP (CD 028)

/

BGND [ 1
Vees [
Ve [
RINGOUT []
L[

Vear [
Qear [
CHs [
CHCLK []
E1 [

Eo [
DET [
c2 []

c3 [

© ®©® N o a » W DN

- o e -
w NN = O

-
S

28
27
26
25
24
23
22
21
20
19
18
17
16

15

1 BX(RINGX)
] AX(TIPX)
] DB

] DA

1 Ro

] HPB

] HPA

1 Vix

] Vee

1 RSN

] AGND/DGND
1 Roc

[ ] Cus

] ¢
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PIN DESCRIPTION
AGND/DGND

Ground—(see Note 1)

Analog and Digital ground.
AX(TIPX)

(Output)

Output of A(TIP) power amplifier.

BGND
Ground

Battery (power) ground.

BX(RINGX)

(Output)

Output of B(RING) power amplifier.

C3-C1 Decoder

(Inputs)

TTL compatible. C3 is MSB and C1 is LSB.

CHCLK
Chopper Clock (Input)

Input to switching regulator (TTL compatible). Fre-
quency = 250282 kHz.

CHs
Chopper Stabilization (Input)

Connection for external chopper stabilizing compo-
nents.

DA

Ring Trip Negative (Input)

Negative input to ring trip comparator.
DB

Ring Trip Positive (Input)

Positive input to ring trip comparator.
DET

Switch Hook Detector (Output)

When enabled, a logic Low indicates that the selected
detector is tripped. The detector is selected by the logic
inputs (C3-C1, EO, E1). The output is open-collector
with a built-in 15K pull-up resistor.

EO

Read Enable (Input)

A logic High enables DET. A logic Low disables DET.
Et

Ground-Key Enable (Input)

When EO is High, E1 = High connects the ground-key
detectorto DET, and E1 = Low connects the off-hook or
ring trip detector to DET.

HPA
A(TIP) side of high-pass filter capacitor.

HPB

B(RING) side of high-pass filter capacitor.

L

Switching Regulator Power Transistor (Output)

Connection point for filter inductor and anode of catch
diode. This pin will have upto 50V of pulse waveformon
it and must be isolated from sensitive circuits. Extreme
care must be taken to keep the diode connections short
because of the high currents and high di/dt.

QBAT
Quiet Battery
Filtered battery supply for the signal processing circuits.

Ro

Threshold modification and filter point for the off-hook
detector.

RDC

Connection point for the DC feed current programming
network. The other end of the network connects to
the Receiver Summing Node (RSN). The sign of Vaoc
is minus for normal polarity and plus for reverse polarity.

RINGOUT
Ring Relay Driver (Output)

Open collector driver with emitter internally connected
to BGND.

TESTOUT
Test Relay Driver (Output)

Open collector driver with emitter internally connected
to BGND.

C4
Test Relay Driver Command (Input)

TTL compatible. A logic Low enables the driver.

RSN
Receive Summing Node (Input)

The metallic current (both AC and DC) between A(TIP)
and B(RING) is equal to 200 times the current into this
pin. The networks which program receive gain, two-wire
impedance, and feed resistance all connectto this node.

VBAT

Battery supply.

VCC

+5-V power supply.
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Vee
-5-V power supply.

VREQ
Regulated Voltage (Input)
Provides negative power supply for power amplifiers.

Connection point for inductor, filter capacitor, and
chopper stabilization.

Vi
Transmit Audio (Output)

This output is a unity gain version of the AX(TIPX) and
BX(RINGX) metallic voltage. The other end of the two-
wire input impedance programming network connects
here.

cAS
Reference Filter Capacitor

A capacitor should be connected to this pin to filter
internal anti-saturation reference voltage.

Note 1: Analog and digital ground are connected internally
to a single pin.
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature ........... -55°C to +150°C
Vee with respect to AGND/DGND .. -0.4Vto+7.0V
Vee with respect to AGND/DGND .. +0.4Vto-7.0V
Vear with respect to AGND/DGND ... +0.4Vto-70V

Note: Rise time of Vear (dv/dt) must be limited to 27 V/us or
less when Qgar bypass = 0.33 pF.

BGND with respect to
AGND/DGND ............... +1.0Vto-3.0V
AX(TIPX) or BX(RINGX) to BGND:
Continuous . ................. -70Vto +1.0V
10ms(F=01Hz) ............ -70Vto +56.0V
1us(F=01Hz) ............ . -90Vto+10V
250ns(F=0.1Hz) .......... -120Vto +15V
Current from AX(TIP) or BX(RING) .. ..... +150 mA

Voltage on RINGOUT .. .. BGND to 70 V above Qe
Voltage on TESTOUT . ... BGND to 70 V above Qexr

Current through Relay Drivers . ........... 60 mA
Voltage on Ring Trip Inputs

(DAandDB)............c...o.... Vearto OV
Current into Ring Trip Inputs . . ........... +10 mA
Peak Current into Regulator

Switch(Lpin) ..........c.. ... .. 150 mA
Switcher Transient Peak Off

VoltageonlLpin ..................... +1.0V
C4-C1; E1, CHCLK to

AGND/DGND ........... —0.4VtoVec +0.4V
Maximum Power Dissipation, Ta (see note) ... 70°C

In 28-pin ceramic DIP package ......... 258 W

In 28-pin plastic DIP package ........... 1.4W

In 32-pin PLCC package ....... PR 1.74 W

Note: Thermal limiting circuitry on chip will shut down the
circuit at a junction temperature of about 165°C. The
device should never see this temperature and opera-
tion above 145°C junction temperature may degrade
device reliability. See SLIC Packaging Considerations
section for more information.

Stresses above those listed under ABSOLUTE MAXIMUM
RATINGS may cause permanent device failure. Functionality
at or above these limits is not implied. Exposure to absolute
maximum ratings for extended periods may effect device
reliability.

OPERATING RANGES

Commercial (C) Devices

Ambient Temperature ............. 0°C to +70°C
Voo vieii e 475V105.25V
VeE coiiiiiii i —4.75Vto-5.25V
VAT ot —-40Vto-63V
AGND/DGND ...t ov
BGND with respect to

AGND/DGND ........... —100 mV to +100 mV

10 Kohm Min

“-2" performance grade SLICs are functional from —40°C to
+85°C. See the SLIC Extended Temperature Supplement for
information on industrial temperature range (—40°C to +85°C)
specifications.

Load Resistance on Vixto Ground . . . .

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.
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ELECTRICAL CHARACTERISTICS (see Note 1)

Preliminary
Description Test Conditions Notes | P.G.* Min Typ Max Unit
Analog (Vx) Output Impedance 5 3 ohm
-35 +35
Analog (V) Output Offset -1 -35 +35 mV
-2 -30 +30
Analog (RSN) Input Impedance 300 Hz to 3.4 kHz 5 1 20 ohm
Longitudinal Impedance at AX or BX 5 25 35 ohm
four-wi
Overload Level our .lre 2 2.5 +2.5 Vpk
two-wire
Transmission Performance, two-wire impedance (see Test Circuit D)
Two-Wire Return Loss 300 Hz to 3400 Hz [ 510 | ] 26 | B
Longitudinal Balance (two-wire and four-wire, see Test Circuit C); R. = 740 ohms
200 Hz to 1 kHz 54
Normal Polari B B
0 olarity - 63
200 Hz to 1 kHz
Reverse Polarity 54 dB
Longitudinal to Metallic L-T, L-4 ”
1 kHz to 3.4 kHz -1 58 dB
Normal Polarity ) 58
1 kHz to 3.4 kHz 54 dB
40
Longitudinal Signal Generation 4-L 300 Hz to 800 Hz -1 40 dB
-2 42
" Longitudinal Current Capability Active State 28 mA
per Wire Disable State 18 RMS
Insertion Loss (two-wire to four-wire and four-wire to two-wire, see Test Circuits A and B)
-0.15 +0.15
Gain Accuracy 0dBm, 1 kHz -1 -0.15 +0.15 | dB
-2 | -0.10 +0.10
. . 300 Hz to 3400 Hz
Variation with Frequency Relative to 1 kHz 5 -0.10 +0.10 dB
7 dBmto ~55 dBm
Gain Tracking * 5 -0.10 +0.10 | dB
Reference: 0 dBm
*P.G. = Performance Grade
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ELECTRICAL CHARACTERISTICS (continued)

Preliminary
Description Test Conditions Notes | P.G.* | Min | Tpr Max Unit
Balance Return Signal (four-wire to four-wire, see Test Circuit B)
-0.15 +0.15
Gain Accuracy 0dBm, 1 kHz -1 -0.15 +0.15 dB
-2 -0.10 +0.10
o 300 Hz to 3400 Hz
Variation with Frequency . 3,5 -0.10 +0.10 dB
Relative to 1 kHz
X X +3 dBm to —55 dBm
Gain Tracking 5 -0.10 +0.10 dB
Reference: 0 dBm
Group Delay f=1kHz 5,12 8 us
Total Harmonic Distortion (two-wire to four-wire or four-wire to two-wire, see Test Circuits A and B)
Distortion Level 0 dBm —64 -50 4B
300 Hz to 3400 Hz +7.15 dBm -55 —40
Idle Channel Noise
two-wir 7 10
C-Message Weighted Noise 2 WI. ° 5 L ha dBmC
four-wire +7 +10
Single Frequency Out-of-Band Noise (see Test Circuit E)
4 kHz to 9 kHz 4,5,8 -76
Metallic 9 kHzto 1 MHz 4,5,8 -76 dBm
256 kHz and harmonics 4,5 —64
1 kHz to 15 kHz 5 ~70
Longitudinal Above 15 kHz 4,5 -85 dBm
256 kHz and harmonics 4,5 -57
D.C. Feed Characteristics Without Fuse Resistors
(See Figures 1a, 1b, 1c), Battery=-48 V
Apparent Battery, -
Active Mode R.=600 and 900 ohm 47 50 - 53 Vv
Loop Current Accuracy, | R _g00 and 900 ohm -75 +75 | %
Active Mode
Loop Current, _
Active Mode Ri= 2000 ohm 20 mA
Loop Current,
Tip open Ri= 600 ohm 1.0 mA
Tip open R=0 1.0
Loop Current Limit
Accuracy—Active and Ri=0 9 -20 +20 %
Disable Mode
lima (lio + Ling) Tip and Ring shorted 95 115 mA
to ground, normal
polarity
Power Dissipation Battery; Battery = —48 V; Normal Loop Polarity Rfuse = 2x50 ohm
On-Hook Open Circuit 35 100
On-Hook Disable Mode 135 225
On-Hook Active Mode 180 300 W
- m
Off-Hook Disable Mode
R. = 50 ohms 450 700
Off-Hook Active Mode
R. = 50 ohms 978 1150
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ELECTRICAL CHARACTERISTICS (continued)

Preliminary

Description Test Conditions Notes | P.G.* l Min l Typ | Max Unit
Supply Currents

Open Circuit Mode 3.0 4.5
Vee On-Hook Supply Current Disable Mode 6.0 10.0

Active Mode - 7.5 12.0

Open Circuit Mode 1.0 2.3
Vee On-Hook Supply Current Disable Mode 2.2 3.5 mA

Active Mode 2.7 6.0

Open Circuit Mode 0.4 1.0
Vear On-Hook Supply Current Disable Mode 3.0 5.0

Active Mode 4.0 6.0
Power Supply Rejection Ratio (Vripple = 50 mV RMS)

50 Hz to 3400 Hz 6 25 45
Vee 3.4 kHz to 50 kHz 6 22 35

50 Hz to 3400 Hz 6 20 40
Vee 3.4 kHz to 50 kHz 6 10 25 @

50 Hz to 3400 Hz 6 27 45
Vear 3.4 kHz to 50 kHz 6 20 40
Effective Internal Resistance Cas pm to GND 5 85 170 255 Kohm
Off-Hook Detector
Current Threshold I loer = 365/Ro I -20 I +20 %
Ground-Key Detector Thresholds, Active Mode, Battery = -48 V
(;;:’;:nt:y reshold B(Ring) to GND 20 | 50 | 120 | Kohm
Ground-Key Current B(Ring) to GND 9
Threshold Midpoint to GND 7 9 mA
Ring Trip Detector Input
Bias Current -5 -0.05 HA
Offset Voltage Source Resistance = 0 to 2 Mohm 11 ~50 0 +50 mV
Logic Inputs (C1, C2, C3, C4, EO, E1, and CHCLK)
Input High Voltage 2.0 \'
Input Low Voltage 0.8 \
Input High Current -75 40 pA
Input Low Current -0.4 mA
Logic Output (DET)
Output Low Voltage lour = 0.8 mA 0.4 \'/
Output High Voltage lour = —0.1 MA 2.4 Vv
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SWITCHING CHARACTERISTICS
Parameter Test Conditions Min Typ Max Unit
takd E1 High to DET High Ground-Key Detect Mode - - 3.8 <
e i
g E1 High to DET Low EO = 0 (see Test Circuit H) - - 1.4 H
tshde E1Lowto T Low Switch Hook Detect Mode - - 1.2 us
E1 Low to DET High E0 =1 (see Test Circuit G) - - 3.8
tshdd EO High to DET Low Switch Hook Detect Mode - - 1.1
— s
tshdo E0 Low to DET High E1 = 0 (see Test Circuit G) - - 3.8 H
tgkdd EO High to DET Low Switch Hook Detect Mode - - 1.1 s
tgkdo EO Low to DET High E1 =1 (see Test Circuit G) - - 3.8 H
Table 1. SLIC Decoding
DET Output
State C3 C2 C1 Two-Wire Status E0O=1*E1=0 E0O=1*E1=1
0 0 0 0 Open Circuit Ring Trip Ring Trip
1 0 0 1 Ringing Ring Trip Ring Trip
2 0 1 0 Active Loop Det. Ground Key
3 0 1 1 Disable Loop Det. Ground Key
4 1 0 0 Tip Open Loop Det. —
5 1 0 1 Reserved Loop Det. —
6 1 1 0 Active Polarity Reversal Loop Det. Ground Key
7 1 1 1 Disable Polarity Reversal Loop Det. Ground Key
*A logic Low on EO disables the DET outputinto the open-collector state.
SWITCHING WAVEFORMS
E1 to DET
E1 N q
/| /L _/ \
7/
DET /L/
tgkde tshde tgkde tshde
15772A-012
EO to DET
E1 %/—L
7
EO N sl A N
—/ 7
/L
DET Vi
tgkde tshde tgkde tshde
15772A-013
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RELAY DRIVER SPECIFICATIONS

RINGOUT TESTOUT
| |
| |
BGND BGND

. Preliminary
Description Test Conditions Note Min | Typ | Max Unit
Relay Driver Outputs (RINGOUT, TESTOUT)
On Voltage 25 mA Sink +1.5 \
Off Leakage Vore= + 15V 100 pA

Relay Driver Characteristics (Typical)

2
Ta=70°C
// Ta=25°C
ON Voltage at
RINGOUT or 1
TESTOUT (V) /
0 30 60

Current into RINGOUT or TESTOUT (mA)
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Notes:

1. Unless otherwise noted, test conditions are: Battery = —48 V battery applied to Vear pin through a surge protection diode,
Vee=+5V, Vee = =5 V, Ru = 900 ohms, Cre = 0.33 uF, Roct = Rocz = 2K, Coc = 1.0 pF, Ra = 51.1K, Cas = 0.47 pF, no fuse
resistors. RT=180K, Rax=90V.

2. Overload level is defined when THD = 1%.

3. Balance return signal is the signal generated at Vrx by Vex. This spec assumes the two-wire AC load impedance matches the
programmed impedance.

4. These tests are performed with a longitudinal impedance of 90 ohms and metallic impedance of 300 ohms for frequencies
below 12 kHz and 135 ohms for frequencies greater than 12 kHz. These tests are extremely sensitive to circuit board layout.
Please refer to application notes for details.

Not tested in production. This parameter is guaranteed by characterization or correlation to other tests.

This parameter is tested at 1 kHz in production. Performance at other frequencies is guaranteed by characterization.
“Midpoint” is defined as the connection point between two 300-ohm series resistors connected between A(TIP) and B(RING).
Fundamental and harmonics from switch regulator chopper are not included.

Loop current limit is calculated using the following equations:
In Disable Mode: lumr = 90/(Roct + Rocz)
In Active Mode: lumr = 230/(Roc1 + Rocz)

Vi —AM—T— WV RSN
90K _T_ 90K

120 pF

© o N>

10. Assumes the following Zr network:

11. Tested with 0 ohms source impedance. Two Mohms is specified for system design purposes only.

12. Group delay can be considerably reduced by using a Zr network such as that shown in Note 10 above. The network will
reduce the group delay to less than 2 us. The effect of group delay on linecard performance may be compensated for by using
the SLAC or DSLAC devices.

Table 2. User-Programmable Components

Zr is connected between the Vrx and RSN pins.The fuse re-
sistors are Re, and Zown is the desired two-wire AC input im-
pedance. When computing Zr, the internal current amplifier
pole and any external stray capacitance between Vix and
RSN must be taken into account.

Zr = 200(Zawn— 2RF)

Z 200Zr Zrx is connected from Vex to the RSN, Zr is defined above,

Iex = . and G42L is the desired receive gain.
G42L Zr + 200(Z. + 2R¢)

Roc1, Rocz, and Coc form the network connected to the Roc pin.

R Rocz = 10(Rreen — 2R . .
oot + Mooz (Rree> ") Roct and Roce are approximately equal. lwor is the desired

Coc = (1.0 ms)(Roe1 + Rocz2)/ (RociRocz)

loop current in the constant current region.

Ro = 365/lr, Co = 0.5 ms/Ro

Ro and Cp form the network connectedfrom Ro to-5V, and |+
is the threshold current between on-hook and off-hook.

1

Coas= ———————
3.4.10°xnfc

Ceas is the regulator filter capacitor, and fc is the desired filter
cut-off frequency.

Reruse

20 ohm—50 ohm user selectable
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1-103



aAMD PRELIMINARY

Roct + Rocz = Roc= 4K (see Figure 1c)
RFa = RFs = 50 ohms

| |
Battery =—48 V —r Anti—sat
O .
Battery = —42.75 V = NG Re?__les;g:jnce
-~ [ — -
~ [ —
"~ §\ //
\ ™R
Vab (Volts) 25 \‘ \\
k N
LSSGR
Limit
\
\l
‘ \
Y 30 60
Resistance Feed Region: Vab = 50 — (-’:%4. Rea+ Rra) I I (mA)

Anti-sat Region: Vab = 0.92| VbatI -0.36 — (—Fls%—0+ Rea + RFB) I

Figure 1a. Vab versus I (Typical)

60
\\
N
I, (mA) 30
Ny Battery = —48 V
Battery = —42.75 V
‘\
—f—
0 3000 6000
R. (ohms)

Figure 1b. l. versus R.
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RSN |

R. § l I SsLIC Roet
b

Roc :[ Coc
_"\N\I_ BX Roc | —

Feed Resistance programmed by Roci and Roca.

15772A-016

Figure 1c. Feed Programming
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TEST CIRCUITS

AX
AX V; > V.
G mex)
R
= Ao
SLic SLIC
E V, Rr
" AaND[— Vie § R AGND h- %
R = =
2 RSN o BX Rex
y »
Bx > (RINGX) RSN
(RINGX) =
Viax
lizs = ~20 log (Vx / Vas) ez =—2010g (Vas/ Vi)
BRS = 20 log (Vrx / Vrx) L
A. Two-to-Four Wire Insertion Loss B. Four-to-Two Wire Insertion Loss and Balance Return Signal
900 ohms
Wv AX Vx|
1aC << R, [ YW AX - Ve mPx)

S1

E

Rr
o] SLIC R IDC
o5 SPS £ Ko e o
R

R. (TIPX)

AGND 1 |_’ SLIC

i S2 A Zn
| ] ox AN * ! B oV
(RINGX) Ve RINGX) | Rux

S2 Open, S1 Closed: -
L-T Long. Bal. = 20 log (Vas/E)
L-4 Long. Rej. = 20 log (Vrx/E) Zo: The desired impedance (e.g., the character-
istic impedance of the line).
S2 Closed, S1 Open:

4-L Long. Sig. Gen. = 20 log (V./ Vrx) Return Loss = —20 log (2 Vu/ Vs)

C. Longitudinal Balance D. Two-Wire Return Loss Test Circuit

15772A-017a
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TEST CIRCUITS (continued)

56 ohms

C
—\W—|
I
68 ohms
IDC D
68 ohms

ox<

1/wC << 90 ohms

RL = 600 ohms

AX(TIPX)

SLIC

BX(RINGX)

E. Single-Frequency Noise

15 pF

E0O |/

Vee
A 6.2K
A(TIP) DET
B(RING)

E1 p——

G. Loop Detector Switching

A(TIP)

Ru
Su : R.
B(RING)
Re
Se |

Current Feed or Ground Key

F. Ground-Key Detection

1A
B
Rs=2K
H. Ground-Key Switching 156772A-017b
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CENTRAL OFFICE SLICs
Application Notes

The AMD SLIC Family offers a high degree of versatility
for applications in many types of Central Office and PBX
line circuits. In this section, typical single-channel and
multiple-channel applications are described.

Figure 1 shows a detailed schematic of a basic single-
line system using one SLIC and one-half of an
Am79C02 DSLACIC.

In the receive path, the DSLAC IC processes digital
PCM voice data into analog signals and inputs them to
the SLIC RSN pin through resistor Rex. In the transmit
path, the analog output at the SLIC Vi pin is processed
by the DSLAC IC and output in serial-digital format to
the PCM interface. Rex sets the receive gain, and Rr is
used to synthesize the AC two-wire output impedance.
Both Rr and Rex can be complex, to achieve optimized
parameters over the voice band.

In the control path, when the line goes off-hook, the
SLIC pulls its collector DET output down and enables
the DSLAC IC serial control data I/O pins, Dw and Dour
(see Figure 1). The microprocessor also recognizes the
off-hook, and typically will send a response such as an
active state or ring relay release command back to the
SLIC, viathe DSLAC IC Dw pin and the C3-C1 data bus.

The C4 line is also addressed in the same manner, to
enable or disable the test relay driver. The E0 and E1
pins are addressed directly by the microprocessor as
shown.

SLIC monitor and contro! functions which can be per-
formed using a microprocessor and the circuitry shown
in Figure 1 include:

¢ During the disable state, inform the processor when
an off-hook has occurred and send a power up
command to the SLIC.

o Detect an off-hook during ringing and send a
command to the SLIC to release the ring relay.

* Detect an on-hook condition during the active state
and send acommand to the SLIC to enter the disable
state.

¢ Send a line polarity reverse command to the SLIC.
¢ Command the SLIC into the ground-key sense mode.
¢ Command the SLIC to energize the ring relay, Ks.

¢ Command the SLIC to energize the test relay, K.

SLIC Products
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Ringer

Threshold see "Ringing

Circuit" section

Res R4 +5V
,76_ High Voltage 0——'—' Low Voltage -5V
Ringin DA
Ul Vee Veear
Re Am7958/ S 2.048-MHz
/Jv__L Am7953X/57X Ro Co Clock
. ‘E’i T Crr DB SLIC Ro |
) PCLK -0
,J7__L c Vrx Ving FS -0
Rey M ax
A(TIP) ——'t_r"W"‘[4 Mpx)  AGND! o % T AGND1
K HPA N _Rr )
1 i Rrx
U3 Cup RSN —SA' MW\ Vourt
/7I; r__ HPB Rsn*
Roc2 U2
BEING h ,—/w»—l—_t—— ?QNGX) Boe Root 1/2 Am79C02
Cex DSLAC Device
K Rr2 D
? J; Coc
o] 1
O
ey Kn RINGOUT L L pono DXA
M | c3 c3y SCA °
T TESTOUT
I |—|| 3 I c2 C21 DXB 0
Ds BGND
pu Lo 1 Cty TSCB o]
Fll.
T ca C DRA -0
v i
Cear— e DET st DRB -0
- D|
CHCLK CHCLK D
Eo " PCM
L DCLK Dour Interface
VBAT: ﬁ Vear E1
De Cas
> L—_— Qear
Reu Ca |
Cent J; Cas
o
Ccuj;; 000000
Battery i Microprocessor
Ground . Interface
Digital
Ground
Analog
Ground
*Am7958 only. Replace with short circuit for Am7953X/57X.
15772B-018
Figure 1. Single Channel of a Dual Channel Subscriber Line Circuit
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Table 1. Parts List — 1/2 of a Dual Channel Subscriber Line System

(see Figure 1 for Circuit)

U1

U2

Kr, K1

L

D4

Us

De, D2, Ds

RFi, RF2

Rz

RB;4

Ra

Ra

Rew

Ro

Roc1, Roc2 (Am7958)
Roc1, Rocz (Am7953X)
Roci, Rocz (Am7957X)
Rr (Am7958)

Rr (Am7953X/57X)
Rsn (Am7958)

Rrx

Rex (AM7953X/57X)
Con (AM7958)

Crr

Coc (Am7953X/57X)
Coc (Am7958)

Chrp

Cas

Cax, Cex

Cr

Caar

Ca

Cent

Cchz

Co

Am7958 SLIC

Am79C02 DSLAC Device

Relay, 2C contacts, 1500-V rating

Inductor, 1 mH, 5%

Diode, 100 V, 100 mA, 4 ns

Dual transient suppressor, Texas Instruments TISP1082
Diode 100 V, 100 mA, 10 ns

Resistor, fuse, 50 *ohms

Resistor, 800 ohms, 3%, 3 W (Rinkg Feed Resistor)*
Resistor, 1 meg, 1%, 1/4 W

Resistor, 8.25 K, 1%, 1/4 W

Resistor, 452 K, 1 %, 1/4 W

Resistor, 1.3K, 1%, 1/4 W**

Resistor, 51.1K, 1%, 1/4 W (sets off-hook threshold)*
Resistor, 2K, 1%, 1/4 W (sets loop current)*

Resistor, 31.25K, 1%, 1/4 W*

Resistor, 20K, 1%, 1/4 W*

Resistor, 160K, 1%, 1/4 W (sets two-wire impedance)*
Resistor, 560K, 1%, 1/4 W*

Resistor, 300K, 1%, 1/4 W (sets two-wire impedance)*
Resistor, 115K, 1%, 1/4 W (sets receive gain)*
Resistor, 560K, 1%, 1/4 W

Capacitor, 39 nF, 10%, 10 V

Capacitor, 0.047 pF, 20%, 100 V

Capacitor 0.15 puF, 10%, 10V

Capacitor 1.0 uF, 20%, 10V

Capacitor, 0.33 puF, 20%, 100 V

Capacitor, 0.15 pF, 20%, 100 V

Capacitor, 2200 pF, 20%, 100V

Capacitor, 0.15 uF, 10%, 100 V, Metallized Polyester
Capacitor, 0.47 uF, 20%, 100 V

Capacitor, 0.33 uF, 20%, 100 V

Capacitor, 0.015 pF, 10%, 50 V, X7R ceramic
Capacitor, 560 pF, 10%, 100 V, X7R ceramic
Capacitor, 0.01 pF, 20%, 10 V (sets off-hook filtering)*

Note:The parts marked by an asterisk (*) are user-programmable. The values shown can be altered to suit the application.
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CENTRAL OFFICE METERING
SLIC PRODUCTS

General Description

AMD’s Central Office Metering SLIC (Subscriber Line
Interface Circuit) products perform the telephone line in-
terface functions required by most types of telephone
switching and transmission equipment that must sup-
port the metering function. The full range of signal trans-
mission, battery feed, and loop supervision functions
are also supported.

The Am79M53X and Am79M57X Central Office Meter-
ing SLIC Family is compatible with CCITT recommen-
dations and supports 2.2-V metering at 12 and 16 kHz.
The new Am79HM53 is designed to support higher level
metering requirements such as the 5.1-V meteringin re-
quired in Germany. All of the Central Office Metering
SLICs feature aninternal, self-adjusting switching regu-
lator to reduce power consumption to a minimum and
enhance system reliability. They also support on-hook
transmission and offer extended temperature perform-
ance, making either type ideal for Digital Loop Carriers
and other applications that require metering.

The signal transmission functions of all AMD SLICs
include both two-to-four-wire and four-to-two-wire
conversion. The two-wire termination impedance is pro-
grammable with a single external impedance. The com-
panion AMD SLAC or DSLAC IC (Single-Channel or
Dual-Channel Subscriber Line Audio-Processing Cir-
cuit) has a digital balancing filter that provides the trans-
hybrid loss function. If the DSLAC IC is not used, most
codecffilters provide an uncommitted op amp for this
purpose.

The SLIC's battery feed architecture makes their
DC feed characteristics programmable with external
resistors. Furthermore, these characteristics are inde-
pendent of battery variations. AMD’s Central Office
Metering SLICs are optimized for either 48- or 63-V
operation.

A polarity reversal function is provided on all SLICs and
transposes the normal voltage sense of the A(TIP) and
B(RING) leads with a controlled transition time. All
transmission functions continue normally following the
transition. A disable mode is also provided, limiting loop
current and cutting power dissipation while allowing the
full complement of supervisory functions to be utilized.

The supervisory functions of off-hook detection and ring
trip detection are read through a single, TTL-compatible
output. To eliminate noise-induced errors, the off-hook
detector signal may befiltered. Off-hook detectionhas a
threshold that is set by the value of an external resistor.
Additional supervisory controls put the A lead into an
open circuit or high-impedance state suitable for appli-
cation in ground start systems. Similarly, both the A and
B leads may be open circuited to clear relays, recover
fromline faults, orturn off out-of-service lines. Two relay
drivers support ring and test relay functions, or can be
used for other functions such as activating a message
waiting lamp.

The SLIC's user-programmable states are controlled
by a TTL-compatible code. The control inputs are
designed to easily interface to popular single-chip
microcontrollers, such as the industry standard 8051, or
to latched outputs from a SLAC or DSLAC device.
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Am79M531/Am79M535 A e

Metering Subscriber Line Interface Circuit Devices
DISTINCTIVE CHARACTERISTICS
H  Programmable constant current feed B Ground-key detect
B Line-feed characteristics independent of m Low standby power
battery variations ®  Two-wire impedance set by single external
B Programmable loop detect threshold impedance
B On-chip switching regulator for low-power B Performs polarity reversal
dissipation m  Tip open state for ground start lines
m  Pin for external ground-key noise filter B Supports 2.2-V RMS metering (12 and 16 kHz)
capacitor available
BLOCK DIAGRAM
VT T
! | Ring Relay Driver RINGOUT
AX(TIPX) ¢—— .
' '
1 )
)
"""""" r——_Q Cy
' ! Ground-Key !
E 1 _ Detector » N ? C
' TThanttet «—0 G;
HPA ¢—— ' '
! " , Input Decoder Q Ei
h ' and Control [&——0 E;
! Two-Wire ' L 0 DET
' Interface ' I :
[ : < '
1 1 ¢ )
HPB —— i S T t-F -0 GKFIL
1 %
E — Signal Transmission ” é \:SXN
] )
' < I Off-Hook Detector l—— !
] 1
: Power Feed P R
> ower Fee
BX(RINGX) ?— « Controller ? Roo
1 1
DA ' Ring Trip Detector )
.DB © '
1 ]
VREG o-——'— L
1 ]
Lo Switching Regulat ;
witching Regulator
Vear & g neg 1 ]
D O SOOI 00, S0 VOOt
CHS Qear CHCLK Vee Vee AGND
11701B-012
Notes: Am79M531—E, and E, inputs; ring relay driver sourced intemally to BGND; no test relay driver; ground-key filter pin.
Am79M535—Eo and E; inputs; ring relay driver sourced intemally to BGND; ground-key filter pin.
Current gain (Kj) = 1000 for all parts.
This document contains information on a product under development at Advanced Micro Devices, Inc. The information is intended to help you
evaluate this product. AMD reserves the right to change or discontinue work on this proposed product without notice.
Publication #: 16856 Rev. A Amendment /0 1-115
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CONNECTION DIAGRAMS

Top View
Am79M531
BGND [ 1 ~ 28 [ ] BX(RINGX)
Vees [ 2 27 [] AX(TIPX)
Vee [] 3 26| DB
RINGOUT [] 4 25 [ ] DA
GKFIL [] 5 24 ]Ro
L s 23 [ ]HPB
Verr [] 7 22 [JHPA
" Qe [| 8 21 [ ] Vmx
cHs [ 9 20 [] Vee
CHCLK [] 10 19 [1RSN
E ] 1 18 |_] AGND/DGND
E []12 17 [ ] Roc
DET [] 13 16 [1C:
C.[]14 15[ ]1Cs

Notes: 1. Pin 1 is marked for orientation.

2. TP is a thermal conduction pin tied to substrate (Qsar).

Am79M535
= X
3 o 2 &
a 0o Z @ &
Z 8 8 0 X @
T > > o o 28
a1 Mnmn
(9 = d 5 8 )
P[] s 29[]
GKFIL [} & 28
L~ 271
VBATEG 263
QBATI:Q 25]
CHS|;10 24]
CHCLK [] M 23[7]
RSRVD [ 12 2211
E, [ 13 21|
o opud
(=] ON 0(') - 80
u.ul’,_g S u:§

P

DA
Ro

HPB

HPA
Vrx

RSN
AGND
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ORDERING INFORMATION
Standard Products

AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is
formed by a combination of the elements below.

AM79M53X J c

1T L

TEMPERATURE RANGE
C*= Commerical (0°C to 70°C)

PACKAGE TYPE

J = 32-Pin Plastic Leaded Chip Carrier (PL 032)
P = 28-Pin Plastic DIP (PD 028)
D= 28-Pin Ceramic DIP (CD 028)

PERFORMANCE GRADE

Blank = Standard Specification
-1 Performance Grading

mon

-2 Performance Grading
DEVICE NAME/DESCRIPTION
Am79M53X
Subscriber Line Interface Circuit
Valid Combinations Valid Combinations

Valid Combinations list configurations planned to
be supported in volume for this device. Consult
the local AMD sales office to confirm availability of
AM79ME3X -1DC, -1JC, -1PC specific valid combinations, to check on newly

released combinations, and to obtain additional
—2DC, -2C, -2PC data on AMD’s standard military grade products.

DC, JC, PC

*The performance specifications contained in this data sheet are valid for the commercial temperature range only. See the SLIC
Extended Temperature Supplement for information on industrial temperature range (—40°C to +85°C) specifications.
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PIN DESCRIPTION

AGND

Ground (Am79M535)

Analog (Quiet) ground.

DGND

Ground (Am79M535)

Digital ground.

AGND/DGND

Ground (Am79M531)

Analog and digital ground are connected internally to a
single pin.

AX(TIPX)

(Output)

Output of A(TIP) power amplifier.

BGND

Ground

Battery (power) ground.

BX(RINGX)

(Output)

Output of B(RING) power amplifier.

Cs— CI

Decoder (Inputs)

TTL compatible. C; is MSB and C, is LSB.
CHCLK

Chopper Clock (Input)

Input to switching regulator (TTL compatible).
Frequency = 256 kHz (nominal).

CHS

Chopper Stabilization (Input)
Connection for external stabilization components.
DA

Ring Trip Negative (Input)

Negative input to ring trip comparator.

DB

Ring Trip Positive (Input)

Positive input to ring trip comparator.
DET

Detector (Output)

When enabled, a logic Low indicates that the selected
detector is tripped. The detector is selected by the logic
inputs (Cs—C,, Eo, E1). The output is open-collector witha
built-in 15K pull-up resistor.

E,

Read Enable (Input)

A logic High enables DET. A logic Low disables DET.
E,

Ground-Key Enable (Input)

When E is High, E: = High connects the ground-key
detector to DET , and E, = Low connects the off-hook
or ring trip detector to DET.

GKFIL

Ground-Key Filter Capacitor Connection

An external capacitor for filtering out high-frequency
noise from the ground-key loop can be connected to this
pin. An internal 36K —20%, +40% resistor is provided to
form an RC filter with the external capacitor.

In versions which have a GKFIL pin, a 3.3 nF minimum
capacitance must be connected from the GKFIL pin to
ground.

HPA

A(TIP) side of high-pass filter capacitor.

HPB
B(RING) side of high-pass filter capacitor.

L
Switching Regulator Power Transistor (Output)

Connection point for filter inductor and anode of catch
diode. This pin will have up to 60 V of pulse waveformon
it and must be isolated from sensitive circuits. Extreme
care must be taken to keep the diode connections short
because of the high currents and high di/dt.

QBAT

Quiet Battery

Filtered battery supply for the signal processing circuits.

Ro

Threshold modification and filter point for the off-hook
detector.

RDC

Connection point for the DC feed current programming
network. The other end of the network connects to the
Receiver Summing Node (RSN). The sign of Vgoc is
minus for normal polarity and plus for reverse polarity.

RINGOUT
Ring Relay Driver (Output)

Sourcing from BGND with internal diode to Qsar
(Am79M531).
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RSN

Receive Summing Node (Input)

The metallic current (both AC and DC) between A(TIP)
and B(RING) is equal to 1000 times the current into this
pin. The networks that program receive gain, two-wire
impedance, and feed current all connect to this node.
This node is extremely sensitive. Care should be taken
to route the 256-kHz chopper clock and switch lines
away from the RSN node.

VBAT

Connected to office battery supply through an external
protection diode.

Vee
+5-V power supply.

Vee

-5-V power supply.

VREO

Regulated Voltage (Input)

Provides negative power supply for power amplifiers,
connection point for inductor, filter capacitor, and
chopper stabilization.

Vix
Transmit Audio (Output)

This output s 0.510times the AX(TIPX) and BX(RINGX)
metallic voltage. The other end of the two-wire input
impedance programming network connects here.

SLIC Products
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ABSOLUTE MAXIMUM RATINGS
Storage Temperature ........... -55°C to +150°C

Ve with respect to AGND/DGND .. —0.4Vto +7.0V
Vee with respect to AGND/DGND .. +0.4Vto-7.0V
Vear with respect to AGND/DGND ... +0.4Vto-70V

Note: Rise time of Vear (dv/dt) must be limited to 27 V/us or
less when Qear bypass = 0.33 puF.

BGND with respect to

AGND/DGND ............... +1.0Vto-3.0V
AX(TIPX) or BX(RINGX) to BGND:

Continuous . ................. -70Vto+1.0V

10ms(F=01Hz) ............ -70Vto +5.0 V

Tus(F=01Hz) ............. -90Vto +10V

250ns (F=01Hz) .......... —120Vto+15V
Current from AX(TIP) or BX(RING) . ...... +150 mA
Voltage on RINGOUT . ... BGND to 70 V above Qexr
Current through Relay Driver ............. 60 mA
Voltage on Ring Trip Input

(DAandDB)..................... Vearto OV
Current into Ring Trip Inputs . . ........... +10 mA
Peak Current into Regulator

Switch(Lpin) ...................... 150 mA
Switcher Transient Peak Off

VoltageonLpin ..................... +1.0V
C3-C1, EO, E1, CHCLK to

AGND/DGND ........... —0.4Vto Ve + 0.4V
Maximum Power Dissipation, Ta (see note) ... 70°C

In 28-pin ceramic DIP package ......... 258 W

In 28-pin plastic DIP package ........... 1.4 W

In32-pin PLCCpackage .............. 1.74 W

Note: Thermal limiting circuitry on chip will shut down the
circuit at a junction temperature of about 165°C. The
device should never see this temperature and opera-
tion above 145°C junction temperature may degrade
device reliability. See SLIC Packaging Considerations
section for more information.

Stresses above those listed under ABSOLUTE MAXIMUM
RATINGS may cause permanent device failure. Functionality
at or above these limits is not implied. Exposure to absolute
maximum ratings for extended periods may effect device
reliability.

OPERATING RANGES
Commercial (C) Devices
Ambient Temperature ............. 0°C to +70°C
Vee oo 475Vt05.25V
VEE ot -4.75Vto-5.25V
VoA vt e -40Vto-63V
AGND/DGND . ... oV
BGND with respect to

AGND/DGND ........... —100 mV to +100 mV

10 Kohm Min

“-2" performance grade SLICs are functional from —40°C to
+85°C. See the SLIC Extended Temperature Supplement for
information on industrial temperature range (~40°C to +85°C)
specifications.

Load Resistance on Vx to Ground . . . .

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.
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ELECTRICAL CHARACTERISTICS over operating range

Am79M531/Am79M535 (see Note 1)

Preliminary
Description Test Conditions P.G.* Min Typ Max Unit
Analog (Vrx) Output Impedance (Note 5) 3 ohm
-35 +35
Analog (Vrx) Output Offset mV
-1 -30 +30
Analog (RSN) Input Impedance (Note 5) 1 20
Longitudinal Impedance at AX or BX 300 Hzto 3.4 kHz ohm
{Note 5) 35
Overload Level four-wire -3.1 +3.1 Vok
Zanw = 600 to 900 ohms (Note 2) two-wire -6.0 +6.0 P
Transmission Performance, two-wire impedance
Two-Wire Return Loss 300 Hz to 500 Hz 26
(See Test Circuit D) 500 Hz to 2500 Hz 26 dB
(Notes 5, 13) 2500 Hz to 3400 Hz 20
Longitudinal Balance (two-wire and four-wire, see Test Circuit C)
R. = 600 ohms, Longitudinal to Metallic 48
. . . 300 Hz to 3400 Hz
L-T, L-4 (normalized to unity gain) -1 52 dB
Longitudinal to Metallic L-T and
L-4 (normalized to unity gain) 200 Hz 10 1000 Hz -2 63 70
(for trimmed version consult factory) 1000 Hz to 3400 Hz 58 70
200 Hz to 3400 HZ
(Reverse Polarity) 54
_— . . 300 Hz to 800 Hz 40
Longitudinal Signal Generation 4-L 300 Hz to 800 Hz - 4 dB
“Longitudinal Current Capability Active State 25 mA
per Wire (Note 5) Disable State 18 RMS
Insertion Loss (see Test Circuits A and B)
5.70 5.85 6.00
Two-Wire to Four-Wire Vas =0 dBm, 1 kHz dB
-1 5.75 5.95
-0.15 +0.15
Four-Wire to Two-Wire Vex= 0 dBm, 1 kHz dB
-1 -0.1 +0.1
Insertion Loss versus Frequency (see Test Circuits A and B)
Two-Wire to Four-Wire or 300 Hz to 3400 Hz 0.1 0.1 4B
Four-Wire to Two-Wire Relative to 1 kHz : i
Gain Tracking (see Test Circuits A and B)
Two-Wire to Four-Wire or +7 dBm to —55 dBm
. . ~0.1 +0.1 dB
Four-Wire to Two-Wire (Note 5) Reference: 0 dBm
Balance Return Signal (four-wire to four-wire, see Test Circuit B)
—-6.00 -5.85 -5.70
Gai te 3 0dBm, 1 kl dB
ain Accuracy (Note 3) m, 1 kHz -1 _5.95 _5.75
300 Hz to 3400 Hz
Variation with Frequency (Notes 3, 5 -0.1 +0.1 dB
d Y ( ) Relative to 1 kHz
+3 dBm to -55 dBm
Gai ki te 5 -0.1 0.1 dB
ain Tracking (Note 5) Reference: 0 dBm *
Group Delay (Notes 5, 14) F=1kHz 5.3 us
*P.G. = Performance Grade
**All other performance parameters equivalent to —1 grade.
Normal Polarity only.
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ELECTRICAL CHARACTERISTICS (continued)

Preliminary
Description Test Conditions P.G. | Min Typ | Max Unit
Total Harmonic Distortion (two-wire to four-wire or four-wire to two-wire, see Test Circuits A and B)
o : 0 dBm, 300 Hz to 3.4 kHz -64 -50
Total Harmonic Distortion dB
+9 dBm, 300 Hz to 3.4 kHz -55 —-40
Total Harmonic Distortion
. . -35 dB
With Metering (Notes 5, 10)
Idle Channel Noise
two-wire 7 +1s dBmC
C-Message Weighted Noise -1 +7 +12
(Notes 5, 7) ) +3 +10
four-wire dBrnC
-1 +3 +7
two-wire 83 - dB
Psophometric Weighted Noise -1 —-83 -78 P
(Note 7) ] -87 -80
four-wire dBmp
-1 -87 -83
Psophometric Idle Channel Noise two-wire —46 dBm
with Metering (Notes 5, 11) four-wire -52 P
Single Frequency Out-of-Band Noise (see Test Circuit E)
Notes 4, 5, 9 4 kHz to 9 kHz ~76
Metallic (Notes 4, 5, 9) 9 kHz to 1 MHz —76 dBm
(Notes 4, 5) 256 kHz and harmonics -57
(Notes 4, 5, 9) 1 kHz to 15 kHz -70
Longitudinal] (Notes 4, 5, 9) Above 15 kHz -85 dBm
(Notes 4, 5) 256 kHz and harmonics -57
DC Feed Currents (see Figures 1a, 1b, 1c) Battery =-48 V
Active Mode Loop Current Accuracy loor (Nnominal) = 40 mA -7.5 +7.5 %
Disable Mode RL = 600 ohms 18 20 22
Tip Open Mode RL= 600 ohms 1.0 mA
Open Circuit Mode RL= 0 chms 1.0
Fault Current Limit, fum (lax + lax) AX and BX shorted 130 mA
to ground
Power Dissipation Battery = —48 V, Normal Polarity
35 120
On-Hook Open Circuit
-1 35 80
135 250
On-Hook Disable Mode
-1 135 200
mwW
. 200 400
On-Hook Active Mode
-1 200 300
Off-Hook Disable Mode R. =600 ohms 500 750
Off-Hook Active Mode R. = 600 ohms 650 1000
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ELECTRICAL CHARACTERISTICS (continued)

Preliminary
Description Test Conditions P.G. Min Typ Max Unit
Supply Currents
Open Circuit Mode 3.0 45
Vee On-Hook Supply Current Disable Mode 6.0 10.0 mA
Active Mode 75 12.0
Open Circuit Mode 1.0 2.3
Vee On-Hook Supply Current Disable Mode 22 35 mA
Active Mode 2.7 6.0
Open Circuit Mode 0.4 1.0
Vear On-Hook Supply Current Disable Mode 3.0 5.0 mA
Active Mode 4.0 6.0
Power Supply Rejection Ratio (Vripple = 50 mV RMS)
25 45
50 Hz to 3400 Hz dB
Vee ~1 30 45
Notes 6, 7 22 35
(Notes 6,7) 3.4 kHz to 50 kHz dB
-1 25 35
20 40
50 Hz to 3400 Hz dB
Vee -1 25 40
Notes 6, 7 10 25
(No ) 3.4 KHz t0 50 kHz dB
-1 10 25
27 45
50 Hz to 3400 Hz dB
Vear ° -1 30 45
Notes 6, 7 20 40
(Notes 6,7) 3.4 kHz t0 50 kHz dB
-1 25 40
Off-Hook Detector
Current Threshold Accuracy l loer = 365/Ro Nominal I l 20 +20 %
Ground-Key Detector Thresholds, Active Mode, Battery = -48 V (see Test Circuit F)
Ground-Key Resistance Threshold B(Ring) to GND 2.0 5.0 10.0 Kohm
B(Ring) to GND 9
Ground-Key Current Threshold (Note 8) |—2uand) mA
Midpoint to GND 9
Ring Trip Detector Input
Bias Current -5 -0.05 pA
Source Resistance
Offset Voltage (Note 12) 010 2 Mohms -50 0 +50 mV
Logic Inputs (Cy, C,, Cs, Cq, Eo, Ei, and CHCLK)
Input High Voltage 2.0 Vv
Input Low Voltage 0.8 \
Input High Current -75 40 pA
Input Low Current -0.4 mA
Logic Output (DET)
Output Low Voltage lour = 0.8 MA 0.4 \
Output High Voltage lour ==0.1 mA 2.4 \'4
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SWITCHING CHARACTERISTICS

Am79M531
Parameter Test Conditions Min Typ Max Unit
E1 High to DET High (Eo = 1) Ground-Key Detect Mode 3.8
tgkde _ R. Open, Ra Connected us
E1 High to DET Low (Eo = 1) (sese Test Circuit G) 11
E+ Low to DET Low (Eo = 1) 1.2
tshde us
E: Low to DET High (Eo= 1) 3.8
tshdd Eo High to DET Low (E1 = 0) Switch Hook Detect Mode 1.1
— R. = 600 ohms, Rs Open Ks
tshdo E. Low to DET High (E1 = 0) (see Test Circuit H) 3.8
tgkdd E, High to DET Low (E1 = 1) 1.1
us
tgkdo Eo Low to DET High (E1 = 1) 3.8
Table 1. SLIC Decoding
ET Output
Eo = 1‘ Eo
State C: C. C; Two-Wire Status Ei=0 E:
0 0 0 0 Open Circuit Ring Trip Ring Trip
1 0 0 1 Ringing Ring Trip Ring Trip
2 0 1 0 Active Loop Det. Ground Key
3 0 1 1 Disable Loop Det. Ground Key
4 1 0 0 Tip Open Loop Det. —_
5 1 0 1 Reserved Loop Det. —
6 1 1 0 Active Polarity Reversal Loop Det. Ground Key
7 1 1 1 Disable Polarity Reversal Loop Det. Ground Key

*A logic Low on Eo disables the DET output into the open-collector state.
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SWITCHING WAVEFORMS
Am79M531/Am79M535
Es to DET
Es
_/ N\ 7 / \
o ./
[¢———]
tgkde tshde tgkde tshde
Eo to fl’
E: /
/L
77
N/ \ L N\
77
JU— y 4
— 77
DET
tshdd tshdo tgkdd tgkdo
Note: All delays measured at 1.4-V level.
11701B-013
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Relay Driver Specifications

Am79M531/Am79M535
BGND
|
|
|
|
|
RINGOUT
|
1
i
Qear 11701A-24
) Preliminary
Description Test Conditions Min Typ Max Unit
Relay Driver Outputs (RINGOUT)
On Voltage 50 mA Source BGND -2 BGND-0.95 Vv
Off Leakage 0.5 100 HA
Clamp Voltage 50 mA Sink Qear -2 v

Notes:

1.

Unless otherwise noted, test conditions are: Battery =—48 V, Vec = +5 V, Vee = -5 V, RL= 600 ohms, Cwe = 0.22 pF, Roct =
Rocz = 31.25K, Coc = 0.1 puF, Ry = 51.1K, no fuse resistors, two-wire AC output impedance, programming impedance
(Zr) = 306K resistive, receive input summing impedance (Zax) = 300K resistive. (See Table 2 for component formulas.)

2. Overload level is defined when THD = 1%.

3. Balance return signal is the signal generated at Vix by Vex. This spec assumes that the two-wire AC load impedance matches

the impedance programmed by Zr.

. These tests are performed with a longitudinal impedance of 90 ohms and metallic impedance of 300 ohms for frequencies

below 12 kHz and 135 ohms for frequencies greater than 12 kHz. These tests are extremely sensitive to circuit board layout.

. Not tested in production. This parameter is guaranteed by characterization or correlation to other tests.
. This parameter is tested at 1 kHz in production. Performance at other frequencies is guaranteed by characterization.
. When the SLIC is in the Anti-sat 2 operating region, this parameter will be degraded. The exact degradation will depend

on system design. The Anti-sat 2 region occurs at high loop resistances when [ Vear| = [ Vax—Vex| is less than approximately
17 V.

8. “Midpoint”is defined as the connection point between two 300-ohm series resistors connected between A(TIP) and B(RING).

9. Fundamental and harmonics from 256-kHz switch-regulator chopper are not included.

11.

12
13.

14.

. Total harmonic distortion with metering as specified with a metering signal of 2.2 VRMS at the two-wire output, and a transmit

signal of +3 dBm or receive signal of —4 dBm. The transmit or receive signals are single-frequency inputs, and the distortion is
measured as the highest in-band harmonic at the two-wire or the four-wire output relative to the input signal.

Noise with metering is measured by applying a 2.2-VRMS metering signal (measured at the two-wire output) and measuring
the psophometric noise at the two-wire and four-wire outputs over a 200-ms time interval.

Tested with 0 ohms source impedance. Two Mohms is specified for system design purposes only.

Assumes the following Zr network: Ve — AN T AN RSN
153K 163K
-

56 pF
Group delay can be considerably reduced by using a Zr network such as that shown in Note 13 above. The network will

reduce the group delay to less than 2 us. The effect of group delay on linecard performance may be compensated for
by using the SLAC or DSLAC devices.
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Table 2. User-Programmable Components

Zr = 510(Zawn— 2RF)

Zz is connected between the Vix and RSN pins.The fuse resistors are Rr, and
Zowi is the desired two-wire AC input impedance. When computing Zr, the
internal current amplifier pole and any external stray capacitance between
Vix and RSN must be taken into account.

Z. 1000 Zr

Zex =
T "G4zl Zr+510 (Zu+ 2Re)

Zrx is connected from Vex to the RSN pin and Zr is defined above and G42L. is
the desired receive gain.

Roct + Rocz = 2500/lreeo
Coc = (1.5 ms)(Roc1 + Rocz2)/(RociRocz)

Roc1, Rocz, and Coc form the network connected to the Roc pin. Roct and Roca
are approximately equal.

Ro = 365/Ir, Co = 0.5 ms/Ro

Ro and Cp form the network connected from Rp to—5 V, and Iris the threshold
current between on-hook and off-hook.

Vua Ki ((D) Z -7y
Zu= :

View Zr+0.51 - Ky (0)) (2HF + ZL)

Zw is connected from Vue (metering source) to the RSN
pin, Vuaw is the desired magnitude of the metering signal at the two-wire out-
put (usually 2.2 VRMS) and Ki (o) is defined below.

1000
1 +ja (11.5 - 10 + CX/2)(36 + Z. + 2R¢)

Ki(w) =

where: CX = The values of the identical capacitors from AX and BX to ground
@ =2x x metering frequency

50 VaAT = —47.3 V
Roc1 + Rocz = Roc = 62.5K
Anti-sat 2 )
Anti-sat 1
VAX—VBX
(Volts)
Constant Current
0
0

2500

Constant current region: .=
Roe

L (mA) 60

RDC

Anti-sat 1 region: Vax-sx = 45.78 — I
152.6

Anti-sat 2 region:

Vax-gx = 1.075 | Veur| ~17.86 —<o_013+
1

Roc )
I
2

Figure 1a. Load Line (Typical)

See Figure 1c.
11701B-014
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50

<
- N

\K
0
0 R.(Q) 3000
Load Current versus Load Resistance — Am79M531/Am739M535
Vear=—47.3V
Roc =62.5K

See Figure 1c.

11701B-015
Figure 1b. Feed Characteristics (Typical)
AX
a
R é I
RSN
SLIC
b Roet
Roc2 Coo
BX Roc |
Current programmed by Roct and Roc.
11701B-016

Figure 1c. Feed Programming
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TEST CIRCUITS
A A
TIP
LY pram— UL P
(TIPX) (TIPX)
Rw/2 Rr
SLIC SLIC
AGND > V,
E Vas _-]_— m g R AGND MG
Ru/2 -
Rex
(RINGX) B (RINGX)
= (RING)
lue ==20log (Vas/ Vax) BRS =20 log (Vx / Vrx) —

liaq =20 log (Vn( / VAB)

A. Two-to-Four Wire Insertion Loss

B. Four-to-Two Wire Insertion Loss and Balance
Return Signal

Si closed, S open and 1/wC << Rc.:

A
R./2(TIP)
—‘V\}v— AX Vi

(TIPX)
SLIC Rr
V,
c .| AGND L-T Long. Bal. =-20 log ( :)
s | ¢t
E Vi L-4 Long. Rej. ==20 log (C%E
= =+ S: R e
BX RSN S: closed, Sy open:
(RINGX) v 2 1 1 0pen: v
Ru/2 "X 4. Long. Sig. Gen. =20 log (—")
B 1 Vex
(RING) =
C. Longitudinal Balance (IEEE)
Z
* TIP Vix
Zo: The desired impedance; for example, the
R characteristic impedance of the line.
Rr
) v
sLic - ( M)
R Vu R. =20 log Ve
bt r RING RSN
Zun Rex
= 117018022
D. Two-Wire Return Loss Test Circuit
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TEST CIRCUITS (continued)

68 C
AX 1/wC << 90 Q
(TIPX)
56 Q
DC
I‘_"‘VW— sLic
680 C
BX
—’VW—I [ (RINGX)

E. Single-Frequency Noise

R.
NV A(TIP)
Su
T R.
MV B(RING)
Ra
Se I
Current Feed and Ground Key
F. Ground-Key Detection
Vee
ﬂ\ 6.2K
/1A
A(TIP) DET _L
15 pF
B R = 600 ohms 3
EO
Ra=2K B(RING) E1
15772A-017b
G. Ground-Key Switching H. Loop Detector Switching

1-130 Am79M53X Data Sheet



Am79M570/Am79M574

Metering Subscriber Line Interface Circuit
DISTINCTIVE CHARACTERISTICS

e

Advanced
Micro
Devices

B Programmable constant resistance feed B Test relay driver optional
B Programmable loop detect threshold B Supports 2.2-V RMS metering (12 and 16 kHz)
B Ground-key detect B On-chip switching regulator for low-power
B Low standby power dissipation
B Performs polarity reversal n Two-wire impedance set by single external
B Line-feed characteristics independent of lrf\pedance )
battery variations B Tip open state for ground start lines
BLOCK DIAGRAM
. .
: Ring Relay Driver RINGOUT
AX(TIPX) —— LT EE T . '
TP & ! Test Relay Driver —————& TESTOUT
1 be e memneccanee . 1
: ------- -- - "__6 Cx
. ! Ground-Key ! R —05 G,
' 1+ Detector ] ]
: S EACEEEY +———0 C.
HPA ¢— [ ----- Q G
' Input Decoder |q - - - - - o E
' and Control !
; Two-Wire — B
! Interface ——»0 DET
1 __‘ '
1 )
HPB ¢— :
! . . 0 Vi
1
: Signal Transmission | c:) RSN
1 1
' { Oft-Hook Detector I——‘ !
z
BX(RINGX) o—— Contolor —0 P
1 1
1 '
['o Smm—
DA 1 Ring Trip Detector '
DB © 1
1 )
Vees Q——— '
LS Switching Regulator [¢— :
witchin eguiator
Vear ¢ gries =1 ,
I 1133 =
CHS  Qear CHCLK Vee  Vee AGND
11701B-017

Notes: Am79M570—Eo and E; inputs; ring relay driver sourced intemally to BGND.
Am79M574—Eo and E1 inputs; ring and test relay drivers sourced intemally to BGND.

Current gain (K1) = 1000 for both parts.

This document contains information on a product under development at Advanced Micro Devices, Inc. The information is intended to help you

evaluate this product. AMD reserves the right to change or discontinue work on this proposed product without notice.

Publication #: 16857 Rev. A Amendment /0
Issue Date: June 1992
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CONNECTION DIAGRAMS

Top View
Am79M570

BGND [] 1 28

Vees [ 2 27

Voo I:} 3 26

RINGOUT [ 4 25

NC [|s 24

Ls 23

Vewr []7 22

Qear [ 8 21

CHs [} 9 20

CHCLK [] 10 19

E ] 11 18

Eo [] 12 17

DET[j13 16

c.[]14 15

] BX(RINGX)
] AX(TIPX)
1 DB

] DA

1Ro

] HPB

[ ] HPA

] Vi

] Vee

] RSN

] AGND/DGND
] Roc

]G

F1Cs

Notes: 1. Pin 1 is marked for orientation.

2. TP is a thermal conduction pin tied to substrate (Qsar).

3. NC=No connect.

Am79M574
5 8 3
o o £ o
g , 82 ¢t
EF 2528
aOOogononpn
(¥ ° 87 8 5 8
™[s 297
TESTOUT [] & 281
tO 7 271
VBAT[:S 26]
QBAYEQ 25]
CHS [] 10 241
CHCLK [] 11 23]
c, [ 12 221
E [ 3 21t|
CEELEEERY
OO0 n0OOOnd
) N ® - o N
uf I’g S S o moé
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ORDERING INFORMATION
Standard Products

AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is
formed by a combination of the elements below.

AM79M57X _ J o]
TEMPERATURE RANGE
C*= Commerical (0°C to 70°C)

PACKAGE TYPE

J = 32-Pin Plastic Leaded Chip Carrier (PL 032)
P = 28-Pin Plastic DIP (PD 028)
D = 28-Pin Ceramic DIP (CD 028)

PERFORMANCE GRADE

Blank = Standard Specification
-1 Performance Grading

-2 Performance Grading
DEVICE NAME/DESCRIPTION
Am73M57X
Subscriber Line Interface Circuit
Valid Combinations Valid Combinations

DC. JC. PC Valid Combinations list configurations planned to
» be supported in volume for this device. Consult
the local AMD sales office to confirm availability of

AM79M57X -1DC, -1JC, -1PC specific valid combinations, to check on newly
released combinations, and to obtain additional

—20C, -2JC, -2PC data on AMD’s standard military grade products.

*The performance specifications contained in this data sheet are valid for the commercial temperature range only. See the SLIC
Extended Temperature Supplement for information on industrial temperature range (-40°C to +85°C) specifications.

SLIC Products 1-133



n AMD

PRELIMINARY

PIN DESCRIPTION
AGND

Ground (Am79M574)
Analog (Quiet) ground.
DGND

Ground (Am79M574)
Digital ground.
AGND/DGND

Ground
(Am79M570)

Analog and digital ground are connected internally to a
single pin.

AX(TIPX)

(Output)

Output of A(TIP) power amplifier.

BGND

Ground

Battery (power) ground.

BX(RINGX)

(Output)

Output of B(RING) power amplifier.
C.—C,

Decoder (Inputs)

TTL compatible. Cs is MSB and C. is LSB.
C.

Test Relay Driver Command (Input)
(Am79M574)

TTL compatible. A logic Low enables the driver.

CHCLK
Chopper Clock (Input)

Input to switching regulator (TTL compatible).
Frequency = 256 kHz (nominal).

CHS

Chopper Stabilization (Input)

Connection for external stabilization components.
DA

Ring Trip Negative (Input)

Negative input to ring trip comparator.

DB

Ring Trip Positive (Input)

Positive input to ring trip comparator.

DET
Detector (Output)

When enabled, a logic Low indicates that the selected
detector is tripped. The detector is selected by the logic
inputs (Cs—Cy, Eo, E1). The output is open-collector with a
built-in 15K pull-up resistor.

Eo

Read Enable (Input)

A logic High enables DET. A logic Low disables DET.

E,

Ground-Key Enable (Input)

When E, is High, E: = High connects the ground-key
detector to DET, and E, = Low connects the off-hook
or ring trip detector to DET.

HPA

A(TIP) side of high-pass filter capacitor.

HPB
B(RING) side of high-pass filter capacitor.

L
Switching Regulator Power Transistor (Output)

Connection point for filter inductor and anode of catch
diode. This pin will have upto 60 V of pulse waveformon
it and must be isolated from sensitive circuits. Extreme
care must be taken to keep the diode connections short
because of the high currents and high di/dt.

QBAY

Quiet Battery

Filtered battery supply for the signal processing circuits.

Ro

Threshold modification and filter point for the off-hook
detector.

RDC

Connection point for the DC feed resistance program-
ming network. The other end of the network connects
to the Receiver Summing Node (RSN). The sign of Veoc
is minus for normalpolarity and plus for reverse polarity.
RINGOUT

Ring Relay Driver (Output)

Sourcing from BGND with internal diode to Qear.
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TESTOUT

Test Relay Driver (Output)
(Am79M574)

Sourcing from BGND with internal diode to Qar.

RSN
Receive Summing Node (Input)

The metallic current (both AC and DC) between A(TIP)
and B(RING) is equal to 1000 times the current into this
pin. The networks that program receive gain, 2-wire
impedance, and feed resistance all connect to this node.
This node is extremely sensitive. Care should be taken
to route the 256-kHz chopper clock and switch lines
away from the RSN node.

VBAT

Connected to office battery supply through an external
protection diode.

VCC

+5-V power supply.

VEE

-5-V power supply.

VREG

Regulated Voltage (Input)

Provides negative power supply for power amplifiers,
connection point for inductor, filter capacitor, and
chopper stabilization.

Vix

Transmit Audio (Output)

Thisoutputis 0.510times the AX(TIPX) and BX(RINGX)

metallic voltage. The other end of the two-wire input
impedance programming network connects here.

SLIC Products
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ABSOLUTE MAXIMUM RATINGS
Storage Temperature ........... -55°C to +150°C

Vee with respect to AGND/DGND .. -04Vto+7.0V
Vee with respect to AGND/DGND .. +0.4Vto-7.0V
Vear With respect to AGND/DGND ... +0.4Vto-70V

Note: Rise time of Vear (dv/dt) must be limited to 27 V/us or
less when Qsgar bypass = 0.33 pF.

BGND with respect to
AGND/DGND ............... +1.0Vto-3.0V
AX(TIPX) or BX(RINGX) to BGND:
Continuous .. ................ -70Vto +1.0V
10ms(F=01Hz) ............ -70Vto +5.0V
Tpus(F=01Hz) ............. -90Vto+i0V
250ns(F=0.1Hz) .......... -120Vto +15V
Current from AX(TIP) or BX(RING) .. ..... +150 mA

Voltage on RINGOUT . ... BGND to 70 V above Qsar
Voltage on TESTOUT . ... BGND to 70 V above Qear

Current through Relay Drivers ............ 60 mA
Voltage on Ring Trip Inputs
(DAandDB)............ ... ..... Vesrto OV
Current into Ring Trip Inputs .. ........... .+10 mA
Peak Current into Regulator
Switch (Lpin) .......... ... .. . ... 150 mA
Switcher Transient Peak Off
VoltageonlLpin..................... +1.0V
C4-C1,E0, E1,CHCLKto
AGND/DGND ........... —04VtoVe +0.4V
Maximum Power Dissipation, Ta (see note) ... 70°C
In 28-pin ceramic DIP package ......... 2.58 W
In 28-pin plastic DIP package ........... 1.4W
In 32-pin PLCC package .............. 1.74 W

Note: Thermal limiting circuitry on chip will shut down the
circuit at a junction temperature of about 165°C. The
device should never see this temperature and opera-
tion above 145°C junction temperature may degrade
device reliability. See SLIC Packaging Considerations
section for more information.

Stresses above those listed under ABSOLUTE MAXIMUM
RATINGS may cause permanent device failure. Functionality
at or above these limits is not implied. Exposure to absolute
maximum ratings for extended periods may effect device
reliability.

OPERATING RANGES
Commercial (C) Devices
Ambient Temperature ............. 0°C to +70°C
Voo i 475Vt0525V
VeE oo —4.75Vto-525V
VBAT oo e -40Vto-63V
AGND/DGND . ....... oo oV
BGND with respect to

AGND/DGND ........... —100 mV to +100 mV

10 Kohm Min

“~2” performance grade SLICs are functional from —40°C to
+85°C. See the SLIC Extended Temperature Supplement for
information on industrial temperature range (—40°C to +85°C)
specifications.

Load Resistance on Vxto Ground . . . .

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.
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ELECTRICAL CHARACTERISTICS over operating range

(see Note 1)

Preliminary
Description Test Conditions P.G.* Min Typ Max Unit
Analog (Vrx) Output Impedance 3 ohm
-35 +35
Analog (Vrx) Output Offset mV
-1 -30 +30
Analog (RSN) Input Impedance (Note 5 1 20
29 (RSN) Input Imp Note ®) | 300 Hz to 3.4 kHz ohm
Longitudinal Impedance at AX or BX 35
Overload Level four-wire -3.1 +3.1 Vok
Zawn = 600 to 900 ohms (Note 2) two-wire -6.0 +6.0 P
Transmission Performance, two-wire impedance
Two-Wire Return Loss 300 Hz to 500 Hz 26
(See Test Circuit D) 500 Hz to 2500 Hz 26 dB
(Notes 5, 14) 2500 Hz to 3400 Hz 20
Longitudinal Balance (two-wire and four-wire, see Test Circuit C)
R. = 600 ohms, Longitudinal to Metallic 48
L-T, L-4 (normalized to unity gain) 300 Hz to 3400 Hz -1 52 dB
gtuanao te LTand | aomwrocor: | . | w0 |
. : 1000 Hz to 3400 Hz 58 70
(for trimmed version consult factory) 200 Hz to 3400 Hz
(Reverse Polarity 54
- . ) 300 Hz to 800 Hz 40
Longitudinal Signal Generation 4-L dB
300 Hz to 800 Hz -1 42
Longitudinal Current Capability Active State 25 mA
per Wire (Note 5) Disable State 18 RMS
Insertion Loss (see Test Circuits A and B)
5.70 5.85 6.00
Two-Wire to Four-Wire Vas = 0dBm, 1 kHz dB
-1 5.75 5.95 .
) ) -0.15 +0.15
Four-Wire to Two-Wire Vex = 0 dBm, 1 kHz dB
-1 -0.1 +0.1
Insertion Loss versus Frequency (see Test Circuits A and B)
Two-Wire to Four-Wire or 300 Hz to 3400 Hz 01 o1 4B
Four-Wire to Two-Wire Relative to 1 kHz ’ o
Gain Tracking (see Test Circuits A and B)
Two-Wire to Four-Wire or +7 dBm to —55 dBm 0.1 +0.1 4B
Four-Wire to Two-Wire (Note 5) Reference: 0 dBm ’ :
Balance Return Signal (four-wire to four-wire, see Test Circuit B)
-6.00 -5.85 -5.70
Gain A te 3 0 dBm, 1 kH dB
ain Accuracy (Note 3) m z - _5.95 _5.75
300 Hz to 3400 Hz
Variation with Frequency (Notes 3, 5 ~0.1 +0.1 dB
on q y (No ) Relative to 1 kHz
+3 dBm to —55 dBm
Gain Tracking (Note 5 -0.1 +0.1 dB
n Tracking (Note 5) Reference: 0 dBm
Group Delay (Notes 5, 15) F=1kHz 5.3 us
*P.G. = Performance Grade
**All other performance parameters equivalent to —1 grade.

Normal Polarity only.

SLIC Products
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ELECTRICAL CHARACTERISTICS (continued)

Preliminary
Description Test Conditions P.G. | Min Typ | Max | Unit
Total Harmonic Distortion (two-wire to four-wire or four-wire to two-wire, see Test Circuits A and B)
0 dBm, 300 Hz-3.4 kHz -64 -50
Total Harmonic Distortion dB
+9 dBm, 300 Hz-3.4 kHz -55 -40
Total Harmonic Distortion
N 5 11 -
With /Metering See Notes 5 and 35 dB
Idle Channel Noise
+7 +15
i X two-wire dBrnC
C-Message Weighted Noise -1 +7 +12
Notes 5, 7, . +3 +10
( ) four-wire dBrnC
-1 +3 +7
. -83 =75
i X . two-wire dBmp
Psophometric Weighted Noise -1 —83 -78
(Note 7) ) -87 -80
four-wire dBmp
-1 -87 -83
Psophometric Idle Channel Noise two-wire —46 4Bm
with Metering (Notes 5 and 12) four-wire -52 P
Single Frequency Out-of-Band Noise (see Test Circuit E)
(Notes 4, 5, 9) 4 kHz to 9 kHz —76
Metallic (Notes 4, 5, 9) 9 kHz to 1 MHz 76 dBm
(Notes 4, 5) 256 kHz and harmonics =57
(Notes 4, 5, 9) 1 kHz to 15 kHz -70
Longitudinal| (Notes 4, 5, 9) Above 15 kHz -85 dBm
(Notes 4, 5) 256 kHz and harmonics -57
Line Characteristics (see Figures 1a, 1b, 1c) Battery = —48 V, R. = 600 and 900 ohms, Reeeo = 800 ohms
Apparent Battery Voltage Active Mode 47 50 53 \
Loop Current Accuracy Active Mode -7.5 +7.5
Loop Current—Tip Open R. = 600 ohms 1.0 %
Loop Current—Open Circuit R. = 0 ohms 1.0
Disable Mode
. B o
Loop Current Limit Accuracy (Note 10) Active Mode 20 +20 %
Fault Current Limit, lum (lax + lex) AX and BX shorted 130 mA
to ground
Power Dissipation Battery = —48 V, Normal Polarity
35 120
On-Hook Open Circuit 2
-1 35 80
X 135 250
On-Hook Disable Mode
-1 135 200
200 400 mw
On-Hook Active Mode
—1 200 300
Off-Hook Disable Mode R. = 600 ohms 500 750
Off-Hook Active Mode R.= 600 ohms 650 1000
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ELECTRICAL CHARACTERISTICS (continued)

Preliminary
Description Test Conditions P.G. l Min Typ Max Unit
Supply Currents
Open Circuit Mode 3.0 45
Vee On-Hook Supply Current Disable Mode 6.0 10.0 mA
Active Mode 75 12.0
Open Circuit Mode 1.0 2.3
Vee On-Hook Supply Current Disable Mode 2.2 3.5 mA
Active Mode 2.7 6.0
Open Circuit Mode 0.4 1.0
Vear On-Hook Supply Current Disable Mode 3.0 5.0 mA
Active Mode 4.0 6.0
Power Supply Rejection Ratio (Vripple = 50 mV RMS)
25 45
50 Hz to 3400 Hz dB
Vee -1 30 45
Notes 6, 7 22 35
(Notes 6, 7) 3.4 kHz to 50 kHz dB
-1 25 35
20 40
50 Hz to 3400 Hz dB
Vee -1 25 40
Notes 6, 7 10 25 :
(Notes 6, 7) 3.4 kHz to 50 kHz dB
-1 10 25
27 45
50 Hz to 3400 Hz dB
Vgar -1 30 45
Notes 6, 7 20 40
(Notes &, 7) 3.4 KHz to 50 kHz dB
-1 25 40
Off-Hook Detector
Current Threshold Accuracy I loer = 365/Ro Nominal I | —20 +20 i %
Ground-Key Detector Thresholds, Active Mode, Battery = -48 V (see Test Circuit F)
Ground-Key Resistance Threshold B(Ring) to GND 2.0 5.0 10.0 Kohm
B(Ring) to GND 9 '
Ground-Key Current Threshold (Note 8 mA
y (Note 8) I dpoint to GND 9
Ring Trip Detector Input
Bias Current -5 -0.05 A
Source Resistance
Offset Voltage (Note 13) 0to 2 Mohms -50 0 +50 mV
Logic Inputs (Cy, Co, Cs, C4, Eq, E1, and CHCLK)
Input High Voltage 2.0 \
Input Low Voltage 0.8 \Y
Input High Current -75 40 nA
Input Low Current -0.4 mA
Logic Output (DET)
Output Low Voltage lour = 0.8 mA 0.4 v
Output High Voltage loyr =—0.1 mA 24 Vv
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SWITCHING CHARACTERISTICS

Am79M570/Am79M574
Parameter Test Conditions Min Typ Max Unit
E:1 High to DET High (Eo= 1) Ground-Key Detect Mode 38
tgkde ) R. Open, Ra Connected ps
E: High to DET Low (Eo = 1) (see Test Circuit G) 1.1
Es Low to DET Low (Eo = 1) 1.2
tshde o us
Es Low to DET High (Eo= 1) 3.8
tshdd Eo High to DET Low (E: = 0) Switch Hook Detect Mode 1.1
R. = 600 ohms, Ra Open us
tshdo Eo Low to DET High (E: = 0) (see Test Circuit H) 3.8
tgkdd Eo High to DET Low (E1 = 1) 1.1
us
tgkdo Eo Low to DET High (Es = 1) 3.8
Table 1. SLIC Decoding
ET Output
Eo=1* Eo=1*
State C: C G Two-Wire Status Ei=0 Ei=1
0 0 0 0 Open Circuit Ring Trip Ring Trip
1 0 0 1 Ringing Ring Trip Ring Trip
2 0 1 0 Active Loop Det. Ground Key
3 0 1 1 Disable Loop Det. Ground Key
4 1 0 0 Tip Open Loop Det. —
5 1 0 1 Reserved Loop Det. —
6 1 1 0 Active Polarity Reversal Loop Det. Ground Key
7 1 1 1 Disable Polarity Reversal Loop Det. Ground Key

*For the Am79M570 and Am79M574 logic Low on E, disables the DET output into the open-collector state.
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SWITCHING WAVEFORMS
Am79M570/Am79M574

Es to DET

77

tgkde tshde

Eoto DET

E, /
/L

tgkde

LT

tshde

- \ A
_ : 4
BET ’/ Ve

tshdd tshdo

Note: All delays measured at 1.4-V level.

tgkdd

|
(

tgkd0

11701B-018
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Relay Driver Specifications

Am79M570/Am79M574 Am79M574
BGND BGND
| I
| I
| |
| I
| I
RINGOUT TESTOUT
I |
I |
I |
Qear Qear 11701A-30
Description Test Conditions Min Typ Max Unit
Relay Driver Outputs (RINGOUT, TESTOUT)
On Voltage 50 mA Source BGND -2 BGND-0.95 \
Off Leakage 0.5 100 pA
Clamp Voltage 50 mA Sink Qear =2 \
Notes:

1.

11.

12

13.
. Assumes the following Zr network: x —AMV T AN RSN

15.

Unless otherwise noted, test conditions are: Battery = —48 V, Vec = +5 V, Vee = -5 V, RL= 600 ohms, Cue = 0.22 pF, Roc1 =
Rocz = 20K, Coc = 0.1 uF, Rs=51.1K, no fuse resistors, two-wire AC output impedance, programming impedance (Zr) = 306K
resistive, receive input summing impedance (Zrx) = 300K resistive. (See Table 2 for component formulas.)

. Overload level is defined when THD = 1%.
. Balance return signal is the signal generated at Vix by Vex. This spec assumes that the two-wire AC load impedance matches

the impedance programmed by Zr.

. These tests are performed with a longitudinal impedance of 90 ohms and metallic impedance of 300 ochms for frequencies

below 12 kHz and 135 ohms for frequencies greater than 12 kHz. These tests are extremely sensitive to circuit board layout.

. Not tested in production. This parameter is guaranteed by characterization or correlation to other tests.
. This parameter is tested at 1 kHz in production. Performance at other frequencies is guaranteed by characterization.
. When the SLIC is in the Anti-sat 2 operating region, this parameter will be degrade The exact degradatlon will depend on

system design. The Anti-sat 2 region occurs at high loop resistances when [ Vear

| Vax —Vex |is Tess than approximately
17V.

. “Midpoint” is defined as the connection point between two 300-ohm series resistors connected between A(TIP) and B(RING).
. Fundamental and harmonics from 256-kHz switch-regulator chopper are not included.
. Loop-current limit which depends upon the programmed apparent open circuit voltage and the feed resistance is calculated as

follows:
Vnppavenl

In Disable mode: luwr = 0.5
FEED

In Active mode:  lumr = 0.8 Vespurnt_
RFEED

Total harmonic distortion with metering as specified with a metering signal of 2.2 VRMS at the two-wire output, and a transmit
signal of +3 dBm or receive signal of -4 dBm. The transmit or receive signals are single-frequency inputs, and the distortion is
measured as the highest in band harmonic at the two-wire or the four-wire output relative to the input signal.

Noise with metering is measured by applying a 2.2-VRMS metering signal (measured at the two-wire output) and measuring
the psophometric noise at the two-wire and four-wire outputs over a 200-ms time interval.

Tested with 0 ohms source impedance. Two Mohms is specified for system design purposes only.

153K 153K
€I

56 pF
Group delay can be considerably reduced by using a Zr network such as that shown in Note 14. The network will

reduce the group delay to less than 2 ps. The effect of group delay on linecard performance may be compensated for
by using the SLAC or DSLAC devices.
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Table 2. User-Programmable Components

Zy = 510(Zawn— 2R¢)

Zr is connected between the Vmx and RSN pins. The fuse
resistors are R, and Zown is the desired two-wire AC input impedance. When
computing Zr, the internal current amplifier pole and any external stray capaci-
tance between Vix and RSN must be taken into account.

Z. 1000 Zr
G42L ~ Zr+510 (Zu+ 2R¢)

Znx =

Zax is connected from Vax to the RSN pin and Zr is defined above and G42L is
the desired receive gain.

Roct + Roc2 = 50(Reeen— 2R¢)
Coc = (1.5 ms)(Roc1 + Rocz)/(RociRocz)

Roci, Rocz, and Coc form the network connected to the  Roc
pin. Roct and Roc are approximately equal.

Ro = 365/lt, Co = 0.5 ms/Ro

Ro and Co form the network connected from Ro to -5 V, and k is the threshold
current between on-hook and off-hook.

Vua Ki (m) 2 - Zr
Zu= .

View Zr +0.51 - K; ((D) (2RF + Zl.)

Zw is connected from Vwus (metering source) to the RSN
pin, Vuaw is the desired magnitude of the metering signal at the two-wire output
(usually 2.2 VRMS) and Ki (w) is defined below.

1000

Ki (o) =
1+ o (11.5-10° + CX/2) (36 + ZL + 2R¢)

where: CX =The values of the identical capacitors from AX and BX to ground
w =21 x metering frequency

50 Vear=—47.3V
Roct1 + Rocz = Roc= 40K
Anti-sat 2
Anti-sat 1
-
Vax—Vex \ Constant Resistance Feed
(Volts)
\\
0 0 60
N (mA)
. N . RDC
Constant resistance feed region: Vax_ex= 50— 0o b
. - _ Roc
Anti-sat 1 region: Vax-ex=39 7025 I

Anti-sat 2 region: Vax-ex = 1.003 | Vear| -15-3-(.01 4o ) I

See Figure 1c.

834

11701B-019

Figure 1a. Load Line (Typical)
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50

I (mA) ™~

0 R.(Q) 3000

Load Current vs Load Resistance
Vear= —47.3 V
Roc = 40K

See Figure 1c.

11701B-020
Figure 1b. Feed Characteristics (Typical)
AX
a
E|
SLIC
b Roct
RDCZ CDC
BX RDC l
Feed resistance programmed by Roci and Roca.
11701B-021

Figure 1c. Feed Programming
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TEST CIRCUITS
A A
MP) Fax . P
mex) . (TIPX)
Ru2
sLic sLIC
AGND >
E Vas Vie g R. AGND
Ru2
BX RSN BX RSN
(RINGX) B (RINGX)
(RING)
leo =—20log (Vas/ Vi) BRS=20log (Vm/ Ve L

A. Two-to-Four Wire Insertion Loss

lias = =20 log (Vrx / Vas)

B. Four-to-Two Wire Insertion Loss and Balance
Return Signal

S closed, Sz open and 1/0C << R.:

R/ p
/2(TIP)
AN Ay —l
(TIPX)
SLIC S Rr
VAB
L-T Long. Bal. =-20 lo —_—
AGND 9 ¢ ( E )
*—
Ch 1—
Vi - L-4 Long. Rej. =20 log ( ﬁ )
=+ S: R .
BFﬁNGX RSN o S: closed, Si open:
Rw/2 ( ) Vi . \'A
L "X 4-L Long. Sig. Gen. =—20 log (——)
B 1 Vex
(RING) =
C. Longitudinal Balance (IEEE)
Z
! 4 TIP Vrx
Zo: The desired impedance; for example, the
R é characteristic impedance of the line.
Rr
® 2
sLic : - ( ")
R Vu RL=20 log A
!+ RING RSN
> R
: i
= 11701B-022

D. Two-Wire Return Loss Test Circuit
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TEST CIRCUITS (continued)

68Q C
l AX 1/6C << 90 Q
| (TIPX)
56 Q |
Dc
W G siic
68Q C
| BX
—'W\'—{ (RINGX)

E. Single-Frequency Noise

R
AN A(TIP)
AN
? AL
MYV B(RING)
Ra

Current Feed and Ground Key

F. Ground-Key Detection

Vee
A 6.2K
i
A(TIP) DET _L
15 pF

B R. = 600 ohms $

— EO

Ra=2K B(RING) E1

15772A-017b
G. Ground-Key Switching H. Loop Detector Switching
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Advanced
Am79HM53 nced
High-Level Metering Subscriber Line Interface Circuit Devices

DISTINCTIVE CHARACTERISTICS

m  Programmable constant current feed -]

B Programmable loop detect threshold

B Ground-key detect "

m Low standby power -

m  Performs polarity reversal

| Various ring and test relay driver ]
combinations available B

H  Supports up to 5.1-V RMS metering (12 and
16 kH2)

Line feed characteristics independent of
battery variations

On-chip switching regulator for low power
dissipation

Two-wire impedance set by single external
impedance

Tip open state for ground start lines
Current gain=200

BLOCK DIAGRAM

AX (TIPX)

» Ground-Key

[~ ——— Test Relay Driver -————0 TESTOUT
)
Ring Relay Driver RINGOUT
C1

|
!
|
|
L ——————O0 (2

HPA Detector

Two-Wire
Interface

Input Decoder [ _ .. ... 4 ca
and Control

» Signal
Transmission

0—‘——‘ Off-Hook Detector }

1
1
)
)
]
]
1
:
)
]
:
1
o—
:
)
1
]
]
1
HPB 0—|
1
1
1
1
:
1}
1
1
1
'
1
'
:
1
0

BX (RINGX)
Ro
Power Feed Roc
Controller Cas
DA Ring Trip
DB »  Detector
Veea ?"'-_
L o— Switching | —
Vear O Regulator

BGND 6—p B S O

CHS Qgar CHCLK

o
.

Vee  Vez AGND/DGND

15772A-001
This document contains information on a product under development at Advanced Micro Devices, Inc. The information is intended to help you
evaluate this product. AMD reserves the right to change or discontinue work on this proposed product without notice.
Publication #: 16814 Rev. A Amendment /0 1-147
Issue Date: June 1992
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ADVANCE INFORMATION
CONNECTION DIAGRAMS
32-Pin Plastic Leaded Chip Carrier (PL 032)
= <
3 o 2 &
g , gz Tkt
T S s$23%28
OO0Oononnog
<+ o «o T 98 S )
s 20[] TP
TESTOUT ] 6 28[] pa
L7 27 PRo
Vear [ 8 26[] HPB
Qear [ o 25 HPA
cHs [] 10 241 vix
CHCLK [] 11 23] Vee
cs [ 12 227 RSN
E1[] 13 21[] AGND/DGND
T eenreeag )
OO od
b l’g 8 806 g &

28-Pin Plastic DIP (PD 028) or 28-Pin Ceramic DIP (CD 028)

BGND []
Veea [
Vee [
RINGOUT []
L[]

Voar [
Qear [
CHs [
CHCLK []
E1 ]

Eo [
DET []
cz2[]

c3 [

-/

28
27
26
25
24
23
22
21
20
18
18
17
16
15

[ ] BX(RINGX)
[ AX(TIPX)
] DB

] DA

1R,

] HPB

[ ] HPA

[ ] v

[ ] Vee

] RSN

] AGND/DGND
] Roc

[ ] Cas

1c1

Notes: 1. Pin 1 is marked for orientation.

2. TP is a thermal conduction pin tied to substrate (Qear).
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ORDERING INFORMATION
Standard Products
AMD® standard products are available in several packages and operating ranges. The order number (Valid Combination) is

formed by a combination of the elements below.

AM79HM53 -1 C

TEMPERATURE RANGE
C*= Commercial (0°C to 70°C)

PACKAGE TYPE

J = 32-pin Plastic Leaded Chip Carrier (PL 032)
P = 28-pin Plastic DIP (PD 028)
D = 28-pin Ceramic DIP (CD 028)

PERFORMANCE GRADE

Blank = Standard Specification
~1 = Performance Grading
-2 = Performance Grading

DEVICE NAME/DESCRIPTION

Am79HM53
Subscriber Line Interface Circuit

Valid Combinations Valid Combinations
" DC.JC. PC Valid Combinations list configurations planned to
M be supported in volume for this device. Consult
the local AMD sales office to confirm availability of
AM79HMS3 -1bC, -1JC, -1PC specific valid combinations, to check on newly
released combinations, and to obtain additional
—2DC, -2JC, -2PC data on AMD’s standard military grade products.

*The performance specifications contained in this data sheet are valid for the commercial temperature range only. See the SLIC
Extended Temperature Supplement for information on industrial temperature range (—40°C to +85°C) specifications.
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ADVANCE INFORMATION
PIN DESCRIPTION
AGND/DGND EO
Ground Read Enable (Input)
Analog and Digital ground. A logic High enables DET. A logic Low disables DET.
AX (TIPX) E1
(Output) Ground-Key Enable (Input)
Output of A(TIP) power ampilifier. When EO is High, E1 = High connects the ground-key
BGND detectorto DET, and E1 = Low connects the off-hook or
GN ring trip detector to DET.
Ground
Battery (power) ground. HPA
BX (RINGX) A(TIP) side of high-pass filter capacitor.
(Output) HPB
Output of B(RING) power amplifier. B(RING) side of high-pass filter capacitor.
Cc3-C1 L
Decoder (Inputs) Switching Regulator Power Transistor (Output)
TTL compatible. C3 is MSB and C1 is LSB. Connection point for filter inductor and anode of catch
ca diode. This pin will have up to 70 V of pulse waveform

Test Relay Driver Command (Input)
TTL compatible. A logic Low enables the driver.

CHCLK

Chopper Clock (Input)

Input to switching regulator (TTL compatible). Fre-
quency = 256 kHz (Nominal).

CHs
Chopper Stabilization (Input)

Connection for external chopper stabilizing
components.

DA

Ring Trip Negative (Input)

Negative input to ring trip comparator.

DB

Ring Trip Positive (Input)

Positive input to ring trip comparator.

DET

Switch Hook Detector (Output)

When enabled, a logic Low indicates that the selected
detector is tripped. The detector is selected by the logic
inputs (C3-C1, EO, E1). The output is open-collector
with a built-in, pull-up resistor.

and must be isolated from sensitive circuits. Extreme
care must be taken to keep the diode connections short
because of the high currents and high di/dt.

QBAY
Quiet Battery

Filtered battery supply for the signal processing circuits.

Ro

Threshold modification and filter point for the off-hook
detector.

RDC

Connection point for the DC feed current programming
network. The other end of the network connects to
the receiver summing node (RSN). The sign of Vacc
is minus for normal polarity and plus for reverse polarity.

RINGOUT
Ring Relay Driver (Output)

Open collector driver with emitter internally connected
to BGND.

RSN

Receive Summing Node (Input)

The metallic current (both AC and DC) between A(TIP)
and B(RING) is equal to 200 times the current into this
pin. The networks which program receive gain, two-wire
impedance, and feed current all connect to this node.
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TESTOUT
Test Relay Driver (Output)

Open collector driver with emitter internally connected
to BGND.

VBAT

Battery supply.

Vee

+5-V power supply.
VEE

-5-V power supply.

VREG

Regulated Voltage (Input)

Provides negative power supply for power amplifiers. it
also provides a connection point for inductor, filter
capacitor, and chopper stabilization.

Vx

Transmit Audio (Output)

This output is a unity gain version of the AX(TIPX) and
BX(RINGX) metallic voltage. The other end of the two-

wire input impedance programming network connects
here.

CAS
Reference Filter Capacitor

A capacitor should be connected between this pin and
AGND to filter internal reference voltages.
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature ........... -55°C to +150°C
Vee with respect to AGND/DGND .. -0.4Vto+7.0V
Vee with respect to AGND/DGND .. +0.4Vto-7.0V
Vear with respect to AGND/DGND ... +0.4Vto-70V

Note: Rise time of Vear (dv/dt) must be limited to 27 V/us or
less when Qear bypass = 0.33 pF.

BGND with respect to
AGND/DGND ............... +1.0Vto-3.0V
AX(TIPX) or BX(RINGX) to BGND:
Continuous .................. —-70Vto+1.0V
10ms(F=01Hz) ............ -70Vto+5.0V
Tus(F=0.1Hz) ............. -90Vto+10V
250ns(F=0.1Hz) .......... -120Vto +15V
Current from AX(TIP) or BX(RING) ... ..... +150 mA

Voltage on RINGOUT . ... BGND to 70 V above Qear
Voltage on TESTOUT .... BGND to 70 V above Qexr

Current through Relay Drivers ............ 60 mA
Voltage on Ring Trip Inputs

(DAandDB)................o.e. Vearto OV
Currentinto Ring Trip Inputs .. ........... +10 mA
Peak Current into Regulator

Switch(Lpin) ...................... 150 mA
Switcher Transient Peak Off

Voltageonlpin .................. ... +1.0V
C4-C1, EO0, E1, CHCLK to

AGND/DGND ........... —0.4Vto Vec +0.4V
Maximum Power Dissipation, Ta (see note) ... 70°C

In 28-pin ceramic DIP package ......... 258 W

In 28-pin plastic DIP package ........... 1.4 W

In 32-pin PLCC package .............. 1.74 W

Note: Thermal limiting circuitry on chip will shut down the
circuit at a junction temperature of about 165°C. The
device should never see this temperature and opera-
tion above 145°C junction temperature may degrade
device reliability. See SLIC Packaging Considerations
section for more information.

Stresses above those listed under ABSOLUTE MAXIMUM
RATINGS may cause permanent device failure. Functionality
at or above these limits is not implied. Exposure to absolute
maximum ratings for extended periods may effect device
reliability.

OPERATING RANGES

Commercial (C) Devices

Ambient Temperature ............. 0°C to +70°C
Voe it e e e e 475Vt05.25 V
VeE i —4.75Vto-525V
L -54V to -63 V*
AGND/DGND ..........iiiiii i oV
BGND with respect to

AGND/DGND ........... —100 mV to +100 mV

10 Kohm Min

*Can be used without switching regulator components in this
range of battery voltages provided maximum power dissipa-
tion specifications are not exceeded.

Load Resistance on Vi to Ground . . . .

“~2" performance grade SLICs are functional from —40°C to
+85°C. See the SLIC Extended Temperature Supplement for
information on industrial temperature range (-40°C to +85°C)
specifications.

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.
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ADVANCE INFORMATION
ELECTRICAL CHARACTERISTICS (see Note 1)
Preliminary
Description Test Conditions Notes Min Typ Max Unit
Analog (Vrx) Output Impedance 5 3 ohm
Analog (Vix) Output Offset ~35 +35 mV
Analog (RSN) Input Impedance 300 Hz to 3400 Hz 5 1 20 ohm
Longitudinal Impedance at AX or BX 35 ohm
Overload Level four-wire 5 -3.2 +3.2 Vok
Zwn=600-900 ohms two-wire -11.4 +11.4 P
Transmission Performance, two-wire impedance (see Test Circuit D)
300 Hz to 500 Hz 26
Two-Wire Return Loss 500 Hz to 2500 Hz 5, 11 26 dB
2500 Hz to 3400 Hz 20
Longitudinal Balance (Two-wire and Four-wire; see Test Circuit C)
Longituqinal to Mgtallic. L-T, L-4 300 Hz to 3400 Hz 52 63 dB
(normalized to unify gain)
Longitudinal Signal Generation 4-L 300 Hz to 800 Hz 40 56 dB
Longitudinal Current Capability Active State 5 25 mA
per Wire Disable State 5 18 RMS
Insertion Loss (see Test Circuits A and B)
Two-wire to Four-wire Vas=0 dBm, 1 kHz 10.85 11 11.15 dB
Four-wire to Two-wire Vas=0 dBm, 1 kHz -0.15 +0.15 dB
Insertion Loss vs Frequency (see Test Circuits A and B)
Two-wire to Four-wire or 300 Hz to 3400 Hz 0.1 0.1 dB
Four-wire to Two-wire Relative to 1 kHz s +90.
Gain Tracking (see Test Circuits A and B)
Two-wire to Four-wire or +7 dBm to —55 dBm 5 0.1 0.1 4B
Four-wire to Two-wire Reference: 0 dBm s +9.
Balance Return Signal (Four-wire to Four-wire; see Test Circuit B)
Gain Accuracy 0dBm, 1 kHz 3 -10.85 -1 -11.15 dB
. . 300 Hz to 3400 Hz
Variation with Frequency Relative to 1 kHz 3,5 -0.1 +0.1 dB
. . +3 dBmto —55 dBm
Gain Tracking Reference: 0 dBm 5 -0.1 +0.1 dB
Group Delay f=1kHz 5,13 5.3 us
Total Harmonic Distortion (Two-wire to Four-wire or Four-wire to Two-wire; see Test Circuits A and B)
. . 0dBm,
Without Metering 300 Hz to 3400 Hz 9 -64 -50 dB
. . 0dBm,

With Metering 300 Hz to 3400 Hz 9,5 =35 - dB
Idle Channel Noise without Metering

. . . two-wire —80
Psophometric Weighted Noise four-wire a7 dBmp
Psophometric Idle Channel two-wire 5,9, —60 dBmp
Noise with Metering four-wire 10 -70

SLIC Products
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INFORMATION

ELECTRICAL CHARACTERISTICS (continued)

Preliminary
Description Test Conditions Notes Min I Typ | Max Unit
Single Frequency Out-Of-Band Noise (see Test Circuit E)
4 kHz to 9 kHz 4,5, 8 —76
Metallic 9 kHz to 1 MHz 4,58 -76 dBm
256 kHz and Harmonics 4,5 -65
1 kHz to 15 kHz 458 =70
Longitudinal Above 15 kHz 4,5,8 -85 dBm
256 kHz and Harmonics 4,5 -57
DC Feed Characteristics with 2x50 ohm Fuse Resistors (see Figures 1a, 1b, and 1c); Battery=-60 V
Active Mode .
Loop Current Accuracy lLoor (nominal) = 30 mA -7.5 +7.5 %
R.=1800 ohms
Loop Current Battery=—54 V 19 mA
Disable Mode RL=600 ohms 13.5 15 16.5 mA
Tip Open Mode R.=600 ohms 1.0 mA
Disconnect Mode R.=0 ohms 1.0 mA
Power Dissipation
On-Hook Open Circuit Mode 50 120 mwW
On-Hook Disable Mode 150 250 mwW
On-Hook Active Mode 210 350 mwW
Off-Hook Disable Mode R.=600 ohms 620 850 mW
Off-Hook Active Mode R.=600 ohms 1000 1200 mwW
Supply Currents
Open Circuit Mode 3 4.5
Vee On-Hook Supply Current Disable Mode 6 10 mA
Active Mode 7.5 12
Open Circuit Mode 1.0 2.3
Vee On-Hook Supply Current Disable Mode 2.2 3.5 mA
Active Mode 27 6.0
Open Circuit Mode 0.4 1.0
Vear On-Hook Supply Current Disable Mode 3.0 5.0 mA
Active Mode 4.0 6.0
Power Supply Rejection Ratio (Vmeee =50-mV RMS)
200 Hz to 3400 Hz 20 40
Vee 3.4 kHz to 50 kHz 6 20 35 dB
200 Hz to 3400 Hz 20 35
Vee 3.4 kHz to 50 kHz 6 10 25 dB
200 Hz to 3400 Hz 27 40
dB
Vour 3.4 kHz to 50 kHz 8 20 40
Effective Internal Resistance Cas pin to ground 5 85 170 255 Kohm
Off-Hook Detector
Current Threshold Accuracy | loer = 365/Ro (7.14 mA) —I I -20 ] +20 %
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ELECTRICAL CHARACTERISTICS (continued)

Preliminary
Description Test Conditions Notes Min | Typ I Max Unit
Ground-Key Detector Thresholds (see Test Circuit F); Active Mode; Battery=—60 V
Ground-Key Resistance Threshold B(Ring) to ground 20 6 12.0 Kohm
B(Ring) to ground and
Ground-Key Current Threshold Midpoint to ground 7 9 mA
Ring Trip Detector Input
Bias Current -5 -0.05 MA
Source Resistance
Offset Voltage =0 to 2 Mohm 12 50 0 +50 mV
Logic Inputs (C1, C2, C3, C4, EO, E1, and CHCLK)
Input High Voltage 2.0 \
Input Low Voltage 0.8 Vv
Input High Current -75 40 A
Input Low Current -0.4 -0.2 mA
Logic Output (DET)
Output Low Voltage lour=0.8 mA 0.4 v
Output High Voltage lour==0.1 mA 24 Vv
Notes:

1.

©®NO O

10.

11.

12
13.

Unless otherwise noted, test conditions are: Battery = —60-V battery applied to Vear pin through a surge protection diode,
Vee=+5V, Vee ==5V, RL= 600 ohms, Cwp = 0.33 pF, Roct = Rocz = 8.33K, Coc = 0.39 pF, Rs = 51.1K, no fuse resistors, two-
wire AC output impedance programming impedance (Zr) = 33.84K resistive, receive input summing impedance (Zrx) = 59.9K
resistive (see Table 2 for component formulas).

Overload level is defined when THD = 1%.

Balance return signal is the signal generated at Vix by Vex. This specification assumes the two-wire AC load impedance
matches the impedance programmed by Zr.

These tests are performed with a longitudinal impedance of 90 chms and metallic impedance of 300 ohms for frequencies
below 12 kHz and 135 ohms for frequencies greater than 12 kHz. These tests are extremely sensitive to circuit board layout.

Not tested in production. This parameter is guaranteed by characterization or correlation to other tests.

This parameter is tested at 1 kHz in production. Performance at other frequencies is guaranteed by characterization.
“Midpoint” is defined as the connection point between two 300-ohm series resistors connected between A(TIP) and B(RING).
Fundamental and harmonics from 256-kHz switch regulator chopper are not included.

Total harmonic distortion and noise with 16-kHz metering is specified with the two-wire output (AX, BX) loaded with the imped-
ance shown below with a 5.1-V RMS metering signal across Zco and a transmit signal of +0 dBm or receive signal of 0 dBm
(600 ohms). The transmit or receive signals are single-frequency inputs, and the distortion is measured as the highestin-band
harmonic at the two-wire or the four-wire output relative to the input signal.

115 nF

50Q 220Q 820 Q 500
Re Zeo Re
Noise with metering is measured by applying a 5.1-V RMS metering signal (measured at the two-wire output) and measuring
the psophometric noise at the two-wire and four-wire outputs over a 200-ms time interval.
Measured using the following Zr network: 16.92K 16.92 K
Vix ——M———T—W——nRsN

_T 120pF

Tested with 0 ohms source impedance. Two Mohms is specified for system design purposes only.

Group delay can be considerably reduced by using a Zr network such as that shown in Note 11 above. The network will
reduce the group delay to less than 2 us. The effect of group delay on linecard performance may be compensated for
by using the SLAC or DSLAC devices.
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RELAY DRIVER SPECIFICATIONS

RINGOUT TESTOUT
| I
| I
BGND BGND
Preliminary
Description Test Conditions Notes Min T Typ l Max Unit
Relay Driver Outputs (RINGOUT, TESTOUT)
On Voltage 25-mA Sink +1.5 \4
On Voltage 50-mA Sink +2.0 \
Off Leakage Vou= +15V 0.1 100 pA
RELAY DRIVER CHARACTERISTICS (Typical)
Ta=70°C
s ]
K / / Ta=25°C
‘6 /
g
c
£
g /
g
o
>
z
(o]
30 60

Current into RINGOUT or TESTOUT (mA)
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Table 1. SLIC Decoding

DET Output
State c3 C2 cC1 Two-Wire Status E0O=1*E1=0 EO=1*E1=1
0 0 0 0 Open Circuit Ring Trip Ring Trip
1 0 0 1 Ringing Ring Trip Ring Trip
2 0 1 0 Active Loop Det. Ground Key
3 0 1 1 Disable Loop Det. Ground Key
4 1 0 0 Tip Open Loop Det. —
5 1 0 1 Reserved Loop Det. —
6 1 1 0 Active Polarity Reversal Loop Det. Ground Key
7 1 1 1 Disable Polarity Reversal Loop Det. Ground Key
*A logic Low on EO disables the DET output into the open-collector state.
SWITCHING CHARACTERISTICS
Parameter Test Conditions Min Typ Max Unit
rakde E1 High to DET High Ground-Key Detect Mode - - 3.8
g E1 High to DET Low EO = 1 (see Test Circuit H) - - 1.1 ks
tshde E1Lowto ET Low Switch Hook Detect Mode - - 12 us
E1 Low to DET High EO0 =1 (see Test Circuit G) - - 3.8
tshdd EO High to DET Low Switch Hook Detect Mode - - 1.1
tshdo EO Low to DET High E1 = 0 (see Test Circuit G) - - 38 Hs
tgkdd EO High to DET Low Switch Hook Detect Mode - - 1.1
tgkdd  EO Lowto DET High E1 = 1 (see Test Circuit G) - - 3.8 Hs
SWITCHING WAVEFORMS
E1 to DET
Bl _/ 7S |
DET /L/
tgkde tshde tgkde tshde
15772A-012
EO to DET
E1 ;L/
7/
B _/ k_ﬁ%_/ \
DET | 4
tshdd tshdo tgkdd tgkdo
Note: All delays measured at 1.4-V level. 16772A-013
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Table 2. User-Programmable Components

Zx is connected between the Vrx and RSN pins. The fuse resistors

are Rr and Zown is the desired two-wire AC inputimpedance. When com-
puting Zy, the internal current amplifier pole and any external stray
capacitance between Vrx and RSN must be taken into account.

Zr = 56.4 (Zawn— 2R¢)

Z. . 200 Zr Zax is connected from Vex to the RSN pin, Zr is defined above, and G42L

Z = . ) . .
i G42L Zy + 56.4 (ZL + 2R¢) is the desired receive gain.

Roc1 + Roc2 = 10(Reeen — 2R¢)

Roc1+ Roce
Roct Roc2

Roct, Rocz, and Coc form the network connected to the Roc pin. Roci and

Coc = (1.5 ms) Roc2 are approximately equal.

Ro and Cp form the network connected from Ro to =5 V, and |y is the

Ro = 365/, Co= 0.5 ms/Ro threshold current between on-hook and off-hook.

Vi K1 (w)Zv« Zr Zwnis connected from Ve (metering source) to the RSN pin, Vaew is the
Zu = View  Z:+0.282-K1 () (2Re +21) desired magnitude of the metering signal at the two-wire output, and
K1 (o) is defined below.
200
K1 (w) =

1+jw(11.5.10°+CX/2) (36 + ZL+ 2R¢)

CX=The values of the identical capacitors from AX and BX to ground; w=2n x metering frequency

Cas=1/10°fc fCAS is the regulator filter capacitor and fc is the desired filter cut-off
requency.

FEED CHARACTERISTICS (typical)
Roc1 + Rocz= Roc = 16.67K (see Figure 1c); Rra=Res =50 ohms

50 T T T 40
— Battery = -60 \ll
e

< Battery = ~54 — \\

= z N\ Battery=-60V

= = N

= \‘;\
Battery = -54 V [\\\
e ——
0 40 0 0
0 I (mA) R.(Q) 6000
Figure 1a. Vasvs IL Figure 1b. l.vs R.
RFA
AAA AX RSN
a Roct
Rc § l I SLiC
b Rocz2 Coc
— WV BX Roe | l
DC —
Res -

Current pragrammed by Roct and Roce.

Figure 1c. Feed Programming

1-158 Am79HM53 Data Sheet



ADVANCE INFORMATION AMDn

TEST CIRCUITS

AX
AX Vi | > v
ey mexy ™
R
126T 5 Rr
' sLIc sLIC
E Vie § z
AGND _:|_ Vie S Ze AGND —_—L g
R = =
126T 5 A
: ! RSN R BX %
BX > (RINGx) RSN

" Rw
Rex Vua
(RINGX) — =
= Vi
ILos = =20 log (Vix/ Vse) ILsz = 20 log (Vas/ Vrx)
BRS = 20 log (Vi / Vrx) -

‘A. Two-to-Four Wire Insertion Loss B. Four-to-Two Wire Insertion Loss and Balance Return Signal

Zo
— W\ AX V.
—WW—{ AX Vrx ™ |
1/0C << Ru A (TIPX) J (TIPX)
_ Rr
R -:I
Vm =

St 2
c SLIC AGND
—H w <
R aY)
AGND T Vs g
E S SLIC
-]:— R
— i S2 Rex Zin
2 RSN 1) RSN
—AMW— BX BX

(RINGX) Vix ANeX) | R i’

§2 Open, S1 Closed:
L-T Long. Bal. = 20 log (Vas/E)
L-T Long. Rej. = 20 log (Vrx/ E) Zs: The desired impedance (e.g., the character-

istic impedance of the line).
S2 Closed, S1 Open:

4-1. Long. Sig. Gen. = 20 log (V./ Vex) Return Loss = 20 log (2Vu/Vs)

C. Longitudinal Balance (IEEE) D. Two-Wire Return Loss Test Circuit

SLIC Products 1-159



n AMD

ADVANCE INFORMATION

TEST CIRCUITS (continued)

C
—AW—)} AX(TIPX)
68 ohms
56 ohms
IDC sLIc
68 ohms
BX(RINGX)
(o3

1/0C << 90 ohms

E. Single-Frequency Noise

A(TIP)

R.
Su : R.
B(RING)
Re
Se |

Current Feed or Ground Key

F. Ground-Key Detection

VCO
A 6.2K
1A
A(TIP) DET
15 pF
RL= 600 ohms ; P B
B0 [=——— Rs=2K
B(RING) Bl p———
G. Loop Detector Switching H. Ground-Key Switching  15772A-017b
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METERING SLIC PRODUCTS
Application Notes

The AMD Metering SLIC Family offers a high degree of
versatility for applications in many types of line circuits.
Inthis section, typical single-channel and multiple-chan-
nel applications are described.

Figure 1 shows a detailed schematic of a basic single-
line system using one Am79M5XX series SLIC and one
Am7901 or Am7905 SLAC IC or one-half of an
Am79C02 DSLAC IC. The dashed connection lines in
the schematic show the wiring of the various relay, DET
enabling, and ground-key options available. The TES-
TOUT, C4, EO, or E1 pins may or may not be present,
depending on the version used.

Inthe receive path, the SLAC IC processes digital PCM
voice data into analog signals and inputs them to the
SLIC RSN pin through resistor Rex. In the transmit
path, the analog output at the SLIC Vi pin is processed
by the SLAC IC and output in serial-digital format to
the PCM interface. Rax sets the receive gain, and R is
used to synthesize the AC two-wire output impedance.
Both Rr and Rex can be complex, to achieve optimized
parameters over the voice band.

The Metering Filter block represents an external 12- or
16-kHz low pass or notch filter to reduce the metering
level in the transmit path, before it can overload the
SLAC IC input. A suggested metering filter circuit,
shown in Figure 2 is a notch filter centered at 12 or 16
kHz. This filter has enough attenuation at the metering
frequency and does not require an additional cancella-
tion circuit.

In the control path, when the line goes off-hook, the
SLIC pulls its collector DET output down and enables
the SLAC IC serial control data I/O pins, Dn and Dour
(see Figure 1). The microprocessor also recognizes the
off-hook, and typically will send a response such as

power up or ring relay disable back to the SLIC, via the
SLAC IC Dw pin and the C3-C1 data bus. The C4 line is
addressed inthe same manner, to enable or disable the
test relay driver. The Eo and E1 pins are addressed
directly by the microprocessor as shown.

SLIC monitor and control functions which can be per-
formed using a microprocessor and the circuitry shown
in Figure 1 include:

¢ During the disable state, inform the processor when
an off-hook has occurred and send a power up
command to the SLIC.

e Detect an off-hook during ringing and send a
command to the SLIC to release the ring relay.

¢ Detect an on-hook condition during the power up and
send a command to the SLIC to enter the disable
state.

* Send a line polarity reverse command to the SLIC.

¢ Command the SLIC into the ground-key sense mode
in versions with a ground-key sense enable pin, E1.

o Command the SLIC to energize the ring relay, KD.

e Command the SLIC to energize the test relay in
versions with a test relay driver.

A block diagram describing a typical eight-line system is
shown in Figure 4. In this application, the processor,
through the linecard controller, writes or reads control
data via pins Div and Dour by first pulling all of the SLIC
EO pins Low, which places all SLIC DET outputs in the
open state. The microprocessor then takes control of
the DET/CS bus and enables the desired SLAC IC
control I/O for reading and writing. In this manner, the
microprocessor can control and monitor any one of
the eight-line circuits independently.

SLIC Products
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Table 1. Parts List — 1/2 of a Dual Channel Metering Subscriber Line System

(See Figure 1 for Circuit)

W

u2

Kr, Kr

L

Dy

Us

Ds, Dz, Ds

RFy, RF2 (Am79HM53)

RFs, RF2 (Am79M53X/57X)

R, Re

RBs, RB2

Rs, Ra

Ren

Ro

Rr (Am79M53X/57X)

Rr (Am79HM53)

Rrx (AM79M53X/57X)
Rrx (AM79HM53)

Roc1, Roc2 (Am79M53X)
Roc1, Rocz (Am79M57X)

Roci, Roc2 (Am79HM53)

Car1, Carz

Coc (Am79M53X/M57X)
Coc (Am79HM53)

Cup

Cas

Cax, Cex (AM79M53X/57X)

Cax, Cex (Am79HM53)
CriL

Cear

Ca

Coent

Cchz

Co

Am79MXXX or Am79HM53 SLIC

Am79C02 DSLAC Device

Relay, 60-V coil, 2C contacts, 1500-V rating

Inductor, 1 mH, 5%

Diode, 100 V, 100 mA, 4 ns

Dual transient suppressor, Texas Instruments TISP1082A
Diode 100 V, 100 mA, 10 ns

Resistor, fuse, 50 ohms

Resistor, fuse, 20 ohms

Resistor, 400 ohms, 3%, 3 W (Ring Feed resistors)*
Resistor, 249K, 1%, 1/4 W

Resistor, 205K, 1%, 1/2 W

Resistor, 1.3K, 1%, 1/4 W

Resistor, 51.1K, 1%, 1/4 W (sets off-hook threshold)*
Resistor, 286K, 1%, 1/4 W (sets two-wire impedance)*
Resistor, 30.1K, 1%, 1/4 W (sets two-wire impedance)*
Resistor, 560K, 1%, 1/4 W (sets receive gain)*
Resistor, 140K, 1%, 1/4 W (sets receive gain)*
Resistor, 31.25K, 1%, 1/4 W (sets 40 mA loop current)*
Resistor, 20K, 1%, 1/4 W (sets 40 mA loop current)*
Resistor, 8.33K, 1%, 1/4 W (sets 30 mA loop current)*
Capacitor, 0.43 uF, 20%, 100 V (replace Crr1 and Crrz by a single
0.43 pF capacitor for balanced ringing)

Capacitor 0.1 uF, 20%, 10V

Capacitor 0.39 uF, 20%, 10V

Capacitor, 0.33 pF, 20%, 100 V

Capacitor, 0.47 uF, 20%, 100 V

Capacitor, 2.2 pF, 20%, 100 V

Capacitor, 39 nF, 10%, 100 V

Capacitor, 0.47 uF, 10%, 100 V, Metallized Polyester
Capacitor, 0.47 pF, 20%, 100 V

Capacitor, 0.33 puF, 20%, 100 V

Capacitor, 0.015 pF, 10%, 50 V, X7R ceramic
Capacitor, 560 pF, 10%, 100 V, X7R ceramic
Capacitor, 0.01 pF, 20%, 10 V (sets off-hook filtering)*

Note:The parts marked by an asterisk (*) are user-programmable. The values shown can be altered to suit the application.
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Table 2. Parts List for Am79M53X/Am79M57X Metering Notch Filter

FNOTCH
12 kHz 16 kHz
Rwrs Resistor 5.07K 4.0K 1%, 1/4 W*
Rwrs Resistor 5.39K 5.58K 1%, 1/4 W*
Rwes Resistor 22.0K 22.0K 1%, 1/4 W*
Rwre Resistor 37.9K 27.9K 1%, 1/4 W*
Rwrz Resistor 2.17K 2.25K 1%, 1/4 W*
Rure Resistor 8.84K 8.84K 1%, 1/4 W*
Cwr2 Capacitor 1.0nF 1.0nF 5%, 10 V*
Cuwra Capacitor 1.0nF 1.0nF 5%, 10 V*

Table 3. Parts List for 16 kHz Metering Notch Filter for Am79HM53
(See Figure 2 for Circuit)

us Operational amplifier, uA 741 or equivalent
Rwmra Resistor, 7.32K, 1%, 1/4 W*

Rwra Resistor, 8.91K, 1%, 1/4 W*

Rwes Resistor, 22.0K, 1%, 1/4 W*

Rwrs Resistor, 22.1K, 1%, 1/4 W*

Rmrr Resistor, 35.1K, 1%, 1/4 W*

Rure Resistor, 8.8K, 1%, 1/4 W*

Cwmrz, Cura Capacitor, 1 nf, 5%, COG, 10 V*

Table 4. Parts List for Metering Injection Circuit
(See Figure 3 for Circuit)

Rm1 (5.1 V metering) Resistor, 3.62K, 1%, 1/4 W*
Rwmit (2.2 V metering) Resistor, 8.33K, 1%, 1/4 W*
Rwmiz Resistor, 200K, 1%, 1/4 W*
Rwmia Resistor, 300K, 1%, 1/4 W*
Rwie Resistor, 300 Q, 1%, 1/4 W*
Cwmit Capacitor, 220 nF, 10%, 10 V*

Cwiz (16 kHz metering) Capacitor, 39 nF, 10%, 10 V*
Cwiz (12 kHZ metering) Capacitor, 51 nF, 10%, 10 V*
M1 N Channel MOS transistor, 3N169 or equivalent
Dwis Diode, 100 V, 100 mA, 10 ns

Note: The parts marked by an asterisk (*) are user programmable. The values shown can be altered to suit the application.
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SLIC Extended Temperature Supplement

AMD’s SLIC products have been characterized over
the —40° to +85°C. extended temperature range to
establish their suitability for applications such as Re-
mote Concentrators, Digital Loop Carriers, Fiber-In-
The-Loop and other applications that may be subjected
to temperature extremes. The -2 performance grade
SLICs were found to be fully functional over this ex-
tended temperature range and are recommended for
such applications.

Characterization has indicated that a few specifications
of the SLICs tested for operation between 0° and 70°C.
may vary beyond data sheet limits. This document iden-
tifies those specifications and their expected limits inthe

temperature ranges beyond 0°C to 70°C. It also ad-
dresses other issues associated with extended tem-
perature operation such as recommended conditions
for use of SLICs packaged in plastic and system design
guidelines.

Note that the specifications in this supplement have
been determined through characterization to apply to
AMD'’s standard commercial grade product. If specifica-
tions over the —40° to +85°C range or another extended
temperature range must be guaranteed, and tested at
the temperature extremes, the customer is asked to
contact an AMD representative for more information.

SLIC Family Extended Temperature Information

SLIC Electrical Commerical Extended
Characteristics Test Conditions Specification | .Specification Unit
0°C to +70°C | -40°C to +85°C
Analog (Vrx) Output Offset +/-30 +/-35 mV
Longitudinal Balance (Two-wire and Four-wire, see Test Circuit C)
Longitudinal to Metallic L-T, 200 Hz to 1000 Hz,
L-4, RL =740 ohm Normal Polarity 63 min 58 min dB
Insertion Loss (Two-wire to four-wire and four-wire to two-wire, see Test Circuits A and B)
Gain Accuracy 0 dBm, 1 kHz +-0.1 +—-0.15 dB
Variation with frequency 300 to 3400 Hz relative to 1 kHz +- 0.1 +/-0.15 dB
Gain Tracking +7dBm to —55 dBm reference: 0 dBm +-0.1 +-0.15 dB
Balance Return Signal (Four-wire to Four-wire, see Test Circuit B)
Gain Accuracy 0dBm, 1 kHz +-0.1 +-0.15 dB
Variation with frequency 300 to 3400 Hz relative to 1 kHz +/- 0.1 +/—-0.15 dB
Gain Tracking +7 dBm to —55 dBm reference: 0 dBm +—-0.1 +/-0.15 dB
SLIC Switching Characteristics
Commerical Extended
Specification | Specification
Symbol Parameter Test Conditions 0°C to +70°C |-40°C to +85°C | Unit
gkde E1 Highto @ High Ground-Key Detect Mode 3.8 Max 4.0 Max s
E1 High to DET Low EO = 1 (see Test Circuit G) 1.1 Max 1.6 Max
tshde E1 Low to DET Low Switch Hook Detect Mode 1.2 Max 1.7 Max ps
E1 Low to DET High EO = 1 (see Test Circuit H) 3.8 Max 4.0 Max
tshdd EO Low to DET Low Switch Hook Detect Mode 1.1 Max 1.6 Max
tshdo EO Low to DET High E1 =0 (see Test Circuit H) 3.8 Max 4.0 Max He
tgkdd EO Low to DET Low Switch Hook Detect Mode 1.1 Max 1.6 Max
tgkdo EO Low to DET High E1=1 (see Test Circuit H) 3.8 Max aoMax | M

Note: The above specifications apply to the —2 SLIC performance grade for all AMD SLIC types.
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SLIC Packaging Considerations

Due to the effect of temperature on semiconductor reli-
ability and the high voltage nature of the SLIC’s function,
power dissipation levels, package types, and the tem-
perature of the die resulting from those two factors
should be considered when designing with the SLIC.
Thermal shutdown circuitry isincorporated into the SLIC
that will suspend the chip's operation at a junction tem-
perature of ~165°C. Operation for short periods at a
junction temperature of up to 145°C should not be a
problem. However, over extended periods, the SLIC's
die temperature should be kept under 130°C.

Since thermal resistance characteristics of different
package types vary, some packages may be inappropri-
ate for a particular application depending upon the am-
bient temperature range required and the power dissi-
pated by the SLIC. The following analysis is provided to
help identify appropriate packages for use based upon
the maximum power dissipation expected in both com-
mercial and extended temperature applications.

The table below is based upon a maximum allowable
junction temperature of 145°C. 145°C is used as the
design guideline in this analysis rather than 130°C be-
cause the worst case power dissipation is determined
under short circuit current conditions which are ex-
pected to be temporary. Normal operation of a SLIC
circuit will include a load of at least several hundred
ohms which will substantially reduce the SLIC's power
dissipation compared to worst case. If the above recom-
mendations are followed, the SLIC's junction tempera-
ture under normal operating conditions should be below
130°C.

The letters following the power dissipation numbers on
the chart refer to the graphs on the following pages. The
horizontal lines on the graph for a particular SLIC refer
to the maximum power dissipation recommended for
the packages offered as shown above. The curves indi-
cates the maximum SLIC power dissipation expected
for different values of RDC. After RDC is selected for
your application, the charts should allow you to easily
determine which package types are acceptable.

The worst case power dissipation of a current feed SLIC
may be determined by the short circuit current limit set
by the value of RDC. The charts indicate the worst case
power dissipation expected for AMD’s current feed

SLICs relative to the value chosen for RDC, assuming
two fuse resistors between 0 ohm and 100 ohm
(2 x 50 ohm) and a TIP to RING short circuit. The lower
curve in each chart represents the power dissipation
with 50 ohm fuse resistors and the upper curve with
0 ohm fuse resistors. Also shown on the charts are the
recommended maximum power dissipation levels for
various packages. Plastic packaging should be appro-
priate for most current feed SLICs even over the ex-
tended temperature range since the short circuit current
limit is typically set for 30 mA or less.

Inthe special case of the Am7943 SLIC due to its power
management circuitry, worst case power dissipation
occurs with a TIP to RING short circuit only when the ex-
ternal power management resistor is not used. When
the recommended resistor is used (1700 ohm), the con-
ditions for worst case power dissipation will vary de-
pending on the value of the loop resistance as well as
RDC. Power dissipation curves for the Am7943 are
shown versus RDC for several different values of loop
resistance.

The worst case power dissipation of a voltage feed SLIC
may also be determined by the value of RDC, in this
case the programmed feed resistance, making the
same fuse resistor assumptions as above and a TIP to
RING short circuit. The charts below indicate this worst
case power dissipation relative to the value chosen for
RDC for the three different types of voltage feed SLICs:
the Am7957X Family, the Am79M57X Family, and the
Am7958.

For example, the Am7958 is designed to meet all
LSSGR requirements for North American Central Office
applications, including a long loop battery feed require-
ment of 20 mA into 1900 ohm.

In order to accomplish this in a typical application,
assuming 50 ohm fuse resistors, RDC would be set at
~4Kohm. The Am7958 power dissipation chartindicates
that an RDC of 4 Kohm implies a maximum power dissi-
pation of 1.13 W. Since 1.13 W is at the line indicating
that plastic DIP is acceptable for the commercial tem-
perature range but above the line for extended tempera-
ture, plastic DIP should be an acceptable package for
commercial range applications but ceramic DIP would
be recommended for extended temperature.

Package Type Theta J/A Maximum SLIC Maximum SLIC
power Dissipation for power dissipation for

+85°C ambient +70°C ambient
28-Pin Plastic DIP 53° C/W 1.13 W (A) 1.4 W (B)
32-Pin PLCC 43° C/W 1.4 W (B) 1.74 W (F)
28-Pin Ceramic DIP 29° C/W 2.07W (C) 2.58 W (G)
22-Pin Plastic DIP 60° C/W est 1W (D) 1.25 W (H)
22-Pin Ceramic DIP 50° C/W est 1.2W (E) 1.5W(l)
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Key for Charts
Maximum Power Dissipation

Symbol on Chart Package Type Temp Range
A 28-Pin Plastic DIP Extended
B 32-Pin PLCC Extended
28-Pin Plastic DIP Commerical
C 28-Pin Ceramic DIP Extended
D 22-Pin Plastic DIP Extended
E 22-Pin Ceramic DIP Extended
F 32-Pin PLCC Commercial
G 28-Pin Ceramic DIP Commerecial
H 22-Pin Plastic DIP Commercial
| 22-Pin Ceramic DIP Commercial

Note: The worst case power dissipation analysis does not apply to fault conditions where TIP and RING are shorted to Battery

or Ground.
Am7942
3.0
Riuse =0Q G (2.58W)
/ R =2x500 C (2.07W)
. & fuse
Maximum "
Power F (1.74W)
Dissipation
(Watts) I
B (1.40W)
A (1.13wW)
‘N
0.5
4 14 24
Roc (KQ)
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Am7943

2 \
S F (1.74W)

\\\ !
I (1.5W)

B (1.4w)
. _— H(1.25W)
Maximum a E (1.2W)
Power I
Dissipation e D (1.0W)
(Watts) \
\‘\\\
\\\§§ RL = 1KQ
\\ ~—_] RL = 750Q
\\ RL = 5000
~ ] RL=2500
T r-0
0
10 20 30
R (K
DC
Am7953
3.0 |
Rtuse = 0O G (2.58W)
1 1
R fuse= 2x50Q
C(2.07W)
Maximum I
Power
Dissipation A\ F (1.74W)
(Watts) \ |
B (1.40W)
|
\ A(1.13W)
\\
\\
0.5
20 70 120
Roc (KQ)
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Am7957
3.0 | |
G (2.58W)
C (2.07W)
Maximum -
Power 1 Riuse =00 I |
Dissipation = R fuse” 2%500 F (1.74w)
(Watts) I |
AN B (1.40W)
| |
\\\ AC1.13W)
\\
\
0.5
20 60 100
Roc (KQ)
Am7958
3.0
G (2.58W)
L, Rfuse =00
// R fyse = 2X°00 C(207W)
Maximum & |
Power
Dissipation \ F (l.7|4W)
(watts)
\ B (1.40W)
|
SN A (1.13W)
\
[ —
0.5
2 6 10
Roc (KQ)
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Am79M53
3.0
G (2.58W)
L Riyse =00
L Rfuse= 2x50Q
C (2.07W)
Maximum l
Power
Dissipation F (1.74wW)
(Watts) |
B (1.40W)
|
P A1L13W)
\
\\
\
\\
0.5
25 75 125
Roc (KQ)
Am79M57
3.0
G (2.58W)
\/’ Rfuse =00
. — Ripyse™ 2X900 C (2.07W)
Maximum \« |
Power
Dissipation ‘ F (1.74W)
(watts) \ I
B (1.40W)
|
\ A (1.13W)
\
\\
0.5
20 60 100
Roc (KQ)
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_ INTRODUCTION TO SLAC/DSLAC PRODUCTS

AMD’s Subscriber Line Audio-Processing Circuit (SLAC device) products are a family of programmable codec/filter
ICs. They handle the analog-to-digital conversion, filtering, compression, digital-to-analog conversion, and expansion
functions required to interface the analog voice signal from a telephone to the digital “PCM Highway.” In addition, the
SLAC Family devices incorporate a number of programmable digital filters that allow a linecard’s analog characteris-
tics to be adapted through software to address virtually any set of line conditions. This gives the linecard designer the
flexibility to create a single hardware design that can satisfy the requirements of multiple markets, or multiple require-
ments within a market. This, in turn, streamlines manufacturing, helps control inventory and administrative costs, and
reduces the time required to address new markets.

The SLAC Family consists of two product types, the SLAC devices and the Dual SLAC (DSLAC) devices. The NMOS
Am7901 and Am7905 SLAC ICs support a single transmit and receive channel on a linecard, while the CMOS
Am79C02, Am79C03, and Am79C04 DSLAC ICs are newer dual-channel devices.

The entire family complies with the most stringent telecommunication standards, such as those set by the CCITT,
Bellcore, and British Telecom.

The SLAC Family’s programmability resides in digital filters based on Digital Signal Processing (DSP) technology. The
digital nature of the filters results in high reliability, no drift in filter response over time or temperature, and superior
transmission performance. The following filters are provided for each channe! supported by the SLAC or DSLAC
devices.

« The Z and B filters configure feedback paths to accurately cancel the two-wire and four-wire echoes respec-
tively. This permits optimal two-wire impedance matching and trans-hybrid balance to be achieved.

* The GX and GR filters allow for programmable gain and loss in the transmit and receive paths.

¢ The X and R filters provide for attenuation distortion correction, or may be used for line equalization.

The DSLAC device features adaptive trans-hybrid balance in addition to the functions provided by the SLAC device.
This function automatically optimizes the four-wire return loss of the linecard by adapting to actual conditions in the
field. A more detailed explanation of adaptive balance follows this section.

On the network side, most of the SLAC Family devices interface directly with the PCM highway and have programma-
ble time slot assignments, eliminating the need for a special interface chip. The Am79C04 DSLAC features the [OM 2
interface which multiplexes control and PCM data over a single serial bus. This interface minimizes the amount of
busing required on the linecard and is also used by many ISDN linecard devices.

Severaltest modes are provided by the SLAC Family to support linecard diagnostics including analog loopback, digital
loopback, cut-off receive path, and high-pass disable.

Adaptive Balance

Thefundamental problem addressed by the echo control in telephone subscriber linecards is a mismatchin the imped-
ance characteristics of the two-wire loop and the balancing network. Because of this mismatch, some energy fromthe
receive signal is returned to the transmitted signal and becomes an undesirable echo. Conventional echo removal
uses an echo cancellation circuit in the transmit path with the balancing network fixed to a compromise network (repre-
senting the average impedance characteristics of a nation’s subscriber local loops).

Instead of an echo cancellation circuit, the AMD DSLAC device uses an advanced adaptive filtering technology to
remove the echo energy from the transmitted signal. The DSLAC device adaptive B filter is used to cancel the near-
end echo produced at the four-to-two wire hybrid junction via coefficients found dynamically. The adaptive filter per-
forms an estimate of the echo path impulse response and creates the echo replica, which is then subtracted so echo
control is attainable. Thus, the echo cancellation is maintained under various and/or changing local loop conditions.
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By tuming on the adaptation for approximately one second and then turning it off, an adapt and freeze on the Bfilter is
implemented. This operation develops the B-filter coefficients needed to optimize trans-hybrid balance. Adapt and
freeze mode is intended for use in applications such as voice mail systems or PBX, where the loop condition and sub-
scriber terminal equipment are not changed very often. It can also be used in central office applications on a per line
basis during the installation/maintenance phase or on a per call basis if a training signal at the beginning of a call is
considered acceptable.

The other type of adaptive balance incorporates both adapt and freeze and dynamic adaptive balance that continu-
ously adjusts for changes in subscriber line conditions due to such factors as temperature variation, stress, or
aging. Continuous adaptation mode is intended for applications where local loop conditions and customer premise
equipment are changed frequently and a highly balanced echo return loss needs to be maintained. In this mode, the
adaptive B filter will be turned on from the beginning of a call and will stay on until the call ends.
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Subscriber Line Audio-Processing Circuit (SLAC)

WORLD-CHIP

1

Advanced
Micro
Devices

DISTINCTIVE CHARACTERISTICS
® Combination CODEC and Filter

®  No trimming or adjustments required

| 4.096-MHz, 64-channel expanded mode
operation

- . . m  Built-in test modes
® Uses digital signal processing
®  Six user-programmable digital filters @ Microprocessor-compatible Serial Interface
. . & Control interface to SLIC
®  Dynamic Time Slot assignment
B Only two external components (hon-precision) ®  Low standby power
: ® Selectable A-law, p-law (Am7901B) or linear,
®  Dual PCM ports A-law (Am7901C)
GENERAL DESCRIPTION

The Subscriber Line Audio-Processing Circuit (SLAC™)
performs the codec and filtering functions necessary in
digital voice switching machines. In this application, the
SLAC processes voiceband analog signals into Pulse-
Code Modulated (PCM) outputs and processes PCM in-
puts into analog outputs. The SLAC's performance is
compatible with applicable AT&T® and CCITT specifi-
cations. The device consists of three main sections:
transmit processor, receive processor, and control
logic.

The transmit section contains an anti-aliasing filter, an
interpolative A/D converter, and a digital signal pro-
cessor. The analog signals received are converted and
digitally processed to generate either 8-bit u-law or A-
law codes (Am7901B) or 16-bit linear or 8-bit A-law
(Am7901C). Either one of two output ports may be
selected for PCM data transmission.

BLOCK DIAGRAM CLKX FSX
CAP: CAP: T T
v : — —»0 TSCA
- Pre- Transmit Signal Digital Output —»0O TSCB
O—* Fitter AD :> Processor :> Compressor :> Register —»0O DXA
—»0 DXB
MCLK O— Control —»0 Ci O +5V
CSO—* qiingand [0 C 0 -5V
Dy O—b Interface —»0 C; O Analog Ground
DCLK O— —»0 C o Digital Ground

o T 7N Lo,

VY v

V. l«—O DRA
our Receive Signal Digital Input . o
O« D/A Processor Expander <“:: Register DRB
l«—O FSR
l CLKR 01520-1
Publication #: 01520 Rev.E Amendment /0 2.5

Issue Date: August 1990
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GENERAL DESCRIPTION (continued)

The receive section contains a digital signal pro-
cessor and a D/A converter. Either 8 bit pu-law or A-law
codes (Am7901B) or 16-bit linear or 8-bit A-law codes
(Am7901C) are received, processed and converted to
analog signals. Either one of two input ports may be se-
lected for reception of PCM data.

The control /O provides a microprocessor-compatible
serial interface and allows the user bi-directional access
to many programmable features and the capability to
completely control the operation of the device via a
comprehensive set of commands.

CONNECTION DIAGRAM

Top View
DIPs
.« -/

Ve g 1 28] ] Ve
CLKR [ 2 271 McCLK
FSR [] 3 26/ ] TS
C: E 4 251 Dour
¢ Os 241 Dw
Vour [0 6 23[] DCLK
AGND [] 7 2o[7] DGND
v O 8 21[] TSCB
cap, [ 9 20[] TSCA
CAP: [ 10 19t| CLKX
Cs [ 11 18] DXA
Ci [ 12 17§ DXB
C, [ 13 16 ] FSX
DRB [] 14 15 ] DRA

Note: Pin 1 is marked for orientation.

PLCC
T ¥
S § § 3 >8 g 3
, O QN
(4 3 2 1 28 27 26
¢, Os 25[1 Doyr
Vour[] 6 24[] Dy
AGND[}7 23] ] DCLK
Vin[] s 22[] DGND
CAPi e 21[] TSCB
CAPszw 20[] TSCA
Cs [ 11 19h CLKX
\__12 13 14 15 16 17 18
| N0 I I N I
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LOGIC SYMBOL
DIPs

T —— Ve MCLK|—— 27
28 Vee

9 CAP,

Am7901B/C

10 —— CAP: CLKX|—— 19

8  Vin CLKR}—— 2

7 —— AGND FSX}——oo 16
6 | Vour FSRj—— 3
22 —— DGND

DXAl™ 18
11— s
12— cC, TSCAJo—— 20
13 =y C, DXB|—— 17
4  C2 TSCBo—— 21
5 —C DRA{—— 15
DRB|—— 14

26 —d CS Dyf——— 24
23 —1 DCLK Dour j——— 25

01520-2
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ORDERING INFORMATION
Standard Products

AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is
formed by a combination of: a. Device Number

b. Speed Option (if applicable)

c. Package Type

d. Temperature Range

e. Optional Processing

AMT73801B/C - D (%]

-I:—*—— e. OPTIONAL PROCESSING

Blank= Standard Processing

d. TEMPERATURE RANGE
C = Commercial (0°C to +70°C)

c. PACKAGE TYPE
D = 28-Pin Ceramic DIP (CD 028)
P = 28-Pin Plastic DIP (PD 028)
J = 28-Pin Plastic Leaded Chip
Carrier (PL 028)

b. SPEED OPTION
Not Applicable

a, DEVICE NUMBER/DESCRIPTION

Am7901B (A-Law, p-Law)
Am7901C (A-Law, Linear)
Subscriber Line Audio-Processing Circuit (SLAC)

WORLD-CHIP®

Valid Combinations
. . Valid Combinations list configurations planned to
Valid Combinations be supported in volume for this device. Consuit
AM7901B DC. PC. JC the local AMD sales office to confirm availability of
Ul specific valid combinations, to check on newly
released combinations, and to obtain additional
AM7901C De, Pc, JC data on AMD’s standard military grade products.

2-8 Am7901B/C Data Sheet
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PIN DESCRIPTIONS

AGND
Analog ground.

Cs—Cs

Latched Outputs

The serial interface may be used to write data to a regis-
ter whose outputs are brought out to Cs—Cy. These
5 lines are TTL-compatible and may be used to control
the operation of a SLIC or any other device associated
with the subscriber line. Cs is used as an output in the
Auto-zero Speedup Mode.

CAP,, CAP,
An external series resistor and capacitor are connected
tothese pins. These components are part of the integra-
tor in the A/D converter. The recommended values of
these non-precision components are 1K ohm +5% and
2000 pF +20%.

CLKX, CLKR

PCM Clocks

The PCM Clocks determine the rate at which PCM data
is serially shifted into or out of the PCM ports. The maxi-
mum clock frequency is 4.096 MHz and the minimum
clockfrequency is 128 kHz. CLKX determinesthe rate at
which PCM data is transmitted. CLKR determines the
rate at which PCM data is received.

CcsS

Chip Select

The Chip Select input enables the device to either input
oroutput controldata. A level of -5 V on this input places
the device in the Auto-zero Speedup Mode.

DCLK

Data Clock

The Data Clock shifts control data either into or out of the
SLAC. The maximum clock rate is 2.048 MHz. A level of
-5 V on this pin forces the device into the Reset state.

Din

Data Input

Control data is serially written via the Data Input port.
The input rate is determined by the Data Clock.

Dour

Data Output

Control data is serially read via the Data Output port.
The output rate is determined by the Data Clock. Dour is
high-impedance when control data output is completed
and CS is High.

DGND
Digital ground.

DRA, DRB
PCM Inputs

The receive-PCM data is serially received from either
the DRA or the DRB port. The port selection is under

user program control. For p-law and A-law, 8 bits are re-
ceived and for linear code, 16 bits are received. The
datais received in 8- or 16-bit bursts every 125 us at the

.CLKR rate.

DXA, DXB

PCM Outputs

The transmit-PCM data is serially fed out to either the
DXA or the DXB port. The port selection is under user
program control. For p-law and A-law, 8 bits are trans-
mitted and for linear code, 16 bits are transmitted. The
output is available every 125 us and the data is shifted
out in 8 or 16-bit bursts at the CLKX rate. DXA and DXB
are high-impedance between bursts and also in the
standby mode.

FSX, FSR

Frame Sync

The Frame Sync pulse is an 8-kHz signal which identi-
fiesthe beginning of aframe. The SLAC references indi-
vidual time slots with respect to the Frame Sync pulse.
FSX is the transmit-PCM Frame Sync and FSR is the
receive-PCM Frame Sync. The FSX pulse must not be
longer than 8 clock periods when companded code is
used, and 16 clock periods when linear code is used.

MCLK

Master Clock

The Master Clock must be a 2.048 £100 ppm clock
input. MCLK is used by the digital signal processors.
Loss of MCLK must be treated like a loss of power.

TSCA, TSCB

Time Slot Control

The Time Slot Control outputs are open-drain outputs
and are normally High. TSCA is Low when PCM data is
present onthe DXA output and TSCB is Low when PCM
data is present on the DXB output.

Vas
—5-V power supply.

Vee
+5-V power supply.

VlN

Analog Input

The analog input is applied to the transmit path of the
SLAC. The signal is sampled, digitally processed and
encoded for the PCM output.

Vour
Analog Output

The received-PCM data is digitally processed and con-
verted to an analog signal at the Vour pin.

SLAC/DSLAC Products 2-9
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FUNCTIONAL DESCRIPTION

Device Operation

General

The Am7901B/C performs the codec and filtering func-
tions associated with the four-wire section of the sub-
scriber line circuitry in a digital switch. When used with
the Am795XX Subscriber Line Interface Circuit (SLIC),
the pair provide a complete solution to the BORSCHT
(Battery feed, Overvoltage protection, Ringing, Supervi-
sion, Coding, Hybrid, and Test) functions (see Figure 1).

The SLAC contains A/D and D/A converters. A micro-
processor-compatible interface is provided to program
the device into a variety of modes. These operating
modes include companded or linear-code operation,
dynamic time-slot assignment, and PCM-port selection.

The SLAC samples the analog signal at the Viv pin
and digitally processes it to produce either a linear
or companded PCM code at the DXA or DXB output
(see Figure 2). Conversely, it receives either a linear or
companded PCM code at the DRA or DRB input and
digitally processes it to produce an analog output at the
Vour pin. The processing is accomplished at the frame
rate (8 kHz), and the digital output/input is available for
transmission/reception every 125 ps.

Transmit Signal Processor

In the transmit path (see Figure 3), the analog signal is
converted, filtered, compressed, and made available for
output.

The prefilter is an integrated anti-aliasing filter which
prevents signals near the sample rate from folding back
into the voiceband during decimation. The A/D is de-
signed to have a wide dynamic range and excellent sig-
nal-to-noise performance. It uses a modified sigma
delta loop with a D/A converterto track the input signal at
a 512-kHz sampling rate.

The Signal Processor contains an ALU, RAM, ROM and
control logic to implement the filter sections. The B, X,
and GX blocks shown in Figure 3 are user-program-
mable filter sections and their coefficients are stored
in the Coefficient RAM. These filters may be trans-
parent when not required in a system. The digital com-
pressor may be bypassed when linear-code operationis
desired.

The decimator reduces the high input sample rate. The
Xfilter is a 4-tap Finite Impulse Response (FIR) section
and is part of the frequency response correction net-
work. The GX filter allows the user to program up to
12-dB gain in the transmit path with an accuracy of
+0.051dBupto10.4dBand+0.15dBupto12dB. The B
filter has 8 taps and operates on samples input fromthe
Receive Signal Processor in order to provide trans-hy-
brid balancing in the loop. The low-pass filter limits the
output bandwidth to meet the transmission require-
ments. The high-pass filter rejects 15-Hz and 50/60-Hz
frequencies and may be disabled for testing.

Transmit PCM Interface

The Transmit PCM Interface receives either a16-bit lin-
ear code (for linear operation) or an 8-bit compressed
code (for p-law and A-law operation) from the digital
compressor. This code is loaded into the output register.
The Transmit PCM Interface logic (see Figure 4) con-
trols the transmission of data onto the PCM highway
through the output port-selection circuitry and the Time
Slot Control block.

The Frame Sync (FSX) pulse identifies the beginning of
a Transmit frame and all channels (time slots) are
referenced to it. The logic contains user-programmable
Transmit Time Slot and Transmit Clock Slot registers.
The Time Slot register is normally 5-bits wide and allows
up to thirty-two 8-bit channels or sixteen 16-bit channels
(using CLKX =2.048 MHz) in each frame. But in the ex-
panded mode, 6 bits may be programmed to give thirty-
two 16-bit channels or sixty-four 8-bit channels (using
CLKX =4.096 MHz) in each frame. The expanded mode
bit becomes the sixth bit of the Time Slot register. If this
bit is Low, one of channels 0 to 31 is selected and if it is
High, one of channels 32 to 64 is selected. This feature
allows any combination of channel assignments and
clock frequencies (over a range of 128 kHz to 4.096
MHz) in a system. For pi-law and A-law operation, 8 bits/
channel are output and for linear code operation, 16 bits/
channel are output. The data is transmitted Most Signifi-
cant Bit (MSB) first. The Clock Slot register is 3 bits wide
and may be programmed to offset the Time Slot assign-
ment by 0to 7 CLKX periods to eliminate any clock skew
in the system (see Figure 5).

In the Am7901B/C, the PCM data may be user-pro-
grammed to be output onto one of two ports, DXA or
DXB. Correspondingly, either TSCA or TSCB is also
Low.

Receive PCM Interface

The Receive PCM Interface logic (see Figure 6) controls
the reception of data from the PCM highway and trans-
fers it for expansion (u-law or A-law) to the Receive
Signal Processor. The operation of this interface isiden-
tical to the Transmit section.

The Frame Sync (FSR) pulse identifies the beginning of
a Receive frame and all channels (time slots) are refer-
enced to it. The logic contains user-programmable Re-
ceive Time Slot and Receive Clock Slot registers. The
Time Slot register is normally 5-bits wide and allows up
to thirty-two 8-bit channels (using CLKR =2.048 MHz) in
each frame. But in the expanded mode, 6 bits may be
programmed to give thirty-two 16-bit channels or
sixty-four 8-bit channels (using CLKR=4.096 MHz) in
each frame. The expanded mode bit becomes the sixth
bit of the Time Slot register. If this bit is Low, one of chan-
nels 0 to 31 is selected and if it is High, one of channels
32to63isselected. This feature allows any combination
of clock frequencies (over a range of 128 kHz to
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4.096 MHz) and channel assignments in a system. For
u-law and A-law operation, 8 bits/channel are input and

In the Am7901B/C, the PCM data may be user-
programmed to be input from one of two ports, DRA or

for linear code, 16 bits/channel are input. The MSB of DRB.
the code must be received first. The Clock Slot register
is 3-bits wide and may be programmed to offset the
Time Slot assignment by 0 to 7 CLKR periods to elimi-
nate any clock skews in the system (see Figure 7).
5V 45V
Ringing | °© Ringing DA Vee T Ves MCLK 2.048-MHz
Source Network DB Clock
Vcc VCC
Co* Ro ¢ T Co 1“k‘§2
ad Am795XX | CAP:
+ = c
SLI Ro Am7901B/C
Tip Of o—apa 2000 pF SLAC
Alead AX(TIPX) it CAP.
HPA Vrx Vin
Protection 1 AGND B 4 AGND CLKX
Network T Cue* 2R =
' - CLKR
RX
Ring or HPB RSN WA Vour FSX
-V BX (RINGX)
B Lead
ea ‘ l £ Roos” r DGND
n'; Cex” FSR
4AHADAC1* CDC*
* Roc W—o—1 Cs DXA
RINGOUT L PCM
+ Interface
TESTOUT Cs Cs TSCA
,47 BGND Cs Cs DXB °
Veea C: C: TSCB
Switching L
Regulator Ci Ci DRA
Components* CHS DRB
QBAT m C_S DIN
Vear } Vear E,
CHCLK DCLK Dour —|
Battery Ground
Analog Ground
L |
- 256-kH
D'g"‘a$r°”“d Clockz Microprocessor Interface
*Component values are user-programmable. Refer to SLIC product specification.
Figure 1. Single-Channel Subscriber Line System 015208
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CAP; CAP:
P9 DXA
Prefilter AD Transmit Transmit ——o TSCA
Vo rente Signal Processor PCM Interface [—° DXB
| o 248
J TSCB
Serial I/0
Interface © Control
Vour o DA _ Receive hRAelceivrfe ° DRA
Signal Processor PCM Interface | DRB
Figure 2. SLAC Block Diagram 015204
Transmit Signal Processor l *
N To
Low- High- Digital p- ;
Vin o— Prefilter A/D P Decimator [ Fi)lt(er —1 F?I‘t);r - Pass | Pass [--%| Law/A-Law _o\__Transmlt
Filter Filter Compressor PCM
y l Interface
From Serial B
I/O Interface "1 Filter
From Receive
Signal Processor
* Am7901C linear mode only.
Figure 3. Transmit Signal Processor 01520-5
[-»—0 DXA
From -
. |——0
Transmit ] Output - Port TSCA
Signal Register Selection —»—0 DXB
Processor
—»—O0 TSCB
[
FSX o—
Time Slot < Time & Clock |q—— From
Control Slot Register MPI
CLKX o—»]
01520-6

Figure 4. Transmit PCM Interface
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Receive Signal Processor

Inthe receive path (see Figure 8), the digital signal is ex-
panded, filtered, converted to analog, and output onto
the Vour pin.

The Signal Processor contains an ALU, RAM, ROM and
control logic to implement the filter sections. The Z, R
and GR are user-programmable filter sections and their
coefficients are stored in the coefficient RAM. These fil-
ters may be made transparent when not required in a
system.

The low-pass filter band-limits the signal. The GR filter
allows the user to program a loss of up to 12 dB with an
accuracy of £0.051 dB. The Rfilteris a 4-tap FIR section
and is part of the frequency response correction net-
work. The Z filter provides feedback from the Transmit
Signal Processor to the Receive Signal Processor and
is used to modify the effective input impedance to the
system. The interpolator provides the higher sample
rate to the D/A converter.

Time Slot 0
I'_ Clock Slot 0

FSX __/—\ L

|‘ Programmed
Time Slot
CLKX l | o | | ' |

_I—I_I_L_I—LJ_

TSCA
or

TSCB

DXA Three-State

or —_ .< 1
DXB

XX X

*For linear code, the 7th and 8th clock cycles correspond to the 15th and 16th clock cycles.

Figure 5. Transmit PCM Timing Diagram 01520-7
To
Receive _ «—O DRA
Signal Input N Port
Processor Register Selection l«—o0 DRB
4
FSR O—
Time Slot < Time Slot le—
CLKR O—b Control Registers &r&m
Figure 6. Receive PCM Interface 01520-9
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Time Slot 0 I‘___ Programmed
[*~ Clock Siot 0 Time Slot »
o _J LT LI L__ LTl __J Jel [ L]

sn_ / \ - -
% KXRRRRXRRRXCKRX X~ XX XK

*For linear code, the 7th and 8th clock cycles correspond to the 15th and 16th clock cycles.

01520-10

Figure 7. Receive PCM Timing Diagram

Receive Signal Processor l

Low- Digital p-Law . From
Fi}|:t‘er Fﬁt’zr (4| Pass [« orAtaw o _Sgijwe
Filter Expander
Interface

A

Vosro—] D/A Interpolator [«—

From Serial |
I/O Interface z

i

From Transmit
Signal Processor

* For Am7901B, the expander cannot be bypassed.

. . . 01520-8
Figure 8. Receive Signal Processor

Serial /O Interface = Write to the SLIC latch

A microprocessor may be used to program the SLAC ® Enable/Disable each user-programmabte filter
and control its operation using the Serial /O Interface

(see Figure 9). Additionally, data programmed previ- ~ The interface consists of 4 pins, CS, DCLK, Div and
ously may be read out for verification. The controlword ~ Dour. The device is accessed by CS and data is serially
format is shown in Table 1. Commands are providedto; ~ loaded-in on Div or read-out on Dour under control of

- . DCLK. Either commands or data words may be written
= Setactive/inactive modes to the SLAC, but only data words can be read out. All
®  Set up test functions words are 8-bits wide and are written or read MSB first

(see Figure 10).
®  Set up operating functions . .
] . For both reception or transmission of words, exactly 8
®  Program filter coefficients Data Clock cycles must be received after CS goes Low.

= Assign time slots and port selection CS must stay High (off period) for a minimum time pe-
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riod before it can go Low again. During this off-period,
the logic decodes and executes the command. All read-
ing of data must be preceded by an input command re-
questing the data. Once control data transmission has
begun, no new input commands will be accepted until
control data transmission is completed.

A Serial /O cycle is defined by transitions of CS and
DCLK. Upon proper application of power supplies and
MCLK, the device expects the first word to be a com-
mand. A number of commands require additional data
words to be input or output. The SLAC will not accept
new commands until all this data has been transferred.

There are two possible operations of DCLK and CSfor
the SLAC to function correctly. If the CS is held in the
High state between accesses, the DCLK may free run

with no change to the internal control data. Using this
method, the same DCLK may be run to a number
of SLACs and individual CSlines will select the appropri-
ate devicetoaccess. Ifthe DCLK is held inthe Low state
between accesses, the CS line may make multiple
transitions between accesses for a particular SLAC.
This allows running one CS line to all SLACs and select-
ing a particular device through enabling or disabling its
DCLK.

It should be noted that the DCLK can stay in the Low
state indefinitely with no loss of internal control informa-
tion. However, it should not be held in the High state for
more than 20 us to ensure proper operation as indicated
by the Switching Characteristics Table.

Receive Receive .
Coefficient Time Slot (33 s;:ggg
RAM Control
o— i< Data Bus —=o0c
D Serial/ Y C;
Dousr O©—1 Parallel SLIC —O C
DCLK O— Conversion Outputs 3
Cs Control O C,
CS 0— Command oG
Decoder ®
Transmit Transmit Test
Coefficient Time Slot Conc?i:tsions
BRAM Control
01520-11
Figure 9. Serial /O Interface
cs TS
Off-Period
P11 2 3 4 5 6 7 8, 1 2 3
DCLK |||'||||||||||||||||:||||||||||||
t ) :
: : [
Dar - Thgetatey YT (X XD
D VVV\WVW n VVWW\WV/ V.
" XXX INNNH"NNMNN LX)
Figure 10. Serial /O Interface Timing Diagram 0162012
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Table 1. Control Word Summary

The Serial I/O Interface consists of Data Input, Data

Output, Data Clock and CS Input. Data is read in (read 2 De D

out) on the Serial Data Input (output). The Serial Input 0 0 0 Inactivate/No Operation

consists of 8-bit (byte) command words which may be 0 0 1 Transmit Time Slot Selection

followed with additional bytes of input data or may be fol- 0 1 0 Receive Time Slot Selection

lowed by the SLAC outputting bytes of data. All words 0 1 1 Clock Slot and Gain Selection

are input with MSB (D) first and LSB (Do) last. All out- o o Read Slot, Gain and PCM Mode
: . . perating

puts are output wqh the MSB (D) first a_nd the. LSB (Do) Functions and PCM Modes

last. Words are written or read one at a time, with CS go- 1 0 1 Read/Write Coefficients,

ing High for at least the minimum off-period (see under Set Test Modes,

Switching Characteristics) before the next read or write Select p-law/A-law/linear

operation. The first 3 bits of the command word indicate 1 1 0 Data for SLIC Interface

the type of command and the last 5 bits contain either 1 1 1 Activate/No Operation

data or further information about the command. The
classes of command are:

MSB D; Ds Ds Das D: D> D1 Do LSB
0 0 0 0 0 0 0 O Inactivate
0 0 1 T T T T T Transmit Time Slot Selection Choose 1 of 32 Time Slots
0o 1 o0 T T T T T Receive Time Slot Selection Choose 1 of 32 Time Slots
o 1 1 0 o C CC Transmit Clock Slot Selection Choose 1 of 8 Clock Slots
o 1 1 0 1 C C C Receive Clock Slot Selection Choose 1 of 8 Clock Slots
o 1 1 1 0 0 1 0 Transmit Gain Selection (GX) Followed by 2 Bytes of Data
o 1 1 1 1 0 1 0 Receive Gain Selection (GR) Followed by 2 Bytes of Data
0o 1 1 1 0 1 0 1 Read Transmit Time and Clock Slot Followed by 1 Byte of Data
0o 1 1 1 0 0 0 1 Read Transmit Gain (GX) Followed by 2 Bytes of Data
0o 1 1 11 1 0 1 Read Receive Time and Clock Slot Followed by 1 Byte of Data
o 1 1 i1 0 0 1 Read Receive Gain (GR) Followed by 2 Bytes of Data
0o 1 1 10 1 1 1 Read PCM Mode Followed by 1 Byte of Data
1 0 O 0 B X R Z Enable Filters
1 0 O 1 Dr Dx Rex Tex PCM-Mode Selection .
1 0 1 0 0 0 0 O Write B Coefficients Followed by 12 Bytes of Data
1 0 1 0 0 1 0 O Write X Coefficients Followed by 8 Bytes of Data
1 0 1 o 1 0 0 O Write R Coefficients Followed by 8 Bytes of Data
1 0 1 01 1 0 0 Write Z Coefficients Followed by 8 Bytes of Data
10 1 o o o 1 1 Read B Coefficients Followed by 12 Bytes of Data
1 0 1 o o 1 1 1 Read X Coefficients Followed by 8 Bytes of Data
1 0 1 o1 0 1 1 Read R Coefficients Followed by 8 Bytes of Data
1 0 1 o 1 1 1 1 Read Z Coefficients Followed by 8 Bytes of Data
1 0 1 1 0 0 0 O Reset to normal conditions
1 0 1 1 0 0 0 1 Add -6 dB to receive gain
10 1 1 0 0 1 0 Cutoff receive path
1 0 1 1 0 1 1 1 Test mode—analog loop-back
1 0 1 1 0 1 0 O Test mode-digital loop-back
1 0 1 1 0 0 1 1 Disable High-Pass Filter (set to 1) and

freeze auto zero circuit

1 0 1 1 1 0 0 B Choose PCM Code
i 1 0 c cC CcC Cc C Qutputs to SLIC
11 1 T 1 1 1 1 Activate
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Am7901B/C Detailed Serial
Command Definitions

Inactivate (Standby Mode)

MsSB LSB
lofofoJoJofoJofol]

Inthe inactive mode, none of the programmed informa-
tion is changed and the analog output is set to zero volts
through a moderate series impedance. The Serial VO
remains active, the SLIC control outputs remain valid,
and the PCM outputs are high impedance.

Activate (Operational Mode)

MSB L.SB
EFEEEFEEE RN EE RN R

Valid PCM data is not transmitted until after the second
FSX pulse is received following the execution of the Ac-
tivate command.

Transmit Time Slot Selection

MSB LSB
[oJo [1 T [Tm]T|T] T

Bits T4 through To select one of 32 time slots.

Transmit Clock Slot Selection

MSB LSB
foJr1 1 JoJoJeclc] ]

Bits C2 through Co select one of eight clock slot offsets
within the time slot.

Read Transmit Time and Clock Slots

Command
MSB LSB
Lol ]+ {1 fofr]of ]
Output Data

[T ]| T ] T]c|c] cleyen

The transmit time and clock slots are read out time slot
first, followed by clock slot.

Receive Time Slot Selection

MSB LSB
[o] 1 ]o|n|[m]m]T] 7|

Bits T4 through To select one of 32 time slots.

Receive Clock Slot Selection

LSB
Cy | CoI

MSB
Lol +fof +]c]

Bits C2 through Co select one of eight clock slot offsets
within the time slot.

Read Receive Time and Clock Slots .

Command
MS

B LSB
KN EH EN EN BN EN KRR

Output Data

[nlin [ lnln]lc]cl|cleyen

The receive time and clock slots are read out time slot
first, followed by clock slot.

Write GX Filter Coefficients

Command
MSB LSB
lof+ {1 {1 JofJof 1] of
Input Data
Cio mMe Cx Mao Byte 1
Co  mMx Ciw Mmuw Byte 2
Read GX Filter Coefficients
Command
MSB LSB
lof+ [1f1JoJo]of:]
Output Data
Cwo M Can Mo Byte 1
Cxo Mx Cw Mmoo Byte 2

SLAC/DSLAC Products 217
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Write GR Filter Coefficients

Command
MSB LSB

Lofv]rfafrfjof1]ol

Input Data

Cuw Mao Cao Mao Byte 1
Co My Cio Mo Byte 2
Read GR Filter Coefficients
Command
MSB LSB
loli [+ T1]1fofofl]
Output Data
Cuw Mao Cao Mao Byte 1
Co Mxn Cio My Byte 2

Write PCM Mode Selection

MSB LSB
L1 lOIOl‘IIDaIDxIRExITExI

Receive Port: Dr=0: PCM data is input on DRA.

Dr=1: PCM data is input on DRB.

Dx=0:
Dx=1:

Transmit Port: PCM data is output on DXA.

PCM data is output on DXB.

Receive Rex=0: Reset Receive Expanded Mode.
Expanded Mode: Re=1: Set Receive Expanded Mode.

Transmit Tex=0: Reset Transmit Expanded Mode.
Expanded Mode: Tex=1: Set Transmit Expanded Mode.

Read PCM Mode Selection

Command
MSB LSB
lofrJr{rJofs]sf4]
Output Data

[+ 71 T+ 11 I o] o[ Re] 7]

Enable Filters
MSB LSB
[ 1 ]o]o]olesfex]|er]| ez]

B Filter: EB = 0: B filter disabled.
EB = 1: B filter enabled.
X Filter: EX=0: Xfilter disabled.
EX = 1: Xfilter enabled.
R Filter: ER = 0: Rfilter disabled.
ER = 1: R filter enabled.
Z Filter: EZ = 0: Zf{ilter disabled.

EZ = 1: Zfilter enabled.

Write Test Mode Selection

MSB LSB
[+ ToJ 1T 1 Joln][m] ]

T3 T2 T1 Function

0 0 0 Ressttonormal conditions as follows. Receive
gain is set to the value stored in the GR
register. Analog and digital loopback modes
are reset. The high-pass filter is enabled and
the auto-zero circuit is operational. The
receive path is not cutoft.

Add -6 dB to receive gain.
0 1 0 Cutoff receive path.

Disable high-pass filter (set to 1) and freeze
auto-zero circuit.

1 0 0 Activate digital loopback.
Activate analog loopback.

Select PCM Coding
MSB LSB
[+ lof+l+[1fofofes]

Bit B selects the type of PCM code to be used.

For the Am7901B: B =0: A-law.
B=1: p-law.
For the Am7901C: B =0: Linear.
B=1: A-law.

Write SLIC Output Registers
MSB LSB
I 1 | 1 I 0 | Cs I Cs | Cs I C. | Cy |
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Write B Filter Coefficients Input Data
Command Co Mo Cao  Mao Byte 1
MSB LSB Co mx Cio Mo Byte 2
I 1 I 0 I 1 I 0 I 0 | 0 | 0 I OJ Ca May Ca May Byte 3
C2 M2t Cys M Byte 4
Input Data Ce mMe Caz Ma Byte 5
Co  Mm Co Mo Byte 1 Caz Mz Ciz mp2 Byte 6
Cio My Cay My Byte 2 Co _ma G Ma Byte 7
Ca [117]) Cu M Byte 3 Ca M Cu M Byte 8
C M Czz Mz Byte 4 . .
- 4 Read X Filter Coefficients
Ciz M Cao  Mas Byte 5
Cx Mz Cin  mis Byte 6 ‘Command
Cas M C2e Mz Byte 7 MSB LSB
Ciu My Cas Mo Byte 8 | 1 I 0 | 1 | 0 | 0 I 1 | 1 I 1
Cos  mes Cis  Mmys Byte 9
Cos  IMus Cos  Mas Byte 10 Output Data
Cis M Cor My Byte 11 I Cew Mo | Co  Mw I Byte 1
Car mz Cwu my Byte 12 I | | l I I
Read B Filter Coefficients | | | | | |
Command I Cxn Mz I Cia ma | Byte 8
MSB LSB
[1 o1 Jofoflo] 1] 1] Write R Filter Coefficients
Command
Output Data MSB LSB
1 0 0
I Cao  Mao I Cx  Mx J Byte 1 I L I 0 l | ' ! l ° | ° I I
| | l I I I Input Data
| I I I | I Ci  Mma (L Byte 1
| Cx  mx | Ciz My I Byte 12 Cx mMan Cia M Byte 2
Ce Maz Caz Maz Byte 3
Cz M2 C Mi2 Byte 4
Write X Filter Coefficients Cu__mu Co Mo Byte 5
C2 Mgy Cn m Byte 6
Command Cu Mao Cao Mao Byte 7
MSB LSB
Co mx Cio Mo Byte 8
L1lofJi1JoJo]r]o]of 4
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Read R Filter Coefficients

Command
LSB

MSB
Lt Jof1Jofs+fof ]

Output Data
L Cia  Ma I Can  ma I

. I

| 1 |
L Czx M2o I Cio Mio l
Write Z Filter Coefficients
Command
MSB LSB
Lofolsfols+]1lo] o]
Input Data

Ca M4 Cas Mas

Cx mxn Cin mu

Cs Ma2 Caz Maz

Ce mx Ciz me

Ca  ma Cat Mot

Car M2y Cn My

Cw mMe Cao Mo

Cx mx Cw My

Byte 1

Byte 8

Byte 1
Byte 2
Byte 3
Byte 4
Byte 5
Byte 6
Byte 7
Byte 8

Read Z Filter Coefficients

Command

MsB LSB
L+ fof+Jofrfa]r]

']

Output Data

o m T o m Jeyes
| ]
| |

[ Co m l Co__mo | Byte s

2-20
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Digital Filters

The SLAC uses digital signal processing to implement
the various filters (see Figure 11).

The advantages of digital filters are:

= High reliability

= No drift with time or temperature

s Unit-to-unit repeatability

= Superior transmission performance

Six of the digital filters in the signal processing sections
are user-programmable. These allow the user to inde-
pendently modify the gain in both the transmit and
receive paths, provide trans-hybrid balancingin the sys-
tem, and adjust the two-wire line termination impe-
dance. This programming capability feature allows the
user to optimize the performance of the SLAC for his
system.

General Description of CSD Coefficients

Thefilter functions are performed by a series of multipli-
cations and accumulations. A multiplication is accom-
plished by repeatedly shifting the multiplicand and sum-
ming the result with the previous value at that summa-
tion node. The method used in the SLAC is known as
Canonic Signed Digit (CSD) multiplication and splits
each coefficient into a series of CSD coefficients.

Each programmable filter section has the following gen-
eral transfer function:

HF(z)=ho+ hiz '+ hoz 2 +.. .+ haz™" (1)
where the number of taps in the filter = n + 1.

The values of the user-defined coefficients (hi) are as-
signed via the MPI. Each of the coefficients (h) is de-
fined in the following general equation:

hi=B2™+B2™"+ ... + BN2‘MN, (2)
where:
the number of shifts = Mi < Mi.+
sign =Bi= *1

N = Number of CSD coefficients.

The value of hiin (2) represents a decimal number which
is broken down into a sum of successive values of:

+1.0 multiplied by 20, or 271, or 272, ., 277 .

or
+1.0 multiplied by 1, or 1/2, or 1/4...1/128....

The limit on the negative powers of 2 is determined by
the length of the registers in the ALU.

The coefficient h; in Equation 2 can be considered to be
avalue made up of Nbinary 1sin abinary register where
the leftmost part represents whole numbers, the right-
most part represents decimal fractions, and a decimal
point separates them. The first binary 1 is shifted M1 bits
to the right of the decimal point, the second binary 1 is

Vin
! Band DXA
A/D PDecimator Decimator > X* ™ GX* [P Pass [®| Compressor[® .,
| Filter DXB
|
! ;
SLIC l
Emulator | 7 B*
|
AN
|
|
|
Inter- Inter- | Low- DRA
" O— D/A [* polator polator R* [*] GR* [*] Pass [*7| Expander [#,
V°|‘" Filter DRB
ZuNE I
|
\
*User-Programmable Filters
Figure 11. SLAC Signal Processing Flow 01520-13
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shifted Mz bits to the right of the decimal point, the third
binary 1 is shifted Ms bits to the right of the decimal point,
and so on.

Note that when M1 is O, the resulting value is a binary 1
in front of the decimal point, that is, no shift. If Mz is also
0, the result is another binary 1 in front of the deci-
mal point, giving a total value of binary 10 in front of the
decimal point (i.e., a decimal value of 2.0). The value
of N, therefore, determines the range of values the
coefficient hi can take; for example, if N = 3 the maxi-
mumand minimum values are +£3, and if N = 4 the values
are between +4.

Detailed Description of SLAC Coefficients

The CSD coding scheme in the SLAC uses a value
called mi, where ms represents the distance shifted right
of the decimal point for the first binary 1, m2 represents
the distance shifted to the right of the previous binary 1,
and ms represents the number of shifts tothe right of the
second binary 1. Note that the range of values deter-
mined by N is unchanged. Equation 2 is now modified (in
the case of N=4) to:

hi=Bi2M 4 B;2M2 4. Bg2 M3 + B2~ M (3)

hi=C12™™ 4 CyCp2-(M+m2) 4. CyCoCa2-m1+m2+m3)
+ CiCoCaC,2m1 +m2+m3+md) (4)

hi=Cy27™ . {1 +C2272. {1 +Ca2-3. (1 + Cs2™)}] (5)

where:
M1 =m and B1=C4
Mz =mi1+ mz B2=C1:C2
Mz =mi+ m2+ m3 B3=C1-C2-Cs

Ms=mi+m2+ms+m4 Bs=C1-C2-C3-Ca

In the SLAC, a coefficient hi consists of N CSD coeffi-
cients, each being made up of 4 bits and formatted as
Cxymxy, Where Cyxy is one bit (MSB) and myxy is three bits.
Each CSD coefficient is broken down as follows:
Cxy s the sign bit (0 = positive, 1 = negative).
my  is the 3-bit shift code. It is encoded as a
binary number as follows:

000: illegal
001: 6 shifts
010: 5 shifts
011: 4 shifts
100: 3 shifts
101: 2 shifts
110: 1 shift
111: 0 shifts
y is the coefficient number (the i in hj).
X is the position of this CSD coefficient within

the h; coefficient. It represents the relative
position of the binary 1 represented by this
CSD coefficient within the hicoefficient. The
most significant binary 1 is represented by
x = 1. The next most significant binary 1 is
represented by x = 2, and so on.

Thus, Ciamya represents the sign and the relative shift
position for the first (most significant) binary 1 in the 4th
(hs) coefficient.

The number of CSD coefficients, N, is limited to 4 in the
GR, GX, R, X, and Z filters, and 3 for the B filter. Note
also that the GX filter coefficient equation is slightly dif-
ferent from that of the other filters:

hiex=1+hi (6)

Please refer to the section detailing the commands for
complete details on the programming of the coefficients.

Two-Wire Impedance Matching

A feedback path is provided from the transmit to the re-
ceive section via the Z filter. This filter may be pro-
grammed to modify the effective termination impedance
(Zsuc) of a SLIC or a transformer hybrid to a desired
value. The desired impedance may be complex. This
feature allows the user to terminate each SLIC in a Sub-
scriber Line System with a fixed resistor and digitally
modify their impedance using the Z filter.

The X and Rfilters are the Transmit and Receive attenu-
ation distortion correction filters. These filter sections
are programmed to compensate the attenuation distor-
tion caused by the Z filter.

Trans-Hybrid Balance

In a traditional line card system, a balance network is
used with the SLIC to achieve trans-hybrid balancing. If
the balance network perfectly matches the subscriber's
line, infinite trans-hybrid balancing is achieved. But in
general, the matching in traditional systems is poor and
trans-hybrid balancing is not very good. Some systems
have up to 2 or 3 compromise networks per line that
must be selected semi-automatically or manually to pro-
vide the balance.

In the SLAC, a feedback path is provided from the re-
ceive to the transmit section via the B filter. This filter
may be programmed to cancel the received signal from
the transmit signal path and achieve a significantly im-
proved level of trans-hybrid balance.

Gain Adjustment

Signal levels in the transmit and receive paths may be
modified by programming the GX and GR filters. The GX
filter allows the user to add up to 12 dB of gain with an
accuracy of 0.051 dB up to 10.4 dB and £0.15 dB up to
12 dB in the transmit path. The GR filter allows the user
to add up to 12 dB of loss with an accuracy of +0.051 dB
in the receive path.

Test Features

The SLAC simplifies system testing by providing both
digital and analog loop-back paths. Under program con-
trol, eitherthe DRA or DRB input is looped to the DXA or
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DXB output (digital loop-back) through a path from the
output of the interpolator in the receive path to the input
of the decimator in the transmit path, or the Vin input is
looped to the Vour output (analog loop-back) through the
Zfilter. To allow testing of the subscriber loop cabling for
leakage, the transmit high pass filter may be disabled
and auto-zero operation interrupted. The receive analog
output may be programmed to cut off. This receive cut-
off command may be used to stop oscillations in the
four-wire side of the telephone network.

The SLAC contains an auto-zero circuit in the A/D con-
verter which takes several seconds to settle following a
change in the offset voltage at Vin. To facilitate compo-
nent testing of the SLAC, there is a test mode available
to accelerate settling of the auto-zero circuit. This test
mode is activated by holding the CS input at -5 V for at
least 64 ms with the offset voltage applied to Vin (and no
signal). The auto-zero will settle in this time. In acompo-
nent test environment, this procedure should be fol-
lowed after programming the filters. The Cs output is
also used in this mode. The output level on Cs may be
modified.

Note: The digital loopback (DLB) path processes an internal
data word 2-bits shorter than in normal mode. Therefore,
DLB signal processing performance is not equivalent to

normal mode signal processing and does not meet the speci- -

fied Transmission specifications. DLB is recommended for
use with 0-dB programmed gain/attenuation and PCM signal
levels above —25 dBmo0.

Stand-By Mode

The SLAC is forced into the stand-by mode either by
ahardware reset applied to the DCLK input or by recep-
tion of the Inactivate command. In this mode, power
is switched off from all circuitry that can be turned off.
No transmission or reception of PCM data takes place.
However, the circuits which contain programmed
information retain their data. The Serial I/O Interface
remains active to receive new commands.

Power-On Clear

Before any other commands are written to the SLAC, 13
Inactivate commands should be sent to the serial port of
the SLAC in case the SLAC powers up in the middle of a
read sequence. Alternatively, a hardware reset opera-
tion canbe carried out by applying-5 V to the DCLK pin.
A loss of MCLK should be treated like a loss of power.

Stand-Alone Mode

Inthe stand-alone mode, the serial interface is not used.
The DCLK and D pins may be used to control the
device. Applying -5 V to the DCLK pin resets the device
andthe Div pin can subsequently be used to power-up or
power-down the SLAC.

DCLK Din
0 X Normal Mode
1 X Normal Mode
-5V 0 Reset and Power-Down
-5V 1 Reset and Power-Up
Reset State

The Reset State of the device is:

a. Both Transmit and Receive Time and Clock Slots
are setto 0.

b. A-law is selected.
B, X, R, Z filters are disabled.

Both Transmit (GX) and Receive (RX) gains are
set to unity.

e. SLIC outputs are set High.
f. Normal conditions are selected.
g. DXA/DRA ports are selected.
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p-Law: Positive Input Values
1 2 3 4 5 6 7 8
Number . . Cch Value at Decoder
Value at Decision Decision haracter
Nember | Ximtoval | Segment | Value' | Value Signal(5) | BREOR [ Ve
si End Points | Number n X» (1) Bit Number % Numb:
ize 12345678 | Y0 umber
8159 (128) (8159) fe=-c---c---d
10000000 8031 127
127 7903 : :
8 16x256 : @
113 4319
10001111 4191 112
4063 112 4063 - . .
i i @
7 - . :
16x128 o7 2143 :
10011111 2079 96
2015 96 2015 : :
: 2)
6 16x64 : y ( i
x 81 1055
10101111 1023 80
991 80 991 : :
5 16x32 : @ i :
65 511 : :
10111111 495 64
479 64 479 : :
4 16x16 : : @) H :
49 239
11001111 231 48
223 48 223 . .
3 16x8 33 1(§)3 © . y
11011111 99 32
95 3? 95 H
2 16x4 17 35 @ i
11101111 33 16
o 18 3
1 15x2 2 3 @)
11111110 2 1
1x1 ! ! 11111111
0 0 0 0
Notes: 1. 8159 normalized value units correspond to Tmax=3.17 dBmoO.

2. The character signal corresponding to positive input values between two successive decision values numbered n andn +1

(see column 4) is (255 —n) expressed as a binary number.
3. The value at the decoder is yo=xo =0 for n=0, and ya=X2*¥0+1 for n=q, 2, .., 127.
X128 is a virtual decision value. 2

»

5. Bit1is a0 for negative input values.
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A-Law, Positive Input Values
1 2 3 4 5 6 7 8
Character Signal
Number o Val t Decod
Segment of |ﬂten,ea|s Value at Decision Decision | Before Inversion D:cl:;edzr C?Sfpuir
Nugmber X Interval Segment Value Value of the Even Bits Output Value
Size End Points | Number n Xn (1) 1 zBlgriu?%ey s v (3) Number
4096 (128) (4096) fe-----me---q
11111111
127 3968 . 4032 128
16x128 @
113 2176 i
11110000
2048 112 20:48 - 21212 1}3
6 16x64 H H ;@
¥ 1086 11100000 ’
1024 96 1024 1056 o7
5 16%32 @
& o4 11010000 |
512 80 512 - 538 5:1
4 16x16 @
6 a2 11oo.oooo
256 64 256 . 2§4 655
3 16x8 NG
49 136 10110000 : ‘
128 48 128 - 15:52 49
2 16x4 i )
% 68 101 o.o 000 ) ’
64 32 64 : 66 3:3
1 32x2 i@
1 2 i
‘ 10000000 ] ;
0 0

Notes:

1. 4096 nommalized value units correspond to Twax=3.14 dBm0.

2. The character signals are obtained by inverting the even bits of the signals of column 6. Before this inversion, the character
signal corresponding to positive input values between two successive decision values numbered nand n+1 (see column 4)

is (128 + n) expressed as a binary number.
3. The value at the decoder output is yn»= ﬁ";ﬁfor n=1,..., 127,128,

4. Xz is a virtual decision value.
Bit 1 is a O for negative input values.
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature .............. —60to 125°C
Ambient Temperature underBias ........ 0to 70°C
Vee with respecttoDGND .......... -0.4t0+6.0V
Ves with respecttoDGND .......... +0.4t0-6.0V
Vin with respectto AGND . ............ Ves to Vee

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at
or above these limits is not implied. Exposure to Absolute
Maximum Ratings for extended periods may affect device
reliability.

OPERATING RANGES
Commercial (C) Devices

Ambient Temperature (Ta) ............. 010 70°C
Vee ot e +5.0V 5%
VBB o e -5.0V 5%
DGND. ... ov
AGND ..........coiiiiiinnnn.. DGND £100 mV

Operating ranges define those limits between which the
functionality of the device is guaranteed.

DC CHARACTERISTICS over operating range (Note 1) unless otherwise spec'ified

Parameters | Description Test Conditions Min Typ Max Units
Zn Analog Input Impedance -3.2V<Vin<3.2V 20 kQ
Zout Analog Output Impedance -3.2V<Vaur<3.2V 20 Q
Vios Offset Voltage Allowed on Vix +40 mV
Voos Analog Output Offset Voltage +30 mV
Vi Analog Input Voltage Range 32V| V
Vor Analog Output Voltage Range R.>10 kQ, C.<50 pF +32V | V
lour Analog Output Current 350 LA
Vi Input Low Voltage (All Digital Inputs

Except DCLK in Stand Alone Mode -0.5 0.8 \

and CS in Auto Zero Speedup Mode)
Viu Input High Voltage (All Digital Inputs) 2.0 Vee v
VoL Output Low Voltage

(All Digita! Outputs) lo.=2 mA 0.45 "
Von Output High Voltage

(All Outputs Except TSC) lon=400 pA 2.4 \
lou Output Leakage Current +10 A
he Input Leakage Current +1 nA
e (Vin) Input Leakage Current on Vix Pin 0.2 | pA
lec (S) Vee Supply Current (Standby) 15 mA
les (S) Ves Supply Current (Standby) Vee=5.25V 10 mA
lec (A) Vee Supply Current (Active) Ves=—4.75V 60 mA
les {A) Ves Supply Current (Active) 20 mA
PSRR Vec Power Supply Rejection Ratio 200 mVp-p @ 1.02 kHz 35 dB

on the appropriate supply,

PSRR Ves Power Supply Rejection Ratio Veo=+45V, Vea=—5 V 30 dB
C Input Capacitance (Digital) 5 pF
Co Output Capacitance (Digital) 8 pF

Note: 1. Typical values are for Ta=25°C and nominal supply voltages. Min and max specifications are over the temperature and
supply voltage ranges shown in the above table entitled “Operating Ranges.”
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TRANSMISSION CHARACTERISTICS

(All specifications are guaranteed with0dB < GX < +12
dB, -12dB< GR< 0dB and A-law or p-law companded

PCM, unless otherwise specified.)

When GR =0 dB, a 1020 Hz sine wave signal with level
of 0 dBm0 at the digital input will correspond to an rms

voltage of 1.6 V for A-law and 1.588 V for p-law at the
analog output. When GX=0 dB, a 1020-Hz sine wave

signal with rms voltage of 1.5669 V for A-law and 1.5657 V

for u-law at the analog input will correspond to a level of
0 dBmo at the digital output.

Description Test Conditions Min Typ Max Units
Attenuation Distortion 1020 Hz at —10 dBmo (see Fig. 12) dB
Gain (either path)
a. deviation from ideal value 1020 Hz at —10 dBm0 -0.2 +0.2 dB
b. deviation from initial value -0.2 +0.2 dB
Group Delay Distortion (either path) —10 dBmO signal (see Fig. 14)
Harmonic Distortion (Note 1) -40 dB
Intermodulation Distortion a. (Note 2) -35 dB
b. (Note 3) -49 dBmo0
Crosstalk
a. Go-to-Return Path 300-3400 Hz, 0 dBm0 -90 ~70 dB
b. Return-to-Go path 300-3400 Hz, 0 dBm0 -90 -70 dB
Gain Tracking (either path) (see Fig. 15,17 dB
Signal to Total Distortion (either path) (see Fig. 16,
18, 19) dB
p-Law Companded PCM
Idle Channel Noise (weighted, transmit) 19 dBrnco
Idle Channel Noise (weighted, receive) 15 dBrnco
A-Law Companded PCM
Idle Channel Noise (weighted, transmit) -68 dBmOp
Idle Channel Noise (weighted, receive) -78 dBmop

Notes: 1. Applied signal is a 0-dBm0 sine wave within 300 to 3400 Hz. The signal measured is any frequency in the range 300 to 3400 Hz.

2. Two different frequencies, f1 and fz, in the range 300-3400 Hz and of equal levels in the range —4 to —21 dBmO0 are applied. 2f~f»
products are measured relative to the level of either f1 or f2.

3. Any intermodulation product due to a signal in the range 300-3400 Hz with input level -9 dBm0 and a 50-Hz signal with input level

—23 dBmo.

SLAC/DSLAC Products
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1.3
0.8
Attenuation
(dB)
0.15
0
-0.15

| S A A Y Rl ol
L ] v L}

200 300 3000 3400 3600

Frequency (Hz)

Transmit Path Only

Note: Measured per CCITT Rec. G.714 Paragraph 7.

01520-14
Figure 12. Attenuation Distortion Transmit or Receive Path
0T
-10r
20 1
30 F S s -39 dB
Attenuation
dB) 40 |
-50
-60 |
] I TR IS N O L1 1 1+ 1.1
1 2 3 4 5 6 7 8910 20 30 40 50 60 7080
Frequency (kHz)
Notes: 1. The frequency is 1020 Hz.
2. Input signal level is 0 dBmo.
Figure 13. Out of Band Signals (End-to-End) 01520-15
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¢ SLAC Specification
i (Either Path)

Delay
(us)

150 |-

0 500 600 1000 2600 2800
Note: Minimum value of group delay is taken as reference.

Figure 14. Group Delay Distortion (Either Path)

01520-16

1.4
Gain
Variation
(dB)

0.5
0.3

-0.3

-0.5

Note: Measured per CCITT Rec. G.714 Paragraph 15.

Input Level
(dBmo)

01520-17

Figure 15. Gain Tracking with Tone (Method 2) Transmit or Receive Path
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35
29
Signal-to-Total
Distortion 24
Ratio (dB)
-30 0
Input Level (dBm0)
Note: Measured per CCITT Rec. G.714 Paragraph 14. 01520-18

Figure 16. Signal-to-Total Distortion With Tone (Method 2) Transmit or Receive Path

a. Noise Test Signal b. Sinusoidal Test Signal

+0.5

0.3

0.35 Gain
Variation 0 U
(dB)

p o4

0.25

-0.3
Gain

Variation o 05
(dB) \XP

-10 +3
Input Level (dBm0)

-0.25
-0.35

-55 =50 -40
Input Level (dBm0)

Note: Measured per CCITT Rec. G.714 Paragraph 15. 01520-19

Figure 17. Gain Tracking with Noise (Method 1) Transmit or Receive Path
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35.4
33.7

29.1
27.8

Signal-to-Total
Distortion
Ratio (dB)

14.1

Input Level (dBm0)

Note: Measured per CCITT Rec. G.714 Paragraph 14. 01520-20

Figure 18. Signal-to-Total Distortion With Noise (Receive Path—Method 1)

34.4
32.7

28.1
26.8

Signal-to-Total
Distortion
Ratio (dB)

13.1

Input Level (dBm0)

Note: Measured per CCITT Rec. G.714 Paragraph 1. o1s20-21

Figure 19. Signal-to-Total Distortion With Noise (Transmit Path—Method 1)
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified
Ta=01t070°C, Vecc=+5 V £5%, Ves =—5 V +5% (see Notes 1, 6 & 7)

No.l Parameter I Description l Min r Typ I Max I Units
Serial Interface Input Mode
1 | tocu Data Clock High Pulse Width (Note 2) 0.220 20 us
2 | tocL Data Clock Low Pulse Width (Note 2) 0.220 us
3 |tocr Rise Time of Clock 5 50 ns
4 | tocr Fall Time of Clock 5 50 ns
5 | tcss Chip Select Setup Time 175 ns
6 | ticsn Chip Select Hold Time 50 ns
7 | test Chip Select Pulse Width (Notes 3 & 8) 8 toey ns
8 | tieso Chip Select Oif Time after byte written to
or before byte read from B, Z, X, R, GX
or GR in Active mode: 32 tuer
Otherwise: 7 tuey
9 |tos Input Data Setup Time 50 ns
10 | tion Input Data Hold Time 30 ns
11 | town Output Latch Propagation Delay 0.75 2.1 us
Serial Interface Output Mode
12 | tocss Chip Select Setup Time 150 ns
13 | tocss Chip Select Hold Time 50 ns
14 | tocsL Chip Select Pulse Width (Notes 3 & 8) 8 tocy ns
15 | tocso Chip Select Off Time after byte written to
or before byte read from B, Z, X, R, GX
or GR in Active mode: 32 tuey
Otherwise: 7 tmey
16 | tooo Output Data Turn on Delay 100 ns
17 | toon Output Data Hold Time 30 ns
18 | tooor Output Turn off Delay 100 ns
19 | toce Output Data Valid 30 150 ns
PCM Interface
20 |teov PCM Clock Period (Note 4) 0.244 7.8 us
21 |tecn PCM Clock High Pulse Width (Note 4) 110 ns
22 |teor PCM Clock Low Pulse Width (Note 4) 110 ns
23 |teer Fall Time of Clock 5 15 ns
24 |tecr Rise Time of Clock 5 15 ns
25 |tess Frame Sync Setup Time 50 (trcy—30) ns
26 |tean Frame Sync Hold Time (Companded Mode) 30 __(8teey—50) ns
Frame Sync Hold Time (Linear Mode) 30 (16 tecy—50) ns
27 |tso Delay to TSC Valid (Note 5) (N tecy +30) (N tecv+ 150) ns
28 |trsa Delay to TSC Off (High Impedance) 30 ns
29 |toxo PCM Data Output Delay 95 185 ns
30 [toxu PCM Data Output Hold Time 30 100 ns
31 [toxz PCM Data Output Delay to High Z 45 90 ns
32 |tors PCM Data Input Setup Time 50 ns
33 |tomn PCM Data Input Hold Time 30 ns

2-32
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SWITCHING CHARACTERISTICS (continued)

Master Clock

34 |tucr Master Clock Period 488.23 488.28 488.33 ns

35 [tmen Master Clock High Pulse Width 220 ns

36 |tuce Master Clock Low Pulse Width 238 ns

37 {tucr Rise Time of Clock 5 15 ns

38 |tucr Fall Time of Clock 5 15 ns
Notes: 1. Min and Max values are valid on all digital outputs except Cs—C, with a 150-pF load. Cs—C1 outputs are valid with a 30-pF

load.

. The Data Clock may be stopped inthe Low state indefinitely without loss of information. Data will not be clocked in or out

while the clock is in the Low state.

. Chip Select Pulse Width is nominally 8 Data Clock Cycles with a minimum value of 7 Data Clock Cycles + ticsn + ticss and

a maximum value of 9 Data Clock Cycles —ticsu—ticss.

. The maximum allowed PCM clock frequency is 4.096 MHz. The actual PCM clock rate is dependent on the number of

channels allocated within a frame. The minimum clock frequency is 128 kHz.

. 1SC is delayed from FS by a typical value of N tecy, where N is the value stored in the Time/Clock Slot register.
. The Frame Sync pulses (FSX, FSR) repeat at an 8-kHz rate.
. FSR, FSX, CLKR, CLKX, and MCLK all must be synchronized and exactly 256 cycles of MCLK must be guaranteed

between Frame Syncs. All five clocks must not be interrupted to assure proper operation.

. tocy is 1 Data Clock Cycle.

SWITCHING WAVEFORMS
Timing Diagrams

Input and Output Waveforms Master Clock Timing
For AC Tests
(=2)
2.4 35
2.0 Test 2.0 O — L
Xo_e} Points { O'BX Vi \ /_
0.45 Vi _
0152022
—> - — o—@

01520-23
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Serial Interface (Input Mode)

© v
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27
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Outputs
Cs—Ci

Data
Valid
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L€

X. Data
Valid
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01520-24

Serial Interface (Output Mode)

Vindg
DCLK / \ Vi r

®
o)
A4
< L£C
-C_S Z- 27
£ C \
I PR
‘___"
e fe— @) —>
Dour M- Data [ Data Data 1 e Threo-State —
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l
01520-25
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PCM Highway Timing

Time Slot Zero

Clock Slot Zero
&
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TSCB -:]
! 22 l
@ ] o, g
VOH
DXA/DXB { FirstBit L X:: )( ———
VOL C
® ey ()
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AMD 8-Channel Subscriber Line Card
To/From Other
Equipped Channels
Subscriber AX (TIPX) Vrx > Vi DxA = i
Line 1}—| BX (RINGX) RSN[e Vour TSCA .
DXB 21
sLIC TSCB
o, | Am7901B/IC "
1 A SLAC DRA
Y DRB |e
Eo | Dour
. DIN
DET CS DCLK
] L S PCM
I > I 7 Highway
| | A
| 1
. PCM
Subscriber AX (TIPX) Vx > Vi % Highway
Line 8 BX (RINGX) RSN[* Vour B
DXB
TSCB
Stic coc. | Am7901BIC
8 LAC DRA
s DRB
Eo & Dour
D
DET CS DCLK
. I .
1A A AN
Y
1 r1' 1/1/
1/0 Ports
Line Card
Controller

Link to Higher
Level Processor
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Subscriber Line Audio-Processing Circuit (SLAC)

WORLD-CHIP

1

Advanced
Micro

Devices

DISTINCTIVE CHARACTERISTICS
Combination CODEC and Filter

No trimming or adjustments required

Uses digital signal processing

Six user-programmable digital filters

Dynamic Time Slot assignment

Only two external components (non-precision)
Dual PCM ports

B 4.096-MHz, 64-channel expanded mode
operation

Built-in test modes
Microprocessor-compatible Serial Interface
Control interface to SLIC

Low standby power

Selectable p-law or A-law

24-pin DIPs

GENERAL DESCRIPTION

The Subscriber Line Audio-Processing Circuit (SLAC™)
performs the codec and filtering functions necessary in
digital voice switching machines. In this application, the
SLAC processes voiceband analog signals into Pulse-
Code Modulated (PCM) outputs and processes PCM
inputs into analog outputs. The SLAC'’s performance
is compatible with applicable AT&T® and CCITT speci-
fications. The device consists of three main sections:

transmit processor, receive processor, and control
logic.

The transmit section contains an anti-aliasing filter, an
interpolative A/D converter and a digital signal proces-
sor. The analog signals received are converted and digi-
tally processed to generate either 8-bit p-law or A-law
codes. Either one of two output ports may be selected
for PCM data transmission.

BLOCK DIAGRAM
CAP: CAP;
v —»0 TSCA
. Pre- Transmit Signal Digital Output [—*O TSCB
O— Filter AD :> Processor $ Compressor :> Register |—#0 DXA
—»0 DXB
< > FS
MCLK Control Ci
CSO—>  timingand [0 C: O +5V
DCLK O— Intetface —O0 Ca (o) -5V
Do O—» —»0 C, O Analog Ground

N L o

O Digital Ground

AR,

Receive Signal

VOUT
O¢—— DA <——— Processor

—

\V4 I\/l A
nout «—0O DRA
npu —0
<: Register DRB

Digital
Expander

07004B-01

Publication #: 07004 Rev.B Amendment /0
Issue Date: August 1990
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GENERAL DESCRIPTION (continued)

The receive section contains a digital signal processor The control /O provides a microprocessor-compatible

and a D/A converter. Either 8-bit p-law or A-law codes serial interface and allows the user bi-directional access
are received, processed and converted to analog sig- to many programmable features and the capability to
nals. Either one of two input ports may be selected for completely control the operation of the device via a
reception of PCM data. comprehensive set of commands.
CONNECTION DIAGRAMS
Top View
24-Pin DIP
VBBE 1@ 24 : Vee
FS[] 2 23 [ McLK
C.[] 3 221 CS
C, E 4 21 3 Do
Vour [] 5 20 [_] DCLK
AGND[] 6 19 [] DGND
Vw[] 7 18 [] TSCB
CAP; q 8 17 7] TSCA
CAP:[] o 16 [] DXA
Cs[] 10 15 DXB
C‘L_"‘\ 11 14 DRA
Cs[] 12 13[7] DRB
28-Pin PLCC
S
x
[a |
m [&]
S a £L218
, OO0 M0n
(4 3 2 1 28 27 26
c,Os 251 Do
Vour[] 6 241 RSRVD
AGND[] 7 23[] DCLK
Vivn[s 22[] pGND
CAPi Qo 21 EI TSCB
CAP, [ 10 20[] TSCA
Cs ] 11 19[] RSRVD
\__12 13 14 15 16 17 18 )
|1 N I O N O A
¢+ o m < O o
o 585 g 3 2
o

Note: Pin 1 is marked for orientation.
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LOGIC SYMBOL

T — Ve MCLK |—— 23
24 —— Ve
8 — CAP,
9 ——| CAP;
7 —— Vi
6 — AGND
5 ——— Vour FSp— 2
19 —— DGND

DXA p—— 16
10 —— Cs
11— C,
12 —— C, TSCA p— 17
3—c, DXB |—— 15
4—— G, TSCB p— 18

DRA |—— 14
22 —Q CS DRB |—— 13
20 —{ DCLK Do f— 21

07004B-2

SLAC/DSLAC Products
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ORDERING INFORMATION
Standard Products

AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is
formed by a combination of: a. Device Number

b. Speed Option (if applicable)

c. Package Type

d. Temperature Range

e. Optional Processing

AM7905A  _ P c B

— T
r——— e. OPTIONAL PROCESSING

Blank = Standard Processing

d. TEMPERATURE RANGE
C = Commercial (0 to +70°C)

c. PACKAGE TYPE

P = 24-Pin Plastic DIP (PD 024)
D = 24-Pin Ceramic DIP (CD 024)
J = 28-Pin Plastic Leadsd Chip

Carrier (PLCC 028)

b. SPEED OPTION
Not Applicable

a. DEVICE NUMBER/DESCRIPTION

Am7905A Subscriber Line Audio-Processing Circuit (SLAC)
WORLD-CHIP®

Valid Combinations Valid Combinations
Valid Combinations list configurations planned to
AM7905A PC, DC, JC be supported in volume for this device. Consult

the local AMD sales office to confirm availability of
specific valid combinations, to check on newly
released combinations, and to obtain additional
data on AMD’s standard military grade products.
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PIN DESCRIPTIONS
AGND DXA, DXB
Analog ground. PCM Outputs
Cs—C; 'Igf)\(;transmit-PCM data is serially fed. out_ to either the
Latched Outputs or the DXB port. The port selection is under user

The serial interface may be used to write data to a regis-
ter whose outputs are brought out to Cs—C1. These 5
lines are TTL-compatible and may be used to control the
operation of a SLIC or any other device associated with
the subscriber line. Cs is used as an output in the Auto-
zero Speedup Mode.

CAP:, CAP;

An external series resistor and capacitor are connected
tothese pins. These components are part of the integra-
tor in the A/D conventer. The recommended values of
these non-precision components are 1K ohm 5% and
2000 pF £20%.

CS
Chip Select
The Chip Select input enables the device to either input

oroutput controldata. A level of -5 V on this input places
the device in the Auto-zero Speedup Mode.

DCLK
Data Clock

The Data Clock input shifts control data either into or out
of the SLAC. The maximum clock rate is 2.048 MHz. A
level of =5 V on this input forces the device into the
Reset state.

Do
Data Input/Output

Control data is serially written and read via the Data In-
put/Output port. The input and output rate is determined
by the Data Clock.

DGND
Digital ground.

DRA, DRB
PCM Inputs

The receive-PCM data is serially received from either
the DRA or the DRB port. The port selection is under
user program control. For both p-law and A-law, 8 bits
are received. The data is received in 2.048- or
4.096-MHz bursts.

program control. For both p-law and A-law, 8 bits are
transmitted. The output is available every 125 ps and
the data is shifted out in 2.048-MHz or 4.096-MHz
bursts. DXA and DXB are high impedance between
bursts and also in the standby mode.

FS

Frame Sync

The Frame Sync pulse input is an 8-kHz signal which
identifies the beginning of a frame. The SLAC refer-
ences individual time slots with respect to the Frame
Sync pulse. The FS pulse must not be longer than 8-
clock periods.

MCLK

Master Clock

The Master Clock is a 2.048- or 4.096-MHz +100 ppm
clock input. MCLK is used by the digital signal
processors and by the PCM interface. Loss of MCLK
should be treated like a loss of power.

TSCA, TSCB

Time Slot Control :

The Time Slot Control outputs are open-drain outputs
and are normally High. TSCA is Low when PCM data is
present on the DXA output and TSCB is Low when PCM
data is present on the DXB output.

Ves
=5-V power supply.

Vec
+5-V power supply.

Vin

Analog Input

The analog input is applied to the transmit path of the
SLAC. The signal is sampled, digitally processed and
encoded for the PCM output.

Vour
Analog Output

The received-PCM data is digitally processed and con-
verted to an analog signal at the Vour pin.
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FUNCTIONAL DESCRIPTION
Device Operation
General

The Am7905A performs the codec and filter functions
associated with the four-wire section of the subscriber
line circuitry in a digital switch. When used with the
Am795XX Subscriber Line Interface Circuit (SLIC), the
pair provide a complete solution to the BORSCHT (Bat-
tery feed, Overvoltage protection, Ringing, Supervision,
Coding, Hybrid, and Test) functions (see Figure 1).

The SLAC contains auto-zeroed A/D and D/A convert-
ers. A microprocessor-compatible interface is provided
to programthe device into a variety of modes. These op-
erating modes include companded operation, dynamic
time-slot assignment, and PCM-port selection.

The SLAC samples the analog signal at the Vix pin and
digitally processes it to produce either a companded
p-law or A-law PCM code at the DXA or DXB output (see
Figure 2). Conversely, it receives either a companded
p-law or A-law PCM code at the DRA or DRB input and
digitally processes it to produce an analog output at the
Vour pin. The processing is accomplished at the frame
rate (8 kHz), and the digital output/input is available for
transmission/reception every 125 ps.

Transmit Signal Processor

In the transmit path (see Figure 3}, the analog signal is
converted, filtered, compressed, and made available for
output.

The prefilter is an integrated anti-aliasing filter which
prevents signals near the sample rate from folding back
into the voiceband during decimation. The A/D is de-
signed to have a wide dynamic range and excellent
signal-to-noise performance. It uses a modified sigma
delta loop with a D/A converter to track the input signal at
a 512-kHz sampling rate.

The Signal Processor contains an ALU, RAM, ROM and
control logic to implement the filter sections. The B, X,
and GX blocks shown in Figure 3 are user-program-
mable filter sections and their coefficients are stored in
the coefficient RAM. These filters may be made trans-
parent when not required in a system.

The decimator reduces the high input sample rate. The
Xfilter is a 4-tap Finite Impulse Response (FIR) section
and is part of the frequency response correction net-
work. The GX filter allows the user to program up to
12-dB gain in the transmit path with an accuracy of
+0.051 dBupto 10.4 dBand +0.15dB upto 12dB. The
B filter has 8 taps and operates on sampled input from
the Receive Signal Processor in order to provide trans-
hybrid balancing inthe loop. The low-passfilter limits the
output bandwidth to meet the transmission require-
ments. The high-pass filter rejects 15-Hz and 50/60-Hz
frequencies, and may be disabled for testing.

Transmit PCM Interface

The Transmit PCM interface receives either 8-bit
compressed p-law or A-law code from the digital com-
pressor. This code isloaded into the output register. The
Transmit PCM interface logic (see Figure 4) controls
the transmission of data onto the PCM highway through
the output port-selection circuitry and the Time Slot
Control block.

The Frame Sync (FS) pulse identifies the beginning
of a Transmit frame and all channels (time slots) are
referenced to it. The logic contains user-programmable
Transmit Time Slot and Transmit Clock Slot registers.
The Time Slot register is normally 5 bits wide and allows
up to thirty-two 8-bit channels (using MCLK=2.048
MHz) in each frame. But in the expanded mode, 6 bits
may be programmed to give sixty-four 8-bit channels
(using MCLK=4.096 MHz) in each frame. The ex-
panded mode bit becomes the sixth bit of the Time Slot
register. If this bit is Low, one of channels 0 to 31 is se-
lected and if it is High, one of channels 32 to 64 is se-
lected. This only applies if MCLK is 4.096 MHz. Thisfea-
ture allows clock frequencies of 2.048 or 4.096 MHz ina
system. For p-law and A-law operation, 8 bits/channel
are output. The data is transmitted Most Significant Bit
(MSB) first. The Clock Slot register is 3 bits wide and
may be programmed to offset the Time Slot assignment
by 0 to 7 MCLK periods to eliminate any clock skew in
the system (see Figure 5).

In the Am7905A, the PCM data may be user-pro-
grammed to be output onto one of two ports, DXA
or DXB. Correspondingly, either TSCA or TSCB. is
also Low.

Receive PCM Interface

The Receive PCM interface logic (see Figure 6) controls
the reception of data from the PCM highway and trans-
fers it for expansion (u-law or A-law) to the Receive
Signal Processor. The operation of this interface isiden-
tical to the Transmit section.

The Frame Sync (FS) pulse identifies the beginning of
a Receive frame and all channels (time slots) are refer-
enced to it. The logic contains user-programmable
Receive Time Slot and Receive Clock Slot registers.
The Time Slot register is normally 5-bits wide and allows
up to thirty-two 8-bit channels (using MCLK=2.048
MHz) in each frame. But in the expanded mode, 6 bits
may be programmed to give sixty-four 8-bit channels
(using MCLK =4.096 MHz) in each frame. The ex-
panded mode bit becomes the sixth bit of the Time Slot
register. If this bit is Low, one of channels 0 to 31 is
selected and if it is High, one of channels 32 to 63 is se-
lected. This only applies if MCLK is 4.096 MHz. This
feature allows clock frequencies of 2.048 MHz or
4.096 MHz in a system. The MSB of the code must be
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received first. The Clock Slot register is 3-bits wide and
may be programmed to offset the Time Slot assignment

In the Am7905A, the PCM data may be user-
programmed to be input from one of two ports, DRA

by 0 to 7 MCLK periods to eliminate any clock skews in or DRB.
the system (see Figure 7).
-5V 45V
Ringing Ringing DA Vee 1 Ves MCLK
Source | o Network DB
Veo ns Lo 1k Veo 2.048-MHz
'C;‘X' Am795XX ] ~—| CAP, or 4.096-MHz
+ stic o Am7905A Clock
Tip OF o—ap 2000 pF SLAC
Alead AX(TIPX) -— cap,
HPA
V.TX VIN
Protection 1 AGND 4 AGND
Network T C* 2R =
Rax*
Ring or HPB RSN W Vour
B Lead > ] BX (RINGX) % Ao S| DGND
| ———— . *‘ FS
DC1 >
’ Roc W ic % o— Cs DXA ©
RINGOUT = PCM
4 Interface
TESTOUT Ce C TSCA
/J-, BGND G Cs DXB
Vkrea C Ca TSCB °
Switching L DRA
Regulator Ci Ci
Components* CHS DRB
QBAT -D—E—r 'C'§
VBAT : VBAT E
0
CHCLK DCLK Dio —|
Battery Ground
Analog Ground
* 256-kHz > ° 1 >
D'g'm;m”“d Clock Microprocessor Interface

* Component values are user-programmable. Refer to SLIC product specifications.

Figure 1. Single-Channel Subscriber Line System

070048-03

SLAC/DSLAC Products

2-43



n AMD

FINAL
CAP: CAP:
L1 ‘ . DXA
Vi o—  Prefilter AD Transmit Transmit +——o TSCA
Signal Processor PCM Interface }—— DXB
| T —° T5CB
Serial /O
Interface —2 Control
Vour D/A Receive Receive o DRA
Signal Processor PCM Interface DRB
Figure 2. SLAC Block Diagram 07004B-04
Transmit Signal Processor
To
) Low- High- Digital p- ;
Vin o—| Prefiter || AD H#| Decimator || X | GX L ol pacs o] Pass Law/A-LI:zw Transmit
Filter Filter h h PCM
Filter Filter Compressor Interf.
nterface
S}
From Serial B
I/O Interface Filter
From Receive
Signal Processor
Figure 3. Transmit Signal Processor orooumos
——0 DXA
From —OTSCA
Transmit > Output > Port TSCA
Signal Register Selection  |——o0 DXB
Processor
[——O TSCB
4
FS O—»
Time Slot < Time & Clock fe— From
Control Slot Register Serial /0 Interface
MCLK O—
Figure 4. Transmit PCM Interface 070048-06
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Receive Signal Processor

Inthereceive path (see Figure 8), the digital signal is ex-
panded, filtered, converted to analog, and output onto
the Vour pin.

The Signal Processor contains an ALU, RAM, ROM and
control logic to implement the filter sections. The Z, R
and GR are user-programmable filter sections and their
coefficients are stored in the coefficient RAM. These fil-
ters may be made transparent when not required in a
system.

The low-pass filter band-limits the signal. The GR filter
allows the user to program a loss of up to 12 dB with an
accuracy of +0.051 dB. The Rfilter is a 4-tap FIR section
and is part of the frequency response correction net-
work. The Z filter provides feedback from the Transmit
Signal Processor to the Receive Signal Processor and
is used to modify the effective input impedance to the
system. The interpolator provides the higher sample
rate to the D/A converter.

Time Slot 0
[*~ Clock Slot 0

MCLK

_/ \ -

I. Programmed > I
Time Slot
| 1 | l 2 I I 7 | | 8 I I | |

DXA
or Three-Stat -
DXB il - -< 1 X 2 X X 8 | p————
Figure 5. Transmit PCM Timing Diagram 070048-07
Recei-l\;g <¢—O DRA
Signal Input “ Port
Processor Register Selection DRE
r
FS O—;
Time Slot < Time Slot le——
- From
MCLK O— Control Registers Serial /O Interface

07004B-09

Figure 6. Receive PCM Interface
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Time Slot 0
[*~ Clock Slot 0

e | L [

s /\

l‘— .
[ T ) I I B e

Programmed
Time Slot

—

DRA I
4 XXRXRXRIKRKIKRHX X~ - XX XRXRX
DRB e —
Figure 7. Receive PCM Timing Diagram 070048-010
Receive Signal Processor
From
Low- Digital pi-Law :
Voro—{ D/A |« Interpolator |&—] Fiil?er  — F(ialtIZr le—| Pass |« o A-Law Receive
Fitter Expander PCM
l Interface
From Serial N
/O Interface z

T

From Transmit
Signal Processor

07004B-08

Figure 8. Receive Signhal Processor

Serial I/O Interface

A microprocessor may be used to program the SLAC
and control its operation using the Serial I/O Interface
(see Figure 9). Additionally, data programmed previ-
ously may be read out for verification. The control word
format is shown in Table 1. Commands are provided to:

The interface consists of 3 pins, CS, DCLK, and Dio. The
device is accessed by CS and data is serially loaded-in
or read-out on Dio under control of DCLK. Either com-
mands or data words may be written to the SLAC, but
only data words can be read out. All words are 8-bits
wide and are written or read MSB first (see Figure 10).

For both reception or transmission of words, exactly 8
Data Clock cycles must be received after CS goes Low.
CS must stay High (off period) for a minimum time pe-
riod before it can go Low again (see Note 4 under
Switching Characteristics). During this off-period, the
logic decodes and executes the command. All reading
of data by the SLAC must be preceded by an input com-
mand requesting the data. Once control data transmis-
sion has begun, no new input commands will be ac-
cepted until control data transmission is completed.

m  Set active/inactive modes

m  Set up test functions

= Set up operating functions

»  Program filter coefficients

m  Assign time slots and port selection

= Write to the SLIC latch

= Enable/Disable each user-programmable filter
2-46
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A Serial I/O cycle is defined by transitions of CS and
DCLK. Upon proper application of power supplies and
MCLK, the device expects the first word to be a com-
mand. A number of commands require additional data
words to be input or output. The SLAC will not accept
new commands until all this data has been transferred.

There are two possible operations of DCLK and CS for
the SLAC to function correctly. If the CS is held in the
High state between accesses, the DCLK may free run
with no change to the internal control data. Using this
method, the same DCLK may be run to a number
of SLACs and individual CSlines will select the appropri-

atedevice toaccess. Ifthe DCLK is held in the Low state
between accesses, the CS line may make multiple
transitions between accesses for a particular SLAC.
This allows running one CS line to all SLACs and select-
ing a particular device through enabling or disabling its
DCLK.

It should be noted that the DCLK can stay in the Low
state indefinitely with no loss of intemal control informa-
tion. However, it should not be held in the High state for
more than 20 ps to ensure proper operation as indicated
by the Switching Characteristics Table.

Receive Receive :
Coefficient Time Slot Operating
RAM Control
Data Bus o Ci
Do O Serial/ < SLIC Ce
Parallel Outputs|—© Cs
DCLK O— Conversion ueu s‘—O C
CS 0 Command Control —oO C‘
Decoder )
Transmit Transmit Test
Coefficient Time Slot Conditions
RAM Control
Figure 9. Serial VO Interface orecsaent
TS Cs
Off-Period
1.2 3 4 5 7 8 12 3

oy GGI GQQQ'D (XX
i S 00000864\ Eee

Figure 10. Serial /O Interface Timing Diagram
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Table 1. Command Summary

The Serial /O Interface consists of Data Input/Output,
Data Clock and CS Input. Data is read in (read out) on
the Serial Data Input (output). The Serial Input consists
of 8-bit (byte) command words which may be followed

further information about the command. The classes of
command are:

D; Ds Ds

with additional bytes of input data or may be followed by 0 0 0 Inactivate/No Operation
the SLAC outputting bytes of data. All words are input 0 0 1 Transmit Time Slot Selection
with MSB (D7) firstand LSB (Do) last. Alloutputs are out- ~~ © 1 0 Receive Time Slot Selection
put with the MSB (Dy) first and the LSB (Do) last. Words ~ © 1 1 Clock Slot and Galn Selection ’
are written or read one at a time, with TS going High for 1 0 0 2:? gi‘gﬁ: 'g a::jag? M Mode
at least the minimum off-period (see Switching Charac- Functions and PpCM Mo%es
teristics) before the next read or write operation. The 1 0 1 Read/Write Coefficients, Set
first 3 bits of the command word indicate the type of Test Modes, Select p-law/A-law
command and the last 5 bits contain either data or 1 1 0 Data for SLIC Interface
1 1 1 Activate/No Operation

MSB Ds Ds Ds Ds Ds D2 D1 Do LSB

0 0 O 0 0 0 0 O Inactivate

0 0 1 T T T.T T Transmit Time Slot Selection Choose 1 of 32 Time Slots

o 1 0 T T T TT Receive Time Slot Selection Choose 1 of 32 Time Slots

o 1 1 0 0 C CC Transmit Clock Slot Selection Choose 1 of 8 Clock Slots

o 1 1 0 1 C C C Receive Clock Slot Selection Choose 1 of 8 Clock Slots

0 1 1 1 0 0 1 0 Transmit Gain Selection (GX) Followed by 2 Bytes of Data

o 1 1 11 0 1 0 Receive Gain Selection (GR) Followed by 2 Bytes of Data

o 1 1 1 0 1 0 1 Read Transmit Time and Clock Slot Followed by 1 Byte of Data

o 1 1 1 0 0 0 1 Read Transmit Gain (GX) Followed by 2 Bytes of Data

0o 1 1 11 1 0 1 Read Receive Time and Clock Slot Followed by 1 Byte of Data

o 1 1 1 1 0 0 1 Read Receive Gain (GR) Followed by 2 Bytes of Data

o 1 1 10 1 1 1 Read PCM Mode Followed by 1 Byte of Data

i 0 0 0 B X R Z Enable Filters

1 0 © 1 Ds Dx Rex Tex PCM-Mode Selection

1 0 1 0O 0 0 O O Write B Cosfficients Followed by 12 Bytes of Data

1 0 1 o 0 1 0 O Write X Coefficients Followed by 8 Bytes of Data

1 0 1 o 1 0 0 0 Write R Coefficients Followed by 8 Bytes of Data

1 0 1 o 1 1 0 0 Write Z Coefficients Followed by 8 Bytes of Data

1 0 1 o o o t 1 Read B Coefficients Followed by 12 Bytes of Data

1 0 1 0o 0o 1 1 1 Read X Coefficients Followed by 8 Bytes of Data

1 0 1 o1 0 1 1 Read R Coefficients Followed by 8 Bytes of Data

1 0 1 o 1 1 1 1 Read Z Coefficients Followed by 8 Bytes of Data

1 0 1 1 0 0 0 O Reset to normal conditions

1 0 1 1 0 0 0 1 Add -6 dB to receive gain

i 0 1 1 0 0 1 0 Cutoff receive path

1 0 1 1 0 1 1 1 Test mode—-analog loop-back

1 0 1 1 0 1 0 0 Test mode—digital loop-back

1 0 1 1 0 0 1 1 Disable High-Pass Filter (set to 1) and

freeze auto-zero circuit

1 0 1 11 0 0 O Choose A-law

1 0 1 1 1 0 0 1 Choose p-law

1 0 1 1 1 1 1 0 Set device to operate with MCLK=2.048 MHz

i 0 1 11 1 1 1 Set device to operate with MCLK = 4.096 MHz

1 1 0 c c c Cc ¢C Outputs to SLIC

1 1 1 11 1 1 1 Activate
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Am7905A Detailed Serial
Command Definitions

Inactivate (Standby Mode)

MSB LSB
LofofofofofoJofeol]

In the inactive mode, none of the programmed informa-
tion is changed and the analog output is set to 0 V
through a moderate series impedance. The Serial /O
remains active, the SLIC control outputs remain valid,
and the PCM outputs are high impedance.

* Activate (Operational Mode)
MSB LSB

Lo [ [o Po fo s o]

Valid PCM data is not transmitted until after the second
FS pulse is received following the execution of the Acti-
vate command.

Transmit Time Slot Selection

MSB LSB
[ofJo]1|m] ][] 1] ]

Bits T4 through To select one of 32 time slots.

Transmit Clock Slot Selection
MSB LSB

LoltJi1JoJoJefc] ol

Bits Cz through Co select one of eight clock slot offsets
within the time slot.

Read Transmit Time and Clock Slots

Command

MsB LSB
ot Tt Jo]s1fof ]

Output Data

[ ]| |{T | T]c]|c| clayes

The transmit time and clock slots are read out time slot
first, followed by clock slot.

Receive Time Slot Selection

MSB LSB
I0|1I0|T4IT3IT2IT(|T0|

Bits Ta through To select one of 32 time slots.

Receive Clock Slot Selection

|

Bits Cz through Co select one of eight clock slot offsets
within the time slot.

MSB LSB
o[ 11l ol 1] ec] cl cl

Read Receive Time and Clock Slots

Command

MSB LSB
Lofa T e folvfofal]

Output Data
I Ts lTa ITz IT| lTo l CT[C! l CﬂByte1

The receive time and clock slots are read out time slot
first, followed by clock slot.
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Write GX Filter Coefficients

Command
MSB LSB

Lol Js+]sloJoft]ol

Input Data
Cio Mu Cio mao Byte 1
Cx mMmxn Cio My Byte 2

Read GX Filter Coefficients

Command
MSB LSB
folrJ1J1Jofo]of 1]

Output Data
Co M Ca My Byte 1
Co Mx Ciwo My Byte 2

Write GR Filter Coefficients

Command
MSB

LSB
Lolsfsfofrlofr]o]

Input Data

Byte 2

Read GR Filter Coefficients

Command
MSB LSB
Lof1f1r 1 ]i1jofoln]
Output Data
Cso Me Cao Mo Byte 1
Cx mMxn Cio Mo Byte 2

Byte 1 ‘

Write PCM Mode Selection

MsB LSB
[ 1 Jo]o] 1 ]oe]n]Ra] 1]

Receive Port: Dr=0: PCM data is input on DRA.
Da=1: PCM datais input on DRB.

Transmit Port:  Dx=0: PCM data is output on DXA.
Dx=1: PCM data is output on DXB.

Receive Rex=0: Reset Receive Expanded Mode.

Expanded Mode: Rex=1: Set Receive Expanded Mode.

Transmit Tex=0:
Expanded Mode: Tex=1:

Reset Transmit Expanded Mode.
Set Transmit Expanded Mode.

Read PCM Mode Selection

Command

MSB LSB
Lof1Jelrfofsf]]

Output Data

[+ T+ 7171 ]oa]oc]Ra] 7]

Enable Filters

MsB LSB
{1 [o[o]o]|eB|[ex|Er|Ez]

B Filter: EB =0: B filter disabled.
EB=1: Bfilter enabled.
X Filter: EX=0: Xfilter disabled.
EX=1: Xfilter enabled.
R Filter: ER=0: R filter disabled.
ER=1: Rfilter enabled.
Z Filter: EZ=0: Zfilter disabled.
EZ=1: Zfilter enabled.
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Write Test Mode Selection

MSB LSB
{1 o1 ] 1 ]o|ln]|T] ]

T3 T2 T1 Function

0 O 0 Resettonormal conditions as follows. Receive
gain is set to the value stored in the GR
register. Analog and digital loopback modes
are reset. The high-pass filter is enabled and
the auto-zero circuit is operational. The
receive path is not cutoft.

Add -6 dB to receive gain.

0 1 0 Cutoffreceive path.

Disable high-pass filter (set to 1) and freeze
auto-zero circuit.

1 0 O Activate digital loopback.
Activate analog loopback.

Select PCM Coding
MSB
Lt [o

LSB
[+ [+ [1Jofo]B]

Bit B selects the type of PCM code to be used.
For the Am7905A: B =0: A-Law.
B=1: p-Law.

Write SLIC Output Registers

MSB LsB
[1]1]o]c]clc]|c]c|

Write B Filter Coefficients

Command

MSB LSB
[+ fof+JofoJofofol]

Input Data
Cwo Mmw Co ma Byte 1
Cio Mio Cas Mat Bwe 2
Cai  ma Cit  mn Byte 3
Cs2 Mz Cx mz Byte 4
Ciz  me Cas  Mas Byte 5
Cz M2 Ci M Byte 6
Cas  ma Cae M2 Byte 7
Cu  Mmu Cas  mss Byte 8
Cxs mas Cis  mss Byte 9
Cas M Cz Mas Byte 10
Cis  mis Cyz Mo Byte 11
Cz my Ciy mp Byte 12

Read B Filter Coefficients

Command

MSB LSB

[1fofrfofJoJof ]

Output Data

l Cxo mx I Co Mz IByte1
. o
| |1

| Cz mz I Cry my I Byte 12

Write X Filter Coefficients

Command

MSB LSB

L1 fof1]ofJol+]ofol]

Input Data
Cw mu Cao  Mao Byte 1!
Cao Mo Cio Mo Bytez
Ca M Car Moy Byte 3
Cz Ma1 Cu My Byte 4
Ca Ma2 Caz Maz By(es
Cz Mz Ciz Mz By136
Ca Maa Cas Maa Byte?
Cz Mz Cis Mia By{ea

Read X Filter Coefficients

Command

MsB ‘ LSB

Lifolrfofofsfa]s]

Output Data

I Cso Me | Cso ma IByte1
I I
| [ |

I Cax man | Cis M | Byte 8
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Write R Filter Coefficients

Command

MSB LSB
Lt fofrJofiJofofol

Input Data
Ca Mas Cas Maa Byte 1
Cx mzn Cia mpa Byte 2
Ce Maz Ca2 Ms2 Byte 3
Cz mz Ciz me Byte 4
Ca  ma Cai  mm Byte 5
Ca  ma Ciu  mn Byte 6
Cso Mo Cao Mo Byte 7
Co M Cio Mo Byte 8

Read R Filter Coefficients

Command

MsB LSB
L+ fol1JofliJof+]+]

* Output Data
| Cs Ma I Cas  Mas | Byte 1’
. o
|1 | ||
I Co Mo | Cwo Mmoo | Byte 8

Write Z Filter Coefficients

Command

MSB LSB
[+ fofsJofa]r]ofol

Input Data
Ca ma Cas  Mu Byte 1
Cax M2 Cia Mia Byte 2
Cee me Caz M Byte 3
Cz M2z Ci2 Mi2 Byte 4
Ca Mat Cas Mat Byte 5
Ca M2t Cu M Byte 6
Cio Me Cao Mao Byte 7
Co mx Cio Mmoo Byte 8
Read Z Filter Coefficients
Command
MSB LSB
EN KN ENEENENERER
Output Data
I Cs  Ma l Cas  Maa | Byte 1
| .
| |1
| C2 Mo | Cio Mo | Byte 8
Select MCLK Frequency
LSB

MSB
IEN N EN EN KN ENER Y

Bit C selects the MCLK frequency to be used.

C=0: MCLK=2.048 MHz
C=1: MCLK=4.096 MHz
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Figure 11. SLAC Signal Processing Flow

Digital Filters

The SLAC uses digital signal processing to implement
the various filters (see Figure 11).

The advantages of digital filters are:

= High reliability

®  No drift with time or temperature

®  Unit-to-unit repeatability

m  Superior transmission performance

Six of the digital filters in the signal processing sections
are user-programmable. These allow the user to inde-
pendently modify the gain in both the transmit and
receive paths, provide trans-hybrid balancing in the
system, and adjust the two-wire line termination impe-
dance. This programming capability feature allows the
user to optimize the performance of the SLAC for his
system.

General Description of CSD Coefficients

Thefilter functions are performed by a series of multipli-
cations and accumulations. A multiplication is accom-
plished by repeatedly shifting the multiplicand and
summing the result with the previous value at that sum-
mation node. The method used inthe SLAC is known as
Canonic Signed Digit (CSD) multiplication and splits
each coefficient into a series of CSD coefficients.

Each programmable filter section has the following gen-
eral transfer function:

HF () =ho+hiz '+ h2z2+.. . +hnz™" 4}
where the number of taps in the filter=n + 1.

The values of the user-defined coefficients (h) are as-
signed via the MPI. Each of the coefficients (hi) is de-
fined in the following general equation:

hi=B12M1 4 B2 M2, | 4 Bn2MN, P
where:
the number of shifts=Mi < Mi .1
sign=Bi= *1

N =Number of CSD coefficients.

The value of hiin (2) represents a decimal number which
is broken down into a sum of successive values of:

+1.0 multiplied by 29, or 271, or 272, 277 .
or
+1.0 multiplied by 1, or 1/2, or 1/4...1/128....

The limit on the negative powers of 2 is determined by
the length of the registers in the ALU.

The coefficient hi in Equation 2 can be considered to
be a value made up of N binary 1s in a binary register
where the leftmost part represents whole numbers, the

SLAC/DSLAC
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rightmost part represents decimal fractions, and a deci-
mal point separates them. The first binary 1 is shifted M1
bits to the right of the decimal point, the second binary 1
is shifted Mz bits to the right of the decimal point, the third
binary 1 is shifted Ms bits to the right of the decimal point,
and so on.

Note that when M1 is 0, the resulting value is a binary 1
in front of the decimal point, that is, no shift. If Mz is also
0, the result is another binary 1 in front of the decimal
point, giving a total value of binary 10 in front of the
decimal point (i.e., a decimal value of 2.0). The value of
N, therefore, determines the range of values the coeffi-
cient h; can take; for example, if N=3 the maximum
and minimum values are +3, and if N =4 the values are
between +4.

Detailed Description of SLAC Coefficients

The CSD coding scheme in the SLAC uses a value
called mi, where m1 represents the distance shifted right
of the decimal point for the first binary 1, mz represents
the distance shifted to the right of the previous binary 1,
and ma represents the humber of shifts to the right of the
second binary 1. Note that the range of values deter-
mined by Nis unchanged. Equation 2 is now modified (in
the case of N=4) to:

hi=B12-M1 4+ Bp2-M2 . B;0-M3 . B,0-M4 3)

hi=C12-™ 4 C1C22-(M1+M2) 4 G4CoCs2- (M1 +m2+m3)
+ C1C2C3C42-(M1+m2+m3.+md) @

hi=C12-™ . [1+C22™. {1 +Ca2-™. (1 + C4a2-™)}] (5)

where:
Mi=m and B1=C4
M2 =mi+ m2 B2=C1-C2
Ms =mi1+ mz2+ m3 B3=C1-C2-Ca

B4=C1-C2-C3-Ca
In the SLAC, a coefficient hi consists of N CSD coeffi-
cients, each being made up of 4 bits and formatted as
Cxymxy, where Cyxy is one bit (MSB) and myy is 3 bits.
Each CSD coefficient is broken down as follows:

M4 = m1+ m2+ m3+ ny

Cxy s the sign bit (0 = positive, 1 = negative).
my is the 3-bit shift code. It is encoded as a
binary number as follows:

000: illegal

001: 6 shifts
010: 5 shifts
011: 4 shifts
100: 3 shifts
101: 2 shifts
110: 1 shift

111: 0 shifts

y is the coefficient number (the i in hi).

X is the position of this CSD coefficient within
the hi coefficient. It represents the relative
position of the binary 1 represented by this
CSD coefficient within the hi coefficient. The
most significant binary 1 is represented by
x = 1. The next most significant binary 1 is
represented by x = 2, and so on.

Thus, Ciamia represents the sign and the relative shift
position for the first (most significant) binary 1 in the 4th
(h3) coefficient.

The number of CSD coefficients, N, is limited to 4 in the
GR, GX, R, X, and Z filter, and 3 for the Bfilter. Note also
that the GX filter coefficient equation is slightly different
from that of the other filters:

hiex=1+hi (6)

Please refer to the section detailing the commands for
complete details on the programming of the coefficients.

Two-Wire Impedance Matching

A feedback path is provided from the transmit to the re-
ceive section via the Z filter. This filter may be pro-
grammed to modify the effective termination impedance
(Zsuc) of a SLIC or a transformer hybrid to a desired
value. The desired impedance may be complex. This
feature allows the userto terminate each SLIC in a Sub-
scriber Line System with a fixed resistor and digitally
modify their impedance using the Z filter.

The X and Rfilters are the Transmit and Receive attenu-
ation distortion correction filters. These filter sections
are programmed to compensate the attenuation distor-
tion caused by the Z filter.

Trans-Hybrid Balance

In a traditional line card system, a balance network is
used with the SLIC to achieve trans-hybrid balancing. If
the balance network perfectly matches the subscriber's
line, infinite trans-hybrid balancing is achieved. But in
general, the matching in traditional systems is poor and
trans-hybrid balancing is not very good. Some systems
have up to 2 or 3 compromise networks per line that
must be selected semi-automatically or manually to pro-
vide the balance.

In the SLAC, a feedback path is provided from the re-
ceive to the transmit section via the B filter. This filter
may be programmed to cancel the received signal from
the transmit signal path and achieve a significantly im-
proved level of trans-hybrid balance.

Gain Adjustment
Signal levels in the transmit and receive paths may be
modified by programming the GX and GR filters. The GX
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filter allows the user to add up to 12 dB of gain (with an
accuracy of 0.051 dB up to 10.4 dB and +0.15 dB up
to 12 dB) in the transmit path. The GR filter allows the
user to add up to 12 dB of loss (with an accuracy of
+0.051 dB) in the receive path.

Test Features

The SLAC simplifies system testing by providing both
digitaland analog loop-back paths. Under program con-
trol, eitherthe DRA or DRB input is looped to the DXA or
DXB output (digital loop-back) through a path from the
output of the interpolator in the receive path to the input
of the decimator in the transmit path. The Vv input is
loopedto the Vour output (analog loop-back) through the
Zfilter. To allow testing of the subscriber loop cabling for
leakage, the transmit high pass filter may be disabled
and auto zero operation interrupted. The receive analog
output may be programmed to open-circuit or cut off the
receive path. This receive cut-off command may be
used to stop oscillations in the four-wire side of the tele-
phone network.

The SLAC contains an auto-zero circuit in the A/D con-
verter which takes several seconds to settle following a
change in the offset voltage at Vin. To facilitate compo-
nent testing of the SLAC, there is a test mode available
to accelerate settling of the auto-zero circuit. This test
mode is activated by holding the CS input at -5 V for at
least 64 ms with the offset voltage applied to Vi (and no
signal). The auto-zero will settle in this time. In a compo-
nent test environment, this procedure should be fol-
lowed after programming the filters.

Note: The digital loopback (DLB) path processes an internal
data word 2-bits shorter than in normal mode. Therefore,
DLB signal processing performance is not equivalent to
normal mode signal processing and does not meet the
specified transmission specifications. DLB is recommended
for use with 0 dB programmed gain/attenuation and PCM
signal levels above —-25 dBm0.

Standby Mode

The SLAC is forced into the standby mode either by a
hardware reset applied to the DCLK input or by recep-
tion of the Inactivate command. In this mode, power is
switched off from all circuitry that can be turned off. No

transmission or reception of PCM data takes place.
However, the circuits which contain programmed infor-
mation retain their data. The Serial /O Interface re-
mains active to receive new commands.

Power-On Clear

Before any other commands are written to the SLAC, 13
Inactivate commands should be sent to the serial port of
the SLAC in case the SLAC powers up in the middle of a
read sequence. Alternatively, a hardware reset opera-
tion can be carried out by applying—5 V to the DCLK pin.
A loss of MCLK should be treated like a loss of power.

Stand-Alone Mode

Inthe stand-alone mode, the serial interface is not used.
The DCLK and Dio pins may be used to control the
device. Applying -5 V to the DCLK pin resets the device
and the Dio pin can subsequently be used to power-up or
power-down the SLAC.

DCLK Dio
0 X Normal Mode
1 X Normal Mode
-5V 0 Reset and Power-Down
-5V 1 Reset and Power-Up
Reset State

The Reset State of the device is:

a. Both Transmit and Receive, Time and Clock Slots
are setto 0.

b. A-law is selected.
B, X, R, Z filters are disabled.

d. Both Transmit (GX) and Receive (RX) gains are
set to unity.

e. SLIC outputs (Cs—Cs) are set High.

f. Normal conditions are selected.

g. DXA/DRA ports are selected.

h. Device operates with 2.048-MHz clock only.
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u-Law: Positive Input Values

1 2 3 4 5 6 7 8
Number - . . Character Value at Decoder
Segment of Intervals Value at Decision Decision Signal (5) Decoder Output
Number X Interval Segmgnt Value Value Output Value
Size End Points | Number n Xa (1) Bit Number v» (3) Number
12345678 "
8159 (128) (8159) f------=-----4
10000000 8031 127
127 7903 ; ; :
8 16x256 @
113 4319
10001111 4191 112
4063 112 4063 . : :
7 16x128 @ : :
97 2143
10011111 2079 96
2015 96 2015 T H :
16x64 * ° @) : H
6 81 1055
10101111 1023 80
991 80 991 : : :
i 2
16x32 : * : @) : H
5 65 511 : ’
10111111 495 64
479 64 479 . .
: E 2
16x16 : : @ : H
4 49 239
11001111 231 48
223 48 223 . .
: H 2
16x8 3:3 163 @ H H
8 11011111 99 32
95 32 95 : : :
H H 2
16x4 1=7 35 @) H H
2 11101111 33 16
31 16 31 : :
: : 2
15%2 : : @) H :
3
1 2 11111110 2 1
1x1 ! 1 11111111
Notes: 1. 8159 normalized value units correspond to Tuax=3.17 dBmo.

The character signal corresponding to positive input values between two successive decision values numberedn and n +1

(see column 4) is (255 —n) expressed as a binary number.

The value at the decoder is yo=Xo=0 for n=0, and y,;mfor n=1,2,...,127.
Xi2g is a virtual decision value. 2
Bit 1 is a O for negative input values.
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A-Law: Positive Input Values
1 2 3 4 5 6 7 8
Character Signal
Numb ! Val Decod
Segment of Iﬁtr:ngls Value at Decision Decision | Before Inversion D:cl:)ed:tr Oe:jt(::)uir
Nugmber X Interval Segment Value Value of g:te ,‘E}’ni%g“s Output Value
Size End Points | Number n Xn (1) 12345678 v» (3) Number
4096 (128) (4096) f--m=-=-==-=]
11111111
127 3968 : 4032 128
7 16x128 i 2
113 2176 :
11110000
2048 112 2048 2112 18
6 16x64 : : @
¥ 1086 11100000
1024 96 1024 - 1056 57
5 16x32 P @
& o4 11010000
512 80 512 - 528 8
16%16 : &)
* o 272 11oo'oooo
256 64 256 - 264
16x8 i @
? “ 136 10110000 : ‘
128 48 128 : 182 49
16x4 H i @
2 33 68
10100000 o6
64 a2 64 : ;
1 32x2 @)
1 2 * :
l 10000000 ] ]
0 0

Notes:

1.

4096 nomalized value units correspond to Tuax=3.14 dBm0.

The character signals are obtained by inverting the even bits of the signals of column 6. Before this inversion, the character
signal corresponding to positive input values between two successive decision values numbered n and n +1 (see column 4) is
(128 + n) expressed as a binary number.

The value at the decoder outputis yo= X2 =1**" forn=1, ..., 127, 128.
4. Xizsis a virtual decision value. 2

Bit 1 is a O for negative input values.
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES
Storage Temperature .............. —60to 125°C Commercial (C) Devices
Ambient Temperature underBias ... ..... 0to 70°C Ambient Temperature (Ta) ... .......... 0to 70°C
Vec withrespectto DGND .. ..... ... -0.4t0 +6.0V Vee vt +5.0 V5%
Ves with respect toDGND .......... 1+041t0-6.0V VBB o e -5.0V 5%
Vin with respectto AGND ............. Vs to Vee DGND.......ovvvviiie e ov

AGND ............oiiiiiiin. DGND +100 mV

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at
or above these limits is not implied. Exposure to Absolute
Maximum Ratings for extended periods may affect device
reliability.

Operating ranges define those limits between which the
functionality of the device is guaranteed.

DC CHARACTERISTICS over operating range (Note 1) unless otherwise specified

Parameters | Description Test Conditions Min Typ | Max Units
Zn Analog Input Impedance -32V<Vn<3.2V 20 kQ
Zour Analog Output Impedance -82V<Vourc32V 20 Q
Vios Offset Voltage Allowed on Vi +40 mV
Voos Analog Output Offset Voltage _ +30 mV
Vir Analog Input Voltage Range 3.2 \
Vor Analog Output Voltage Range RL210kQ, C. <50 pF +3.2 \
lour Analog Output Current 350 ) pA
Vi Input Low Voltage (All Digital

Inputs Except DCLK in Stand

Alone Mode and CS in Auto-zero

Speedup Mode) -0.5 0.8 \'
Vi Input High Voltage (All Digital Inputs) 2.0 Vee v
Vou Output Low Voltage

(All Digital Outputs) lo=2 mA 0.45 v
Von Output High Voltage

(All Outputs Except TSC) lon=400 pA 2.4 v
loL Output Leakage Current +10 pA
I Input Leakage Current ' +1 pA
I (Vin) .Input Leakage Current on Vi Pin 0.2 HA
lec (S) Vee Supply Current (Standby) 15 mA
les (S) Vss Supply Current (Standby) Vec=5.25V 10 mA
lec (A) Vee Supply Current (Active) Ves=—4.75V 60 mA
les (A) Ves Supply Current (Active) 20 mA
PSRR Vce Power Supply Rejection Ratio 35 dB

200 mV p-p @ 1.02 kHz

PSRR Ves Power Supply Rejection Ratio {’,’C’C‘Q‘jrsaﬁz'{’,’::f‘_essspp'y’ 30 dB
C Input Capacitance (Digital) 5 pF
Co Output Capacitance (Digital) 8 pF

Note: 1.Typical values are for Ta = 25°C and nominal supply voltages. Min and max specifications are over the temperature and supply voltage

ranges shown in the above table entitled “Operating Ranges.”
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TRANSMISSION CHARACTERISTICS

All specifications are guaranteed with 0 dB<GX<+12
dB, —12dB<GR<0dB and A-law or p-law companded

PCM, unless otherwise specified.

When GR =0 dB, a 1020-Hz sine wave signal with level
of 0 dBmO at the digital input will correspond to an rms

voltage of 1.6 V for A-law and 1.588 V for p-law at the
analog output. When GX=0 dB, a 1020-Hz sine wave

signal with rms voltage of 1.569 V for A-law and 1.557 V

for p-law at the analog input will correspond to a level of
0 dBmo at the digital output.

Description Test Conditions Min Typ Max Units
Attenuation Distortion 1020 Hz @ —10 dBm0 (see Fig. 12)
Gain (either path)
a. Deviation from ideal value 1020 Hz @ —10 dBm0O -0.2 +0.2 dB
b. Deviation from initial value -0.2 +0.2 dB
Group Delay Distortion (either path) —10 dBmO signal (see Fig. 14)
Harmonic Distortion (Note 1) -40 dB
Intermodulation Distortion a. (Note 2) -35 dB
b. (Note 3) —49 dBmo
Crosstalk
a. Go-to-Return Path 300-3400 Hz, 0 dBmO -90 -70 dB
b. Return-to-Go path 300-3400 Hz, 0 dBmO -90 -70 dB
Gain Tracking (either path) (see Fig. 15
& 17) dB
Signal to Total Distortion (either path) (see Fig. 16,
18, & 19) dB
u-Law Companded PCM
Idle Channe! Noise (weighted, transmit) 19 dBrnco
Idle Channel Noise (weighted, receive) 15 dBrnc0
A-Law Companded PCM
Idle Channel Noise (weighted, transmit) —68 dBmoOp
Idle Channel Noise (weighted, receive) -78 dBmop

Notes: 1. Applied signal is a 0-dBmO0 sine wave within 300 to 3400 Hz. The signal measured is any frequency in the range 300 to 3400 Hz.

2. Two different frequencies, f> and fi, in the range 300-3400 Hz and of equal levels in the range —4 to —21 dBmo are applied. 2fi-f»
products are measured relative to the level of either f1 or f2.

3. Anyintermodulation product due to a signal in the range 3003400 Hz with input level -9 dBm0 and a 50-Hz signal with input leve!

—23 dBmo.
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1.3
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Attenuation
(dB)

0.15
0
-0.15
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Frequency (Hz)

Transmit Path Only

Note: Measured per CCITT Rec. G.714 Paragraph 7.

Figure 12. Attenuation Distortion Transmit or Receive Path oro04B-014
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Notes: 1. The frequency is 1020 Hz. 5
2. Input signal level is 0 dBmO.

Figure 13. Out-of-Band Signals (End-to-End) 070048-015
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Note: Minimum value of group delay is taken as reference.

Figure 14. Group Delay Distortion (Either Path) 07004-016
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Figure 15. Gain Tracking with Tone (Method 2) Transmit or Receive Path 070048017
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Figure 16. Signal-to-Total Distortion With Tone (Method 2) Transmit or Receive Path
a. Noise Test Signal b. Sinusoidal Test Signal
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Note: Measured per CCITT Rec. G.714 Paragraph 15. 070048018

Figure 17. Gain Tracking with Noise (Method 1) Transmit or Receive Path
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Note: Measured per CCITT Rec. G.714 Paragraph 14.

Figure 18. Signal-to-Total Distortion With Noise 070048-020
(Receive Path—Method 1)
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Note: Measured per CCITT Rec. G.714 Paragraph 14.

Figure 19. Signal-to-Total Distortion With Noise

(Transmit Path—Method 1) o70048-021
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified
Ta=010 70°C, Voo =+5 V 5%, Vea=-5 V +5% (see Notes 1, 5 & 6)

No.I Parameter ' Description | Min Typ Max | Units
Serial Interface input Mode
1 | tock Data Clock High Pulse Width (Note 2) 0.220 20 us
2 |t Data Clock Low Pulse Width (Note 2) 0.220 us
3 | toce Rise Time of Clock 5 50 ns
4 {toce Fall Time of Clock 5 50 ns
5 | ticss Chip Select Setup Time 175 ns
6 | ticsn Chip Select Hold Time 50 ns
7 | tiest Chip Select Pulse Width (Notes 3 & 7) 8 toey ns
8 | ticso Chip Select Off Time after byte written to or

before byte read from B, Z, X, R, GX, or GR

in Active mode.

MCLK=2.048 MHz 32 tuey

MCLK = 4.096 MHz 64 tuey

Otherwise:

MCLK=2.048 MHz 7 tmey

MCLK = 4.096 MHz 14 tuey
9 | tos Input Data Setup Time 50 ns
10 | tow Input Data Hold Time 30 ns
11 | tow Output Latch Propagation Delay 0.75 2.1 us
Serial Interface Output Mode
12 | tocss Chip Select Setup Time 150 ns
13 | tocsn Chip Select Hold Time 50 ns
14 | tocse Chip Select Pulse Width (Notes 3 & 7) 8 toov ns
15 | tocso Chip Select Off Time After Byte written to or

before byte read from B, Z, X, R, GX, or GR

in Active mode.

MCLK=2.048 MHz 32 tuey

MCLK = 4.096 MHz 64 tmey

Otherwise:

MCLK=2.048 MHz 7 tuoy

MCLK=4.096 MHz 14 tuey
16 | tooo Output Data Turn on Delay 100 ns
17 | toon Output Data Hold Time 30 ns
18 | tobor Output Turn off Delay 100 ns
19 | tooc Output Data Valid 30 150 ns
PCM Interface
25 | trss Frame Sync Setup Time 50 (tmey—30) ns
26 | tesu Frame Sync Hold Time (Companded Mode) 30 (8 tmer—50) ns
27 | trso Delay to TSC Valid (Note 4) (N twey +30) (N twey + 150) ns
28 [ trso Delay to TSC Off (High Impedance) 30 ns
29 | toxo PCM Data Output Delay 95 185 ns
30 | toxu PCM Data Output Hold Time 30 100 ns
31 | toxz PCM Data Output Delay to High Z 45 90 ns
32 | tors PCM Data Input Setup Time 50 ns
33 | toru PCM Data Input Hold Time 30 ns
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SWITCHING CHARACTERISTICS (continued)
Master Clock (2.048 MHz)

34 |tmev Master Clock Period 488.23 488.28 488.33 ns
35 |tuen Master Clock High Pulse Width 220 ns
36 |tmer Master Clock Low Pulse Width 238 ns
37 |tuer Rise Time of Clock 5 15 ns
38 |tuer Fall Time of Clock 5 15 ns
Master Clock (4.096 MHz)

39 |tmer Master Clock Period 244.11 244.14 24417 ns
40 |tucn Master Clock High Pulse Width 110 ns
41 [tmer Master Clock Low Pulse Width 115 ns
42 |tuen Rise Time of Clock 5 15 ns
43 [tmer Fall Time of Clock 5 15 ns

Notes: 1. Minand Maxvalues are valid on all digital outputs except Cs—C with a 150-pF load. Cs—C1 outputs are valid with a 30-pF
load.

2. The Data Clock may be stopped in the Low state indefinitely without loss of information. Data will not be clocked in or out
while the clock is in the Low state.

3. Chip Select Pulse Width is nominally 8 Data Clock Cycles with a minimum value of 7 Data Clock Cycles + ticsu + ticss and
a maximum value of 9 Data Clock Cycles —ticsu—ticss.

4. TSC is delayed from FS by a typical value of N tucy, where N is the value stored in the Time/Clock Slot register.
5. The Frame Sync pulses repeat at an 8-kHz rate.
6. FS and MCLK must be synchronized and exactly 256 cycles of MCLK must be guaranteed between Frame Syncs.
7. toov is 1 Data Clock Cycle.
SWITCHING WAVEFORMS
Input and Output Waveforms Master Clock Timing
For AC Tests
FEA
—s3)
2.4 20 (35,)
2.0 Test . 40 — —_
><0.8} Points { 0.8 >< Viu —
0.45 Vi
07004B-022 ”
i

07004B-023
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Serial Interface (Input Mode)
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Serial Interface (Output Mode)
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PCM Highway Timing
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8-Channel Subscriber Line Card
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Advanced
Micro

Dual Subscriber Line Audio-Processing Circuit (DSLAC™ Device) Devices

DISTINCTIVE CHARACTERISTICS
m Software programmable:
—SLIC impedance
—Trans-hybrid balance
—Transmit and Receive gains
—Equalization
—Digital I/0 pins
~Time Slot Assigner
—PCM transmit clock edge options
m Adaptive trans-hybrid balance filter
(Am79C02/3A only)

H A-law or pu-law coding

m Dual PCM ports

—Up to 8.192 MHz (128 channels per port) through
the PCM Interface

2.048- or 4.096-MHz master clock
Direct transformer drive

Built-in test modes

Low-power CMOS

Mixed mode (analog and digital) impedance
scaling

Performance characteristics guaranteed over
12-dB gain range

GENERAL DESCRIPTION

The Am79C02/3(A) Dual Subscriber Line Audio-
Processing Circuit (DSLAC device) integrates the
key functions of an analog linecard into one program-
mable, high-performance dual Codec-filter device. The
DSLAC device is based on the proven design of the
reliable Am7901A Subscriber Line Audio-Processing
Circuit (SLAC™ device). The advanced architecture of
the DSLAC device implements two independent chan-
nels and employs digital filters to allow software control

of transmission, thus providing a cost-effective solution
for the four-wire-to-PCM section of a linecard.

Advanced CMOS technology makes the Am79C02/3(A)
DSLAC device an economical device that has both the
functionality and the low-power consumption needed by
linecard designers to maximize linecard density at mini-
mum cost. When used with two SLICs, the DSLAC
device provides a complete, software-configurable solu-
tion to the BORSCHT function.

BLOCK DIAGRAM

Am79C02 (03) Dual SLAC Device

PCM
ﬁnal@l Highway
Vin g Signal Processing > D
Vours Channel 1 (CH 1) < — XA

DRA
Vine > Signal Processing L _ . . > TSCA
Vourz Channel 2 (CH 2) ¢ > Time Slot Assigner TSC
(TSA) > DXB
|_sLic |
CHCLK <*— DRB
A I > TSCB
C2, < >
C3, <1 [
C4y T SLIC | Fs
(02 Only*) C5, *+T—* Interface
(SLIy PCLK
C1, = —

- < RST (02 Ont
ggi pu BN Microprocessor Interface T nly)
C4, <> (MP1) +1— MCLK

(02 Only*) C5, <1 /'y [ Y 7 Y 3
— v
CS CS D Dovr DCLK

*C51 and C52 not on DIP version.

" 09875E-001
I Microprocessor |

This document contains information on a product under development at Advanced Micro Devices, Inc. The information is intended to help you

evaluate this product. AMD reserves the right to change or di work on this p

product without notice.

Publication #: 09875 Rev.F Amendment /0
Issue Date: June 1992
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CONNECTION DIAGRAMS

Top View (Am79C02 only)
40-Pin DIP
CHCLK d 1e N\ wob
C4 ] 2 39 3 CS:
Cly é 3 38 FS
c2, 4 37 B DRA
C3 O 5 36 3 Veent
AGND: lé 6 35 (1 DRB
Ving 7 34 [ DGNDy
Veer ] 8 33 I3 PGND
Vourt g 9 32 [ TSCA
Veeat 10 31 3 TSCB
Veerz [ 11 30 1 Dxa
Vourz [ 12 29 [ Veer
Ve [ 13 28 [ Veeoe
Ve 4 14 27 3 DXB
AGND. [ 15 26 [3 Dour
RST ] 16 25 [ DGND:
C3. O 17 24 B PCLK
C2. ] 18 23 [ DCLK
Cl: I 19 22 3 Dw
Cé. 20 21 |3 McLK
44-PIn PLCC
X
-
§ G S IR P o & B
(&) (N) [&] 3 0o O |o |0 L‘{_’ a =
OO0OaooonooOonman
EEREEEEEEYEE
AGNDs [ 7 * 39
RSRVD [ s a8 [1
Ving [: 9 37 ]
Ve [ 10 36 |1
Voun E 1 35 j
Vecar E 12 34 j
Voo [] 13 33[]
Vourz\ E 14 32 j
Ve [ 15 31 [d
Vie [ 16 30 3
AGND: 17 2 2 8 & § 8 3 8 € R & 2]
HNpEERpEpEREpEpEpEpE|
S g g & X z X v S
k885688383 3¢
= o o 8

Note: 1. Pin 1 is marked for orientation purposes.
2. RSRVD = Reserved pin, should not be connected externally to any signal or supply.
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CONNECTION DIAGRAMS

Top View (Am79C03 only)
32-Pin DIP
c4 [ 1 —/ 32 [] CHCLK
c, [ 2 31 [J ©5
c2, [] 8 30 [J Cs
c3, [ 4 29 [ Fs
AGND [] 5 28 [] DRA
Ve ] 6 27 [] DRB
Ver [] 7 26 [[] DGND
Vo [] 8 25 [[] TSCA
Veer [ 9 24 [7] TSCB
Vour: [ 10 23 [ DXxA
Vee: ] 11 22 [ Vew
Ve [] 12 21 [7] DXB
c3. [] 13 20 [ Do
cz. [ 14 19 [ PCLK
cl. [] 15 18 [] DCLK
C4» 16 17 [7] MCLK
32-Pin PLCC
X
- (] ~ N
Sc35BB 2
oo/ n
AR
c3,[] s 29 [] DRA
AGNDL] 6 28 [ ] DRB
vy O 7 27 [] DGND
VEE1E 8 26 :| TSCA
Vourr [ 9 25 ] TSCB
Voo [} 10 . 24 [] DXA
Vour [} 11 23 [ Voo
Vee [} 12 22 [1 Dpxs
Vine[] 13 Tt w e~ oo g 21 [ Do
N oo und -
I =
= 0 o

Note: Pin 1 is marked for orientation purposes.

SLAC/DSLAC Products

2-71



aAMD PRELIMINARY

ORDERING INFORMATION
Standard Products

AMD?® standard products are available in several packages and operating ranges. The order number (Valid Combination) is
formed by a combination of the elements below.

AM79C023  _A D c
B

TEMPERATURE RANGE
*C = Commercial (0°C to 70°C;
Relative Humidity = 15% to 85%)

PACKAGE TYPE

P = 40-Pin Plastic DIP (PD 040)—Am79C02 Only
32-Pin Plastic DIP (PD 032)—Am79C03 Only

D = 40-Pin Ceramic DIP (CD 040)—Am79C02 Only

J = 44-Pin Plastic Leaded Chip Carrier (PL 044)—Am79C02 Only
32-Pin Plastic Leaded Chip Carrier (PL 032)—Am79C03 Only

DEVICE OPTIONS

Blank = Standard Device
A = Adaptive Trans-hybrid Balance

DEVICE NUMBER/DESCRIPTION

Am79C02/3
Dual Subscriber Line Audio-Processing Circuit (DSLAC Device)

Valid Combinations

Valid Combinations

ADC, AJC, APC Valid Combinations list configurations planned to
AM79C02 be supported in volume for this device. Consult the
DC, JC, PC local AMD sales office to confirm availability of

specific valid combinations, to check on newly re-
leased combinations, and to obtain additional data
AM79C03 APC,PC, JC on the AMD standard military grade products.

*The performance specifications contained in this data sheet are valid for the commercial temperature range only. See the DSLAC Extended
Temperature Supplement (page 2-153) for information on industrial temperature range (—40°C to +85°C) specifications.
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PIN DESCRIPTION
C11-C5;, C1-C5:
SLIC Inputs/Outputs (Inputs/Outputs)

The five SLIC control lines per channel are TTL compat-
ible and bi-directional. They can be used to monitor
or control the operation of a SLIC or any other device
associated with the subscriber line. Lines C11—C5:
are associated with Channel 1, and lines C1~C5:
are associated with Channel 2. The C5y and C5: lines
are only available on the 44-pin PLCC version of the
Am79C02(A).

CHCLK

SLIC Clock (Output)

This output provides a 256-kHz, 50%-duty cycle, TTL-
compatible clock for use by two SLICs. The CHCLK
frequency is synchronous to MCLK but the phase
relationship to MCLK is random. CHCLK is capable of
driving two TTL inputs.

Csy, CS:

Chip Selects (Inputs, Active Low)

The Chip Select inputs enable the device to read or write
control data. CS;is for the Channel 1 microprocessor in-
terface. CS» is for the Channel 2 microprocessor
interface.

DCLK
Data Clock (Input)

The Data Clock input shifts data either into or out of the
Microprocessor Interface of the DSLAC device. The
maximum clock rate is 4.096 MHz.

Din
Data Input (Input)

Control data is serially written into the DSLAC device via
the Din pin with the most significant bit first. The Data
Clock determines the data rate. D and Dour may be
strapped together to reduce the number of connections
to the microprocessor. (Not available onthe Am79C03.)

Dour

Data Output (Output)

Control data is serially read out of the DSLAC device via
the Dour pin with the most significant bit first. The Data
Clock determines the data rate. Dour is high impedance
except when data is being transmitted from the DSLAC
device under control of CS; or CS2. Div and Dour may be
strapped together to reduce the number of connections
to the microprocessor. (Not available on the Am79C03.)

Dio

Data Input/Output

Control data is serially written into and read out of the
Am79C03(A) DSLAC device via the Dio pin with the most
significant bit first. The Data Clock determines the data
rate. Dio is high impedance except when data is being
transmitted from the DSLAC device under control of

CS: or CSz. Dio replaces D and Dour found on the
Am79C02(A).

DRA, DRB
PCM Inputs (Inputs)

The Receive PCM data for Channels 1 and 2 is serially
received on either.the DRA or the DRB port with port
selection under user program control. Eight bits are re-
ceived with the most significant bit first. Data for each
channel is received in 8-bit bursts every 125 us at the
PCLK rate.

DXA, DXB
PCM Outputs (Outputs)

The Transmit PCM data from Channels 1 and 2 is sent
serially through either the DXA or DXB port with port
selection under user program control. Eight bits are
transmitted with the most significant bit first. The output
is available every 125 ps and the data is shifted out in
8-bit bursts at the PCLK rate. DXA and DXB are high
impedance between bursts and while the device isin the
Inactive mode.

FS

Frame Sync (Input)

The Frame Sync pulse is an 8-kHz signal that identifies
the beginning of a frame. The DSLAC device references
individual time slots with respect to this input, which must
be synchronized to PCLK.

MCLK

Master Clock (Input)

The Master Clock must be a 2.048-MHz or 4.096-MHz
clock input for use by the digital signal processor. MCLK
may be asynchronous to PCLK.

PCLK

PCM Clock (Input)

The PCM clock determines the rate at which PCM data is
serially shifted into or out of the PCM ports. PCLK is an
integer multiple of the frame sync frequency. The maxi-
mum clock frequency is 8.192 MHz and the minimum
clock frequency is 128 kHz. The PCLK clock may be
asynchronous to MCLK.

"RST

Reset (Input, Active Low)

A TTL Low signal on this input resets the DSLAC device
to its default state. (Not available on the Am79C03.)

TSCA, TSCB

Time Slot Control (Outputs, Open Drain, Active Low)
The Time Slot Control outputs are open drain (requiring
pull-up resistors) and are normally inactive (high imped-
ance). TSCA is active (Low) when PCM data is present
on the DXA output and TSCB is active (Low) when PCM
data is present on the DXB output.

SLAC/DSLAC Products
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Analog Inputs (Inputs)

The analog input is applied to the transmit path of
the DSLAC device. The signal is sampled, digitally proc-
essed and encoded for the PCM output. Vin1 is the input
for Channel 1 and Vinz is the input for Channel 2.

Vour1, Vourz

Analog Outputs (Outputs)

The received PCM data is digitally processed and con-
vertedto an analog signal at the Vour pin. Vouri isthe out-
put from Channel 1 and Vourz is the output for Channel 2.
These outputs can directly drive a transformer SLIC.
For Am79C02:

AGND; Analog Ground (Channel 1)

AGND: Analog Ground (Channel 2)

DGND; Digital Ground 1

DGND:2 Digital Ground 2

PGND PCM I/O Ground

Veeat +5-V Analog Power Supply (Channel 1)

Vecaz +5-V Analog Power Supply (Channel 2)

Veeot +5-V Digital Power Supply. Internally
connected to substrate on the IC.

Veepz +5-V Digital Power Supply. Internally
connected to substrate on the IC.

Veee +5-V PCM /O Power Supply. Internally

connected to substrate on the IC.
Vee -5-V Power Supply (Channel 1)

Vee2 —5-V Power Supply (Channel 2)

For Am79C03:

AGND Analog Ground

DGND Digital Ground

Veea +5-V Analog Power Supply

Veeo +5-V Digital Power Supply. Internally

connected to substrate on the IC.
Ve ~5-V Power Supply (Channel 1)
Veez —5-V Power Supply (Channel 2)

The many separate power supply inputs are intended to
provide for good power supply decoupling techniques.
Note that all of the +5-V inputs should be connected to
the same source, all of the ground inputs should be con-
nected to the same source, and both of the —5-V inputs
should be connected to the same source.

FUNCTIONAL DESCRIPTION

The DSLAC device performs the Codec/filter functions
associated with the four-wire section of the subscriber
line circuitry in a digital switch. These functions involve
converting an analog voice signal into digital PCM sam-
ples and converting digital PCM samples back into an
analog signal. During conversion, digital filters are used
to band-limit the voice signals.

Independent channels allow the DSLAC device to func-
tion as two SLAC devices. All of the digital filtering is
performed in digital signal processors operating from
either a 2.048-MHz or 4.096-MHz external clock. The
A/D, D/A, and signal processing is separate for each

channel and each channel has its own chip select (CS;
and CS;) to allow separate programming.

The user-programmabile filters set the receive and trans-
mit gain, perform the trans-hybrid balancing function,
permit adjustment of the two-wire termination imped-
ance, and provide frequency attenuation adjustment
(equalization) of the receive and transmit paths. All pro-
grammable digitalfilter coefficients can be calculated us-
ing the AMSLAC2™ software. The PCM codes can be
either 8-bit companded A-law or p-law. The PCM data is
read or written to the PCM highway in user-programma-
ble time slots at rates of 128 kHz to 8.192 MHz. The out-
put holdtime and thetransmit clock edge canbe selected
for compatibility with other devices which can be con-
nected to the PCM highway.

Two pin configurations of the DSLAC device are offered
with the PCM interface described above. The
Am79C02(A), the original version of the DSLAC device,
is available in both 40-pin DIP and 44-pin PLCC pack-
ages. The PLCC version has one extra SLIC I/O line per
channel. The Am79C03(A) is a reduced pin-count ver-
sion obtained by consolidating a number of ground and
power supply buses on-chip, and eliminating the hard-
ware reset function. The Am79C03(A) is available in
both 32-pin plastic DIP and 32-pin PLCC packages. The
“A” version of both devices (e.g., Am79C02A) offers an
adaptive trans-hybrid balance feature described in the
Adaptive B-Filter Overview.

The following documentation describes the operation of
a single channel of the DSLAC device. The description
is valid for either Channel 1 or 2. Vix in this data sheet
refers to either Vini or Vinz, Vour refers to either Vour
or Vourz, and CS refers to either CSs or CSa.

Operational Modes
Active Mode

Each channel of the DSLAC device can operate in either
the active (operational) or inactive (standby) mode. In
the active mode, the DSLAC device is able to transmit
andreceive PCM and analog information. This is the nor-
mal operating mode when atelephone call isin progress.
The Activate command, Microprocessor Interface (MPI)
Command #5, puts the device into this state. Bringing
the DSLAC device into the active mode is only possible
through the MPL.

Inactive Mode

The Am79C02(A) DSLAC device is forced into the inac-
tive (standby) mode at power-up, by a hardware or
software reset, or is programmed into this mode by the
inactivate command (Command #1). The Am79C03
DSLAC device is forced into the standby mode at power-
up or by a software reset. No transmission or reception
of PCM data takes place, but the circuits which contain
programmed information retain their data. Power is
switched off from all non-essential circuitry, though
the MPI remains active to receive new commands. The
analog output is tied to ground through an approx-
imately 3-Kohm resistor.

2-74

Am79C02/3(A) Data Sheet



PRELIMINARY

AMD l:l

Reset State

An active Low, hardware Reset pin (RST) is available on
the Am79C02 which resets the device to the following
default state. (For the Am79C03, when power is first ap-
plied, an internal power-on reset puts the device into the
following default state.)

1. A-law is selected.

2. B, X, R, and Z filters are disabled and AISN gain is
zero.

3. Digital (GX and GR) gain blocks are disabled, re-
sulting in unity gain, and analog (AX and AR) gains
are set to unity.

SLIC input/output direction is set to the input mode.
Normal conditions are selected (see Command #4).
The B-filter adaptive mode is turned off.

Both channels are placed in the Inactive (standby)
mode.

8. Transmit time, receive time, and clock slots are set
to zero.

9. DXA/DRA ports are selected for Channel 1.
10. DXB/DRB ports are selected for Channel 2.
11. MCLK is selected to be 4.096 MHz.

12. The transmit outputs are selected to change on the
negative edge of PCLK.

13. PCM Delay is inserted.

N oA

Reset states 1 to 7 are identical to those of the software
reset (Command #2), but the hardware (or power-on)
reset applies to both channels simultaneously. When
power_is_initially applied to the DSLAC device or
when RST is asserted (Am79C02 only), the following
sequence of actions is necessary to ensure correct op-
eration of the DSLAC device.

1. Select MCLK frequency (Command #6).
2. Software reset (Command #2).

3. Program filter coefficients and all other required
parameters.

Upon initial application of power, a minimum of 1 ms is
needed before CSi or CS: may go Low and an- MPI
command initiated. If the power supply (Vccot or Veeoz)
falls below approximately 2.0 V, the device is software-
reset and will require complete reprogramming with the
above sequence. Bit 7 of the SLIC Direction Register
will read back as a logical 1 to indicate a power inter-
ruption has been detected. This bit is cleared when a
software reset command is sent to the DSLAC device.
The RST pin may be tied to +5 V if it is not needed in the
system (Am79CO02 only).

Signal Processing
Overview of Digital Filters

Several of the blocks in the signal processing section
are user programmable. These allow the user to opti-
mize the performance of the DSLAC device for the

system. Figure 1 shows DSLAC device signal process-
ing and indicates the programmable blocks.

The advantages of digital filters are:
—high reliability;

—no drift with time or temperature;
—unit-to-unit repeatability; and,
—superior transmission performance.

Two-Wire Impedance Matching

Two feedback paths on the DSLAC device modify the
effective two-wire input impedance of the SLIC by pro-
viding programmable feedback from Vin to Vour. The
Analog Impedance Scaling Network (AISN) provides a
programmable analog gain of —-0.9375 to +0.9375 from
Vin to Vour. The Z filter is a programmable digital filter,
also connecting Vin to Vour.

Distortion Correction and Equalization

The DSLAC device contains programmable filters in the
receive (R) and transmit (X) directions. These may be
programmed for line equalization and to correct any
attenuation distortion caused by the Z filter.

Trans-Hybrid Balancing

The DSLAC device’s programmable Bfilter is used to ad-
just trans-hybrid balance. The filter has a single-pole IIR
section (B-IR) and an eight-tap FIR section (B-FIR),
both operating at 16 kHz. The DSLAC device has an
optional adaptive mode for the B filter which may be
used to achieve optimum performance. The Echo Path
Gain (EPG) and Error Level Threshold (ELT) registers
contain values which determine the adaptive mode
performance.

Gain Adjustment

The DSLAC device transmit path has two programmable
gain blocks. Gain block AX is an analog gain of 0 dB or
6.02 dB, located immediately before the A/D converter.
Gain block GX is a digital gain that is programmable to
any gain from 0 dB to +12 dB with a worst case step size
of 0.1 dB for gain settings below +10 dB, and a worst
case step size of 0.3 dB for gain settings above +10 dB.
Thefilters provide a net gain inthe range of 0dBto 18 dB.

The DSLAC device receive path has two programmable
loss blocks. Loss block GR is a digital loss that is pro-
grammable from 0 dB to 12 dB with a worst case
step size of 0.1 dB. Loss block AR is an analog loss of
0dB or 6.02 dB, located immediately after the D/A con-
verter. This provides a net loss in the range of 0 dB
to 18 dB.

Transmit Signal Processing

In the transmit path, the analog input signal is A/D con-
verted, filtered, companded (A- or p-law), and made
available for output to the PCM highway. The signal
processor contains an ALU, RAM, ROM, and control
logic to implement the filter sections. The B, X, and GX
blocks are user-programmable digital filter sections with
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Figure 2. Transmit PCM Interface

coefficients stored in the coefficient RAM. AX is an ana-
log amplifier which can be programmed for 0-dB or
6.02-dB gain. The filters may be made transparent when
not required in a system.

The decimator reduces the high input sampling rate to
16 kHz forinput to the B, GX, and Xfilters. The Xfilterisa
6-tap FIR section which is part of the frequency response
correction network. The B filter operates on samples
from the receive signal path in order to provide trans-
hybrid balancing in the loop. The high-pass filter rejects
low frequencies such as 50 or 60 Hz and may be
disabled.

Transmit PCM Interface

The transmit PCM interface receives an 8-bit com-
pressed code from the digital A-/u-law compressor. The
transmit PCM interface logic (Figure 2) controls the
transmission of the data onto the PCM highway through
the output port selection circuitry and the time and clock
slot control block.

The frame sync (FS) pulse identifies the beginning of a
transmit frame and all channels (time slots) are refer-
enced to it. The logic contains user-programmable
Transmit Time Slot and Transmit Clock Slot registers.

The Time Slot register is 7 bits wide and allows up to 128
8-bit channels (using a PCLK of 8.192 MHz) in each
frame. This feature allows any clock frequency between
128 kHz and 8.192 MHz (2 to 128 channels) in a system.
The Clock Slot register is 3 bits wide and may be pro-
grammed to offset the time slot assignment by 0 to 7
PCLK periods to eliminate any clock skew in the system.
The data is transmitted in bytes with the most significant
bit first.

The PCM data may be user-programmed for output onto
either the DXA or DXB port. Correspondingly, either
TSCA or TSCB is Low during transmission.

The DXA/DXB and TSCA/TSCB outputs can be pro-
grammed to change either on the negative or positive
edge of PCLK. In the first case, an extra delay (PCM
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delay) in the timing of the DXA and DXB signals may
be programmed to allow timing compatibility with other
devices on the PCM highway.

Receive Signal Processing

In the receive path, the digital signal is expanded, fil-
tered, converted to analog, and passed to the Vour pin.
The signal processor contains an ALU, RAM, ROM, and
Control logic to implement the filter sections. The Z, R,
and GR blocks are user-programmable filter sections
with their coefficients stored in the coefficient RAM while
ARis an analog amplifier which can be programmedfora
0-dB or 6.02-dB loss. The filters may be made transpar-
ent when not required in a system.

The low-pass filter band limits the signal. The R filter is
a 6-tap FIR section operating at a 16-kHz sampling
rate and is part of the frequency response correction net-
work. The analog impedance scaling network (AISN) is a
user-programmable gain block providing feedback from
Vi to Vour to emulate different Zsuc impedances from a
single extemal Zsuic impedance. The Z filter provides
feedback from the transmit signal path to the receive
path and is used to modify the effective input impedance
to the system. The interpolator increases the sampling
rate prior to D/A conversion.

Receive PCM Interface

The receive PCM interface logic (Figure 3) controls
the reception of data bytes from the PCM highway, trans-
fers the data to the A-/u-law expansion logic, and then
passes the data to the receive path of the signal proces-
sor. The frame sync (FS) pulse identifies the beginning
of a receive frame, and all channels (time slots) are
referenced to it.

The logic contains user-programmable Receive Time
Slot and Receive Clock Slot registers. The Time Slot
register is 7 bits wide and allows up to 128 8-bit chan-
nels (using a PCLK of 8.192 MHz) in each frame. This
feature allows any clockfrequency between 128 kHzand
8.192 MHz (2 to 128 channels) in a system. The Clock
Slot register is 3 bits wide and may be programmed to
offset the time slot assignment by 0 to 7 PCLK periods to
eliminate any clock skews in the system. The PCM data
may be user-programmed for input from either the DRA
or DRB port.

Analog Impedance Scaling Network (AISN)

The AISN is incorporated in the DSLAC device to scale
the value of the external Zsuc impedance. Scaling this
external impedance with the AISN (along with the Z filter)
allows matching of many different line conditions usinga
single impedance value. Linecards may be designed for
many different specifications without any hardware
changes.

The AISN is a programmable gain that is connected
acrossthe DSLAC device inputfrom Vinto Vour. The gain
can be varied from -0.9375 to +0.9375 in 31 steps of
0.0625. The AISN gainis given by the following equation:
hasy = 0.0625[(A-2°+B-22+C .22
+D-2'+E-2°-16]
where A, B,C,D,and E=1o0r0.
The AISN gainis used to alter the input impedance of the
DSLAC device and SLIC as shown in Figure 4.

The input impedance into the DSLAC device from the
SLIC is given by:

_ 1-Gas hasn
" 1—Gaso hasn
where Guo (defined as Gas Gi2+ Gag) is the echo gain

into an open circuit and Gas is the echo gain into a
short circuit.

Zn

L,

There are two special cases to the formula for hasn:
1) value of ABCDE = 00000 will specify a gain of O (or
cutoff), and 2) a value of ABCDE = 10000 is a special
case where the AISN circuitry is disabled and the Vour
pad is connected internally to Vin with a gain of 0 dB. This
allows a digital-to-digital loopback mode wherein a digi-
tal PCM input signal is completely processed through
the receive section all the way to the Vour pin. The signal
is then connected internally to Vin where it is processed
through the transmit section and output as digital PCM
data.

Speech Coding

The A/D and D/A conversion follows either the A-law
or the p-law as they are defined in CCITT Rec. G.711.
A-law or p-law operation is programmed using MPI
Command #19. Alternate bit inversion is performed as
part of the A-law coding.

To Receive

le——O DRA

Input Register  [*

I

Time Slot Control

Signal Processor

FS O—>]

[ 3

Port Selection
le——0 DRB

Time Slot Registers lg—— From MPI

PLCK O——»;

09875-007C

Figure 3. Receive PCM Interface
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Figure 4. Input Impedance Modification Due to AISN

Command Description and Formats
Microprocessor Interface Description

A microprocessor may be used to program the DSLAC
device and control its operation using the Micropro-
cessor Interface (MP!). Data programmed previously
may be read out for verification. For each channel,
commands are provided to assign values to the following
parameters.

—Transmit time slot

—Receive time slot

—Transmit clock slot

—-Receive clock slot

—Transmit gain

—Receive loss

—B-filter coefficients

—X-filter coefficients

—R-filter coefficients

-Z-filter coefficients

—Adaptive B filter parameters

—AISN coefficient

—Read/Write SLIC Input/Output

—Select A-law or p-law code

—Select Transmit PCM Port A or B

—Select Transmit PCM clock edge

—Select Transmit PCM delay

—Select Receive PCM Port A or B

-Enable/disable B filter

—Enable/disable Z filter

—Enable/disable X filter

—-Enable/disable R filter

-Enable/disable GX filter

—Enable/disable GR filter
—Enable/disable AX amplifier
—Enable/disable AR amplifier
—~Enable/disable adaptive B filter

~Select test modes

—Select active or inactive (standby) mode

The following description of the MPI is valid for either
Channel 1 or 2. Whenever CS is specified, it refers to
either CS; or CS2. If desired, both channels may be pro-
grammed simultaneously with identical information by
activating CS and CS: at the same time.

The MPI consists of serial data input (Div or Dio on
Am79C03), output (Douror Dio on Am79C03), data clock
(DCLK), and a separate chip select (CSi and TS2) input
for each channel (Figure 5). The serial input consists of
8-bit command words which may be followed with addi-
tional bytes of input data or may be followed by the
DSLAC device sending out bytes of data. All data input
and output is MSB (D») first and LSB (Do) last. All data
bytes are read or written one at a time, with CS going
High for at least the minimum off-period before the next
byte is read or written.

All commands requiring additional input data to the de-
vice must have the input data as the next N words written
into the device (for example, framed by the next N transi-
tions of CS). All commands followed by output data will
cause the device to output data for the next N transitions
of CS going Low. The DSLAC device will not accept any
input commands until all the data has been shifted out.
Unused bits in the data bytes are read out as zeros,

A command sequence to one channel must be finished
before a command can be sent to the other channel.
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Figure 5. Microprocessor Interface Timing Diagram

AnMPI cycle is defined by transitions of CS and DCLK. If
the CSlines are held in the High state between accesses,
the DCLK may run continuously with no change to the
internal control data. Using this method, the same DCLK
may be run to a number of DSLAC devices and the indi-
vidual CS lines will select the appropriate device to ac-
cess. Between command sequences, DCLK can stay in
the High state indefinitely with no loss of internal

control information regardless of any transitions on the
CS lines. Between bytes of a multi-byte read or write
command sequence, DCLK can also stay in the High
state indefinitely; however, each low-going transition of
the CS line will still advance the byte counter. DCLK can
stay in the Low state indefinitely with no loss of internal
control information, provided the CS lines remain at a
High level.
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Summary of MPI Commands**

C# Hex D Ds Ds Da Ds D: D1 Do Description
1. 00 0 0 0 0 0 o] 0 0 Inactivate (Standby mode)
2. 02 0 0 0 0 (4] 0 1 0 Reset
3. 06 0 0 0 0 0 1 1 0 No Operation
4, 08 0 0 0 0 1 0 0 0 Reset to Normal Conditions
5. OE 0 0 0 0 1 1 1 0 Activate
6. 1* 0 0 0 1 0 0 * 0 MCLK Selection
7. 40 0 1 o o0 0 0 0o o0 Write TX Time Slot & PCM Highway
8. 41 0 1 0 0 0 0 0] 1 Read TX Time Slot & PCM Highway
9. 42 (o] 1 0o o 0 0 1 0 Write RX Time Slot & PCM Highway
10. 43 0 1 o o 0 0 1 1 Read RX Time Slot & PCM Highway
11 44 0 1 0o o 0 1 o o0 Write RX & TX Clock Slot and TX Clock Edge
12 45 0 1 0 o 0 1 0 1 Read RX & TX Clock Slot and TX Clock Edge
13. 50 0 1 0 1 0 0 0 0 Write AISN, PCM delay, Analog Gains
14. 51 0 1 0 1 0 (o] 0o 1 Read AISN, PCM delay, Analog Gains
15 52 o 1 0] 1 0 0 1 0 Write SLIC Input/Output Register
16 53 0 1 0 1 0 0 1 1 Read SLIC Input/Output Register
17 54 0 1 0o 1 0 1 o o Write SLIC Input/Output Direction
18 55 0 1 0 1 0 1 (4] 1 Read SLIC I/O Direction, Power Interruption
Bit, and Channel Status Bit
19. 60 0 1 1 0 0 0 0o o Write Operating Functions
20. 61 0 1 1 0 0 0 o 1 Read Operating Functions
21. 70 0 1 1 1 0 0 o o0 Write Operating Conditions
22, 7 0 1 1 1 0 0 0 1 Read Operating Conditions
23. 73 0 1 1 1 0 0 1 1 Read Revision Code Number
24, 80 1 0 0 0 0 0] 0 0 Write GX-Filter Coefficients
25. 81 1 0 0 0 0 0 0 1 Read GX-Filter Coefficients
26. 82 1 o] 0 0 0 0 1 0 Wirite GR-Filter Coefficients
27. 83 1 0 0 0 0 0 1 1 Read GR-Filter Coefficients
28. 84 1 0 0 0] 0 1 0 0 Write Z-Filter Coefficients
29. 85 1 0 0 0 0 1 0 1 Read Z-Filter Coefficients
30 86 1 0 0 0 0 1 1 0 Write B-Filter Coefficients
31. 87 1 0 0 0 0 1 1 1 Read B-Filter Coefficients
32. 88 1 0 0 0 1 0 0 0 Write X-Filter Coefficients
33 89 1 0 0 0 1 0 0 1 Read X-Filter Coefficients
34 8A 1 0 0 0 1 0 1 0 Write R-Filter Coefficients
35 8B 1 0 0 0 1 0 1 1 Read R-Filter Coefficients
36 8C 1 0 0 0 1 1 0 0 Write Echo Path Gain
37 8D 1 0 0 0 1 1 0 1 Read Echo Path Gain
38 8E 1 0 0 0 1 1 1 0 Write Error Level Threshold
39 8F 1 0 0 0 1 1 1 1 Read Error Level Threshold

*Code changes with function.
**All codes not listed are reserved by AMD and should not be used.
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THE COMMAND STRUCTURE

This section describes in detail each of the MPl com-  onthefilter coefficients of the form C,ymyy, please referto
mands. Each of the commands is shown along with the  the Description of Coefficients section.
format of any additional data bytes that follow. For details

1. Inactivate (Standby Mode) N

D7 Ds Ds Da Ds D2 D4 Do
0 0 0 0 0 0 0 0

During the inactive mode (of one or both channels):
a) All of the programmed information is retained.
b) The Microprocessor Interface (MP]) remains active.
c) The PCM outputs are in high impedance and the PCM inputs are disabled.
d) The analog output is tied to zero volts through an internal resistor (~3 Kohm).

2. Reset

Dy Ds Ds Da Da D2 D4 Do

The reset state of the device is:
a) A-law is selected.
b) B, X, R, and Z filters are disabled and AISN gain is zero.
c) Digital (GX and GR) gain blocks are disabled resulting in unity gain, and analog (AX and AR) gains are
set to unity. .
d) All SLIC I/O lines are configured as inputs.
e) Normal conditions are selected (see Command #4).
f}y The B-filter Adaptive mode is reset.
g) The channel is placed in the inactive (standby) mode.

3. No Operation

Dy Ds Ds D4 Ds D2 D4 Do

4. Reset to Normal Conditions

Dz Ds Ds Ds Ds D2 Dy Do
0 0 0 0 1 0 0 0

Reset to Normal Conditions performs the following operations:
a) Does not insert 6 dB loss in receive path.
b) Receive & transmit paths are not cutoff.
c) High pass filter is enabled.
d) Test modes are turned off.

5. Activate (Operational Mode)

Dy Ds Ds D4 Ds D2 D1 Do
0 0 0 0 1 1 1 0

This command places the device in the active mode. No valid PCM data is transmitted until after the second
FS pulse is received following the execution of the Activate command.
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6. MCLK Selection

Dr De Ds D4 Da D> D1 Do
0 0 0 1 0 0 A 0

MCLK may be selected to operate from a 2.048-MHz or 4.096-MHz extemnal clock. MCLK selection on either
channel affects both channels.

A=0: 2.048 MHz

A=1: 4.096 MHz

7. Write Transmit Time Slot and PCM Highway Selection

Dz Ds Ds Da Ds D2 Dy Do

Command: 0 1 0 0 0 0 0 0
Output data: PCM | TS TS TS TS TS TS TS
PCM = 0: Highway A TS: Time slot number 0 to 127

PCM = 1: Highway B

The Transmit section of both channels must not be set to the same time slot on the same output port
simultaneously.

8. Read Transmit Time Slot and PCM Highway Selection

D7 Ds Ds Da Ds D2 Dy Do
Command: 0 1 0 0 0 0 0 1
Output data: PCM| TS TS TS TS TS TS TS

9. Write Receive Time Slot and PCM Highway Selection

Dy Ds Ds Ds Ds D2 Dy Do

Command: 0 1 0 0 0 0 1 0
Input data: PCM | TS TS TS TS TS TS TS
PCM = 0: Highway A TS: Time slot number 0 to 127

PCM = 1: Highway B

10. Read Receive Time Slot and PCM Highway Selection

Dy Ds Ds Ds Ds D2 D1 Do
Command: 0 1 0 0 0 0 1 1
Output data: PCM | TS TS TS TS TS TS TS

11. Write Transmit Clock Slot, Receive Clock Slot, and Transmit Clock Edge

Dy De Ds Ds Da D2 D1 Do
Command: 0 1 0 0 0 1 0 0
Input data: — XE | RCS| RCS| RCS| TCS | TCS | TCS

TCS: Transmit Clock Slot number Oto 7

RCS: Receive Clock Slot number 0to 7

XE =0 Transmit changes on negative edge of PCLK

XE =1 Transmit changes on positive edge of PCLK

Note: XE =1 should not be programmed unless the PCM delay is removed, (i.e., PCD = 1). XE must be written on Channel 1,
but affects both channels. If XE=1, the maximum PCM clock rate becomes 4.096 MHz.
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12. Read Transmit Clock Slot, Receive Clock Slot, and Transmit Clock Edge

13.

14.

15.

16.

Dz Ds Ds D4 Ds D2 D4 Do
Command: 0 1 0 0 0 1 0 1
Output data: — XE RCS | RCS | RCS | TCS | TCS | TCS
Write AISN, PCM Delay, and Analog Gains
D7 Ds Ds Ds Ds D> D Do
Command: 0 1 0 1 0 0 0 0
Input data: PCD [ AX AR A

PCM Delay:

PCD = 1 Delay removed (high speed)

Transmit Analog Gain: AX =0 0-dBgain

AX =1 6.02-dB gain

Receive Analog Loss: AR =0 0-dBloss
AR =1 6.02-dB loss
AISN coefficient: A,B,CD,E

PCD = 0 Delay inserted (SLAC device compatible)

The Analog Impedance Scaling Network (AISN) gain can be varied from —0.9375 to 0.9375 in multiples of

0.0625. The gain coefficient is decoded using the following equation:

haisy = 0.0625 [(A-24+B-23+C-224D-2' +E-20)-16]

where hasn is the gain of the AISN and A, B, C, D, and E = 0 or 1. A value of ABCDE = 10000 implements a
special digital loopback mode, and a value of ABCDE = 00000 indicates a gain of 0 (cutoff).

Read AISN, PCM Delay, and Analog Gains
D; Ds Ds Ds Ds D2 Dy Do
Command: 0 1 0 1 0 0 0
Output data: PCD | AX AR A E
Write SLIC Output Register
Dr Ds Ds Da Ds D2 D4 Do
Command: 0 1 0 1 0 0 1 0
Input data: — — — C5 C4 C3 Cc2 C1

C1 through C5 are set to 1 or 0. The data will appear latched on the C1 through C5 SLIC /O pins, provided

they were set in the output mode (see Command #17). The data sent to any of the pins set to the input

mode will be latched, but will not appear at the pins.

Read SLIC Pins
Dz Ds Ds D4 Da D2 D4 Do
Command: 0 1 0 1 0 0 1 1
Output data: — — — C5 (0%} Cc3 Cc2 C1

The logic state of pins C1 through C5 is read regardless of the direction programmed into the Input/Output

register.
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17. Write SLIC Input/Output Direction

Dz Ds Ds Da Ds D2 D Do

Command: 0 1 0 1 0 1 0 0

Input data: — — — A B C D

Pins C1 through C5 are set to input or output modes individually. The input mode is set when the appropri-
ate data bit is a 0, and the output mode is set when the data bit is a 1. All unused SLIC I/O pins should be
programmed as outputs to reduce power consumption.

Data bit A sets pins C51 or C52.
Data bit B sets pins C44 or C4..
Data bit C sets pins C31 or C32.
Data bit D sets pins C24 or C22.
Data bit E sets pins C14 or C12.

18. Read SLIC Input/Output Direction, Channel Status Bit, and Power Interrupt Bit

Dy Ds Ds Ds Ds D2 D Do

Command: 0 1 0 1 0 1 0 1

Output data: Pl CSs — A B Cc D E

Pl=0 There has not been a power interruption since the last software reset command.

Pl=1 A power interruption has been previously detected requiring the DSLAC device to be completely
reprogrammed. This bit is cleared by issuing a software reset command.

CS=0 Channelis inactive (standby mode).

CS=1 Channel is active.

19. Write Operating Functions

Dy De Ds D4 Ds D2 Dy Do

Command: 0 1 1 0 0 0] 0 0
Input data: ABF | Ajp | EGR | EGX EX ER EZ EB
Adaptive B-Filter: ABF = 0 B-filter non-adaptive mode
ABF = 1 B-filter adaptive mode
A-law/p-law: Alp = 0 A-law coding
Alp =1 p-lawcoding
GR Fitter: EGR = 0 GR filter disabled
EGR = 1 GR filter enabled
GX Filter: EGX = 0 GX filter disabled
EGX = 1 GXfilter enabled
X Filter: EX = 0 Xfilter disabled
EX = 1 Xfilter enabled
R Filter: ER = 0 Rfilter disabled
ER = 1 Rfilter enabled
Z Filter: EZ = 0 Zfilter disabled
EZ = 1 Zfilter enabled
B Filter: EB = 0 Bfilter disabled
EB = 1 Bfilter enabled

Note: The enable adaptive B-filter command is only effective when used with the enable B-filter command.
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20. Read Operating Functions
D7 Ds Ds Ds Ds D> Dy Do
Command: 0 1 1 0 0 0 0 1
Output data: ABF | AU | EGR | EGX | EX ER EZ EB
21. Write Operating Conditions
D7 Ds Ds D4 Ds D> D Do
Command: 0 1 1 1 0 0 0 0
Input data: CTP | CRP | HPF | RG | ALB | TLB — —
Cut off Transmit Path: CTP = 0 Transmit path connected
CTP = 1 Transmit path cut off
Cut off Receive Path: CRP = 0 Receive path connected
CRP = 1 Receive path cut off
High-Pass Filter: HPF = 0 High-pass filter enabled
HPF = 1 High-pass filter disabled
Receive Path Gain: RG = 0 6-dB loss notinserted
RG = 1 6-dB lossinserted
Analog Loopback: ALB = 0 Analog loopback disabled
ALB = 1 Analog loopback enabled
TSA Loopback: TLB = 0 TSA loopback disabled
TLB = 1 TSA loopback enabled
22, Read Operating Conditions
Dy Ds Ds Da Da D2 D+ Do
Command: 0 1 1 1 0 0 0 1
Output data: CTP | CRP | HPF | RG | ALB | TLB — —
23. Read Revision Code Number
D; Ds Ds Ds4 Ds D2 Dy Do
Command: 0 1 0 1
Output data: # # # # # # #
This command returns an 8-bit number describing the revision number of the DSLAC device. It can be read on
either channel.
24. Write GX-Filter Coefficients
D7 Ds Ds Ds Ds D2 Dy Do
Command: 1 0 0 0 0 0 0 0
Input data byte 1: C40 m40 C30 m30
Input data byte 2: C20 m20 C10 m10
The coefficient for the GX filter is defined as:
Hex =1 +(C10-2‘"“°{1 +C20-27™20[1 +Ca0- 2™ (1 +C4o~2'”“‘°)])).
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25. Read GX-Filter Coefficients

Dr Ds Ds D4 Ds D2 D Do
Command: 1 0 0 0 0 0 0 1
Output data byte 1: C40 m40 C30 m30
Output data byte 2: C20 m20 C10 m10
26. Write GR-Filter Coefficients
Ds Ds Ds D4 Ds D2 D4 Do
Command: 1 0 0 0 0 0 1 0
Input data byte 1: C40 m40 C30 m30
Input data byte 2: C20 m20 C10 mi0
The coefficient for the GR filter is defined as:
Her=C10-2"™%1 +C20-2"2°[1 + C30- 2™ (1 + C40-2-™7)]}.
27. Read GR-Filter Coefficients
Dy Ds Ds D4 Ds D2 )] Do
Command: 1 0 0 0 0 0 1 1
Output data byte 1: C40 md40 C30 m30
Output data byte 2: C20 m20 C10 m10
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28. Write Z Filter Coefficients

Dy Ds Ds Da Ds D2 D1 Do
Command: 1 0 0 0 0 1 0 0
Input data byte 1: C45 m45 C35 m35
Input data byte 2: C25 m25 C15 mi5
Input data byte 3: C40 m40 C30 m30
Input data byte 4: C20 m20 Ci0 mi10
Input data byte 5: C41 mi C31  m31
Input data byte 6: C21 m21 C11 mii
Input data byte 7: C42 m42 C32 m32
Input data byte 8: C22 m22 C12 mi2
Input data byte 9: C43 m43 C33 m33
Input data byte 10: C23 m23 Ci13 mi3
Input data byte 11: C44 ma4 C34 m34
Input data byte 12: C24 m24 Ci4 mi4
Input data byte 13: C46 md6 C36 m36
Input data byte 14: C26 m26 Ci6 mi16
The Z-transform equation for the Z filter is defined as:
Hz(z) =20+ 21z +ZzZ‘2+Zsz4+Z42‘4+T§:’-Z-:1—
The coefficients are defined as:
Zi=C1i-2™{14+C2- 27 [1 + Cai - 27™ (1 + C4y - 27™) ]}
fori=0,1,2,3,4,5,6.
29. Read Z-Filter Coefficients )
D7 Ds Ds Ds Da D2 Dy Do
Command: 1 0 0 0 0 1 0 1
Output data byte 1: C45 m45 C35 m35
Output data byte 2: C25 m25 Ci15 mi5
Output data byte 3: C40 m40 C30 m30
Output data byte 4: C20 m20 Ci0 mi10
Output data byte 5: C41  m41 C31 m31
Output data byte 6: C21 m21 C11  mi1
Output data byte 7: C42 m42 C32 m32
Output data byte 8: C22 m22 C12 mi2
Output data byte 9: C43 m43 C33 m33
Output data byte 10: C23 m23 C13 mi3
Output data byte 11: C44 m44 C34 m34
Output data byte 12: C24 m24 C14 mi4
Output data byte 13: C46 m46 C36 m36
Output data byte 14: C26 m26 C16 mi6
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30. Write B-Filter Coefficients

Dy Ds Ds Da Ds D2 Dy Do
Command: 1 0 0 0 0 1 1 0
Input data byte 1: C30 m30 C20 m20
Input data byte 2: Ci10 m10 C31 m31
Input data byte 3: C21 m21 Cc11 mii
Input data byte 4: C32 m32 c22 m22
Input data byte 5: C12 mi2 C33 m33
Input data byte 6: C23 m23 C13 mi3
Input data byte 7: C34 m34 C24 m24
Input data byte 8: C14 mil4 C35 m35
Input data byte 9: C25 m25 Ci5 mi5
Input data byte 10: C36 m36 C26 m26
Input data byte 11: C16 mi6 C37 m37
Input data byte 12: C27 m27 C17 mi7
Input data byte 13: C48 m48 C38 m38
Input data byte 14: C28 m28 Ci18 mis8
The z-transform equation for the B filter is defined as: .
He(z) =Bo+B1z™1 + B2z 24+ B3z + Baz* +Bsz 5 + Bez S + %:_-T

The coefficients for the FIR B section and the gain of the IIR B section are defined as:
Bi=Cy-2™"{1+C2-2m2(1 + Caqi - 27™)].

The feedback coefficient of the IIR B section is defined as:
Bg=C1g-2"™® {1 +C28-2"™28[1+ Cag-2"m8(1+Cug-2-™8)]}.

Warning: Not all B-filter coefficients are “legal” to initiate adaptive balance. One legal coefficient is set

as: 2A F2 AF 2A F2 AF 2A F2 AF 2A F2 AF 0A 80, which corresponds to all FIR coefficients
(Bo through B;) equal to zero, and the IIR denominator coefficient (Bs) equal to 1/2. Other
legal coefficients that may reduce the time to convergence of the algorithm may be obtained by
reading back the registers after adaptive balance has been run (see Command #31).
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31. Read B-Filter Coefficients

Dy Ds Ds Ds Da D2 D+ Do
Command: 1 0 0 0 0 1 1 1
Output data byte 1: C30 m30 C20 m20
Output data byte 2: Ci10 mi1o0 C31 m31
Output data byte 3: c21 m21 Ci11 mii
Output data byte 4: C32 m32 C22 m22
Output data byte 5: Ci12 mi2 C33 m33
Output data byte 6: C23 m23 C13 mi13
Output data byte 7: C34 m34 C24 m24
Output data byte 8: Ci4 mi4 C35 m35
Output data byte 9: C25 m25 C15 mi5
Output data byte 10: C36 m36 C26 m26
Output data byte 11: Ci6 milé C37 m37
Output data byte 12: c27 m27 cC17  mi7
Output data byte 13: C48 m48 C38 m38
Output data byte 14: Cc28 m28 C18 mi8
32. Write X-Filter Coefficients
D7 Ds Ds Ds Ds D2 D Do

Command: 1 0 0 0 1 0 0 0
Input data byte 1: C40 m40 C30 m30

Input data byte 2: C20 m20 Ci10 m10

Input data byte 3: C41 ma1 C31 m31

Input data byte 4: C21 m21 Ci11 mit

Input data byte 5: C42 m4a2 C32 m32

Input data byte 6: C22 m22 C12 mi2

Input data byte 7: C43 m43 C33 m33

Input data byte 8: C23 m23 Ci3 mi3

Input data byte 9: C44 m44 C34 m34

Input data byte 10: C24 m24 C14 mi4

Input data byte 11: C45 m45 C35 m35

Input data byte 12: C25 m25 C15 mi5

The z-transform equation for the X filter is defined as:
Hx(2) = Xo+ X121 + X2z 2+ Xaz 3 + Xaz 4 + X5z 75.
The coefficients for the X filter are defined as:
Xi=C1i-27™{1 +Ca1- 2721 + Cgi- 2™ (1 + Cai - 2-™)] ).
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33. Read X-Filter Coefficients

Ds Ds Ds Da Ds D2 D, Do
Command: 1 0 0 0 1 0 0 1
Output data byte 1: C40 m40 C30 m30
Output data byte 2: C20 m20 C10 m10
Output data byte 3: C41  ma1 C31 m31
Output data byte 4: C21  m21 C11 m11
Output data byte 5: C42 m42 C32 m32
Output data byte 6: C22 m22 C12 mi2
Output data byte 7: C43 m43 C33 m33
Output data byte 8: C23 m23 C13 mi13
Output data byte 9: C44 m44 C34 m34
Output data byte 10: C24 m24 C14 mi4
Output data byte 11: C45 ma5 C35 m35
Output data byte 12: C25 m25 C15 mi5

34. Write R-Filter Coefficients

Dy De Ds D4 Ds D. D Do
Command: 1 0 0 0 1 0 1 0
Input data byte 1: C40 m40 C30 m30
Input data byte 2: C20 m2o C10 m1o0
Input data byte 3: C41 ma C31 m31
Input data byte 4: C21 m21 C11 mi1
Input data byte 5: C42 m42 C32 m32
Input data byte 6: C22 m22 C12 mi2
Input data byte 7: C43 m43 C33 m33
Input data byte 8: C23 m23 C13 mi13
Input data byte 9: C44 m44 C34 m34
Input data byte 10: C24 m24 C14 mi4
Input data byte 11: C45 m45 C35 m35
Input data byte 12: C25 m25 C15 mi5

The z-transform equation for the R filter is defined as:

Hr(z) =Ro+Riz" "+ R2z2 + Raz® + Raz* + Rsz 5.

The coefficients for the R filter are defined as:

Ri=C1i- 2™ {1 +Cai- 21+ Cgi- 2™ (1+Cai- 2™ ] }.
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35. Read R-Filter Coefficients

Dy Ds Ds Ds Ds D2 D1 Do
Command: 1 0 0 0 1 0 1 1
Output data byte 1: C40 m40 C30 m30
Output data byte 2: C20 m20 Ci0 m10
Output data byte 3: C41  m4 C31 m31
Output data byte 4: Cc21 m21 Ci1t mn
Output data byte 5: C42 m42 C32 m32
Output data byte 6: C22 m22 C12 mi2
Output data byte 7: C43 m43 C33 m33
Output data byte 8: C23 m23 C13 mi3
Output data byte 9: C44 m44 C34 m34
Output data byte 10: C24 m24 C14 mi4
Output data byte 11: C45 m45 C35 m35
Output data byte 12: C25 m25 C15 mi5

36. Write Echo Path Gain

D7 Ds Ds D4 Ds D2 D1 Do
Command: 1 0 0 0 1 1 0 0
Input data byte 1: c80 m80 C70 m70
Input data byte 2: C60 meo C50 m50
Input data byte 3: C40 m40 C30 m30
Input data byte 4: C20 m20 Ci0  m10

The equation for the Echo Path Gain is defined as:
EPG=8-Ci0-2™° (14 Cs0-2™°{1 +Cso-2™™°[1+Cr0- 2" (1 + Cao- 2-™) ]}),
C20, M2o, Cs0, Mao, Cao, and M4o must be zero.
37. Read Echo Path Gain

D; Ds Ds Ds Ds D2 Dy Do
Command: 1 0 0 0 1 1 0 1
Output data byte 1: C80 m80 C70 m70
Output data byte 2: C60 m60 C50 m50
Output data byte 3: C40 m40 C30 m30
Output data byte 4: C20 m20 C10 mi10

SLAC/DSLAC Products
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38. Write Error Level Threshold

D7 Ds Ds Ds Ds D2 Dy Do
Command: 1 0 0 0 1 1 1 0
Input data byte 1: C20 m20 C10 mi0

The equation for the Error Level Threshold is defined as:

ELT=C10-2™™°(1 + Cao-272).

39. Read Error Level Threshold

Dy Ds Ds Da Ds D2 D4 Do
Command: 1 0 0 0 1 1 1 1
Output data byte 1: C20 m20 Ci0 mio

Programmabile Filters
General Description of CSD Coefficients

The filter functions are performed by a series of multipli-
cations and accumulations. A multiplication is accom-
plished by repeatedly shifting the multiplicand and
summing the result with the previous value at that sum-
mation node. The method used in the DSLAC device is
known as Canonic Signed Digit (CSD) multiplication and
splits each coefficient into a series of CSD coefficients.

Each programmable FIR filter section has the following
general transfer function:

HF(@)=ho+hiz"'+ h2z 2+ ... +hnz "
where the number of taps in the filter =n + 1.

The transfer function for the 1IR part of the Z and B filters
is:

Eq. (1)

1
1 —h(n+1)Z_1 Eq (2)
The values of the user-defined coefficients (h) are as-

signed via the MPI. Each of the coefficients (h) is defined
in the following general equation:

HIz) =

hi=B12My + B22Ma+. .. + B2 My, Eq. (3)
where:
the number of shifts = Mi < Mi.1

sign =Bi= +1
N = Number of CSD coefficients.
The value of hi in Eq. (3) represents a decimal number
whichis broken down into a sum of successive values of:
+1.0 multiplied by 270, or 2-1, or 22, .27 .

or
+1.0 multiplied by 1, or 1/2, or 1/4 .. .1/128... ..

The limit on the negative powers of 2 is determined by
the length of the registers in the ALU.

The coefficient hi in Eq. (3) can be considered to be a
value made up of N binary 1s in a binary register where

the leftmost part represents whole numbers, the right-
most part represents decimal fractions, and a decimal
point separates them. The first binary 1 is shifted M1 bits
to the right of the decimal point, the second binary 1 is
shifted M- bits to the right of the decimal point, the third
binary 1 is shifted Ms bits to the right of the decimal point,
and so on.

Note that when M1 is 0, the resulting value is abinary 1 in
front of the decimal point, that is, no shift. If M2 is also 0,
the result is another binary 1 in front of the decimal point,
giving a total value of binary 10 in front of the decimal
point (i.e., a decimal value of 2.0). The value of N, there-
fore, determines the range of values the coefficient hican
take (e.g., if N = 3 the maximum and minimum values are
13, and if N=4 the values are between +4).

Detailed Description of DSLAC Device
Coefficients

The CSD coding scheme in the DSLAC device uses a
value called mi, where mi represents the distance shifted
right of the decimal point for the first binary 1. mz repre-
sents the distance shifted to the right of the previous
binary 1, and ms3 represents the number of shifts to
the right of the second binary 1. Note that the range of
values determined by N is unchanged. Eq. (3) is now
modified (in the case of N=4) to:

hi=B127M1 4+ Bo2~M2 4 B32-M3 4 By2-M4 Eq. (4)
hi=C12-™ 4+ C1C22-M1+m2) | CyCoC32-(M1+m2+m3)

+ C1C2C3C42-(M1 +m2+m3+md) Eqg. (5)
hi=C127™ . {1+ C227™2. [1 + Ca2™™ ’

-(1+Ca2-™)]} Eq. (6)

where:

M1 =m1 and B1=Cq

Mz = m1+ m2 B2=C1-C2

Ms = m1+ m2+ms3 Bs=C1-C2-Cs

Ms=mi+mz+mz+ms Ba=C1-C2-C3-Cs

2-92

Am79C02/3(A) Data Sheet



PRELIMINARY

AMD n

Inthe DSLAC device, a coefficient hi consists of N CSD
coefficients, each being made up of 4 bits and formatted
as Cxymxy, Where Cxy is one bit (MSB) and myy is 3 bits.
Each CSD coefficient is broken down as follows.

Cxy s the sign bit (0 = positive, 1 = negative).
my is the 3-bit shift code. It is encoded as a
binary number as follows:

000: 0 shifts
001: 1 shifts
010: 2 shifts
011: 3 shifts
100: 4 shifts
101: 5 shifts
110: 6 shifts
111: 7 shifts
y is the coefficient number (the i in h).
X is the position of this CSD coefficient within

the h; coefficient. It represents the relative
position of the binary 1 represented by this
CSD coefficient within the hi coefficient. The
most significant binary 1 is represented by
x = 1. The next most significant binary 1 is
represented by x = 2, and so on.

Thus, C1amys represents the sign and the relative shift
position for the first (most significant) binary 1 in the 4th
(h3) coefficient.

The number of CSD coefficients, N, is limited to 4 in the
GR, GX, R, X, Z, and the IIR part of the B filter, and 3 for
the FIR part of the B filter. Note also that the GX filter co-
efficient equation is slightly different fromthat of the other
filters.
hiax=1+hi Eq. (7)

Please refer to the section detailing the commands for
complete details on the programming of the coefficients.

Adaptive B-Filter Overview

The DSLAC device B filter is designed to work with pre-
programmed coefficients or with coefficients determined
by an adaptive algorithm. (Note that the adaptive
trans-hybrid balance feature is only guaranteed on
the A version of the Am79C02/3). The adaptive algo-
rithm can be operated in a mode where it continuously
adapts or where it adapts for a short period and then
holds its value.

Operation with pre-programmed coefficients requires
only the use of MPI Command #30 to feed in the coeffi-
cients. The adaptive mode uses some pre-programmed
coefficients and generates new ones using an algorithm
By a series of iterations, the algorithm minimizes the re-
ceive signal that is echoed in the transmit signal (due to
mismatches in the SLIC, hybrid, and line). Adaptation
only applies to the FIR part ofthe filter. Pre-programmed
coefficients used to initiate the adaptive algorithm must
be “legal’ (shown under Command #30 on page 2-88).
Other legal coefficients may be obtained by using this co-
efficient, running adaptive. balance, and then reading
back the registers (refer to #30 in command structure).

In the continuous adaptation mode, the algorithm is
switched on (via MPl| Command #19) after a call is con-
nected and remains on until the call ends. In this way,
the Bfilter is continually being optimized to the received
signal.

In the adapt and freeze mode, the algorithm is used only
whenaline is brought into service and the DSLAC device
is activated. The algorithm is switched on and is allowed
to converge with the received signal, which is a band-
limited white noise signal generated in the exchange for
this purpose. The noise signal need only be injected for
less than a second to yield converged coefficients. The
adaptive mode is then switched off (via Command #19).
The converged coefficients may be read out of the
DSLAC device (using MPl Command #31) and stored for
future reference. The DSLAC device is now optimized for
general input signals.

SLAC/DSLAC Products
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Adaptive Filter Programming

The purpose of the Bfilteris to cancel the received signal
that leaks across the hybrid into the transmit path. The
B-filter transfer function must match (as closely as possi-
ble) the transfer function of the echo path.

There are two programmable registers associated with
the adaptive B filtering. The Echo Path Gain (EPG) is a
programmable value that predicts the amount of the re-
ceive signal leaking across the hybrid to the transmit
path. The EPG is used as part of an algorithm which
stops the adaptive filter from iterating in the presence of
signals from the subscriber line (near-end talker).

The Error Level Threshold (ELT) is a programmable
value that determines the trans-hybrid loss the adap-
tive filter will attempt to meet. The adaptive algorithm
will continue to iterate until it meets the loss require-
ment specified by the ELT. Both the EPG and ELT
values are generated by the AmSLAC2 software pro-
gram. Please refer to the AmSLAC2 Technical Manual.

User Test Modes

The DSLAC device supports testing by providing both
digital and analog loopback paths as shown in Figure 6.
Inthe TSA Loopback Mode, the DR inputis connected to
the DX output in the Time Slot Assigner circuitry. The
TSA Loopback Mode is programmed via Command #21.

A different type of digital loopback is provided when the
AISN register is programmed with a value of 10000. In
this case, the AISN circuitry is disabled and the Vour
pad is connected internally to Vin. This allows the D/A
and A/D converters to be included in the digital loop-
back test. This mode is programmed via Command #13.
Note that the signal connected internally from Vour to Vin
is also present on the Vour pin.

The Vv input can be connected to the Vour output
through the Z filter for analog loopback. The response of
the line to low frequencies can be tested by disabling the
high-pass filter. Additionally, the receive and transmit
paths may be cut off.

APPLICATIONS

The DSLAC device performs a programmable codec/fil-
ter function for two telephone lines. It interfaces to the
telephone lines through either a transformer or an elec-
tronic SLIC such as the Am795XX series devices. The
DSLAC device provides latched digital }/O to control and
monitor two SLICs and has a 256-kHz clock output to op-
erate the switched mode regulator in an Am795XX.
When several line conditions must be matched, the
physical SLIC can be constant, and its characteristics
(such as apparent impedance, attenuation, and hybrid
balance) can be altered by programming each DSLAC
channel’s coefficients to suit the line. For a transformer-
based SLIC, the DSLAC device can drive the trans-
former without a buffer.

Connection to a dual PCM highway backplane is imple-
mented by means of a simple buffer chip. Several
DSLAC devices can be bussed together into one bus in-
terface buffer. An intelligent bus interface chip is not re-
quired because each DSLAC device provides its own
buffer control. The DSLAC device can be controlled
through the Microprocessor Interface, either by a micro-
processor on the linecard or by a central processor.

Figures 7 and 8 illustrate typical Am79C02 DSLAC
device applications. Figure 7 shows the basic system
architecture. Figure 8 illustrates the significant details
of the interface to an Am795XX-based SLIC and to a
transformer-based SLIC.

) . _ Transmit v | Transmit DXA
°_di/ ADG Decimator Signal Processing '—"/i%— TSA DXB
i 1
i ET Analog ] i TSA
l---\-; :7 Lolapkéack =1 I:Z E teemdgm Lo&pl:jack
ode i ode
Digital (#21) i (#21)
Loopback !
Mode :
#19) \E R R DR
- ' | eceive eceive A
v DAC[—] Interpolator i Signal Processing TSA DRB
out
08875-010C
Figure 6. Test Mode Operation
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Figure 8. Typical SLIC Connections
Controlling the SLIC Calculating Filter Coefficients with
SLIC Chopper Clock AmSLAC2 Software

The CHCLK output pin on the DSLAC device drives the
CHCLK inputs for Am795XX series SLICs. The CHCLK
output is a256-kHz TTL-compatible signalthat can drive
two SLICs. It is only active when one or both channels
are activated; otherwise it is held High internally.

SLIC Input/Output

The DSLAC device has five TTL-compatible /O pins (C1
to C5) for each channel. On the 40-pin and 32-pin
DSLAC devices, only C1 through C4 are available. On
the 44-pin version, C5 (one for each channel) is also
available and can be used for anotherfunction (for exam-
ple, to control metering signal injection). The outputs are
programmed using Command #15 and the statusisread
back using Command #16. The direction of the pins
(input or output) is specified by programming the SLIC
I/O direction register (Command #17).

AmSLAC2 software is a program which models the
DSLAC device, the line conditions, the SLIC, and the
other linecard components to obtain optimal coefficients
for the programmable filters of the DSLAC device and
some of the resulting transmission performance plots.

The following parameters relating to the desired line con-
ditions and the components/circuits used in the linecard
design are to be provided as input to the program:

1. Line Impedance. The line impedance or the bal-
ance impedance of the line which is usually specified
by the local PTT.

2. Desired Impedance. Thisisthe desired terminating
impedance at the exchange. Thisimpedance is also
specified by the local PTT.

3. SLIC Impedance. This is the actual terminating
impedance at the exchange.
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. GR-Filter Attenuation. This is the desired attenu-
ation for the GR filter.

. GX-Filter Gain. This is the desired gain of the GX
filter.

. Receive Buffer Transfer Function. It is quite com-
mon to use an amplifier and/or filter between the
SLIC and the SLAC device in the design of the
linecard. The transfer function of this amplifier/filter
is called the Receive Buffer Transfer Function.

. Transmit Buffer Transfer Function. Same as
the Receive Buffer Transfer Function but for the
Transmit path.

. Fuse Resistance and Coupling. This isthe value of
the Fuse Resistance and the Coupling capacitor
used in the linecard.

. Two-Wire Return Loss Template. The Two-Wire

Return Loss Template is usually specified by the lo-

cal PTT.

Four-Wire Return Loss Template. The Four-Wire

Return Loss Template is usually specified by the

local PTT.

The output from the AmSLAC2 program includes the co-
efficients of the GR, GX, Z, R, X, B, and EPG filters as
well as predicted transmission performance plots of (1)
two-wire return loss, (2) receive and transmit path fre-
quency response, and (3) four-wire return loss.

The software supports the use of the AMD Am795XX se-
ries SLICs or a transformer SLIC, or allows entry of the
transfer functions describing the behavior of any type of
SLIC (hybrid).

10.

Systems for Customer Evaluation

The DSLAC Low Noise Evaluation Board is designed to
demonstrate the high performance capabilities of the
DSLAC device. The board is used to evaluate the
DSLAC device available in a 40-pin DIP package.

The SLAC/DSLAC Computer Interface Board provides
auser-friendly, computer-driveninterfaceto control up to
two DSLAC Low Noise Evaluation Boards or SLAC Low
Noise Boards. The Computer Interface Board allows an
IBM-compatible PC to control a SLAC device, DSLAC
device, and a SLIC via its serial port. The board is de-
signed to operate with the DSLAC.IF software program
which runs on the PC. A block dia-gram of a typical lab
setup is shown in Figure 9.

The Computer Interface Board can also interface to a
Hewlett-Packard 3779 series PMA or a Wandel and
Goltermann (W&G) PCM-4. These PCM Channel Mea-
surement Sets are used to measure the quality of signal
transmission through the DSLAC device.

An RS-232C serial port on the SLAC/DSLAC Computer
Interface Board is designed to plug directly into a serial
port on the back of a PC. The DSLACIF software
program which controls the Computer Interface Board
will operate on an IBM PC or compatible computer con-
taining at least one serial port and having atleast 512 Kb
of memory. The program is capable of running from a
floppy disk (360 Kb) or from a hard disk. The DSLACIF
software program is completely menu driven and fea-
tures extensive on-line help.

PCM Test and
Measuring Instrument

P5

SLAC SLIC
Evaluation Board |__| Evaluation Board @
+5V -5V —-60V -5V +5V
P3
SLAC/DSLAC
Computer Interface Board
P4
+5V -5V —-60V -5V +5V
DSLAC SLIC
Evaluation Board Evaluation Board

09875-013C

Figure 9. Evaluation System Block Diagram
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature ........ ~60°C<Tas+125°C
Ambient Operating Temperature . —40°C<Ta< +85°C
Ambient relative humidity

(noncondensing) ................. 5% to 100%
Veca with respect to AGND ... .. -0.4Vto+7.0V
Veeo with respectto DGND ....... -0.4Vto+7.0V
Veer with respectto PGND .. ... .. -0.4Vto+7.0V
Vee with respectto AGND ........ +04Vto-7.0V
Vinwith respect to Veca

(Vee==5V).....ccovvvin. +0.4V10-10.0V
Vin with respect to Vee

(Veca=+45V) ...........et -0.4Vto+10.0V

Total combined C1-C5 current per channel

SourcefromVee ............ ... 32 mA
SinkintoDGND . ................... 24 mA
Latch-up immunity (any pin) ............. +30 mA
Any other pin with respect to DGNDs .. —0.4 V to Ve

Stresses above those listed under ABSOLUTE MAXIMUM
RATINGS may cause permanent device failure. Functionality
at or above these limits is not implied. Exposure to absolute
maximum ratings for extended periods may affect device
reliability.

OPERATING RANGES

Analog Supply Vccas, Vecaz (Veca) ... ... +5.0V 5%
Digital Supply Vcceot, Veenz, Vecr (Veco) .. +5.0 V5%
Analog Supply Vees, Veez . ............ -5.0Vi5%
DGNDs, DGNDz, PGND (DGND) ............. oV
AGND1, AGND2(AGND) ................ 50 mV
Ambient Temperature ........... 0°C<Ta<+70°C
Ambient Relative Humidity ........... 15% to 85%

Operating ranges dsfine those limits between which the func-
tionality of the device is guaranteed.

DC CHARACTERISTICS over COMMERCIAL operating range unless otherwise noted

Typical values are for Ta=25°C and nominal supply voltages. Minimum and maximum specifications are over the
temperature and supply voltage ranges shown in Operating Ranges.

Preliminary
Symbol | Parameter Descriptions Min Typ Max Unit
Vi Input Low Voltage -0.5 0.8 \
Vi Input High Voltage 2.0 Vee v
he Input Leakage Current +10 RA
VoL Output Low Voltage
C1-C5 {lo.=6 mA) (Note 2) 0.4 v
C1-C5 (lo.=15 mA) (Note 2) 1.0 \'
TSCA, TSCB (lo.= 14 mA) 0.4 \"
Other Digital Outputs (lo.=2 mA) 0.4 \
Vou Output High Voltage
C1-C5 (low=4 mA) (Note 2) Vec—0.4 Vv
C1-C5 (lon=10 mA) (Note 2) Vec—1.0 \
Other Digital Outputs (low= 400 pA) 2.4 \%
lov Output Leakage Current (Hi=Z State) +10 pA
Vin Analog Input Voltage Range (AX=0 dB) +3.12 \'
(AX=6.02 dB) +1.56 v
Vios Offset Voltage Allowed on Vi +160 mV
le (Vi) Input Leakage Current on Vi +10 pA
Zour Vour Output Impedance 1 10 ohms
lour Vour Output Current (f < 3400 Hz) (Note 1) 16.3 mA
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DC CHARACTERISTICS over COMMERCIAL operating range (continued)

Preliminary
Symbo! | Parameter Descriptions Min Typ Max Unit
Vonr Vour Voltage Range (AR=0 dB) +3.12 \Y
(AX=16.02 dB) +1.56 \Y
Voos Vour Offset Voltage (AISN off) 140 mV
Voosa Vour Offset Voltage (AISN on) (Note 3) +80 mV
LINasn Linearity of AISN Circuitry (Input=0 dBmo0) +1/4 LSB
PD Power Dissipation Both Channels Active 180 240 mW
(MCLK, PCLK=2.048 MHz) 1 Channel Active 120 160 mwW
Both Channels Inactive (Note 4) 10 19 mwW
PD Power Dissipation Both Channels Active 190 270 mW
(MCLK, PCLK >2.048 MHz) 1 Channel Active 130 175 mwW
Both Channels Inactive (Note 4) 10 19 mwW
lec Total +5-V Current Both Channels Active 24.0 mA
1 Channel Active 18.0 mA
Both Channels Inactive (Note 4) 25 mA
lee Total —5-V Current Both Channels Active 10.0 mA
1 Channel Active 5.0 mA
Both Channels [nactive (Note 4) 0.05 mA
Ci Input Capacitance (Digital) 15 pF
Co Output Capacitance (Digital) 15 pF
PSRR Power Supply Rejection Ratio (1.02 kHz, 100 mVgus, 40 dB
either supply or path, GX=GR =0 dB)

Notes: 1. When the DSLAC device is in the inactive mode, the analog output will present a 0-V output level through an ~3K resistor.
2. The C1-C5 outputs are resistive for less than a 1-V drop. Total current must not exceed absolute maximum ratings.
3. If there is an external DC path from Vour to Vin with a gain of Goc and the AISN has a gain of hasy, then the output offset will be
multiplied by 1/[1~(haisn - Goc) ].

4, Power Dissipation in the inactive mode is measured with all digital inputs at Vin=Vcc and Vi=Vss and with no load connected to
Vour1 or Voura.
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Transmission Characteristics

When the gain in the receive path is set at 0 dB, a
1014-Hz PCM sine-wave input with level 0 dBmO will
correspond to a nominal RMS voltage of 1.55 V for u-law
and 1.56 V for A-law at the analog output. When the
gain in the transmit path is set at 0 dB, a 1014-Hz sine-
wave signal with a nominal RMS voltage of 1.55 V
for pu-law and 1.56 V for A-law will correspond to a level
of 0 dBmO at the digital output.

When relative levels (dBmO) are used in any of the fol-
lowing transmission specifications, the specification
holds for any setting of the AX + GX gainfrom 0 to 12 dB
and the AR+GR loss from 0 to 12 dB. Performance
specification for settings of the AX + GX gain from 12 to
18 dB and the AR + GR loss from 12 to 18 dB will be de-
termined as the device is characterized.

These performance specifications are valid for the com-
mercial temperature range device only. See the DSLAC
Extended Temperature Supplement for information on
performance over the industrial temperature range
(—40°C to +85°C). i

Gain Stability

Fora 0 dBm0 1014-Hz sine-wave signal, the gains inthe
transmit and receive paths (withB=0,Z=0& X=R=1)
will not deviate from their ideal value by more than
0.2 dB at 25°C.

Over the full temperature range (specified in the Operat-
ing Ranges), the gains in the transmit and receive paths

will not deviate from their ideal values by more than
+0.25 dB.

The variation of the digital to digital loop gain (when the
analog input and output ports are connected together)
or the analog to analog loop gain (when the digital input
and output ports are connected together) will be within
+0.2 dB at 25°C.

Over the full temperature range (specified in the Operat-
ing Ranges), the variation of the digital to digital or the
analog to analog loop gain will be within £0.25 dB.

The above specifications apply with reference to tem-
perature and supply voltage variations within the specifi-
cations of the Operating Ranges.

Attenuation Distortion

The attenuation of the signal in either path is nominally
independent of the frequency. The deviations from
nominal attenuation will stay within the limits shown. The
reference frequency is 1014 Hz and the signal level is
0 dBm0. The deviation is less than +£0.125 dB for
300 Hz<f< 3000 Hz.

Group Delay Distortion

For either transmission path, the group delay distortion is
within the limits shown in Figure 11. The minimum value
of the group delay is taken as the reference. The signal
level should be 0 dBmO.

Attenuation (dB)

Receive curve 1 dB

1

0.125 [

DSLAC Device Specification

Transmit curve 1.35 dB

0.75 dB

-0.125

(transmit only)

200 —{—

3000 —
3400 ——

Frequency (Hz)

09875-014C

Figure 10. Attenuation Distortion (Single Ended)
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Group Delay

The Group Delay specification is defined as the sum of
the minimum values of the group delays for the transmit
andthe receive paths when thetransmit and receive time
slots are identical and the B, X, R, and Z filters are dis-

abled. For PCLK frequencies greater than 1.53 MHz, the
group delay is less than 630 ps. For PCLK frequencies
less than 1.03 MHz, the group delay is less than 695 ps.
(At PCLK frequencies between these two values, the
group delay may vary from one cycle to the next.)

420 DSLAC Device Specification
(Either Path)
Delay (uS)

150 —
90 —

1 | | ]

UL | 1 |

0 S o [= [= o

[~ =] (=3 o o

e 2 &« &

Frequency (Hz)
Figure 11. Group Delay Distortion 00875-015C
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Discrimination Against Out-of-Band
Input Signals
When an out-of-band sine-wave signal with frequency

f and level A is applied to the analog input, there may be
frequency components below 4 kHz at the digital output,

caused by the out-of-band signal. These components
are at least the specified dB level below the level of a
signal at the same output originating from a 1014-Hz
sine-wave signal with a level of A dBmo0 also applied to
the analog input. The minimum specifications are:

Frequency of Out-of-Band Signal

Amplitude of Out-of-Band Signal

Level below A

16.6 Hz <f<45 Hz —25 dBm0<A< 0dBmO 18dB
45Hz <f<65Hz —25 dBm0<A< 0dBmoO 25dB
65Hz <f<100Hz —25 dBm0<A< 0dBmO 10dB
3400 Hz <f <4600 Hz —25 dBm0<A< 0dBmoO see Figure 12
4600 Hz <f<100 kHz -25 dBm0<A< 0dBmoO 32dB

The attenuation of the waveform below amplitude A between 3400 Hz and 4600 Hz is given by the formula:

7(4000-1)

ion (dB)= 1414 si
Attenuation (dB)=14-14 sin 1200

Level (dB)

&&  DSLAC Device Specification

-28 dBm

-32 dB, —25 dBm0 < input < 0 dBm0

| 1
3.4 4.0

!
1
4.6

Frequency (kHz)

09875-016C

Figure 12. Discrimination Against Out-of-Band Signals

Discrimination Against 12- and 16-kHz
Metering Signals

If the DSLAC device is used in a metering application
where 12- or 16-kHz tone bursts are injected onto the
telephone line toward the subscriber, a portion of those
tones may also appear at the Vin input terminal. These
out-of-band signals may cause frequency components
to appearbelow 4 kHz at the digital output. For a 12-kHz
tone, the frequency components below 4 kHz will be

reduced from the input by at least 48 dB, and for 16-kHz
tones, the components are reduced by more than 70 dB.

To avoid degradation of in-band transmission perform-
ance, the input levels of these out-of-band tones must
be limited. The maximum allowable level at 12 kHz is
100 mV rms, and is 500 mV rms at 16 kHz. An external
notch filter at the Vi input to the DSLAC device, incorpo-
rated along with the metering injection design, is effec-
tive in reducing these tone levels.
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Spurious Out-of-Band Signals
at the Analog Output

With PCM code words representing a sine-wave signal
in the range of 300 Hz to 3400 Hz at a level of 0 dBmO
applied to the digital input, the level of the spurious out-
of-band signals at the analog output is less than the limits
shown below.

Frequency Level

4.6 kHz to 40 kHz —32 dBm0O
40 kHz to 240 kHz —46 dBmO
240 kHz to 1 MHz —36 dBm0

With code words representing any sine-wave signal in
the range 3.4 kHz to 4.0 kHz at alevel of 0 dBmO applied
to the digital input, the level of the signals at the analog
output are below the limits in Figure 13. The amplitude of
the Spurious Out-of-Band signals between 3400 Hz and
4600 Hz is given by the formula:

A=-14-14 sin ni_lf‘l—zz(t)(())oo dBmo

Single Frequency Distortion

The output signal level, at any single frequency in the
range of 300 Hz to 3400 Hz, other than that due to an
applied 0-dBmO sine-wave signal with frequency f in the
same frequency range, is less than —46 dBm0. With
f swept between 0 to 300 Hz and 3400 to 12 kHz, any
generated output signals other than f are less than -28
dBmoO. This specification is valid for either transmission
path.

Intermodulation Distortion

Two sine-wave signals of different frequencies fi and {2
(not harmonically related) in the range 300 Hz to 3400 Hz
and of equal levels in the range —4 dBm0 to —-21 dBm0
do not produce any 2 - f; — f2 products having a level
greater than —42 dB relative to the level of the two input
signals.

A sine-wave signal in the frequency band 300 Hz to
3400 Hz withinput level -9 dBm0 and a 50-Hz signal with
input level =23 dBmO, will not give any intermodulation
products exceeding a level of -56 dBm0. These specifi-
cations are valid for either transmission path.

Idle Channel Noise

When the signal at the analoginput is zero and the digital
output (DXA or DXB) is connected to the digital input
(DRA or DRB), the maximum levels of the noise mea-
sured at the analog output are:

—68 dBmOp
-55 dBmoO

Weighted noise:
Unweighted noise (300-3400 Hz):

Whenthe signal atthe analog input is zero, the maximum
level of the noise measured at the digital output does
not exceed 68 dBmOp (A-law) or 19 dBrncO (u-law).
When PCM code words representing digital zero are
applied to the digital input, the maximum level of the
noise measured at the analog output does not exceed
—78 dBmOp (A-law) or 12 dBrncO (u-law). No single
frequency component in the range above 3800 Hz may
exceed a level of =55 dBmO.

Level (dBmo)

< DSLAC Device Specification

3.4 4.0 46
Frequency (kHz)
09875-017C
Figure 13. Spurious Out-of-Band Signals
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Crosstalk

Transmit to Receive crosstalk within a channel. The
crosstalk level at the analog output due to a 0 dBm0
sine-wave signal in the frequency range 300 Hz to 3400
Hz, applied to the analog input, is less than —75 dBmoO.

Receive to Transmit crosstalk within a channel. The
crosstalk level at the digital output due to a 0 dBmO
sine-wave signal in the frequency range 300 Hz to 3400
Hz, applied to the digital input, is less than =75 dBmO.

Transmit to Transmit crosstalk between channels.
With a 0-dBm0 sine-wave signal in the frequency range
300 Hz to 3400 Hz applied to the analog input of
one channel, the level at the digital output of the other
channel does not exceed —76 dBmoO.

Transmit to Receive crosstalk between channels.
The crosstalk level at the analog output of one channel
due to a 0 dBm0 sine-wave signal in the frequency range
300 Hz to 3400 Hz, applied to the analog input of the
other channel, will be less than —78 dBm0.

Receive to Transmit crosstalk between channels.
The crosstalk level at the digital output of one channel
due to a 0dBmO sine-wave signal in the frequency range
300 Hz to 3400 Hz, applied to the digital input of the other
channel, will be less than —76 dBmo0.

Receive to Receive crosstalk between channels. The
crosstalk level at the analog output of one channel due
to a 0 dBmO sine-wave signal in the frequency range
300 Hz to 3400 Hz, applied to the digital input of the other
channel, will be less than —78 dBm0.

Variation of Gain with Input Level

The gain deviation relative to the gain at —10 dBmoO is
within the limits shown in Figure 14 for either transmis-
sion path when the input signal is a noise signal (for
example, CCITT Rec. 0.131).

The gain deviation relative to the gain at —10 dBm0
is within the limits shown in Figure 15 for either trans-
mission path when the input is a sine-wave signal of
frequency 1014 Hz.

Total Distortion, Including Quantizing
Distortion

The signal-to-total distortion ratio will exceed the limits
shown in Figure 16 for the receive path when the input
signal is a noise signal (for example, CCITT Rec. 0.131).
The transmit path specification is 1 dB less than that
shown for the receive path.

The signal-to-total distortion will exceed the limits shown
in Figure 17 for either transmission path when the input
is a sine-wave signal of frequency 1014 Hz.

0.45 —

0.35 I—

0.25 |—

DSLAC Device
Specification

. Input

Gain (dB) 4] L T
~0.25

T Level
-10 (dBmo0)

-0.35

—-0.45

Figure 14. Gain Tracking with Noise Input

09875-018C
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Zi  DSLAC Device

1.6 — Specification
0.5 p—
0.25 |—
) Input
Gain (dB) o F—t+—t+— —t—t Lavel
55 -50 —40 -10 0 +3 (dBmo)
-0.25

Figure 15. Gain Tracking with Tone input 09875-019C
=&  DSLAC Device
Specification
34.3 —, % Signal-to-Total
—]28.4 Distortion (dB)
29.7 :
14.7—
| | :
-55 —40 -34 -27 -6 -3
Input Level (dBm0)
Figure 16. Total Distortion with Noise Input (Receive Path) 09875-020C
&Z  DSLAC Device
Specification
35.5— 35.5 Si.gnal-'to-'l'otal
30 / Distortion (dB)
25 —
1|
—45-40 -30 ’ 0
Input Level (dBm0)
Figure 17. Total Distortion with Tone Input (Both Paths) 09875-021C

SLAC/DSLAC Products 2-105



nAMD PRELIMINARY

Overload Compression

Figure 18 shows the acceptable region of operation for input signal levels above the reference input power (0 dBmO0).
The conditions for this figure are: (1) 1 dB < GX <12 dB; (2) —-12 dB < GR < -1 dB; (3) PCM output connected to PCM
input; and (4) measurement analog-to-analog.

Fundamental
Output Power
(dBmo)

Acceptable
Region

|
|
|
|
|
|
| |

| | )

| | | ] ]
3 6

Fundamental Input Power (dBm0)

09875-022C

Figure 18. A/A Overload Compression
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SWITCHING CHARACTERISTICS over operating range (unless otherwise noted)
Microprocessor Interface

Min and Max values are valid for all digital outputs with a 150-pF load, except C1 to C5 with a 30 pF load. Pull-up
resistors of 360 ohms are attached to TSCA and TSCB

Preliminary

No. Symbol | Parameter Min Typ Max Units
1 tocy Data Clock Period 244 ns
2 tock Data Clock High Pulse Width (Note 1) 97 ns
3 tooL Data Clock Low Pulse Width (Note 1) 97 ns
4 tocr Rise Time of Clock 25 ns
5 toce Fall Time of Clock 25 ns
6 ticss Chip Select Setup Time, Input Mode 70 tocy —10 ns
7 ticsH Chip Select Hold Time, Input Mode : 0 toch —20 ns
8 ticsL Chip Select Pulse Width, Input Mode 8toey ns
9 ticso Chip Select Off Time, Input Mode (Note 7) 5 us
10 tios Input Data Setup Time 30 ns
11 tion Input Data Hold Time 30 ns
12 town SLIC Output Latch Valid 20 1000 ns
13 tocss Chip Select Setup Time, Output Mode 70 tocy =10 ns
14 tocsn Chip Select Hold Time, Output Mode 0 tocn—20 ns
15 tocst Chip Select Pulse Width, Output Mode ) 8tocy ns
16 tocso Chip Select Off Time, Output Mode (Note 7) 5 us
17 tono Output Data Turn On Delay (Note 5) 50 ns
18 toon Output Data Hold Time 0 ns
19 tooor Output Data Turn Off Delay 50 ns
20 tonc Output Data Valid 0 50 ns

PCM Interface
Preliminary

No. Symbol | Parameter Min Typ Max Units
21 trey PCM Clock Period (Note 2) 0.122 7.8125 us
22 tecu PCM Clock High Pulse Width 48 3890 ns
23 tect PCM Clock Low Pulse Width 48 3890 ns
24 tecr Fall Time of Clock 15 ns
25 tecr Rise Time of Clock 15 ns
26 trss FS Setup Time 25 troy—50 ns
27 trsm FS Hold Time 50 ns
Delay to TSC Valid 5 80 ns
28 trso (with Programmable Delay) (Note 3) 30 150 ns
Delay to TSC Off 5 80 ns
29 trso (with Programmable Delay) (Note 6) 30 150 ns
PCM Data Output Delay 3 80 ns
30 toxo (with Programmable Delay) (Note 4) 30 150 ns
PCM Data Output Hold Time 5 80 ns
31 toxu (with Programmable Delay) (Note 4) 30 150 ns
PCM Data Output Delay to High-Z 5 80 ns
32 toxz (with Programmable Delay) (Note 4) 30 150 ns
33 tors PCM Data Input Setup Time 25 70 ns
34 torn PCM Data Input Hold Time 5 150 ns
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Master Clock
For 2.048 MHz +100 ppm or 4.096 MHz +100 ppm operation:

Preliminary

No. Symbol | Parameter Min Typ Max Units
35 ‘ Master Clock Period (2.048 MHz) 488.23 488.28 488.33 ns

"o Master Clock Period (4.096 MHz) 24411 | 24414 | 24417 ns
36 tmer Rise Time of Clock 15 ns
37 tucr Fall Time of Clock 15 ns
a8 .t MCLK High Pulse Width (2.048 MHz) 200 ns

e MCLK High Pulse Width (4.096 MHz) 80 ns
ag ) MCLK Low Pulse Width (2.048 MHz) 200 ns

He MCLK Low Pulse Width (4.096 MHz) 80 ns

Notes 1. DCLK may be stopped in the High or Low state indefinitely without loss of information. If DCLK is stopped in the High state, CS can
subsequently make any number of transitions without activating the Microprocessor Interface logic.

2. The PCM clock frequency must be an integer multiple of the frame sync frequency with a long term accuracy of 100 ppm. The maxi-
mum allowed PCM clock frequency is 8.192 MHz. The actual PCM clock rate is dependent on the number of channels allocated within
aframe. The minimum clock frequency is 128 kHz. A PCLK of 1.544 MHz may easily be used for standard U.S. transmission systems.

3. TSC is delayed from FS by a typical value of N e tecy, where N is the value stored in the time/clock-slot register.

4. There is a special conflict detection circuitry which will prevent high-power dissipation from occuring when the DXA or DXB pins of two
DSLAC devices are tied together and one DSLAC device starts to transmit before the other has gone into a high-impedance state.

5. The first data bit is enabled on the falling edge of CS or on the falling edge of DCLK, whichever occurs last.

6. trso is defined as the time at which the output achieves the open circuit condition.

7. The DSLAC device requires 40 cycles of the 8-MHz intemal clock (5 ps) between SIO operations. If the MPI is being accessed while
the MCLK input is not active, a Chip Select Off time of 20 ps is required.

SWITCHING WAVEFORMS

Input and Output Waveforms for AC Tests

2.4

2.0 Test 2.0
Points
0.8 0.8

0.45 09875-023C

Master Clock Timing

@.—’ fe—
- ©,
00875-024C
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Microprocessor Interface (Input Mode)

®
-©®
DCLK 3ZV.H v Vin m
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3 VAVAY, %
" Data W Data Data
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24

09875-025C

Microprocessor Interface (Output Mode)

DCLK Vi =
®
A
A
cs -——\ ® - %
T % / —
—@®—
o) ® o
D Three-State  Vou I~ Data = Data Data - « Three-State /
out Vo L Vald Valid Valid ” \

09875-026C
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PCM Highway Timing for XE =0 (Transmit on Negative PCLK Edge)

Time SlotZero
Clock Slot Zero
1—@—.
" @~ - G i
AYE YA VEWAWAWAN
® S |

—‘I

i
| 1o Jlle

3
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®
sCB l/ See Note 6
]
TC {
® ®
S am—
VOH <
F c
DXA/DXB { Firstsit K X —
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Vou ¢
® wl2)
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i ¥ r
DRA/DRB First | Second
VIL
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PCM Highway Timing for XE=1 (Transmit on Positive PCLK Edge)

Time Slot Zero

Clock Slot Zero
4—@—b
y O = tglj@ — /ecL\
VAVEYAYEVAWAWRS
o-H |2k |
FS ! ee
_ ®
TSCA/ ‘ [
TsCB q See Note 6
} °¢ {
€ [+ ® @
Vor .
DXA/DXB : A Fistit ¥ x o X —
VoL
® y - @
VVV/ VVVVVVV i [ dl
DRA/DRB X’A’A‘A‘X‘X’X’A‘A’A‘A‘AIA Fllarift —Segﬁmi
\'/

Note: In this mode, the PCM transmit timing is compatible with other CODEC IC's,

09875-027C
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Dual Subscriber Line Audio-Processing Circuit (DSLAC™ Device)

e

Advanced
Micro
Devices

DISTINCTIVE CHARACTERISTICS
® |OM 2 Interface [
—Control and PCM on one bus

Adaptive trans-hybrid balance function
(Am79CO04/A only)

—Data rate up to 4.096-MHz independent of B 2.048- or 4.096-MHz master clock
master clock . . .
@ Simple interface to Am795XX series SLICs
®  Twoindependent channels m Direct transformer drive
. S°m”|'a'° programmable m  Built-in test modes
—SLIC impedance
— Trans-hybrid balance ®  Low-power CMOS
— Transmit and receive gains ® Mixed mode (analog and digital) impedance
— Equalization scaling
—Digital VO pins with input debouncing ®  Performance characteristics guaranteed over
8 A-law or p-law coding 12-dB gain range
BLOCK DIAGRAM
v IOM 2
i | Signal processing | Highway
Vourr ¢ Channel 1 (CH 1)
> pu
< DD
Vinz . . < DCL
Signal processing |e
Channel 2 (CH 2) .
Vourz < B FSC
SLIC
IOM 2
C4/IN: » MUX/DEMUX
C5/INs - >
Cl, =
C2, =« "
Ca/E: MCLK
DETINs >
SLIC
CalIN: > Interface CFGo
C5:/IN; <+—}—» CFG/RST
Cl. =«
C2: < < So
< Sy
C3:/CHCLK < S
DET2/INs N
12764A-001
This document contains information on a product under development at Advanced Micro Devices, nc. The information s intended
1o help you evaluate this product. AMD reserves the right to change or work on this product without notice.
Publication #: 12764 Rev.C Amendment /0 2113

Issue Date: June 1992
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GENERAL DESCRIPTION

The DSLAC IC is designed to be used in telecom-
munication linecards for both PBX and central office
telephone exchanges. It converts the analog signal from
the subscriber to digital PCM-encoded signals for trans-
mission on the IOM 2 highway and converts a PCM-
encoded signal received from an IOM 2 highway to an
analog signal to be sent to the subscribers. The ad-
vanced architecture of the DSLAC device implements
two independent channels and employs digital filters to
allow software control of transmission parameters.

Advanced CMOS technology gives the economical
DSLAC device both the functions and the low-power
consumption needed by linecard designers to maximize
linecard density at minimum cost. When used with
two SLICs, the DSLAC device provides a complete
dual-channel, software-configurable solution to the
BORSCHT (Battery feed, Overvoltage protection, Ring-
ing, Supervision, coding, Hybrid and Test) function.
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CONNECTION DIAGRAMS
Top View
32-Pin DIP
\_
Cii[d1e 3217 c3yE,
ca o2 31[] C54INs
C44/INs [0 3 300 DETYINs
AGND [ 4 2907 FsC
Vi [ 5 283 DGND
Veer E 6 27] DU
Vourt [1 7 261 DD
Veer [ 8 25[] DCL
Vourz [] 9 24[] Ve
Vee2 []10 23] S,
Vinz E11 22 ] S
CFGo Oz 210 So
CFGVRST 113 20[] MCLK
Cl2 14 19[] DET./IN
C2: Q15 18[] C3./CHCLK
C4./INs [J16 170 C52/IN;
44-Pin PLCC
oo = . . 2 0 Q
2238538l a g
OO AaonnnaOoan
/ © v ¥ O - ¥ QN T 2
<t <t < <
AGND [] 7 ° 39 [ ] RSRVD
RsRVD [] s 38 [ ] DGND
v [ 9 37 j Dy
Veer E 10 36 j DD
Voo [ 11 35 [ pCL
Voor [] 12 34 [ RsRVD
RSRVD [[] 13 33 [ Veo
Vourz [ 14 32[1]s2
Ve [ 15 311 st
Vm [] 16 30 [] so
RAVD[] 17 © 2 9 5 8 9 3 Q8 8 § 8 20[1RSRWD
ooy
Q &3 B &2 d =2 2 X = ¥ 0O
z e 20608 % 2325337
@ o & 3 8 I ||J—J =
i % o o«
S 3

Note: 1. Pin 1 is marked for orientation purposes.
2. RSRVD = Reserved pin, should not be connected externally to any signal or supply.
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ORDERING INFORMATION
Standard Products

AMD® standard products are available in several packages and operating ranges. The order number (Valid Combination) is
formed by a combination of the elements below.

AM79C04  _A P c

TEMPERATURE RANGE

*C = Commercial (0°C to 70°C,
Relative Humidity = 15% to 85%)

PACKAGE TYPE

P = 32-Pin Plastic DIP (PD 032)
J = 44-Pin Plastic Leaded Chip Carrier (PL 044)

DEVICE OPTIONS

Blank = Standard Device
A = Adaptive Trans-Hybrid Balance

DEVICE NUMBER/DESCRIPTION

Am79C04
Dual Subscriber Line Audio-Processing Circuit (DSLAC device)
with IOM 2 Interface

Valid Combinations

Valid Combinations lists configurations planned to
be suppaorted in volume for this device. Consult the
local AMD sales office to confirm availability of spe-
cific valid combinations, to check on newly re-
leased combinations, and to obtain additional data
on the AMD standard miilitary grade products.

Valid Combinations

AM79C04 AJC, APC, JC, PC

* The performance specifications contained in this data sheet are valid for the commercial temperature range only. See the DSLAC Extended
Temperature Supplement for information on industrial temperature range (—~40°C to +85°C) specifications.
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PIN DESCRIPTION
AGND
Analog Ground

C1,, C2,, C3.E,, C1,, C2,, C3.,/CHCLK
SLIC Outputs

These latched outputs are TTL compatible and may be
used to control the operation of a SLIC or any other de-
vice associated with the subscriber line. C1,, C2;, and
C3./E, are associated with Channel 1 and C1., C2,, and
C3./CHCLK are associated with Channel 2. The outputs
are set to a Low level when the device is powered up.
The C/i (Command/Indicate) channel is then used to
write data to these pins.

In the Multiplexed mode, the C3,/CHCLK output pro-
vides a 256-kHz or 273-kHz, 50% duty-cycle clock for
use by two SLICs. The CHCLK frequency is synchro-
nous to MCLK, but the phase relationship to MCLK is
random. It is capable of driving two TTL inputs. As
CHCLK, this output is only active when one or both
channelsare inthe active state; otherwise it is held High.
In the Multiplexed mode, the C3/E; output is used to
control the DET outputfroman Am795XX series SLIC. A
High level allows the SLIC to output its ground-key de-
tect status while a Low level allows the SLIC to output
the status of its off-hook detector. C3/E, can be pro-
grammed to go to a High level for approximately 16 us
every 1 1o 15 ms to demultiplex the DET inputs.

C51/INs, C52/IN2, C4./INs, C4./IN»
SLIC Inputs/Outputs

Each pin may be programmed to be an input or output.
C4,/INs and C54/INs are associated with Channel 1 and
C4./INs and C52/IN2 are associated with Channel 2. All
pins are set to the Input mode when the device is pow-
ered up. If these pins are programmed to be outputs,
they are written via the C/l channel. These linesare TTL
compatible with latched outputs and may be used to
controlthe operation of a SLIC or any other device asso-
ciated with the subscriber line. If the pins are pro-
grammed to be inputs, C44/INs will appear as C/I up-
stream bit 6, C5+/INs will appear as C/I upstream bit 5,
C4/INs will appear as C/I upstream bit 3, and C52/IN2
will appear as C/I upstream bit 2. The Monitor Channel
may be used to read the data on these pins.

CFG//RST, CFG,
Configuration Number Assignment

These inputs allow a configuration number assignment
from 0 to 5 by connecting them to either -5 V, ground,
or +5 V. A voltage of greater than +2 V applied to
the CFG+/RST input causes the device to perform a
hardware reset. For proper operation, CFG, should be
hardwired to one of the DSLAC device’s power supplies.

DCL
IOM 2 Clock

The IOM 2 clock determines the rate at which IOM 2
data is serially shifted into or out of the IOM 2 ports. This
rate is twice the desired bit rate. The maximum clock fre-
quency is 8.192 MHz and the minimum clock frequency
is 512 kHz. The IOM 2 clock may be asynchronous to
MCLK.

DD
IOM 2 Downstream Input

Downstream data is received serially on the DD port
every 125 ps at half the DCL rate.

DET:/IN., DET/IN,
Loop Status Detector Inputs

In the Multiplexed mode, the DET+/IN, and DET:/IN; in-
puts are intended to monitor outputs from a Subscriber
Line Interface Circuit (SLIC), providing off-hook and
ground-key sensing on the same signal. When the
E, output is Low, the [IOM 2 DSLAC device interprets
DET/IN.or DET-/IN; as off-hook detector inputs. When
E: is High, the DSLAC device interprets these pins
as ground-key detector inputs. These pins may also
be used in a non-Multiplexed mode, whereby the
DETvIN. input is routed to the C/l upstream bit 4 and
the DET/IN; input is routed to the C/l upstream bit 1.
These inputs are TTL compatible.

DGND

Digital Ground

DU

IOM 2 Upstream Output

Upstream data is output serially on the DU pin every
125 ps at half the DCL rate. DU is high impedance be-
tween bursts. This pin is an open-drain output.

SLAC/DSLAC Products
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FSC
Frame Sync

The Frame Sync pulse is an 8-kHz signal which identi-
fies the beginning of a frame. The IOM 2 DSLAC device
references individual time slots with respect to the
Frame Sync pulse. FSC is synchronized to DCL.
MCLK

Master Clock

The Master Clock is a 2.048- or 4.096-MHz clock input
for use by the digital signal processor. DCL may be
asynchronous to MCLK.

$:-So

Time Slot Number Assignment

These inputs are used for a time slot number assign-
ment from 0 to 7. They direct the DSLAC device to input
and output PCM and programming information on one
of eight time slots.

Vee

Digital Power Supply

+5-V digital power supply.

VCCA
Analog Power Supply

+5-V analog power supply must be connected to
the +5-V digital power supply.

VEE|

-5-V power supply— Channel 1.
szz

-5-V power supply— Channel 2.
Vlm,vm

Analog Inputs

The analog input is applied to the transmit path of
the IOM 2 DSLAC device. The signal is sampled, digi-
tally processed, and encoded for the IOM 2 PCM output.
Vi is for Channel 1 and Vi, is for Channel 2.

VDU" yVOUTZ
Analog Outputs

The received PCM data is digitally processed and con-
verted to an analog signal at the Vour pin. Vour is for
Channel 1 and Vour: is for Channel 2. These outputs
may be used to drive a transformer SLIC directly.

2-118
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FUNCTIONAL DESCRIPTION

The DSLAC device performs the Codec/filter func-
tions associated with the four-wire section of the sub-
scriber line circuitry in a digital switch. These functions
involve converting an analog voice signal into digital
PCM samples and converting digital PCM samples back
into an analog signal. The PCM codes are 8-bit and are
programmed to be either A-law or p-law companded.
During conversion, digital filters are used to band-limit
the voice signals.

The user-programmable filters set the receive and
transmit gain, perform the trans-hybrid balancing
function, permit adjustment of the two-wire termination
impedance, and provide frequency attenuation adjust-
ment (equalization) of the receive and transmit paths.
Adaptive trans-hybrid balancing is a feature of the
Am79C04A. All programmable digital filter coefficients
can be calculated using AmMSLAC2™ software.

The independent channels allow the DSLAC device to
function astwo SLAC™ devices. All of the digital filtering
is performed in digital signal processors operating
from either a 2.048-MHz or 4.096-MHz external clock.
The A/D, D/A, and signal processing are separate for
each channel. The IOM 2 DSLAC device is available
in a 32-pin DIP or a 44-pin PLCC.

This sectiondescribes the operation of the IOM 2in-
terface portion of the Am79C04 DSLAC device. The
operational and signal processing features of the
Am79C04 DSLAC device are identical to the
Am79C02. A full description of these features can
be found in the Am79C02 data sheet.

Operational Modes
See the Am79C02/3(A) Data Sheet.

Signal Processing
See the Am79C02/3(A) Data Sheet.

IOM 2 Interface

The IOM 2 Interface allows communication of both con-
trol and voice data between the IOM 2 highway and sub-
scriber line circuits over a single pair of pins on the
DSLAC device.

Upstream IOM 2 Interface

The upstream IOM 2 Interface logic (Figure 1) receives
an 8-bit compressed voice code from each subscriber
channel signal processor. Also input to the multiplexer
are a Status and Control (SC) byte containing subscrib-
er line status information and a Monitor (M) byte con-
taining processor status information. These four inputs
are formed into a 4-byte time slot by the upstream multi-
plexer and sent upstream via the DU pin on the DSLAC
device. The frame sync (FSC) pulse identifies the begin-
ning of a frame and all time slots are referenced to it.

The time slot is determined by the code appearing
on the Time Slot Assignment pins, S—S,. This allows
up to eight 4-byte time slots (using a DCL of 4.096 MHz)
in each frame. This feature allows any clock frequency
between 512 kHz and 4.096 MHz (1 to 8 time slots)
in a system. Frequencies between 4.096 MHz and
8.192 MHz are allowed, but only the first eight time slots
are used.

From Transmit—Channel 1 ——®

Signal Processors—Channel 2 ——p Ups'tream » DU

SC byte ——» Multiplexer

M byte ——» T
‘__-

FsC o—H Time Slot S
Control S
DCL o—¥ & S

12764A-002

Figure 1. Transmit (Upstream) IOM 2 Interface
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Downstream IOM 2 Interface

The downstream IOM 2 Interface logic (Figure 2) de-
multiplexes a time slot (determined by the code on pins
S~S:) from the downstream data on input DD of the
DSLAC device. The time slot contains voice data des-
tined for each of the subscriber line signal processors.
Also obtained from the time slot are an SC byte used for
SLIC I/O programming and an M byte used for signal
processor programming.

As in the upstream interface, one to eight 4-byte time
slots are allowed in each frame (usingaDCL frequency
of 512 kHz to 4.096 MHz).

IOM 2 FORMAT AND COMMAND
STRUCTURE

IOM 2 Format

A complete IOM 2 frame is sent upstream on the DU pin
and received downstream on the DD pin every 125 ps.
Each frame consists of up to eight 4-byte time slots. The
overall structure of the IOM 2 frame is shown in Figures
3 and 4. Figure 3 shows the pattern when only a single
IOM 2 time slot is used with a 256 kb/s bit rate. In this

case the same 32-bit time slot is sent for every frame.
Figure 4 shows the pattern when the maximum capacity
of eight IOM 2 time slots is used. In this case, a bit rate of
2048 kb/s is needed. Any number of time slots between
1 and 8 can be used, provided the bit rate is adjusted
suchthat a complete frame of time slots can occur every
125 ps. Note that the DCL clock input must be set at a
frequency of twice the desired bit rate.

An individual 4-byte IOM 2 time slot contains the
following:

Two bytes, B1 and B2, containing voice data for two
separate channels. One IOM 2 time slot can serve
two analog subscriber lines.

One Monitor (M) byte for reading and writing control
data and DSP coefficients.

One Signaling and Contro! (SC) byte containing a
6-bit Command/Indicate (C/l) field for control in-
formation and a 2-bit field with Monitor Receive and
Monitor Transmit (MR and MX) bits for handshaking
functions. All principal signaling information is carried
on the C/l channel.

To Receive €—Channel 1 —
Signal Processor €—Channel 2 ——— wans.tream < oD
SC byte €¢—] Demultiplexer
Mbyte €—
‘_.
FsC o—» Time Slot So
Control ¢ S
DCL o—» [ S
12764A-003
Figure 2. Receive (Downstream) IOM 2 Interface
Fsc ——l_l rl_
8 i# Bits 8 8 8
pubb |  Bi B2 M sc__ |
0 1 2 3
Byte #
6 1 1
cn | MR [ mx|
i ) 12764A-004
Figure 3. IOM 2 Time Slot Structure (256 kb/s)
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FSC —H . I—I—

0-3 4-7 8-11 12-15 16-19 20-23 24-27 28-31
pupp | cHNo | cHnt | chnz | cHns | cHne | cuns | cHne | chng |
8 8 8 8
Bi B2 M- sc
0 1 2 3
6 11
c/l [ MR[mx|
12764A-005

Figure 4. Multiplexed IOM 2 Time Slot Structure (2048 kb/s)

Programming the DSLAC device is accomplished by Debounce time for SLIC input port
using the Signaling and Control (SC) and Monitor (M) : f
bytes of the downstream IOM 2 channel. Additionally, Read/Wn.te SLIC |n;?ut/output
data programmed previously may be read out for verifi- Enable/disable GX filter
cation via the upstream IOM 2 channel M and SC bytes. Enable/disable GR filter
For each subscriber channel, commands are provided Enable/disable B filter
to assign values to the following parameters:

Enable/disable X filter

Transmit gain

. Enable/disable R filter
Receive loss

Enable/disable Z filter

Enable/disable adaptive B filter
Enable/disable AX amplifier
Enable/disable AR amplifier -
Selection of A-law or p-law code

B-filter coefficients

X-filter coefficients

R-filter coefficients

Z-filter coefficients

Adaptive B-filter parameters

AISN coefficient

Switch-hook/ground-key sampling interval

Selection of test modes
Selection of active or standby mode
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The SC Channel Command Structure

Downstream C/l Channel

C/1 bit 6, the first bit received of the SC octet, is the ad-
dress bit and selects whether the data in C/l bits 5
through 1 is intended for Channel 1 or Channel 2. C/I
bits 5 through 1 are directed to Cs through Ct, provided
these SLIC I/O bits are programmed to be outputs. Any
data directed to a SLIC line programmed to be an input
would be ignored.

— Downstream SC Octet ———»

(e[ s [ <]z ]|

|‘_ C/I Field ———#|

Downstream Bit Definitions of C/I field:

Bit 6— Address bit. A0 selects Channel 1. A1 selects
Channel 2

Bit 5—Datato C5 (if configured to be an output)
Bit 4—Data to C4 (if configured to be an output)
Bit 3—Data to C3 (in non-Multiplexed mode)

Bit 2—Data to C2

Bit 1—Datato C1

Figure 5 shows a flow chart describing the maximum
security protocol. Whenever the received pattern of C/I
bits 6 through 1 is different from the pattern currently in
the C/I input register, the new pattern is loaded into a
secondary C/l register. When the next pattern is re-
ceived (in the following cycle), the following rules apply:

1. If the channel is addressed in the following frame
and the received pattern corresponds to the pattern
in the secondary register, then the new pattern is
loaded into the C/I register.

2. Ifthechannelis not addressed inthe following frame,
the newly received pattern is loaded into the
secondary C/l and the content of the C/I register is
unchanged.

3. Ifthe channelis addressed inthe following frame but
the received pattern is different from the pattern in
the secondary register and different fromthe pattern
currently in the C/l register, the newly received
pattern is loaded into the secondary C/I register.

4. Ifthe channel is addressed in the following frame but
the received pattern is the same as the pattern
currently in the C/I register, the C/| register is
unchanged. The result is the C/I field (6—1) must be
the same for two consecutive frames before it is
latched internally.

)

Receive new
C/l code

Store in S

Receive new
C/l code

I: C/l Register Contents
S: C/I Secondary Register Contents

Load C/I Register
with new code p

12764A-006

Figure 5. Security Procedure for C/l Downstream Byte
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Upstream C/I Channel

There are three upstream C/I bits for each of the two
analog lines. C/l bits 4, 5, and 6 are used for Channel 1,
while C/| bits 1, 2, and 3 are used for Channel 2. Since
the upstream receiving device will also be applying a
last look security protocol to the complete 6-bit C/l field,
and since changes to the C/I pattern will not be synchro-
nized between two independent source devices, each
new 3-bit pattern must be present in at least three con-
secutive 125-us frames to ensure transfer.

4———  Upstream SC Octet —
MSB LSB
o] s]afls] 2] 1] wamx

Iti C/l Field

Upstream Bit Definitions of C/I field:

Bit 6— C4./INs, if C4/INs is programmed to be an input,
High otherwise

*Bit 5—Ground-key detect, Channel 1 (Multiplexed
mode), or C5+/INs (non-Multiplexed mode if pin is pro-
grammed to be aninput), orlogic 1 (if pinis programmed
to be an output)

*Bit 4—Switch-hook detect, Channel 1 (Multiplexed
mode), or DET/IN, (non-Multiplexed mode)
Bit 3— C4./IN,, if C4./IN; is programmed to be an input,
High otherwise

*Bit 2—Ground-key detect, Channel 2 (Multiplexed
mode), or C5./IN. (non-Multiplexed mode if pin is pro-
grammed to be an input), orlogic 1 (if pinis programmed
to be an output)

*Bit 1—Switch-hook detect, Channel 2 (Multiplexed
mode), or DET./IN, (non-Multiplexed mode)

*The data sent from the DSLAC device on bits 5, 4, 2, and 1
reflect the output from the corresponding debounce circuit, if
enabled.

The Monitor Channel
Monitor Channel Protocol

The Monitor Channelis used to load internal device reg-
isters, to read the status of the device and the contents
of the internal registers, and to provide supplementary
signaling. Information is transferred on the Monitor
Channel using the MR and MX bits of the fourth (SC) oc-
tet to provide a reliable method of handshaking.*

Monitor byte information is transferred via the IOM 2 In-
terface between read/write registers in- the DSLAC
device and upstream devices using the following proce-
dure (refer to Figures 6 through 9). Note that the active
state of the MX and MR bits is Low.

1. The MX bit remains in the inactive state for two or
more consecutive frames to indicate an idle state or
an end of transmission on the Monitor channel.

2. A start-of-message is initiated by the sender by a
transition of the MX bit from the inactive state to the
active state together with the first byte transmitted in
the monitor data octet of the same frame. The
transmission may start only if the MR bit received by
the transmitter has previously been in the inactive
state for at least two frames. The receiver acknow-
ledges start-of-messages by a transition of its MR bit
to the active state and confirms receipt of the first
byte by holding the MR bit in the active state for a
second frame.

3. The transition of the MX bit from the active to the
inactive state indicates the transmission of a new
byte. The transition of the MX bit from the inactive
state to the active state in the following frame
indicates a repeat of the new data byte.

4. The transition of the MX bit from the active to the
inactive state, followed by a repeat of the inactive
state for at least one or more frames, indicates
end-of-message and that the content of the monitor
data field is invalid.

5. The transition of the MR bit from the active to the
inactive state acknowledges receipt of the first
transmission of a hew byte. The transition of the MR
bit fromthe inactive to the active state inthe following
frame confirms the new byte has been correctly
received.

6. The transition of the MR bit from the active to the
inactive state, followed by a repeat of the inactive
state for at least one more frame, acknowledges the
receipt of end-of-message or, if received before
end-of-message has been transmitted, requests to
abort the message and repeat.

7. The active state of the MX bit, accompanied by
further transmissions of the current data byte, may
continue indefinitely (subject to a time out) for the
purpose of flow control.

8. The active state of the MR bit may continue
indefinitely (subject to a time out) for the purpose of
flow control.

Each data byte is repeated until the transmission of a
new byte, an end-of-message, or an abort.

*The IOM 2 DSLAC device will acknowledge receipt of a Monitor byte only if it is identical to the Monitor byte of the previous Frame. [This

is the same security protocol used for the C/ bits (6—1).]
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The circled numbers in Figures 6 through 9 refer to the sequence numbers listed previously:

MR
MR\

Sender
Receiver

125 us

12764A-007

Figure 6. General Case of Multiple Byte Message Transfer

Sender

12764A-008

Figure 7. Abort Request on Multiple Byte Message Transfer

Am79C04(A) Data Sheet

2-124



AMD

PRELIMINARY

Sender
Receiver

12764A-009

125 ps

Figure 8. Single Byte Message Transfer

Sender
Receiver

2-125

12764A-010

125pus

Figure 9. Abort Request on Single Byte Message Transfer
SLAC/DSLAC Products
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Monitor Channel Command Structure

The Monitor byte is the third byte in the 4-byte frame
sent and received every 125 us over the DU or DD pins.
A Monitor command consists of one or more command
bytes which may be followed with additional bytes of in-
put data or may be followed by the DSLAC device send-

mand, and read/write information conforming to the
format in the diagrams below. Commands #25 through
#40 are used to program the internal filters of the
DSLAC device. Please refer to the Am79C02/3(A)
DSLAC Preliminary Data Sheet for a complete descrip-
tion of the filter transfer functions and the coefficient
structure.

ing out bytes of data over the DU pin. The first byte sent
in a monitor channel message contains address, com-

D7 Dd DS D4 DS D2 D1 DO
1 0 1 DST| AM | D2 Dy Do
|——|—|—b D2—-Do: Opcode Bits
-» Ds=0: Command sent to address defined by bit D,
Ds=1: Command sent to both channels, D, ignored
- D,=0: Command to Channel 1
Ds=1: Command to Channel 2
» Ds=1: Single Byte Command
12764A-011
Dy Ds Ds Ds Da D2 Dy Do
1 0 0 |DST| AM| D. | D« (o]
D1=0: Two Byte Command +

D.=0:
D.=1:
D.=0:
Da=1:
D4=0:
Da=1:

Ds=0:

v

v

v

1 byte of control data

: Two Byte Command +

1 or more bytes of coefficient data

Read Command
Write Command

Command sent to address defined by bit D4
Command sent to both channels, Ds ignored

Command to Channel 1
Command to Channel 2

Multiple Byte Command

12764A-012
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Summary of Monitor Channel Commands
# Byte 1 Byte 2
1 101AB000O Inactivate (Standby mods)
2 101AB0O1 Reset
3 101AB010 No Operation
4 101ABO11 Reset to Normal Conditions
5 101AB100 Activate
6 101AB110 MCLK=2.048 MHz
7 101AB111 MCLK =4.096 MHz
8 100A0000 00000000 Read Channel ID Information
9 100AB100 00000001 Write AISN & Analog Gains
10 100A0000 00000001 Read AISN & Analog Gains
1 100AB100 00000011 Write SLIC Input/Output Direction
12 100A0000 00000011 Read SLIC Input/Output Direction and Power Status
13 100A0000 00000100 Read SLIC Input/Output Registers
14 100AB100 00000101 Write Operating Functions
15 100A0000 00000101 Read Operating Functions
16 100AB100 00000110 AMD Internal Use Only
17 100A0000 00000110 AMD Internal Use Only
18 100AB100 00000111 Write Operating Conditions
19 100A0000 00000111 Read Operating Conditions
20 100A0000 00001000 Read Revision Code Number
21 100AB100 00001001 Write Ground-Key Sampling Interval
22 100A0000 00001001 Read Ground-Key Sampling Interval
23 100AB100 00001010 Write SLIC Upstream Input Debounce Time
24 100A0000 00001010 Read SLIC Upstream Input Debounce Time
25 100AB110 00000000 Write GX-Filter Coefficients
26 100A0010 00000000 Read GX-Filter Coefficients
27 100AB110 00000001 Write GR-Filter Coefficients
28 100A0010 00000001 Read GR-Filter Coefficients
29 100AB110 00000010 Write Z-Filter Coefficients
30 100A0010 00000010 Read Z-Filter Coefficients
31 100AB110 00000011 Write B-Filter Coefficients
32 100A0010 00000011 Read B-Filter Coefficients
33 100AB110 00000100 Write X-Filter Coefficients
34 100A0010 00000100 Read X-Filter Coefficients
35 100AB110 00000101 Write R-Filter Coefficients
36 100A0010 00000101 Read R-Filter Coefficients
37 100AB110 00000110 Write Echo Path Gain
38 100A0010 00000110 Read Echo Path Gain
39 100AB110 00000111 Write Error Level Threshold
40 100A0010 00000111 Read Error Level Threshold
Ais referred to as DST in the following section. B is referred to as AM in the following section.
A: 0=Destination is Channel 1 B: 0=Command to channel defined by A bit
1=Destination is Channel 2 1=Command to both channels, A bit ignored
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DETAILED MONITOR COMMAND DEFINITIONS
Inactivate (Standby mode)
MSB LSB

Format: | 1 | o | 1+ [psT| am | o [ o [ o |

Bit Name Description

During Inactive mode (of one or both channels), none of the programmed information is changed
and the analog output is setto 0 V.

Reset
MSB LSB

Format: |1|0r1|DSTrAM|0|0|1—|

Bit Name Description

The Reset state of the device is:
. A-law is selected.
. B, X, R, and Z filters are disabled and AISN gain is zero.
. Transmit (GX and AX) and Receive (GR and AR) gains are set to unity.
. SLIC Input/Output is set to the Read mode.
. Normal conditions are selected (see Command 4).
The Adaptive mode and Error Level Threshold are reset.
. The SLIC interface is set to the non-Multiplexed mode.
. Both channels are placed in the Inactive (Standby) mode.

JQ St 0 Q0 TQ

Reset to Normal Conditions _
MSB LSB

Format: | 1Lo | 1 LDST'AMLO | 1 J 17

Bit Name Description

Normal conditions are:

a. 6dB loss in receive path not inserted.
b. Receive path not cut off.

c. High-pass filter enabled.

d. Test modes are turned off.
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Activate (Operational Mode)
MSB ’ LSB
Format: | 1 | o | 1+ [ost| am | 1 [ o | o |

Bit Name Description

Valid IOM 2 data is not transmitted until after the second FSC pulse is received following the exe-
cution of the Activate command.

Set MCLK to 2.048 MHz
MSB LSB

Format: | 1 | o | 1 [bsT|{aMm | 1 | 1 [ o |

»

Set MCLK to 4.096 MHz
MSB LSB
Format: [ 1 | o | 1+ [osT| am | 1+ [ 1+ | 1 |

Read Channel Identification Information

Command
MSB LSB
Format: | 1 | o | o |[bsT| o | o | o | o |
Lol o] o]o]o|ofol] o]
Output Data
| 1+ ] o | o [sRe| o | ¢ | ¢ [ ¢ |
I S IS T T T T
Bit Name Description
SRC Source
0=Source is Channel 1.
1=Source is Channel 2.
C Configuration
This field reflects the state of the configuration inputs.
T Device Type
These 2 bits always have a value of 10.
L Design Level

This 6-bit field is used to differentiate between different implementations of the same device type.
The IOM 2 DSLAC device is assigned the number 000100.
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Write AISN and Analog Gains

Command (2 Bytes)
MSB LSB
Format: | 1 | o | o [osT|{ am | 1+ [ o [ o |
Lol ofofJoJo ool |
Input Data
| — [ ax ]| aw | A [ B ] c | b ]| E|
Bit Name Description
AX Transmit Analog Gain

AX=0 0 dB gain
‘ AX=1 6 dB gain
AR Receive Analog Loss

AR=0 0 dB loss
AR=1 6 dB loss

A,B,C,D,E AISN coefficients

The Analog Impedance Scaling Network (AISN) gain can be varied from —-0.9375 to 0.9375 in
increments of 0.0625. The gain coefficient is encoded and decoded using the following equation:

hasn=0.0625 ((A2*+B2%+C22+D2'+E2°)-16)

where hasn is the gain of the AISN and A, B, C, D, and E=0 or 1. A value of ABCDE =10000
implements a special digital loop-back mode and a value of ABCDE =00000 indicates a gain of 0
(cut off).

Read AISN and Analog Gains

Command (2 Bytes)
MSB LSB
Forma: | 1 | o | o [bsT] o [ o [ o | o |
Lo [ ofofo]o]ofof:1]
Output Data
- [~ [a]| a8 ]c[p]E|]
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Write SLIC Input/Output Direction

Command (2 Bytes)
MSB LSB
Format: [ 1 [ o [ o [osT{am | 1 [ o | o |
Lol oJofofofol+ ]|
Input Data
I N S B N N
Bit Name Description

Pins C5+INs, C5./IN,, C4+/INs, and C4./IN; are set to Input or Output modes individually. The Input
mode is set when the appropriate data bit is set to 0, and the Output mode is set when the data
bit is set to 1.

Data bit A sets pins C5+/INs or C52/IN»
Data bit B set pins C4+/INs, or C42/IN,

Read SLIC Input/Output Direction and Power Status

Command (2 Bytes)
MSB LSB
Format: | 1 | o | o [bsT| o | o [ o | o |
[e [ oo oo o 1]
Output Data
Lples | —-lalel-]=1]=]
Bit Name Description
Pl Power Interrupt Bit

PI=0 There has not been a power interruption since the last software reset command.

Pl=1 A power interruption has been previously detected requiring the DSLAC device to be
completely reprogrammed. This bit is cleared by issuing a software reset command.
THE DSLAC DEVICE CANNOT BE ACTIVATED UNTIL THIS BIT IS CLEAR.

CS Channel Status Bit
CS=0 The status of the channel is inactive (Standby mode).
CS=1 The status of the channel is active (Operational mode).
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Read SLIC Input/Output Registers

Command (2 Bytes)
MSB LSB
Fomat: | 1 | o | o |bpsT| o | o | o | o |
Lol oJoJoJol i+ ]ol]eo |
Output Data
| — | — | oer | o5 | ca | ca | c2 [ o1 |
Bit Name Description
C5 Refers to C5, or C5:; if they are used as outputs.
Refers to INs or IN. if they are used as inputs.
Cc4 Refers to C4, or C4. if they are used as outputs.
Refers to INs or INs if they are used as inputs.
Write Operating Functions
Command (2 Bytes)
MSB LSB
Format: | 1 | o | o [osT|{ am [ 1+ [ o | o |
Lol ofofoJof 1+ [o]f |
Input Data
| aBF | mu | EGR [ Eax | Ex | ER | EZ | EB |
Bit Name Description
ABF Adaptive B Filter
ABF=0  non-Adaptive mode
ABF=1 Adaptive mode
AU A-law/p-law
AU=0 A-law coding
AU=1 p-law coding
EGR GR Filter
EGR=0 GRfilter disabled
EGR=1  GRfilter enabled
EGX GX Filter
EGX=0 GXfilter disabled
EGX=1  GXfilter enabled
EX X Filter
EX=0 X filter disabled
EX=1 X filter enabled
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Write Operating Functions—(continued)

Bit Name Description

ER R Filter

ER=0 R filter disabled
ER=1 R filter enabled

EZ Z Filter

EZ=0 Z filter disabled
EZ=1 Z filter enabled

EB B Filter

EB=0 B filter disabled
EB=1 B filter enabled

Read Operating Functions

Command (2 Bytes)
MSB LSB
Format: | 1 [ o | o [bsT|] o | o [ o | o |
Lofofofofol] i+ ol ]
Output Data

|vABF|A/p|EGR|EGx|Ex|EH|Ez]EB|

Write ‘Operating Conditions

Command (2 Bytes)
MSB LSB
Format: | 1 | o | o [osT| am | 1+ | o | o |
Lol of oo jof + ]+ | 1]
Input Data
| — |crp | wpF| Ra [ AB DB | — | — |
Bit Name Description
CRP Cutoff Receive Path

CRP=0 Receive path connected
CRP=1  Receive path cutoff

HPF High-Pass Filter

HPF=0  High-passfilter enabled
HPF=1 High-pass filter disabled

RG Receive Path Gain

RG=0 6 dB loss not inserted
RG=1 6 dB loss inserted
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Write Operating Conditions—(continued)

Bit Name Description

ALB Analog Loop-Back

ALB=0  Analog loop-back disabled
ALB=1 Analog loop-back enabled

DLB Digital Loop-Back

DLB=0  Digital loop-back disabled
DLB=1 Digital loop-back enabled

Note: Analog and Digital loop-backs must not be programmed at the same time.

Read Operating Conditions

Command (2 Bytes)
MSB LSB
Foomat: | 1 | o | o [bsT| o | o | [ o |
Lol ol ofo o+ [+ [ 1]
Output Data
| — [crp | wPF | Ra | AB | DB | | — |
Read Revision Code Number
Command (2 Bytes)
MSB LSB
Format: | 1 | o [ o [bsT| o [ o | | o |
L o[ ofojo]+]ofofo|
Input Data
Lt |« |« | # | ¢« |« |+ | ¢ |
Bit Name Description
DST Don't care
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Write Ground-Key Sampling Interval

Command (2 Bytes)
MSB LSB
Format: | 1 [ o | o |[bost[ am | 1 | o [ o |
Lol ofof o+ ] ool 1]
Input Data
| — | — |cwr | mux | ae | ake | akt | ako |
Bit Name Description
MUX Multiplexed mode

MUX=0  non-Multiplexed mode

MUX=1  Multiplexed mode

The device may be configured to operate in the Multiplexed mode (MUX) where the off-hook
status and the ground-key status are multiplexed onto the same line. Note that there is only one
Ground-Key Sampling Interval register and one MUX bit per IOM 2 DSLAC device (not per channel).
Thus, the DST and the AM fields are not decoded and a command to either channel will write into
the Ground-Key register and the MUX bit.

Gk3-Gko Sampling Interval
1to 15 ms in 1 ms steps.

If the Gk3—-GkO field is set to 0000 there is no debounce performed. If, additionally, the MUX bit is
set to a 0 or if the Gk3-GkO field is set to 0000, the C3/E; output is controlled by writinga O or a 1
into the output latch via the C/I downstream byte.

Read Ground-Key Sampling Interval

Command (2 Bytes)
MSB LSB
Format: | 1 [ o | o |bsT| o [ o [ o | o |
Lol ofofof + [ofof 1]
Output Data
| — | — |owr [ mux | o | ake | okt | cko |

*CHF— Chopper Clock Frequency (this bit sets the chopper clock frequency when the IOM 2 DSLAC device is operating in multiplexed mode).
CHF=0 256 kHz (default)
CHF=1 273 kHz
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Write SLIC Detect Inputs Debounce Time

Command (2 Bytes)
MSB LSB
Format:|1|0|0|DST|AM|1|0|0|
LololoJof+[ofs o]
Input Data
| — | — | — | — | obsa | ov2 [ oot | oo |
Bit Name Description
Db3-Db0 Debounce Interval

Sets the debounce time from 0 to 15 ms in steps of 1 ms.

This command sets the debounce interval for the input signals at DET: and DET.. Note that there
is only one Detect Input Debounce register per IOM 2 DSLAC device (not per channel). Thus, the
DST and the AM fields are unused and a command to either channel will write into the Debounce
register. :

If the Db3--Dbo0 field is set to 0000, there is no debounce performed.

Read SLIC Upstream Inputs Debounce Time

Command (2 Bytes)
MSB LSB
Format:|1|0|0|DST|0|0|0|0|
Lol oJofJo ]+ o<+ ]o |
Output Data
| — | — ] — | — [ ooa | pb2 | Dot | Dbo |

Write GX-Filter Coefficients

Command (2 Bytes) ‘
MSB LSB
Format: I 1 | 0 | 0 |DST| AM | 1 | 1 | 0 |
ol ofofo]o]o]ol o]
Input Data
| Cuwo Mao I Cax Mao |ByteI
| Cxo Mzo I Cuo Mo | Byte 2
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Read GX-Filter Coefficients

Command (2 Bytes)
MSB LSB
Format: | 1 | | o [bsT| o | | o |
o[ of of o] o] L o |
Output Data
| Cuw Myo | Cao Mao | Byte 1
| Czo Mzo | Ciwo Mio | Byte 2
Write GR-Filter Coefficients
Command (2 Bytes)
MSB LSB
Format: | 1 | | o | pst | am | | |
Lol o] o] o] o] R
Input Data
I Coeo M4 | Cao Mao | Byte 1
| Cx Mzo I Cu Mio IByteZ
Read GR-Filter Coefficients
Command (2 Bytes)
MSB LSB
Format: I 1 I l 0 |DST| (0] | | I
Lol o] o] o] o] N
Output Data
I Cao Myo ’ Cao Mao IBYt91
I Cz Mzo I Cuo Mio | Byte 2
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Write Z-Filter Coefficients

Command (2 Bytes)
MSB LSB
Format: | 1 | o | o | bsT | Am | | o |
Lol o] o] o] o] [ o |
Input Data
Cis Mas Cas Mas Byte 1
Cos Mas Cis Mis Byte 2
Cuao Mao Cao Mao Byte 3
Cao Mzo Cio Mio Byte 4
Ca May Cat Mat Byte 5
Cas M2y Cn mu Byte 6
Ca Maz Caz Maz Byte 7
Cz2 M2z Ci2 mi2 Byte 8
Ca Ma3 Cax Maa Byte 9
Cz Mas Cis Mia Byte 10
Cus Mas Cas Mas Byte 11
Cos Mas Cu Mie Byte 12
Cus Mas Cas Mas Byte 13
Cas Mas Cis Mis Byte 14
Read Z-Filter Coefficients
Command (2 Bytes)
MSB LSB
Format: | 1 | o [ o [bsT| o | | o |
Lo ] ofofol]o | [ o |
Output Data
Cus Mas Cas Mas Byte 1
Cos Mos Cis Mis Byte 2
Cu Mao Cao Mao Byte 3
Czo M2o Cio Mio Byte 4
Cas ma Ca Mat Byte 5
Cai Mas Cu M Byte 6
Ce Maz Ca Maz Byte 7
C2 m22 Cro Mz Byte 8
Ca Mas Caa Mas Byte 9
Cas Mas Cis Mia Byte 10
Cas Mus Cas Mas Byte 11
Cas M24 Cu Mia Byte 12
Cus Mas Cas Mas Byte 13
Cos Mes Cis Mis Byte 14
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Write B-Filter Coefficients

Command (2 Bytes)
’ MSB LSB
Format: | 1 | o [ o [osT| am | 1 | 1 | o |
Lo lofJoJoJofol]+ |1 |
Input Data
' Cao Mao C2o Moo Byte 1
Cio Mio Ca Ma1 Byte 2
Ca Mot Cn M1 Byte 3
Caz Ma2 Ca M2z Byte 4
Cn M2 Caa Maa Byte 5
Cas Ma3 - Cua Mia Byte 6
Cas Mas Ca Maa Byte 7
Cu Mia Cas Mas Byte 8
Cos Mas Cis Mis Byte 9
Cas Mas Cas Mas Byte 10
Cis Mis Cy Maz Byte 11
Car mz7 Cy mi7 Byte 12
Cas Mas Cas Mas Byte 13
Czs Mzs Cis Mg Byte 14

Read B-Filter Coefficients

Command (2 Bytes)
MSB LSB
Format: | 1 | 0 | 0 | DST | 0 l 0 I 1 | 0 |
LofjofJofofo ol [ 1]
Output Data
Cao Mao Czo Mao Byte 1
Cio Mo Cai Mat Byte 2
Ca M2 Cu My Byte 3
Ca2 Ma2 Cz M2z Byte 4
Ci2 Mz Cas Mas Byte 5
Cz M2 Cia Mis Byte 6
Cas Mo Cos Mo4 Byte 7
Cia Mis Cas Mas Byte 8
Cas Mzs Cis Mis Byte 9
Cas Mas Cas Mzs Byte 10
Cis Mis Car Maz Byte 11
Cz mzz Cn my Byte 12
Cas Mas Cas Mas Byte 13
Cos Mas Cie Mis Byte 14
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Write X-Filter Coefficients

Command (2 Bytes)
MSB LSB
Format: | 1 [ o | o [ost| am | 1+ | 1 | o |
Lol olofofof+]ol]o |
Input Data
Cuw Mio Cao Mo Byte 1
(% Mzo ’ Cio Mio Byte 2
Ca Mas Cas My Byte 3
Ca may Cn mi Byte 4
Ce ma2 Caz Maz Byte 5
Cz mz2 Ciz ) M2 Byte 6
Ca Maa Cas Mas Byte 7
Cn M2 Cia Mia Byte 8
Cus Mas Cas Maa Byte 9
Cas Ma4 Cis Mis Byte 10
Cas Mas Cas Mas Byte 11
Cos ) Mas Cis Mys Byte 12

Read X-Filter Coefficients

Command (2 Bytes)
MSB L.SB
Format: | 1 [ o | o [ost| o | o [ 1 | o |
Lo o] ofojolf+[ol]o |
Output Data
Cw Mao Cao Mao Byte 1
Cao M2o Cio Mio Byte 2
Cat Mt Cas May Byte 3
Ca Mz Cn M Byte 4
Ce Ms2 Caz Maz Byte 5
Cz M2z Cr Mi2 Byte 6
Cao Mas Ca Maa Byte 7
Ca Maa Cis Mis Byte 8
Cus Maa Cas Mas Byte 9
Ca4 M24 Cu M4 Byte 10
Cus Mas Cas Mas Byte 11
Cas Mzs Cis Mis Byte 12
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Write R-Filter Coefficients

Command (2 Bytes)
MSB LSB
Format: | 1 | o | o |ost| am | + [ 1 | o |
Lol ofofo]of 1 ol |
Input Data
Cao Mao Cao Mao Byte 1
Cazo M2o Cio Mio Byte 2
Ca My Cat May Byte 3
Ca M2 Cn My Byte 4
Ce Ma2 Caz Ma2 Byte 5
Caz Mz2 Ci2 M2 Byte 6
Cas Mas Ca Mas Byte 7
Cas Mas Cia Mia Byte 8
Caa Mas Cas Mas Byte 9
Cas M2y Cus Mis Byte 10
Cas Mys Cas Mas Byte 11
Cos Mas Cis ) Mis Byte 12

Read R-Filter Coefficients -
Command (2 Bytes)

MSB LSB
Format: | 1 | 0 I 0 l DST l 0 | 0 I 1 | 0 |
Lo oo oot ]o] 1|
Output Data
Cao Mo Cao Mao Byte 1
Cz0 Mzo Cio Mio Byte 2
Ca May Cat Mat Byte 3
Ca May Cu My Byte 4
Ca Mz Ca M2 Byte 5
Coz2 M2z Ci2 Mz Byte 6
Cas M43 Cas Maa Byte 7
Czs Mas Cua Mia Byte 8
Cus May Cas Mag Byte 9
Cos Ma4 Cia Mig Byte 10
Cus Mas Cas Mas Byte 11
Cas Mas Cis Mis Byte 12
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Write Echo Path Gain

Command (2 Bytes)
MSB LSB
Format: | 1 | | o [bst| am | | |
Lol o] o] o] o] Lo |
Input Data
Ceo Meo Cro Myo Byte 1
Ceo Meo Cso Mso Byte 2
Cuo Mao Cao Mao Byte 3
Czo Mzo Cio Mio Byte 4
Read Echo Path Gain
Command (2 Bytes)
MSB LSB
Format: | 1 | | o [opsT| o | | |
Lol o o] o o] L o |
Output Data
Cao Meo Cro Mro Byte 1
Coo Meo Cso Mso Byte 2
Cu Mao Cao Mao Byte 3
Czo Mao Cio Mio Byte 4
Write Error Level Threshold
Command (2 Bytes)
MSB LSB
Format: | 1 | | 0 | DST I AM I | |
Lo [ oo fol]o | N
Input Data
l N Cz Mio l Cz Mio . l Byte 1
Read Error Level Threshold
Command (2 Bytes)
MSB LSB
Format: | 1 | | o |bsT| o | | |
x Lol o] o] o] o] I
Output Data
| Cz Mazo I Cro Mo | Byte 1
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SLIC INTERFACE

General Description

Each channel of the DSLAC device has I/O pins for in-
terfacing with a SLIC or other line circuit device. The /O
pins on port 1 are labeled C5+/INs, C4/INs, C3/E;, C24,
and C1,. The I/O pins on port 2 are labeled C5:/IN:,
C4./INs, C3./CHCLK, C2,, and C1.. One input-only pin
for each channel (DET/IN. for Channe! 1 and DET/IN,
for Channel 2) is also available. When used with an
Am795XX series SLIC, C,, C;, and C; can be used as
outputs to set the Operating mode of the SLIC while Cs
would typically be used to control a test relay driver on
the SLIC. C3/E; is used (in the Multiplexed mode) to
control the function of the SLIC line monitor output, DET.
Cs and C, of each channel can be programmed to be an
input or an output via a Monitor channel command.

Datacanbe sentto any of the I/O pins configured as out-
puts via the six C/l bits of the downstream SC byte. All of
the 1/O pins configured as inputs may be read via a
Monitor channel command. Additionally, three input
signals from each channel are taken to form the six C/I
bits of the upstream SC byte.

Ground-Key/Switch-Hook Detector
Multiplexing

The DET input for each channel can be programmed to
operate in the Multiplexed mode to interface with the
Am795XX series SLIC devices. In this mode, the inter-
pretation of the signal on the DET input is controlled by
the C34/E; output. When E; is Low, DET is interpreted as
switch-hook detect. When E is High, DET is interpreted
as ground-key detect. Input debouncing may be se-
lected for both the switch-hook and ground-key func-
tions. Note that in the Multiplexed mode, the ground- key
detect status and not the C5+/INs and the C5./IN: inputs
are part of the upstream SC byte.

The state of E; can be controlled directly via a Monitor
channel command or by the internal ground-key (Gk)
timer which allows it to go High for approximately 16 us
every 1 to 15 ms. In this way, the DSLAC device can
automatically de-multiplex the switch-hook and ground-
key detector. Figure 10 shows the details of ground-key/
switch-hook multiplexer timing.

Input Debouncing for Switch-Hook and
Ground-Key Detect Inputs

There are two input debounce circuits associated with
each channel of the DSLAC device. The first is used to
debounce the DET input. The circuitry requires the sig-
nal onthe DET input to be stable for two of the debounce
intervals defined by the state of the Db timer (1 to 15 ms
set by monitor command #23) in order for the upstream
C/I byte to reflect the change.

A second debounce circuit per channel is available
which would typically be used for the ground-key input.
The input to this debounce circuit can come from C5+/INs
and C5./IN: (in the non-Multiplexed mode), or the
DET, and DET: inputs (in the Multiplexed mode). This
circuit operates as a duty-cycle detector and consists of
an up/down counter which can range between 0 and 6.
The counter is clocked by the Gk timer which is set by
monitor command #21 to a value between 1 to 15 ms.
When the sampled value of the ground-key input is
High, the counter is incremented. When the sampled
value is a Low, the counter is decremented. If the
counter increments to its maximum value of 6, it sets a
latch whose output is the corresponding upstream C/I
bit. If the counter decrements to its minimum value of 0,
the latch is cleared. The following truth table shows the
functioning of the ground key debounce circuit at every
Gk clock.

Ground-Key Input Current State Next State Action On C/l Bit Latch
0 State 0 State 0 Force Low
0 State 1 State 0 Force Low
0 State 2 State 1 No change
0 State 3 State 2 No change
0 State 4 State 3 No change
0 State 5 State 4 No change
0 State 6 State 5 No change
1 State 0 State 1 No change
1 State 1 State 2 No change
1 State 2 State 3 No change
1 State 3 State 4 No change
1 State 4 State 5 No change
1 State 5 State 6 Force High
1 State 6 State 6 Force High
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Sample Interval

A
v

1ms to 15 msintervals
C34/E, I I (Programmable in 15 steps) l I
/ /[
/7 7/ I
|
| |
| |
*Switch-Hook T | T T T : T
S | '
arpe , | |
| ! I I
| |
Ground-Key T I l T
Sample | |
| |
| |
| |
_.I !._ 125 s
- Tm .
C34/E:
**Switch-Hook T
Sample I |
|
| |
| |
’ |
Ground-Key +
| Sample |
| |
| |
| I |
Ts1 Ts2
The e e >
CHCLK=256 kHz le=—- 15.625 us -—--.{q- —————— 15.625pus dle——-9375ps ——
*CHCLK=273kHz (@=—- 14.6518 ——— pre—— 14.65 ps ——j¢——- 957 s ———-p
125 us

*Programmed through CHF bit in Ground-Key Sampling Intemal Register.
**Switch-hook samples occur at the beginning of selected time slot.
12764A-013

Figure 10. Switch-Hook/Ground-Key Multiplex Timing
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The following table describes the various operating
modes depending on the state of the MUX bit and the

Ground Key (Gk) and the Debounce (Db) timers. A dia-
gram of the SLIC /O architecture is shown in Figure 11.

Operating Mode

. Non-Multiplexed mode. The DET: input is sampled every

cycle and appears on C/l bit 4. The DET: input is sampled every
cycle and appears on C/I bit 1. Since the Db3-Db0 field is set to
all 0s, there is no input debouncing. The C5+INs input is
sampled every frame and appears on C/I bit 5. The C5./IN.
input is sampled every frame and appears on C/l bit 2. Since
the Gk3-Gko field is set to all Os, there is no input debouncing
on C/I bit 5 or C/I bit 2.

. Sameas 1, except the DET inputs must be stable for two of the

clock cycles defined by the state of the Db timer (1 to 15 ms) for
the upstream C/I byte to reflect the change. The C5+/INs and
the C5./IN2 inputs are passed through the ground-key
debounce circuit at a clock rate defined by the state of the Gk
timer (1 to 15 ms).

. Multiplexed mode. The C3+/E; output will pulse High for one

frame at a rate set by the Gk timer (1 to 15 ms). Thus, the state
of the ground-key detector will be sampled at the Gk rate and
passed to the ground-key debounce circuit. The ground-key
status bits, C/I bit 2 and C/l bit 5, will reflect the output of the
debounce circuit. If the Db3-Dbo0 field is set to 0000, C/I bit 1
and C/I bit 4 will be updated every frame except when the
ground-key is being sampled. Otherwise, the switch-hook
detect is sampled at the Db-clock rate and C/I bit 1 and C/I bit 4
will be updated when the sampled value has been stable for
2 Db-clock cycles.

MUX Gk3-Gko Db3-Db0
0 0000 0000
0 1-15 1-15
1 1-15 0-15
1 0000 0-15

. Same as 3, except the C3+/E; pin is controlled by the down-

stream C/l channel and not by the Gk timer. Thus, the
multiplexer can be manually set to interpret the DET input as
either switch-hook status or ground-key status. When the E,
signal is Low (selecting switch-hook status), C/I bits 5 and 2
(the ground-key detect bits) will not change states. Conversely,
when the E; signal is High, C/I bits 4 and 1 will not change
states.
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SLIC I/O registers and the DET inputs can be
non-destructively read at any time via Monitor
Channel Command #13.

#11, #12 /O Direction

C44/INe
#21, 22« FIEEY |— Nok vo C5/INs
5
b 4 out el
#23, 24.4—»] DPOUNCE | N — c2,
0
Latches w _ CavE,
Upstream C/| Ngk—{ 1
1C/ Bit 6} MiJX T
.::::‘ Ground Key o MUX
'C/I Bit 5—] Debounce | ¥
------ 1 1
T » —_
e Ngk Off-Hook . DET/IN:
'C/I Bit 4* Debouncef—| 0
Tt MUX Mode
Ndb Only
5/ L M o
7 1F— #11,#121/O Direction
Vo [~ C42/INs
/ Data N\ C5,/IN;
" 5
[eIs[a]s 211 [mAIMX] 7 out ot
Downstream SC Byte o]
W
Channel Address Latches 256 kHz 1 C3CHCLK
Upstream C/I or
----- 273 kHz
\C/I Bit 3, Mtjx
. : : : : ° Ground Key o L MUX }
1C/| Bit 2] Debounce |—~ r£1
M Ngk L pvuy W DETN
:'(;/I— B-it-1: [ Debounce 0
et MUX Mode
Monitor Channel Command # 8 Ndb Only
 Data Byte # 1
[1]ofoJonfolclc|c]
CFG
Address 3, Config [« °
7 Decode j¢—— CFG|/HST
Data Byte # 2

1 JolrR|R]RIR]|R]| R] “p"field=Revision Level
1 I | | 1 |

I 3 So

To Time Slot Control ‘7’6 Sy

Design Level ROM S
Device
Type

12764A-014
Figure 11. SLIC 1O Architecture
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CONFIGURATION INPUTS

A method of identifying the configuration of the line cir-
cuit in which the DSLAC device is used is provided by
strapping configuration inputs CFG, and CFG+/RST.
There are six possible configuration states which can be
setvia these two inputs. This data is sent upstream over
the Monitor channel using command #8. The CFG, and
CFG//RST inputs are decoded in the following table. A
possible circuit for the CFG+RST pin is shown in
Figure 12.

CFG, CFGo Configuration Number
+5V X Hardware Reset
GND -5V 000

GND GND 001

GND +5V 010

-5V -5V 011

-5V GND 100

-5V +5V 101

+5V
SYSTEM RESET
NN~
to CFG«/RST
GND or-5 V

Figure 12. Circuit Schematic for the CFG;, RST Input

TIME SLOT ASSIGNMENT INPUTS

In the time slot control block (shown in Figure 13), the
Frame Sync (FSC) pulse identifies the beginning of a
Transmit frame and all IOM 2 time slots are referenced
toit. The time slot number is read from the external time
slot identification pins, Sz-S.. The table below shows the
decoding on the time slot assignment inputs.

S2|S1|So Time Slot Number Byte number
glojo 0 0-3
o|jo| 1 1 4-7
o1} o0 2 8-11
ol 1}1 3 12-15
11010 4 16-19
1101 1 5 20-23
11110 6 24-27
11 1] 1 7 28-31

The time slot number information is sent to the Transmit
multiplexer where the code is shifted out during the
appropriate time slot. From one to eight IOM 2 time slots
perframe are allowed. The bit rate mustbe at least 256K
times the number of [OM 2 time slots to be compatible
with the number of time slots used. For example, since
the DCL clock is twice the bit rate, DCL is at least
512 kHz for one time slot and 4.096 MHz for the full eight
time slots.

The DSLAC device is capable of operation at a bit rate
up to 4096 kb/s (DCL=8.192 MHz). If the clock fre-
quency exceeds the minimum for the given number of
time slots on the IOM 2 line, there will be some time slots
or surplus bits at the end of each frame which are ig-
nored.

The receive side uses the same time slot control block
information to de-multiplex the incoming IOM 2 data
stream and load each byte into the input register. The
input register feeds these bytes into the A-/u-law ex-
pander for further signal processing.

From A-/p-Law Output »| Transmit |8 DU
Compressor Register MUX
Y Y
So —pl
Sy —P
S; — Time Slot Control beL
FSC —¥ y y
Input Receive
ToAdulaw o | Register » DE-MUX ¢—— DD
Expander

Figure 13. Time Slot Control and IOM 2 Interface
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature ........ —60°C<Ta<+125°C
Ambient Temperature,

underBias ................. —40°C<Ta<85°C
Ambient Relative Humidity

(non-condensing) .................. 5to 100%
Veea With respectto AGND ....... -0.4Vto+7.0V
Vec with respectto DGND ........ -0.4Vto+7.0V
Vees with respectto AGND ... ... .. +0.4Vto-7.0V
Vee2 With respectto AGND ... ... .. +0.4Vto-7.0V
Vi with respect to

Veea (VEE =-5 V) ............. +0.4Vto-10.0V
Vv with respect to Vee

(Veer=45V) ..ot -0.4Vto+10.0V

Any other pin with respectto DGND ... -0.4 Vto Ve

Stresses above those listed under Absolute Maximum
Ratings may cause permanent device failure. Function-
ality at or above these limits is not implied. Exposure to
Absolute Maximum Ratings for extended periods may
affect device reliability.

OPERATING RANGES

Analog Supply Veea . ... ooiviinnt +5.0V+5%
Digital Supply Vec ... vvvvvin +5.0V15%
Analog Supply Vest, Ve oo oo oo veenl -5.0V+5%
[T ov
AGND ..., DGND +50 mV
Ambient Temperature ........... 0°C<Tas+70°C
Ambient Relative Humidity ........... 15% to 85%

Operating ranges define those limits between which the
functionality of the device is guaranteed.

2-148
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DISTINCTIVE CHARACTERISTICS

Preliminary
Symbol | Parameter Min Typ Max Units
Vi Input Low Voltage -0.5 0.8 v
Vi Input High Voltage 2.0 Vee \
he Input Leakage Current +10 pA
Voo Output Low Voltage (lo.=~2 mA) 0.4 \
Vou Output High Voltage (low= 400 pA) 2.4 \Y
low Output Leakage Current (Hi-Z state) +10 HA
Via Analog Input Voltage Range (AX=0 dB) +3.24 \'
(AX=6.02 dB) +1.62 v
Vios Offset Voltage allowed on Vi +160 mV
I (Vin) Input Leakage Current on Vi +10 HA
Zovr Vour Output Impedance 1 10 ohms
lour Vour Output Current (f < 3400 Hz) (Note 1) +6.3 mA
Von Vour Voltage Range (AR=0 dB) +3.24 \
(AR=6.02 dB) +1.62 \
Voos Vour Offset Voltage (AISN off) +40 mV
Voosa Vour Offset Voltage (AISN on}) +80 mV
LINusn Linearity of AISN Circuitry (Input=0 dBm0) +1/4 LSB
PD Power Dissipation (Note 2) Both Channels Active 180 240 mwW
(MCLK, PCLK=2.048 MHz) 1 Channel Active 120 160 mW
Both Channels Inactive (Note 3) 10 19 mwW
PD Power Dissipation (Note 2) Both Channels Active 190 270 mwW
(MCLK, PCLK>2.048 MHz) 1 Channel Active 130 175 mwW
Both Channels Inactive (Note 3) 10 19 mwW
lec Total +5-V Current Both Channels Active 24.0 mA
(Note 2) 1 Channel Active 18.0 mA
Both Channels Inactive (Note 3) 25 mA
lee Total -5-V Current Both Channels Active 10.0 mA
(Note 2) 1 Channel Active 5.0 mA
Both Channels Inactive (Note 3) 0.05 mA
Ci Input Capacitance (Digital) 15 pF
Co Output Capacitance (Digital) 15 pF
Cou Output Load Capacitance (DU pin only) 150 pF

Notes: 1. When the DSLAC davice is in the Power Down mode, the analog output will present a 0-V output level through a ~ 3K resistor.
2. Vours and Vourz have no load.
3. Power Dissipation in the inactive mode is measured with all digital inputs at Vin=Vcc and Vi=Vss and with no load connected to

Vouri or Voura.
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SWITCHING CHARACTERISTICS
Vee=5V 5%, AGND=DGND =0V, Vee=—5 V/ +5%. Cou=150 pF (Note 2)

IOM 2 Interface

Preliminary
Symbol | Signal Parameter Min Typ Max Units
t, b pcL! Rise/Fall Time (Note 1) 60 ns
tocL DCL Period 110 ns
twn, twi DCL Pulse Width 53 ns
t, t FSC Rise/Fall Time 60 ns
te FSC Setup Time 70 ns
the FSC Hold Time 50 ns
twr FsC High Pulse Width 130 ns
tanc Du? Delay from DCL edge 100 ns
teor DU Delay from FSC edge 150 ns
to DD Data Setup twn + 20 ns
tho DD Hold Setup 50 ns
MCLK, for 2.048 MHz + 100 ppm or 4.096 MHz + 100 ppm
Preliminary

Symbol | Signal Parameter Min Typ Max Units
tmen, twer | MCLK Rise/Fall Time 10 ns
tuey MCLK Period, 2.048 MHz 488.23 488.28 488.33 ns

Peroid, 4.096 MHz 244.11 244.14 24417 ns
tuen, tuee | MCLK High/Low Pulse Width 80 ns

Notes: 1. The IOM 2 clock may be stopped in the High or Low state without loss of information.

2, The drive capacity of the IOM 2 Interface allows eight DSLAC devices per linecard (16 subscriber lines) without using external

buffers.
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IOM 2 Switching Characteristics

|
D4 Bit0 X1 Bit 1 D
{

|
Detail A
t — ¢ —
Y
DCL

tun toct tu

__ N\

[

—»| toor

- >
taoc

tsD thp

DD

Detail A

12764A-017

SLAC/DSLAC Products 2-151



&4 Amp

PRELIMINARY

2-152

Am79C04(A) Data Sheet



AMD n

DSLAC EXTENDED
TEMPERATURE SUPPLEMENT

The DSLAC device has been characterized over the
—40°C to +85°C temperature range to establish its suit-
ability for applications such as Remote Concentrators,
Digital Loop Carriers, and other applications that may
be subjected to temperature extremes. All versions
of the DSLAC device are fully functional over this ex-
tended temperature range and are recommended for
such applications.

Characterization indicates that certain parameters of a
small percentage of DSLAC devices tested for opera-
tion between 0°C and 70°C may vary beyond data sheet

limits in the extended temperature ranges. This docu-
ment identifies those parameters and their expected
limits in the temperature ranges beyond 0°Cto 70°C.

The specifications in this supplement have been deter-
mined through characterization to apply to AMD’s stan-
dard commercial grade proauct. If specifications over
the —40°C to +85°C range or another extended tem-
perature range must be guaranteed and tested at the
temperature extremes, the customer is asked to contact
an AMD representative for more information.

DSLAC Family Extended Temperature Information

Commercial Extended

DSLAC Electrical Specification| Specification | Unit
Specifications 0°C to +70°C | —40°C to +85°C
Absolute Gain (See Note) +/-0.2 +/- 0.35 dB
Receiver Gain Tracking (Noise) —10 dBmO to —40 dBmO +/-0.25 +-0.4 dB
Receiver Gain Tracking (Noise) —40 dBm0 to -50 dBmO +/-0.35 +/- 0.55 dB
Receiver Gain Tracking (Noise) —50 dBm0 to =55 dBm0 +/-0.45 +/— 0.55 dB
Transmitter Gain Trackind (Noiss) —~10 dBm0 to —40 dBmO +/-0.25 +-0.3 dB
Transmitter Gain Tracking (Noise) —40 dBm0 to —50 dBmO +/-0.35 +/-0.4 dB
Receiver Signal/Distortion (Noise) —27 dBm0 36 35 dB
Receiver Signal/Distortion (Noise) —34 dBm0 34.3 33.3 dB

Note: Absolute Gain stability is specified as +/— 0.2 dB at 25°C, but +/— 0.25 dB over the commercial temperature range
(0°C to +70°C). This should be relaxed to +/- 0.35 dB over the extended temperature range (-40°C to +85°C).

Publication #: 16870 Rev. A Amendment /0
Issue Dato: 1992
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INTRODUCTION TO ISDN PRODUCTS

The Am79C30A DSC device combines an S/T-interface transceiver, a D-channe! data link controller, and an audio
codecffilter into a single low-power CMOS device. It is the most highly integrated ISDN terminal device currently avail-
able that provides voice and data capability on a single chip.

The Am79C30A is the world’s first ISDN terminal circuit that can be used to build ISDN telephones and terminals that
conform to CCITT power specifications. This circuit, combined with EPROM, SRAM, a microcontroller, and a power
controller, are all that is needed for a basic CCITT power-compliant telephone or terminal.

The Digital Subscriber Controller™ circuit interfaces directly to a telephone handset and drives the four-wire S/T Inter-
face. The data-link controller supports the LAPD protocol defined forthe 16 kb/s D Channel, and allows full compliance
to the CCITT’s recommendations for ISDN.

The Am79C30A supports both the active and low-power restricted conditions specified by the CCITT, and will allow
incoming and outgoing calls to be made (including ringing) with only 380 mW available for the complete system.

FIFOs of 32 bytes for receive and 16 bytes for transmit further reduce the power requirements of the DSC circuit
by allowing it to be used in conjunction with low-power, low-performance microprocessors. Clock frequencies auto-
matically increase whenever the FIFO threshold is reached or when a new packet is received while a previous packet
is still in the FIFO. This allows the microprocessor to run with a very slow clock when no D-channel activity is present.

Data may be transmitted on the D Channel (using LAPD) and/or either B Channel. Access tothe B Channelis provided
via the microprocessor port or a serial port. The serial port will interface directly to the Data Protocol Controller to pro-
vide packet handling for B-channel data. The circuit also supports the industry standard IOM-2 interchip interface in its
peripheral port for simplified design with other ISDN circuits.

The Am79C30A is a highly programmable device; the audio processor has programmablefilters allowing the designer
to compensate for the characteristics of low-cost telephone handsets. A programmable second tone ringer provides
increased volume levels and features such as incoming call alert while a voice conversation is in progress. Program-
mable gain on the microphone amplifier is provided at the analog input adjustable in 6-dB increments from 0 dB to
+24 dB, eliminating the need for an external amplifier with electret microphones. Mute capability is also available al-
lowing the microphone path to be enabled and disabled. The DSC device allows the EAR and Loud Speaker (LS)
outputsto be simultaneously enabled, allowing the use of an external speakertogether with a conventional handset for
loud hearing applications. A digital loopback mode is available internally connecting the EAR output to the analog
input, extending the user test capabilities.

ISDN Products 3-3
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Am79C30A Advanced

Digital Subscriber Controller™ (DSC™) Circuit Devices

DISTINCTIVE CHARACTERISTICS

M Combines CCITT 1.430 S/T-Interface Trans- B Certified protocol software support available

ceiver, D-Channel LAPD Processor, Audio I
Processor (DSC device only), and IOM 2 B CMOS technology, TTL compatible

Interface in a single chip B D-channel processing capability
B Special operating modes allow realization —Flag generation/detection
of CCITT 1.430 power-compliant terminal —CRC generation/checking
equipment —Zero insertion/deletion
B S-or T-Interface Transceiver —Four 2-byte address detectors
—Level 1 Physical Layer Controller —32-byte receive and 16-byte transmit FIFOs

—Supports point-to-point, short and extended
passive bus configurations

—Provides multiframe support

BLOCK DIAGRAM
SBP/IOM 2 Interface
SBIN  SCLK BCL/CH2STRB*
CAP1 CAP2
4 seout$ srs 4 HSW
A A A
9 AINA S — » LOUT1 S
8 | AREF < Main Audio Perioheral P SIT Line > £
S| ANNB Processor (MAP) erip Pe';a ort Interface Unit [ > LOUT2L 8
£{ EAR1< (PP) o L) unt [ E
g | EARce (Am7C30A Nz J &
2 LS14— On]y)
LS2« Bd| Be| Bf ) D
Channel
B1
Ba B-Channel Multiplexer 5 vy Vv
2
D-Channel Data
XTAL1 ¢ Oscillator Link Controller
XTAL2 (0SC) (OLC)
Bb Bc
MCLK 4——] D
Channel
TS .
WA Mlcroproc(ehﬁ*sj?)rylnterface RESET
RD
A A A A A ﬂ A A 4 4 4
V V V vV VvV VvV VvV YVYY
D7 D6 D5 D4 D3 D2 D1 Do INT A2 A1 A0
* BCL/CH2STRB signal present . Y
only for PLCC package. Microprocessor Interface 03893F—001
This document contains information on a product under development at Advanced Micro Devices, Inc. The information is intended
to help you evaluate this product. AMD reserves the right to change or di: inue work on this prop product without notice,
Publication #: 09893 Rev.F Amendment /0 . 3_5

Isgue Date: June 1982
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DISTINCTIVE CHARACTERISTICS (continued)

B Audio processing capability (DSC circuit only)
—Dual audio inputs
—Earpiece and loudspeaker drivers
—Codecffilter with A/u selection
—Programmable gain and equalization filters
—Programmable sidetone level

—Programmable DTMF, single tone, progress
tone, and ringer tone generation

—Programmable on-chip microphone amplifier
B Pin and software compatible with the
Am79C32A ISDN Data Controller (IDC™)

Circuit. The Am79C32A is used in data-only
applications

GENERAL DESCRIPTION

The Am79C30A Digital Subscriber Controller (DSC)
Circuit and Am79C32A ISDN Data Controller (IDC) Cir-
cuit, shownin the Block Diagram, allow the realization of
highly-integrated Terminal Equipment forthe ISDN. The
Am79C30A/32A is fully compatible with the CCITT-
l-series recommendations for the S and T reference
points, ensuring that the user of the device may design
TEs which conform to the international standards.

The Am79C30A/32A provides a 192-kb/s full duplex
digital path over four wires between the TE located on
the subscriber’s premises and the NT or PABX linecard.
All physical Layer functions and procedures are imple-
mented in accordance with CCITT Recommendation
1.430, including framing, synchronization, maintenance,
and multiple terminal contention. Both point-to-point
and point-to-multipoint configurations are supported.

The Am79C30A/32A processes the ISDN basic rate bit
stream, which consists of B1 (64 kb/s), B2 (64 kb/s), and
D (16 kb/s) Channels. The B Channels are routed to
and from different sections of the Am79C30A/32A
under software control. The D Channel is partially

processed by the DSC/IDC circuit and is passed to the
microprocessor for further processing.

The Main Audio Processor (MAP) uses Digital Signal
Processing (DSP) to implement a high performance
codec/filter function. The MAP interface supports a
loudspeaker, an earmpiece, and two separate audio in-
puts. Programmable on-chip gain is provided to simplify
use of low output level microphones. The user may alter
frequency response and gain of the MAP receive and
transmit paths. Tone generators are included to imple-
ment ringing, call progress, and DTMF signals.

A Peripheral Port (PP) is provided to allow the B Chan-
nels to be routed off-chip for processing by other
peripherals. This port is configurable as either an indus-
try-standard IOM 2 pont, or as a serial bus port (SBP).

The TE design process is simplified by the availability of
certified protocol software packages, which provide
complete system solutions through OSI Layer 3.
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CONNECTION DIAGRAMS
Top View
40-Pin DIP
Ls2 T 1e -/ 40 LS1
EAR1 [ 2 39 [C1 AREF
EAR2 [ 3 38 (1 LIN1
AINA [ 4 37 [ LIN2
AINB [ 5 36 {1 HsSw
cAPt [ s 35 [ LouTt
cap2 17 34 [ LOUT2
Voo [ 8 33 [ Vss
RESET [ 9 32 (1 INT
CS [] 10 Am79C30A 31 [] XTAL1
RD [ 11 30 [ XTAL2
WR [ 12 29 g MCLK
vss [ 13 28 SFS
A2 [ 14 27% SCLK
Al E 15 26 SBOUT
A0 16 25 g SBIN
D7 lq 17 24 Do
De [ 18 23% D1
D5 I; 19 22 D2
D4 O 20 21 [ D3
44-Pin PLCC
o w
J22530a822%
aonnononononn
ewvoN-3I2YT e )
cAp1 [ 7 * 39 [ LOUT1
CAP2[] 8 38 [J LOUT2
AV O] @ 37 [ AVgs
DV, ] 10 36 DVes
RESET [} 11 35 1 INT
cS[] 12 Am79C30A 34 [ XTAL1
RD [ 18 33 [ XTAL2
WR ] 14 32 [ MCLK
DVgs [] 15 31 [ sFs
A2 16 30 [ scLK
A1DL1792 e =NR IR eN S 29)jssour
guoupguoguogong
25883288582
'(7) 7]
g
S
2

Note: Pin 1 is marked for orientation purposes.
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CONNECTION DIAGRAMS (continued)

Top View
40-Pin DIP
Lsz2 11 4 40 1 LSt
RSRVD [ 2 39 [ RSRVD
RSRVD [ 3 38 [ LIN1
RSRVD [] 4 37 1 LIN2
RSRVD [ 5 36 [1 HSwW
RSRVD [} 6 35 [ LOUT1
RSRVD [ 7 34 [ LouT2
Vee [ 8 33 [ Vs
RESET [ ¢ 32 [ INT
CS [ 10 Am79C32A 31 ;l XTAL1
RD 5 1 30 (1 XTAL2
WR 12 29 3 MCLK
Vss é 13 28 [ 1 SFs
A2 14 27 (3 sclk
A1 [ 15 26 [-1 SBOUT
Ao [ 16 25 [C1 SBIN
D7 [ 17 24 3 Do
Ds [C] 18 23 [ D1
Ds [ 19 22 tl D2
Da [ 20 21 [ D3
44-Pin PLCC
[a el ale el
EERAR o licosz
2R2R225%2252
onoononononn.
©w T oaN YRy TQ T\

RSRVD ] 7 ‘ 39 [ LOuT1
RSRVD [ 8 38 [0 LouT2
AVee lj 9 ) 37 [0 AVgg
DVee ] 10 36 [ DVes

HESE ] 1 Am79CE2A 35 [ INT
cs[] 12 34 [ XTAL1
RD ] 18 33 [ XTAL2
WR ] 14 32 [J MCLK

DVss ] 15 31 3 sFs
A2 ] 16 4 30 {1 scLK
M2 ezsarsngnsg ) BV
oo ouutud
258832883582
5 7]
£
S
&

Notes: 1. Pin 1 is marked for orientation purposes.
2. RSRVD = Reserved pin, should not be connected externally to any signal or supply.
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ORDERING INFORMATION
Standard Products

AMD® standard products are available in several packages and operating ranges. The order number (Valid Combination) is
formed by a combination of the elements below.

Am79C30A/32A

-‘—— OPTIONAL PROCESSING

Blank = Standard Processing

TEMPERATURE RANGE
C = Commercial (0°C to +70°C)

PACKAGE TYPE

J = 44-pin Plastic Leaded Chip Carrier (PL 044)
P = 40-pin Plastic DIP (PD 040)

SPEED OPTION
Not Applicable

DEVICE NAME/DESCRIPTION

Am79C30A/32A
Digital Subscriber Controller (DSC) device
ISDN Data Controller (IDC) device

Valid Combinations

. T Valid Combinations list configurations planned to be
Valid Combinations supported in volume for this device. Consult the local
AMD sales office to confirm availability of specific
AM79C30A PC, JC valid combinations, to check on newly released
combinations, and to obtain additional data on the

AM79C32A PC,JC AMD standard military grade products.
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PIN DESCRIPTION*
Line Interface Unit (LIU)

HSW
Hook-Switch (Input)

The HSW signal indicates if the hook-switch is on or off
hook. This signal may be generated with a mechanical
switch wired to ground with a pull-up resistor to Vec. Any
change in the HSW state causes an interrupt.

LIN1, LIN2
Subscriber Line Input (Differential Inputs)

The LIN1 and LIN2 inputs interface to the subscriber
(S reference point) via an isolation transformer. LIN2
is the positive input; LIN1 is the negative input. These
pins are not TTL compatible.

LOUT1, LOUT2
Subscriber Line Output (Differential Outputs)

The LOUT1 and LOUT?2 line driver output signals inter-
face to the subscriber line at the S reference point via
an isolation transformer and resistors. LOUT2 is the
positive S-interface driver (sources current during
a High mark), and LOUT1 is the negative S-interface
driver (sources current during Low mark). For multi-
point applications, all TEs must maintain the same
polarity on the S Interface. These pins are not TTL
compatible.

Main Audio Processor (MAP)

All MAP pins are analog, and therefore are not TTL
compatible.

AINA, AINB
Analog (Inputs)

These analog inputs allow for two separate analog
(audio) inputs to the transmit path of the codec/filter.
Input signals on either of these pins must be referenced
to AREF.

AREF
Analog Reference (Output)

This is a nominal 2.4-V reference voltage output for
biasing the analog inputs. When the MAP is disabled,
this pin is high-impedance.

CAP1, CAP2
Capacitor/Resistor (CAP1, Input; CAP2, Output)

An external resistor and capacitor are connected in
series between these pins. These components are
needed for the integrator in the Analog-to-Digital
Converter (ADC).

* All signal levels are TTL compatible unless otherwise stated.

EAR1, EAR2
Earpiece Interface (Differential Outputs)

EAR1 and EAR2 are the outputs from the receive path
ofthe codec/filter. These differential outputs can directly
drive a minimum load of 540 ohms.

LS1,Ls2
Loudspeaker Interface (Differential Outputs)

LS1 and LS2 are push-pull outputs which can directly
drive a minimum load of 40 ohms.

Microprocessor Interface (MPI)

A2-A0
Address Line (Inputs)

A2, A1, and AO signals select source and destination
registers for read and write operations on the data bus.

cs
Chip Select (Input)

CS must be Low to read or write to the Am79C30A/32A.
Data transfer occurs over the bidirectional data lines
(D7-Do).

D7-Do
Data Bus (Bidirectional with High Impedance State)

The eight bidirectional data bus lines are used to
exchange information with the microprocessor. DO is
the least significant bit (LSB) and D7 is the most signifi-
cant bit (MSB). A High on the data bus line corresponds
to a logic 1, and Low corresponds to a logic 0. These
lines act as inputs when both WR and CS are active and
as outputs when both RD and CSare active. When CSis
inactive orboth RD and WRare inactive, the D7-D0 pins
are in a high-impedance state.

INT
Interrupt (Output)

An active Low output on the INT pin informs the external
microprocessor that the Am79C30A/32A needs inter-
rupt service. INT is updated once every 125 ps. The INT
pin remains active until the Interrupt Register (IR) is
read or the Am79C30A/32A is reset.

RESET
Reset (Input)

Reset is an active High signal which causes the
Am79C30A/32A to immediately terminate its present
activity and initialize to the reset condition. When reset
returns Low, the Am79C30A/32A enters the Idle Mode.
The MCLK output remains active while RESET is held
High.

3-10
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RD

Read (Input)

The active Low read signal is conditioned by CS and
indicates that internal information is to be transferred
onto the data bus. A number of internal registers are
user accessible. The contents of the accessed register
are transferred onto the data bus after the High to Low
transition of the RD input.

WR

Write (Input)

The active Low write signal is conditioned by CS and
indicates that external information on the data bus is to
be transferred to aninternal register. The contents of the

data bus are loaded on the Low to High transition of
the WRinput. )

Oscillator (OSC)

MCLK
Master Clock (Output)

The MCLK output is available for use as the system
clock for the microprocessor. MCLK is derived from the
12.288-MHz crystal via a programmable divider in the
Am79C30A/32A which provides the following MCLK
output frequencies: 12.288, 6.144, 4.096, 3.072, 1.536,
0.768, and 0.384 MHz.

XTAL1, XTAL2
External Crystal (Output, Input)

XTAL1and XTAL2 are connected to an external parallel
resonant crystal for the on-chip oscillator. XTAL2 can
also be connected to an external source instead of a
crystal, in which case XTAL1 should be left discon-
nected. The frequency must be 12.288 MHz, + 80 ppm.

Peripheral Port (PP)

SBIN
Serial Data (Input/Output)

Whenthe Peripheral Port is programmed to SBP Mode,
SBIN operates as an input for serial data. When the
Peripheral Port is programmed to IOM 2 Mode, SBIN
functions as the data input except in the special case of
IOM 2 Slave Mode, when it becomes an open-drain
output during sub-frame 0 or when deactivated.

SBOUT
Serial Data (Input/Output)

When the Peripheral Port is programmed to SBP Mode,
SBOUT operates as an output for serial data. When the
Peripheral Port is programmed to IOM 2 Mode, SBOUT

functions as the data output except in the special case
of IOM 2 Slave Mode when it becomes an input during
sub-frame 0.

SCLK
Serial Data Clock (Input/Output)

When the PP is programmed to SBP Mode, SCLK out-
puts a 192-kHz data clock, which may be inverted under
software control. When the PP is programmed to IOM 2
Master Mode, SCLK outputs a 1.536-MHz 2X data
clock. In IOM 2 Slave Mode, SCLK functions as the
clock input. The SCLK pin defaults to a high-impedance
state upon reset, but becomes active after any MUX
connection is made or if the PP is programmedto [OM 2
Master Mode.

SFS
Serial Frame Sync (Input/Output)

In SBP Mode, SFS outputs an 8-kHz frame synchroni-
zation signal. SFS is an output in IOM 2 Master Mode,
and an input in IOM 2 Slave Mode. As an output, SFS is
active for 8-bit periods. The SFS pin defauits to a high-
impedance state upon reset, but becomes active after
any MUX connectionis made orif the PP is programmed
to IOM 2 Master Mode. For SBP Mode, the active signal
state is Low during Idle and 8 kHz in Active Data Only
and Active Voice and Data Modes.

BCL/CH2STRB
Bit Clock/SBP Channel 2 Strobe
(Output, Three-state) (present only in PLCC package)

In SBP Mode, this pin provides a strobe during the 8-bit
times of the second 64-kb/s data channel. [n IOM 2
Master Mode, this pin provides a 768-kHz bit clock to
aid in the connection of non-IOM 2 devices to the port.
In IOM 2 Slave Mode, this pin is high-impedance.

Power Supply Pins

PLCC Packages
AVce  +5-V analog power supply, +5% (PLCC only)

AVss  Analog ground (PLCC only)
DVss Digital ground (PLCC only)
DVee  +5-V digital power supply, 5% (PLCC only)

DIP Packages
Vee +5-V power supply, 15% (DIP only)

Vss Ground (DIP only)

Note: For best performance, decoupling capacitors should be
installed between Vec and Vss asclose to the chip as possible.
Do not use separate supplies foranalog and digital power and
ground connections.

s
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OPERATIONAL DESCRIPTION
Overview of Power Modes

The minimization of power consumption is a key factor
in the design of Terminal Equipment for the ISDN, and
the DSC/IDC circuit employs two basic approaches to
power management:

1. The power consumption of the DSC/IDC circuit itself
is managed by using four basic power modes which
allow unused functional blocks to be disabled. The
INIT register may be programmed to select Active
Voice and Data, Active Data Only, Idle, or Power-
Down Mode, depending upon which DSC/IDC
device resources are required at the time.

2. The power consumption of the controlling micro-
processor system may be controlled by driving the
processor clock with the DSC/IDC circuit MCLK out-
put. A wide range of MCLK operating frequencies
may be selected, and a special Clock Speed-up
function is provided which increases the speed of
MCLK upon the occurrence of a key event, without
processor intervention. Control of MCLK frequency
and Clock Speed-up is accomplished by program-
mingthe INIT and INIT2 registers, as described later.

Active Voice and Data Mode

In Active Voice and Data Mode all functional blocks of
the DSCI/IDC circuit are available. Device registers may
be accessed through the MPI, the LIU and DLC are
available, the OSC is running, the Peripheral Port is
available, MUX connections may be made, the Secon-
dary Tone Ringer may be activated, and the MAP is
operational (DSC circuit only).

Active Data Only Mode

Active Data Only Mode is similar to Active Voice and
Data Mode, except that the MAP (DSC circuit only) is
disabled to reduce system power consumption. This in-
creases the amount of power available for the Secon-
dary Tone Ringer or microprocessor system during the
phases of call setup and teardown, or during a data-only
telephone call.

Idle Mode

Idle Mode is the RESET default mode of DSC/IDC
circuit operation, and represents an operational state in
which power consumption is reduced, yet the micro-
processor system is operational to program DSC/IDC
circuit registers or perform other required background
tasks. Idle Mode may also be entered by appropriate
programming of the INIT register.

In Idle Mode, the MCLK output is available to drive the
microprocessor system, the MPI is available for pro-
gramming of DSC/IDC registers, and the LIU is avail-
able to initiate or respond to S/T interface activity. The
HSW hookswitch interrupt is also available in Idle Mode.

Idle Mode reduces DSC/IDC circuit power consumption
by disabling the MUX, DLC, and MAP functional blocks.
The Peripheral Port is also disabled, except that an
IOM 2 activation request interrupt is possible, and the
SFS and SCLK outputs may still be activated. The SFS
and SCLK outputs are high-impedance upon RESET,
but become active after any MUX connection is pro-
grammed. The DLC read-only registers are cleared
when the DSC/IDC circuit enters the Idle Mode.

Power-Down Mode

Power-Down Mode consumes the least power of all the
DSC/IDC power options, and differs from Idle Mode
in that all clocks, including the XTAL oscillator, are
stopped. Most functional blocks are disabled, except
for those required to recognize key extemal events that
will force the DSC/IDC circuit to return to Idle Mode.

The Power-Down Mode is not available unless the
Power-Down Enable bit is set in the INIT2 register; see
the INIT2 register description for further details.

Entering the Power-Down Mode

The Power-Down Mode is entered by appropriate pro-
gramming of the INIT and INIT2 registers. Selection of
the Power-Down Mode causes the DSC/IDC
circuit to begin an internal countdown of at least 250
MCLK cycles after which the MCLK and XTAL1 outputs
are both stopped and held High, and the XTAL2
input will be disregarded. The purpose of this count-
down cycle is to allow the microprocessor time for
housekeeping operations before its clock is stopped. If
an interrupt causes the DSC INT pin to go Low during
the countdown, the Power-Down Mode bits in the INIT
register will be reset and the countdown will be
canceled.

Ifthe LIU is enabled and in any state otherthan F3 atthe
end of the countdown, MCLK is stopped but the oscilla-
tor continues to run. This allows the LIU to identify the
incoming signal and either (1) generate an interrupt and
force the DSC/IDC circuit to Idle Mode when activation
is complete, or (2) move to the F3 state and stop the
oscillator once the line goes idle.

Exiting the Power-Down Mode

The DSC/IDC circuit will exit the Power-Down Mode and
enter the Idle Mode if any of the following events occur:

8 The DSC/IDC circuit receives a hardware reset via
the RESET pin.

8 The CS and WR pins are both pulled Low at the same
time, as would occur during a normal write operation
from the microprocessor to the DSC circuit. No data
will be transferred by this operation.

8 The HSW hookswitch pin changes state, and the
hookswitch interrupt is enabled.
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® The LIU receiver is enabled, detects an incoming sig-
nal on the S/T Interface, and achieves activation as
indicated by a transition to state F7. Both the INT pin
and the F7 transition interrupt must be enabled for
Power-Down Mode to be exited. Ifthe LIU is enabled,
it may restart the oscillator so that it can identify the
activity on the interface. If the activity is determined to
be noise, the LIU will stop the oscillator and continue
to monitor the line without an interrupt or returning
to Idle Mode.

® The IOM 2 Interface is enabled as a clock master
and the SBIN input pin goes Low. This indicates that
a slave device wants to activate the IOM 2 Interface
and communicate with the DSC circuit. Both the INT
pin and the IOM 2 timing request interrupts must be
enabled for Power-Down Mode to be exited.

® The IOM 2 Interface is enabled as a clock slave and
the SCLK input pin goes High. This indicates that
the master device is activating the IOM 2 Interface
and the DSC circuit must wake up in order to monitor
the data. Both the INT pin and the IOM 2 timing re-
quest interrupts must be enabled for Power-Down
Mode to be exited.

If the DSC/IDC circuit is awakened by any condition
other than RESET, the MCLK output will be restored to
its previously programmed frequency, and will not gen-
erate any shortened or spurious output cycles. If the
DSC/IDC circuit is revived by RESET, MCLK will default
to its normal 6.144-MHz rate. The DSC/IDC circuit pro-

stored to the value programmed in the INIT register.
There are two events that wilitrigger the clock speed-up
function:

1. The DLC receive FIFO threshold has been reached;
or,

2. asecond packet begins to be received while data
from a prior packet is still in the receive FIFO.

The second packet case requires provision of an inter-
rupt; see the DLC register section for further informa-
tion. The clock speed-up function allows the user to
program avery slow MCLK frequency using INIT2 when
D-channel activity is minimal. If a burst of activity is seen
on the D Channel which exceeds the programmed
threshold of the receive FIFO orthreatens to overrunthe
receive FIFO status buffers, MCLK will instantly toggle
back to the higher frequency programmed in the INIT
register. This eliminates the latency incurred if an inter-
rupt has to be serviced to change the clock speed, and
allows the overall system power to be reduced during
typical voice connections. Note that automatic clock
speed-up will not function unless at least one of the
associated interrupts are enabled so the processor can
be informed that the clock speed has been altered.

Global Register Functions

INIT Register (INIT) default = 00H; Address = Indirect
21 Hex, Read/Write

vides a minimum of two MCLK cycles prior to activating Bit .
the interrupt pin when exiting Power-Down Mode. 76543210 Function
MCLK Frequency Control XXXXXX00 Idle Mode
. . . XXXXXX01 Active Voice and Data Mode

The MCLK frequency selection bits in the INIT register XXXXXX10 Active Data Only Mode
are unchanged from Revision D. However, additional XXXXXX11 Power-Down Mode
MCLK frequencies are available by programming bits in —_
the INIT2 register. No shortened or spurious clock XXXXX0XX INT output e.nabled

d . 3 XXXXX1XX INT output disabled
pulses that might disrupt the external microprocessor
will result when the MCLK frequency is changed. XX000XXX MCLK frequency = 6.144 MHz

XX001XXX MCLK frequency = 12.288 MHz
In order to reduce the probability of errant software dis- XX010XXX MCLK frequency = 3.072 MHz
rupting system operation, the INIT2 register requires XX011XXX MCLK frequency = 6.144 MHz
two consecutive writes before the value will be entered XX100XXX MCLK frequency = 4.096 MHz
into the register. Note that there will be no MCLK count- XX101XXX MCLK frequency = 6.144 MHz
down as is the case for entering Power-Down Mode if XX110XXX MCLK frequency = 6.144 MHz
INIT2 is programmed to cause MCLK to STOP, and XX111XXX MCLK frequency = 6.144 MHz
there will be no shortened or spurious MCLK pulses. X0 XXXXXX DLC receiver abort disabled
: X1XXXXXX DLC receiver abort enabled
MCLK Clock Speed-up Function OXXXXXXX DLC transmitter abort disabled
A programmable automatic MCLK speed-up option is TXXXXXXX DLC transmitter abort enabled
provided that will force a hardware reset of INIT2 Bits
3-0, which will cause the MCLK frequency to be re-
ISDN Products 3-13
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INIT2 Register (INIT2) default = 00H;
Address = Indirect 20 Hex, Read/Write

A special write procedure must be followed in order to
modify the contents of the INIT2 Register, since the
INIT2 register includes control bits which could result in
the stopping of the microprocessor clock. This proce-
dure greatly reduces the probability of errant software
disabling the system, and is described as follows:

1. Write the INIT2 address to the Command Register.
2. Writetothe Data Register (INIT2 is not yet updated).
3. Write the INIT2 address to the Command Register.
4. Write to the Data Register (INIT2 is updated).

The writes must take place without any intervening indi-
rect accesses to the DSC/IDC circuit.

Bit

76543210 Function

00 XXXXXX Reserved, must be written to 0

READ’s are undefined
000 XXXXX Power-Down disabled; writing 11
to the INIT register will put the DSC/IDC
circuit into Idle Mode
Power-Down enabled; writing 11
to the INIT register will put the DSC/IDC
circuit into Power-Down Mode
00X0XXXX Multiframe Interrupt Filter disabled

00X 1XXXX Multiframe Interrupt Filter enabled (see
LIU section for detailed description)

00X X0XXX Clock speed-up option disabled

00X X1XXX Clock speed-up option enabled; if set, this
register bit will be cleared when the DLC
FIFO receive threshold or second packet
received interrupt is triggered

001 XXXXX

00XXX000 MCLK frequency determined by INIT
register

00XXX001 MCLK frequency is 1.536 MHz

00XXX010 MCLK frequency is 768 kHz

00XXX011 MCLK frequency is 384 kHz

00XXX100 MCLK stopped in High state

00XXX101 Reserved

00XXX110 Reserved

00XXX111 Reserved

RESET Operation

The Am79C30A/32A can be reset by driving the RESET
pin High. When power is first supplied to the DSC/IDC
circuit, a reset must be performed. This initializes the
DSC/IDC circuit to its default condition as defined in the
following table.

Pin Name State following RESET
D7-Do " High Impedance
MCLK 6.144 MHz

INT Logical 1
SBOUT High Impedance
SFS High Impedance
SCLK High Impedance
LS1,LS2 High Impedance
EAR1 High Impedance
EAR2 High Impedance
AREF High Impedance
LOUT1 High Impedance
LOUT2 High Impedance

Receive and Transmit Abort Commands

The microprocessor has the option via INIT register bits
6 and 7 to abort the receive and transmit D-channel
packets. When the microprocessor sets one of these
bits, the Am79C30A/32A aborts the respective opera-
tion. The frame abort sequence is defined in greater
detail later. (See Data Link Controller section.)

Interrupt Handling

The Am79C30A/32A generates either no interrupt or
only one interrupt every 125 us. Once asserted, INT
remains active until the microprocessor responds by
interrogating the Am79C30A/32A’s Interrupt Register
(IR) (see Table 1). Reading the IR in response to an acti-
vated INT pin deactivates the INT pin, and clears the IR.

If an event causing an interrupt occurs while the IR is
being read by the microprocessor, the effect of the
event is held until the microprocessor has completed
its read cycle. A reset clears all conditions causing
interrupts.

Bits 0,1, and 4 of the IR, if set, advise the microproces-
sor that the respective buffer is ready for reading or
writing. If Bit 0 is set due to an empty buffer, the
D-Channel Transmit Buffer must be serviced within
375 ps. If Bit1 is set and the D-Channel Receive Buffer
is full, the buffer must be serviced within 425 us. This is
to prevent erroneous data transfers causing transmitter
underrun and receiver overrun errors. If Bit 4 is set then
the Bb or Bc buffers must be accessed within 122.4 ps.
This is to prevent erroneous data transfers. Only one
interrupt is used to signal accessibility for both B Chan-
nels of the S Interface. Since the data transfer must
occur synchronously tothe S Interface, any data access
to either Bb or Bc or both must be made within the
122.4 ps limit.

Note that even though only a single interrupt is issued,
either or both S-interface B Channels must be serviced.
IR bits 2, 3, 5, 6, and 7, if set, indicate that a bit has
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been set in the associated status or error register. All of
the interrupts generated by the Am79C30A/32A can be
individually disabled. In the case of IR Bit 7, the interrupt
can also be masked by setting PPIER Bit 7 to 0.

DMR1, DMR2, DMR3, LMR2, MCR4, and MF control
the mask conditions which affect the INT pin. The INT
pinis activated only by interrupts which are not disabled.

The Interrupt Register reflects the status of enabled in-
terrupts. The INT pin can be disabled by setting INIT reg-
ister bit 2 to a logical 1.

The Am79C30A/32A has facilities that allow the micro-
processor to read the status registers (status update is
inhibited during status read) orthe IR at any time during
functional operation.

Table 1. Format of the Interrupt Register (IR), Read Only

Bit Interrupt Generated/Action Required Interrupt Mask
0 D-channel transmit threshold interrupt/load D-Channel Transmit Buffer DMR1 bit 0
D-channel receive threshold interrupt/read D-Channel Receive Buffer DMR1 bit 1
2 D-channel status interrupt/read DSR1
Source Cause
DSR1 bit 0 Valid Address (VA) or End of Address (EOA) DMRS3 bit 0
DSR1 bit 1 When a closing flag is received or a receive error occurs DMR1 bit 3
DSR1 bit6 When a closing flag is transmitted DMR3 bit 1
3 D-channel error interrupt/read DER and DSR2 bit 2
Source Cause
DER bit 0 Current received packet has been aborted DMR2 bit 0
DER bit 1 Non-integer number of bytes received DMR2 bit 1
DER bit 2 Collision abort detected DMR2 bit 2
DER bit 3 FCS error DMR2 bit 3
DER bit 4 Overflow error DMR2 bit 4
DER bit 5 Underflow error DMR2 bit 5
DER bit 6 Overrun error DMR2 bit 6
DER bit 7 Underrun error DMR2 bit 7
DSR2 bit 2 Receive packet lost DMRS bit 6
Bb or Bc byte available or buffer empty interrupt/read or write Bb or Bc buffers MCR4 bit 3
LIU status interrupt/read LSR
Source Cause
LSR bit3 Change of state to F3 LMR2 bit 3
LSR bit 4 Change of state from/to F7 LMR2 bit 6
LSR bit 5 Change of state from/to F8 LMR2 bit 4
LSR bit 7 HSW change of state LMR2 bit 5
6 D-channel status interrupt/read DSR2
Source Cause
DSR2 bit 0 Last byte of received packet DMRS3 bit 2
DSR2 bit 1 Receive byte available DMR3 bit 3
DSR2 bit 3 Last byte transmitted DMR3 bit 4
DSR2 bit 4 Transmit buffer available DMR3 bit 5
DSR2 bit 7 Start of second packet EFCR bit 1
7 Multiframe or PP interrupt/read MFSB and PPSR
Source Cause
MFSB bit 5 S-data available MF bit 1
MFSB bit 6 Q-bit buffer empty MF bit 2
MFSB bit 7 Multiframe change of state (in/out of sync) MF bit 3
PPSR bit 0 Monitor receive, data available PPIER bit 0
PPSR bit 1 Monitor transmit, buffer available PPIER bit 1
PPSR bit 2 Monitor EOM received PPIER bit 2
PPSR bit 3 Monitor abort received PPIER bit 3
PPSR bit 4 C/l channel 0, data change PPIER bit 4
PPSR bit 5 C/I channel 1, data change PPIER bit 5
PPSR bit 6 1OM 2 timing request PPIER bit 6
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FUNCTIONAL DESCRIPTION
Microprocessor Interface (MPI)

The Am79C30A/32A can be connected to any general
purpose 8-bit microprocessor via the MPI. The MCLK
from the Am79C30A/32A can be used as the clock for
the microprocessor. The MPlis an interrupt driven inter-
face containing all the circuitry necessary for access to
the internal programmable registers, status registers,
coefficient RAM, and transmit/receive buffers.

MPI External Interface
The MPI has the following external connections:

Direct Registers
Access to the Direct Registers of the Am79C30A/32A is

controlled by the state of the CS, RD, WR, A2, A1, and
A0 input pins, as defined below by Table 2.

Indirect Registers

To read from or write to any of the Indirect Registers, an
indirect address command is first written to the Com-
mand Register (CR). One or more data bytes may then
be transferred to or from the selected register through
the Data Register (DR).

Registers within certain groups can be quickly accessed

Name Direction Function by using internal circuitry which automatically incre-
D7-0D0 Bidirectional Data Bus ments the indirect value. In Table 3, the “bytes trans-
A2-A0 Inputs Address Line ferred numbers” are the number of bytes which are read
RD Input Read Enable or written to the DR after the CR has been loaded.
%‘ :"PU: ‘(,)Vf:!teSEl}abtle Whenever the CR is loaded, any previous commands
npu ip Selec : :
RESET Input Initialization are automatically terminated.
INT Output Interrupt
Table 2. Direct Register Access Guide

CS RD WR A2 Al A0 Register(s) Accessed Mode
0 1 0 0 0 0 Command Register (CR) w

0 0 1 0 o] 0 Interrupt Register (IR) R

0 1 0 0 0 1 Data Register (DR) w

0 0 1 0 o] 1 Data Register (DR) R

0 0 1 0 1 0 D-Channel! Status Register 1 (DSR1) R

0 0 1 4] 1 1 D-Channel Error Register (DER) (2-byte FIFO) R

0 1 0 1 0 0 D-Channel Transmit Buffer (DCTB) (8- or 16-byte FIFO) W

0 0 1 1 0 0 D-Channel Receive Buffer (DCRB) (8- or 32-byte FIFO) R

0 1 0 1 0 1 Bb-Channel Transmit Buffer (BBTB) w

0 0 1 1 0 1 Bb-Channel Receive Buffer (BBRB) R

0 1 0 1 1. 0 Bc-Channel Transmit Buffer (BCTB) W

0 0 1 1 1 0 Bc-Channel Receive Buffer (BCRB) R

0 0 1 1 1 1 D-Channel Status Register 2 (DSR2) R

1 X X X X X No access (X = logical 0 or 1) —_

Note: The RD and WR signals must never both be Low under normal operating conditions.
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Table 3. Indirect Register Access Guide

Operation Register Indirect
Block Register Number Name Mode Address Byte Sequence
INIT 1 INIT RW 21H One byte transterred
INIT INIT2 RW 20H One byte transferred
LIV LIU Status Register 1 LSR R A1H One byte transferred
LIV LIU Priority Register 2 LPR RW A2H One byte transferred
LIU LIU Mode Register 1 3 LMR1 RW A3H One byte transferred
LIV LIU Mode Register 2 4 LMR2 RW A4H One byte transferred
LIV — 5 Perform 2-4 — A5H LPR, LMR1, LMR2
LIU Multiframe Register 6 MF RW A6H One byte transferred
LIU Multiframe S-Bit/Status Register 7 MFSB R A7H One byte transferred
LIV Multiframe Q-Bit Buffer 8 MFQB w A8H One byte transterred
MUX 1 MCR1 RW 41H One byte transferred
- MUX 2 MCR2 RW 42H One byte transferred
MUX 3 MCR3 RW 43H One byte transferred
MUX 4 MCR4 RW 44H One byte transferred
MUX 5 Perform 1-4 — 45H MCR1,2,3,4
MAP X Filter Coefficient Register 1 X Coeff. RW 61H h0 LSB, ho
MSB...n7 MSB
MAP R Filter Coefficient Register 2 R Coeff. RW 62H ho LSB, ho
MSB...h7 MSB
MAP GX Gain Coefficient Register 3 GX Coeff. RW 63H LSB, MSB
MAP GR Gain Coefficient Register 4 GR Coeff. RW 64H LSB, MSB
MAP GER Gain Coefficient Register 5 GER Coeff. RW 65H LSB, MSB
MAP Sidetone Gain Coefficient 6 STG Coeff. RW 66H LSB, MSB
Register
MAP Frequency Tone Generator 7 FTGR1,FTGR2 RW 67H FTGR1, 2
Register 1, 2
MAP Amplitude Tone Generator 8 ATGR1,ATGR2 RW 68H ATGR1, 2
Register 1, 2 .
MAP MAP Mode Register 1 9 MMR1 RW 69H One byte transferred
MAP MAP Mode Register 2 10 MMR2 RW 6AH One byte transferred
MAP - 11 © Perform 1-10 — 6BH 46 bytes loaded
1-10
MAP MAP Mode Register 3 12 MMR3 RW 6CH One byte transferred
MAP Secondary Tone Ringer 13 STRA RW 6DH One byte transferred
Amplitude
MAP Secondary Tone Ringer 14 STRF RW 6EH One byte transferred
Frequency :
DLC First Received Byte Address 1 FRAR1, 2,3 RW 81H FRAR1, 2,3
Registers 1, 2,3
DLC Second Received Byte Address 2 SRART1, 2,3 RW 82H SRART, 2,3
Registers 1, 2, 3
DLC Transmit Address Register 3 TAR RW 83H LSB, MSB
DLC D-Channel Receive Byte Limit 4 DRLR RW 84H LSB, MSB
Register
DLC D-Channel Transmit Byte Count 5 DTCR RW 85H LSB, MSB
Register
DLC D-Channel Mode Register 1 6 DMR1 RW 86H One byte transferred
DLC D-Channel Mode Register 2 7 DMR2 RW 87H One byte transferred
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Table 3. Indirect Register Access Guide (continued)

Operation Register Indirect

Block Register Number Name Mode Address Byte Sequence

DLC — 8 - Perform 1-7 — 88H 4 bytes loaded 1-7

DLC D-Channel Receive Byte Count 9 DRCR R 89H LSB, MSB
Register

DLC Random Number Generator 10 RNGR1 (LSB) RW 8AH One byte transferred
Register . )

DLC Random Number Generator 11 RNGR2 (MSB) RW 8BH One byte transferred
Register ’

DLC First Received Byte Address 12 FRAR4 RW 8CH One byte transferred
Register 4

DLC Second Received Byte 13 SRAR4 RW 8DH One byte transferred
Address Register 4

DLC D-Channel Mods Register 3 14 DMR3 RW 8EH One byte transferred

DLC D-Channel Mode Register 4 15 DMR4 RW 8FH One byte transferred

DLC — 16 Perform 12-15 — 90H FRAR4, SRAR4,

DMR3, DMR4

DLC Address Status Register 17 ASR R 91H One byte transferred

DLC Extended FIFO Control 18 EFCR RW 92H One byte transferred
Register

PP Periphera! Port Control Register 1 1 PPCR1 RW COoH One byte transferred

PP Peripheral Port Status Register 2 PPSR R C1H One byte transferred

PP Peripheral Port Interrupt 3 PPIER RW C2H One byte transferred
Enable Register

PP ‘Monitor Transmit Data Register 4 MTDR W . C8H One byte transferred

PP Monitor Receive Data Register 5 MRDR R C3H One byte transferred

PP C/I Transmit Data Register 0 6 CITDRO W C4H One byte transferred

PP C/l Receive Data Register 0 7 CIRDRO R C4H One byte transferred

PP C/I Transmit Data Register 1 8 CITDR1 w CsH One byte transferred

PP C/l Receive Data Register 1 9 CIRDR1 R Cs5H One byte transferred

PP Peripheral Port Control 10 PPCR2 RW CsH One byte transferred
Register 2

Line Interface Unit (LIU)

The LIU connects to the four-wire S Interface through a
pair of isolation transformers, one for the transmit and
one for the receive direction, as shown in Figure 1.

The receiver section of the LIU consists of a differential
receiver, circuitry for bit timing recovery, circuitry for
detecting High and Low marks, and a frame recovery
circuit for frame synchronization. The receiver converts
the received pseudo-ternary coded signals to binary
before delivering them to the other blocks of the
Am79C30A/32A. It also performs collision detection
(E- and D-bit comparison) per the CCITT recommend-
ations so several TEs can be connected to the same
S Interface.

The transmitter consists of a binary to pseudo-ternary
encoder and a differential line driver which meets the
CCITT recommendations for the S Interface.

The Am79C30A/32A can establish multiframe syn-
chronization, receive S Bits, and transmit Q bits
synchronized to the received frame.

External Interface

The LIU can be connected to both point-to-point and
point-to-multipoint configurations at the CCITT S refer-
ence point. The point-to-point configuration consists of
one TE connected to the NT or PABX linecard. The
point-to-muttipoint configuration can have multiple TEs
connected to one NT.

Line Code

Pseudo-ternary coding is used for both transmitting and
receiving over the S Interface. In this type of coding, a
binary 1 is represented by a space (zero voltage), and a
binary 0 is represented by a High mark or a Low mark.
Two consecutive binary Os are represented by alternate
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marks to reduce DC offset on the line. A mark followed,
either immediately or separated by spaces, by a mark of
the same polarity, is defined as a code violation. Code
violations are used to identify the boundaries of the
frame.

Frame Structures

In both transmit and receive directions, the bits are
grouped into frames of 48 bits each. The frame structure
is identical for both point-to-point and point-to-multipoint
configurations. Each frame transmitted at 4 kHz con-
sists of several groups of bits.

Multiframing

If multiframing is enabled, the Am79C30A/32A re-
cognizes and establishes multiframe synchronization
based on the monitoring of the Fa (Q-bit control)
and M (M-bit control) Bits. The Am79C30A/32A also
receives and compiles S Bits, and transmits Q Bits
synchronized to the received frame.

Establishment of Multiframe Synchronization

When the enable multiframe synchronization bit (Bit 0
of the Multiframe Register) is set and the LIU is in state
F7, the LIU monitors the Fa (Q-bit control) and M (M-bit
control) Bits. When three consecutive multiframes with
the M Bits and Fa Bits set as defined in Table 4 are
received, the multiframe synchronized bit (Bit 7 of the
Multiframe Register) and multiframe change of state bit
(Bit 7 of the Multiframe S Bit/Status Buffer) are set.
Note that S-bit data is received, compiled and trans-
ferred to the user after attaining synchronization at the
start of the next multiframe.

S-Bit Reception

The default operation of the DSC/IDC circuit is that the
LIU will receive and pass multiframe data to the user in
5-bit increments four times per multiframe, regardless
of the value of the data. After multiframe synchron-
ization has been requested and established, the

microprocessor can read the Multiframe S Bit/Status
Buffer (MFSB) once the S-bit available bit (MFSB Bit 5)
is set. The S-data available bit is set to a logical 1 when
the Am79C30A/32A has received five S Bits (one S Bit
per S-interface frame) synchronized to the setting of
the FA-bit to a logical 1 and transferred them into the
MFSB. Once the S-bit available bit is set, the MFSB
must be accessed within 1.25 ms or succeeding S data
will be lost.

Subsequent to the original definition of the DSC/
IDC circuit, the CCITT has defined a structure for the
20 multiframe bits, which specifies five 4-bit channels.
Furthermore, the idle code for these channels has been
defined as 0000. An enhanced mode of multiframe re-
ception has been included, which may be enabled by
setting INIT2 Bit 4 to a 1. This enhanced mode reduces
processor overhead by generating an interrupt only
upon the reception of a non-zero S-channel word. INIT2
Bit 4 will be automatically cleared by hardware when the
five received data bits inthe MFSB are not all 0s, as long
as MF Bit 1 (interrupt enable) is set. This allows subse-
quent valid ali-zero words to be received. Furthermore,
when the first five S Bits of the multiframe are loaded
into the MFSB, Bit 4 of the MF register will be set, which
allows identification of the position of received words
within the multiframe.

HSW

The hookswitch circuitry on the DSC circuit provides the
attached microprocessor with a way of converting an
external mechanical hookswitch into a software status
condition capable of generating an interrupt. Debounce
and glitch rejection are provided internal to the DSC
circuit. The logic rejects glitches less than 162 ns and
provides debounce of 16 ms. HSW status reporting is
disabled after RESET. It is enabled by any of the follow-
ing: taking the device out of Idle Mode, a write to a MUX
Control register (MCR3-MCR1), or unmasking the
HSW interrupt.

S
[: Line Drivers :
> Binary :
to || 1
Pseudo-ternary :
To le Frame Coder
Mux | Recovery '
and '
bLC )
I :
1
1
1
< Decoder |e Slicer T
Timing o Balanced !
Recovery [ Receiver '
:
1
1
09893E-002

Figure 1. LIU Block Diagram
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Table 4. Multiframing Structures

Frame NT-to-TE NT-to-TE NT-to-TE TE-to-NT
Number Q Control Bit FA M Bit (M) S Bit (S) Fa Bit (Q Bit)
1 1 1 SC11 Q1
2 0 0 SC21 0
3 0 0 SC31 0
4 0 0 SC41 0
5 0 0 SC51 0
6 1 0 SC12 Q2
7 0 0 Sc22 0
8 0 0 SC32 0
9 0 0 SC42 0
10 0 0 SCs52 0
1 1 0 SC13 Q3
12 0 0 SC23 0
13 0 0 SC33 0
14 0 ] SC43 0
15 0 0 SC53 0
16 1 0 SC14 Q4
17 0 0 SC24 0
18 0 0 SC34 0
19 0 0 SC44 0
20 0 0 SC54 0
1 1 1 SC11 Q1
2 0 0 SC21 0
etc.

Transmission of Q-bits

The microprocessor can load the Multiframe Q-bit
Buffer (MFQB) once the Q-bit buffer empty bit (Bit 6 of
the Multiframe S Bit/Status Buffer) is set. The Q-bit
buffer empty bit is setto a logical 1 at reset or whendata
that has been written to the Multiframe Q-bit Buffer
is transferred to the LIU. The Q-bit buffer empty bit is
cleared to a logical 0 when the Multiframe S-bit/Status
Buffer is read. After multiframing has been requested
and established the Am79C30A/32A transfers the data
written into the Q-bit Register to the LIU, synchronized
to the multiframe, irrespective of the receipt of valid
Q-control bits. If the microprocessor does not reload
the Q-bit Register for retransmission, the Q-bit pattern
is repeated in the next multiframe.

If multiframing is enabled but multiframe synchroniza-
tion is not established, the LIU transmits the value
loaded in MFQB Bit 4 in all Q Bits. The default value of

MFQB Bit 4 is a logical 0 which satisfies the CCITT rec-
ommendations. When synchronization is achieved, the
contents of MFQB Bits 3 to 0 are transmitted according
to Table 4.

Loss of Multiframe Synchronization

The Am79C30A/32A continuously monitors the Fa
(Q-bit control) and the M Bits to assure muiltiframe
synchronization. Once multiframe synchronization is
established, multiframe synchronization is lost if three
consecutive invalid multiframes are received, or the LIU
exits state F7, or multiframing is disabled. When loss
of multiframe synchronization occurs, Bit 7 of the Multi-
frame Register is set to a logical 0, and Bit 7 of the
Multiframe S Bit/Status Buffer is set to a logical 1.
The Am79C30A/32A also terminates the reception of
S Bits and transmission of Q Bits until multiframing
synchronization is re-established.

LIU Registers
The LIU contains the following registers:

Registers No./Registers Mnemonic
LIU Status Register 1 LSR

LIU Priority Register 1 LPR

LIU Mode Registers 2 LMR1, LMR2
Multiframe Register 1 MF
Multiframe S-Bit/Status Register 1 MFSB
Multiframe Q-Bit Buffer 1 MFQB
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LIU Status Register (LSR), Read Only; Address =Indirect ATH

The LSR has the following format:

Bit Logical 1

Generates Interrupt

21,0 Binary values 000 through 110 represent the LIU activation circuitry’s

current state (F2 through F8, respectively) Bit 2 is MSB

3 Change of state to F3

4 Change of state from/to F7
5 Change of state from/to F8
6 HSW state

7 HSW change of state

No
f LMR2 bit 3= 1
If LMR2 bit6 =1
If LMR2 bit 4 =1
No
f LMR2 bit 5= 1

When the microprocessor reads the LSR, Bits 3, 4, 5,
and 7 are cleared. The other bits retain the current
status of the LIU. Bits 0 to 2 are defined such that state
F2 (see CCITT 1.430 state matrix tables) is coded as 0,
F3as 1, F4as 2, and soon, where Bit Ois the LSB. The
LIV interrupts the microprocessor via Bit 4 of the LSR
when activation has been achieved (that is, when the
LIU moves to state F7 upon receipt of INFO 4). During
reset the LSRis 0.

Eventhough the LIU Status Register (LSR) is read-only,
no default value upon power-up is given due to the
uncertain state of Bit 6 (Hookswitch State). Following
RESET, The LIU Stateis F2 andthe HSW bit reflects the
HSW pin, producing a power-up value of either 00H or
40H.

LIU D-Channel Priority Register (LPR), Read/Write

The LPR contains the priority level for D-channel
access. Its default value after reset is 0.

The D-channel access procedure of the Am79C30A/
32A uses the priority level programmed in the LPR. The

priority mechanism defined by the CCITT I-series
recommendations is fully implemented if the LPR is
programmed via the microprocessor to conform to the
priority class of the Layer-2 frame to be transmitted.
The LPR has 16 possible programmable priority levels.
The priority levels are numbered 0-15. Priority Level 0
corresponds to counting eight 1s in the echo channel,
priority Level 1 corresponds to counting ten 1s in the
echo channel, priority Level 2 corresponds to counting
twelve 1s, etc. The DSC circuit automatically handles
transitions between the programmed priority level n and
the associated odd value n+1. The priority is incre-
mented following a successfully transmitted packet, and
decremented when the higher count has been satisfied.

The LPR has the following format:

Bits Description

"3,2,1,0

D-channel access priority level
Bit 0is LSB

7.6,5,4 Reserved, reads logical 0

LIU Mode Register (LMR1), Read/Write; Address =Indirect A3H

LMR1 is defined as follows:

Bit Logical 1

Logical 0 (default value)

Enable B1 transmit

Enable B2 transmit

Disable F transmit

Disable Fa transmit

Activation request

Go from F8 to F3

Enable receiver/transmitter
Reserved; must be set to logical 0

NOOsEWN—=O

Disable B1 transmit

Disable B2 transmit

Enable F transmit

Enable Fa transmit

No activation request

No transition

Disable receiver/transmitter
Reserved; must be set to logical 0

The F and Fa Bits in LMR1 (Bits 2 and 3) should be enabled during the activation procedure so the Am79C30A/32A can respond

with INFO 3.

LMR1 Bit 4 is used to transfer the signals PH-AR and Expiry of Timer from the microprocessor to the LIU (see CCITT 1.430 state
diagram—activation request). PH-AR is defined as Bit 4 being a logical 1 and Expiry of Timer is defined as the transition of Bit 4
fromalogical 1 to a logical 0. This bit must not be set until the LIU, as reflected in the LSR, is in state F3, F6 or F7 and the receiver

has been enabled for a minimum of 250 ps.

LMR1 Bit 6 is primarily used to disable the receiver when the terminal does not require access to the S Interface signals. This bitis
cleared by reset and must be written to logical 1 in order to receive activation from the S Interface, or to request activation.
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LIU Mode Register 2 (LMR2), Read/Write; Address =Indirect A4H

LMR2 is used to select the following operations:

Bit Logical 1

Logical 0 (Default Value)

D-channel loopback at Am79C30A/32A enable
D-channel loopback at LIU enable

D-channel back-off disable

F3 change of state interrupt enable

F8 change of state interrupt enable

HSW interrupt enable

F7 change of state interrupt enable

Reserved; must be set to logical 0

NOOAWN=O

D-channel loopback at Am79C30A/32A disable
D-channel loopback at LIU disable

D-channel back-off enable

F3 change of state interrupt disable

F8 change of state interrupt disable

HSW interrupt disable

F7 change of state interrupt disable

Reserved; must be set to logical 0

Thethree D-channel loopback controls defined in LMR2
Bits 0, 1, and 2 are explained below:

Bit 0, D-channel loopback at Am79C30A/32A enable:

Am79C30A NT/PABX

D
D

This remote loopback is provided for maintenance
purposes from the NT’s perspective. The NT transmits
D-channel bits to the Am79C30A/32A where they are
internally looped (with the Data Link Controller) and
transmitted back to the NT. The incoming D-channel
data can be accessed by the microprocessor; however,
the microprocessor cannot send data on the outgoing
D Channel.

Any difference between the transmitted D-channel
bits and the received E-channel bits to/from the
Am79C30A/32A (normally detected as an error which
halts the transmission) is ignored, thereby allowing the
transmission to continue.

Bit 1, D-channel loopback at LIU enable:

Am79C30A NT/PABX

N

This local loopback is provided for localtesting. Data on
the incoming D Channel is ignored. The data from the
microprocessor is processed by the DLC and then
looped back to the microprocessor in addition to being
output to the S Interface.

Bit 2, D-channel back-off disable:
Am79C30A

S

Yo
\ A%

NT/PABX

D

S

AmYO
MmeyO

' 3

This loopback is provided for maintenance purposes
from the TE’s perspective. The Am79C30A/32A trans-
mits D-channel bits to the NT where they are looped and
transmitted back to the Am79C30A/32A in the E Chan-
nel. The operation is normal except differences between
the D and E Channels do not halt the transmission.

Multiframe Register (MF), Read/Write; Address =Indirect A6H

Bit Logical 1

Logical 0 (Default Value)

Enable multiframe synchronization
Enable S-data available interrupt
Enable Q-bit buffer empty interrupt
Enable Multiframe change of state interrupt
First subframe
,5 Not used, reads logical 0
Multiframe synchronized (read only )

NO A WOWN O

Disable multiframe synchronization
Disable interrupt

Disable interrupt

Disable interrupt

Not first subframe

Not used, reads logical 0

Muttiframe not synchronized (read only)
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Multiframe S-bit/Status Buffer (MFSB), Read Only; Address =Indirect A7H

Bit Description Generates Interrupt
0 S1 No

1 S2 No

2 S3 No

3 S4 No

4 S5 No

5 S-data available If MF bit 1 =1

6 Q-bit buffer empty If MFbit2=1

7 Multiframe change of state If MF bit 3=1

The MFSB reset default value is 40H.

Multiframe Q-bit Buffer (MFQB), Write Only;
Address =Indirect A8H

Bit Description

Q1 (default = 1)

Q2 (default = 1)

Q3 (default = 1)

Q4 (default = 1)

Q-bit value when multiframing enabled

but synchronization not achieved (default = 0)
5,6,7 Not used

A WOWN = O

Multiplexer (MUX)

The MUX contains the following registers:

Register No./Registers Mnemonic
MUX Control Registers 4 MCR1, MCR2,
MCR3, MCR4

The Multiplexer is used to selectively route 64-kb/s full-
duplex B Channels between the LIU (Line Interface
Unit), MAP (Main Audio Processor), MPI (Microproces-
sor Interface), and the PP (Peripheral Port).

The logical channels available at the MUX are shown in
Figure 2. They are:

From/to the LIU Channels B1 and B2
From/to the MAP Channel Ba

From/to the MPI Channels Bb and Bc
From/to the PP Channels Bd, Be, and Bf

For any specific application, the MUX can be pro-
grammed by the microprocessor to route any three
B-channel ports to any other three B-channel ports.
Programmable bidirectional bit reversal is provided for
both of the MPI data channels Bb and Bc.

> L o=

MUX Control Registers 1,2,and 3
(MCR1, MCR2, and MCR3), Read/Write;
Addresses =Indirect 41H, 42H, 43H

The MUX can support three bidirectional paths. The
contents of the MUX Control Registers MCR1, MCR2,
and MCRS3 direct the flow of data between the eight
MUX logical B Channels (see Figure 2). These three
MCRs are programmed to connect any two B-channel
ports together by writing the appropriate channel code
into an MCR. These MCRs have the same format,
where Bits 7—4 indicate port 1 and Bits 3—0 indicate port
2. In each of these three MCR registers, the following
channel codes are used for both ports 1 and 2:

MCR Register Channel Codes

Code Channel

0000 No connection (default value)
0001 B1 (LIV)

0010 B2 (LIV)

0011 Ba (MAP)

0100 -~ Bb (MPI)

0101 Bec (MPI)

0110 Bd (PP channel 1)

0111 Be (PP channel 2)

1000 Bf (PP channel 3)

For example, to connect B1(LIU) with Bb (MP!1) and B2
(LIU) with Ba (MAP), the contents of the MCRs would
be:

Port1 / Port2

Register 7654 3210 Channel Connection

MCR1 00010100
MCR2 00100011
MCR3 00000000

B1 (LIU)<—>Bb (MPI)
B2 (LIU)<—>Ba (MAP)
No connect<->No connect

Therefore, in this example, MCR1 provides a data link
fromthe S Interface and MCR2 sets up a voice connec-
tion across the S Interface.
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Peripheral Port

Be

Bb ¢———p

B-Channel
MUX

MPI

Bc 4———p;

<4——» B1

LIJ

<4——p B2

Ba MAP

09893E-003

Figure 2. MUX Logical Channels

To loopback a channel, the same channel code is used
for port 1 and port 2. For example, to loopback B1, B2,
and Ba, the MCRs would be:

Port1 / Port2

Register 7654 3210 Channel Connection
MCR1 00010001 B1 (LIU) Loopback
MCR2 00100010 B2 (LIU) Loopback
MCR3 00110011 Ba (MAP) Loopback

MCRS has higher priority than MCR2. MCR2 has higher
priority than MCR1.

If multiple connections are made to the same pon, the
data from the connecting ports in the highest priority

MCR will overwrite the data from the connecting port in
the lower priority MCR, for example:

Port1 / Port2
Register 7654 3210 Channel Connection
MCR1 00000000  Noconnect
MCR2 00010100  B1 (LIU)<—>Bb (MPI)
MCR3 01000011  Bb(MPl)<—>Ba (MAP)

The final data transfers are:

B1 (LIU) receives Bb (MPI),
Ba (MAP) receives Bb (MPI),
Bb (MPI) receives Ba (MAP).

Therefore, the data transfer from B1(LIU) to Bb(MPI) is
lost in the arrangement proposed in MCR2.

MUX Control Register 4 (MCR4), Read/Write; Address =Indirect 44H
The MUX Control Register 4 (MCR4) can prevent interrupt generation by masking the output of IR Bit 4. MCR4 has

the following format:

Bit Logical 1 Logical 0 (Default Value)

2,1,0  Reserved, must be set to logical 0 Reserved, must be set to logical 0

3 Enable Bb- or Bc-channel byte available interrupt (IR Bit 4) Disable interrupt

4 Reverse bit order of Bb (LSB transmitted/received first) No Bb bit reversal (MSB transmitted/received first)
5 Reverse bit order of B¢ (LSB transmitted/received first) No Bc bit reversal (MSB transmitted/received first)
6 Reserved, must be set to logical 0 Reserved, must be set to logical 0

7 Reserved, must be set to logical 0 Reserved, must be set to logical 0
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Main Audio Processor (MAP)
(Am79C30A Only)

Overview

The MAP, as illustrated in Figure 3, implements audio-
band analog-to-digital (ADC) and digital-to-analog
(DAC) conversions together with a wide variety of audio
support functions. Analog interfaces are provided for a
handset earpiece, a handset mouthpiece, a micro-
phone, and a loudspeaker. A programmable analog
preamplifieris included in front of the A/D converter. The
codec and filter functions are implemented using digital
signal processing (DSP) techniques to provide opera-
tional stability and programmable features. There is one
programmable digital gain stage inthe transmit path and
two in the receive path to allow precise signal level
control. Sidetone attenuation is programmable, and
programmable equalization filters are present in both
the receive and transmit paths in order to modify the fre-
quency response of either or both paths. Tone genera-
tion capability is included to allow generation of ringing
signals, DTMF tones, and call progress signals. MAP
operation is described in detail in the following sections.

Audio Inputs

The audio input port consists of two inputs (AINA and
AINB) which are selectable, one at a time, by register
programming. Signals applied to these inputs must be
AC-coupled.

Earpiece and Loudspeaker Drivers

The earpiece and loudspeaker drivers each consist of
amplifiers with differential, low-impedance outputs. The
MAP receive path signal may be routed to either of these
outputs, or to both outputs simultaneously. Alterna-
tively, the MAP receive path may be routed to the EAR
outputs while the Secondary Tone Ringer (STR) is
routed to the LS outputs. The EAR drivers can drive
loads >540 ohms between the EAR1 and EAR2 pins,
while the LS drivers can drive loads >40 ohms between
the LS1 and LS2 pins. The maximum capacitive-loading
between EAR1 and EAR2 or between LS1 and LS2 is
100 pF. The EAR outputs are high-impedance whenthe
MAP is disabled. The LS outputs are high impedance
when both the MAP and the Secondary Tone Ringerare
disabled.

CAP1 O——

CAP2 O—
AINA—e y Ba Channel
INB ADC I—-—bl Decnm?:ors, BPF I—bl X I——Ol GX I—PI COMP I—> MUX
' Digital Transmitter
AREF , Loopback pecececccccheccccccccccacan
' . A Receiver
' (A) | DTMF M
! GEN. : Sidetone
' N
' . Gain*
seeeccccccccccccbecccccccncccccnan 4
EARI '
EAH2 : Ba Channel
! * * + * * from
DAC H Interpolators, LPF  J&—{ R* [+ +{cER HH GR*[¢—] EXP* [&— from
Tone* Tone*
© Ringer Gen. ®)
MINIMUM  DEFAULT MAXIMUM  STEP
GX odB™ odB 12dB 0.5dB
GER -10 dB* 0dB 18 dB 0.5dB
GR -12 dB** 0dB 0dB 0.5dB
STG -18dB"* -18dB 0dB 0.5dB
GA 0dB odB 24 dB 6.0dB
09893E-004
* Programmable
**These registers can also be programmed for infinite attenuation to break the signal path if desired.
Figure 3. Main Audio Processor Block Diagram
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Programmable Analog Preamplifier

A programmable analog preamplifier GA is included in
front of the A/D converter, and is adjustable in 6-dB
increments from 0 dB to +24 dB. The existing GX gain
stage in the transmit path may be used for finer adjust-
ment of transmit gain. This preamplifier eliminates the
need foran external operational amplifier when interfac-
ing electret-type handsets to the DSC circuit.

Signal Processing
Transmitter

The transmitter pedforms a series of operations as
described below:

1. An ADC converts the incoming analog signal at a
sampling rate of 512 kHz.

2. The Band Pass Filter and a series of decimators
reject DC and 50- to 60-Hz line frequencies while
reducing the sampling rate to 8 kHz.

3. The Xfilter is an 8-tap user-programmable filter for
tuning the microphone. The default is flat with unity
gain.

4. TheGXfilteris aprogrammable gainfilter that allows
the user to program a gain of 0 to +12 dB in 0.5-dB
steps. The default value is 0 dB.

5. The p-law or A-law digital compression algorithm
converts the linear output of the GX filter to p- or A-
law code. The default algorithm is p-law code. The
MSB (sign bit) is transferred first to (or from)
the MUX.

Receiver

The receiver performs a series of operations described
as follows:

1. An expander converts the input A- or p-law data to
digital linear data. The most significant bit is trans-
ferred from the MUX first. The default value is p-law.

2. TheGRfilteris aprogrammable gainfilter that allows
the user to program a gain of —12 to 0 dB in 0.5-dB
steps. The default value of GR is 0 dB.

3. The GER and Sidetone Gain (STG) are program-
mable constant multipliers which allow the user to
program a gain of —10 to +18 dB in 0.5-dB steps
(default value O dB) and —18 to 0 dB in 0.5-dB
steps (default value —18 dB) respectively. The GER

provides volume control (for the hearing impaired)
and should be programmed to 0 dB for normal opera-
tion. The sidetone gain path provides feedback from
the transmitter.

4. The Rfilter is provided to correct for speaker attenu-
ation distortion and is a user-programmable filter
similar to the X filter in the transmitter.

5. A series of interpolators increases the sampling
frequency.

6. A DAC converts the digital signal to the analog
audio output signal.

Tone Generators

The MAP contains three tone generators which can be
enabled via MAP Mode Register 2 Bits 2, 3, and 4. Only
one ofthe three tone generator bits in the register can be
set at a time. |f more than one bit is set, all three bits are
considered set to zero and tone generation is disabled.
The tone generators are:

DTMF Generator

This generator providestone injection at a sampling rate
of 32 kHz into the transmit and sidetone paths (Figure 3,
Block A). The DTMF frequencies generated are guaran-
teed to +1.2% deviation.

Tone Generation

This generator provides call progress tones to the re-
ceive path, where it is added to the incoming speech
(Figure 3, Block B).

Tone Ringer

This generator provides tone alert signals output
through the receive path to the loudspeaker or earpiece
(Figure 3, Block C).

To program the DTMF tone generators, two frequency
values and two amplitude values must be written to the
two 8-bit Frequency Tone Generator Registers
(FTGR1, FTGR2) and the two 8-bit Amplitude Tone
Generator Registers (ATGR1, ATGR2), respectively.

The Tone Generator and the Tone Ringer use the fre-
quency programmed in FTGR1. The Tone Generator
uses the amplitude programmed in ATGR1 while the
Tone Ringer uses the amplitude programmed in
ATGR2.
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The FTGR codes to obtain DTMF dialing output frequencies are listed in the table below:

FTGR2or1
9BH ABH BFH D3H
HEX REG VALUE —®
FREQ — 1209 1336 1477 1633
FTGR1 OR 2 ¢
5AH 697 1 2 3 A
63H 770 4 5 6 B
6EH 852 7 8 9 %
79H 941 * 0 # D

The output frequency of the DTMF tone generator
approximately equals :
64000
integer (8192/i) + 1
where i is the decimal equivalent of value programmed
intothe FTGR register. This allows the DTMF generator
to supply common dual tone call progress signals such
as Busy or Dial tones.

DTMF Frequency in Hz =

Table 5. Tone Ringer and Tone Generator
Frequency Coefficients

Frequency (Hz) Hex Code
2666 AB
2000 81
1600 67
1333 56
1142 4A
1000 41

889 39
800 34
727 2F
667 2B
615 28
571 25
533 23
500 21
471 1F
444 1D
421 1B
400 1A
381 19
364 ’ 18
348 17
333 ) 16
320 15

Note: These coefficients do not apply to the DTMF generator.

The ATGR registers allow the user to program a gain of
—18 dB to 0 dB in 2-dB steps. Example ATGR codes to
obtain amplitude gains are listed in the following table.

0 dB implies a level of +3 dBmO0. The gain values are
rounded off to the nearest 1 dB.

Amplitude Gain Coefficients

Gain (dB) Hex Code
-18 37
-16 32
-14 31
-12 27
-10 22

-8 21

-6 20

—4 12

-2 1

0 10
Secondary Tone Ringer

A Secondary Tone Ringer is included, which is able to
ring the phone using the LS outputs while a voice con-
versation is in progress on the EAR outputs. The STRis
louder than the Tone Generator, and may be used with
or without enabling the MAP in order to provide flexible
control of system power consumption. The STR is not
available if the INIT register is programmed to Idle or
Power-Down Mode. The amplitude and frequency of the
STR square-wave output waveform is programmable
via the STRA and STRF registers, respectively. If both
the LS outputs from the MAP receive path and the STR
are simultaneously enabled, priority is given to the STR
connection. The STR is available for both the DSC and
IDC circuits. A legal value must be programmed in the
STRF register before the STR is enabled.

Programmable Gain Coefficients

The GER, GR, GX, and Sidetone gain coefficients are
each 16 bits in length. Two consecutive register loca-
tions correspond to one gain coefficient. The LSB is
transferred first to (or from) the microprocessor. Sample
coefficients for the GER filter are listed in Table 6. The
gain values are rounded off to the nearest 0.1dB.
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Table 6. GER Gain Coefficients

Gain ex Co Gain ex Co
(dB) MSB LSB (dB) MSB LsSB
-10.0 AA AA 4.0 31 DD
-9.5 9B BB 4.5 44 1F
-9.0 79 AC 5.0 43 1F
-8.5 09 9A 55 33 1F
-8.0 41 99 6.0 40 DD
-75 31 99 6.5 1 DD
-7.0 9C DE 7.0 44 OF
—6.5 c]0] EF 7.5 41 1F
-6.0 74 9C 8.0 31 1F
-5.5 54 9D 8.5 55 20
-5.0 6A AE 9.0 10 DD
—-4.5 AB CcD 9.5 42 1
-4.0 AB DF 10.0 41 oF
-3.5 74 29 10.5 1 1F
-3.0 64 AB 11.0 60 0B
-2.5 6A FF 1.5 00 DD
2.0 2A BD 12.0 42 10
-1.5 BE EF 12,5 40 oF
-1.0 5C CE 13.0 1 oF
-0.5 75 CD 13.4 22 10
0.0 00 99 14.0 72 00
0.5 55 4C 145 42 00
1.0 43 DD 15.0 21 10
15 33 DD 1565 10 OF
2.0 52 EF 15.9 22 00
25 77 1B 16.6 11 10
3.0 55 42 16.9 00 0B
35 41 DD 175 21 00
18.0 00 oF

Note: The coefficient 0008 provides an attenuation of infinity when GER gain is enabled.
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Example coefficients for the GR, GX, and STG filters
are listed in the following table. The gain values are
rounded off to the nearest 0.1 dB.

GX Gain Coefficients

Gain Hex Code
(dB) MSB LSB
0.0 08 08
0.5 4C B2
1.0 3D AC
1.5 2A E5
2.0 25 33
25 22 22
3.0 21 22
3.5 1F D3
4.0 12 A2
4.5 . 12 1B
5.0 1 3B
5.5 0B Cc3
6.0 10 F2
6.5 03 BA
7.0 02 CA
75 02 1D
8.0 01 5A
8.5 01 22
9.0 01 12
9.5 00 EC
10.0 00 32
105 00 21
11.0 o]0} 13
11.5 00 1
12.0 [o]0] oE
GR Gain Coefficients
Gain Hex Code
(dB) MSB LSB
-12.0 N F9
-11.5 N C5
-11.0 91 B6
-10.5 92 12
-10.0 91 A4
-9.5 92 22
-9.0 92 32
-8.5 92 FB
-8.0 92 AA
-75 93 27
-7.0 93 B3
-6.5 94 B3
-6.0 9F : 91
-55 9C EA
-5.0 9B F9
-4.5 9A AC
-4.0 9A 4A
-35 A2 22
-3.0 A2 A2
2.5 A6 8D
-2.0 AA A3
-1.5 B2 42
-1.0 BB 52
-0.5 CcB B2
0.0 08 08

STG Gain Coefficients

Gain Hex Code
(dB) MSB LSB
-18.0 8B 7C
-17.5 8B 44
-17.0 8B 35
-16.5 8B 2A
-16.0 8B 24
-15.5 8B 22
~15.0 91 23
~14.5 91 2E
-14.0 91 2A
-13.5 91 . 32
-13.0 91 3B
-125 91 4B
-12.0 91 F9
-11.5 3] C5
-11.0 91 B6
-10.5 92 12
-10.0 91 A4
-9.5 92 22
-9.0 92 32
-85 92 FB
-8.0 92 AA
-7.5 93 27
-7.0 93 B3
-6.5 94 B3
-6.0 9F 91
~5.5 9C EA
-5.0 9B F9
—-4.5 9A AC
-4.0 9A 4A
-35 A2 22
-3.0 A2 A2
-25 A6 8D
-2.0 AA A3
-1.5 B2 42
-1.0 BB 52
-0.5 CcB B2
0.0 08 08

The coefficient 9008 provides an attenuation of infinity when
GR, GX, and/or STG are enabled.

Overflow/Underflow Precautions When Using
Programmable Gains

Care must be taken so that at any point in the signal
processing path, the combination of gains and filters
and/or tones does not result ina signal that is larger than
full scale. Full scale is defined as the digital representa-
tion of the maximum analog signal that is allowed into
the transmitter or out of the receiver with all filters and
gain stages at their default (0 dB) settings (e.g., in
A-Law, the transmitter full scale is +1.25 Ve and the
receiver full scale is £2.5 Ve). Likewise, it is desirable
that the peak signal be kept as close to full scale as pos-
sible atany point in the signal processing path in orderto
minimize digital truncation effects in the A/D, D/A, and
MAP DSP.

Consider the following example: STG is programmed
for infinite attenuation, GR is programmed to -6 dB
while GER is programmed to +12 dB, and the R filter is
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programmed to exhibit a net gain of -6 dB. Assume the
analog full scale out of the receiveris +2.5 Vp, and a full
scale PCMcode is possible fromthe MUX. After GR, the
equivalent analog signal will be 2.5/2 =+1.25 Ve. How-
ever, after GER the signal willbe 1.25 -4, or +5 Vp. Even
though the Rfilter will have a net gain of —6 dB, the signal
will be clipped after GER and distorted for PCM codes
between full scale and 6 dB below full scale due to the
intermediate result at the output of GER.

Be very careful when programming the tone ringers/
generators. For example, if one of the DTMF tones is
programmed to 0 dB, atone is generated that is equiva-
lent to a + full scale signal in the transmit path. This
means no headroom is left for the other DTMF tone.
Therefore, the DTMF generator should never be pro-
grammed to exceed full scale if signal quality is to be
maintained. In the receive path, similar caution should
be exercised in order to prevent the combination of Tone
Generator, Sidetone, GR, and GER from clipping the
signal.

Programmable Filter Coefficients and Equations
The frequency domain transfer function equation forthe
X and R filters is:

ht = ho + hiz™' + hoz 2+ haz 2 + haz*+ hsz S+ hez ¥+ hrz”7

where:
z=cos (WT) +i - sin(wT)
i=(~1)1"
w = frequency of input signal in Hz - 2pi
T = sample period in seconds (0.125 ms)
hj (j=0,1,...7) = user defined coefficients.

Each hj coefficient is defined by the following equation:
hj=A3{1 +A2[1 +A1(1+A0)]}

where each hj Coefficient Register pair has the following
format:

Byte 7 654 3 210
LsB s1 M1 so Mo
MSB s3 M3 s2 M2

and Ai = 1812 (i=0,1,2,3).

The X and R filter coefficients are programmed using a
16-byte transfer with the following format:

Byte Value
0 ho LSB
1 ho MSB
2 h1LSB
3 h1 MSB
4 h2LSB
5 h2 MS8
6 h3 LSB
7 h3 MSB
8 h4 LSB
9 h4 MSB
10 h5 LSB
11 h5 MSB
12 hé LSB
13 hé MSB
14 h7 LSB
15 h7 MSB

AmMAP™ software, which calculates X and R filter coefficients, is
available from Advanced Micro Devices. Contact your local AMD®
Sales Office for more information.

Test Facilities

Three capabilities are provided for MAP operation
verification:

MAP Analog Loopback

Signals sentin on AINA or AINB may be sent back out to
EAR1/EAR2or LS1/LS2 by looping the MAP path inthe
MUX. The MUX should be set up for Ba-to-Ba loop-
back by writing 33H to MCR1, MCR2, or MCR3. No
other MUX connections overriding Ba-to-Ba should
be programmed. This test allows the MAP analog and
digital to be tested using a local signal source.

MAP Digital Loopback 1

This loopback mode connects the interpolator output to
the decimator input, in place of the ADC output. This
mode allows verification, from the S Interface or micro-
processor, that the MAP digital circuitry is functional.
Note that the digital patterns received after loopback will
not be identical to the transmitted patterns. The D-D
gain is approximately 2.5 dB.

MAP Digital Loopback 2

This loopback mode connects the analog D/A output
path to the analog A/D input path, internal to the DSC
circuit. The EAR and LS outputs and both AIN inputs
will be disabled. This mode allows verification, from
the S Interface or microprocessor, that the MAP analog
and digital circuitry are functional. The digital patterns
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received after loopback will not be identical to the
transmitted patterns.

The bits in the MAP Mode Register define the enable/
disable options for the various MAP configurations as
follows:

MAP Registers

The MAP contains the following programmable
registers:

MAP Register # Bytes Mnemonic

X-Filter Coefficient Register 16 X
R-Filter Coefficient Register 16 R
GX-Gain Coefficient Register 2 GX
GR-Gain Coefficient Register 2 GR
GER-Gain Coefficient Register 2 GER
Sidetone-Gain Coefficient Register 2 STGR
Frequency Tone Generator Register 2 FTGR
Amplitude Tone Generator Register 2 ATGR
MAP Mode Registers (3) 1 MMR
Secondary Tone Ringer Amplitude Reg. 1 STRA
Secondary Tone Ringer Frequency Reg. 1 STRF

Note: It is necessary to complete any transfers to the multi-
byte MAP registers. For instance, a total of 16 bytes must be
transferred to update the X filter.

Following reset, the MAP registers FTGR, MMR1,
MMR2, MMR3, STRA, and STRF all default to 00 hex.
All other MAP registers are not affected by reset and
must be programmed by the microprocessor before
being enabled. When the registers are disabled, or after
reset, the MAP will have the following response:

Filter Default Response

X Filter Disabled (0 dB, Flat)
R Filter Disabled (0 dB, Flat)
GX Filter Disabled (0 dB, Gain)
GR Filter Disabled (0 dB, Gain)
GER Filter Disabled (0 dB, Gain)

Sidetone gain Disabled (-18 dB, Gain)

MAP Mode Register 1 —(MMR1) —Read/Write
Address = Indirect 69H

Bit Logical 1 Logical 0 (default mode)
0 A-Law p-Law
1 GX coefficient loaded from register GX bypassed; gain=0 dB
2 GR coefficient loaded from register GR bypassed; gain=0 dB
3 GER coefficient loaded from register GER bypassed; gain=0 dB
4 X coefficient loaded from register X bypassed; response =flat
5 R coefficient loaded from register R bypassed; response =flat
6 Sidetone gain coefficient loaded from register STG gain=-18 dB*
7 Digital loopback at MAP enabled Digital loopback at MAP disabled

*To remove the sidetone path completely, it is necessary to enable the STG function by setting MMR1 Bit 6 to 1, and program the

STGR coefficient to 9008 (hex).

MAP Mode Register 2— (MMR2) — Read/Write
Address =Indirect 6AH

Bit Logical 1 Logical 0 (default mode)
0 AINB selected AINA selected
1 LS1/LS2 selected EAR1/EAR2 selected
2 DTMF enabled DTMF disabled
3 Tone generator enabled Tone generator disabled
4 Tone ringer enabled Tone ringer disabled
5 High pass filter disabled High pass filter enabled
6 ADC auto-zero function disabled ADC auto-zero function enabled
7 Reserved, must be Logical 0 Reserved, must be Logical 0

Note: For most applications, MMR2 Bits 5 and 6 should always be written to logical 0. This enables the 50-60 Hz rejection filter and
the internal offset cancellation circuits to operate normally. They can both be disabled when system or test conditions require the

transmission of DC or low frequency signals.
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Map Mode Register 3—(MMR3) — Read/Write

Address Indirect 6CH

Bi
4

t

Function

© 000000 oo |N
- 4 g o000 O0X{|O®
A a0 a0 0 X0
- 0 =+ 0 =~ 0 = o X
XXX X XXX X X]|W

XX XXX XXXXXX|N

o

(=]
XX X X XX XX
XX X X X X XX
XX XX XX XX

X X X X X X

o =

XX X X o=

X X o =

XX XX XXXXXXXXX|=

XX XX XX XXXXXXXXX]|]o

Bit 7 Reserved, must be written to 0

0-dB pre-amplifier gain, 1.250-V maximum peak input voltage
+6-dB pre-amplifier gain, 0.625-V maximum peak input voltage
+12-dB pre-amplifier gain, 0.312-V maximum peak input voltage
+18-dB pre-amplifier gain, 0.156-V maximum peak input voltage
+24-dB pre-amplifier gain, 0.078-V maximum peak input voltage
Reserved; undefined

Reserved; undefined

Reserved; undefined

MUTE ON, AINA and AINB inputs disabled
MUTE OFF, AINA or AINB enabled

Digital Loopback 2 enabled; D/A output looped to A/D input; EAR, LS, and AIN pin disabled

Digital Loopback 2 disabled

EAR and LS simultaneously enabled
EAR or LS enabled by MMR2 Bit 1

Secondary Tone Ringer enabled
Secondary Tone Ringer disabled

Secondary Tone Ringer Amplitude Register—(STRA)— Read/Write
Address = Indirect 6DH )

Approximate

Bit Relative Power into
76 543210 Peak-to-Peak Output Voltage Output 50 Ohms
00 0O0OUOT OO Silent
00O010O0O0TO O Reserved
001 00O0O0TO Reserved
0011 00O00O0 Reserved
01 00O0O0OTOWO Reserved
01 0100 00O Reserved
011 00O0O00O0 022V -27 dB 0.25 mW
01110000 031V -24 dB 0.5 mW
10 00 O0O0O0CO 044V -21dB 1.0mW
10010000 062V -18dB 2.0mwW
101000 00O 0.88V -15dB 4.0 mW
1011 00 0O 125V -12dB 8.0 mwW
11 000000 177V -9dB 16.0 mW
11 01 00 0O 250V -6 dB 31.25 mW
111 0 0 0 0 O 353V -3dB 62.5 mW
11110000 5.00V 0dB 125.0 mW
XX XX 0000 Bits 0-3 Reserved; must be written to 0
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Secondary Tone Ringer Frequency Register (STRF), Read/Write; Address =Indirect 6EH

STRF is a Read/Write register controlling the frequency of the secondary tone ringer. Hex codes 7F and 00 are
reserved and should not be used. The coefficients are defined in the following table:

Table 7. Frequencies for Secondary Tone Ringer

Counter Frequency Counter Frequency Counter Frequency Counter Frequency
Value (Hz) Value (Hz) Value {Hz) Value (Hz)
3F Reserved 3B 727.3 D8 369.2 F7 247.4
1F Reserved 9D 716.4 6C 366.4 FB 246.2
oF 12000.0 4E 705.9 36 363.6 FD 244.9
87 9600.0 27 695.7 1B 360.9 7E 2437
43 8000.0 13 685.7 8D 358.2 BF 242.4
Al 6857.1 09 676.1 c6 355.6 5F 2412
Do 6000.0 04 666.7 E3 352.9 oF 240.0
E8 5333.3 82 657.5 F1 350.4 97 238.8
F4 4800.0 41 648.7 78 347.8 cB 237.6
7A 4363.6 A0 640.0 3C 345.3 65 236.5
3D 4000.0 50 631.6 9E 342.9 32 235.3
1E 3692.3 A8 623.4 CF 340.4 99 234.2
8F 3428.6 D4 615.4 E7 338.0 cc 2330
c7 3200.0 6A 607.6 73 335.7 66 231.9
63 3000.0 B5 600.0 39 333.3 B3 2308
B1 2823.5 DA 592.6 9C 331.0 59 229.7
58 2666.7 6D 585.4 CE 328.8 AC 5286
2C 2526.3 B6 578.3 67 326.5 56 2575
16 2400.0 5B 571.4 33 324.3 2B 296.4
0B 2285.7 AD 564.7 19 322.2 15 225.4
05 2181.8 D6 558.1 8C 320.0 A 5943
02 © 2087.0 6B 551.7 46 317.9 Cs 2933
o1 2000.0 35 545.5 A3 315.8 62 2920
80 1920.0 9A 539.3 D1 313.7 a1 2212
40 1846.2 4D 533.3 68 311.7 18 2502
20 1777.8 A6 527.5 B4 309.7 0C 2192
10 1714.3 D3 521.7 5A 307.7 06 218.2
88 1655.2 69 516.1 2D 305.7 , 83 5172
C4 1600.0 34 510.6 96 303.8 1 2162
E2 1548.4 1A 505.3 4B 301.9 " Eo 5153
71 1500.0 oD 500.0 25 300.0 70 2123
38 1454.6 86 494.9 12 298.1 B8 2133
1C 1411.8 c3 489.8 89 296.3 pr 2124
8E 1371.4 E1 484.9 44 2945 AL 5118
47 1333.3 Fo 480.0 A2 292.7 57 5102
23 1207.3 F8 475.3 51 290.9 2B 5098
o1 1263.2 7C 470.6 28 289.2 s 5087
48 1230.8 BE 466.0 94 287.4 -
Ad 1200.0 DF 4615 4A 285.7 AA 207.8
D2 1170.7 6F 457.1 A5 284.0 b5 206.9
E9 1142.9 B7 4528 52 282.4 EA 206.0
74 1116.3 DB 448.6 A9 280.7 F5 205.1
3A 1090.9 ED 444.4 54 279.1 FA 204.3
1D 1066.7 F6 440.4 2A 277.5 7D 203.4
0E 1043.5 7B 436.4 95 275.9 3E 202.5
07 1021.3 BD 432.4 CA 2743 oF 201.7
03 1000.0 5E 428.6 E5 272.7 4F 200.8
81 979.6 AF 424.8 72 271.2 A7 200.0
co 960.0 D7 421.1 B9 269.7 53 199.2
60 941.2 EB 417.4 DC 268.2 29 198.4
30 923.1 75 413.8 EE 266.7 14 197.5
98 905.7 BA 410.3 77 265.2 0A 196.7
4C 888.9 5D 406.8 BB 263.7 85 195.9
26 872.7 2E 403.4 DD 262.3 42 1951 .
93 857.1 17 400.0 6E 260.9 21 194.3
49 842.1 8B 396.7 37 259.5 90 193.6
24 827.6 45 393.4 9B 258.1 o] 192.8
92 813.6 22 390.2 cD 256.7 E4 192.0
co 800.0 11 387.1 E6 255.3 F2 191.2
64 786.9 08 384.0 F3 254.0 F9 190.5
B2 774.2 84 381.0 79 252.6 FC 189.7
Ds 761.9 c2 378.0 BC 251.3 FE 189.0
EC 750.0 61 375.0 DE 250.0 FF 188.2
76 . 738.5 BO 372.1 EF 248.7
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Data Link Controller (DLC)
Overview

A 16 kb/s D Channelistime multiplexed withinthe frame
structure of the S Interface. The data carried by the
D Channel is encoded using the Link Access Pro-
tocol D-channel (LAPD) format shown in Figure 5. The
D Channel can be used to carry either end-to-end sig-
naling or Low speed packet data. Further information
concerning LAPD protocol can be found in the CCITT
recommendations. The LIU controls the multiplexing
and demultiplexing of the D-channel data between the
S Interface and the DLC.

The DLC performs processing of Level 1 and partial
Level-2 LAPD protocol, including flag detection and
generation, zero deletion and insertion, Frame Check
Sequence (FCS) processing for error detection, and
some addressing capability. High level protocol pro-
cessing is done by the external microprocessor. The
microprocessor may process the address field in the
LAPD frame depending on the programmed state of
the DLC. The status of the DLC is held in the status
registers and relevant interrupts are generated under
user program control. In addition to transmit and receive
data FIFOs, the DLC contains a 16-bit pseudo-random
. number generator (RNG) used in the CCITT D-channel
address allocation procedure.

D-Channel Processing
Random Number Generator (RNG)

The RNG is accessible by the microprocessor and oper-
ates in the following manner:

On the Low-to-High transition of the reset signal, the
RNG is cleared, then started. The RNG stops when the
LSB or MSB of the 16-bit counter is read by the micro-
processor, or when the MSB is loaded by the micropro-
cessor. Writing to the MSB of the counter loads this byte
but does not start the RNG. The RNG starts when the
LSB of the counter is loaded by the microprocessor.

Frame Abort

The DLC aborts an incoming D-channel frame when
seven contiguous logical 1s are received. When this
occurs, an “End of Receive Packet” interrupt is issued to
the processor. DER Bit 0 is set to a logical 1 when
the last byte of the aborted packet is read from the
D-Channel Receive Buffer. The “Receive Abort” inter-
rupt can be masked by setting DMR2 Bit 0 to a logical 0.
With the exception of the “Packet Reception in Pro-
gress” bit, no otherbits associated with packet reception
are updated after a receive packet abort. The receive
frame can be aborted at any time by setting INIT Bit 6 to
logical 1. Similarly, the transmit frame can be aborted by
setting INIT Bit 7 to a logical 1. When the transmit frame
is aborted, seven consecutive 1s are transmitted on the

S Interface followed by a logical 0, and DSR1 Bit 7 is set
to alogical 1. Seven consecutive 1s followed by a 0 will
continue to be transmitted as long as INIT Bit 7 is set to
1. DSR1 Bit 7 will be set after each sequence of seven
consecutive 1s followed by 0.

Level-2 Frame Structure

The D-channel Level-2 frame structure conforms to one
of the formats shown in Figure 5. All frames start and
end with the flag sequence consisting of one 0 followed
by six 1s followed by one 0. A packet consists of a
Level-2 frame minus the flag bytes. The LSB is transmit-
ted first for all bytes except the FCS.

The flag preceding a packet is defined as the opening
flag. Therefore, the byte following an opening flag, by
definition, cannot be an abort or another flag. A closing
flag is defined as a flag that terminates a packet. This
flag can be followed by another flag(s), interframe fill
consisting of all 1s or flags, or the address field of the
next packet. In the latter case, the closing flag of one
packet is the opening flag of the next packet. The DLC
receiver can recognize interframe fill consisting of
logical 1s or flags. The DLC transmitter follows the clos-
ing flag with interframe fill consisting of all 1's (mark
Idle) if DMR4 Bit 4 is setto a logical 0, or all 0's (flag Idle)
if DMR4 Bit 4 is set to a logical 1. CCITT |-series
D-channel access protocol specifies use of mark Idle.

Whena collision is detected (mismatch of a D and E Bit),
a complete frame must be retransmitted. For transfer
acrossthe S Interface, the S-interface frame structureis
impressed upon the D-channel frame structure (LAPD).

Zero Insertion/Deletion

- When transmitting, the DLC examines the frame con-

tent between the opening and closing flags. To ensure
that a flag sequence is not repeated within the flag
boundaries of the frame, a logical 0 bit is automatically
inserted after each sequence of five contiguous logical
1s. When receiving, the DLC examines the frame
content between the opening and closing flags and
automatically discards the first logical 0 which directly
follows five contiguous logical 1s.

D-Channel Address Récognition

The address field, shown in Figure 5, allows for three
types of addresses:

1. 1-byte address signified by the LSB of the first
address byte being set to a logical 1

2. 2-byte address signified by the LSB of the first
address byte being set to a logical 0, and the LSB of
the second address byte being set to a logical 1

3. More than 2-byte address signified by the LSB of
both the first and second address bytes being set to
a logical 0
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} 1 1 [ - [l
L] L} L] L] L]
EA=0| CR | SAPI OCTET 2
EA=1 TEI OCTET 3
FLAG ADDRESS CONTROL FCS FLAG
01111110 16 Bits 8 Bits 16 Bits 01111110 Minimum Packet
OCTET 1 23 . 4 5,6 7
FLAG ADDRESS CONTROL INFORMATION FCS FLAG
01111110 16 Bits 8 Bits N Bits 16 Bits 01111110
OCTET 1 2,3 4 5. N-1 N
Notes: EA = Address Field Extension Bit
C/R = Command/Response Field Bit
SAP| = Service Access Point Identifier
TEl = Terminal Endpoint Identifier
FCS = Frame Check Sequence 09893E-006

Figure 5. Level-2 Frame Structure Formats

In the case of the LAPD operating environments, the
address is a 2-byte address where the firstbyte is analo-
gous to the Service Access Point Identifier (SAPI) and
the second byte is analogous to the Terminal
Endpoint Identifier (TEI) as defined by the CCITT
recommendations.

The DLC is able to recognize D-channel addresses of all
of the three types outlined above. Note that only the first
two bytes of a more than 2-byte address can be checked

Registers (FRARs) which hold the values used to match
against the first byte of the incoming address. Similarly,
there are four Second Received Byte Address Registers
(SRARSs) which hold the values used to match against
the second byte of the incoming address.

FRAR4 defaults to FE hex; SRAR4 defaults to FF hex.
This default is analogous to the broadcast address
defined by the CCITT recommendations. The type of
address recognition which is enabled is determined as

by the DLC. There are four First Received Byte Address follows:
DMR4 DMR1
Bit Bit Bits
7 5 7 6 5 4 Type of address recognition
0 1 X X X 1 FRAR1 First received byte-only address
X X 1 X FRAR2
X 1 X X FRAR3
1 X X X FRAR4
1 1 X X X 1 SRAR1 Second received byte-only address
X X 1 X SRAR2
X 1 X X SRAR3
1 X X X SRAR4
X 0 X X X 1 FRAR1:SRAR1 2-byte address
X X 1 X FRAR2:SRAR2
X 1 X X FRAR3:SRAR3
1 X X X FRAR4:SRAR4
X X 0 0 0 O Address recognition disabled
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If DMR4 Bit 6 is set to a logical 0, Bit 1 of the FRARs is
ignored when matching the first incoming address byte.
If DMR4 Bit 6 is set to a logical 1, all bits of the FRARs
are used when matching the first incoming address
byte. FRAR Bit 1 is analogous to the C/R Bit defined by
the CCITT recommendations. The address recognition
mechanism for the four FRAR/SRAR addresses can be
individually enabled/disabled via DMR1 bits 4-7.

First Received Byte-Only Address Recognition

If DMR4 Bit 5 is set to a logical 1 and DMR4 Bit 7 is set to
alogical 0, only the first byte of the incoming address is
compared with the values stored in the enabled FRARs.
An interrupt is generated if there is an address match
and the “Valid Address” interrupt is enabled. If the
address matches, the packet will be received.

Second Received Byte-Only Address Recognition

If DMR4 Bits 5 and 7 are set to a logical 1, the DLC com-
pares only the value in the second byte of the incoming
address with values stored in the enabled SRARs. An
interrupt is generated if there is an address match and
the “Valid Address” interrupt is enabled. If the address
matches, the packet will be received.

2-Byte Address Recognition

If DMR4 Bit 5 is set to a logical 0, the first byte of the
incoming address is compared with the values stored
in the enabled FRARSs, and the second byte of the in-
coming address is compared with the value stored inthe
corresponding SRAR. An interrupt is generated if a
match is found for both incoming address bytes with
a FRAR/SRAR pair and the “Valid Address” interrupt
is enabled. If the address matches, the packet will be
received.

Disabling Address Recognition

If DMR1 Bits 4, 5, 6, and 7 are all set to logical 0, all
address recognition is disabled and all addresses are
recognized and received. In this case, the Am79C30A/
32A receives the first two bytes following the opening
flag (the incoming address), and then issues an “End of
Address” interrupt if the “End of Address” interrupt is
enabled.

DLC Operation
DLC Transmit and Receive FIFOs

The DLC Transmit and Receive FIFOs may be config-
ured to the Normal or Extended mode of operation.
Normal mode is fully backwards compatible with the
Revision D or prior DSC circuit, and is activated upon
RESET or if EFCR Bit 0 is programmed to logical 0. In
Normal mode the Transmit and Receive FIFOs are each
eight bytes in length.

The Extended mode of FIFO operation may be activated
by programming EFCR Bit Oto alogical 1, increasing the

depth of the Transmit and Receive FIFOs to 16 bytes
and 32 bytes, respectively. The setting of EFCR Bit 0 to
logical 1 also alters the available programmable FIFO
threshold values set by DMR4 Bits 2 and 3.

Receiving D-Channel Packets

The receiver controls the flow of D-channel data to the
D-Channel Receive Buffer and the termination of a
receive packet. Up to two packets can be contained in
the D-Channel Receive Buffer.

After receiving an opening flag (a bit sequence of
01111110) and one byte of data which is not an abort or
flagonthe D Channel, the DLC sets the “Packet Recep-
tion in Progress” status bit (Bit 2) in D-Channel Status
Register 1 (DSR1). The DLC then receives the first two
bytes (the two address bytes). If address recognition is
enabled, the Am79C30A/32A issues a “Valid Address”
interrupt if a match between the programmed values
and the received address is detected. If no match is
detected and address recognition is enabled, the DLC
ignores the packet. If address recognition is disabled,
the Am79C30A/32A receives the first two bytes, issues
an “End of Address” interrupt, and receives the packet.
Botha “Valid Address” and an “End of Address” interrupt
set Interrupt Register Bit 2 to a logical 1 and Bit 0 of the
D-Channel Status Register 1 (DSR1) to a logical 1. The
“Valid Address/End of Address” interrupt can be dis-
abled via DMR3 Bit 0. There is an internal 3-byte
delay which holds the first of the D-channel address
bytes until the interrupt has been issued. Note that the
incoming address bytes cannot be read however, until
the “D-Channel Receive Byte Available” or “D-Channel
Receive Threshold” interrupt is set.

After the address is received, the DLC continues to
receive D-channel bytes into the D-Channel Receive
Buffer FIFO. The DLC issues an interrupt when data is
available in the D-Channel Receive Buffer. This inter-
rupt can be disabled by setting DMR3 Bit 3to a logical 0.
The DLC also issues an interrupt when the receive
threshold set in DMR4 is reached. This interrupt can be
disabled by programming a logical 0 into DMR1 Bit 1. By
polling, the microprocessor canthenreadthe D-channel
bytes. The 3-byte delay incurred during address recog-
nition is maintained. Therefore, the DLC receives the
Frame Check Sequence (FCS) before issuing an inter-
rupt to signal the last byte of the packet has been
received and appropriate status bits have been up-
dated. If DMR3 Bit 7 is set, the two FCS bytes at the end
of the packet are transferred into the D-Channel
Receive Buffer along with the data.

The DLC issues an interrupt when the last byte of the
packet is read from the DCRB. This interrupt can be
disabled by setting DMR3 Bit 2 to a logical 0.
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After the FCS is received, the DLC receiver detects the
closing flag (a bit sequence of 01111110) and then
terminates the packet by issuing an “End Of Receive
Packet” interrupt (Bit 1 of DSR1) and returns to looking
for opening flags. The DLC also terminates the packet
when anabort, an overflow, or overrun error condition is
detected. The “End Of Receive Packet” interrupt can be
disabled by setting DMR1 Bit 3 to a logical 0.

The D-Channel Receive Byte Count Register (DRCR)is
a 16-bit wide, two-word deep FIFO which is used to re-
cord the number of bytes in the incoming D-channel
packets. Each count is terminated by an end-of-packet
condition. Thus, the DRCR informs the microprocessor
of the number of bytes, including the address bytes,
which have been received. The counter is updated
when the last byte of a packetis placed in the D-Channel
Receive Buffer. When the FCS bytes are included in the
data transferred to the D-Channel Receive Buffer, the
FCS bytes are included in the byte count; if the FCS
bytes are not included in the transfer, they are not in-
cluded in the byte count. The opening flag and closing
flag are not included in the byte count.

The D-Channel Error and Address Status Registers are
also double buffered. Reading the last byte of a packet
causes the DER byte to propagate to the output of the
FIFO and updates the D-Channel Status and Interrupt
Registers accordingly. Reading the MSB of the DRCR
causes the next count and associated ASR byte to
propagate to the output of the FIFOs and updates the
D-Channel Status and Interrupt Registers accordingly.
For this reason it is important to read ASR, DER, and
DSR1 prior to reading the DRCR.

When a receive error occurs, an “End-of-Packet” inter-
rupt is generated and the packet is terminated. When
the last byte of the associated packet is read from the
D-Channel Receive Buffer, the appropriate DER bits
are set and an error interrupt is generated. All error
interrupts can be individually masked by setting the
corresponding bits in DMR2 to a logical 0.

There is one 16-bit D-Channel Receive Byte Limit Reg-
ister (DRLRY). The received byte count is compared with
the DRLR. When the byte count of the currently received
D-channel packet exceeds the limit value, a receiver
overflow is detected, the packet is terminated, and an
“End-of-Packet” interrupt is issued. D-Channel Error
Register (DER) Bit 4 is set to a logical 1 and an overflow
interrupt issued when the last byte of the associated
packet is read from the D-Channel Receive Buffer. The
“Overflow Ermor” interrupt can be masked by setting
DMR2 Bit 4 to a logical 0.

The minimum packet length is five bytes for a 2-byte
address packet (not including flags). If the packet length
is less than the above, an interrupt is issued and DER
Bit 5 is set to a logical 1 when the last byte of the associ-
ated packet is read from the D-Channel Receive Buffer.
The error interrupt can be masked by setting DMR2 Bit 5
to a logical 0.

If packet reception is in progress and the D-Channel
Receive Buffer is full, the microprocessor has a maxi-
mum of 425 ps to respond to the D-Channel “Receive
Data Available” interrupt. If the microprocessor fails to
do so, then an overrun error occurs when the data byte
is overwritten. When this happens, the packet is termi-
nated. DER Bit 6 is set to a logical 1 when the last byte of
the associated packet is read from the D-Channel Re-
ceive Buffer. The “Overrun Error” interrupt can be
masked by setting DMR2 Bit 6 to logical 0.

Error indication is given if two packets have been
received and not serviced by the user and a third packet
is received via DSR2 Bit 2. When this error occurs, the
third packet is terminated (not received).

Error indication is given for a receiver abort (the recep-
tion of seven contiguous 1s) by DER Bit 0.

Ifthe number of bits received between two flags is not an
integer multiple of eight (if the received packet does not
contain an integral number of bytes), DER Bit 1 is set
and an interrupt is generated when the last byte of the
associated packet is read from the D-Channel Receive
Buffer.

The incoming bit stream (including FCS) is run through
the FCS generation and compare block. Upon receipt of
the closing flag, the result is checked and must be (MSB
first) 0001110100001111. Any other pattern indicates
an FCS error,and DER Bit 3 is set to alogical 1 whenthe
last byte of the associated packet is read from the
D-Channel Receive Buffer.

The DLC receiver does not assume the packet to be
byte-aligned. The architecture supports shared flags
between packets, interframe fill consisting of logical 1s
(Mark idle), and interframe fill consisting of flags (Flag
idle). Mark idle is defined as at least 15 or more con-
tiguous 1s. Flag idle is defined as more than two
consecutive flag characters, not including a closing flag.
DSR2 Bit 5 is set to a logical 1 while Mark idle is being
detected. DSR2 Bit 6 is set to a logical 1 while Flag idle
is being detected. The receiver D-channe! packet can
be aborted at any time during reception by setting INIT
Bit 6.

Transmitting D-Channel Packets

The DLC Transmitter is activated as soon as the
MSB (the second byte) of the 16-bit D-Channel Trans-
mit Byte Count Register (DTCR) has been loaded by
the microprocessor.

Next, the LIU starts countingthe number of consecutive
1s on the E Channel until the number of 1s defined
by the LIU priority mechanism is detected. After the
sequence of 1s, the DLC transmitter will begin packet
transmission.
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Address bytes for a transmit packet can be handled in
two ways: they can be loaded into the transmit buffer or
loaded into the Transmit Address Register (TAR).

There is one 16-bit TAR which can be loaded by the
microprocessor. The bytes loaded into the TAR are
transmitted LSB first followed by MSB. For LAPD op-
eration, the LSB contains the SAPI, and the MSB
contains TEl. This 16-bit address (loaded LSB first) is
transmitted within the address field of the D-channel
packet if enabled by setting DMR1 Bit 2 to a logical 1.
If the TAR is enabled, the DTCR should be loaded with
the number of bytes to be transmitted excluding the
address, flags, and FCS. If the TAR is disabled,
the DTCR should be loaded with the number of bytes to
be transmitted excluding the flags and FCS, and the
microprocessor must load the address to be transmitted
as the first two bytes of the D-channel packet data.

The DLC issues an interrupt when a position is avail-
able in the D-Channel Transmit Buffer. This interrupt
can be disabled by setting DMR3 Bit 5 to a logical 0. The
DLC also issues an interrupt to the microprocessor to
request D-channel data bytes when the D-Channel
Transmit Buffer empties to the threshold specified in
the D-Channel FIFO Mode Register. This interrupt can
be disabled by setting DMR1 Bit 0 to a logical 0.

Ifthe D-Channel Transmit Buffer is empty, the micropro-
cessor has up to 375 us to respond to the D-channel
transmit buffer interrupt. If the microprocessor fails to
load the data bytes in this time frame, an underrun inter-
rupt is generated in DER Bit 7, and packet transmission
is terminated with a transmitted abort. The “Underrun”
interrupt can be masked by setting DMR2 Bit 7 to a logi-
cal 0. Transmission is also terminated whena collision is
detected or LIU loss of synchronization occurs.

The D-Channel Transmit Byte Count Register is decre-
mented each time a byte of data is transferred from the
D-Channel Transmit Buffer to the DLC. The count re-
presents the number of bytes left to be transferred,
excluding the FCS and flags. If the transmit abort bit
(INIT Bit 7) is set, the transmit byte count is frozen and
indicates the number of bytes left to transfer, not the
number of bytes transmitted. The last byte of the packet
is determined by the D-Channel Transmit Byte Count
decrementing to zero. When this occurs, DSR2 Bit 3 is
setto a logical 1.

After the last byte of the packet is transmitted, the DLC
adds the FCS and closing flag. Then the DLC issues an
interrupt (Bit 6 of DSR1) to signify the end of the packet
transmission. This interrupt can be masked by setting
DMRS3 Bit 1 to a logical 0, and is reset either by reading
DSR1 or when the D-Channel Transmit Byte Count
Register is loaded for the next packet.

Once the D-Channel Transmit Byte Count has decre-
mented to 0, a second packet may be loaded into the
D-Channel Transmit FIFO. If the MSB of the D-Channel
Transmit Byte Count Register is loaded prior to the

“end-of-transmit packet” interrupt, the second packet
is transmitted back-to-back with the previous packet.
The “End-of-Transmit Packet” interrupt is not set be-
tween the two packets. If the MSB of the D-Channel
Transmit Byte Count Register is loaded after the “end-
of-packet” interrupt, the second packet is transmitted
once the LIU priority mechanism has been re-satisfied.

Collision Detection

The Network Terminator echoes the transmitted
D-channel data back to the DLC in the E-channel bits
of the S-interface frame. If there is a difference between
the data transmitted and the data echoed back, a colli-
sion has occurred. The DLC alerts the microprocessor
to this event by asserting the interrupt line (INT) and
setting DER Bit 2. If a collision occurs during the trans-
mission of an abort sequence, the interrupt is still
issued. The collision detect interrupt can be masked by
setting DMR2 Bit 2 to a logical 0.

D-Channel Receive and Transmit Errors
Non-integer Number of Bytes

A non-integer number of bytes occurs whenthe number
of D-channel bits received between opening and closing
flags is not divisible by eight. If a received packet con-
sists of a non-integer number of bytes, the DLC sets Bit
1 in the D-Channel Error Register (DER) to a logical 1
when the last byte of the associated packet is read from
the D-Channel Receive Buffer.

- Frame Check Sequence Error

If a received packet, including its 16-bit Frame Check
Sequence, is not received perfectly, the DLC sets DER
Bit 3 to a logical 1 when the last byte of the associated
packet is read from the Receive Buffer.

Receive Packet Abort

If seven contiguous 1s are received while receiving a
packet, the packet will be terminated. DER Bit 0 will be
set to a logical 1 when the last byte of the associated
packet is read from the D-Channel Receive Buffer.

Overflow

Overflow occurs when the total number of D-channel
bytes within a packet (including, only when enabled, the
Frame Check Sequence bytes) exceeds the limit con-

~ tained in the D-Channel Receive Byte Limit Register.

(See Receiving D-Channel Packets section.) When this
occurs, the DLC terminates the packet, and sets DER
Bit 4 to a logical 1 when the last byte of the associated
packet is read from the D-Channel Receive Buffer.

Underflow

If a received D-channel (including FCS) packet is
less than five bytes for a 2-byte address packet, an
underflow error condition occurs, and the DLC sets DER
Bit 5 to a logical 1 when the last byte of the associated
packet is read from the D-Channel Receive Buffer.
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Overrun

A D-channel overrun error occurs when the receiver
buffer is full, and another byte is received. This can hap-
pen if the D-Channel Receive Bufferfills, and is not read
within 425 ps. When this error occurs, the DLC sets
DER Bit 6 to a logical 1 and terminates the packet.

Underrun

A D-channel underrun error occurs when an empty
D-channel buffer is transmitted. This can happen if the
D-Channel Transmit Buffer is not loaded within 375 us
of the D-Channel “Transmit Buffer Empty” interrupt

being asserted (IR Bit 0). When this error occurs, the
DLC sets DER Bit 7 to a logical 1 and terminates the
packet.

Receive Packet Lost

“Receive Packet Lost” occurs when two outstanding
packets have been received and not serviced (the
microprocessor has not read the DRCB register), and
athird packet is received. When this error occurs, DSR2
Bit 2 is set to a logical 1 and the incoming packet is
terminated (not received).

DLC Registers

The DLC contains the following registers:

Registers No./Registers Mnemonic
First Received Byte Address Registers 4 FRAR
Second Received Byte Address Registers 4 SRAR
Transmit Address Register (16-bit) 1 TAR
D-Channel Receive Byte Limit Register (16-bit) 1 DRLR
D-Channel Receive Byte Count Register (16-bit) (2-word FIFO) 1 DRCR
D-Channel Transmit Byte Count Register (16-bit) 1 DTCR
Random Number Generator Registers -2 RNGR
D-Channel Mode Registers 4 DMR
Address Status Register (2-byte FIFO) 1 ASR
Extended FIFO Control Register 1 EFCR
D-Channel Transmit Buffer Register - DCTB
D-Channel Receive Buffer Register - DCRB

There are three other read-only accessible registers associated with the DLC:

D-Channel Status Registers (DSR1 and DSR2)
D-Channel Error Register (DER) (2-byte FIFO)

Transmit Address Register—(TAR)—Read/Write
Address =Indirect 83H

This register contains the address of the packet to be transmitted if the TAR bit is enabled (DMR1 Bit 2).

First Received Byte Address Register—(FRAR1-FRAR4)— Read/Write

Address =Indirect FRAR1-FRAR3=81H, FRAR4=8CH

These registers contain the value to match against the first byte of the incoming address. If DMR1 Bits 4-7 are

disabled, these registers will be ignored.

Second Received Byte Address Register—(SRAR1-SRAR4) — Read/Write

Address =Indirect SRAR1-SRAR3 = 82H, SRAR4 =8DH

These registers contain the value to match against the first byte of the incoming address. If DMR1 Bits 4-7 are dis- .

abled, these registers will be ignored.

D-Channel Receive Byte Count Register—(DRCR)—Read

Address = Indirect 89H

This register determines the maximum number of bytes in a received packet.
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D-Channel Receive Byte Limit Register —(DRLR)-—Read/Write
Address =Indirect 84H

This register contains the total number of received bytes.

D-Channel Transmit Byte Count Register —(DTCR) — Read/Write
Address =Indirect 85H

This register contains the total number of transferred bytes.

Random Number Generator Register— (RNGR1, RNGR2) — Read/Write
Address =Indirect RNGR1=8AH, RNGR2 =8BH

These registers control the operation of the Random Number Generator. When read, they display the randomnumber
generated by the chip.

D-Channel Transmit Buffer Register —(DCTB) — Write
D-Channel transmit FIFO.

D-Channel Receive Buffer Register—(DCRB) —Read
D-Channel receive FIFO.

D-Channel Mode Register 1 —(DMR1) — Read/Write
Address =Indirect 86H

DMR1 controls the enable/disable options for the DLC. It is under sole control of the microprocessor, and does not
generate any interrupts. DMR1 is defined below.

Bit Logical 1 Logical 0

0 Enable “D-channel Transmit Threshold” interrupt (see IR Bit 0) Disable interrupt (default value)

1 Enable “D-channel Receive Threshold” interrupt (see IR Bit 1) Disable interrupt (default value)

2 Enable Transmit Address Register Disable Transmit Address Register (default value)
3 Enable “End of Receive Packet” interrupt (see DSR1 Bit 1) Disable interrupt (default value)

4 Enable FRAR1/SRAR1 Disable FRAR1/SRAR1 (default value)

5 Enable FRAR2/SRAR2 Disable FRAR2/SRAR2 (default value)

6 Enable FRAR3/SRAR3 Disable FRAR3/SRAR3 (default valus)

7 Enable FRAR4/SRAR4 Disable FRAR4/SRAR4

D-Channel Mode Register 2—(DMR2)— Read/Write
Address = Indirect 87H

DMR2 is used to enable/disable the interrupts generated in the DER (see DER definition on page 41). DMR2 is
controlled by the microprocessor, and does not generate interrupts. DMR2 is defined below.

Bit Logical1: Logical 0 (default value)
0 Enable “Receive Abort” interrupt (see DER Bit 0) Disable interrupt

1 Enable “Non-integer Number of Bytes Received” interrupt (see DER Bit 1) Disable interrupt

2 Enable “Collision Abort Detected” interrupt (see DER Bit 2) Disable interrupt

3 Enable “FCS Error” interrupt (see DER Bit 3) Disable interrupt

4 Enable “Overflow Error” interrupt (see DER Bit 4) Disable interrupt

5 Enable “Underflow Error” interrupt (see DER Bit 5) Disable interrupt

6 Enable “Overrun Error” interrupt (see DER Bit 6) - Disable interrupt

7 Enable “Underrun Error” interrupt (see DER Bit 7) Disable interrupt
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D-Channel Mode Register 3— (DMR3) —Read/Write
Address =Indirect 8EH

Bit Logical 1 Logical 0

0 Enable “Valid Address/End of Address” interrupt (default value)(see DSR1 Bit 0) Disable interrupt

1 Enable “End of Valid Transmit Packet” interrupt (default value)(see DSR1 Bit 6) Disable interrupt

2 Enable “Last Byte of Received Packet” interrupt (see DSR2 Bit 0) Disable interrupt (default value)
3 Enable “Receive Byte Available” interrupt (see DSR2 Bit 1) Disable interrupt (default value)
4 Enable “Last Byte Transmitted” interrupt (see DSR2 Bit 3) Disable interrupt (default value)
5 Enable “Transmit Buffer Available” interrupt (see DSR2 Bit 4) Disable interrupt (default value)
6 Enable “Received Packet Lost” interrupt (see DSR2 Bit 2) Disable interrupt (default value)
7 Enable FCS transfer to FIFO Disable FCS transfer to FIFO

(default value)

D-Channel Mode Register 4— (DMR4) — Read/Write
Address =Indirect 8FH

Bit

76543210 Control Function
XXXXXXo00 Receiver Threshold 1 byte (EFCR Bit 0=0)

1 byte (EFCR Bit0=1)
XXXXXXo01 2 bytes (EFCR Bit 0=0)

16 bytes (EFCR Bit 0=1)
XXXXXX10 4 bytes (EFCR Bit 0=0)

24 bytes (EFCR Bit 0=1)
XXXXXX11 8 bytes (EFCR Bit 0=0)

30 bytes (EFCR Bit0=1)
XXXX00XX Transmitter Threshold 1 byte (EFCR Bit 0=0)

1 byte (EFCR Bit 0=1)
XXXX01XX 2 bytes (EFCR Bit 0=0)

6 bytes (EFCR Bit0=1)
XXXX10XX 4 bytes (EFCR Bit 0=0)

10 bytes (EFCR Bit 0=1)
XXXX11XX 8 bytes (EFCR Bit 0 =0)

14 bytes (EFCR Bit 1=1)
XXX0XXXX Interframe Fill Mark Idle (default value)
XXX 1 XXXX Flag Idle
XX0XXXXX Address Recognition 2-byte (default value)
0X1XXXXX First Received Byte only
1 X1 XXXXX Second Received Byte only
X0XXXXXX C/R Bit Compare Disable FRAR Bit 1 compare (default value)
X1 XXXXXX Enable FRAR Bit 1 compare

Note: The receiver and transmitter thresholds can only be changed when the Am79C30A/32A is in Idle Mode.
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Address Status Register—(ASR)— Read Only
Address =Indirect 91H

Bit Logical 1 Logical 0 (default value)
0 FRAR1/SRAR1 address recognized No FRAR1/SRAR1 address match
1 FRAR2/SRAR2 address recognized No FRAR2/SRAR2 address match
2 FRAR3/SRARS3 address recognized No FRAR3/SRARS address match
3 FRAR4/SRAR4 address recognized No FRAR4/SRAR4 address match
47 Reserved Reserved

D-Channel Status Register 1—(DSR1) —Read Only
DSR1 has the following format:

Bit  Logical 1 Logical 0 (default value)
0 Valid Address (VA) if the address decode logic is enabled or No valid address
End-of-Address (EOA) if the address decode logic is disabled
1 End of receive packet Not end of packet
2 Packet reception in progress Packet not being received
3 Loopback in operation at Am79C30A/32A No loopback in operation at Am79C30A/32A
4 Loopback in operation at LIU No loopback in operation at LIU
5 D-channel back-off not in operation D-channel back-off in operation
6 End of valid transmit packet No end-of-transmit packet or no transmission
7 Current transmit packet has been aborted No transmit packet abort

The DSR1 bits generate interrupts, and are set/reset under the following conditions (in addition to a hardware reset

or |dle Mode):
Bit Generate Interrupt  Bit Set Bit Reset
0 Yes, if DMR3 Bit0=1 Two bytes after an opening flag if a VA is When the microprocessor reads
decoded or address recognition is disabled DSR1 or associated DRCR
1 Yes, if DMR1 Bit3=1 When a closing flag is received " When the microprocessor reads
DSR1 or associated DRCR
2 No One byte after the opening flag of any packet, When a flag or an abort is received
valid or not
3 No When the operation is in progress When the operation is not in progress
4 No When the operation is in progress When the operation is not in progress
5 No When the operation is in progress When the operation is not in progress
6 Yes, if DMR3Bit1=1 When the closing flag is transmitted When the microprocessor reads DSR1 or
: when DTCR is loaded
7 No When seven 1s and a 0 have been transmitted ~ When the microprocessor reads DSR1 or
when DTCR is loaded
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D-Channel Status Register 2—(DSR2) —Read Only
DSR2 has the following format:

Bit Logical 1 Logical 0 (default value)
0 Last byte of received packet Not last byte of received packet
1 Receive byte available Receive byte not available
2 Receive packet lost Receive packet not lost
3 Last byte transmitted Last byte not transmitted
4 Transmit buffer available Transmit buffer not available*
5 Mark idle detected (15 or more contiguous 1s) Mark idle not detected
6 Flag idle detected (more than two contiguous flags) Flag idle not detected
7 Start of second received packet in FIFO Second packet not yet in FIFO

*Following RESET, the Transmit Buffer Available (Bit 4) is set, producing a default value of 10H instead of 00H.

The DSR2 bits generate interrupts and are set/reset under the following conditions (in addition to a hardware reset or

Idle Mode):
Bit Generate Interrupt  Bit Set Bit Reset
0 Yes, if DMR3 Bit 2=1 When last byte of a received packet is read When the microprocessor reads the
from the DCRB DSR2
1 Yes, if DMR3 Bit 3=1 When DCRB contains one or more bytes of data When DCRB is empty
2 Yes, if DMR3 Bit 6=1 When two outstanding packets are received When the microprocessor reads DSR2
and not serviced, and a third packet is received
3 Yes, if DMR3 bit 4=1 When the last byte of a transmit packet is When the microprocessor reads DSR2
transferred from the DCTB
4 Yes, if DMR3 Bit 5=1 When the DCTB is available to be loaded with a When the DCTB is full
data byte
5 No When 15 contiguous one bits have been detected ~ When the first zero bit is detected on
in the incoming D Channel the incoming D Channel
6 No When more than two contiguous flags are When a non-flag character is detected
detected on the incoming D Channels not on the incoming D Channel
including a closing flag
7 Yes, if EFCRBit 1=1 When start of second packet is in the When second receive packet is not

receive FIFO

present
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D-Channel Error Register—(DER)—Read Only
The DER has the following format:

Bit Logical 1 Logical 0 (default value)

0 Received Packet Abort No abort received

1 Non-integer number of bytes have been received Integer number of bytes received
2 Collision Detected No error

3 FCS Error No error

4 Overflow Error No error

5 Underflow Error No error

6 Overrun Error No error

7 Underrun Error No error

The DER bits generate interrupts, and are set/reset under the following conditions (in addition to a hardware reset):

Bit Generates Interrupt Bit Set Bit Reset

0 Yes, if DMR2 Bit 0=1 When seven consecutive 1s are received When the microprocessor reads the DER

within a packet (DSR1 Bit2=1) or associated DRCR
1 Yes, if DMR2 Bit 1=1 Upon error condition after closing flag When the microprocessor reads the DER
has been received or associated DRCR

2 Yes, if DMR2 Bit 2=1 See section on collision detection When the microprocessor reads the DER or

when DTCR is loaded

When the microprocessor reads the DER or
associated DRCR

When the microprocessor reads the DER

3 Yes, if DMR2 Bit 3=1 If error occurs

4 Yes, if DMR2 Bit 4=1 If error occurs

or associated DRCR

5 Yes, if DMR2Bit5=1 If error occurs When the microprocessor reads the DER
or associated DRCR

6 Yes, if DMR2 Bit6=1 If error occurs When the microprocessor reads the DER
. or associated DRCR

7 Yes, if DMR2Bit 7=1 If error occurs When the microprocessor reads the DER

or when DTCR is loaded

DERBIts 0, 1, 3, 4, 5, and 6 are set when the last byte of the associated packet is read from the D-Channel Receive
Buffer.

Extended FIFO Control Register —(EFCR)— Read/Write
Address =Indirect 92H

Bit

76543210 Function

00000O0XX Bits 2-7 reserved, must be written to 0
000000O0CO0X “Start of Second Received Packet In FIFO” interrupt disabled
0000001X “Start of Second Received Packet In FIFO” interrupt enabled
00000O0XO Normal mode of FIFO operation

000000O0X1 Extended mode of FIFO operation
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Peripheral Port (PP)

Overview

The purpose of the Peripheral Port is to allow external
peripherals to be connected to the DSC/IDC circuit.
There are two basic modes of operation, Serial Bus Port
Mode, and IOM 2 Terminal Mode. Within IOM 2 Termi-
nal Mode, the DSC/IDC circuit may be configured as
either an IOM 2 timing master or slave. The definition of
the Peripheral Port pins depends onthe operatingmode
of the port, as described in Table 8.

Serial Bus Port (SBP) Mode

The SBP Mode of operation is backwards compatible
with the Revision D DSC circuit serial port, and is en-
tered either following a device RESET or if programmed
in PPCR1.

In SBP Mode, the SCLK output provides a 192-kHz 1X
data clock of programmable polarity. The SBIN and
SBOUT pins support three 8-bit serial data channels,
designated Bd, Be, and Bf. The SFS output provides an
8-kHz serial frame sync pulse eight bit periods in width,
coincident with the Bd channel. The SBP Mode timing is
illustrated in Figure 6.

Following a RESET, the SCLK and SFS outputs will
default to a high-impedance state, which will be

maintained until any MUX connection is programmed
(or until the Peripheral Port is programmed to an IOM 2
Mode). SCLK and SFS will remain in a high-impedance
state if the Peripheral Port is explicitly disabled. The
SCLK and SFS signals are synchronized to the received
S-interface frame. If there is no S-interface frame
synchronization, the SCLK and SFS signals will free-
run at 192 kHz and 8 kHz respectively.

If the DSC/IDC circuit is programmed to Idle Mode, the
SFS output is driven Low but SCLK continues to run. In
Power-Down Mode, both the SFS and SCLK outputs
are high-impedance.

10M 2 Terminal Mode Overview
The IOM 2 Interface standard encompasses both a

Linecard Mode and a Terminal Mode. The Terminal -

Mode was defined to provide four functions, as follows:

1. Connection of multiple Layer-2 devices to a Layer-1
device (in this case, the Layer-1 device is the S/T
Interface LIU). Provision for the connection of
non-lIOM 2 devices is included.

2. Programming and control of Layer-1 or Layer-2
devices that do not have a microprocessor interface,
for example, a U-interface transceiver.

Table 8. Pin Operation versus Peripheral Port Modes

Port IoM2 M IOM2 M IOM2 s* IOM2 s*
Pin SBP On Disabled Activated Deactivated Activated Deactivated
SBIN IN Z IN IN IN/OD oD
SBOUT ouTt z oD z OD/IN V4
SCLK ouT YA ouT Low IN IN
SFS out z ouT Low IN IN
BCL/CH2STRB  OUT z ouT Low z z
IN = Input OUT = Output Z = High Impedance OD = Open Drain Output

*The Am79C30A is a non-Layer 1 component when operated in the slave mode; however, it has a microprocessor interface. As a result, itis
required to change the direction of its I/0 pins at certain imesin order to communicate with both the upstream Layer-1 device and any down-
stream peripheral devices. In the IOM 2 Slave Mode, the direction of data flow is reversed with respect to the DSC circuit during Sub-frame 0
and during the deactivated state. The rule is that the upstream Layer-1 device only uses Sub-frame 0 and does not reverse its pins. Any non-
Layer 1 component that does not contain a microprocessorinterface (i.e., program by the DSC circuit overthe Monitor Channel in Sub-frame 1)
uses Sub-frame 0 to talk to the Layer-1 device and Sub-frame 1 to talk to the DSC circuit. It does not reverse its pins.

—»| e 52ps
SCLK
192 kHz
SBIN or
SBOUT
D7 Dé D5 D4 D3 D2 11 Do D7 Deé D5 D4 D3 D2 D1 Do D7 De D5 D4 D3 D2 D1 DO
e Bd —— "¢ Be »le Bt +|
SFS _] Y l
41.7
fe B — 125 us |
l— >
Note: SBIN is sampled on the rising edge of SCLK, SBOUT is changed on the falling edge of SCLK. 09893E-007
Figure 6. Serial Bus Port Mode Timing
ISDN Products 3-45



PRELIMINARY

n AMD
3

. Inter-chip communication between devices on the
bus, for instance, data flow between the DSC circuit
MAP and an external speech encryption device.

4. Connection of multiple DLCs to the D Channel,
including access arbitration. This function is referred
to as the TIC Channel and is not applicable to the
DSC circuit environment.

A subset ofthefirst three functions isimplemented in the
Revision E DSC circuit. The fourth, referred to as the
TIC Channel, will not be implemented since it is not
useful in the DSC circuit environment.

The IOM 2 Terminal Mode bus consists of three IOM 2
subframes, each containing 32 bits. This 12-byte frame
is repeated at 8 kHz, resulting in an aggregate data rate
of 768 kb/s. The frame structure is illustrated in Figure 7,
and contains the following channels:

¢ Two 64-kb/s data channels, labeled B1 and B2.

« Two device programming channels, labeled Monitor
0and 1. Each channel has an associated pair of MX
and MR handshake bits that control data flow.

e One 16-kb/s D Channel for signaling and data
packets.

o Two Command/Indicate channels, labeled C/lo, and
C/l4, to provide status and command for devices
connected via the monitor channels. The
Command/Indicate Channel in the first IOM 2
subframe consists of four bits, providing 16 states in
each direction. In the second subframe the C/I
Channel is 6 bits, providing 64 states in each
direction.

e Two 64-kb/s intercommunication channels, labeled
IC1 and IC2, to provide additional interdevice
communications bandwidth.

All data transmitted on the IOM 2 Interface via the
SBOUT pin is transmitted MSB first, with the exception
of D-channel data, which is transmitted LSB first. The
receiver operates in a compatible way via the SBIN pin.

DSC/IDC Circuit IOM 2 Terminal Mode
Implementation

Data Channels

TheB1 and B2 Channels are physically the first two 8-bit
time slots after the frame sync pulse. When making a -
MUX connectionto these channels, IOM 2 Channels B1
and B2 correspond to MUX Channels Bd and Be,.
respectively. When in an IOM 2 Mode, a MUX connec-
tion to Channel Bf provides access to one of the two
intercommunication channels, as selected in PPCR1.

Command/Indicate Channels

The Peripheral Port supports the C/I Channels of the
first and second IOM 2 subframes.The Peripheral Port
monitors these two channels, and generates an inter-
ruptany time the received data changes and is stable for
two frames. The received data is read from C/I Receive
Data Register 0 or 1, and C/I transmit data is written to
C/I Transmit Data Register O or 1.

D Channel

If the Peripheral Port is configured as IOM 2 master, the
DLC will transmit and receive D-channel data to and
from the S Interface through the LIU. The D-channel
data received from the S Interface is also output on the
IOM 2 Interface. D-channel data received from the IOM
2 Interface is disregarded.

If the Peripheral Port is configured as IOM 2 slave, the
DLC will transmit and receive D-channel data to and
from the IOM 2 Interface. The LIU is not used in this
situation, so there is no D-channel data flow between
the DLC and LIU.

Monitor Channels

Support for the two Monitor Channels is provided on a
one-at-a-time basis. A bit in Peripheral Port Control
Register 1 selects which one of the two Monitor Chan-
nels is utilized at any time.

SFS —l—_—l

—

MR,MX MR,MX

SBIN/
B1 B2 |MONO|D| C/ IC1] IC2 | MON1 C/I TIC
SBOUT
IOM Channel 0 IOM Channel 1 |OM Channel 2
09893E-008
Figure 7. IOM 2 Terminal Mode Frame Structure
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Monitor Channel Procedures

The Monitor Channel operates on an event-driven
basis; although data transfers on the bus are synchro-
nized to the frame sync, the flow of data is controlled
by a handshake procedure using the outgoing MX and
incoming MR bits. Thus, the actual data rate is not fixed,
but is dependent upon the response speed of transmit-
ter and receiver. Figure 8 illustrates the sequence of
events in the monitor handshake procedure.

Idle State

The outgoing MX and incoming MR bits held inactive for
two or more frames indicates that the Monitor Channel
is |dle in the outgoing direction.

Start of Transmission

The PPCR1 register is programmed to select one of the
two monitor channels. Data is then loaded into the moni-
tor Transmit Data Register, causing the first data byte to
be presented to the bus as well as an inactive-to-active
transition of outgoing MX. The Monitor Channel transmit
buffer available interrupt is also generated when data
is placed on the bus, indicating that the next data byte
may be written to the buffer. Outgoing MX remains
active, and the data is repeated until an inactive-to-
active transition of the incoming MR is received.

. Subsequent Transmission

Following detection of the first inactive-to-active transi-
tion ofincoming MR, all following bytes to be transmitted
will be presented to the bus coincident with an active-
to-inactive transition of outgoing MX. The IOM 2
specification defines a general case (Figure 8a) in
which the transmitter waits for an inactive-to-active
transition of incoming MR, and a maximum speed case
(Figure 8c) in which the transmitter achieves a higher
transmission rate by anticipating the falling edge of
incoming MR.

The DSC/IDC circuit Monitor Channel transmitter
implements the maximum speed case as follows: the
second byte is placed onto the bus at the start of
the frame following the transition of incoming MR (High
to Low), and a Monitor Channel transmit buffer available
interrupt is generated. Simultaneously, outgoing MX is
returned inactive for one frame, then reactivated. Note
that two frames of outgoing MXinactive signifies the end
of a message. Outgoing MX and the data byte remain
valid until incoming MR goes inactive. The next byte is
transmitted during the next frame, meaning one frame
after incoming MR goes inactive. In this manner, the
transmitter is anticipating incoming MR returning active,
which it will do one frame time after it is deactivated,
unless an abort is signaled from the receiver. After

the last byte of data has been transmitted, indicated
by the Monitor Transmit Data Register being empty and
the end-of-transmission (EOM) bit being set in PPCR1,
outgoing MX is deactivated inresponse to incoming MR
going inactive, and left inactive.

First Byte Reception

At the time the receiver sees the first byte, indicated by
the inactive-to-active transition of incoming MX, out-
going MR is by definition inactive. Outgoing MR is

‘activated in response to the activation of incoming MX,

the data byte on the bus is loaded into the Monitor
Receive Data Register, and a Monitor Channel receive
data available interrupt is generated. Outgoing MR
remains active until the next byte is received or an end-
of-message is detected (incoming MX held inactive for
two or more frames).

Subsequent Reception

Data is received into the buffer on each falling edge of
incoming MX, and a Monitor Channel receive data
available interrupt is generated. Note that the data was
actually valid at the time incoming MX became inactive,
one frame prior to becoming active. Outgoing MR is
deactivated at the time data is read, and reactivated
one frame later. The reception of data is terminated by
reception of an end-of-message indication, which is
incoming MX remaining inactive for two or more frames.

End-of-Transmission (EOM)

The transmitter sends an EOM in response to the EOM
request bit being setin PPCR1. Once the EOM bit s set,
the EOM is transmitted as soon as the Monitor Transmit
Data Register becomes empty. This is normally done
when the last byte of a message has been transmitted.
The DSC/IDC circuit transmits an EOM simply by not
reactivating MX after deactivating it in response to MR
going inactive. The EOM request bit in PPCR1 is auto-
matically cleared when the EOM has been transmitted,
indicating that the monitor transmitter is available for a
new message.

Abort

An abort is a signal from the receiver to the transmitter
indicating that data has been missed. The receiver
sends an abort by holding MR inactive for two or more
frames in response to MX going active. An interrupt is
generated when an abort is received.

Flow Control

The transmitter is held off until the Monitor Receive Data
Registeris read, since MR is held active until the receive
byte is read. The transmitter will not start the next
transmission cycle until MR goes inactive.
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Figure 8. Monitor Handshake Timing
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I0OM 2 Activation/Deactivation

The IOM 2 Interface includes an activation/deactivation
capability (see Figure 9). Activation and deactivation
can be initiated from either upstream or downstream
components on the bus. When deactivated, the
upstream device holds all the clock outputs Low, and
the downstream devices force their open drain data
outputs to a High-Z state (seen as a High on the system
bus due to the external pullup resistor). The activation/
deactivation procedure is a combination of software
handshakes via the C/I Channel, and hardware in-
dications via the clock and data lines. The IOM 2 speci-
fication describes both the hardware and software
protocols in detail; the hardware operation supported
by the Am79C30A IOM 2 implementation is outlined
below.

DSC/IDC Circuit as Upstream Device (Clock Master)
Deactivation

Deactivation of the IOM 2 Interface fromthe Am79C30A
operating as an upstream device is initiated and con-
trolled by the microprocessor. A series of software
handshakes via the C/I Channel must be performed
before the hardware deactivation can take place. The
upstream device must issue a deactivation request
command on the C/I Channel and wait for a deactiva-
tion indication from all downstream units. Once this is
received, adeactivation confirmation command mustbe
sent on the C/I Channel by the upstream device. The
upstream device will then stop all clocks and hold them
Low. On the Am79C30A, the IOM 2 clocks (SCLK,
SFS, and BCL/CH2STRB) are stopped and forced Low

SBIN goes Low
Timing Request Interrupt generated

Software clears

clk pend
Activation bit

(clks off)

Software sets
Activation Bit

Idle

(clks off)

ACTIVE
(clks on)

Software sets
Activation bit

Am79C30A as Upstream Device

Software sets Activation bit
SBIN output forced Low

(SBIN=0)
(clks off)

Clock received from
upstream; Timing Request
interrupt generated

(SBIN=0)
(clks on)

Software clears Activation bit

Idle

(clks off)
(SBIN=2)

ACTIVE
(clks on)
SBIN =data

SBIN output forced to Z

Timeout
(clks off)

Clocks stopped by upstream device

Am79C30A as Downstream Device

Note: This diagram shows only the portions of the IOM 2 activation/deactivation procedures that

are affected by the Am79C30A hardware.The C/l-channel software handshakes are not shown. 09893E-010
Figure 9. 10M 2 Activation/Deactivation
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when the microprocessor clears the activation/deactiva-
tion bit in the Peripheral Port Control Register Number 1
(PPCRT1). When this bit is cleared, the data output pin
(SBOUT) is also forced to High-Z (seen as a High on the
system bus due to the external pullup resistor), and the
Am79C30A begins monitoring the data input pin (SBIN)
for the presence of a timing request from any down-
stream units.

Activation

Activation can be initiated locally by the processor or
remotely by one of the downstream units. To activate
locally, the processor sets the activation/deactivation bit
in PPCR1 (starting the clocks), and then proceeds
through the software activation protocol on the C/I
Channel. Forremote activation, the upstream device re-
ceives a request from the downstream device via the
data input pin. When the data input pin (SBIN) goes
Low, Am79C30A will generate an IOM 2 timing-request
interrupt, Bit 6 in the Peripheral Port Status Register
(PPSR). The processor must respond to this interrupt,
and restartthe IOM 2 clocks by setting the activation/de-
activation bit in PPCR1. Once the clocks are running,
the downstream device can request full activation via
the C/l Channel using the IOM 2 software protocol.

DSC/IDC Circuit as a Downstream Device
(Clock Slave)

Deactivation

Deactivation is normally initiated by the upstream
device as described above. When the deactivation
request is received by the downstream device over the
C/I Channel, the processor must respond by sending
the deactivation indication over the C/I Channel. The
upstream device will then send the deactivation confir-
mation command over the C/I Channel and stop the
IOM 2 clocks. The Am79C30A will detect that the clock

has stopped (defined as no clock pulse received for
650 ns) and force itself to the deactivated state. In the
deactivated state, SBIN, and SBOUT are both forced
to a High-Z state, and the SCLK input is monitored
for any rising edge that would indicate an activation
request from the upstream device.

Activation

Once again, activation can originate from either the
upstream or the downstream device. To activate the
interface from the downstream device, the processor
sets the activation/deactivation bit in the PPCR1 regis-
ter. This will force the Am79C30A to puli its data output
pin (SBIN in this case, since the I/O pin definition is
reversed when talking to the upstream device) Low,
causing the upstream device to start the IOM 2 clocks.
Once the clocks are running, asindicated by SCLK input
going High, the Am79C30A will generate an IOM 2
timing request interrupt (Bit 6 in PPSR). The processor
must respond to the interrupt by loading the proper C/I
command response into C/ITRDO, then clearing the ac-
tivation/deactivation bit in PPCR1. This will release the
data output pin (SBIN) from being held Low and allow
the processor to complete the activation procedure by
sending the proper commands over the C/l Channel.

When the activation is originated from the upstream
device, the Am79C30A will generate an IOM 2 timing
request interrupt (Bit 6 in PPSR) when the IOM 2
clocks become active as indicated by the SCLK input pin
going High. The Am79C30A will begin normal IOM 2
transmission/reception as soon as SCLK appears; no
intervention from the microprocessor is required. How-
ever, the processor must respond to the interrupt and
perform the normal C/I Channel software handshakes
before activation will be complete.
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Peripheral Port Registers

The PP contains the following registers:

CITDROo, CITDR1
CIRDRO, CIRDR1

C/| Transmit Data Register
C/I Receive Data Register

Registers # of Registers Mnemonic
Peripheral Port Control Register 2 PPCR1, PPCR2
Peripheral Port Status Register 1 PPSR
Peripheral Port Interrupt Enable Register 1 PPIER
Monitor Transmit Data Register 1 MTDR
Monitor Receive Data Register 1 MRDR

2

2

Peripheral Port Control Register 1 (PPCR1) Default=01 Hex; Address =Indirect CO Hex, Read/Write

7 6 5 4 3 2 1 0
' PORT PORT
MONTR MONTR MONTR IC IOM 2
ABORT [ MONTR 1 cHANL EOM CHANL acTv, | MODE. | JMODE
RQST SELECT RQST SELECT DEACT
BIT 1 BIT O
Bit Function
7 Monitor Channel Abort Request—This bit is autornatically cleared during RESET or manually by software as

follows: to send an ABORT message, software should set this bit, wait at least two frames, then clear the bit.

6 Monitor Channel Enable—This bit only affects IOM 2 operation. When set, the selected Monitor Channel is
enabled. When cleared, both monitor channels are disabled. Whenever the Monitor Channel is disabled, the
Monitor Transmit and Receive Data Register (MTDR, MRDR) are updated to their default states: MTDR = FFH,
MRDR = 00H.

5 Monitor Channel Select—This bit only affects IOM 2 operation. When set, Monitor Channel 1 is used (second
subframe). When cleared, Monitor Channel 0 is used (first subframe).

4 Monitor End-of-Message Request—When set, this bit forces the Monitor Channel transmitter to send an EOM
once all data written into the Monitor Transmit Data Register has been transmitted. This tells the receiving device
that the message is complete. The bit is cleared by hardware when the EOM is sent by reset or by software.

3 IC Channel Select—This bit only affects IOM 2 operation. When set, the IC2 time slot is used (sixth octet after the
frame sync). When cleared, the IC1 time slot is used (fifth octet after the frame sync). The unused channel is always
placed in a high-impedance state.

2 IOM 2 Activation/Deactivation Bit—This bit only affects IOM 2 operation. Note that this bit controls only the starting
and stopping of SCLK, BCLUCH2STRB, SFS, and the state of the SBIN/SBOUT pins; this alone does not constitute
activation or deactivation of the IOM 2 bus. The activation/deactivation procedure involves the exchange of a series
of commands and indications over the C/l Channel. This procedure, including a state diagram, is detailed in the
IOM 2 specification.

IOM 2 Master Mode—This bit is set by software. When deactivated, the master will turn on SCLK, BCL/CH2STRB,
and SFS clocks via software by setting this bit when the SBIN pin is pulled Low, indicating that a downstream device
wishes to communicate over the interface.

The IOM 2 activation/deactivation bit is cleared by software or reset. When cleared, the clocks are stopped, and
SBIN is monitored for the reactivation request from the slave (SBIN held Low). [Reset defaults the Peripheral Port to
SBP operation.] .

IOM 2 Slave Mode—This bit is set by software to initiate an activation request to the master. When set, the SBIN pin
is driven Low, and held Low until the activation/deactivation bit is cleared by software. In response to SBIN going
Low.the master will start SCLK, which generates a timing request interrupt in the DSC circuit. The activation/
deactivation bit is cleared by software in response to this interrupt.
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Peripheral Port Control Register 1 (PPCR1)—(continued)

Bit Function
1-0 Port Mode Select Field—These two bits select the configuration of the Peripheral Port as follows:
Bit
10 Function
00 Port disabled
0 1 SBP Mode, enabled
10 |IOM 2 Slave Mode, enabled
11 IOM 2 Master Mode, enabled

When the port is disabled, SBOUT, SBIN, and all port-related clocks are placed in a high-impedance state.

When the DSC circuit is reset, this bit field is set to 01, and the port is not enabled until a MUX MCR register is writ-
ten to. If this bit is cleared prior to such a path being programmed, the port will remain disabled until the bit is set via
a software write operation.

Peripheral Port Status Register (PPSR)
Default=Bit 1 =1, Bits 6-2 and 0=0, Bit 7 is indeterminate; Address =Indirect C1 Hex, Read

7 6 5 4 3 2 1 0
CHNG CHNG MONTR | MONTR

IOM-2 n i MONTR | MONTR IONT! AONT!

RSRVD TIME cii cho ABORT EOM BUFFR DATA
RasT DATA DATA RECVD RECVD AVAIL AVAIL

The Peripheral Port Status Register presents various status conditions to the user, and is only used in the IOM 2
Mode. Each of these conditions can generate an interrupt to the user. The interrupts are enabled via the Peripheral
Port Interrupt Enable Register. The state of the respective interrupt enable bits does not affect the setting of bits in
this register. Bits 6, 3, and 2 are cleared when this register is read. Bit 1 is cleared when the Data Register is written,
and Bit 0 is cleared when the Data Register is read. In addition, Bits 3, 2, 1, and 0 are cleared when the Monitor
Channel is disabled (via Bit 6 of the PPCR1 Register). Because Bit 7 is reserved, the default value of this register
is either 02H or 82H.

Bit Function

6 IOM 2 Timing Request—When the DSC circuit is the upstream device (master mode), this bit is set by hardware to
indicate that a downstream device has requested the starting of the IOM 2 clocks. The clocks are started by software.
Thisbit does not indicate the receipt of an activation request onthe C/| Channel. When the DSC circuit is the downstream
component (slave mode), this bit is set in response to SCLK starting (going High) when the bus is deactivated.

Note: The DSC circuit will not exit Power-Down Mode in response to either a timing request or the clocks being started, if
this interrupt is masked. It is essential that an interrupt be generated when the DSC circuit leaves Power-Down Mode.
Otherwise, power consumption could increase significantly without the processor's knowledge.

5 Change in C/1 1 Channel Status—This bit is set by hardware to indicate that the contents on the receive side of
C/I Channel 1 have changed since the C/l Receive Data Register was last read.

4 Change in C/1 0 Channel Status—This bit is set by hardware to indicate that the contents on the receive side of
C/I Channel 0 have changed since the C/I Receive Data Register was last read.

3 Monitor Channel Abort Request Received—This bit is set by hardware to indicate that an abort request has been
received on the monitor channel. This indicates that the receiver on the other end of the Monitor Channel has failed to
receive the transmitted data correctly, and wishes that the current transmission be discontinued, and the data transmis-
sion repeated via software.

2 Monitor Channel End-of-Message Indication Received—This bit is set by hardware to indicate that an EOM has
been received on the monitor channel. This indicates that the message currently being received has concluded.

1 Monitor Channel Transmit Buffer Available—This bit is set by hardware to indicate that a new byte of data can be
loaded into the Monitor Transmit Data Register.

0 Monitor Channel Receive Data Available—This bit is set by hardware to indicate that a byte of data has been received
on the monitor channel and is available in the Monitor Receive Data Register.
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Peripheral Port Interrupt Enable Register (PPIER)=1
Default = Write = 00 Hex, Read =Bit 7 =1, Bits 6—0=0; Address = Indirect C2 Hex, Read/Write

7 3 5 2 3 2 1 0
ENABL | ENABL ENABL ENABL
ENABL ENABL ENABL
PPIMF 1oM2 cHiNG CHNG | MONTR | MoNTR | MONIR | MONTR
INTEN JIME cit cllo ABORT EOM BUFFR DATA
RQST DATA DATA RECVD | RECVD AVAIL AVAIL

The Peripheral Port Interrupt Enable Register provides an individual interrupt-enable bit corresponding with each
of the status conditions in the Peripheral Port Status Register. When set, the interrupt is enabled. Clearing the bit
disables the interrupt. These bits are set and cleared by software.

Bit Function

7 PP/MF Interrupt Enable—When set, this bit enables the Peripheral Port and Multiframing interrupts. When cleared,
the PP and MF interrupts are disabled.

Note: To ensure proper interrupt reporting, software must disable PP/MF interrupts when the interrupt routine is
entered and enable them when exiting.

Monitor Transmit Data Register (MTDR) Default=FF Hex; Address =Indirect C3 Hex, Write

7 6 5 a 3 2 1 0
DATA DATA DATA DATA DATA DATA DATA DATA
(MSB) BIT6 BIT5 BIT 4 BIT 3 BIT2 BIT 1 he)

The Monitor Transmit Data Register is the user-visible portion of the Monitor Channel Transmitter Data Buffer. Data is
written into this register by the user in response to a monitor transmit buffer available interrupt. It is then transmitted to
the receiver on the other side of the IOM 2 bus. The MTDR is emptied when the PP is reset.

Monitor Receive Data Register (MRDR) Default =00 Hex; Address =Indirect C3 Hex, Read

7 8 5 2 3 2 1 0
DATA DATA DATA DATA DATA DATA DATA DATA
%e) BIT 6 BIT5 BIT 4 BIT3 BIT 2 BIT 1 8

The Monitor Receive Data Register is the user-visible portion of the Monitor Channel Receiver Data Buffer. Data is
writteninto this register by the hardware as it is received over the monitor channel. A monitor data available interrupt is
generated when the reglster is loaded. The register is overwritten by hardware only after the register has been read.
The default on reset is 00 hex.

C/l Transmit Data Register 0 (C/ITDRO) Default =0F Hex; Address =Indirect C4 Hex, Write

7 6 5 2 3 2 1 0
c/o cilo
c/o c/lo
RSRVD RSRVD RSRVD RSRVD DATA DATA DATA DATA
BIT 3 DATA DATS BIT 0
(MSB) (LSB)

The C/l Transmit Data Register 0 is the user-visible portion of the C/I Channel 0 transmitter. Data can be written into
this register by the user at any time and is transmitted continuously during each subsequent frame until changed.
The register is set to its default value, OF hex (C/I Channel idle), by reset or disabling of the Peripheral Port.
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C/l Receive Data Register 0 (C/IRDR0) Default =XF Hex; Address =Indirect C4 Hex, Read

7 6 5 4 3 2 1 0
/o c/lo
cho /o
RSRVD RSRVD ASRVD RSRVD DATA DATA DATA %';‘TT A
v (MSB) BIT 2 BIT 1 (s8)

The C/l Receive Data Register 0 contains data valid for two frames from C/I Receive Channel 0. The register is set to
its default value of XF hex by a reset or the disabling of the Peripheral Port.

C/l Transmit Data Register 1 (C/1 TDR1) Default=3F Hex; Address =Indirect C5 Hex, Write

7 6 5 4 3 2 1 0
ci1 cm
‘ o c/it c/i1 cit
RSRVD | RSRVD DATA DATA DATA DATA DATA DATA
MSB) BIT 4 BIT3 BIT2 BIT1 158

The C/l Transmit Data Register 1 is the user-visible portion of the C/I Channel 1 transmitter. Data can be written into
this register by the user at any time. It is transmitted continuously during each subsequent frame until changed. The
register is set to its default value, 3F hex (C/I Channel idle), by reset or disabling of the Peripheral Port.

C/1 Receive Data Register 1 (C/IRDR1)
Default =Bits 7 and 6 are Indeterminate, Bits 5-0=1; Address =Indirect C5 Hex, Read

7 6 5 a 3 2 1 0
ci c/it
c/m c/i c/l c/i
RSRVD | RSRVD DATA DATA DATA DATA DATA DATA
(MSB) BIT4 BIT3 BIT2 BIT1 198

The C/I Receive Data Register 1 contains the data (valid for two frames) from C/l Receive Channel 1. The register is
set to its default value by a reset or the disabling of the Peripheral Port.

Peripheral Port Control Register 2 (PPCRZ)
Default=Bits 7, 6, and 0=0, Bit 5=1, Bits 4-1 are Indetermmate‘ Address =Indirect C8 Hex, Read/Write

7 6 5 4 3 2 1 0
REV REV
REV SCLK
CODE CODE CODE "RSRVD RSRVD RSRVD RSRVD INVRT
(‘E,}gg) BIT 1 (BL'gB(; ENABL

The Peripheral Port Contro! Register 2 controls the inversion of the SCLK output in SBP Mode. This provides flexibility
inthe connection of peripheral devices to the DSC circuit. The hardware revision code is also contained in this register,
which allows software to identify the revision of the hardware.

* The default value is revision-level dependent. Revision E will report a hardware revision code of 001.

Bit Function

7-5 Hardware Revision Code—This read-only field reports the hardware revision level. Revision E of the DSC circuit will
report a hardware revision code of 001.

0 SCLK Inversion Enable—When set, the SCLK output is inverted in SBP Mode. When cleared, the SCLK output isiden-

tical to the Revision D DSC circuit. This bit should not be changed while SCLK is enabled.
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APPLICATIONS
ISDN Feature Phone

This basic feature phone is the ISDN equivalent to the
common analog phone. The keypad can be a simple
four-by-four single pole switch matrix or a larger matrix
to provide full key system features. The display option
illustrated in Figure 10 can be included in any of the
applications shown in this section.

ISDN Feature Phone with Parallel and Serial Data
Ports Plus Other Peripherals

Access to the CCITT R reference interface is provided
via both the serial and parallel ports in Figure 11. This
application may easily have voice capability added by
using a DSC circuit in place of the IDC circuit. Figure 12
illustrates applications with increased B-channel data
processing requirements.

Am79C30A DSC Circuit
s i | Audio
Telephone ProcTssor
Speaker PP B-Channel [, Surge 3= s
P MUX fsme] Protection 3 F_ Interface
-_— \' ] I
Hook Switch N
osc mpi (A D-Ghanne!
MCLK
| | |
nterrupt
RAM ROM ' '
< Power Reversal Interrupt Power
Microcontroller Controller
| [ | = iy
B4 B4 B4 B4
Keypad LCD Display
09893E-011

Figure 10. ISDN Telephone
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Figure 11. Terminal Adaptor (V.110/V.120) With Voice Upgrade Capability

= |

5V

09893E-012

3-56

Am79C30A Data Sheet



PRELIMINARY AMDa

Analog
Telephone
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AmB5C30 or Am82525 Am79C30A DSC Circuit
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Data Link Data Link Processor
Controller Controller [ 3 :
| | B-Channel [] Surge
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| Microprocessorlnterfacﬂ 3 C
[
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Figure 12. PC Add-On-Board (1 or 2 Data Channels)
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ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings Operating Ranges

Storage temperature . ........... -65°Cto +150°C ~ Commercial (C) devices
Ambient 1emperature Operating Vee range with respect

with power apphed _____________ =55°C to +125°C tO Vss tiein i 475V1t05.25V
Supply voltage to ground, Ambient temperature (Ta) ........... 0°C to +70°C
potential continuous .. . NEAAEA 0Vto +7'0°V Operating ranges define those limits between which the
Leaq temperature ‘(so‘ldefmg, 10sec) ....... 300°C functionality of the device is guaranteed.

Maximum power dissipation .............. 15W

Voltage from any

pintoVss ............. Vss—0.5V to Vec+0.5V

DC input/output current

(exceptlS1,LS2) ..................... 10 mA

DC output current, LS1,LS2only ......... 100 mA

Stresses above those listed under ABSOLUTE MAXIMUM
RATINGS may cause permanent device failure. Functional-
ity at or above these limits is not implied. Exposure to abso-
lute maximum ratings for extended periods may affect device
reliability.

DC Characteristics over Commercial operating ranges (unless otherwise specified)

Preliminary
Parameter
Symbol | Parameter Descriptions Test Conditions Min Max Unit
Viu Input High Level, except XTAL2 2.0 Vec + 0.25 \
' Input High Level XTAL2 0.8 Vee Vec + 0.25 Vv
Vi Input Low Level Vss — 0.25 0.8 \']
V. Output Low Level, except SBOUT loe=2mA 0.4 Y
o Output Low Level, SBOUT only lo.=7mA 0.4
Vou | Output High Level low = ~400 A 24 v
=-10pA 0.9 Vee
0 < Vour < Vee
lov Output Leakage Current Output in High-Z State +10 uA
I Input Leakage Current 0 < Vin< Vee
Digital Inputs +10 RA
LIN1/LIN2 +200 pA
XTAL2 TBD pA
Input Capacitance Temp = 25°C
C 10 (TYP F
' Digital Input Freq=1MHz (TYP) P
Co O'ut.put Capacitance Temp = 25°C 15 (TYP) pF
Digital Input/Output Freq =1 MHz
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Table 9. Revision E Power Specifications for CCITT-Restricted Mode Phone Operation

Preliminary
Parameter
Symbol | Parameter Descriptions Test Conditions Typ Max Unit
Vee Supply Current Vee = 5.25 V; Vin = Vee; Vie=Vss; Mode =
lecO Power-Down; Clocks & Oscillator Stopped; LIU 4 5 mwW
(Power-Down Modes) Receiver Enabled; S Interface Silent (INFO 0)
Vee Supply Current Vee = 5.25 V; Vin = Vee; ViL = Vss; Mode = Idle;
leel fucw = 384 kHz; LIU Receiver Enabled; 20 25 mwW
(Idle Mode) S Interface Silent (INFO 0)
Vee = 5.25 V; Vin = Vee; Vie = Vss; Mode = Active,
Vee Supply Current Data Only; fueik = 3.072 MHz; LIU Receiver
lec2 and Transmitter Enabled; S Interface Activated 80 105 mW
(Active; Call Set-Up) with Data on D Channel Only; S-interface Load
= 50 ohms
Vee = 5.25 V; Vin = Vec; Viu = Vss; Mode = Active
Voice & Data; fucuc = 384 MHz; LIU Receiver
Vec Supply Current and Transmitter Enabled; S Interface Activated 155 190 mwW
lec3 with Data on D Channel and one B Channel;
(Active; Voice Mode) S-interface Load = 50 ohms; AINA = —15 dBmo,
1-kHz Sine Wave; EAR1/EAR2 = -15 dBm0,
1-kHz Tone Driving 600 ohms
Vee = 5.25 V; Vin = Vee; Vie = Vss; Mode = Active,
Data Only; fucwc = 384 kHz; LIU Receiver
lecd Vec Supply Current and Transmitter Enabled; S Interface Activated 125 150 mwW
(Active; Ringing, No Load*) with Data on D Channel Only; S-interface Load
= 50 ohms; Secondary Tone Ringer Enabled at
0 dB, 400 Hz, No Load
Note: All power measurements assume PP disabled or in IOM 2 Deactivated Mode.
*Power Consumption with the output loaded will be lccd + i\/"%—&ak) (Vee)
LOAD
For Rioano = 50 ohms and Vour =—12 dB (625 mV, peak), the maximum power consumption will be 215 mW.
AC Characteristics
Vec =5V £5%; Vss =0 V; Ta=0°C to 70°C; MCLK = 3.072 MHz
MAP Analog Characteristics (Am79C30A Only)
Preliminary
Parameter
Symbol | Parameter Descriptions Test Conditions Min Typ Max | Unit
Analog Input Impedance =125V <Vin<+1.25V
Zu | AINA or AINB to AREF i < 4 KHz 200 Kohm
Allowable Offset Voltage . .
Vios at AINA or AINB with respect to AREF pin | -5 +5 mV
’ Rioan > 40 ohms
Lis Allowable Load LS1 to LS2 and
Curoan < 100 pF
RLOAD > 540 ohms
Lear Allowable Load EAR1 to EAR2 and
Cuoao < 100 pF
Ruoan > 1 Kohm
Larer Allowable Load AREF to Vss or Vec and
Cuoan < 100 pF
Varer Analog Reference Voltage 2.25 2.4 2.55 \
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MAP Transmission Characteristics
(Am79C30A only)

The half channel parameters are specified from AINA
or AINB input pins to a B Channel for the transmit path,
and from a B Channel to EAR1/EAR2 or LS1/LS2
pins measured differentially for the receive path. The
parameters are applicable for both A- or u-law conver-
sion. (A-law assumes psophometric filtering, and p-law

assumes c-message weighting.) All parameters are
specified with the GR, X, R, GX, and GER filters
disabled; STG filter is enabled but is programmed for
infinite attenuation.

All limits are guaranteed for Voc =5 V5%, Ta=0°Cto
70°C, and programmable filters/gains disabled (0 dB,
flat) unless otherwise indicated.

MAP Transmission Characteristics (Am79C30A Only)

Preliminary
Parameter
Symbo! | Parameter Descriptions Test Conditions Min Typ Max Unit
. . . 0 dBmo0; 1020 Hz;
TXGA Transmit Absolute Gain (Nominal) Voo =5 V: T = 25°C -0.30 +0.30 dB
Transmit Gain Variation .
TXG2 vs Temperature and Ves 0 dBmo0; 1020 Hz -0.25 +0.25 dB
Txgg | Iransmit Gain Variation 0 dBmo; 1020 Hz -0.15 +0.15 | dB
vs Programmed Gain in GX
TXGa | Transmit Gain Variation 0 dBmo; 1020 Hz 025 +025 | dB
vs Programmed Gain in GA
Receive Absolute Gain 0dBm0; 1020 Hz; Vec=5V;
RXGTE | At EAR1/EAR2 (Nominal) T = 25°C; Ruoro > 540 ohms | ~0°0 +030 | dB
Receive Absolute Gain 0 dBmo0; 1020 Hz; Vec =5V,
RXGIL | o Ls1/LS2 (Nominal) T = 25°C; Ruowo > 40 ohms 0-50 +050 | dB
RXGz | Receive Gain Variation 0 dBmo; 1020 Hz -0.25 +025 | dB
vs Temperature and Vec
Receive Gain Variation .
RXG3 vs Programmed Gain in GR and GER 0 dBm0; 1020 Hz -0.25 +0.25 dB
*50 Hz-60 Hz 24.0 dB
<300 Hz -0.25 dB
Transmit Frequency Response 0.3 kHz-3.0 kHz -0.25 +0.25 dB
TXF (Attenuation vs Frequency Relative to | 3.0 kHz—-3.4 kHz -0.25 +0.9 dB
—10 dBmO at 1020 Hz)—see Figure 13 | 3.4 kHz-3.6 kHz -0.25 dB
3.6 kHz-3.9 kHz 0.0 dB
3.9 kHz—-4.0 kHz 9.0 dB
<300 Hz -0.25 dB
Receive Frequency Response 0.3 kHz-3.0 kHz -0.25 +0.25 dB
RXF (Attenuation vs Frequency Relative to | 3.0 kHz-3.4 kHz -0.25 +0.9 dB
—10 dBmO at 1020 Hz)—see Figure 17 | 3.4 kHz-3.6 kHz -0.25 dB
3.6 kHz-3.9 kHz 0.0 dB
3.9 kHz-4.0 kHz 9.0 dB
Transmit Group Delay Variation 500 Hz-600 Hz 750 us
TXD vs Frequency at —10 dBmoO Relative 600 Hz—1000 Hz 380 ns
to Minimum Delay Frequency—see 1.0 kHz-2.6 kHz 130 us
Figure 14 2.6 kHz—2.8 kHz 750 us
Receive Group Delay Variation 500 Hz—600 Hz 750 us
RXD vs Frequency at —10 dBm0 Relative 600 Hz—1000 Hz 380 us
to Minimum Delay Frequency—see 1.0 kHz-2.6 kHz 130 us
Figure 18 2.6 kHz—2.8 kHz 750 us
_Transmit Signal/Total Distortion vs 0 to —-30 dBm0 35.0 dB
TXSTD | Level; CCITT Method 2, 1020 Hz —40 dBmo0 29.0 dB
(Transmit Gain = 0dB)—see Figure 16 | —45 dBm0 24.0 dB
Receive Signal/Total Distortion vs 0 to =30 dBm0 35.0 dB
RXSTD | Level; CCITT Method 2, 1020 Hz —40 dBmo0 29.0 dB
(Transmit Gain = 0dB)—see Figure 20 | —45 dBm0 24.0 dB

*Measured with the high pass filter and auto-zero enabled in MMR2.
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MAP Transmission Characteristics (Am79C30A Only)—{continued)

Preliminary
Parameter
Symbol { Parameter Descriptions Test Conditions Min Typ Max Unit
Transmit Gain Tracking vs Level; +3 to —40 dBm0 -0.3 +0.3 dB
TXGT CCITT Method 2, 1020 Hz (Transmit —40 to =50 dBm0 -0.6 +0.6 dB
Gain = 0 dB)—see Figure 15 —50 to —55 dBmO -1.6 +1.6 dB
Receive Gain Tracking vs Level; +3 to —40 dBm0 -0.3 +0.3 dB
RXGT CCITT Method 2, 1020 Hz (Receive —40 to —50 dBm0 -0.6 +0.6 dB
Gain = 0 dB)—see Figure 19 —50 to —55 dBm0 -1.6 +1.6 dB
GX=0dB,GA=0dB -82 -78 dBmo
Transmit Idle Channel Noise GX=6dB, GA=0dB -79 -75 dBmo
TXICN AINA or AINB Connected GX=6dB, GA=6dB ~76 =72 dBmo
to AREF GX=6dB, GA=12dB -73 -69 dBmo
GX=6dB, GA=18 dB -70 —66 dBm0
. . GR=0dB,GER=0dB -90 -85 dBmo
RXICN Receive Idle Channel Noise GR=—12 dB, GER = 0 dB _80 —75 dBmo

*Measured with the high pass filter and auto-zero enabled in MMR2.

Notes: The following test conditions apply to all MAP tests:

1. An extemal 1-Kohm +5% resistor and 2200-pF +10% capacitor are connected in series between the CAP1 and CAP2 pins for all
transmit tests.

. All tests are half-channel with the sidetone path enabled but programmed for infinite attenuation (STG = 9008 hex).
. Transmit specs are guaranteed for both AINA and AINB inputs with the auto-zero and high-pass filters enabled in MMR2.
. Transmit specs are tested and guaranteed with the input signal source referenced to AREF; see test circuit below.

. Receive specs are guaranteed for both EAR1/EAR2 and LS1/LS2 outputs measured differentially. Some degradation in
performance may occur if used single ended rather than differential.

(S I V]

Transmitter 0-dB Reference Point:

Nominal input voltage at AINA or AINB will produce a 0-dBm, 1-kHz digital code at the transmit output with all transmit gains
at 0 dB.

Alaw = 625 mV rms
plaw = 620 mV rms

Receiver 0-dB Reference Point:

Nominal output voltage between EAR1/EAR2 or LS1/L.S2 resulting from a 0-dBm, 1-kHz digital code at the receive input with
all receive gains at 0 dB.

Alaw = 1.25V rms
plaw = 1.2V rms

} AINA or AINB

S 100K

AREF

Transmit Test Circuit with Input Source Referenced to AREF
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Gain Variation (dB)
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Figure 15. Gain Tracking Error (Transmit) (CCITT Method 2 at 1020 Hz)
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LIU Characteristics
All of the parameters below are measured at the chip terminals and are consistent with 2:1 transformers.
Preliminary
Parameter
Symbol | Parameter Descriptions Min Typ Max Unit
Viour Output mark amplitude measured between LOUT2 and LOUT1 (Note 1) [ 2.210 2.326 2.442 \'
Receivable input level measured between LIN2 and LIN1, with noise
Vi added as specified by CCITT 1.430 section 8.6.2.1 (Note 2) 530 1800 mV
Zour Outp.ut |mped.a.nce measured between LOUT2 and LOUTA1 20 Kohm
spacing condition
Zn Input impedance measured between LIN2 and LIN1 20 Kohm
J Timing extraction jitter on LOUT -7 +7 %
PD Total phase deviation (LOUT with respect to LIN) -7 +15 %
PU Pulse unbalanced measured between LOUT2 and LOUT1 (Note 1) -5 +5 %
PW Output pulse width measured between LOUT2 and LOUT1 (Note 1) 4.7 . 5.2 5.7 us
Note 1. See the equivalent test load circuit and pulse template in Figures 22 and 23.

Note 2.

Note 3.

The 530-mV receive input level is equivalent to 9.0 dB of attenuation from a nominal transmit level when measured at
the LIN pins. Allowing 0.5-dB loss in the isolation transformer, and 1.0-dB loss in the input isolation resistors, this level
will guarantee compliance to the CCITT receiver sensitivity spec of 7.5 dB when measured at the S reference point. -

Typical receiver performance is 220 mV.
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LouT2

LOUT1

LIN

LIN

+

1

2

0 +

- c Vis-reference)
T L s-reterence

R. 2:1
AVAVAV
VLOUT % é % RL
AN— >
Ry
Rs 2:1
A

0

0

I
3 % %RL —[- C. V(s-reference)
AN' v

R«

V (s4ntetace): Transmitter output at the S-interface reference point.
Rvis the termination impedance at the S Interface.

Cuis the effective capacitance at the S Interface.

R and R2are the transmitter output series resistors; their value depends upon the characteristics of the pulse transformer(see equations below).
Ras and Rqare required for multipoint operation to prevent loading of the line when power is removed from the terminal.

0

09893E-024

Figure 21. System Interface to LIU

LOUT2 +

LouT1 -

50 ohms

C. =200 pF

200 ohm;r

09893E-025

Figure 22, Equivalent Test

Load Conditions

High Mark

Low Mark

c
S Low Mark
b

b
Py =S High Mark —

a

09893E-026

Figure 23. Differential Output Signals
Between LOUT2, and LOUT1 (Using the Test
Circuit in Figure 23)
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2
—% R Rsec Rerim o N2 Rooro s N
LOUT2 + AN AMN—AMN
Veour . R.e N2
LouUT1 - WV
R

Rsec is the DC impedance of the transformer secondary (IC side of transformer).

Rerim is the DC impedance of the transformer primary (line side of transformer).

Rcoro is the DC impedance of the TE connecting cord; typically 4-6 ohms.

N is the transformer turns ratio (N =2 for Am79C30A/32A).

Rvis the S-interface line impedance (50 ohms).

leour is the desired load current for the CCITT transmission templates (7.5 mA for 50-ohm line).
Viour is the nominal output voltage from the DSC/IDC line driver.

09893E-027

Figure 24. Equivalent DC Circuit at LOUT Pins for calculation of Riand R:

Series Resistor Calculations

lour = Viour

R1 + Rz + Rsec + (Ream @ N?) + (R @ N?) + (Rcoro © N?)

Ri + Rz = (Viour) — Rsec — (Ream @ N2) — (RL @ N2) — (Rcoro » N?)

(lout)
Let Ri1 =Rz
1 ] Viour
Ri=Re=+ 1= - Rsec— (Ream @ N?) — (RLe N?) — (Rcoro » N?)
2 U lour .
N=2
R. =50 0hms
Viour=2.326V
llour = 7.5 mA

R1 = R2=55.067 — 1/2 { Rsec + (4 ® Ream) + (4 ® Rcoro) }

This equation should be used to determine the value of Ry and Ra for the particular transformer used by each
customer.
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Microprocessor Read/Write Timing
Microprocessor Read Timing

Parameter Parameter

Symbol Description Min Max Units
thurn RD Pulse Width 200 ns
trrRL Read Recovery Time (Notes 1, 2) 200 ns
tavaL Address Valid to RD Low 20 “ns
tarry Address Hold After RD High 10 ns
trion RD High to CS High (Note 7) 0 ns
trace Read Access Time (Note 3) 80 ns
thz RD High to Dafa Hi-Z 50 - ns
tanos RD Low to CS Low (Note 4) 30 ns

Microprocessor Write Timing

Parameter Parameter

Symbol Description Min Max Units
twwn WR Pulse Width 200 ns
twhwi Write Recovery Time (Note 1) 200 ns
tavwe Address Valid to WR Low 20 ns
taswn Addess Hold After WR High (Note 8) 10 ns
twhcn WR High to CS High (Note 7) 0 ns
toswh Data Setup to WR High 100 ns
tonw Data Hold After WR High 10 ns
twacs WR Low to TS Low (Note 4) 30 ns

Note 1: The read/write recovery time of 200 ns holds in all cases except when a write command register operation is followed by a read data
register operation when accessing the MAP coefficient RAM. This operation requires a minimum recovery time of 450 ns.

Note 2: Successive reads of the D-Channel Receive Buffer require a minimum cycle time (taury + trur) of 480 ns.

Note 3: Read access time is measured from the falling edge of TS or the falling edge of RD, whichever occurs last.

Note 4: TS may go Low before either RD or WR goes Low.

Note 5: In minimal systems, TS may be tied Low.

Note 6: Read and write indirect register operations cannot be mixed without at least one write command register operation between them.
Note 7: TS may go High before either RD or WR goes High.

Note 8: If CS goes High before WR goes High, the minimum Address Hold time becomes 12 ns.

Note 9: RD and WR pulse width, Address setup and hold, and Data setup and hold timing are measured from the points where both CS and RD or
WR are Low simultaneously.

3-70 Am79C30A Data Sheet



PRELIMINARY AMDu

ADDR < > < > < > < >
taval fe—] ‘—J tanru tawL > O—J tarwn
>

-0_{ trocs jt twres
C_S. T
> [ tarcH —> twnen
— trrn —Pte— taus —>] = twiwn ~»] [ twmwe
FOWR  \_ Read / \ Read Write |/ L Wite /

trace —J e— tanpz toswn f4—a|] e tonwn
DATA : :
09893E-028
Figure 25. Microprocessor Read/Write Timing
Interrupt Timing
Parameter Parameter
Symbol Description Min Max Units
tinte INT Cycle Time 125 us
trec INT Recovery Time 500 ns

2
~N

[— trec

09893E-029
Figure 26. INT Timing
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Reset and Hookswitch Timing

Reset Timing

Parameter Parameter

Symbol Description Min Max Units.
tres Reset Pulse Width 1 us
teHAL Power Stable to Reset Low 1 us
tr Reset Transition Fall Time 1 ms
tr Reset Transition Rise Time 20 us

Hookswitch Timing

Parameter Parameter

Symbol Description Min Max Units
B Debounce Time 16 16.25 ms
t HSW Detected to INT Delay 0 370 s
Note: Due to clock start-up times, the hookswitch Min and Max Debounce times are approximately 3 ms greater in Power-Down

Mode.

475V,
V.
e < terre >
Vi &£ N
VIL -
RESET l4—— thes —p] b

tr te

: 09893E-030
Figure 27. Reset Timing

h\N

;'

7 3
\ 4
a

ts t

2
7

—_

09893E-031

Figure 28. Hookswitch Debounce Timing
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OSC (XTAL2) Timing

Parameter Parameter Test

Symbol Description Conditions Min Max Units
terer Oscillator Period 81.374 81.387 ns
ten High Time 33 ns

tew Low Time 33 ns
toten Rise Time 10 ns
teneL Fall Time 10 ns

Frequency = 12.288 MHz £80 ppm.

MCLK Timing
Parameter Parameter Test .
Symbol Description Conditions Min Max Units
to XTAL2 Vco/2 to MCLK Load < 80pF 60 ns
MCLK Vco/2
trises Rise Time MCLK Load < 80pF 15 ns
0.5 Vto (Voc—0.5V)
trise2 Rise Time MCLK Load <40pF 5 ns
1.0Vt 35V
teawws Fall Time ' MCLK Load < 80pF 15 ns
(Vec—0.5V)to 0.5 V
trauz Fall Time MCLK Load < 40pF 5 ns
35Vto1.0V
tewn High Pulse 12.288 MHz MCLK Load < 80pF 33 ns
Width . 6.144 MHz 73 ns
4.069 MHz 114 ns
3.072 MHz 155 ns
1.536 MHz 317 ns
768 kHz 643 ns
384 kHz 1.294 us
tewe Low Pulse 12.288 MHz MCLK Load < 80pF 33 ns
Width 6.144 MHz 73 ns
4.096 MHz 114 ns
3.072 MHz 155 ns
1.536 MHz 317 ns
768 kHz 643 ns
384 kHz 1.294 Hs
ten —] tocn toner |@——o
Vee =0.5V*
%Y 7 N
— . —p
< tereL »>
*Not TTL Vi 09893E-032

Figure 29. External Clock Driver (XTAL2) Timing
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o\ S\
0OsC »
Vee/2 5
owiery1 1\ \ S S\
12.288 MHz
ez /[  \_/ \_ /[ \__
6.144 MHz
Divide by 3 __/ —\_/——\___/—\__/__—
4.096 MHz .
teawL 1.2 —> trise 12
P__ﬁ —
Divide by 4 __/ / \ /
3.072 MHz o, ———| | tows ——>>
< tek 09893E—033
Figure 30. OSC/MCLK Timing
SBP Mode Timing
Parameter Parameter Test
Symbol Description Conditions Min Max Units
Tp* SCLK 5.025 5.392 us
Ta High time 2.594 2.615 us
Tb* Low time 2.431 2.777 us
trise SCLK rise time SCLK Load < 80pF 20 ns
trawL SCLK fall time SCLK Load < 80pF 20 ns
tucsc MCLK to SCLK MCLK Load <80pF 60 ns
@6.144 MHz SCLK Load < 80pF
torrs SCLK High to 50 250 ns
frame sync }
tewoo SBOUT SBOUT/SFS 50 250 ns
Data available Load = 80 pF
toicn SBIN set-up time 200 ns
tennz SBIN hold time 0 ns

* The frequency of SCLK is fxra2 /64. Tp and Tb are based on this SCLK frequency, but include a +163-ns allowance for

internal phase lock loop correction.
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Ta Tb Tp

e e
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|<—— Bd ——>|<—— Be ———bld—— Bf —>|
s | [

— i ——|
| | -

f— ——]

Notes: 1. For PPCR2(0) =0, SBIN data is sampled on the rising edge of SCLK, SBOUT data is changed on the falling edge of SCLK.
For PPCR2(0) =1, SBIN data is sampled on the falling edge of SCLK; SBOUT data is changed on the rising edge of SCLK.

2. T1 width is eight SCLK periods.
09893E-034

Figure 31. SBP Mode Timing

MCLK (6.144 MHz)

tmesc
SCLK (182 KHz) _____/ N 1] NMa—1 N\
tonrs 4P| tenrs
12
*SFS (8 kHz) N
tewoo 4> towo
SBOUT ><
toicn g tenoz
SBIN
PN

Note 1. CH2STRB timing is identical to SFS timing, but delayed by eight SCLK cycles.
Note 2. This timing diagram reflects SCLK for PPCR2(0)=0. For PPCR2(0)=1, the diagram is identical
09893E-035

except that the SCLK waveform should be inverted.

Figure 32. SBP Mode MCLK/SCLK/SFS Timing
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IOM 2 Master Mode Timing

Parameter Signal Abbr CoI:i?:ion Min Max Units
Data Clock Rise/Fall SCLK tr,te C.=150 pF 50 ns
Clock Period SCLK tseL 1.536 MHz 487 815 ns
+100 PPM
+163 ns*
Pulse Width SCLK twn, ' 260 ns
twe
Frame Sync SFS tr.tr C.=150 pF 50 ns
Frame Sync Setup/Clock SFS tsr CL=150 pF 50 ns
Frame Sync Delay/Clock SFS teo C.=150 pF 0 ns
Frame Sync Hold/Clock SFS ten C.=150 pF 50 twe+ 50 ns
Frame Delay SFS tor CL=150 pF —twL 50 ns
Data Delay/Clock SBOUT tosc C.=150 pF 100 ns
Data Hold/Clock SBOUT tone C.=150 pF 70 ns
Data Setup SBIN tso twn +20 ns
Data Hold SBIN tho 50 ns .
I0M 2 Slave Mode Timing
Parameter Signal Abbr Min Max Units
Data Clock Rise/Fall SCLK tr,te 60 ns
Clock Frequency (1/period) SCLK 1/tscik 1.536 MHz Hz
+100 PPM
+163 ns*
Clock Delay High/Low BCL touw, tene 30 ns
Pulse Width SCLK twh, tw 240 ns
Frame Sync Rise/Fall SFs ta,tr 60 ns
Frame Set-up SFS tsr 70 ns
Frame Hold/Clock SFs ten 20 ns
Frame Delay/Clock SFS tro 0 ns
Frame Width High SFS twrn 130 ns
Frame Width Low SFS twee tsowx ns
Data Delay/Clock SBOUT tosc 100™ ns
Data Hold/Clock SBOUT towe 70 ns
Data Set-up SBIN tso twn +20 ns
Data Hold SBIN tio 50 ns
*The +163-ns value can occur once per frame for digital phase lock loop correction.
**Cu=150 pF
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Figure 33. 10M 2 Timing
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Switching Test Conditions

(Input)

24V

20V 20V
> Test Points <

0.8V 0.8V

045V

09893E-037

Note: AC testinginputs are driven at 2.4 V for a logical 1, and 0.45 V for a logical 0. Timing measurements are made at 2.0 V and
0.8 Vfor a logical 1, and a logical 0, respectively.

Figure 34. Switching Test Input/Output Waveform

Device

Jnder [~ 1 C.=80pF

ludes Ji cital
C. Includes Jig Capacitance 09893E-038

Figure 35. Switching Test Load Circuit
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KEY DESIGN HINTS FOR THE DSC/IDC CIRCUIT

Due to the high level of integration of the Am79C30A/
32A DSC/IDC circuit, it is easy to overlook important
design information when reading the data sheet. The
following list of key design hints has been compiled to
streamline the design process. A comprehensive series
of ISDN application notes and tutorials is available from
Advanced Micro Devices; please contact an AMD sales
office or factory for current information.

® The AREF pin must be used to bias the AINA and

AINB inputs. There is a datasheet parameter, Vios,.

which states that the analog inputs must be biased to
within 5 mV of AREF. AREF is nominally 2.4 V; nor-
mal device-to-device variation will exceed the 5-mV
Vios specification. If a voltage other than AREF is
used, transmission performance at very low signal
levels will be degraded.

® The recommended method of biasing the AINA and
AINB inputs is to use a 15-100 Kohm resistor be-
tween the input and AREF. The signal source should
be AC-coupled to the analog input. Take care that the
RC formed by the biasing resistor and blocking
capacitor does not distort the input signal.

®8 The AREF output must notbe loaded with a capacitor,
since it may cause the internal buffer amplifier to be-
come unstable. For some applications involving
significant gain external to the DSC circuit, the AREF
output may require a simple RC noise filter. In this
case, the AREF output should be isolated from the
capacitor by a resistance of greater than 1 Kohm to
ensure stability.

® The analog gain selection value (in MMR3) should be
written before the MAP is enabled.

= The MAP auto-zero function (MMR2) should be
enabled before the MAP is enabled.

8 The DSC/IDC circuit should be provided with de-
coupling capacitors, situated as close as possible to
the package power leads. In general, 0.1-uF ceramic
capacitors are sufficient, but bulk decoupling capaci-
tors will be required if the LS1 and LS2 loudspeaker
outputs are driving a heavy load.

8 The DSC/IDC circuit is constructed on a single
substrate, and therefore the device power pins must
not be from separate supplies. If there is a DC off-
set between the analog and digital power-supply
pins, excessive current may flow through the device
substrate.

® ThelS1,LS2, EAR1, and EAR2 outputs are intended
to be used differentially. Although it is possible to use
only a single output, the rejection of power-supply
noise and internal digital noise is improved if the
outputs are used differentially.

® Be certain to observe the maximum loading speci-
fication for the LS and EAR outputs. When used

differentially, the EAR outputs must see a minimum of
540 ohms between them. Similarly, the LS outputs
must see a minimum of 40 ohms. The maximum
capacitive loading in either case is 100 pF.

The LS and EAR outputs need not be matched to the
load. The LS and EAR outputs are voltage drivers,
and do not assume the presence of any particular
load impedance. If the maximum loading specification
is met, the LS and EAR outputs will function satis-
factorily. In some cases, an external resistor may
be used to center the desired output volume—for
instance, while driving a 150-ohms earpiece with the
EAR outputs.

If using an EAR or LS output in a single-ended fash-
ion, AC-couple the pinto the load. If not, the excessive
DC current will cause signal distortion.

When using programmable gains and filters in the
MAP, consider the dynamic range effects such as
truncation error and clipping. In case of questions in
any particular application, please contact the AMD
applications staff for assistance.

All MAP tone generators are referenced with respect
to the +3-dBm0 overload voltage—that is, a 0-dBtone
yields a +3-dBm0 output. Take care to avoid clipping
when adding tones to signals as, for example, when
generating DTMF waveforms.

The RC connected to CAP1/CAP2 must be situated
as close as possible to the DSC circuit package to re-
duce the amount of noise coupled in from other signal
traces.

Observe the XTAL2 frequency accuracy requirement
of 12.288 MHz £ 80 ppm. Since crystals from different
manufacturers will vary, the DSC circuit oscillator
output frequency at the MCLK pin must be measured
and, if necessary, the value of the crystal load capaci-
tors should be adjusted as part of the initial design
procedure. An application note of oscillator consid-
erations is available from AMD (ISDN System Engi-
neering Application Note, order #12557).

If driving the XTAL2 pin with the external oscillator, it
is necessary to observe the datasheet input voltage
and rise/fall time requirements. Note that the XTAL2
levels are not TTL-compatible.

Take care in board layout of the DSC circuit, as with
any sensitive analog device. An application note of
DSC circuit board layout hints is available from AMD
(ISDN Systems Engineering Application Note, order
#12557).

The sidetone path defaults to —18-dB attenuation. If
disabling the sidetone path is desired, the sidetone
block must be enabled and programmed for infinite
attenuation.

Consider the LIU transformers, series resistors, and
IC LIU output drivers as a functional unit. Transform-
ers that meet CCITT 1.430 requirements with other
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transceivers are not necessarily appropriate for use
with the DSC circuit, and vice versa.

m |nterrupts should be masked when reading or writing
any indirect or multibyte DSC circuit registers to
prevent the possibility of an interrupt occurring and
destroying the contents of the Command Register.

w |f the MAP and secondary tone ringer are disabled,
the EAR, AREF, and LS outputs are high-impedance.
Ifthe MAP is enabled, the unselected audio output is
high-impedance.

® The MAP should not be enabled until after the LIU
has-achieved synchronization. This will eliminate the
possibility of audible distortion when the internal
device timing is re-synchronized to the S Interface.

® To make optimum use of the MAP digital signal pro-
cesssing chain, use digital gain (GX) for fine adjust-
ment, and analog gain (GA) for coarse adjustment.

® The user must program the Secondary Tone Ringer
Frequency Register (STFR) with a legal value before
enabling the secondary tone ringer.

® In order to exit Power-Down Mode due to LIU
activation, both the F7 interrupt and the DSC/IDC
circuit interrupt pin must be enabled. In order to exit
Power-Down Mode due to IOM 2 activation, both
the IOM 2 Timing Request interrupt and the DSC/IDC
¢ircuit interrupt pin must be enabled.

® The MAP auto-zero function must be enabled prior
to enabling the MAP. For all normal applications, the
auto-zero function should always be enabled.

® To ensure proper operation of the filters (X and R) and
gains (GX, GR, GER, STGR, and ATGR), these reg-
ister blocks should not be accessed more frequently
than 128-pus intervals. This allows the internal buffers
to the map to operate properly since they are updated
only once per frame.
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B Supplies power for up to four-digital telephone B Status detectors for each line driver; open
lines loop, current overload, low output voltage,

t I oad.
B Conforms to the CCITT recommendations for hermal overloa
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GENERAL DESCRIPTION

The Am7938 Quad Exchange Power Controller (QEPC)
provides a power source for up to four line interfaces.
The power source to the Am7938 is a local battery or a
centralized regulated power supply. The Am7938 can
reside in intelligent NTs or PABX/Central Office line
cards. It can operate in point-to-point and point-to-multi-
point configurations. Via the Am7938’s microprocessor
interface, each powered line is individually controlled
and monitored. The power to each line can be controlled
independently. Therefore, overloads andfaults are easy
to detectand localize even in a large system. The status
conditions detected by the Am7938 on each line that

may be read by the microprocessor are: low output volt-
age, open loop, current overload, thermal overload, and
normal line conditions.

Current limit and thermal shutdown circuits protect the
Am?7938 against overload conditions. However, certain
applications may require additional external protection
circuitry.

The Am7938 has been developed specifically for
CCITT-compatible ISDN configurations. Recognize,
however, that due to its versatile design, the Am7938
can be used in numerous other applications.

GLOSSARY OF ABBREVIATIONS

Ao Address Bit

ALE Address Latch Enable

BGND Battery Ground (Battery refers to
Telephone Line Supply)

Cs Battery Compensation Capacitor

CCITT Consultative Committee for International
Telegraph and Telephone

CO Central Office

COD Current Overload Detector

CS Chip Select

D3—Do Data Lines 3-0

DGND Digital Ground

IAR Indirect Address Register

lum Current Limit Programming

Istim S-Output Current Limit

INT Interrupt

ISDN Integrated Services Digital Network

LER Line Enable Register

LVD Low Volitage Detector

MP! Microprocessor Interface

NT Network Terminator

OoLD Open Loop Detector

PABX Private Automatic Branch Exchange
RD Read

Rum Current Limit Programming Resistor
RSRVD Reserved

S S Reference Point

S5~So S Driver Lines 3-0

TE Terminal Equipment

T Thermal/interrupt Bit

TOR Thermal Overload Register

U U Reference Point

Vs Battery-control Voltage

Ves Battery Supply

Vee +5-V Power Supply

Vss Substrate Voltage

WR Write
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CONNECTION DIAGRAM
Top View :
24-Pin DIP
D: [] 1 U 24 D:
D[] 2 23 [ b,
INT[] 3 2 A
BGND [] 4 21 [] DGND
Veo s 20 [_] ALE
u [] 6 19 ] WR
] 7 18[ 18
Ves [] 8 7[rmo
Ve [} o 16 [ ] RESET
So ] 10 15 s,
S O 11 14 [T] RSRVD
Ves E 12 13 [ ]S

Notes: 1. Pin 1is marked for arientation.
2. Reserved (RSRVD) pins should not be connected externally to any signal or supply.

ORDERING INFORMATION

AMD standard products are available in several packages and operating ranges. The order number
(Valid Combination) is formed by a combination of:. a. Device Number

b. Speed Option (if applicable)

c. Package Type

d. Temperature Range

e. Optional Processing

AM7938 D c B

-I:— e. OPTIONAL PROCESSING

Blank = Standard Processing
B = Burm-in

d. TEMPERATURE RANGE
C = Commercial (0 to+70°C)

c. PACKAGE TYPE
D = 24-Pin Ceramic DIP (CD 024)

b. SPEED OPTION

a. DEVICE NUMBER/DESCRIPTION Not Applicable
Am7938
Quad Exchange Power Controller (QEPC)

Valid Combinations

Valid Combinations list configurations planned to
- — be supported in volume for this device. Consult -

Valid Combinations the local AMD sales office to confirm availability of

specific valid combinations, to check on newly

AM7938 DC, DCB released combinations, and to obtain additional

data on AMD’s standard military grade products.
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PIN DESCRIPTION

Ao

Address Line (Input)

Ao selects source and destination locations for read and
write operations on the data bus. Ao must be valid on the
falling edge of ALE or during RD and WR if ALE is tied
High.

ALE

Address Latch Enable (Input; Active High)

ALE is aninput control pulse used to strobe the address
onthe Ao line into the address latch. This signalis active
High to admit the input address. The address is latched
on the High—Low transition of ALE. While ALE is High,
the address latch is transparent. For an unmultiplexed
microprocessor bus, ALE must be tied High.

BGND
Ground Battery

Regulated output on Vs is referenced to this ground.

Cs

Battery Compensation Capacitor

Cs is intended for users who operate the QEPC with an

external Darlington transistor (Figure 2) to allow users a

simple way of stabilizing the QEPC/Darlington circuit

over a wide range of operating conditions. If the voltage
~onthe S-output drivers oscillates due to some instability
* of the Darlington, a capacitor should be connected to Cs,
with the other side of the capacitor connected to Vs.

Cs

Chip Select (Input; Active Low)

CSmustbe Lowto enable the read or write operations of
the Am7938. Data transfer occurs over the Ds—Ds lines.

The interaction of CS, RD, WR, and Ds—Do is described
below.

Ds—Do

Data Bus (Input/Output; Three State, Active High)
The four bidirectional data bus lines are to exchange
information with a microprocessor. Dois the least signifi-
cant bit and Ds is the most significant bit. A High on the
data bus corresponds to a logical 1. These lines act as
inputs when WR and CS are active and as outputs when
RD and CS are active. When CS is inactive, the Ds-Da
pins are placed in a high-impedance state.

DGND
Ground Digital

Digital ground to logic.

lum

Current Limit Programming (Input)

lum programs the current limit of the S drivers using
an external resistor connected between lum and Vss.
The lumpinis 1.25 V more positive than Vss. The current
limit is 5 mA plus 1000 times the current in the external
resistor. The programmed current limit appliesto each S
driver.

INT
Interrupt (Output; Open-Collector, Active Low)

INT augments the Microprocessor Interface by generat-
ing an interrupt when a Current Overload Detector
(COD) occurs. TNT is active whenever any bits in the
COD register are active. Note that INT is not latched;
whenthe COD registeris zero, INT goes inactive (High).
INT will also go inactive if the QEPC automatically dis-
ables the S-output driver that caused the interrupt (due
to Thermal Overload), or if the microprocessor disables
that line via the Line Enable Register (LER). COD inter-
rupts can be masked via the Indirect Address Register
(IAR); RESET always disables the INT pin.

RD

Read (Input; Active Low)

The active Low read signal is conditioned by CS and
transfers internal information to the data bus. If Ao is a
logical 0, logic levels of the Indirect Address Register
(IAR) and Thermal Shutdown Status bit will be trans-
ferred to Ds—Do. If Acis alogical 1, the data addressed by
the IAR will be transferred to Ds—Do.

RESET

Reset (Input; Active High)

RESET initializes the registers in the Am7938, leaving
the S drivers switched off.

S3-So

S Drivers (Output)

Ss—So each supply power to one line. The outputs can
sink up to 150 mA each. The voltage at the line is con-
nected to Ves through a saturated transistor switch.

Ve
Battery Reference Voltage (Output)

Vs provides an output proportional to the deviation of Ves
from an internal —40 V reference with respect to BGND.
Ve can be used as a driver for an external PNP Dar-
lington power transistor supplying power from the
battery to Ves (see Figure 2).
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Ves
Supply Voltage S Driver (Input)
Ve supplies power to the S drivers.

Vee
+5-V Power Supply (Input)

Vss
Substrate Voltage (Input)

Vss is.the intemal negative supply voltage. Vss must
always be connected to the most negative supply volt-
age. The MPI Registers will not function properly when
the battery power is disconnected, that is, when Vss is
floating or grounded. The QEPC should also be resetif a
drastic transient is applied to Vss.

WR

Write (Input; Active Low)

The active Low write signal is conditioned by CS and
transfers information from the data bus to an internal
register selected by Ao. If Ao is a logical 1, Ds~Do is
written into the Line Enable Register (LER). If Ao is a
logical 0, Ds—Dy is written into the IAR. LER and IAR are
the only two writable registers in the Am7938.
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FUNCTIONAL DESCRIPTION

The Am7938 is divided into two sections, the Analog
section and the Microprocessor Interface (MPI) section.
The analog section provides power and detects the
status of the S lines. This status information is available
to the microprocessor via the MPI.

Initialization

The Am7938 s initialized when reset by an external sig-
nal applied to the RESET pin. In the initialized state the
analog drivers are switched off, the Indirect Address
Register (IAR) is cleared, and the internally latched
address Ao is cleared.

--40 V Power

The voltage at the S drivers is approximately Ves (less
Vsar). A regulated —40V S output can be achieved by
using the Vs pin to drive an external Darlington power
transistor.

Analog Section

The major functions of the analog section are the four
line drivers, which are saturated Darlington transistor
switches capable of sinking up to 150 mA each. The
power to the drivers is derived from the negative supply
voltage (Ves) to the Am7938. The output voltage to each
line is slaved to Ves, and the voltage drop in each driver
is approximately 1.5 V.

Line driver protection is provided through the integration
of current limit and over-temperature shut-off. The cur-
rent limit is hardware-programmable via an external
resistor (Rum) connected between lum and Vss. The lum
pin is 1.25 V more positive than Vss. The output limit is:
5 mA+1000-1.25 V/Rum. This 1000 xgain makes the
lum pin susceptible to external noise. Care should be
taken to connect Rum as close to the QEPC as possible.

The thermal shut-off is internally set at approximately
175°C. At this temperature all the drivers are uncondi-
tionally switched off. However, at approximately 140°C,
only the drivers that are in the current-overload condi-
tion will be turned off.

Status detectors, associated with each of the line driv-
ers, monitor the load conditions on each line by compar-
ing an electrical parameter (e.g., current and voltage at
the line) with a reference level. The output of each de-
tector can be read by the microprocessor. In addition to
these status detectors, the temperature of the Am7938
is monitored via integrated temperature detectors. The
detectors respond at approximately 140°C and 175°C,
as defined above, and the 175°C detector can be moni-
tored by the microprocessor via the MPI. The status de-
tectors provide the following information from each of
the lines (all detectors have built-in hysteresis):

Low Output Voltage Detection

The low-output-voltage status bit becomes active when
the output transistor is pulled out of saturation.

Open Loop Detection

The open-loop status bit becomes active when the cur-
rent on the line drops below a minimum value.

Current Overload Detection

The current-overload status bits become active when
the current on the line nears the current limit. These bits
activate the INT output if COD interrupts are enabled via
the IAR Register.

Thermal Overload Detection

If the Am7938 device temperature reaches 140°C, then
all the line drivers in the current-overload condition will
be switched off and the corresponding bits in the Ther-
mal Overload Register will be cleared. If the device tem-
perature increases to 175°C, all the line drivers will be
turned off, and all the bits in the Thermal Overload Reg-
ister will be cleared. The T-bit will also be set, and it can
be read along with the Indirect Address Register (IAR) to
indicate that all the drivers have been turned off. To
initialize any of the bits in the Thermal Overload Regis-
ter, the microprocessor must first turn off the line drivers
via the Line Enable Register (LER) (see MPI definition).
The line drivers must not be reactivated until the T-bit
in the address register is cleared by the temperature
detector in the Am7938.

MPI Section

The MPI allows the userto access the detectors defined
in the analog section. The line driver's status bits are
grouped by function. Bits 3-0 of the detectors corre-
spond to lines 3-0, respectively. The status groups are:

Low Voltage Detector (LVD)
Open Loop Detector (OLD)
Current Overload Detector (COD)
Thermal Overload Register (TOR)

The data is not latched in these status groups except in
the TOR. Thus, the user should filter (multiple samples)
the received data to ensure its integrity. There are two
other registers in the MPI: the Indirect Address Register
(IAR), and Line Enable Register (LER).

The IAR contains 3 bits that address the desired status
group or the LER. The IAR is read along with the T-bit
defined in the analog section. The microprocessor can
read the IAR to check the validity of the address. A 1-us
delay is required between a Write to the LER Register,
followed by a Read of that same register. Subsequent
reads of the LER do not have this constraint.
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The LER is used to enable or disable the individual line
drivers. The line drivers will only become active if the
corresponding bit in the TOR is inactive. The LER is a
read/write register. The MPI contains the interface to the
following pins:

Da—Do Bidirectional Data Bus

Ao Input Address Line

ALE Input Address Latch Enable
RD Input Read Enable

WR Input Write Enable

CS Input Chip Select

INT Output COD Interrupt

The 4-bit bidirectional data bus (Ds-Do) is used to com-
municate with the registers. Access to the registers is
controlled by CS, RD, WR, ALE, and A, as shown below.
A read or write cycle must be preceded by a valid Ao. Ao
is latched internally in a transparent latch by ALE. The
selection of the status group orthe LER is determined by
the content of the IAR.

The truth table for the MPI control is shown below:

CS RD WR A

0 1 0 0 Write IAR (T bit is read only)
0 0 1 0 Read IAR and T bit

0 1 0 1 Write LER

0 o] 1 1 Read status groups or LER
1 X X X No access

Indirect Address Register (IAR) and T/l Bit

The IAR is 3 bits wide and accessible through the data
port, D=—Do. The content of the Indirect Address Regis-
ter (IARz-IARo) determines the selection of the status
groups or the LER. The thermal overload bit T/l is read
and written at the same time as IAR and occupies Ds.
This register has the following format:

Bit Symbol

0 AR Bit 0 of the IAR

1 AR, Bit 1 of the IAR
2 I1AR: Bit 2 of the IAR

3 T T bit: (Read only)

Logical O: temperature normal
(default value)

Logical 1: temperature above 175°C
(all drivers shut off)

I bit: (Write only)
Logical 0: INT pin disabled

Logical 1: COD interrupts enabled
via INT pin

IAR2-IAR, address the status groups and the LER as
shown below:

1AR: IAR4 I1ARo Select
LvD
OoLD
COD

0
1
0
1 Reserved
0
1
0
1

Reserved
Reserved
LER

0
0
0
0
1
1
1
1 TOR

- - 0 0o - =+ O ©
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The contents and format of the status groups and the
LER are as follows:

LVD:
Bit Logical 1 Logical 0 (default value)
0 So low voltage So voltage normal

1 S low voltage S, voltage normal

2 S: low voltage S: voltage normal

3 Ss low voltage Ss voltage normal

The Low Voltage Detector (LVD) indicates the voltage
level on the S lines, even when the lines are disabled.
Note however, that the detection threshold is slightly dif-
ferent. The low-voltage condition becomes active (logi-
cal 1) if the output reaches the Low Voltage Threshold

(Vo).

OLD:

Bit Logical 1 Logical 0 (default value)
0 Soopen loop So current normal

1 Si open loop S, current normal

2 S2 open loop S2 current normal

3 Ss open loop Sa current normal

The Open Loop Detector (OLD) indicates the open-loop
condition on the S lines. The open-loop condition
becomesactive (logical 1) if the current on the line drops
below the threshold value ISOC.

COD:
Bit Logical 1

Logical 0 (default value)

TOR:

Bit Logical 1 (default value) Logical 0
0 S, operational S, off

1 S operational Sy off

2 S. operational S: off

3 S, operational Sa off

The Thermal Overload Register (TOR) contains the
overload status of the S line drivers. If the Am7938
device temperature reaches 140°C, then the S line driv-
ers that are in the current-overload condition will be
switched off. The corresponding bits in the TOR will be
setto alogical 0 . To initialize any of the bits in the TOR,
the microprocessor must first turn off the S line drivers
via the LER. However, the TOR bits cannot be deacti-
vated if the 175°C detector is active. The pP may re-
enable the S drivers via the LER after the TOR condition
is removed. The TOR is a read-only register.

W N = O

S, current overload
S, current overload
S, current ovetload
Ss current overload

S, current normal
S, current normal
S. current normal
Ss current normal

The Current Overload Detector (COD) indicates the cur-
rent-overload condition on the S lines. The overload
condition becomes active (logical 1) if the output current
approaches the value programmed by an external resis-
tor between lum and Vss.

LER:
Bit Logical 1 Logical 0 (default value)
0 Soon S, off

1 Sion . S, off

2 Szon S: off

3

S, on S, off

TheLine Enable Register (LER) is used to enable or dis-
able the individual S line drivers. The S line will only
become active if the corresponding bit inthe TOR is set
to a logical 1. The LER can be written directly and read
indirectly.
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APPLICATIONS

The Am7938 major applications are in intelligent NTs,
and in PABX and Central Office line cards.The applica-
tions show the Am7938 interfaced to the CCITT S inter-
face point; however, the Am7938 can be used to control
the powerfeed for any transformer coupled system, that
is, the CCITT U interface point.

The Am7938 Used With a Regulated Supply

Figure 1 shows the Am7938 used with a regulated sup-
ply voltage of Vas = ~40 V —Vsar. The output voltage
from the S drivers (because of the voltage drop across
the internal transistors) will be Vsar more positive than
Vee. The Vs and Cs pins are unused; Vss is tied to Vss.
Other battery voltages can be used. The Am7938 can
power up to eight TEs per S line provided the total cur-
rent per line does not exceed 150 mA.

Recommended Decoupling:
>10 pF from Vce to DGND
0.1 uF from Vcc to DGND
1.0 pF from Vss to DGND
Vss shorted to Ves
DGND shorted to BGND

The Am7938 Used With an External Power
Transistor

Power to the Am7938 is supplied from the local battery
with an external power transistor to dissipate power
fromthe Am7938. The Am7938 allows battery voltages
up to —65 V provided the external power transistor can
handle the power dissipation (see Figure 2).

Recommended Decoupling:
210 pF from Vec to DGND
0.1 uF from Vcc to DGND
1.0 uF from Vss to DGND
0.1 pF from Ves to DGND
TBD pF from Csto Vs
DGND shorted to BGND

The Am7938 Employing a Relay to Provide
Polarity Reversal

The CCITT recommends that polarity reversal be used
to resolve the power contention in a point-to-multipoint
configuration when local power is lost. In Figure 3, polar-
ity reversal is implemented using the Am7938 and one
additional relay. The coil and contacts of the relay are
connected so that the relay is activated when local
power is available, and is deactivated when local power
is lost. Hence, power consumption is minimized when
local power is lost.

Analternative solution for power contention resolution is
to power only afew lines when local power is lost. Inthe
Am7938, each line is independently controlled via the
microprocessor through the LER, hence, the micropro-
cessor can turn off non-priority lines as required.

Four Am7938s Interfaced to a Microprocessor Bus

Figure 4 illustrates four Am7938s interfaced to a micro-
processor. Only the lower four data lines from the
microprocessor’s 8-bit data bus are used. These are
connected to the Am7938’s Da—Do pins. In a non-multi-
plexed microprocessor bus system ALE must be tied to
a logical 1.

Protection of the QEPC Against Overvoltage

In Central Office (CO) or long-line PABX applications,
the QEPC requires additional external protection
against lightning and voltages induced from the power
lines.

Figure 5 shows how the QEPC and the system is
protected via an overvoltage-limiting device and fuse
resistors.

The voltage-limiting device limits the voltage on the S
line to a safe value, and the fuse resistors break the cir-
cuit if a continuous high-power source is connected to
the S line. The diode in the battery line prevents the line
surges from going below the substrate voltage.

General Information

INT should be connected to an edge-triggered input on
the controlling microprocessor since INT is not latched.
In this way, the microprocessor interrupt logic will latch
the fact that INT went Low. INTis an open-collector out-
put so that multiple QEPCs can be wire-ORed to pro-
duce a single interrupt for all QEPCs on a line card. It is
impossible to read the Current Overload Interrupt mask
since the interrupt mask bit is shared with the Thermal
Shutdown bit (MSB of the IAR). Therefore, it is prudent
to keep a RAM copy of the interrupt mask if this status is
required for the application.

The microprocessor should enable one S Output Driver
at a time (via the LER) to avoid undue current surges
through the QEPC. This is due to the inherently induc-
tive nature of the S Interface Lines. The user should
expect the corresponding bits in the COD Register to
momentarily become active whenthe Line has justbeen
enabled. Because of this, it is recommended to mask
the COD Interrupt (via the IAR Register) until all desired
lines are enabled. In addition, for highly inductive lines,
the user should connect a 0.01-puF capacitor from each
S Output Driver pin to Vss. Protective diodes should also
be connected to S Output Drivers under these condi-
tions (see Figure 5).

The COD Interrupt Service Routine should not blindly
assume that the S Interface Line corresponding to the
COD bit is shorted and immediately disable that line. A
short circuit condition can be determined by the pres-
ence ofa COD and aLow Voltage Detector (LVD) onthe
same line. This fact should be considered if the line
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normally operates near the programmed current limit operating near the programmed current limit. The COD
(set by Rum). Also, a momentary COD Interrupt may be Interrupt Service Routine should read the COD Register
generated by an additional load if the line was already again to determine if the COD was a transient spike.

+5V BGND
—-—
S
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S
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P < —1 INT Status
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— D2 D
—1 Ds
\_—] RESET |
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Detect
D S;|-40VP— S
Status
Detect
D Ss | —40 V———— Ss
Status BGND
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b
Voltage >
Reference 1
Vss lum
2 Rum

—40 V — Vaur

09153-003A

Figure 1. The Am7938 Used With a Regulated Supply
(other battery/Sou voltages can be used)
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Figure 2. The Am7938 Used With an External Power Transistor
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Figure 3. The Am7938 Employing a Relay to Provide Polarity Reversal
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Figure 4. Four Am7938s Interfaced to a Microprocessor Bus
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature ........... —60°C to +150°C
Voltage from Digital Input
toDGND ..........ooiiiiiaia... -0.4 VtoVec
“Voltage from Vcc
toDGND ....................... -0.4Vto7V
Voltage from Vss
PoDGND........... .. oLt -70Vto +0.4V
Voltage from Ves
toDGND................ (Vss—0.4 V) to +0.4 V

..................... and (Vec —70 V) to +0.4 V

100-ns Pulse Voltage from Si

to DGND (Notes 1and3) ......... -90Vto+2V
Voltage from BGND
toDGND..............ciiin... Vssto Vee

Stresses above those listed under ABSOLUTE MAXIMUM
RATINGS may cause permanent device failure. Functionality
at or above these limits is not implied. Exposure to absolute
maximum ratings for extended periods may affect device
reliability.

OPERATING RANGES (Note 2)

Commercial (C) Devices

Ambient Temperature(Ta) ........ 0°C to +70°C
DGND ... ov
BGND Voltage .............. —2Vto+05V
VecVoltage .................... +5V +5%
VesVoltage ................. -65Vto-38V
Vss Voltage, VeUnused ................. Vee
Vss Voltage, Ve Used .......... —-65Vto-43V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

Notes:
1. Si stands for So, S1, Sz, or Ss outputs.

2. Operation at smaller Ves magnitudes is possible, but
parameters are not guaranteed. Ves must be at least —15 V
with respect to BGND.

3. The test condition is specified with a diode in series with Vss
as shown in Figure 5.
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DC CHARACTERISTICS over commercial operating range

Parameter Parameter

Symbol Description Test Conditions Min Typ Max Unit
Vi Logic Input High Level 2.0 \
Vi Logic Input Low Level 0.8 Vv
low Logic Output High Current (Von=2.4V) 400 A
loL Logic Output Low Current (VoL= 0.4 V) 2.0 mA
lu Logic Input High Current (Vik=2.0 V) 10 uA
I Logic Input Low Current (Vu=0.8V) 60 A
loz Output Hi-Z Current High (2.4 V < Voz < Vee) 10 HA
loze Output Hi-Z Current Low (0V<Voz<0.4V) 10 pnA
lec Vee Supply Current 17 TBD mA
C. Logic Input/Output Capacitance 10 pF
Vsar Saturation Voltage (Vsi —Ves),

lsi =150 mA 2.0 \
ls Current Into Ve (see Figure 6) Ves=-42V 80 HA

Ves =38 V 1200 pA
lss Vss Supply Current Vss=—65V,

Vez=-40 V 1.5 TBD mA
les Ves Supply Current, Ves = —42 V (Outputs Disabled) 2.6 TBD mA
Isum Limit Current Rum = 8.62K TBD 150 TBD mA

Rum = 27.8K TBD 50 TBD mA
Vivo Low Voltage Detector Si off 1.7 TBD Vv

Relative to Ves Sion 3 TBD \'/
lsoL Current Overload Detector(lsum) TBD 85 TBD %
Isoc Current at Open Circuit Detector TBD 5 TBD mA
Isz Si Current to Ground, S; Disabled S is i-th output 50 TBD nA
Huwo Low Voltage Detector Hysteresis ) 60 mV
Howo Open Loop Detector Hysteresis 1 mA
Heoo Current Overload Detector Hysteresis 2.6 mA
Hiso Thermal Detector (140°C) Hysteresis 15 °C
Hizs Thermal Detector (175°C) Hysteresis 15 °C

~
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SWITCHING CHARACTERISTICS over operating range

Parameter Parameter Parameter
Number Symbol Description Min Max Unit
Microprocessor Read/Write Timing
1 taLrn RD, TS Pulse Width 220 ns
2 trnRL - RD Recovery Time 200 ns
3 taLoA RD, CS Low to Data Available 220 ns
4 tanoz RD or CS High to Data Hi Z 110 ns
5 tanaL ALE Pulse Width 60 ns
6 taaL Address Setup Time 30 ns
7 taoaz Address Hold Time 30 ns
8 tazaL Address Hi Z to RD Low 0 ns
9 twown WR or TS Pulse Width 200 ns
10 twrwe Write Recovery Time 200 ns
11 toawn Data Setup Time 100 ns
12 twhoz Data Hold Time 30 ns
Reset Timing
13 tres Reset Pulse Width 200 ns
14 tenRL Power Stable to Reset Low 1 us
15 tace Reset Recovery Time to Access 700 ns
Si Timing Typ
16 ten Si Output Enable Time (from LER) 1 us
17 tois Si Output Disable Time (from LER or RESET) 2 Us
Note: All switching characteristics tests are performed with a 100-pF test load, and TTL-compatible voltage levels.
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Notes:

1. If tame is negative, taume, trirn, tazer, and teoa are measured from CS rathar than RD.

2. If truen is negative, trurt, tausn, and truoz are measured from CS rather than RD.

3. When aread fromthe LER immediately follows a write to the LER, a minimum of 1 us is required between these operations.
This is to allow the internal buffers in the Am7938 to settle. Subsequent reads from the status group or the LER do not have
this restriction.

Figure 7. Microprocessor Read Timing
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Notes: 1. If tewe is negative, twiwe and twuw are measured from CS rather than WR.
2. If twwon is negative, twuwt, twiww, toaws, and twuoz are measured from CS rather than WR.
3. The propagation delay from the writing of the T/I bit to the effect on the INT pin is approximately 1.3 ps for both
mask and enable operations.

Figure 8. Microprocessor Write Timing
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PHYSICAL DIMENSIONS
Preliminary; package in development. BSC is an ANSI standard for Basic Space Centering. Dimensions are
measured in inches or millimeters.
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