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INTRODUCTION TO THE 1992 PRODUCT DATA BOOK

This 1992 Product Data Book contains the
latest information on the entire range of products
and services from Vitesse Semiconductor Corpo-
ration. We are pleased to present you with this
compilation of information in one convenient
source. This book includes complete product data
sheets for all standard products, gate arrays, and
foundry services. Supplementary information re-
garding packaging, applications, quality assur-
ance and reliability is also included.

Vitesse Semiconductor Corporation is a
proven leader in the design and manufacture of
high performance digital LS| and VLS| GaAs ICs.
The company, which was founded in 1984, has
developed a revolutionary new process, allowing
it to deliver the first affordable very large scale
integrated circuits (VLSI) in gallium arsenide
(GaAs). With the introduction of the FURY Gate
Array family in 1988, Vitesse became the first
company to deliver VLSI GaAs circuits into pro-
duction systems. In 1991, Vitesse complemented
its VLSI offerings with the introduction of the FX
Gate Array family with integration reaching
350,000 gates.

The key to success for Vitesse has been the
development of its unique H-GaAs manufacturing
technology. Rather than developing a process
based on existing GaAs microwave transistor
technology as others in the GaAs industry had
done, Vitesse chose to develop an entirely new
process based on proven silicon MOS manufac-
turing methods. This strategy solved two major
problems which had prevented GaAs ICs from
receiving wide acceptance: low complexity and
high cost. The result is a high yielding, proprietary
process which produces circuits with a speed-
power product unmatched by any other IC manu-
facturing technology.

The market for Vitesse's products is existing
high performance silicon users. In order to com-
pete in this marketplace, Vitesse chose to make
its products look and feel exactly like silicon prod-
ucts, but with significant improvements in speed,
complexity, and reduced power dissipation. The
combination of GaAs performance and silicon
MOS manufacturing techniques is the key Vitesse
advantage. The results are families of IC products
that set new performance standards at prices
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equal to high performance silicon bipolar products
and provide equal price/performance ratios to
BiCMOS products.

Vitesse is committed to providing the highest
performance integrated circuits in the world. Vit-
esse products have surpassed silicon ECL prod-
ucts in terms of performance and complexity, all
at a lower price. Our next objective is to introduce
an alternative to BICMOS which provides equiva-
lent complexity at far superior performance. The
Vitesse manufacturing process has been de-
signed to realize this objective with a combination
of process innovations and proven MOS manufac-
turing techniques. The distinguishing features of
the Vitesse process are: 1) excellent transistor
electrical parameter control, 2) unprecedented
manufacturing yields on VLS| complexity GaAs cir-
cuits, and 3) process simplicity and fast cycle time.

Vitesse has pioneered the now well-accepted
concept of designing GaAs products that are com-
patible with existing silicon technologies. Input/
output levels and power supplies foundin TTL,
ECL and CMOS are standard in the entire family
of Vitesse products. In addition, standard ASIC
(application specific IC) design tools allow design-
ers to implement their circuits in a Vitesse gate
array or cell based product exactly as they would
with conventional silicon ASIC products. Synthe-
sis tools, such as Synopsys™, are supported and
facilitate retargetting a silicon design into GaAs
technology with a minimum of effort and risk.

Memory

In addition to embedded RAM and register
file capability in our ASIC products, Vitesse also
offers several stand-alone RAM products. These
products range in complexity from 1Kbits to
16Kbits. Some specialized functions, such as fast
purging and self-timed or registered operation, are
also available.

Datacommunications

The G-TAXIchips™ are a general purpose
interface for very high speed point-to-point com-
munications over coaxial or fiber-optic media.
The G-TAXI transmitter and receiver are capable

of two speed grades. The -1.2 parts are capable
of handling serial data at rates up to 1.25 Gbits/
sec. The -1.0 parts can handle up to 1.0625
Gbits/sec. The speed of the G-TAXI system is
tuneable (+10%) from its center frequency to pro-
vide flexibility. The GTAXIlchips are compatible
with the ANSI X3T9.3 Fiber Channel Standard. The
G-TAXIchips can also be used for proprietary links.

The G-TAXIchips consist of 4 devices: the
VSC7101 Transmitter, VSC7102 Receiver,
VSC7103 Multiplexer, and VSC7104 Demuilti-
plexer. The G-TAXIchips provide simple point-to-
point serial physical transport for parallel data.
The G-TAXI Multiplexer/Transmitter (Mux/Tx) in-
puts originate in a sending host system, using a
standard ready/strobe handshake for parallel data
transfer. An output ready pulse from the G-TAXI]
Receiver/Demultiplexer (Rx/Dmx) indicates that
data is available to the receiving host system.

The Mux and Dmx in the GTAXI chip imple-
ment the ANS| X3T9.3 8B/10B encoding scheme
and make the full chip set compatible with this
standard. Alternatively, the Tx and Rx chips can
be used separately to implement a data link which
uses any proprietary coding scheme which meets
the minimum required data transition density.

Telecommunications

The family of telecommunications ICs from
Vitesse are designed to address the needs of the
newest generation of telecommunications sys-
tems incorporating data rates up to 2.5 Gigabits
per second. These standard multiplexers and
demultiplexers are available in 4, 8 and 12 chan-
nel configurations. These products feature very
low power dissipation and ECL compatibility. The
8-channel mux/demux products are compatible
with the Synchronous Optical Network (SONET)
protocol for digital optical transmission. In addi-
tion, a 64 x 64 crosspoint chip capable of 200 Mb/
s operation is available.

Semicustom Products

Vitesse offers four families of gate arrays.
The gate array families include: the FX series, the
FURY series, the PLR2KT array, and the HS se-
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ries. The FX series offers unparalleled complexity
and performance in a channeless array architec-
ture. The FURY series features a balance be-
tween speed and power, which offers perfor-
mance equal to or better than the best ECL bipo-
lar technologies with only a fraction of the power
dissipation. Vitesse arrays come in many conve-
nient sizes ranging from 1500 to 350,000 gates.
The FX and FURY families offer TTL, ECL or na-
tive GaAs signal interface for maximum flexibility.
The HS series, made up of two arrays, feature a
structured cell approach which combines very
high speed source coupled FET logic (SCFL),
with very low power direct coupled FET logic
(DCFL) for maximum speed/power flexibility. The
HS arrays feature ECL I/O interface and can
handle data rates up to 2.5GHz.

Foundry Services

Vitesse has paved the way for designers
wishing to realize their circuits in Gallium Arsenide
by implementing a very simple, silicon-like MOS
process. To this, enhancement/depletion (E/D)
mode technology adds the flexibility of implement-
ing a variety of logic families. Other important
features of the process include: VLSI levels of
complexity, self-aligned active devices, 0.6 micron
minimum feature size, extended temperature
range, resistance to ionizing radiation, and high
yields. Vitesse offers an intensive three-day
seminar to introduce the designer to digital GaAs
IC design.
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FEATURES

.

Superior performance: High speed and low
power dissipation

Embedded custom functions and
megacell options available

Channelless array architecture
and four layer metal for high density

Custom RAM compiler for design
flexibility

Array performance:

- Typical gate delay: 115 ps @ 0.20 mW
(Unbuffered 2-input NOR,F.O0. = 1,0.21
mm wire)

- Typical gate delay: 130 ps @ 0.7 mW
(Buffered 2-input NOR, F.O. = 3,0.63 mm
wire)

TYPICAL FX ASIC IMPLEMENTATION

ECL, TTL, or mixed ECL/TTL compatible
inputs/outputs

S arrays from 20K to 350K gates

Optional fixed clock distribution scheme
for minimized clock skew

Multiple buffering options for each macro
function

Schematic capture and simulation sup-
ported on MENTOR, CADENCE or
VALID platforms

Min/Max simulation supported
with LASAR™

VERILOG-XL™ behavioral modeling and
simulation

Logic synthesis supported with
Synopsys Design Compiler™

//(;l\ Input Only 10

||mi Input
Output Coll——|
co sod vo cell
re-ba:
Register File ~J ESD
(100% Utiizaton) Pad
input Cot—>K8
I
Input Only 1
Cell 1
Custom
Register Flie i ESD
Pad
o
High
/ Compiled Memory
Core-based
Logic Megacell ~]

Note: /O cells wrap around the
top and bottom of the array and

Include auxilfary grounds o no
signals need to be sacrificed.
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VGFX20K/VGFX40K/VGFX100K/VGFX200K/VGFX350K

INTRODUCTION

The FX Series offers the integration level of
BiCMOS gate arrays with speed performance ex-
ceeding that of ECL devices. Implemented using
Vitesse’s proprietary H-GaAs III process, the FX
family of gate arrays is the first to combine ultra
high integration with leading edge performance.

The H-GaAs III process represents the third
generation of the H-GaAs technology developed
by Vitesse to manufacture high yielding, LSI and
VLSl digital GaAs circuits. This process features a
0.6 um self-aligned gate MESFET and four levels
of metal interconnect. The basic logic structure for
the FX Series is a 2-input NOR gate implemented
using direct coupled FET logic (DCFL). Millions
of hours of life testing have proven the reliability of
the H-GaAs process technology and the DCFL
logic structure.

The FX array family incorporates a channel-
less array architecture which allows metal routing
on the first layer to be placed directly over unused
cells. This approach avoids the need for pre-defined
channels between columns of macros and therefore
allows much greater density and flexibility than
channelled gate array architectures. Due to an ad-
vanced four layer metal process, typical maximum
array utilizations can be as high as 50% of the total
available gates.

Capable of operating at well over 500 MHz,
the FX Series arrays have been designed to provide
the best speed - power performance of any gate
array technology. The speed of leading edge ECL
technology is achieved at a fraction of ECL’s
power. In addition, because of the frequency inde-
pendent power consumption of H-GaAs technol-
ogy, power dissipation levels comparable to, or
lower than, similar density BICMOS arrays can be
achieved at frequencies above 50 MHz (see Vitesse
Application Note 10, “Power Dissipation: BiC-
MOS vs. GaAs”). This power savings can add up to
substantial cost savings to users in terms of overall
cooling requirements.

The FX Family includes support for the cre-

ation of custom masterslices. Functions such as
SRAMSs, multiport register files, and others can be
merged with FX arraysresulting in unique architec-
tures and optimum performance.

As with all of Vitesse’s ASIC products, the
FX arrays interface with TTL and ECL devices
directly. The FX array family uses standard power
supplies and is supported on the ASIC industry’s
most popular CAE platforms for schematic cap-
ture, behavioral modeling and logic synthesis.

APPLICATIONS

The FX Series of gate arrays can be usedina
wide variety of applications including: mainframe
computers, workstations and communications
equipment. This family of high performance semi-
custom products is ideally suited for systems re-
quiring very high speed, low power digital logic at
high levels of integration.

Computers

The ultra high integration that the FX arrays
offer, combined with their high performance and
low power consumption, makes them ideally suited
for the implementation of high performance pro-
cessors and processor support logic. Offering a big
performance increase over BiCMOS technology
and substantially lower power than ECL technol-
ogy, the FX Series gate arrays are the perfect choice
for systems with clock rates in excess of 50 MHz.
Specific computer applications for FX arrays in-
clude integer arithmetic processing, floating-point
processing, cache control, and bus interface func-
tions.

Communications

Intelligent fiber optic communication links
for voice and data transmission can be designed
with the FX family. These applications can greatly
benefit from the low power dissipation inherent in
the FX arrays while allowing the user to implement
the high speed VLSI and LSI circuits necessary to
handle the new generation of high-bandwidth tele-

VITESSE Semiconductor Corporation



VGFX20K/VGFX40K/VGFX100K/VGFX200K/VGFX350K

communications standards. The implementation of
large switching networks on a single chip is just one
example of these applications.

ARCHITECTURE

The FX arrays contain three cell types: inter-
nal logic cells, input only cells, and input/output
(I/O) cells. All input only and input/output cells
contain undedicated logic which is used to incorpo-
rate logic functions in the I/O macrocells. There is
enough configurable logic in these cells to imple-
ment moderately complex functions such as multi-
plexers and flip flops, allowing the arrays to con-
form to the JTAG boundary scan standard.

FX arrays can be designed to implement full
custom megacells such as SRAM and pre-defined
core based megacells such as register files. In
addition, a proprietary compiler is available to
customers wishing to incorporate custom RAM
configurations in their designs. A depiction of a
VGFX350K with megacells incorporated is shown
onpage 1. Table 1is a summary of the internal cells,
I/O and package options for arraysin the FX family.

Clock Distribution

A generic high-drive clock buffer and distri-
bution scheme has been developed for each mem-
ber of the FX family. This pre-defined clock tree
minimizes clock skew to registered functions
withinthe array. The clock tree iscapable of driving
between 820 and 11,000 flip-flops depending on
the size of the array being implemented. Clock
skew of less than 400 ps is achievable.

Internal Logic Cells

The internal logic cells comprise most of the
area of the array. These cells use direct coupled
FET logic (DCFL), which minimizes the number of
elements needed for eachlogic function. The primi-
tive element or building block is a cell which
consists of a single depletion-mode transistor and
two enhancement-mode transistors which can be
connected to make a 2-input NOR gate.

Input Only Cells

Input only cells are located predominantly on
two edges of the periphery of the array. Input cells
are also located in Input/Output cells. I/O macro-

ARRAY SPECIFIC FEATURES
# of Input #of l/O Total
# of Internal Gates Cells Cells g:’;g:/ Signal Pins |  Package Options
Array Total Raw | Usable | D- Flip Bidirects
Name Gates Gates' | Flops' | BZT| E | B4T| E |(Boption) | BT | E BT E
14| — | 24 | — ] 38 | — |s2LbcC |—
VGFX20K 20K 10K 1K
40 — 52 — 28 92 — | 182PGA | —
VGFX40K®| 42K 21K 21K | 44 | — | 96 | — 96 140 | — | 184PGA | —
74 — | 100 | — 48 172 — | 211 PGA —
VGFX100K 100K 50K 5K
92 | — | 100 | — 48 192 | — | 256LDCC | —
VGFX200K | 220K | 110K | 11K 84 | — | 172 | — 172 256 | — | 415PPGA | —
VGFX350K | 350K | 175K | 17.5K | 118°| 128 | 230°| 250 | 230° 348° | 378 | 557 PPGA | 557 PPGA

NOTES: T=TTL Only l/O: +2V, +5V, GND
E = ECL Only I/O: -2V, GND
B =TTL and/or ECL l/O: -2V, +3.3V, GND

(1) Based upon 50% utilization, 10 equivalent gates per flip flop.
(2) The number and placement of TTL /O for B type arrays are specified in the Vitesse FX Gate Array Design Manual, version 2.0.

(3) Preliminary.
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cells can incorporate logic functions by utilizing
the 24 logic cells contained in the input cell. Input
cells are compatible with TTL and ECL signals.
Both signal levels can be used in one chip design to
optimize overall system performance. Input cells
can provide 1x or 2x drive on either the true or
complement signal. The input cells translate off-
chip logic levels to internal GaAs logic levels for
efficient internal operation. These cells also pro-
vide ESD input protection.

Each input only cell has resources to form a
JTAG-compatible boundary scan flip-flop. This
feature allows a user to implement boundary scan
without using core cells.

Input/Output (I/0) Cells

Input/Output cells are located on two edges
of the periphery of the array. I/O cells can be
configured as output drivers, input receivers, or
bidirectional transceivers. TTL and ECL signal
levels are supported on the same chip. I/O macro-
cells can incorporate logic functions by utilizing
the 48 logic cells contained in the input/output cell.
Boundary scan can be easily accommodated since
each I/O cell can be configured as a scan flip-flop.
When configured as an ECL driver, the output cell

can interface with ECL 10KH or 100K receivers
while driving a 502 lIoad. Two output cells may be
paralleled to drive a double-terminated ECL bus
(252 DC load).

Power Supplies

The FX family uses industry standard power
supplies. For an FX array requiring only ECL
levels, -2.0V + 5% is the only power supply re-
quired. For FX arrays requiring only TTL levels,
5.0V + 5% and 2V + 5% power supplies must be
used. If both ECL and TTL levels are required, -2V
+ 5% and 3.3V + 5% are the specified power
supplies.

MACRO LIBRARY

The FX Macro Library contains information
to fully evaluate the function and performance of
logic blocks (macrocells). The FX library includes
functional equivalents for all FURY™ Series mac-
ros as well as optimized megacell functions. The
table below is arepresentative list of the macrocells
which are available for the FX arrays. Performance
characteristics for selected macros are given on
page S. For a complete set of specifications, refer to
the FX Design Manual.

FX FAMILY MACRO LIBRARY
Name Description | Name Description
Input/Output Macros BITOCK ....ccevrerunennn Bidirectional TTL input/output buffer with
| Bidirectional ECL input/output buffer open drain (+5.0V/+2.0V)
BIE25NR?2 ..... Bidirectional ECL input/25 Q output buffer with IE1F Inverting ECL input buffer
2-input NOR gate IE1T ECL input buffer (1x drive)
BIE25NRS3 ..... Bidirectional ECL input/25 Q output buffer with IE2T ECL input buffer (2x drive)
3-inputNOR gate | IEDIFF......ccoivemrccricins Differential ECL Input (1x drive)
BIEJ Bidirectional ECL input/output buffer | IEDIF2.... ... Differential ECL Input (2x drive)
with boundary scan register | IEJ1T ...ccccvivcvinnnnennns Non-inverting ECL input buffer with
BIENR2 .....cccovreirnirninnens Bidirectional ECL input/output butter boundary scan register
with 2-input NOR gate {1355 I Non-inverting ECL input buffer with
BIER .ccniiiirecreninnne Bidirectional ECL input/output buffer with 3-input MUXed register
3-input MUXed register | IT1T c.ccoerevvreeriennns TTL input buffer (1x drive) (+3.3V/-2.0V)
BIT ........... Bidirectional TTL input/output buffer (+3.3V/-2.0V) ITITK e TTL input buffer (1x drive) (+5.0V/+2.0V)
....... Bidirectional TTL input/output buffer (+5.0V/+2.0V) | OE ECL output buffer
............................. Bidirectional TTL input/output buffer | OE25 ECL 25Q cut-off output driver
(+5.0V/+2.0V) (2x drive) | OEJ ..ccovereevirrrrrericeeene non-inverting ECL output buffer with
BITOC ....cevevererrnens Bidirectional TTL input/output buffer with boundary scan register
open drain (+3.3V/-2.0V) OEMDF ...ooetreieerennne ECL output buffer with scan register

VITESSE Semiconductor Corporation
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FX FAMILY MACRO LIBRARY (con't)

Name Description

Description

Input/Output Macros (con't)
OENOR3 ECL output buffer with 3-input NOR
Non-inverting ECL output buffer with
3-input muxed register
..Single-ended ECL output buffer
on-inverting TTL output buffer with
tri-state enable (+3.3V/-2.0V)
[ 1 QTN Non-inverting TTL output buffer with
tri-state enable (+5.0V/+2.0V)
Non-inverting TTL output buffer with
tri-state enable (2x drive)

Adders

LA1 Half adder
LA1U Half adder (unbuffered)
LA2 Full adder (1x drive)
LA2B Full adder (2x drive)
LA2U Full adder (unbuffered)

LADDA4 ... 4-bit adder with inverted carry-out,
block propagate, and block generate

Clock buffer
Inverter (unbuffered)
Line driver/Inverting clock buffer (1x drive)
Line driver/Inverting clock buffer (3x drive)

LFPT e Positive edge triggered D flip-flop (1x drive)
. Positive edge triggered D flip-flop (2x drive)
Positive edge triggered D flip-flop (unbuffered)
Positive edge triggered D F/F
with asynchronous set & clear

LFP3U . Positive edge triggered D flip-flop with asynchronous
set & clear (unbuffered)

LFP4 Positive edge triggered D F/F
with 3-input OR and an asynchronous active high set
LFP5 Positive edge triggered D F/F

with 4-input OR

LFP4....... Positive edge triggered D flip-flop with 3-input OR
and asynchronous set

LFP5......... Positive edge triggered D flip-flop with 4-input OR
LSP1 .... Positive edge triggered D flip-flop with 2:1 mux input

LSP1U........... Positive edge triggered D flip-flop with 2:1 mux
input (unbuffered)
LSP2 ... Positive edge triggered scan register (1x drive)

LSP2B ... Positive edge triggered scan register (2x drive)
LSP2U ...... Positive edge triggered scan register (unbuffered)
Latches

LLP1 High transparent D latch

High transparent D latch (unbuffered)
High transparent D latch with 2-input OR
Muxed positive transparent D latch

Gates

LAND 2-input AND
LANDU 2-input AND (unbuffered)
LN2 2-input NOR
LN2B 2-input NOR with 2x buffer
LN2USs 2-input NOR (unbuffered)
LN3 3-input NOR
LN3U 3-input NOR (unbuffered)
LN4 4-input NOR (1x drive)
LN4B 4-input NOR (2x drive)
LN4U 4-input NOR (unbutfered)
LN6 6-input NOR gate
LNBU ..oonirrirccniecceerinecnens 6-input NOR gate (unbuffered)
LN9 9-input NOR (1x drive)
LN9B 9-input NOR (2x drive)
LNoU 9-input NOR (unbuffered)
LNA2 2-input NAND
LNA2U ..t 2-input NAND (unbutfered)
LNA4 4-input NAND
LNA4U 4-input NAND (unbuffered)
LO2 2-input OR (1x drive)
LO2B 2-input OR (2x drive)
LO2U 2-input OR (unbuffered)
LO4 4-input OR (1x drive)
LO4B 4-input OR (2x drive)
LO4U 4-input OR (unbuffered)
LX1 2-input exclusive OR
LXIU i 2-input exclusive OR (unbuffered)
LX2 2-input exclusive NOR
LX2U s 2-input exclusive NOR (unbuffered)
0A4321 OR-AND gate
OA4B21U .. OR-AND gate (unbuffered)
Multiplexers

LM1 2:1 multiplexer
LM1U 2:1 multiplexer (unbuffered)
LM3 4:1 multiplexer
LM3U 4:1 multiplexer (unbuffered)
Miscellaneous

CNT1 ... Positive edge triggered 1-bit counter (toggle flip-flop)
4-bit cary-lookahead generator with inverted
block propagation and block generate

LIPT e Implements JTAG boundary scan functionality

in core logic
LOAD 1x diode load to V.
PD Pull-down
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VGFX20K/VGFX40K/VGFX100K/VGFX200K/VGFX350K

SELECTED MACROCELL AC PERFORMANCE (Commercial arrays)
(Vy=-2.0V, V= V,,,= GND, T, = 25° C, Load: F.O. = @; @ mm wire,)

LN2: Buffered 2-input NOR Parameter Min Typ Max Units
Propagation Delay
A1,A2to ZN Rising Signal 50 — 81 ps
Falling Signal 42 — 52 ps
Al 7N Load Dependent Delay
A2 Delay/Fan-out  Rising Signal 5 — 9 ps
Falling Signal 5 — 6 ps
Delay/mm wire  Rising Signal 90 — 147 ps
Falling Signal 67 — 84 ps
Power Dissipation — 0.58 0.87 mW
LX2: 2-input XNOR Parameter Min Typ Max Units
Propagation Delay
A1,A2t0 2 Rising Signal 112 — 343 ps
E Falling Signal 191 — 323 ps
At z Load Dependent Delay
A2 Delay/Fan-out  Rising Signal 5 — 9 ps
‘ Falling Signal 6 — 8 ps
Delay/mm wire  Rising Signal 90 — 147 ps
Falling Signal 85 — 106 ps
Power Dissipation — 1.12 1.68 mW
LM3: 4:1 Multiplexer Parameter Min Typ Max Units
Propagation Delay
S0,S1toZ Rising Signal 130 — 364 ps
10| Falling Signal | 224 — 354 ps
H LM3 7 10-183to Z Rising Signal 130 — 212 ps
12 — Falling Signal 224 — 281 ps
] 4:1 Load Dependent Delay
13 MUX Delay/Fan-out  Rising Signal 6 — 10 ps
Falling Signal 6 — 8 ps
I | Delay/mm wire  Rising Signal 103 — 167 ps
Falling Signal 85 — 106 ps
Power Dissipation — 1.67 2.5 mwW
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SELECTED MACROCELL AC PERFORMANCE (con't)

LFP1: Positive Edge Parameter Min Typ Max Units
Triggered D Flip-Flop Propagation Delay
CLKto Q Rising Signal 111 — 182 ps
Falling Signal 241 — 302 ps
| . 62 — 104 ps
D Q oo 43 — 73 ps
LFP1 Load Dependent Delay

Delay/Fan-out  Rising Signal 5 — 9 ps
ClK | Iy Falling Signal 6 — 7 ps
Delay/mm wire  Rising Signal 90 — 147 ps
Falling Signal 81 — 102 ps

Power Dissipation — 2.03 3.05 mW

ABSOLUTE MAXIMUM RATINGS FOR ECL ONLY (-2V) AND

MIXED ECL/TTL (-2V, +3.3V) POWER SUPPLY LEVELS M

Power Supply Voltage (ECL), V,; potential to GND .........cocoooiiiiiiiiiir e -22Vto+05V
Power Supply Voltage (TTL), V5, potential to GND ..o -05Vto+4.3V
ECL Input Voltage Applied, (V. ) --.- s +05Vto V,
TTL Input Voltage Applied, (Vyr; )...... .-05Vto V,+1.0V

ECL or TTL OUIPUL CUITENL, [ ....oovoeieiiiieie ittt bbb s bt st 50 mA
Case Temperature Under Bias, (T, )@. ........cccocvrmminioierieiiiieiteticteia it -55° to +125°C
Storage Temperature, ( T, 2 -65°C to +150°C

NOTES: (1) CAUTION: Stresses listed under "Absolute Maximum Ratings" may be applied to devices one at a time without
causing permanent damage. Functionality at or above the values listed is not implied. Exposure to these values
for extended periods may affect device reliability.

(2) Lower limit is ambient temperature and upper limit is case temperature.

RECOMMENDED OPERATING CONDITIONS FOR ECL ONLY (-2V) AND
MIXED ECL/TTL (-2V, +3.3V) POWER SUPPLY LEVELS

ECL Supply Voltage, (Vi) ...oeoeeeeeeecee ettt e -20V+5%
TTL Supply Voltage, (V7)) «.cveeveieereeecteiciiiiei ettt ettt st ess s s +3.3V+5%
Commercial Operating Temperature Range, (T) (. ........c.coooreoireeeeeeeeeee et 0°to 70°C
Industrial Operating Temperature Range, (T) (. ...........cocvveeeeerereeeseeeeeeee st eeveee e ete e -40° to 85°C

NOTES: (1) Lower limit is ambient temperature and upper limit is case temperature.
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VGFX20K/VGFX40K/VGFX100K/VGFX200K/VGFX350K

DC CHARACTERISTICS FOR -2V AND +3.3V POWER SUPPLY LEVELS

TTL Inputs/Outputs (Over recommended commercial operating conditions, TTLGND = GND)

Parameters Description Min | Typ | Max | Units Conditions
Vou Output HIGH voltage 24 — — \' Iy, =-24mA
v, Output LOW voltage 0 — 04 \' I,, =16 mA
vV, Input HIGH voltage 2.0 — |Vp#of V Guaranteed HIGH for all inputs
Vl L Input LOW voltage 0 — 0.8 \% Guaranteed LOW for all inputs
Iy Input HIGH current — — 50 pA Vv, =24V
I, Input LOW current 500 | — — HA vV, =04V
IOZH 3-state output OFF current HIGH | — — 200 HA Vour =24V
Izt 3-state output OFF current LOW | -100 | — — pA Vo =04V
locz Open collector output leakage current | — — 200 | pA Voyr =24V

NOTE: 1) Differential ECL output pins must be terminated identically.

ECL Inputs/Outputs (Over recommended commercial operating conditions with internal V.
Ve = Voo = GND, Output load 50Q to -2.0 V)

Parameters Description Min | Typ | Max | Units Conditions
Vou Output HIGH voltage -1020 | -850 | -700 | mV )
V,, | OutputLOW voliage 2000| — |-1620] mv | /= Vi (MaX)0r Vi, (min)
Vi Input HIGH voltage -1100 | — | -700 | mV | Guaranteed HIGH for all inputs
v, Input LOW voltage -2000 | — |-1540 | mV | Guaranteed LOW for all inputs
1, Input HIGH current — — | 200 [ pA |V, =V, (max)
I, Input LOW current -50 — — pA | V=V, (min)
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VGFX20K/VGFX40K/VGFX100K/VGFX200K/VGFX350K

ABSOLUTE MAXIMUM RATINGS FOR TTL ONLY (+2V, +5V) POWER SUPPLY LEVELS (1)

Power Supply Voltage, (V,,,,) potential to GND .............ccoouiiriiiiic e -0.5V to +2.5V
Power Supply Voltage (TTL), V,,, potential to GND ..............ccccoooiiiiiiiiniiiici e -0.5V to +5.5V
TTL Input Voltage Applied, (Vi 71 ) e -0.5Vto V., + 1.0V
TTL Output Current, I, (DC, OUIPUL HI) ..ot 50 mA
Case Temperature Under Bias, (T, )®@. .........cccoormimiociiiiiicce ettt -55°C to +125°C
Storage Temperature, ( To o )@ ..ot -65°C to +150°C

NOTES: (1) CAUTION: Stresses listed under "Absolute Maximum Ratings" may be applied to devices one at a time without
causing permanent damage. Functionality at or above the values listed is not implied. Exposure to these values for
extended periods may affect device reliability.

(2) Lower limit is ambient temperature and upper limit is case temperature.

RECOMMENDED OPERATING CONDITIONS FOR TTL ONLY (+2V, +5V) POWER SUPPLY LEVELS

SUPPly VOIAGE, (V) - oomoereeee ettt s e +2.0V+5%
TTL SUpPlY VOIAGE, (V71) oeeeeeiveieeirt ettt e s s st s s +5.0V £ 5%
Commercial Operating Temperature Range, (T) (). ...........ccvomiroie ettt 0° to 70°C
Industrial Operating Temperature Range, (T) (. ...........ocooiiiroiee it -40° to 85°C
NOTE: (1) Lower limit is ambient temperature and upper limit is case temperature.

DC CHARACTERISTICS FOR TTL ONLY (+2V, +5V) POWER SUPPLY LEVELS

TTL INPUTS/OUTPUTS (Over recommended commercial operating conditions, TTLGND = GND)

Parameters Description Min | Typ | Max | Units Conditions
Vou Output HIGH voltage 24 — — \ Iy =-2.4mA
Vo, Output LOW voltage 0 — 0.5 \' lo, =8 mA
Vi Input HIGH voltage 2.0 — |v#10| V Guaranteed HIGH for all inputs
v, Input LOW voltage 0 — 0.8 \ Guaranteed LOW for all inputs
1, Input HIGH current — — 50 pA V, =24V
I, Input LOW current -500 | — — | BA |y, =05V
Ioz;-/ 3-state output OFF current HIGH | — — 200 pA Vo ur =24 \Y]
Ioz 3-state output OFF current LOW | -200 | — — pA Vour =05V
Ioc, Open collector output leakage current | — — 200 | pA V=24V
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VGFX20K/VGFX40K/VGFX100K/VGFX200K/VGFX350K

EQUIVALENT CIRCUITS FOR OUTPUT LOADS

TTL ECL
—— VL .
‘r_ 50Q Transmission Line
--
T DI Co
= °_m_° <,
‘ =: n HThv := 50Q2
€ <50 pF <2
I —— Vieru
b—— GND
Power Levels R, Flz Ry by
+2, +5 467 301 183 1.96V
-2,+3.3 252 189 108 2.14V

OPTION DEVELOPMENT PROCEDURE

Vitesse Semiconductor offers its customers
the option of fully designing their own gate array,
or having Vitesse perform a turn-key implementa-
tion of their design based on mutually agreed speci-
fications. Regardless of the interface, a Vitesse
implementation engineer is assigned to the cus-
tomer to answer questions and track the progress of
the design from start to finish. The following steps
are normally performed by Vitesse design and
implementation engineers:

¢ Masterslice design
¢ Custom megacell design
» Final placement and routing of the design
+ Net-length extraction
» Fan-out and metal delay calculation
* Design rule checking and layout
vs schematic

Through experience with many gate array
designs, Vitesse has created a design automation
framework and a well defined flow for smooth
implementation of customer designs. The flow-

chart at right summarizes the typical gate array
project flow and the various tasks delegated to the
customer or to Vitesse.

CAD TOOLS/SUPPORT

FX designs are supported on MENTOR,
VALID, SYNOPSYS, and VERILOG platforms.
LASAR simulation software is used to verify the
AC performance of the design by taking into ac-
count on-chip timing variations. Simulation librar-
ies for VERILOG XL™ are also supported. The
Vitesse Design Kit includes documentation and
software which allow the customer to perform
schematic capture, functional simulation, front-
annotated timing simulation, electrical rule checks,
and back-annotated simulation upon completion of
placement and routing. To facilitate floorplanning
and block pre-placement, Vitesse has an interactive
graphical placement program that the customer
may choose to use for their design. This programis
supported in the X Windows™ environment. Ca-
dence placement and routing tools are used for
physical implementation.

1-10
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VGFX20K/VGFX40K/VGFX100K/VGFX200K/VGFX350K

GATE ARRAY DESIGN FLOW TRAINING

Design classes are provided to help the cus-

VITESSE BOTH CUSTOMER tomer understand the design methodology and
(1) SIGN-UP CUSTOMER }. (2) INITIALDESIGN | 4) LOAD SOFTWARE_ }- .y . .
iy .s_'l RAGRS f égé‘é&'ﬂﬁﬁémsﬁfj tools utilized in the gate array design process.
""""""""" i — These classes are recommended for all customers
- (5) RUN ERC, CHECK 3 . . N . .
VRNERL EELRSRRNe | J e Miinea planning to implement a design in a Vitesse gate

§ array. Training can be provided at the Vitesse

i facility or at the customer's site.

(IAFUNCTIONAL
(17) RE-AUN ERCs - (IBQ PRELIMINARY  F. IMULATION
AND SIMULATION 3 DESIGN REVIEW  F VERIFICATION

19) FINAL AUTO 3 J (8) CREATE AT-SPEED |
P{A&E AND ROUTE 3 ! }ESTVECTOH FILE L

(6) RUN AT-SPEED  }:
SIMULATION :

(21) LASAR FUNCTIONALF:
TEST VECTOR
VERIFICATION

ergon)
REVIEW AND f*7)
(27)PGTAPE ) SIGN-OFF

(28) MASK MAKING

(13) RUN FUNCTIONAL
LOGIC SIMULATION |

(20) WAFER FAB

%ﬂ LASAR
FUNCTIONAL TEST |
VECTOR VERIFICATION }

(30) DIESORT

(31) ASSEMBLY (PKG) ):

gg GENERATE

DESIGN SUBMISSION
PACKAGE WITH

COMPLETED
CHECKLIST

(22'1 RUN BACK
ANNOTATED

K‘N&DETERMINE F ok
RRAY MEETS ALL |
SPECIFICATIONS |

34) CUSTOMER 3
ECEIVES PARTS 3
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FEATURES  Choice of sizes: from VSC3K (3,584

» Superior performance: High speed/low power 2-Input NOR gates), to VSC30K ( 30,528
* High density channelled architecture (up to 2-Input NOR gates)

100% utilization) * Choice of buffered or unbuffered gates
* Proven 0.8y H-GaAs E/D MESFET process * Three temperature ranges

- Commercial: 0° to +70° C
- Industrial: -40° to +85° C
- Military: -55° to +125° C

« Array performance
- D flip-flop toggle rates: >1 GHz
- Typical gate delay: 177 ps @ 1.1 mW

(2-input NOR, F.O. = 3, 1.5 mmwire) » Multiple buffering options for macrocells
- ECL inputs/outputs at 650 MHz + Embedded SRAM and megacells available

- TTL inputs/outputs at 100 MHz
- Typical speed-power product:
~0.025 pJ (2-input NOR)

+ Mil-Std-883C, Level B screening
and qualification available

» Schematic capture/simulation supported on

* SRAM performance MENTOR, CADENCE or VALID platforms
- Cycle time: 3.5 ns (min)
- Clock to Q: 1.5 ns (max) * Min/Max simulation supported
- Power dissipation: 0.55 W with LASAR™
(Typical per 1K cell) » VERILOG-XL™ behavioral modeling and
- Normal and scan mode simulation

- Dedicated test circuitry

ECL or TTL compatible inputs/outputs Design Compiler™
PHOTOMICROGRAPH OF THE FURY 30K ARRAY

mummnnny

+ Logic synthesis supported with Synopsis

1992 Product Data Book
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VSC3K/VSC5K/VSC10K/VSC15K/VSC20K8R/VSC30K

FURY /O CELL DETAIL FURY INPUT CELL DETAIL

ESD
Input Cell | Pad

High Drive Input

Pad
ESD

Output

Input

E%%

Core Cell Rows \/—'

Core Cell Rows

ARCHITECTURE - THE VSC20K8R

/O Cells, Input Only Cells, and Output Only Cells

Gate Array Inputs

1O Cells
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VSC3K/VSC5K/VSC10K/VSC15K/VSC20K8R/VSC30K

_ FURY Series

INTRODUCTION

The VSC3K, VSC5K, VSC10K, VSCI15K,
VSC20K8R, and VSC30K are members of the
FURY Series of high performance gate arrays.
They are ideally suited for systems which require
high density, state-of-the-art performance while
maintaining low power dissipation. Vitesse uses a
proprietary high yielding 0.8 GaAs MESFET
process to build the FURY Series gate arrays.
These arrays interface with TTL and ECL
technologies without adding any additional system
requirements. The FURY family offers speed per-
formance equal to or better than leading edge ECL
gate arrays, while dissipating only 1/3 to 1/4 of the
power. This can add up to substantial cost savings
to users in terms of overall cooling requirements.

Input cells and output cells can be configured
to contain a positive edge triggered D flip-flop and
can support boundary scan designs. The combina-
tion of internal logic and I/O cells in the FURY
Series provide the user with complexities ranging
from 3,500 to over 30,000 equivalent gates.

APPLICATIONS

The FURY Series of gate arrays can be used
in a wide variety of applications including comput-
ers, communications, test, and general instrumen-
tation. This family of high performance semi-cus-
tom products isideally suited for systems requiring
very high speed, low power digital logic at high
levels of integration.

Computers

Existing mainframe systems utilizing ECL or
TTL technologies can improve speed and reduce
power dissipation with the FURY arrays. Super-
minis using ECL arrays canincrease system perfor-
mance while reducing overall cooling require-
ments. Workstations using standard microproces-
sors can bring supercomputing power to their sys-
tem by using the FURY arrays.

Communications
Fiber optic communication links for voice
and data transmission can be designed with the

FURY ARRAY FEATURES
# of I/O #of
. #I of Internal Gates # of Input Cells Cells output | Total
¢ .
Fow Usable | D-Fiip Only Slqnal Pack.age
Array Name | Gates Gates Flops TTL,ECL | Hi-Drive | TTL,ECL | Cells Pins Options
VSC3K 3,584 | 3,584 290 40 4 52 — 92 132 LDCC
149 PGA,
VSC5K 6,400 | 6,400 520 52 4 68 - 120 164 LDCC
74 8 100 — 174 211 PGA
VSC10K 13,376 | 13,376 | 1,100
96 8 100 — 196 |256 LDCC
74 8 100 — 174 211 PGA
VSC15K 16,896 | 16,896 | 1,408
96 8 100 — 196 | 256 LDCC
VSC20K8R | 20,736 | 20,736 | 1,728 74 8 132 19 256 | 344 LDCC
VSC30K 30,528 | 30,528 | 2,544 128 8 156 — 256 | 344 LDCC
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FURY family. These applications can greatly benefit
from thelow power dissipation inherentin the FURY
arrays while allowing the user to implement the high
speed VLSI and LSI circuits necessary to handle the
new generation of telecommunications standards.

Architecture

The FURY arrays all contain four basic cell
types: internal logic cells, input only cells, input/
output (I/0) cells, and clock receivers. The
VSC20K8R contains two additional cell types: the
output only cell and the 256 x 4 bit SRAM macrocell.
A photomicrograph of the VSC30K is shown on page
1-13 and the architecture of the VSC20K 8R is shown
on page 1-14. The table on page 1-15 is a summary of
the internal cells, I/O, and package options for the
FURY Series of gate arrays.

Internal Logic Cells

The internal logic cells comprise most of the
area of the array. These cells use direct coupled FET
logic (DCFL), which minimizes the number of ele-
ments needed for each logic function. The primitive
element or building block is a cell which consists of
a single depletion transistor and two enhancement
transistors which can be connected to make a 2-input
NOR gate.

Input Cells

Inputonly cells are located on two sides of the
periphery of the array. Input cells are also located in
input/output cells. Input cells can be personalized
as latches, flip-flops, or buffers and are compatible
with TTL or ECLsignals. All three signal levels can
be used in one chip design to optimize overall
system performance. Input cells can provide 1x or
2x drive on either the true or complement signal.
The input cells translate off-chip logic levels to
internal GaAslogic levels. These cells also provide
ESD input protection.

Clock Receivers

A number of input cells in each array are
configured as high-drive receivers intended for use
as clock buffers. These special input cells can

support up to 6x the drive capability of a standard
input cell.

Input/Output (I/0) Cells

Input/output cells are located on two sides of
the periphery of the array. I/O cells contain both
input and output cells and can be configured as

outputs, bidirectionals or inputs. I/O cells are com-
patible with TTL or ECL signals.

Output Cells

Output cells are located only in I/O cells.
These cells can be configured as latches, flip-flops,
2- or 3-input ORs or NORs, or as inverting or non-
inverting output buffers compatible with TTL or
ECL signal levels. The output cells are capable of
providing ECL 10K, 10KH, or 100K levels across
external 50Q2 loads to V... Two output drivers can
be connected in parallel to provide 25K drive.

SRAM Cells (VSC20K8R only)

8K bits of SRAM cells are embedded in the
VSC20K8R for combined logic and RAM applications.
The SRAM is organized into 8 blocks 256x4. The
SRAM supports dedicated circuitry and a scan mode.

Output Only Cells (VSC20K8R only)

Output Only cells are located along the top of
the array. These cells can be configured as latches,
flip-flops, 2- or 3-input ORs or NORs, or as invert-
ing or non-inverting output buffers compatible
with TTL or ECL signal levels. The output cells are
capable of providing ECL 10K, or 100K levels
across external 50Q1oads to V... Two outputdrivers
can be connected in parallel to provide 25Q drive.

MACRO LIBRARY

The FURY Macro Library contains infor-
mation to fully evaluate the function and per-
formance of logic blocks (macrocells). These mac-
rocells define the optimized interconnection
pattern of transistors in one or more cells which
have been utilized to perform a logic function. The
following page contains a representative list of
macrocells which are available for FURY arrays.
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Performance characteristics for selected macros are
givenon page 1-18. For complete specifications, refer
to the FURY Series Gate Array Design Manual.

FURY MACROCELL LIBRARY
Name Description Name Description
Input/Output Macros Flip-Flops (con't)
BIE .o Bidirectional ECL Inpu/Output Buffer LSP1 e Positive Edge Triggered D Flip-flop
BIE25NR2...... Bi-Directional ECL Input/25Q Output Buffer with 2:1 Multiplexer Input, 2x Drive
with 2-input NOR Gate, 2x Drive LSP1U o Positive Edge Triggered D Flip-flop

BIE25NRS3....... Bi-Directional ECL Inpu/25Q Output Buffer
with 3-input NOR Gate, 2x Drive
BIENR2 ......... Bi-Directional ECL Input/25Q Output Buffer
with 2-input NOR Gate, 2x Drive
BIT e Bidirectional TTL Input/Output Buffer
Bidirectional TTL Input/Output - Open Drain

IE1F e Inverting ECL Input Buffer, 1x Drive
(1= T O ECL Input Bufter, 1x Drive
IE2T .. ...ECL Input Buffer, 2x Drive
IECKS ..o ECL Input Buffer, 3x Drive

IEDIF2 ... .. Differential ECL Input, 2x Drive
IEDIFS ... .. Differential ECL Input, 3x Drive
IEDIFF ... .. Differential ECL Input, 1x Drive
ITAT s TTL Input Buffer
........... GaAs Input Buffer, 1x Drive

Inverting GaAs Input Buffer, 1x Drive

OF et ECL Output Buffer
OE25 .. ...ECL 25Q Cut-off Output Buffer
OEMDF ...t ECL Output Buffer With Scan
Register, 0.5x Drive
OENORS3 ....ccoveene ECL Output Buffer With 3-input NOR
OESD ..... Differential ECL Output with Single-Ended Input
OT e TTL Output Buffer
............................................................... Clock Buffer
..Clock Buffer with GaAs Input
Dual Inverter, 1x Drive
LDRT .o Line Driver/Inverting Clock Buffer, 1x Drive
LDR3 ..o Line Driver/Inverting Clock Buffer, 3x Drive
Flip-Flops
CNTT e eaenenns Toggle D Flip-flop

with 2:1 Multiplexer Input, 1x Drive

Half-adder, 1x Drive
Half-adder, 2x Drive
Full-adder, 2x Drive
Full-adder, 3x Drive
Full-adder, 1x Drive
2-Input AND, 2x Drive

LANDU ..2-Input AND, 1x Drive
LLPT e, High Transparent D Latch, 2x Drive
LLP1U ....High Transparent D Latch, 1x Drive
LLP2 igh Transparent D Latch with 2-Input OR
LLP3. ..Multiplexed Positive Transparent D Latch
LMY e 2:1 Multiplexer, 2x Drive
LMIU s 2:1 Multiplexer, 1x Drive
LM3 e 4:1 Multiplexer, 2x Drive

4:1 Multiplexer, 1x Drive
.......... 2-Input NOR, 2x Drive
....... 2-Input NOR, 3x Drive

....... ..Dual 2-Input NOR, 1x Drive
LN3 e 3-Input NOR, 1x Drive

LN4 ... 4-Input NOR, 2x Drive
LN4B. 4-Input NOR, 3x Drive
LN4U ...4-Input NOR, 1x Drive
LN9 ... ...8-Input NOR, 2x Drive
LNOB ... 9-Input NOR, 3x Drive
LNSU 9-Input NOR, 1x Drive
LNAZ. ... 2-Input NAND, 2x Drive
LNA2U ..ot s 2-Input NAND, 1x Drive
Loz ... ..2-Input OR, 1x Drive

LOZ2B ..ttt 2-Input OR, 2x Drive
2-Input OR, 0.5x Drive

LFP1 .. Positive Edge Triggered D Flip-flop, 2x Drive LO4 ... 4-Input OR, 2x Drive
LFP1B ..Positive Edge Triggered D Flip-flop, 3x Drive LO4B ..4-Input OR, 3x Drive
LFP1U .. Positive Edge Triggered D Flip-flop, 1x Drive LOAU .o 4-Input OR, 1x Drive
LFP3 ..o Positive Edge Triggered D Flip-flop with LX1 ... 2-Input Exclusive OR, 2x Drive
Asynchronous Set & Clear, 2x Drive LX1U oo 2-Input Exclusive OR, 1x Drive
LFP3U .o Positive Edge Triggered D Flip-flop with LX2 e 2-Input Exclusive NOR. 2x Drive
Asynchronous Set & Clear, 1x Drive . 2-Input Exclusive NOR, 1x Drive
LFP4 ...ooiieens Positive Edge Triggered D Flip-flop with 256 x 4 Bit SRAM
3-Input OR and Asynchronous Set
LFP5 s Positive Edge Triggered D Flip-flop
with 4-Input OR D e e Pull Down
1992 Product Data Book 1-17
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SELECTED MACROCELL AC PERFORMANCE (Commercial arrays)

(Vy=-20V,V,, =+5.0V, V.=V, ,=GND, T, =25 C, Load: F.O. = @; @ mm wire.)
LN2: Buffered 2-input NOR Parameter Min Typ Max Units
Propagation Delay
A1, A2to ZN Rising Signal 68 — 111 ps
Falling Signal 58 — 73 ps
At ZN Load Dependent Delay
A2 Delay/Fan-out  Rising Signal 9 — 14 ps
Falling Signal 8 — 10 ps
Delay/mm wire  Rising Signal 53 — 87 ps
Falling Signal 31 — 38 ps
Power Dissipation — 1.1 1.8 mwW
LX2: 2-input XNOR Parameter Min Typ Max Units
Propagation Delay
A1, A2t0Z Rising Signal 279 — 455 ps
E Falling Signal 349 — 437 ps
Al z Load Dependent Delay
A2 Delay/Fan-out  Rising Signal 9 — 14 ps
Falling Signal 11 — 12 ps
Delay/mm wire  Rising Signal 53 —_ 87 ps
Falling Signal 40 — 49 ps
Power Dissipation — 2.2 34 mw
LM3: 4:1 Multiplexer Parameter Min Typ Max Units
Propagation Delay
S0,S1toZ Rising Signal 298 — 485 ps
10| Falling Signal | 382 — 478 ps
1 LM3 10-13t0Z Rising Signal 174 — 283 ps
] | Z Falling Signal | 307 — 385 ps
12 4:1 Load Dependent Delay
13_| MUX Delay/Fan-out  Rising Signal 10 — 15 ps
Falling Signal 11 — 12 ps
I I Delay/mm wire  Rising Signal 59 — 96 ps
Falling Signal 40 — 49 ps
Power Dissipation — 3.1 5.1 mW
1-18 VITESSE Semiconductor Corporation
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SELECTED MACROCELL AC PERFORMANCE (con't)

LFP1: Positive Edge Parameter Min Typ Max Units
Triggered D Flip-Flop Propagation Delay
CLKto Q Rising Signal 155 — 253 ps
Falling Signal 349 — 437 ps
toerup - — 146 ps
D L Q Lo — — 104 ps
LFP1 Toggle frequency 874 — —_ MHz
LK Load Dependent Delay
— _F Delay/Fan-out  Rising Signal 9 — 14 ps
Falling Signal 10 — 12 ps
Delay/mm wire  Rising Signal 53 — 87 ps
Falling Signal 38 — 47 ps
Power Dissipation — 3.9 6.2 mwW
DC CHARACTERISTICS

TTL Inputs/Outputs
(Over recommended operating conditions, TTLGND = GND)

Parameters Description Min Typ Max | Units Conditions
oH Output HIGH voltage 24 — Vi \ Iy, =-24 mA
Vo, Output LOW voltage | V,, — 05 vV | I, =16mA
Vi Input HIGH voltage 2.0 —_ — Vv Guaranteed HIGH for all inputs
V/ L Input LOW voltage —_ — 0.8 \Y Guaranteed LOW for all inputs
1 input HIGH current — — 50 pA | V=24V
1, Input LOW current -500 — — HA V=05V
Tozu 3-state output OFF — — 100 pA Voyr =24V
current HIGH
lon 3-state output OFF -100 — — pA Voyr =05V
current LOW
locz Open collector output |  — — 100 pA Voyr =24V
leakage current
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DC CHARACTERISTICS (con't)
ECL Inputs/Outputs

(Over recommended operating conditions with internal V... V.. = V., = GND, Output load 50Q to V)
Parameters Description Min Typ Max | Units Conditions

Voy Output HIGH voltage | -1020 | -850 | -700 mV
Vo, Output LOW voltage | -2000 — -1620 | mV
v, Input HIGH voltage -1100 — -700 mV | Guaranteed HIGH for all inputs
v, Input LOW voltage -2000 — -1540 | mV | Guaranteed LOW for all inputs
Iy Input HIGH current — — 200 HA V, =V, max
1, Input LOW current -50 — — pA | Vi =V, min

Note:1) Differential ECL output pins must be terminated identically.

ABSOLUTE MAXIMUM RATINGS ()

Power Supply Voltage (ECL), (V1) ettt -2.5V to +0.5V
Power Supply Voltage (TTL) (Vi) corvevorrrienecieevercicetevcieican ...+6.0V to -0.5V
ECL Input Voltage Applied @, (V0 ) wvvrveieriieiiieiciicisicts vttt s +0.5Vto V,
TTL Input Voltage Applied @, (V) vt ..-0.5Vto V,
ECL or TTL Output Current, I, (DC, OUIPUL HI) ....ooiiiiiiiiie et e et e e 50 mA
Case Temperature Under Bias, (T ) .....cccovvemerirerinieiiicicieiciacestste st s s -55° to +125°C
Storage TemPperature, (Tgyg) ..oovivveieeeieiceeieiei ittt e -65° to +150°C

NOTES: 1) CAUTION: Stresses listed under "Absolute Maximum Ratings" may be applied to devices one at a time without
causing permanent damage. Functionality at or above the values listed is not implied. Exposure to these values for
extended periods may affect device reliability.

2) V.V, mustbe applied before any input signal voltage and V., input must be greater than V., - 0.5V.

RECOMMENDED OPERATING CONDITIONS

ECL Power Supply Voltage ™, (V,)..... . ettt nranens ettt e eeneen -2.1Vto-1.9V
TTL Power Supply Voltage, (Vi ) coceereeceeee e +4.75V to +5.25V
Operating Temperature @, (T) ................... (Commercial) 0° to 70°C, (Industrial) -40° to +85°C, (Military) -55°to +125°C

NOTES: 1) When using internal ECL 100K reference level.
2) Lower limit of specification is ambient temperature and upper limit is case temperature.

1-20 VITESSE Semiconductor Corporation



VSC3K/VSC5K/VSC10K/VSC15K/VSC20K8R/VSC30K

OPTION DEVELOPMENT PROCEDURE

Vitesse Semiconductor offers its customers
the option of fully designing their own gate array,
or having Vitesse perform a turn-key implementa-
tion of their design based on mutually agreed
specifications. Regardless of the interface, a Vit-
esse implementation engineer is assigned to the
customer to answer questions and track the
progress of the design from start to finish. The
following steps are normally performed by Vitesse
design and implementation engineers:

 Final placement and routing of the design
+ Net-length extraction
+ Fan-out and metal delay calculation
¢ Design rule checking and layout
vs schematic

Through experience with many gate array
designs, Vitesse has created a design automation
framework and a well defined flow for smooth
implementation of customer designs. The flow-
chart at right summarizes the typical gate array
project flow and the various tasks delegated to the
customer or to Vitesse.

CAD TOOLS/SUPPORT

FURY designs are supported on MENTOR,
VALID, SYNOPSYS, and VERILOG platforms.
LASAR simulation software is used to verify the
AC performance of the design by taking into ac-
count on-chip timing variations. Simulation li-
braries for VERILOG XL™ are also supported.
The Vitesse Design Kit includes documentation
and software which allow the customer to perform
schematic capture, functional simulation, front-
annotated timing simulation, electrical rule
checks, and back-annotated simulation upon
completion of placement and routing. To facilitate
floorplanning and block pre-placement, Vitesse
has an interactive graphical placement program
that the customer may choose to use for their
design. This program is supported in the X Win-
dows™ environment. MERLYN-G placement

and routing tools are used for physical
implementation.

TRAINING

Design classes are provided to help the cus-
tomer understand the design methodology and
tools utilized in the gate array design process.
These classes are recommended for all customers
planning to implement a design in a Vitesse gate
array. Training can be provided at the Vitesse
facility or at the customer's site.

GATE ARRAY DESIGN FLOW
VITESSE BOTH CUSTOMER

(RSS[GN -UP CUSTOMER 3] INITlAL DESIGN I ACL LOAD SOFTWARE.
SIGN APPLICATIm k :

{18 DESIGN,

A EPT
(7LFUNCTIDNAL
(17) RES F‘UN ERCs (\sgspnsmmnv 3 LATION
D SIMULATION IGN REVIEW [ VERIFICATION
19) FINAL AUTO
PR G ROUTE (8) CREATE AT-SPEED

EST VECTORFILE |

(21) LASAR FUNCTIONAL:
TEST VECTOR

éw GENERATE 3
RE-PLACEMENT FILE |

VERIFICATION WITH VSC PRE

gl RE-RUN AT 3
SPEEDSWITHIBA [
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UNCTIONAL
TEST VECTOR FILE

(ZSBCRITICAL
REVIEW AND
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FEATURES
 Superior performance: high speed/low power

 Array performance:
- D flip-flop toggle rates: >1 GHz
- Typical gate delay: 177 ps @ 1.1 mW
(2-Input NOR, F.O. = 3, 1.5 mm wire)
- TTL/CMOS inputs/outputs to support up to
150 MHz state machine design
- Typical speed-power product: ~0.025 pJ

+ 2400 2-input NOR internal gates, 92 signal
I/O (Up to 52 outputs or 92 inputs)

» Choice of buffered or unbuffered gates

« Direct PLD source file conversion using the
SYNOPSYS Design Compiler™

+ Schematic capture/simulation supported on
MENTOR, CADENCE or VALID platforms

¢ Fault and Min/Max simulation supported
with LASAR™

» VERILOG-XL™ behavioral modeling and
simulation

+ Compatible with +5 V only TTL systems
(see application note on page 1-26)

« Typical power dissipation: 1.5 W

* Low Cost 132-pin Metal Quad
flatpack (MQUAD)

INTRODUCTION

TTL signal interface, low power, and 150
MHz performance at very low cost makes the
PLR2KT the perfect replacement for multiple pro-
grammable logic devices (PLDs) in high speed
workstations and PCs. A proprietary high yielding,
low power, 0.8L GaAs MESFET process is used to
build the PLR2KT gate array. This product has
2400 usable gates and the I/Os are TTL and CMOS
compatible. The PLR2KT can replace 6 to 10 or

more PLDs, depending on the application, and
offers better performance than today's fastest TTL
devices. The resulting reduction in part count can
lead to a dramatic savings in power dissipation.
The PLR2KT is the ideal replacement for TTL
programmable logic devices.

APPLICATIONS

This array is designed to replace high speed
TTL programmable logic devices or glue logicina
wide variety of applications in computers, worksta-
tions, communications and instrumentation. With
2400 usable gates, the PLR2KT offers outstanding
utility for high performance TTL systems includ-
ing such functions as peripheral control, communi-
cations, and data processing.

The PLR2KT is the ideal interface chip for
high speed systems using state-of-the-art 32-bit
RISC or CISC microprocessor architectures. Be-
cause of its outstanding flip-flop performance, fast
state machines and counters can easily be realized
in the PLR2KT. Also, functions such as cache
memory control and bus arbitration can be imple-
mented with minimum delay in this highly inte-
grated, low cost solution.

ARCHITECTURE

The PLR2KT array contains three cell types:
internal logic cells, input only cells and input/output
cells. The PLR2KT layout is shown on page 1-24.

Internal Logic Cells

The internal logic cells comprise most of the
area of the array. These cells use direct coupled FET
logic (DCFL), which minimizes the number of ele-
ments needed for each logic function. The primitive
element or building block is a cell which consists of
a single depletion transistor and two enhancement
transistors which can be connected to make a 2-input
NOR gate.
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PLR2KT ARRAY ARCHITECTURE
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INPUT / OUTPUT: INPUT/ INPUT / QUTPUT

POWER / GROUND OUTPUT POWER / GROUND
Input-Only Cells MACRO LIBRARY

Input-only cells are located on all four sides
of the periphery of the array. Input-only cells can
be configured to switch at either TTL or CMOS
thresholds. All input cells contain ESD input
protection.

Input/Output (1/O) Cells

Input/output cells are also located on all four
sides of the periphery of the array. Each 1/O cell
contains areplica of an input-only cell as well as an
output cell. Input/output cells canbe configured as
outputs, bidirectionals or inputs. Outputs are TTL
compatible only.

The PLR2KT Macro Library contains
information to fully evaluate the function and perfor-
mance of logic blocks (macrocells) available for the
PLR2KT. These macrocells define the optimized
interconnection pattern of transistors in one or more
cells which have been utilized to perform a logic
function. The following is a representative list of the
internal macrocells which are available for the
PLR2KT gate array. Performance characteristics for
selected macros are given on page 1-27. For a com-
plete set of macro specifications, refer to the
PLR2KT Design Manual.

124

VITESSE Semiconductor Corporation



High Performance - 2400 Gate TTL Compatible GaAs Gale Array

PLR2KT MACROCELL LIBRARY

Name Description | Name Description
Input/Output Macros Logic Gates
BITK oo cteees Bidirectional TTL I/O, 1x drive | LN4 ..ottt e 4-input NOR
BITLK ... .Low Power Bidirectional TTL I/O, 1x drive 4-input NOR, 2x drive

ICITK e CMOS input buffer, 3x drive
ITIFK s Inverting TTL Input buffer, 1x drive
ITATK oo TTL Input buffer, 1x drive
ITK et TTL input buffer with
. ...true & complement outputs, 1x drive
OTK ettt ettt st sa e seens TTL output
OTLK e e Low power TTL output
................................................................... Half adder
... Half adder, unbuffered
.................................................................... Full adder
LA2B .. Full adder with 2x buffer
LA2U JESURN Full adder, unbuffered
Buffers
CLK1 Clock buffer
LB3 et Dual inverter, unbuffered
LDR1 ..Line driver/Inverting clock buffer, 1x drive
LDR3 ..o Line driver/Inverting clock buffer, 3x drive
Flip-Flops
LFPT e Positive edge triggered D flip-flop

LFP1B..... Positive edge triggered D flip-flop with 2x buffer
LFP1U........ Positive edge triggered D flip-flop, unbuffered

Logic Gates

LAND .o 2-input AND
LANDU . 2-input AND, unbuffered
LN2 s 2-input NOR
LN2B. ....2-input NOR with 2x buffer
LN2U e Dual 2-input NOR, unbuffered

....4-input NOR, unbuffered

9-input NOR
LNSB ..o e 9-input NOR with 2x butfer
LNoU. R T 9-input NOR, unbuffered

2-input NAND

LNA2U v 2-input NAND, unbuffered
LO2. ....2-input OR
LO2B .2-input OR, 2x drive
Lo2u ... .2-input OR, 0.5x drive
LOA ...t s e 4-input OR
LO4B 4-input OR with 2x buffer
LOAU ...t 4-input OR, unbuffered
LXT ettt e 2-input exclusive OR

.. 2-input exclusive OR, unbuffered

LX2 e 2-input exclusive NOR
LX2U ..oooieinrreeicnnne 2-input exclusive NOR, unbuffered
Latches

LLPT et Positive transparent D latch
LLP1U o Positive transparent D latch, unbuffered
LLP2.... .. Positive transparent D latch with 2-input OR
LLP3 e Muxed positive transparent D latch
Multiplexers

LMY e e 2:1 multiplexer
LMIU e 2:1 multiplexer, unbuffered
LM3..... .4:1 multiplexer
LMBU et 4:1 multiplexer, unbuffered
Miscellaneous

CNTT e Toggle D flip-flop
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High Performance ~ 2400 Gate TTL Compatible GaAs Gate Array

ABSOLUTE MAXIMUM RATINGS ()

Core Logic Supply Voltage, (V) ....ccovemrieccinimricceciiecieicceeeecc et scaecen +3.0V to -0.5V
TTL/CMOS Supply Voltage, (Vi) ..cocvvriciciiicciinieccctcctee et +6.0V to -0.5V
TTL/CMOS Input Voltage Applied, (Vi 171) et crecevensisscenscssascaneas 05Vt V,
TTL Output Current, I, -, (DC, 0UtPUt HI) ... s 50 mA
Storage TeMPEratUre, ( Tg;o) cocuvrvcceiruvecerieiiriccesiacmsercacvessnesseasassasessrsascavsnsaseaseasasssrsassassssasns -65°C to +150°C

RECOMMENDED OPERATING CONDITIONS

Core Logic Supply Voltage, (V,,) «-.cvovveveverrieiieceiecrctictctcvs sttt st s +2.0V £5%
TTL Supply Voltage, (Vig) c.eeeeeeveeceeeecett sttt st s s s e +5.0V +5%
Operating Temperature Range, (T)@. ..........ccoovoeoreeeeeeieeieete ettt et ssa s s sansaas 0°to 105°C

NOTES:(1) CAUTION: Stresses listed under "Absolute Maximum Ratings" may be applied to devices one at a time without
causing permanent damage. Functionality at or above the values listed is not implied. Exposure to these values
for extended periods may affect device reliability.

(2) Lower limit of specification is ambient temperature and upper limit is case temperature.

DC CHARACTERISTICS

TTL Inputs/Outputs: (Over recommended operating conditions)

Parameters Description Min | Typ |Max | Units Conditions
Vou Output HIGH voltage 24 | — — \ Ioy = -24mA
Vo, Output LOW voltage — | — 0.5 \'% I, =8.0mA
V’H Input HIGH voltage 20 — — \Y Guaranteed HIGH for TTL inputs
v, Input LOW voltage — — 0.8 Vv Guaranteed LOW for TTL inputs
1, Input HIGH current — | — 200 |pA |V, =24V
I, Input LOW current -500 | — — pA |V, =00V
Iozy 3-state output OFF currentHIGH | — | — 200 | pA |V, =24V
lozt 3-state output OFF current LOW | -200 | — — pA |V, =04V

CMOS Inputs: (Over recommended operating conditions)

Parameters Description Min | Typ |Max |Units | Conditions
Vi, Input HIGH voltage 35 | — — \" Guaranteed HIGH for CMOS inputs
v, Input LOW voltage — | — 1.5 \'% Guaranteed LOW for CMOS inputs
Iy Input HIGH current — | — |200 [pA |V, =V -10V
I, Input LOW current -500 | — — PA |V, =00V
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SELECTED MACROCELL AC PERFORMANCE(

(Over Recommended Operating Conditions)

LN2U: Unbuffered Dual Parameter Min Typ Max Units
2-input NOR Propagation Delay
m— - ————— = (DO-D1to ZNO, Rising Signal 30 — o1 ps
i DO 20N ! D2-D3to ZN1)  Falling Signal 20 — 73 ps
, D1 ! Load Dependent Delay
' . Delay/Fan-out Rising Signal 26 — 88 ps
: D2 ' Falling Signal 5 — 16 ps
!
: D3 ZiN Delay/mm wire Rising Signal 161 — 542 ps
' ! Falling Signal 17 — 59 ps
Fomommmoo Power Dissipation — 0.67 1.0 mW
LN2: Buffered 2-input NOR Parameter Min Typ Max Units
Propagation Delay
DO, D1 to ZN Rising Signal 40 — 141 ps
DO Falling Signal 20 — 83 ps
D1 | LN2 ZN || oad Dependent Delay
Delay/Fan-out Rising Signal 4 — 14 ps
Falling Signal 2 — 6 ps
Delay/mm wire Rising Signal 26 — 87 ps
Falling Signal 8 — 27 ps
Power Dissipation — 1.1 1.6 mwW
LM3: 4:1 Multiplexer Parameter Min Typ Max Units
Propagation Delay
S0,S1toZ Rising Signal 110 — 586 ps
10 | Falling Signal 150 — 570 ps
T LM3 z 0-13t0o Z Rising Signal 110 — 340 ps
" — Falling Signal 150 — 460 ps
] n‘}u}x Load Dependent Delay
13 Delay/Fan-out Rising Signal 5 — 15 ps
| ‘ Falling Signal 2 — 8 ps
S1l so Delay/mm wire  Rising Signal 29 — 96 ps
Falling Signal 10 — 34 ps
Power Dissipation — 3.1 4.6 mW

Note: 1) Macrocell AC performance is for user reference and is not explicitly measured.
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SELECTED MACROCELL AC PERFORMANCE(") (con't)

(Over Recommended Operating Conditions)

LFP1: Positive Edge Parameter Min Typ Max Units
Triggered D Flip-Flop Propagation Delay
CLKtoQ Rising Signal 90 — 313 ps
Falling Signal 150 — 510 ps
tserup — — 187 ps
D —a Lo — — 135 ps
LFP1 Load Dependent Delay
Delay/Fan-out Rising Signal 4 — 14 ps
oLK| _‘L Falling Signal 2 — 8 ps
Delay/mm wire Rising Signal 26 — 87 ps
Falling Signal 9 — 31 ps
Power Dissipation — 3.7 5.6 mW
Note: 1) Macrocell AC performance is for user reference and is not explicitly measured.

TTL OUTPUT AC PERFORMANCE(")

(Over Recommended Operating Conditions)

OTK: TTL Output Buffer Parameter Min Typ Max Units
Propagation Delay
A to PAD® Rising Signal | 1590 — 5350 ps
Falling Signal | 1530 —_ 5300 ps
TRI to PAD Rising Signal | 1800 — 6060 ps
A PAD (all cases) Falling Signal | 1800 — 6240 ps
N
X Load Dependent Delay
Ato PAD Rising Signal 15 — 51 ps/pF
Falling Signal 20 — 68 ps/pF
i Edge Rates®®  Rising Signal | — _ 2 | Vins
Falling Signal — — 2 V/ns
Peak Current Rising Signal — — 55 mA
Falling Signal — — 65 mA
Power Dissipation® — — 30 mwW
Notes: 1) Macrocell AC performance is for user reference and is not explicitly measured.

2) With 50 pF load. 3) 0.5 - 2.4 Volts. 4) Output open circuit.
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TTL OUTPUT AC PERFORMANCE(") (con't)

(Over Recommended Operating Conditions)

OTK: TTL Output Buffer Parameter Min Typ Max Units
Propagation Delay
A to PAD® Rising Signal | 2100 — 7070 ps
Falling Signal | 2100 — 7280 ps
TRI to PAD Rising Signal | 2400 — 8080 ps
A PAD (all cases) Falling Signal | 2400 — 8320 ps
N/
at Load Dependent Delay
A to PAD Rising Signal 30 — 101 ps/pF
- (for loads beyond 50pf) Falling Signal 38 — 135 ps/pF
Edge Rates®- @ Rising Signal — — 1 V/ns
Falling Signal — — 1 V/ns
Peak Current Rising Signal — — 55 mA
Falling Signal —_ — 65 mA
Power Dissipation® — — 20 mW
Notes: 1) Macrocell AC performance is for user reference and is not explicitly measured.

2) With 50 pF load. 3) 0.5 - 2.4 Volts. 4) Output open circuit.

POWER DISSIPATION dissipation. (Note: Power dissipation in the

The power dissipation is basedonthe utiliza- ~ MQUAD package is limited to 2.8 Watts given the
tion of the array's resources. The information = Recommended Operating Conditions specified in
below is meant to aid in the estimation of power this data sheet.)

Power Characteristics for Array Resources

Parameters Description Min | Typ | Max | Units | Conditions
Poour TTL output power — — 30 | mW Unloaded
Pyours Low power TTL output power — — 20 | mW Unloaded
Poin TTL input power — —_ 8 mw
Pyine CMOS input power — — 8 mw
Pocenr Core cell power — — 05 | mW
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POWER ESTIMATION CALCULATION

Resources:
Total Signal Pads (Inputs and /O pads)
Number of 1/0 Cells
Number of Input Cells
Number of Core Cells

Calculation:
TTL/CMOS Inputs
TTL Outputs
Low Power TTL Outputs
Core Cells

Total Power

92
52
40
2400
X 8 = mW
X 30 = mW
X 20 = mW
X 05 = mW
= mW

OPTION DEVELOPMENT PROCEDURE

Vitesse Semiconductor offers its customers
the option of fully designing their own gate array,
or having Vitesse perform a turn-key implementa-
tion of their design based on mutually agreed speci-
fications. Regardless of the interface, a Vitesse
implementation engineer is assigned to the cus-
tomer to answer questions and track the progress of
the design from start to finish. The following steps
are normally performed by Vitesse design and
implementation engineers:

+ Final placement and routing of the design
» Net-length extraction
+» Fan-out and metal delay calculation
» Design rule checking and layout
vs schematic

Through experience with many gate array
designs, Vitesse has created a design automation
framework and a well defined flow for smooth
implementation of customer designs. The flow-
chart on page 1-31 summarizes the typical gate
array project flow and the various tasks delegated to
the customer or to Vitesse.

PLD CONVERSION METHODOLOGY

Through the use of the Synopsys Design
Compiler™, Vitesse has created a direct path for
the conversion of PLD source files into an opti-
mized PLR2KT netlist. This procedure can be run
at the customer site or by Vitesse and provides the
necessary schematics and interconnectinformation
for additional timing simulations as required. The
PLD conversion process is outlined in the flow-
chart below.

PLD CONVERSION FLOW

VITESSE :
PLD Translator §

PLD Source Files
PLD 1
.

PLDn

SYNOPSYS
compller

VITESSE To Workstation Environment for:

Interface - Design Simulation
- Neflist Creation

1-30

VITESSE Semiconductor Corporation



High Performance - 2400 Gate TIL Compatible GaAs Gate Array

CAD TOOLS/SUPPORT GATE ARRAY DESIGN FLOW

PLR2KT designs are supported on MEN-
TOR, VALID, SYNOPSYS, and VERILOG plat- VITESSE som CUSTOMER
forms. LASAR simulation software is used to (%?%&%?ﬁﬁ%atwu éeéstfz‘:‘l:‘%sé) éé?{%
verify the AC performance of the design by taking M%%f;o%ms J | P

into account on-chip timing variations. Simulation | ‘=t e "
libraries for VERILOG XL™ are also supported. B RN PRGG
The Vitesse Design Kit includes documentation 4

: (sarsmmem e )
and software which allow the customer to perform CALAY NN Lo
schematic capture, PLD source file conversion, ;
functional simulation, front-annotated timing
simulation, electrical rule checks, and back-anno-

tated simulation upon completion of placement and I I (T
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routing. To facilitate floorplanning and block pre-
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High Performance — 2400 Gate TTL Compatible GaAs Gate Array

APPLICATION NOTE: GENERATION OF A +2V SUPPLY

FROM A +5V SUPPLY

The PLR2KT gate array requires both +2 and
+5 Volt power supplies. In the event that a +2 V
supply is not available in the system, a simple
method exists to generate the +2 V from a +5 V
supply. This method involves the use of a low cost
voltage regulator. Voltage regulator ICs are
offered by several vendors including National
Semiconductor Corp., Linear Technology Inc., and
Advanced Micro Devices.

A voltage regulator IC, such as the LT117A
made by Linear Technology, is a 3 terminal device.
The LT117A develops a 1.25 V reference voltage
between the OUT and the ADJ terminal (see figure
1). By placing a resistor, R, between these two
terminals, a constant current is caused to flow
through R ; and down through R, to set the overall
output voltage. Normally this current is the
specified minimum load current of approximately
5 mA. An additional current, called 1, , flows
from the ADJ terminal and through R,. This is a
very small and constant current with a magnitude of
approximately 50 pA.

It can be seen from the equation in figure 1
that the accuracy of the output voltage is limited by
the accuracy of V. and the tolerance of the R ; and
R, resistors. The LT117A has a very tight initial
tolerance of V., which permits the use of
relatively inexpensive 1% film resistors for R, and
R, while setting an output voltage tolerance which
is compatible with the PLR2KT. If voltage
regulators which have wider reference tolerance
are used (such as industry standard LM117), a trim
pot may be needed to set the exact value of the
output voltage.

Figure 2 depicts the LT117A with theresistor
values needed to generate the +2 V supply. The
output current of the LT117A is limited to 1.5
Amps whichis sufficient for any implementation of
the PLR2KT. For systems which use several
PLR2KT chips, regulation can be accomplished by
devices such as the LT1038 (also from Linear
Technology) which can handle an output currentup
to 10 Amps. The use of this larger regulator is
identical to the LT117A.

FIGURE 1 FIGURE 2
v LT117A v
"i—I—— IN out v LT117A
T +5V +2V
I ADJ Vaer EE R, T_ w our
— >
= ™ | ; ADJ 1.25V i; 205 Q
3R, 50 pa — i
r <
- 31210
—J >
A . =
Vour= Vaee (1+ R )+ Ly R, =
1
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FEATURES

¢ Superior Performance: Supports clock rates
up to 2.5 GHz in Mux/Demux applications

» Proven H-GaAs E/D MESFET process

* Array performance

- Typical gate delay (high speed section):
150 ps @ 23 mW (2-input XOR/XNOR,
F.0.=1,0.5 mmwire)

- Typical gate delay (low power section):
330 ps @ 0.42 mW (3-input NOR,
F.0.=1,0.5 mmwire)

- High speed D Flip-flop toggle
rate: > 3.3 GHz @ 64 mW

- Low power D Flip-flop toggle rate:

500 MHz @ 4.1 mW
- High speed differential I/Os up to 2.5 GHz
- ECL 100K compatible I/Os up to 400 MHz

« Structured cell approach: High speed
(SCFL) and low power (DCFL) cells for
maximum performance and minimum
power dissipation

« Up to 22 ECL inputs, 20 ECL outputs, 3
high speed differential inputs, 2 high speed
differential outputs

+ Power supplies: V;=-5.21£0.26V,
Vi=-20%0.1V

» Three temperature ranges:
- Commercial: 0° to 70° C
- Industrial: -40° to +85° C
- Military: -55° to 125° C

» Power Dissipation: < 2.5W typical
* 52-pinleaded or leadless ceramic chip carrier

* Schematic capture/simulation supported on
MENTOR, CADENCE or VALID platforms

» Min/Max simulation supported
with LASAR™

INTRODUCTION

The VSC1520 is a 1520 gate GaAs structured
cell array tailored for very high speed applications
in systems requiring clock rates up to 2.5 GHz. The
architecture utilizes a structured cell approach that
combines both high speed source coupled FET
logic (SCFL) and low power direct coupled FET
logic (DCFL) cells to allow the user to obtain the
optimum speed/power trade-off. The speed critical
sections of the design use high speed SCFL cells,
while the lower speed portion can be implemented
with low power DCFL cells.

The VSC1520 is built using Vitesse's propri-
etary H-GaAs E/D MESFET process. The
VSC1520 allows flexibility in design while provid-
ing very short turnaround time, without com-
promising overall circuit performance.

APPLICATIONS

The high speed I/O and fast internal gates
make the VSC1520 ideally suited for mux/demux
applicationsin fiber optic communications systems
and computer backplanes. Other applications in-
clude critical paths in testers, LANs, and video
graphics subsystems. In addition, the VSC1520 is
ideally suited for implementing fast prescalers in
PLL systems.

ARRAY ARCHITECTURE

The figure on page 1-34 shows the architec-
ture of the VSC1520. The arrays contain input cells,
output cells, high speed cells, low power cells, and

translator cells. The various cell types are summa-
rized in Table 1.

Input Cells

Input cells are used to bring signals onto the
array. There are two types of input cells: high speed
differential inputs, and ECL inputs.
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High Speed GaAs 1520 Gate Stuctured Cell Array

VSC1500/1520 ACHITECTURE
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High Speed Differential Inputs

There are three high speed differential inputs
on these arrays. These inputs are designed to bring
signals on-chip at rates up to 2.5 GHz. These inputs
can also be used single-ended with an on-chip
reference generator. The high speed inputs accept
signals with a nominal 1V peak-to-peak swing. The
high speed inputs are intended to be AC coupled,
therefore strict adherence to ECL input specifica-
tions is not necessary.

ECL Inputs
There are 22 ECL input cells on these arrays.
These inputs accept 100K ECL levels with an on-

Table 1: Cell Type Summary

Input Cells
1. High speed differential inputs ................... 3
2. ECLINPULS ..o 22
Output Cells
3. High speed differential outputs ................. 2
4. ECL outputs OF .....covvveeevneeeeecreieerreieneee 20
5. Differential ECL outputs...........ccccccvenincene 9
Internal Cells
6. High speed cells ...........ccovernureciennncne. 96
7. Low power cells ........c.ccovevreneneinenne. 592
8. Translator cells .........cocevirviveniiiices 36
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High Speed GaAs 1520 Gate Structured Cell Array

chip reference generator. ECL inputs can also be
used as differential receivers. These inputs can be
configured to yield up to nine differential ECL
receivers. These inputs can handle frequencies up
to 400 MHz.

Output Cells

Output cells are used to take signals off-chip.
There are two types of output cells: high speed
differential outputs and ECL outputs.

High Speed Differential Outputs

There are three high speed differential out-
puts on the 1520. These outputs are customized to
take signals off-chip at rates up to 2.5 Gbits/sec.
The high speed differential outputs can drive 50
ohm loads and provide a nominal 1V peak-to-peak
signal swing.

ECL Outputs

There are 20 ECL outputs. These outputs can
be configured to yield up to 9 differential ECL
outputs. They provide 100K ECL levels and can
drive 50Q loads. ECL outputs can handle
frequencies up to 600MHz.

ECL Input and Output Cell Utilization

There are 22 ECL input cells and 20 ECL
output cells. One hundred percent utilization of
ECL input and output cells is not possible since
ECL outputs require VCCA pads. The ECL input
and output cell combinations that can be used on
these arrays are shown in Table 2.

Table 2: ECL I/0 Combinations

If number of ECL inputs = ]22]19 |16 |13 (10| 7
then
number of ECL outputs = 10|12 |14 |16 |18 |20

INTERNAL CELLS

High Speed Cells

There are 96 high speed cells (H cells) which
occupy about 60% of the internal core of the array.
High speed cells can be used to implement speed
critical portions of a design.

Each high speed cell is made up of E-mode
and D-mode MESFETs and can be wired to
perform a latch function. The circuit topology used
is differential source coupled FET logic (similar to
ECL) which results in ultra-high speed, high noise
immunity macros. The H-cells use a -5.2V power
supply.

Figure 2 shows ahigh speed cell personalized
asa2:1multiplexer. The circuitis a two level series
gated structure with a constant current generator,
I 5. SB, SBN are select inputs for the mux which
selects the path for the current in the lower switch.
A1, AIN and A2, A2N are differential data inputs
for the upper current switch. Atthe outputsthereare
two constant current source followers which
provide differential logic levels for the next stage
and the current gain.

Figure 2: Simplified H-Cell (2:1 Multiplexer)

GND (Vee )
<
$§ 3 7
»
— ZA
ZAN
y
E 8
ZBN
% llcs

Ise L["l Y lISF

Veg =-52V >
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High Speed GaAs 1520 Gate Structured Cell Array

Figure 3 shows the symbol for a 2:1 Mux
(Macro HS). ZA, ZAN outputs and ZB,ZBN out-
puts are logically equivalent, but ZB,ZBN levels
are shifted down by a diode drop from ZA, ZAN
outputs. ZA, ZAN are for the A-inputs of the loads
and ZB, ZBN are for the B-inputs of the loads.

Figure 3: Symbol For Differential 2:1 Mux (Macro H5)

Al | | ZA
AIN 5 ZAN
H5
A2 | ZB
A2N - ZBN

SBI TSBN

Low Power Cells

There are 592 low power cells (L cells) which
occupy about 35% of the internal core of the array.
These cells are used to implement non speed critical
portions of a design and thus reduce overall power
dissipation.

Each low power cell is made up of three
enhancement mode transistors and one depletion
mode transistor and can be wired to perform a 3-
input NOR function. When all inputs A1, A2, and
A3 are at logic ‘LOW? level, output ZN is pulled
HIGH. If at least one input goes HIGH, then output
ZN is pulled LOW. Figure 4 shows the schematic
and symbol for a 3-input NOR (Macro L7).

The circuit configuration used is Direct
Coupled FET Logic (DCFL), which provides high
speed, low power macros. The low power macro-
cells use a -2V supply.

Figure 4: Schematic and Symbol For a Low Power
3-input NOR (Macro L7)

VCC =GND
D-Mode
)
——— ZN
;
Al A3 E-Mode
Vi =20V
A3
A2 ZAN
Al

Translator Cells

There are 18 T1 translators and 18 T2 trans-
lators. T1 translators convert H-cell logic levels to
L-cell logic levels. T2 translators change L-cell
levels to H-cell levels. Thesecells occupy 5% of the
internal core of the array and are located between
the H-cell and L-cell sections.

MACRO LIBRARY

Macros define the interconnection pattern of
transistors in one or more cells which perform a
logic function. A representative list of macros for
the VSC1520 array are given below. For the com-
plete set of macros, pleaserefer to the macro library
in the design manual.
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HS MACROCELL LIBRARY

Name Description | Name Description
High Speed Macros L7 s 3-input NOR
HT e Inverter/buffer | L8 - -4-input NOR
H2 . . 2‘inpUt OR/NOR L9 e e 2 -input XNOR
H3 e 2-input AND/NAND L10 e p-flop with synchronous reset
HE e 2-input XORXNOR | L1 - D flip flop with asynchronous reset & set
H5 ....2:1 multiplexer L12 e -2V pull-down
HB ettt s st D-latch Input/Output Macros
H7 e D flip-flo tive edge tri d

ip-flop (negative edge triggered) 11 e High speed differential clock input
Low Power Macros 12 ECL input
L e e High fan-out buffer | I3 .High speed differential data input
L2. ...Medium fan-out buffer | O1 .. ...High speed differential output
[ SO ettt n e nennes 2-iNPUtNOR | 02 et ECL output driver
L4 ... ..2:1 MUX
L5 e D-latch | Translator Macros
L6.. gl p-flop (negative edge triggered) | T1  cooreorrerivnrre e H-cell to L-cell signal translator
LBL e D flip-flop (negative edge triggered) | T2 oo vecceeicceneene L-cell to H-cell signal translator
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MACROCELL AC PERFORMANCE CHARACTERSTICS (con't)

VSC1520 High Speed Macros

(Over recommended operating conditions:, Load: F.O. = 1; 0 mm wire).

H7: D Flip-Flop Parameter Min Typ Max Units
Propagation Delay
CB, CBN to QA, QAN, QB, QBN
DA | QA Clock to Output — 155 165 ps
DAN QAN
=9 o— Load Dependent Delay
CB H7 Delay/Fan-out — 15 16 ps
QB Delay/mm wire — 70 74 ps
ceNJ ¥ QBN
Set-up Time — 110 135 ps
Hold Time — 40 50 ps
Toggle Frequency — 3.3* — GHz
Power Dissipation 32 45 64 mW
* Assumes 0.5 mm wire
H5: 2:1 Multiplexer Parameter Min Typ Max Units
Propagation Delay
:‘1‘—"‘ z:: A1, AN to ZA, ZAN, ZB, ZBN - 115 122 ps
9 Hs O A2, A2N to ZA, ZAN, ZB, ZBN — 115 122 ps
A2 zB SB, SBN to ZA, ZAN, ZB, ZBN — 145 155 ps
AN, 02BN Load Dependent Delay
Delay/Fan-out — 15 16 ps
| T Delay/mm wire — 70 74 ps
SB SBN
Power Dissipation 16 23 32 mwW
H4: 2-Input XOR/XNOR Parameter Min Typ Max Units
Propagation Delay
A, AN to ZA, ZAN, ZB, ZBN — 115 122 ps
A ZA B, BN to ZA, ZAN, ZB, ZBN _ 145 155 ps
AN - ZAN
B 78 Load Dependent Delay
BN ZBN Delay/Fan-out — 15 16 ps
O Delay/mm wire —_ 70 74 ps
Power Dissipation 16 23 32 mW
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MACROCELL AC PERFORMANCE CHARACTERSTICS
VSC1520 Low Power Macros

(Over recommended operating conditions:, Load: F.O. = 1; 0 mm wire).

L7: 3-Input NOR Parameter Min Typ Max Units

Propagation Delay

A3 A1,A2, A3to ZN — 200 230 ps
A2 ZAN Load Dependent Delay
At Delay/Fan-out — 55 — ps
Delay/mm wire — 260 — ps
Power Dissipation 0.28 0.42 0.56 mwW
L6: High Drive D Flip-Flop Parameter Min Typ Max Units
Propagation Delay
CPtoQ, QN — 560 650 ps
5) Set-up Time — 530 600 ps
D1 | Q
L6 Hold Time — — —_ ps
op QN Toggle Frequency — 650 * — MHz
1 Load Dependent Delay
Delay/Fan-out — 30 — ps
Delay/mm wire — 130 — ps
Power Dissipation 2.7 4.1 5.4 mW
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DC CHARACTERISTICS

ECL Inputs/Outputs:
(Over recommended operating conditions with internal V.. V,,, = GND, Output load 50Q to V)

Parameters Description Min Typ Max | Units Conditions
Voy Output HIGH voltage | -1020 — -600 mV V,y =V, (max)
v, Output LOW voltage v, — | 1750 | mv | orV, (min)
Vi, Input HIGH voltage -1040 — -600 mV | Guaranteed HIGH for all ECL inputs
vV, Input LOW voltage Vo, - -1620 | mV | Guaranteed LOW for all ECL inputs
1, Input HIGH current — 10 200 pA | V), =V, max
I, Input LOW current -50 — — HA V,y =V, min

NOTE: Differential ECL output pins must be terminated identically.

High Speed Inputs and Outputs:
(Over recommended operating conditions. V,,, = GND, Output load = 50Q to -2.0V.)

Parameters Description Min | Typ |Max |Units Conditions
VI . Input HIGH voltage 3.1 30 29 V | Guaranteed HIGH signal for high speed inputs
V, L Input LOW voltage 4.1 4.0 -39 V | Guaranteed LOW signal for high speed inputs
Veee Input reference level | — | -3.5 — vV |—
Vou Output HIGH voltage | — |-0.5 — V | Output load, 50Qt0 -2.0 V
V,, Output LOW voltage | — |-1.8 | — V | Output load, 50Q to -2.0 V
AVyyr Output voltage swing | 0.8 | 1.0 1.4 V | Outputload, 50Qto -2.0V

NOTES:1) Built in reference generator, the high speed inputs are designed for AC coupling.
2) If a high speed input is used single-ended, a 100pF capacitor must be connected between the unused high speed
or complement input and V.
3) Differential high speed output pins must be terminated identically.
4) Limited ESD protection is provided for the high speed input pins, therefore, proper procedures should be used
when handling this product.
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ABSOLUTE MAXIMUM RATINGS ()

Power Supply Voltage (V1) ...
Power Supply Voltage (V) ...o.ooovee

................................................................. -3.0V to +0.5V

.+ (GND) to -7.0V

ECL Input Voltage Applied @, (V) wovvrevviveiiiieieieiiitttsietrt vttt s -2.5V to +0.5V
High Speed Input Voltage Applied @, (V) . i Vee-07Vio V, + 0.7V
Output Current, I, (DC, oUtpUt HIGH) ............cooviiiiiiiicn e -50 mA
Case Temperature Under Bias, (T, )......cccovverurmeirieioiiiiciocieiiteeeseitevcci st svscesesss s ssas s, -565° to +125°C
Storage Temperature, (Tgro) ......ooveveeviieieieieiet ittt ettt -65° to +150°C
RECOMMENDED OPERATING CONDITIONS

ECL Power Supply VORAGe @, (V) ....veeeeieeeeeietectetttee et v -2.0V+0.1V
Power Supply Voltage, (V) ..ottt ettt s s s -5.20V £ 0.26V
Operating Temperature®, (T) .................... (Commercial) 0° to 70°C, (Industrial) -40° to +85°C, (Military) -55°to +125°C

NOTES:1) CAUTION: Stresses listed under "Absolute Maximum Ratings" may be applied to devices one at a time without
causing permanent damage. Functionality at or above the values listed is not implied. Exposure to these values for

extended periods may affect device reliability.

2) V,, must be applied before any input signal voltage (V,

and V,

o ) must be greater than V. - 0.5V.

CLIN
3) Lower limit of specification is ambient temperature anaﬁ upper limit /s case temperature.

4) When using internal ECL 100K reference level.

OPTION DEVELOPMENT PROCEDURE

Vitesse Semiconductor offers its customers
the option of fully designing their own gate array,
or having Vitesse perform a turn-key implementa-
tion of their design based on mutually agreed speci-
fications. Regardless of the interface, a Vitesse
implementation engineer is assigned to the cus-
tomer to answer questions and track the progress of
the design from start to finish. The following steps
are normally performed by Vitesse design and
implementation engineers:

« Final placement and routing of the design
* Net-length extraction
+ Fan-out and metal delay calculation
* Design rule checking and layout
vs schematic

Through experience with many gate array
designs, Vitesse has created a design automation
framework and a well defined flow for smooth
implementation of customer designs. The flow-
chart on page 1-42 summarizes the typical gate
arrayproject flow and the various tasks delegated to
the customer or to Vitesse.

PACKAGING

A 52-pin multilayer ceramic leaded or lead-
less chip carrier is used for the VSC1520. It is a
cavity down package with the heat spreader on top.
Particular attention has been paid to reduce
crosstalk of high speed signals and to keep the trace
impedance at 50 ohms.

CAD TOOLS/SUPPORT

VSC1520 designs are supported on THE
MENTOR platform. The Vitesse Design Kit in-
cludes documentation and software which allow
the customer to perform schematic capture, func-
tional simulation, front-annotated timing simula-
tion, electrical rule checks, and back-annotated
simulation upon completion of placement and rout-
ing. To facilitate floorplanning and block pre-
placement, Vitesse has an interactive graphical
placement program that the customer may choose
to use for their design. This program is supported
in the X Windows™ environment. MERLYN-G
placement and routing tools are used for physical
implementation.
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TRAINING GATE ARRAY DESIGN FLOW
Design classes are provided to help the cus-
tomer understand the design methodology and VITESSE por CUSTOMER
tools utilized in the gate array design process. (;g%%mgﬁg%ﬁﬁ[;__[mmwrjl AT ch l%‘:%#SEO.%WW‘EE 5
These classes are recommended for all customers B N S
planning to implement a design in a Vitesse gate
array. Training can be provided at the Vitesse
facility or at the customer's site.
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VSC1500 DUT BOARD

The VSC1500 DUT board is a special pur-
pose circuit board which provides a test bed suit-
able for evaluating the performance characteristics
of the VSC1500 in the 52 pin leadless chip carrier.

The figure below is a schematic representa-
tion of this circuit board. This board provides a
controlled impedance transmission line for all sig-
nals and suitable decoupling for the power supplies.
The signal traces have a characteristic impedance
of 50Q. All ECL input lines are terminated with
50€2 (chip resistor) as close to the device package
pin as possible. The high speed inputs are also
provided with 150pF blocking capacitors as shown.
These capacitors are shorted in applications which
require DC connection to these inputs. Signals are
launched onto the circuit board and removed by
means of SMA coaxial connectors. While the input

signals are terminated, the output signals are pro-
vided open circuit and are intended to be terminated
in the measuring instrument such as an oscillo-
scope.

Normally, the VSC1500 circuit operates in
an ECL environment with standard ECL power
buses: 0V, -2V, -5.2V. In order to simplify interface
to standard groundreferenced test equipment, how-
ever, the circuitboard power buses are offset so that
the shield connectors are at ground voltage. The
figure below shows the arrangement of the power
supply decoupling capacitors. There is a 33 uF
electrolytic capacitor, as well as several 0.01 pF
ceramic capacitors across each power bus. The
device to be tested is held in place with a pressure
retaining fixture. The figure on the following page
shows the physical dimensions and the connections
labels for the evaluation board.

VSC1520 DUT SCHEMATIC
+2V
o
150 pF
@—?—le— we  Vec .
High Speed 50Q =
o bk ’g’fgg — High Spe § ___ 33pF
Data Inputs T 1s0pF Rt =
C INP _____Q == -
s0Q L Tootwr  Toorur
— Device -
- Under Test -4
C ¢ INP @ =
: e }- ECL Dat =§o e
ata or, —y 1
ECL Dat, = = - 0.01pF
or Control /npu; : = Clock Oufputs ] s
™
! @ -- - 33pF
C ps NP Ve = q
500 }_
= o
-3.2v
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VSC1500DUT BOARD DIMENSIONS

3 FT. Power
Supply Pigtails
SMA
Conneclor
(TYP.)

7 z 7 G':D V(“C VE.E
° o) O B ©
VITESSE ol e B

STR o4y CH2  CHA  CHO cue  enak O
(X DIvV8 ouT oUT n .
oo ourt CHE Q
oML
oo CH1
o0
ooo
°°°
o o oo
°°°
<
DIFFOUTN o
CMLCH2
o,
boRLRo DIVSOUT
DIFFOUT o
70"
Sq. oo
[ cmro 2
o
RESISTOR CLOCKOUT
CHAININ oo
°°0
DIFFN
') oSN
DIFF .
I o°:
e UM oms oo
VS15E0088 o’ il N INN ouny T o0 o% 201-105-6
Ol y 0 0% "
o : g @ © o
y

1-44 VITESSE Semiconductor Corporation



| :_25 Gblts/sec:Dafa Cobl»'nmumcaho}nst ' }psef |

G-TAXICHIP FEATURES
» Compatible with ANSI X3T9.3 Fiber
Channel Standard

» Up to 1.25 Gbits/sec serial data rate
32 or 40-bit wide parallel TTL data bus input

» On-chip PLL (phase-locked loop) clock gen-
eration and recovery

» ANSI 8B/10B encoding

* Dedicated on-chip circuitry and pins to
implement loopback testing

+ Built-in test mode to facilitate factory testing
» Vitesse 0.8 GaAs MESFET technology
» Small footprint surface mount packaging

* 45V and +2V power supply operation

G-TAXICHIP SYSTEM BLOCK DIAGRAM

GENERAL DESCRIPTION

The G-TAXIchips™ are a general purpose
interface for very high speed point-to-point com-
munications over coaxial or fiber-optic media. The
G-TAXI transmitter and receiver are capable of
two speed grades. The -1.2 parts are capable of
handling serial data at rates up to 1.25 Gbits/sec.
The -1.0 parts can handle up to 1.0625 Gbits/sec.
The speed of the G-TAXI system is tuneable
(£10%) from its center frequency to provide flex-
ibility. The GTAXIchips are compatible with the
ANSI X3T9.3 Fiber Channel Standard. The G-
TAXIchips can also be used for proprietary links.

The G-TAXIchips consist of 4 devices: the
VSC7101 Transmitter, VSC7102 Receiver,
VSC7103 Multiplexer, and VSC7104 Demulti-
plexer. The G-T AXIchips provide simple point-to-
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1.25 Gbits/sec Data Communications Chipset

point serial physical transport for parallel data. The
G-TAXIMultiplexer/Transmitter (Mux/Tx) inputs
originate in a sending host system, using a standard
ready/strobe handshake for parallel data transfer.
An output ready pulse from the G-TAXI Receiver/
Demultiplexer (Rx/Dmx) indicates that data is
available to the receiving host system.

The Mux and Dmx in the GTAXI chip imple-
ment the ANSI X3T9.3 8B/10B encoding scheme
and make the full chip set compatible with this
standard. Alternatively, the Tx and Rx chips canbe
used separately to implement a data link which uses
any proprietary coding scheme which meets the
minimum required data transition density.

APPLICATIONS

» High speed parallel data transfer at rates up
to 1.25 Gbits/s (-1.2 speed grade)

¢ Data communications links that utilize
standards such as the ANSI Fiber Channel
X3T9.3, high performance parallel inter-
face (HiPPI), or proprietary links

» High speed data links between groups of
low to medium speed devices, such as
CPUs and disk clusters

+ Long distance time-multiplexing of multi-
channel video signals

« High bandwidth video such as HDTV

» Extended distance parallel data transmis-
sion to devices such as remote sensors and
display terminals where data is moved in
packets at a rate higher than 20 MBytes/sec

« High speed parallel data communication in
a multi-processor system where multiple
CPUs and multiple memory modules need
to exchange data at high data rates with
minimal latency

« Fiber optic industrial equipment control
and data communications systems, where
electrical and magnetic interferences make
communications difficult using typical wire
interconnect

+» High speed control busses where intercon-

nect hardware is critical or expensive such
as military and avionics control systems
using fiber optic technology

» Any high speed system which transports
parallel data between devices using ribbon
cable or a backplane bus

TRANSMITTER/RECEIVER (TX/RX)
FEATURES
« Parallel data inputs registered into transmit-
ter synchronous with TCLK
+ Ten bit parallel PECL input
« Up to 1.25 Gbits/sec serial link data rate
« Up to 125 Mbits/sec parallel data rate
¢ Tuneable over a £10% from center fre-
quency (1.25 GHz or 1.0625 GHz) range
by changing reference clock frequency at
TCLK
» +5V power supplies
* On chip Phase-Lock Loop (PLL)
* Dedicated pins to implement loopback
testing
+ Built-in test mode to bypass PLL
+ Small footprint, surface mount 28 pin
leaded ceramic chip carrier

G-TAXI TX FUNCTIONAL DESCRIPTION
Normal Operation Mode

When data from the VSC7103 Mux has been
latched into a VSC7101 Tx, it is serialized and
shifted out onto the serial data link via the TX, TY,
TLX, TLY outputs at the internally generated high-
speed clock rate.

Clock Requirement

Theserial link speed is derived from an exter-
nal master clock source and applied through the
TCLK input pin on the Tx. This signal is used as a
reference for the internal phase-locked loop (PLL)
clock multiplying circuit in the Tx. This signal is
also used synchronously to transfer bytes of data
between the Mux and Tx. The absolute range of
frequencies can be varied over a £10% range offer-
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G-TAXI TX (VSC7101) FUNCTIONAL BLOCK DIAGRAM
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ing flexibility to the system designer. This master
clock frequency is 1/10 of the serial link speed and
four or five times the frequency of the input data bus
depending on word width selection (32 or 40 bit) in
the multiplexer chip. A 25 MHz 32-bit bus, for
example, would require a 100 MHz clock source at
TCLK to run the Mux and would result in a 1.00
Gbit/sec serial link output speed on the Tx.

In a typical synchronous setup, a crystal-
controlled oscillator with PECL output drives the
TCLKpinatG-TAXITx and TCLK pinat G-TAXI
Mux. This clock frequency is divided by four or

five and applied to therest of the system. The input
clock frequency required to achieve various rates
on the serial link, and the resultant parallel input
data transfer rate are shown in the table below.

TCLK Parallel Internal Clock  Serial
Speed | Ref Freq Input Rate Multiplying Data Rate
Grade (MHz) (ns/Byte) Ratio  (MBits/sec)
-1.2 1 125.0 8.0 10 1250
-1.0 |106.25 9.41 10 10625

1992 Product Data Book

23




1.25 Gbits/sec Data Communications Chipset

Clock Multiplying PLL
The PLL multiplies the input frequency of
the TCLK input by 10.

Input Register

Parallel data inputs, D(0:9) are clocked into
the INPUT REGISTER by the rising edge of the
external TCLK signal.

Shifter

The SHIFTER function is parallel loaded
from the INPUT REGISTER by TCLK, then seri-
ally shifted out at 10x TCLK.

NRZ TO NRzI

The NRZ to NRZI conversion is enabled by
the NRZI input if the system uses an NRZI trans-
mission code.

Serial Output Control

The differential transmitted outputs TX/TY
and TLX/TLY carry the serial bitstream. These two
pairs of outputs are controlled by OEQ and OE1

input pins. Both pins are asserted LOW, OEO
enables TX/TY outputs and OE1 enables TLX/TLY
outputs. TLX/TLY outputs are connected to the
local RLX/RLY inputs of the G-TAXI Rx. These
outputs are enabled during loopback diagnostic
testing and are disabled during normal operation.
TX/TY are forced to LOW/HIGH state when OE0
= HIGH.

Test Mode

The TEST MODE input can be used to force
the G-TAXI Tx into test mode. This will allow
testing of the logic in the REGISTER and
SHIFTER without having to first stabilize the PLL
clock multiplier. When in TEST mode, the internal
PLL clock is switched out and replaced by the
TCLK input. The test mode is entered by floating
the TEST signal. Normally the TEST is tied HIGH.

This switch makes the part a determinate and
synchronous system. Anautomatic testsystem will
be able to clock the part through its functional test
patterns at any rate or sequence that is convenient.

24
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G-TAXI RX (VSC7102) FUNCTIONAL BLOCK DIAGRAM
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G-TAXI RX FUNCTIONAL DESCRIPTION
Normal Operation Mode

The VSC7102 accepts encoded serial data
from the Tx on the RX/RY or RLX/RLY pins. This
encoded data is loaded in parallel to the data out-
puts, D(0:9).

When the SYNC pattern isreceived, it causes
the BYTE SYNC LOGIC to re-establish byte
boundaries. During SYNC detection, the data out-
puts, D(0:9), hold their previous values and do not
change until a new data pattern is received.

Clock Generation

The serial link speed is derived from a master
frequency source at the transmitter. This frequency
source is multiplied by 10 using the G-TAXI Tx
clock multiplying PLL. When the serial data
stream arrives at the G-TAXI Rx, the clock infor-
mation is extracted from the encoded data by the
use of a PLL circuit.

The clock recovery PLL in the G-TAXI Rx
examines every transition (LOW-HIGH, HIGH-
LOW) in the arriving serial data stream and aligns
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its own VCO with these data transitions. The VCO
provides the clock to operate all the data transfers in
the receiver.

In order for the VCO in the G-TAXI Rx to
maintain its correct phase relationship with the
received data, an encoding scheme must ensure that
the maximum run-length of the encoded data does
not exceed 5 bits.

The signal that transfers data from serial to
parallel is buffered to the RCLK output and can be
used by other G-TAXISs for other circuit functions.
This output is synchronous with the upstream G-
TAXI Tx reference clock.

Data Synchronization
Parallel outputs from G-TAXI Rx are syn-
chronous with RCLK. RCLK is a buffered version
of the signal which controls data transfers inside G-
TAXI Rx on byte boundaries. Byte boundaries
move when the G-TAXI loses and re-acquires
SYNC. To protect slave systems (which may use
this output as a master clock) from having clocks
which are too narrow, the internal logic will stretch
an RCLK cycle when the output pulse would have
been less than a byte time long. The partial data
symbol being processed just prior to this re-acqui-
sition of SYNC is lost.
Output RCLK will rise as the DATA
changes. It will fall midway through the symbol.

PLL & Clock Circuit

The serial link speed is determined by the Tx
VCO, but the Rx must know what data rate to
expect. Itmust also have the ability to follow actual
data rates, either faster or slower than the local
reference clock.

This circuit follows the incoming data and
allows the encoded clock and data stream to be
decoded into separated clock and data patterns. Its
center frequency is established by the reference at
CLK and is capable of tracking data with frequency
offsets of +0.1%.

Media Interface

RX, RY inputs are driven by differential
PECL voltages. These inputs carry the encoded
serial data from the distant Tx. RLX and RLY are
PECL serial data inputs carrying the loopback data
stream from the local Tx TLX/TLY outputs.

NRZ_TO_NRzZI

The NRZ_TO_NRZI conversion is enabled
by the NRZI enable pin if the system uses an NRZI
transmission code.

Serial Shifter

The shifter is serially loaded from the media
interface using the recovered clock as a clock
source.

Byte Sync Logic

The incoming data stream is a continuous
stream of data bits without any companion signal
which denotes byte boundaries. This logic will
continuously monitor the data stream and upon
detecting the reserved code used for SYNC, it will
signal byte boundaries.

BYTE SYNC LOGIC is responsible for re-
alignment of RCLK signal for the parallel output
register. Bytere-sync function can be disabled with
the SYNC input.

Parallel Output Register
OUTPUT REGISTER is clocked by the re-

covered byte clock and will reflect the most recent
data on the link.

Test Mode

TEST input is used to force the G-TAXI Rx
into TEST mode. This will allow testing of the
logic in the REGISTER and SHIFTER without
having to first stabilize the PLL. The internal VCO
is switched out and everything is clocked from the
CLK input.

This switch makes the part a determinate,
synchronous system, instead of a statistical, asyn-
chronous one. An automatic test system will be
able to clock the part through its functional test
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patterns at any rate or sequence that is convenient.

Whenthe logic has been verified, the part can
be put back into the normal mode and the PLL
functions can be verified using known good logic.

MUX/DMX FEATURES
o Parallel 32 or 40-bit wide TTL bus interface

* 32 or 40-t0-8 mux — 8-t0-32 or 40 demux

+ Encode/decode functions and special charac-
ters are 8B/10B compliant (ANSI Std)

+ ANSI Fiber Channel X3T9.3 compatible

« Parallel bus interface compatible with indus-
try standard FIFO applications

» Asynchronous input to Mux with Ready/
Strobe handshake

« Synchronous interface with the G-TAXI Rx/
Tx is completely transparent to users

» 32/40-bit select pin

» 5 command bits for controlling the transmis-
sion of regular or special characters

» Exception pins for commands to receiver
» Up to 125 MBytes/sec parallel data rate

e +5V and +2V power supply operation

» 132 pin aluminum MQUAD™

GENERAL

The Mux-Dmx chipset serves as the interface
used to simplify the design of control logic at the
system bus. The Mux-Dmx chips also contain the
logic used for the encoding and decoding of the
transmission block code.

G-TAXI is the ideal product to make high-
speed system-to-system communication intercon-
nection with the bandwidth to accommodate even
today’s very fast computing machines. The G-
TAXI reaches a serial data rate of 1.25 Gbits/sec,
which translates into 125 Mbytes/sec at Mux/Dmx
interfaces. Therefore, the G-TAXI Mux/Dmx data
is clocked at rates up to 125 MHz at the Tx/Rx

interfaces, 31 MHz (32-bit mode) and 25 MHz (40-
bit mode) at the parallel bus (word) interfaces.

Normal Operation Mode

When the 32-bit or 40-bit data has been
latched into a G-TAXI Mux, it is disassembled into
4 or 5 bytes (8-bit each), encoded into 10-bit
codewords and transferred to the G-TAXI Tx,
serialized and shifted out onto the serial transmis-
sion medium. The G-TAXI Rx at the other end of
the serial link performs serial-to-byte conversion
and transfers bytes to the G-TAXI Dmx for decod-
ing and re-assembly into the original word-width.
All operations are transparent to the bus user; data
words seemingly are written into one end of the link
and read from the other end.

In most data communications operations,
maximum attainable bandwidth is desired. The G-
TAXI Mux bus interface can be asynchronous, but
highest throughput is only possible when it oper-
ates synchronously with the system clock. The
CMND (command) inputs can be designated for
ANSI 8B/10B communication control functions
time-multiplexed into user data transmission (see
8B/10B CMND Input Special Function Table in
Encode Tables section immediately preceding the
G-TAXI Dmx functional description).

User Hardware Interface

There are two types of electrical interfaces on
the G-TAXI Mux/Dmx. Bus parallel data and
handshake signals are TTL compatible. Data and
strobe interfaces to the G-TAXI Tx/Rx is single-
ended 100K compatible ECL, referenced to +5.0V.
This type of interface is called PECL. The chipset
requires a PECL clock reference source at the
“byte-rate” frequency.

Critical System Integration Issues (Mux)
One master frequency reference source is
required for the G-TAXI Tx, and one isrequired for
the G-TAXI Rx. The frequency reference for the
G-TAXI Tx is used to generate the serial link data
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rate. The frequency reference for the G-TAXI Rx
is used to center its datarecovery PLL circuits to an
expected received data rate.

The external clock source must be crystal
controlled and continuous. Itis also used to control
the byte rate transfer of data between the G-TAXI
Mugx and the G-TAXI Tx. In a system where the G-
TAXIT is synchronous to the ‘host’, it is more desir-
abletodivide this“byte” clock down and use it as the
master clock for the host system. The G-TAXIMux
provides this facility through its CLK45 pin which
carries the TCLK divided-by-4 or by-5 signal.

G-TAXI maintains link synchronization and
word boundary alignment through the use of a
special pattern. The G-TAXI Rx performs byte
boundary realignment upon the arrival of an IDLE
pattern. Therefore, when such operation is re-
quired, e.g. upon system initialization or at the
beginning of a block transfer, the G-TAXI Mux
STRBI input is held LOW for one or more CLK45
cycles. Subsequently the Mux generates the IDLE
pattern at its output. The IDLE pattern will be
Muxed into the G-TAXI Tx for transmission to the
receiving system. The IDLE pattern can also be
generated by setting the CMND(4:0) to 10101.

In an asynchronous system where STRBI
may stay inactive when no data is available to the
G-TAXI chips, the G-TAXI Mux starts to force
IDLEs to G-TAXI Tx when the MULTIPLEXER
LATCH becomes empty.

Critical System Integration Issues (Dmx)

STRBO enables new data to be latched into
the OUTPUT LATCH when available, RDYO will
go HIGH when such transfer is READY. When the
next data transfer from Dmx LATCH into
BUFFER LATCH occurs before it is emptied, the
previous content of the BUFFER LATCH will be
overwritten and EX(4:0) outputs set to (11010) to
indicate data overrun condition.

In a data overrun situation, the lost word
cannot be recovered by any means.

When the DATAO bus of the G-TAXI Dmx

is connected to the input port of an asynchronous
buffer (FIFO), the RDYO can be used to transfer
DATAO into the buffer by connecting it to the
STRBO input.

When the G-TAXI Dmx receives illegal code
pattern (a pattern which cannot be legally decoded by
an 8B/10B encoder), this is flagged by EX(4:0) =
(11101) to indicate to the receiving host system that at
least one byte in the word is a G-T AXI code violation.
The receiving host system can examine these Excep-
tion conditions and request re-transmission.

* When the G-TAXI Dmx detects running dis-
parity violation condition, it will be flagged by
EX(4:0)=(11110) to indicate to the receiving host
system that a disparity violation had occurred. The
receiving hostsystem can examine these Exception
conditions and request re-transmission. Itis impor-
tant to know that, unlike a coding violation, a
running disparity violation is not always flagged at
the time when the error occurs. (See Fiber Channel
Overview for running disparity details).

Dmx Word Alignment

Proper word boundaries need to be
(re)established for the byte-to-word conversion.
This is automatically accomplished with the IDLE
sequence which is transmitted by G-TAXI Tx sub-
system in order fo maintain an inactive link.

In 32-bit G-TAXIMux/Tx subsystem, IDLE
isdefinedtobe (K28.5 D21.4 D21.5 D21.5).In40-
bit G-TAXI Mux/Tx subsystem, IDLE is defined to
be (K28.5 K28.5 D21.5 D21.5 D21.5). A full
IDLE word, however, is not necessary for output
word alignment. The first K28.5 immediately after
any 2 or more valid data becomes the first byte of
the next word and is output on D(39:32) in 40 bit
configuration or D(31:24) in 32 bit configuration.

When the first IDLE word is not byte-
aligned, there may only be one DXX.X decoded.
Consequently, the second IDLE word cannot estab-
lish word alignment. The next two DXX.X's will
come through and word alignment will occur at the
transition to the third IDLE word.
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Mux Data Synchronization and Handshake

In a synchronous system where host data is
synchronized to the G-TAXI operating rate, the
STROBE function can be achieved with synchro-
nous logic in the sending host. When the STRBI is
synchronous with the TCLK rate, the highest sus-
taining data throughputcan bereached (e.g. CLK45
tied back to STRBI).

In systems where G-TAXI Mux inputs are
strobed asynchronously with respect to the G-
TAXI clock at TCLK pin, the RDYI signal must be
used to determine the window for valid STRBI.

G-TAXI MUX (VSC7103) BLOCK DIAGRAM

STRBI latches data into the INPUT REGISTER, and
data transfer to the MULTIPLEXER LATCH will
happen as it becomes empty. Data can be entered at
rate which is less than the maximum transfer rate
without regard to actual word boundaries.

Dmx Data Synchronization and Handshake
In general, buffers for received data are nec-
essary if the host system cannot respond to the G-
TAXI subsystem within single word cycle. The
RDYO/STRBO handshake is compatible with
most industry standard FIFOs for this purpose.
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G-TAXI MUX FUNCTIONAL DESCRIPTION

Input Register

DATAI(39:0) and CMND(4:0) inputs are
latched into the INPUT REGISTER by an external
STRBI signal. When empty, data is latched on the
rising edge of STRBI (TTL Level).

Input Strobe Logic

When the INPUT REGISTER becomes
empty, the RDYI is asserted and the next input
STRBI will latch data into the INPUT REGISTER.
However, if the previously latched data have not
had time to be transferred to the MULTIPLEXER
LATCH, then RDYI remains inactive and any
STRBI input will be ignored.

Multiplexer Latch

Input to the MULTIPLEXER LATCH is
clocked by an internal counter which is synchro-
nous with the byte being sent out on to the G-TAXI
Tx interface. Whenever a new output pattern is
strobed into the ENCODER LATCH, the counter
and Mux SELECT will be incremented. After four
or five MULTIPLEXER transfers, the MULTI-
PLEXER LATCH is empty and ready to accept
new data from the INPUT REGISTER.

Multiplexer

The MULTIPLEXER controls the sequence
of the four or five bytes to be latched into the
ENCODER LATCH. The MULTIPLEXER is
controlled by the MUX SELECT logic.

Encoder Latch
The ENCODER LATCH is loaded from the
MULTIPLEXER one byte at a time.

Encoder

Encodes the 8-bit data from the ENCODER
LATCH according to the 8B/10B Encoding Table.

Mux Select Logic

Controls the sequence of the four or five
bytes to be latched into the OUTPUT REGISTER.
Also clears the MULTIPLEXER LATCH so that

data from INPUT REGISTER could be transferred
into MULTIPLEXER LATCH. The MUX SE-
LECT LOGIC and DATA outputs are synchronous
with TCLK (PECL Level). This block also gener-
ates CLK45 from TCLK div-by-4 or div-by-5.

Output Register

The OUTPUT REGISTER isloaded fromthe
ENCODER once every TCLK cycle, and then
transferred to the outputs into a G-TAXI Tx (PECL
Levels).

Multiple Mux Synchronization

The following signals are used to allow mul-
tiple Muxes to be synchronized with each other. A
block diagram and timing diagram on pages 20-21
explains this configuration.

ASYRST Asynchronous Reset (TTL Input)

This input is used to reset the Muxes in
multiple parallel Mux systems. Reset should only
have to be performed during system initialization.
In most applications, ASYRST can be hard-wired
to GND. ASYRST is internally synchronized by
TCLK.

SYRST Synchronized Reset (TTL Output)

This output is the synchronized (by TCLK)
version of ASYRST. In multiple Mux systems,
SYRST of one Mux should be connected to the
RS45 inputs of all Muxesin thesystem. Thisallows
all Muxes to bereset from a common, synchronized
source.

RS45 Reset CLK45 (TTL Input)

This input directly resets the internal MUX
logic when it is HIGH. In multiple, parallel Mux
systems it should be connected to the SYRST out-
put of the MUX whose ASYRST input is being
used. In most applications, RS45 should be hard-
wired to GND.
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8B/10B CMND INPUT SPECIAL FUNCTION TABLE

CMND Bit Numbers

43 210 39-32 31-24 23-16 15-8 7-0
00 000 (dataO) data1 data2 data3 data4
00 o001 (K28.5) datat data2 data3 datad
00 010 (K28.5) K28.5 data2 data3 data4
00 011 (K28.5) K28.5 K28.5 data3 datad
00 100 (K23.7) K23.7 K23.7 data3 datad
00 101 (K27.7) K27.7 K27.7 data3 datad
00 110 (K29.7) K29.7 K29.7 data3 datad
00 111 (K30.7) K30.7 K30.7 data3 datad
01 000 (K28.5) K28.5 D10.4/5 D21.0 D21.0
01 001 (K28.5) K28.5 D10.4/5 D21.1 D21.1
01 010 (K28.5) K28.5 D10.4/5 D21.2 D21.2
01 o1 (K28.5) K28.5 D10.4/5 D21.3 D21.3
01 100 (K28.5) K28.5 D10.4/5 D21.4 D21.4
01 101 (K28.5) K28.5 D10.4/5 D21.5 D21.5
01 110 (K28.5) K28.5 D10.4/5 D21.6 D21.6
o1 111 (K28.5) K28.5 D10.4/5 D21.7 D21.7
10 000 (K28.5) K28.5 D21.4/5 D21.0 D21.0
10 001 (K28.5) K28.5 D21.4/5 D21.1 D21.1
10 010 (K28.5) K28.5 D21.4/5 D21.2 D21.2
10 011 (K28.5) K28.5 D21.4/5 D21.3 D21.3
10 100 (K28.5) K28.5 D21.4/5 D214 D21.4
10 101 (K28.5) K28.5 D21.4/5 D21.5 D21.5*
10 110 (K28.5) K28.5 D21.4/5 D21.6 D21.6
10 111 (K28.5) K28.5 D21.4/5 D21.7 D217
11 000 (dataO) data1 data2 data3 data4
11 001 (K28.5) data data2 data3 datad
11 010 (K28.5) K28.5 data2 data3 datad
11 011 (K28.5) K28.5 K28.5 data3 datad
11 100 (K23.7) K23.7 K23.7 data3 data4
11 101 (K27.7) K27.7 K27.7 data3 datad
11 110 (K29.7) K29.7 K29.7 data3 data4
11 111 (K30.7) K30.7 K30.7 data3 datad

*Idle pattern.
NOTES:

1. This table contains two identical sections, where CMND = (00xxx) and CMND=(11xxx).
The G-TAXI Dmx decoder block which corresponds to CMND=(11xxx) is used for error
reporting.

2. IDLE pattern can be generated automatically when STRBI becomes inactive. IDLE=K28.5
D21.4 D21.5 D21.5 in 32-bit mode and IDLE= K28.5 K28.5 D21.5 D21.5 D21.5 in 40-bit
mode.

3. D10.4/5: always D10.5 when in 40-bit mode. When in 32-bit mode, the choice between
D10.4 and D10.5 is made such that the disparity after this character will be negative.

4. D21.4/5: Always D21.5 when in 40-bit mode. When in 32-bit mode, the choice between
D21.4 and D21.5 is made such that the disparity after this character will be negative.
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G-TAXI DMX (VSC7104) BLOCK DIAGRAM
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To Host System

G-TAXI DMX FUNCTIONAL DESCRIPTION

Input Register

DATAI(9:0) are latched into the INPUT
REGISTER by the external STRBR signal on its
rising edge.

Input Strobe Logic

When the STRBR signal goes active, the
inputs at DATAI(9:0) are latched into the INPUT
REGISTER. This logic also increments the DE-
MUX CONTROL counter.

Decoder

The DECODER converts the 10-bit input
code into an 8-bit data byte.

Demultiplexer

DEMULTIPLEXER is controlled by the
DEMUX CONTROL logic to perform 1-to-4 or 1-
to-5 demultiplexing function from the DECODER
into the DEMULTIPLEXER LATCH.

Demux Control Logic

Control the sequence of the four or five bytes
to be latched into the DEMUX LATCH. Also
signals the OUTPUT CONTROL logic so that the
transfer from DEMUX LATCH to the BUFFER
LATCH will happen at the earliest possible time.
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Demultiplexer Latch

Whenever a new data pattern is strobed into
the INPUT REGISTER, the counter in the DE-
MUX CONTROL is incremented and directs the
DEMULTIPLEXER to the next available byte po-
sition in the DEMUX LATCH. After four or five
DEMULTIPLEXER transfers, the DEMULTI-
PLEXER LATCH is full and will transfer its con-
tent to the BUFFER LATCH.

Buffer Latch

When the MULTIPLEXER LATCH accu-
mulates a full word, it is transferred to the BUFFER
LATCH immediately so the DEMULTIPLEXER
LATCH can be ready for the next byte. If the
transfer into BUFFER LATCH occurs before the
previous word is sent to OUTPUT LATCH, then
the error condition “data overrun” occurs and the
previous word is overwritten and lost.

Output Latch
The OUTPUT LATCH is loaded from the
BUFFER LATCH after an active STRBO edge.

Output Control

The RDYO is asserted when a full word is
latched into the OUTPUT LATCH. STRBO input
will clear RDYO and enable the next word transfer
into the OUTPUT LATCH. An active STRBO
without a previous RDYO is ignored by OUTPUT
CONTROL logic.

FIBER CHANNEL OVERVIEW

The Fiber Channel provides a transport ve-
hicle for the upper layer Intelligent Peripheral In-
terface (IPI) and Small Computer System Interface
(SCSI) command sets, the High Performance Par-
allel Interface (HIPPI) data link layer, and other
user-defined command sets. The Fiber Channel is
capable of replacing the SCSI, IPI, and HIPPI
physical interfaces with a protocol-efficient alter-
native that provides performance improvements in
distance and/or speed. The maximum fiber channel
serial link rate of 1.0625 Gbps is supported by the
G-TAXI system.

IPI commands, SCSI commands, and HIPPI
data link operations may all be intermixed on the
Fiber Channel. Proprietary and other command sets
may also use and share the Fiber Channel. Such
usage is defined outside the standard.

The Fiber Channel is optimized for predict-
able transfers of large blocks of data such as those
used in file transfers between processors (super,
mainframe, super-mini, etc.), storage systems (disk
and tape), communications, and output-only de-
vices such as laser printers and raster scan graphics
terminals.

The Fiber Channel standards are organized
into four documents as follows:

» FC-3 is the highest layer in the Fiber Chan-
nel standards set. It defines the channel
protocol, or mapping, between the lower
layer FC standards and the IPI and SCSI
command sets, applications which use the
HIPPI data link layer, and other user-de-
fined command sets.

+ FC-2 defines the signalling protocol which
includes the frame structure and byte se-
quences.

» FC 1 defines the transmission protocol,
which includes the serial encoding and de-
coding rules, special characters, and error
control.

» FC-O defines the physical portions of the
Fiber Channel including the Fiber, connec-
tors, and optical parameters for a variety of
data rates. A serial copper version Is also
discussed for limited distance applications.

The Fiber Channel protocol is simple in order
to minimize implementation cost and enhance
throughput. The transmission medium is isolated
from the control protocol so that implementation of
point-to-point links, multi-drop buses, rings, cros-
spoint switches, or other special implementations
may be made in a technology best suited to the
usage environment.
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Transmission Order

Within the definition of the 8B/10B trans-
mission code, the bit positions of the transmission
characters are labeled a, b, ¢, d, e, i, f, g, h, and j. Bit
"a" is transmitted first followed by bits "b," "c," "d,"
"e," "L, "f," "g," "h," and "j," in that order. (Note
that bit "i" is transmitted between bit "e" and bit "f,"
rather than in the order that would be indicated by
the letters of the alphabet.)

Characters within ordered sets (as specified
in the section entitled "Special Functions") are
transmitted sequentially beginning with the special
character used to distinguish the ordered set (e.g.,
K28.5) and proceeding character by character from
left to right within the definition of the ordered set
until all characteis of the ordered set are transmit-
ted.

The contents of a frame (as specified by FC-
2) are transmitted sequentially beginning with the
ordered set used to denote the start of frame (the
SOF delimiter) and proceeding character by char-
acter from left to right within the definition of the
frame until the ordered set used to denote the end of
frame (the EOF delimiter) is transmitted.

Valid and Invalid Transmission Characters

Valid data characters and valid special char-
acters (K characters)are defined in the tables on
pages 13-15. The tables are used for both generat-
ing valid transmission characters (encoding) and
checking the validity of received transmission
characters (decoding). In the tables, each data-byte
or special-code entry has two columns that repre-
sent two (not necessarily different) transmission
characters. The two columns correspond to the
current value of the running disparity ("Current RD
—" or "Current RD +"). Running disparity is a
binary parameter with either the value negative (-)
or the value positive (+).

The purpose of running disparity is to assure
that, in the long run, just as many “zeros” have been
transmitted as “ones”. Datais periodically inverted
based on the running disparity value to assure that
condition.

After powering on, the transmitter assumes
either a negative or positive value for its initial
running disparity. Upon transmission of any trans-
mission character, the transmitter calculates a new
value for its running disparity based on the contents
of the transmitted character.

After powering on, the receiver assumes ei-
ther a negative or positive value for its initial
running disparity. Upon reception of any transmis-
sion character, the receiver determines whether the
transmission character is valid or invalid and calcu-
lates a new value for its running disparity based on
the contents of the received character.

If the received character and subsequent
characters were transmitted assuming the opposite
starting running disparity, a running disparity
violation will be reported and can be ignored. This
violation is, of course, a product of chip initializa-
tion on power up and will disappear after a new
correctly encoded character is received.

The following rules for running disparity are
used to calculate the new running disparity value
for transmission characters that have been trans-
mitted (transmitter's running disparity) and that
have been received (receiver's running disparity).

Running disparity for a transmission charac-
ter is calculated on the basis of sub-blocks, where
the first six bits (abcdei) form one sub-block (six-
bit sub-block) and the second four bits (fghj) form
the other sub-block (four-bit sub block). Running
disparity at the beginning of the six-bit sub-block is
the running disparity at the end of the last transmis-
sion character. Running disparity at the beginning
of the four-bit sub-block is the running disparity at
the end of the six-bit sub-block. Running disparity
atthe beginning of the transmission character is the
running disparity at the end of the four-bit sub-
block.

Running disparity for the sub-block is calcu-
lated as follows:

1. Running disparity at the end of any sub-
block is positive if the sub-block contains
more ones than zeros. It is also positive at
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the end of the six-bit sub-block if the six-
bit subblock is 000111 and it is positive at
the end of the four-bit sub-block if the
four-bit sub-block is 0011

2. Running disparity at the end of any sub-
block is negative if the sub-block contains
more zero than ones. It is also negative at
the end of the six-bit sub-block if the six-
bit sub-block is 111000, and it is negative
at the end of the four-bit sub-block if the
four-bit sub-block is 1100.

3. Otherwise, running disparity at the end of
the sub-block is the same as at the begin-
ning of the sub-block.

Use of the Tables for Generating
Transmission Characters

The appropriate entry in the table is found for
the data byte or the special code for which a trans-
mission character is to be generated (encoded). The
current value of the transmitter's running disparity
is used to select the transmission character from its
corresponding column. For each transmission
character transmitted a new value of the running
disparity is calculated. This new value is used as the
transmitter's current running disparity for the next
data byte or special code to be encoded and trans-
mitted.

Use of the Tables for Checking the Validity
of Received Transmission Characters

The column corresponding to the current
value of the receiver's running disparity is searched
for the received transmission character. If the re-
ceived transmission character is found in the proper
column, then the transmission characteris valid and
the associated data byte or special code is deter-
mined (decoded). If the received transmission char-
acter is not found in that column, then the transmis-
sioncharacteris arunning disparity. If the character
is then not located in the opposite column it is
referred to as a code violation. Independent of the

transmission character's validity, the received
transmission character is used to calculate a new
value of running disparity. The new valueisused as
thereceiver's current running disparity for the next
received transmission character.

VALID SPECIAL CHARACTERS
Special Current RD - Current RD +

Code Name HGF  EDCBA | abcdei fghj  |Conditions
K28.0 001111 0100 110000 1011 Reserved*
K28.1 001111 1001 110000 0110 Reserved*
K28.2 001111 0101 110000 1010 Reserved*
K28.3 001111 0011 110000 1100 Reserved*
K28.4 001111 0010 110000 1101 Reserved*
K28.5 001111 1010 110000 0101 Sync
K28.6 001111 0110 110000 1001 Reserved*
K28.7 001111 1000 110000 0111 Reserved*
K23.7 111010 1000 000101 0111 Reserved*
K27.7 110110 1000 001001 o111 Reserved*
K29.7 101110 1000 010001 0111 Reserved*
K30.7 011110 1000 100001 0111 Reserved*

“Reserved - Valid transmission characters which are not defined for
use by this standard.
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VALID DATA CHARACTERS
Data Byte Data Bits Current RD - Current RD + Data Byte Data Bits Current RD - Current RD +
Name HGF EDCBA | abedei fgh] abedei fahj Name HGF EDCBA | abedei fahj abedei fghj
D0.0 000 000000 | 100111 0100 | 011000 1011 D0.2 010 000000 | 100111 0101 011000 0101
D1.0 000 000001 | 011101 0100 100010 101t D1.2 010 000001 | 011101 0101 100010 0101
D2.0 000 000010 | 101101 0100 | 010010 1011 D22 010 000010 | 101101 0101 010010 0101
D3.0 000 000011 | 110001 1011 110001 0100 D32 010 000011 | 110001 0101 110001 0101
D4.0 000 000100 | 110101 0100 | 001010 1011 D42 010 000100 | 110101 0101 001010 0101
D5.0 000 000101 | 101001 1011 101001 0100 Ds.2 010 000101 | 101001 0101 101001 0101
D6.0 000 000110 | 011001 1011 011001 0100 D62 010 000110 | 011001 0101 011001 0101
D7.0 000 000111 | 111000 1011 000111 0100 D72 010 000111 | 111000 o101 000111 0101
D8.0 000 001000 | 111001 0100 | 000110 1011 D82 010 001000 | 111001 0101 000110 0101
D9.0 000 001001 | 100101 1011 100101 0100 D9.2 010 001001 | 100101 0101 100101 o101
D10.0 000 001010 | 010101 1011 010101 0100 D10.2 010 001010 | 010101 0101 010101 0101
D11.0 000 001011 | 110100 1011 110100 0100 D11.2 010 001011 | 110100 0101 110100 0101
D120 000 001100 | 001101 1011 001101 0100 D122 010 001100 | 001101 0101 001101 0101
D13.0 000 001101 | 101100 1011 101100 0100 D13.2 010 001101 | 101100 0101 101100 0101
D14.0 000 001110 | 011100 1011 011100 0100 D14.2 010 001110 | 011100 0101 011100 0101
D15.0 000 001111 | o10111 0100 101000 1011 D152 010 001111 | 010111 0101 101000 0101
D16.0 000 . 010000 | 011011 0100 100100 1011 D16.2 010 010000 | 011011 0101 100100 0101
D17.0 000 010001 | 100011 1011 100011 0100 D17.2 010 010001 | 100011 0101 100011 0101
D18.0 000 010010 | 010011 1011 010011 0100 D18.2 010 010010 | 010011 0101 010011 0101
D19.0 000 010011 | 110010 1011 110010 0100 D19.2 010 010011 | 110010 0101 110010 0101
D20.0 000 010100 | 001011 1011 001011 0100 D20.2 010 010100 | 001011 0101 001011 0101
D21.0 000 010101 | 101010 1011 101010 0100 D21.2 010 010101 | 101010 0101 101010 0101
D22.0 000 010110 | 011010 1011 011010 0100 D22.2 010 010110 | 011010 0101 011010 0101
D23.0 000 010111 | 111010 0100 | 000101 1011 D23.2 010 010111 | 111010 0101 000101 0101
D24.0 000 011000 | 110011 0100 | 001100 1011 D24.2 010 011000 | 110011 0101 001100 0101
D25.0 000 011001 | 100110 1011 100110 0100 D252 010 011001 | 100110 0101 100110 010t
D26.0 000 011010 | 010110 1011 010110 0100 D26.2 010 011010 | 010110 0101 010110 0101
D27.0 000 011011 | 110110 0100 | 001001 1011 D27.2 010 011011 | 110110 0101 001001 0101
D28.0 000 011100 | 001110 1011 001110 0100 D28.2 010 011100 | 001110 o101 001110 0101
D29.0 000 011101 | 101110 0100 010001 1011 D29.2 010 011101 | 101110 0101 010001 0101
D30.0 000 011110 | 011110 0100 100001 1011 D30.2 010 011110 | 011110 0101 100001 0101
D31.0 000 o11111 | 101011 0100 | 010100 1011 D31.2 010 ot1111 | 101011 0101 010100 0101
Data Byte Data Bits Current RD - Current RD + Data Byte Data Bits Current RD - Current RD +
Name HGF  EDCBA | abcdei fghj | abedei fahj Name HGF  EDCBA | abcdei fgh] | abedei fgh]
Do.1 001 000000 | 100111 1001 011000 1001 Do4 100 000000 | 100111 0010 | 011000 1101
D11 001 000001 | 011101 1001 100010 1001 D14 100 000001 | O11101 0010 100010 1101
D2.1 001 000010 | 101101 1001 010010 1001 D24 100 000010 | 101101 0010 010010 1101
D3.1 001 000011 | 110001 1001 110001 1001 D34 100 000011 | 110001 1101 110001 0010
D4.1 001 000100 | 110101 1001 001010 1001 D44 100 000100 | 110101 0010 001010 1101
Ds.1 001 000101 | 101001 1001 101001 1001 Ds5.4 100 000101 | 101001 1101 101001 0010
D6.1 001 000110 | 011001 1001 011001 1001 D64 100 000110 | 011001 1101 011001 0010
D7.1 001 000111 | 111000 1001 000111 1001 D7.4 100 000111 | 111000 1101 000111 0010
D8.1 001 001000 111001 1001 000110 1001 D8.4 100 001000 111001 0010 000110 1101
D9.1 001 001001 | 100101 1001 100101 1001 D9.4 100 001001 | 100101 1101 100101 0010
D10.1 001 001010 | 010101 1001 010101 1001 D10.4 100 001010 | 010101 1101 010101 0010
D111 001 001011 | 110100 1001 110100 1001 D114 100 001011 | 110100 1101 110100 0010
D121 001 001100 | 001101 1001 001101 1001 D124 100 001100 | 001101 1101 001101 0010
D13.1 001 001101 | 101100 1001 101100 1001 D134 100 001101 | 101100 1101 101100 0010
D14.1 001 001110 | 011100 1001 011100 1001 D144 100 001110 | 011100 1101 011100 0010
D15.1 001 001111 | 010111 1001 101000 1001 D154 100 001111 | oto111 0010 101000 1101
D16.1 001 010000 | 011011 1001 100100 1001 D164 100 010000 | 011011 0010 100100 1101
D17.1 001 010001 | 100011 1001 100011 1001 D17.4 100 010001 | 100011 1101 100011 0010
D18.1 001 010010 | 010011 1001 010011 1001 D18.4 100 010010 | 010011 1101 010011 0010
D19.1 001 010011 | 110010 1001 110010 1001 D19.4 100 010011 | 110010 1101 110010 0010
D20.1 001 010100 | 001011 1001 001011 1001 D20.4 100 010100 | 001011 1101 001011 0010
D21.1 001 ot010t | 101010 1001 101010 100t D21.4 100 010101 | 101010 1101 101010 0010
D22.1 001 010110 | 011010 1001 011010 1001 D224 100 010110 | 011010 1101 011010 0010
D23.1 001 010111 | 111010 1001 000101 1001 D23.4 100 010111 | 111010 0010 000101 1101
D24.1 001 011000 | 110011 1001 001100 1001 D24.4 100 011000 | 110011 0010 001100 1101
D2s.1 001 011001 | 100110 1001 100110 1001 D25.4 100 011001 | 100110 1101 100110 0010
D26.1 001 011010 | 010110 1001 010110 1001 D26.4 100 011010 | 010110 1101 010110 0010
D27.1 001 011011 | 110110 1001 001001 1001 D27.4 100 011011 | 110110 0010 001001 1101
D28.1 001 011100 | 001110 1001 001110 1001 D28.4 100 011100 | 001110 1101 001110 0010
D29.1 001 011101 101110 1001 010001 1001 D29.4 100 01110t 101110 0010 010001 1101
D30.1 001 011110 | ot1110 1001 100001 1001 D30.4 100 011110 | 011110 0010 100001 1101
D31.1 001 ot1111 | 101011 1001 010100 1001 D31.4 100 011111 | 101011 0010 010100 1101
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VALID DATA CHARACTERS

Data Byte Data Bits Current RD - Current RD + Data Byte Data Bits Current RD - Current RD +
Name HGF EDCBA | abcdei fghj abcdei fghj Name HGF EDCBA | abcdei fghj abcedei fghj
Do3 ot1 000000 100111 0011 011000 1100 Do 110 000000 100111 0110 011000 0110
D13 o111 000001 011101 oot1 100010 1100 D16 110 000001 011101 0110 100010 0110
D23 o111 000010 101101 0011 010010 1100 D26 110 000010 101101 0110 010010 0110
D33 o11 000011 110001 1100 110001 0011 D36 110 000011 110001 0110 110001 0110
D43 ot 000100 110101 0011 001010 1100 D4s 110 000100 110101 0110 001010 0110
D53 o1 000101 101001 1100 101001 0011 D56 110 000101 101001 0t10 101001 0110
D63 o1t 000110 | 011001 1100 011001 0011 D66 110 000110 011001 0110 011001 o110
D73 o1 000111 111000 1100 000111 0011 D76 110 000111 111000 0110 000111 o110
D83 o11 001000 111001 0011 000110 1100 D86 110 001000 111001 0110 000110 0110
D9.3 o1t 001001 100101 1100 100101 0011 D96 110 001001 100101 0110 100101 0110
D103 011 001010 | 010101 1100 010101 0011 D106 110 001010 | 010101 0110 010101 0110
D113 011 001011 110100 1100 110100 0011 D116 110 001011 110100 0110 110100 0110
D123 o11 001100 | 001101 1100 001101 0011 D126 110 001100 001101 0110 001101 0110
D133 o1 001101 101100 1100 101100 0011 D136 110 oo1101 101100 0110 101100 0110
D143 o1 001110 | 011100 1100 011100 0011 D146 110 001110 | 011100 0110 011100 o110
D153 o111 001111 010111 0011 101000 1100 D156 110 oot 010111 0110 101000 0110
D163 o1t 010000 | ot11011 0011 100100 1100 D166 110 010000 011011 0ot10 100100 0110
D17.3 o1 010001 100011 1100 100011 0011 D176 110 010001 100011 0110 100011 0110
D183 ot 010010 010011 1100 010011 0011 D186 110 010010 010011 0110 010011 o110
D19.3 011 010011 110010 1100 110010 0011 D19.6 110 010011 110010 0110 110010 0110
D203 011 010100 | 001011 1100 001011 0011 D20.6 110 010100 | 001011 0110 001011 0110
D21.3 011 010101 101010 1100 101010 0011 D21.6 110 010101 101010 0110 101010 0110
D223 o11 010110 011010 1100 011010 0011 D226 110 010110 011010 0110 011010 0110
D233 o11 010111 111010 0011 000101 1100 D236 110 010111 111010 0110 000101 0110
D24.3 ot1 011000 110011 0011 001100 1100 D246 110 011000 110011 0110 001100 0110
D25.3 011 011001 100110 1100 100110 0011 D25.6 110 011001 100110 0110 100110 0110
D263 o11 011010 010110 1100 010110 oo11 D26.6 110 011010 010110 0110 010110 0110
D27.3 o11 011011 110110 0011 001001 1100 D27.6 110 ot11011 110110 0110 001001 o110
D283 oM 011100 | 001110 1100 001110 . 0011 D286 110 011100 | 001110 0110 001110 0110
D29.3 on ot1101 101110 0011 010001 1100 D29.6 110 o11101 101110 0110 010001 0110
D303 o111 011110 011110 0011 100001 1100 D30.6 110 011110 | o11110 0110 100001 0110
D31.3 o1 ot 101011 0011 010100 1100 D31.6 110 o1 101011 0110 010100 o110

Data Byte Data Bits Current RD - Current RD + Data Byte Data Bits Current RD - Current RD +
Name HGF EDCBA | abcdei fgh] abcedei fgh) Name HGF EDCBA | abcdei fghj abcdei fgh]
D05 101 000000 | 100111 1010 011000 1010 Do.7 1 000000 | 100111 0001 011000 1110
D15 101 000001 011101 1010 100010 1010 D17 111 000001 011101 0001 100010 1110
D25 101 000010 101101 1010 010010 1010 D27 m 000010 101101 0001 010010 1110
D3s 101 000011 110001 1010 110001 1010 D37 111 000011 110001 t110 110001 0001
D4s 101 000100 11010t 1010 001010 1010 D47 11 000100 110101 0001 001010 1110
Ds.s 101 000101 101001 1010 101001 1010 Ds.7 im 000101 101001 1110 101001 0001
D65 101 000110 | 011001 1010 011001 1010 D67 m 000110 | 011001 1110 011001 0001
D75 101 000111 111000 1010 000111 1010 D7.7 1 000111 111000 1110 000111 0001
D8s 101 001000 111001 1010 000110 1010 D87 1" 001000 111001 0001 000110 1110
D95 101 001001 100101 1010 100101 1010 D97 11 001001 100101 1110 100101 0001
D105 101 001010 | 010101 1010 010101 1010 D107 1 001010 | 010101 1110 010101 0001
Dtt1s 101 001011 110100 1010 110100 1010 D11.7 m 001011 110100 1110 110100 1000
D125 101 001100 | oo1101 1010 oot101 1010 D127 1 001100 | oo110t 1110 001101 0001
D135 101 00110t 101100 1010 101100 1010 D137 m 001101 101100 1110 101100 1000
D145 101 001110 011100 1010 011100 1010 D147 11 001110 | 011100 1110 011100 1000
Diss 101 001111 010111 1010 101000 1010 D157 1 oof111 oto111 0001 101000 1110
D165 101 010000 | 011011 1010 100100 1010 D167 111 010000 | ot1t011 0001 100100 1110
D175 101 010001 100011 1010 100011 1010 D17.7 m 010001 100011 0111 100011 0001
D185 101 010010 | 010011 1010 010011 1010 D187 1 010010 | 010011 o111 010011 0001
D195 101 010011 110010 1010 110010 1010 D19.7 1 010011 110010 1110 110010 0001
D205 101 010100 | 001011 1010 001011 1010 D20.7 m 010100 | 001011 o111 001011 000t
D215 101 010101 101010 1010 101010 1010 D21.7 m 010101 101010 1110 101010 0001
D225 101 010110 011010 1010 011010 1010 D227 1 010110 | ot11010 1110 011010 0001
D235 101 010111 111010 1010 000101 1010 D23.7 i1 010111 111010 0001 000101 1110
D245 101 011000 110011 1010 001100 1010 D247 1 011000 110011 0001 001100 1110
D255 101 011001 100110 1010 100110 1010 D25.7 1 011001 100110 1110 100110 0001
D265 101 011010 | 010110 1010 010110 1010 D26.7 m 011010 | 010110 1110 010110 0001
D275 101 011011 110110 1010 001001 1010 D27.7 1m 011011 110110 0001 001001 1110
D285 101 011100 | 001110 1010 001110 1010 D28.7 111 011100 | 001110 1110 001110 0001
D295 101 011101 101110 1010 010001 1010 D29.7 1m 011101 101110 0001 010001 1110
D305 101 011110 | ot1110 1010 100001 1010 D30.7 1 011110 | 011110 0001 100001 1110
D315 101 011111 101011 1010 010100 io10 D31.7 i o111t 101011 0001 010100 1110
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EXception
EXception:
Priority* 4,3,2,1,0 Recelved and Demultiplexed Data

00000 (data0) datail data2  datad data4
00001 (K28.5) datail data2 data3 data4
00010 (K285) K285 data2  data3 data4
00011 (K285) K28.5 K285  datad data4
00100 (K23.7) K237 K23.7 data3 data4
00101 (K27.7) K27.7 K27.7 data3 data4
00110 (K29.7) K29.7 K29.7 data3 data4
00111 (K80.7) K30.7 K30.7 data3 data4
01000 (K285) K28.5 D10.4/5 D21.0 D21.0
01001 (K285) K28.5 D10.4/5 D21.1 D21.1
01010 (K285) K28.5 D10.4/5 D212  D21.2
01011 (K285) K28.5 D10.4/5 D213 D21.3
01100 (K285) K28.5 D10.4/5 D214  D21.4
01101 (K28.5) K28.5 D10.4/5 D215 D215
01110 (K285) K28.5 D10.4/5 D216 D21.6
01111 (K285) K285 D10.4/5 D21.7 D21.7
10000 (K28.5) K28.5 D21.4/5 D21.0 D21.0
10001 (K285) K285 D21.4/5 D211 D21.1
10010 (K285) K28.5 D21.4/5 D21.2 D21.2
10011 (K285) K285 D21.4/5 D213 D21.3
10100 (K28.5) K28.5 D21.4/5 D21.4 D21.4
10101 (K285) K285 D21.4/5 D215 D21.5"
10110 (K285) K285 D21.4/5 D216 D21.6
10111 (K28.5) K28.5 D21.4/5 D217 D21.7
11000 Reserved
11001 Reserved

3 11010 Data overrun, lack of STROBE_QUT

6 11011 Partial word caused by new alignment

5 11100 Out of place K-character detected

2 11101 Word containing TAXI code violation(s), immediate error

4 11110 Running disparity violation, non-immediate error

1 11111 Both running disparity and coding violation

*Priority required when more than one EXception condition occurs in the same byte.
**|dle pattern.
Data enclosed in () are disabled in 32-bit mode.
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G-TAXI TX AC CHARACTERISTICS

(Guaranteed over recommended operating conditions).

Parameter Description Min Typ Max Units | Conditions
T, Parallel Input Data Setup Time 1.0 — — ns Measured in test mode
T, Parallel Input Data Hold Time 2.0 — — ns Measured in test mode
T, Parallel Input Data Rise Time — e 2.0 ns Test condition (a)
T, Parallel Input Data Fall Time — — 2.0 ns Test condition (a)
T, TCLK Pulse Duty Cycle 40 — 60 % Voo - 1.32V
T, TCLK Pulse Rise Time — — 2.0 ns Test condition (a)
T, TCLK Pulse Fall Time — — 2.0 ns Test condition (a)
T, Serial Data Output Rise Time — — 300 ps Test conditions (a), (b)
T, Serial Data Output Fall Time — e 300 ps Test conditions (a), (b)
T, Serial Data Output Random Jitter (RMS) — — 20 ps —
T, Serial Data Output Deterministic — — 100 ps —
Jitter (Peak to Peak)

Test conditions: a) 20%/80% for all PECL rise/fall measurements.
b) Load 2 = PECL load, 15 pF to ground 50Q to V,, - 2V.

GTAXI TX TIMING WAVEFORMS

TCLK VDD - 1.32V

(PECL Input)

80%
VDD - 1.32V
20%

Parallel DATA Inputs
(PECL Inputs)

Serial DATA Outputs
(PECL Outputs)
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G-TAXIRX AC CHARACTERISTICS

(Guaranteed over recommended operating conditions).

Parameter Description Min Typ Max | Units Conditions
T, Serial Input Data Setup Time 1.0 — — ns
15 Serial Input Data Hold Time 2.0 — — ns If PLL is bypassed
T Serial Input Data Rise Time —_ - 300 PS | Test condition (a)
T, Serial Input Data Fall Time — — 300 PS | Test condition (a)
Ty Serial Data Input Random Jitter — — TBD PS | BER = 102
T, S'erial Data Input Deterministic — —_ TBD ps BER < 102
Jitter (Peak to Peak)
Ty CLK Pulse Duty Cycle 40 — 60 % | Vpp-1.32V
T, CLK Pulse Rise Time — — 2.0 ns | —
T, CLK Pulse Fall Time — — 2.0 ns | —
— Data Input and CLK Offset Freq. — — 0.1 % | =125 MHz or 106.25 MHz
T, Synchronization Time — —_ 100 ps | —
Ty Parallel Data Output Rise Time —_ — 2.0 ns | Test conditions (a), (b)
T, Parallel Data Output Fall Time — — 2.0 ns | Test conditions (a), (b)
Ty Data Valid to RCLK Rise — 0 — ns | Testcondition (b)
T, Data Hold from RCLK Rise 4.0 — — ns | Testcondition (b)
T RCLK Pulse Duty Cycle 40 — 60 % | Testcondition (b)
T, RCLK Pulse Rise Time — — 2.0 ns | Test conditions (a), (b)
T RCLK Pulse Fall Time — — 2.0 ns | Test conditions (a), (b)

Test conditions:  (a) Measured at 20%/80%
(b) Load 2 = PECL 15 pF to ground, 50Q to V,, - 2V.
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G-TAXI RX TIMING WAVEFORMS

CLKIN
(PECL Input)

RX, RY, RLX, RLY
(PECL Inputs)

RCLK

Parallel DATA Outputs
(PECL Outputs)

RX,RLX
(PECL Inputs)
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G-TAXIMUX AC CHARACTERISTICS

(Guaranteed over recommended operating conditions).

Parameter Description Min Typ Max Units | Conditions
T, TCLK Duty Cycle 40 — 60 % V,,-1.32V
T, TCLK Pulse Rise Time — — 2 ns Test condition (a)
T, TCLK Pulse Fall Time — — 2 ns Test condition (a)
T, TCLK to CLK45 — 8 — ns Test condition (b)
T, CLK45 Period — TxN —_ ns M- 2 0r 8 a5 determined
T, CLK45 Clock HIGH — T.x2 — ns by DWS input
T, CLK45 Clock LOW — T,xM — ns bNy=D<{/.\;)Sr ?nzlsn determined
T, STRBI Period — T,xN — ns
T, | DATA-STRBIT,, | — [0 [ — | e [omommesw
Tro DATAI - STRBI Thol d — 4 — ns 0) and COMMAND(4:0)
T, RDY!I to STRBI Setup — 0 — ns —
T, STRBI Rise to RDYI Fall — 5 — ns Test condition (b)
T, STRBI Pulse Width HIGH — 5 — ns Test condition (b)
T, RDYI Pulse Width LOW — 15 — ns Test condition (b)
T RDYI Rise Time — 5 — ns Test condition (b)
T, RDY!I Fall Time — 5 — ns Test condition (b)
T CLK45 Rise Time — 5 — ns Test condition (b)
T, CLK45 Fall Time — 5 — ns | Testcondition (b)
PECL Outputs:
T, TCLK to DATAO Delay — 5 — ns | Testcondition (c)
T, DATAO Output Rise Time - 1 — ns | Testcondition (c)
T, DATAO Output Fall Time — 1 — ns Test condition (c)

Test conditions: (a) Measured at 20%/80%
(b) Load 1 = TTL 30 pF to ground
(c) Load 2 = PECL 15 pF to ground, 50Q to V,, - 2V
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1.25 Gbits/sec Data Communications Chipset

Load 1 Used for TTL Outputs

Load 2 Used for PECL Outputs

IN916 450Q

2.4kQ 30 pF IN916
I IN916

IN916

\'%
DD

82.5Q

1
130Q I 15 pF

G-TAXI MUX TIMING WAVEFORMS

TCLK
(PECL Input) ——/

CLK45 (~ 4 Case) 1
(TTL Cutput) —-/

>
N

o

RDYI [
(TTLOutput) —=——g
T,

STRBI
(TTL Input)

DATAI(39:0) [

Command(4:0)

(TTL Inputs)

A X X X X

DATAO
(PECL Output) _2|( X

Typical PECL Output Waveform:

Vcc~ 09=41V

VOD-132V « f} e v v v e e e e an ..
iy £F TR E -

VCC- 18=32V

Typical TTL Output Waveform:

40V
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1.25 Gbits/sec Data Communications Chipset

MULTIPLE MUX SYNCHRONIZATION

System Asynchronous
Reset Input Control Synchronous
—-\_ Resst Output
ASYRST
SYRST
Rs4 Mux1
Internal Counter 7 cLxas
Reset Input 4 r TCLK
TCLK x N, Whera N is
either 4 or 5 depending
on DWS selection
ASYRST
SYRST ==
RS4 Mux2
¢ 1o Olkas =
ASYRST
SYRST
—1—1 A% Mux3 F_
¢~ ek Othts =
System TCLK

MULTIPLE MUX SYNCHRONIZATION AC CHARACTERISTICS

(Guaranteed over recommended operating conditions).

Parameter Description Min Typ Max Units | Conditions
T, ASYRST to TCLK Setup — 0 — ns —
T, ASYRST to TCLK Hold — 2 — ns —
T, TCLK to SYRST Delay — 6 —_ ns —
T, TCLK to CLK45 Delay — 8 — ns -
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MULTIPLE MUX SYNCHRONIZATION WAVEFORMS

TCLK / \
(PECL Input)

T -
ASYRST
(TTL Input)
-
SYRST
(TTL Output)

[ \_4
iri

(\/ ./ =

1=

(TTL Output)

A

—»

G-TAXI DMX AC CHARACTERISTICS (Guaranteed over recommended operating conditions).

TTLVO
Parameter Description Min Typ Max Units Conditions
T, DATAI to STRBR Setup — 0 — ns —
T, STRBR to DATAI Hold — 4 — ns —
T, STRBR Pulse Width HIGH — 4 — ns —
T, STRBR Pulse Width LOW — 4 — ns —
T, STRBR Min Period — 8 — ns —
T, DATAI Rise Time — 1 — ns —
T25 DATAI Fall Time — 1 f— ns Load 1 = TTL 30 pF load
T, STRBR to CLK45 delay — 4 — ns —
T, STRBR to RDYO delay — 5 — ns ft;l;?) ‘% SS iﬁ: ljitetermined
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PECL I/0
Parameter Description Min | Typ | Max | Units Conditions

Ty DATAI to STRBR Setup — 0 — ns _

T21 STRBR to DATAI Hold — 4 — ns .

T, STRBR Pulse Width HIGH — 4 — ns | Measuredat V,,- 1.32V
T, STRBR Pulse Width LOW — 4 — ns | Measuredat V,,- 1.32V
T, STRBR Min Period — 8 — ns | _

T, DATAI Rise Time —_— 1 — ns | —

Ty DATAI Fall Time — 1 — ns | —

T, STRBR to CLK45 delay — 4 — ns Load 1

Ty STRBR to RDYO delay — 5 — ns | Lload1

G-TAXI DMX TIMING WAVEFORMS

STRBR
(PECL Inpug

RDYO
(TTL Outpuy)

STRBO
(TTL Inpuy

DATAI (9:0)
(PECL Inputs)

DATA0(39:0), EX(4:0)
(TTL Oupputs)

X

[Tz _'l
X

r,?h_

CLK45 /
(TTL Oupuy  __| _4' \

Typical PECL Output Waveform: Typical TTL Output Waveform:

VGC. 09=4.1V

80% - -
voD-132v -4l
2%
vcc-l.a.a‘zv

2-26 VITESSE Semiconductor Corporation
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ABSOLUTE MAXIMUM RATINGS ()

Power Supply Voltage, (V) ..o -0.5V to +6.0V
Power Supply Voltage, (V,,,,) veveenen. 0.5V tO +3.0V
DC INpUt VOIAGE , (V) ceeeereeet ettt v v s aeen -0.5Vto V,,
DC Voltage Applied to Outputs for High Output State, (Vi1 ) «cevvreevrereviiccicieivicieiccicieee -0.5Vto V,,+0.5V
TTL Qutput Current, (1, ), (DC, Output High) ............cooiiiiiiiiiicicee 50mA
PECL Output Current, (I, ), (DC, OUtput High) ...........ocooiiiiiiiiiie e -50mA
Case Temperature Under Bias, (T,,) ......cccouomririniniiiiicicc ettt -55° to +100°C
Storage Temperature, ((Tgrg ) cooveevevereecieieeeieeieeitev e st st s -65°C to +150°C
RECOMMENDED OPERATING CONDITIONS

Power Supply Voltage, (V) ..... ...+5.0V £5%
Power Supply Voltage, (V,,,) -...cccvvvn... ...+2.0V£5%
Operating Temperature Range, (T)@. ...... ...ttt 0°to +100°C
Notes: (1) CAUTION: Stresses listed under “Absolute Maximum Ratings” may be applied to devices one at a time without

causing permanent damage. Functionality at or above the values listed is not implied. Exposure to these values for
extended periods may affect device reliability.
(2) Lower limit is ambient temperature and upper limit is case temperature.

DC CHARACTERISTICS (Guaranteed over recommended operating conditions).
Power Supply (Tx/Rx)

1.0 1.2
Parameter Description Typ Max Typ Max Units |Conditions
IDD(T 4 Supply Current for Tx 310 — 368 — mA V,,=5.25V
Iy () Supply Current for Rx 500 — 620 — mA Outputs open
PD(TX) Power Dissipation for Tx 1.67 — 1.97 — w 50% output HIGH
PD(Rx) Power Dissipation for Rx 2.75 — 3.38 — w and LOW
Power Supply (Mux/Dmx)
Parameters Description Typ Max Units Conditions
IDD(MUX) V., Supply Current for Mux 100 150 mA V,,=525V
Dmaman) V,,, Supply Current for Mux 400 600 mA Viu=21V
Ly— V,, Supply Current for Dmx 40 60 mA V,, =525V
P V,,, Supply Current for Dmx 800 1200 mA V=21V
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Single-Ended PECL /O (Tx/Rx/Mux/Dmx)

Parameters Description Min Typ Max  |Units Conditions
' Input HIGH voltage V- 1.1 — V,p-070 | V
v, Input LOW voltage V.20 | — |V, 164] v | 0@t V2V
Vo, Reference Input V,,-1375 | V,,-132 |V, -1265| V —
Vou Output HIGH voltage V,p- 1.020 — V,,-0.70 [ V
Vo Output LOW voltage Vop- 2.0 — Vp-162 | V| 50QtoV,,-2V
Vaso Reference Output V,,-1375 |V,,-132 | V,,-1.265| V
I, Input HIGH current - — 200 pA | V=V, (max)
I Input LOW current -50 — — pA | V=V, (min)

Differential PECL /O (TX/Rx)

Parameters Description Min Typ Max Units | Conditions
Vore RX Input Differential voltage 0.2 - 1.2 v Vigy = Vop- 1.5V
Vieu RX Input Common Mode voltage | V,,-20 | — | V,,-1.0 \Y -

Voy TX Output High voltage V,p-1.020| — V,,-0.70 \Y 50Qto V-2V
Vo, TX Output Low voltage Vp-20 | — | V,-1862] V 50Q1t0 V-2V
TTL I/O (Mux/Dmx)
Parameters Description Min Typ Max Units Conditions
v, Input HIGH voltage 2.0 — — \'
v, Input LOW voltage — — 0.8 \'
1, Input LOW current -500 — — HA Vv, =05V
I, Input HIGH current — — 200 pA V, =24V
Vou Output HIGH voltage 24 — — \' Iy = -2.4mA
Vo Output LOW voltage — — 0.5 \Y I, =8mA
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PIN CONNECTION DIAGRAMS
G-TAXI Tx Pin Connection Diagram

VDD
NRZ,
VBB

- o
58288

|21 20 19 18 17 16 15|

p2 22 14;] GND
p3 []23 131 TLX
D4 []24 vsc7101 12 1LY
GND L5} Heat Sink Side | 11— VDDA
D5 26 101 X
De 27 o1 1v
D7 []28 81 GND
N1 2 3 45 6 7[
® & QX o9
Q Q O g 4 W
wspe oo

G-TAXI Rx Pin Connection Diagram

= Q
W Q >
Srx8335
|21 20 19 18 17 18 15'7
CLK []22 1411 GND
TEST []23 13[J RESYNC
NRZI [ 24 vsc7102 127 vBBO
GND []25|  HeatSink Side | 11 VDDA
RCLK []e2s 101 Do
D9 []27 9™ D1
ps []28 81 anD
N1 2 3 456 7[
8 8§ 8 § 38 8§
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G-TAXI TX PIN DESCRIPTION

Pin # Name Description
20-24 Do:D9 Parallel Data Inputs. These inputs accept parallel data from the TAXI-MUX, to be
26-28,1,2 latched by TCLK and transmitted serially, with D(9) first. (single-ended PECL inputs).

5 TCLK Supplies the reference to the internal PLL clock multiplier. The internal state machine
counters are synchronized to this signal. In TEST mode, this pin supplies the internal
clock to the entire circuit when clock multiplying circuit is switched out. (single-ended
PECL inputs)

7.6 OEo, OE1 Output Enable 0,1. These are PECL inputs. They control the PECL serial
output pins according to the following:
OE0 OE1 TXTY TLXTLY
Low Low  active active
Low High  active Low/High
High  Low Low/High  active
High  High  Low/High  Low/High
(single-ended PECL inputs)
16 NRZI
NRZI TX/TY, TLX/TLY
LOW NRZ
HIGH NRzI
(PECL levels)
10,9 X, TY Differential serial transmitted data outputs. (differential PECL inputs)
13,12 TLX, TLY Differential serial Transmitted Loopback outputs. When enabled, this pair of pins
carries the same signal as TX/TY. They can be connected to RLX, RLY pins at the
TAXI-Receiver to perform the system loopback diagnostic test. (differential PECL outputs)
3 TEST TEST selects the normal and TEST mode function. The selection follows the following:
TEST Select Function
VDD Normal Mode
Floating  TEST Mode
When in test mode, the internal clock multiplier circuit is switched out. The internal
clock is supplied through the TCLK pin.

15 VBBI VBB reference input. The voltage at this input defines the VBB for all single-ended
PECL input signals. Typically connected to the VBBO pin from the TAXI-MUX.

11 VDDA VDDA supplies current to the PECL output circuits. It is separated from VDD to
reduce internal noise coupling, but will be connected to a common external +5V supply.

4,18 VDD VDD supplies current to all other internal circuits. It can be connected to a common
external +5V supply.
8,14,25 GND GND should be connected to a common external ground reference.
17,19 NC Not connected.
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G-TAXI RX PIN DESCRIPTION

Pin #

Name

Description

10,9,7,6,5,
3,2,1,28,27

Do:D9

Parallel Data Outputs. These outputs are the most recent valid DATA symbol received
by the G-TAXI. D(0) is the Least_Significant_Bit. D(9) is the Most_Significant_Bit.
(PECL levels)

22

CLK

CLK is driven by an external frequency source at PECL levels. This signal is used as
a frequency reference for the clock recovery PLL. Its frequency should be within 0.1%
to that of the Tx TCLK.

24

NRZI

The NRZI enable allows the received data to be converted from NRZ! into NRZ format.

NRZI  TX/TY, TLX/TLY

LOW NRz
HIGH NRzI

23

TEST

TEST input forces the chip into TEST mode when itis LOW (PECL level).
During normal operation, TEST should be HIGH. (PECL level)

21

LPEN

LooP ENable input when LOW (PECL level) selects the serial data stream at RLX/RLY
inputs as the received data. This is used in the system diagnostic loopback test. LPEN
HIGH (PECL level) during normal operation.

15

SYNC

SYNC enable input allows the SYNC pattern (0011111010) to establish byte boundary
for the data to follow. A new byte boundary will be established if the sync pattern is
received. In a system with a different SYNC symbol, the SYNC detection function

can be disabled with SYNC input LOW (PECL level) such that D(0:9) will be ‘unframed’.

26

RCLK

This is a byte rate clock output from the data recovery PLL circuit. Its frequency is very
close to that of the CLK input and synchronous with the serial transfer rate. D(0:9) are
clocked out with the rising edges of RCLK (PECL levels).

13

RESYNC

RE-SYNC flag output is set HIGH (PECL level). When the receiver has received the
SYNC character, RESYNC stays high only for one byte period. It observes the same
timing as D(0:9).

19, 20

RX, RY

Differential serial received data inputs. (PECL level.).

16, 17

RLX, RLY

Differential serial Loopback data inputs. This pair of inputs should be connected to
the TLX, TLY pins at the TAXI TX for system level diagnostic loopback test functions.
(PECL levels)

12

VBBO

VBB reference output carries the VBB reference voltage for all the single-ended PECL
signals (DATA and RCLK) originated from the G-TAXI Rx. It should be used to provide
the logic level compatible with the circuits receiving these signals, typically connected to
the VBBI pin of the TAXI-DMUX.

VDDA

VDDA supplies current to the PECL output circuits. It is separated from VDD to reduce
internal noise coupling, but will be connected to a common external +5V supply.

VDD

VDD supplies current to all other internal circuits. It will be connected to a common
external +5V supply.

GND

GND should be connected to a common external ground reference.
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G-TAXI MUX PIN CONNECTION DIAGRAM

s §Uoooogéoooccégéocooguocoog
8238282889852 8R822YS8BRRSRRRRRY
GNDA vDD
N ] 3 p21
NC ———3 p20
| {o2 seenmm— —————— D19
NC C———— |————m po1s
[ [oR omm— ————— p17
GND ———] /3 VMM
STRBI ———] ———————1 D16
NC ———————— f——— D15
ClLK45 ——— VSC7103 —————— D14
RDYI ——————— f—————— D13
VDDA C——————— —————— GND
GNDA —————— H S k Sd ———————) GNDA
VMM ——— eat In I e ——————1 VDDA
————— ——————— Di2
D‘::z O D11
—/—/———] ——
TCLK 3 \ . . —————— D10
NC ] Orientation ————— Do
RS45 ———— Mark ——————— D8
VDDAE‘::ﬂ —————— VMM
GNDA —————— [—————— GNDA
GND ——————— [————————— VDDA
SYRST — o7
NC ———————— —————— D¢
ASYRST ————— ————— D5
NC C—— ———— D4
VMM —————— —————— GND
TEST ————— I———————— D3
NC ——————] ——————— D2
NC ] . —————— Dt
NC ——————— /—‘Pm132 F——— Do
NC C—————] . F————— NC
VoD ,——Pin 1 GNDA
@ ZZ<ZZPUUUU<OSYUDUD<OOOUZZZSZZZZZS
§°°§°°§3888§§§89889§§§8°°°§°°°°°8
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G-TAXI DMX PIN CONNECTION DIAGRAM

O0UD Q500000 250000, 2
§229298828888223888882388888337833¢
[ VDD
e [ — f————— NC
o | e—— 1 NC
o ————— NC
D7 e ne
DIg T———— — N
Dl C———— — VMM
Ve | —— ‘:‘l D026
o p—————— D025
OEN ————— VSC7104 pozs
pWs :zzl poa:
STRBR —————] —— oD
VDDA ——————] . . F— aNpA
GNDA ——— H S k S d VDDA
WM eat n ae — 022
otk [ Semee— p————— DO21
v O\ f————— D020
RDYO [————— X \ DO19
E4 QOrientation — Do
B3 ] Mark 2—::_—:‘:! ey
VDDA T——————— s
GNDA [——————  —— oDA
GND ——————] E——— opo17
e A f—————x DO16
o ———— DOt5
E0 ——— E———— oo
b :r—_—_—_: ———— CND
s — ———— NC
N —— ey NC
N Ee—=rc
NC .
NC Pin 132 — ::g
Lo —— V4 : —N
Pin 1
VDD v
<9 <QOUQUOUUSZZZZZ<
§55835288835258888858288888555553
g
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G-TAXI MUX PIN SUMMARY
TTL Data INPULS ..eeueeeeeerreeecie e DATAI(39:@) TEST INPUL oottt s s res s TEST
TTL Command INPUtS ......coeeeruerereenene .CMND(4:2) PECL ClOCK INPUL ...t e cnereee e TCLK
TTL 32/40-bit Data Width Select Input........cccoveereenenn. DWS PECL Encoded Data OUtputs .......cceceeevererencenne DATAO(9:2)
TTL Strobe Input......cceevenee . STRBI PECL VBB Reference QUtpUL ........ccouveererenereerererereesenns VBBO
TTL Ready Output . RDYI PECL Power Supply pins VDDA
TTL Divide by 4 or 5 Clock Output .CLK45 TTL Power SUPPIY PiNS c.ovevereeeeeererrerenesreeeeeeeseensnessennes VDD
TTL Asynchronous Reset Input ..... ASYRST Logic Power Supply pins .. .. VMM
TTL Synchronous Reset Output .. SYRST PECL Ground pins ........... GNDA
Reset Clock 4 or Clock5 INPUt .......ccceevireeeiecsvecreenenns RS45 TTL /Logic Ground PiNs ......ccccereervireeerensenesesseeneesneenens GND
G-TAXI MUX PIN DESCRIPTION
TTL Compatible I/O

Pin # Name Description
36-39, 41-44, 48-52, | DATAI(39:0) Parallel Data inputs. These 40 inputs accept parallel data from the host system bus.
56-59, 61-65, 68-72, The incoming data is latched by STRBI, multiplexed, encoded, and clocked into the
74-77, 81-85, 89-92 G-TAXI Transmitter. D(@) is within the Last Shifted Byte.

94-98 CMND(@:4) Command (special character control) Inputs. A set of pre-defined special characters

may be encoded using the CMND inputs. Refer to the CMND table on page 9.

114 DWS Data Width Select input. When high, G-TAXI Mux accepts data in 40-bit mode
and multiplexes it into 5 bytes for encoding. When low, G-TAXI Mux accepts data in
32-bit mode and multiplexes it into 4 bytes for encoding (DATAI(31:0) inputs are
multiplexed and DATAI(39:32) are ignored).

107 STRBI Strobe Input. The rising edge of this input causes the DATAI(39:0) and CMND(4:0)
inputs to be latched into the INPUT REGISTER. The input latching will only occur when
RDY! output rises — an indication that the previous data has been latched to the
MULTIPLEXER LATCH.

110 RDYI Ready output. This output rises after transfer of data from the INPUT REGISTER to the
MULTIPLEXER LATCH is complete and the INPUT REGISTER is ready to accept the
next 40-bit wide DATAI. If STRBI is asserted when RDY! is not ready, the data will not
be latched into the Mux. RDY! falls in response to STRBI.

109 CLK45 Output Clock4 or Clock5 signal. This output clock is the PECL TCLK input signal di-
vided-by-4 (2 TCLK cycle high, 2 TCLK cycle low) or divided-by-5 (2 TCLK cycle high,

3 TCLK cycle low) as defined by the DWS input. It can be used in a synchronous
system as the master clock source at the 40-bit or 32-bit bus frequency. (TTL level).

124 ASYRST Asynchronous Reset. This input is used to reset the Muxes in multiple parallel systems.
Reset should only have to be performed during system initialization. In most applica-
tions, ASYRST can be hard-wired to GND. ASYRST is internally synchronized by TCLK.

122 SYRST Synchronous Reset. This output is the synchronized (by TCLK) version of ASYRST. In
multiple Mux systems, SYRST of one Mux should be connected to the RS45 inputs of
all Muxes in the system. This allows all Muxes to be reset from a common, synchronized
source.

118 RS45 Reset CLK45. This input directly resets the internal MUX logic when itis HIGH. In
multiple, parallel Mux systems it should be connected to the SYRST output of the MUX
whose ASYRST input is being used. In most applications, RS45 should be hard-wired
to GND.

127 TEST TEST input. TEST is used for setting positive running disparity during initialization. k
In most applications, TEST should be hard-wired to GND.
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PECL Compatible /0O
Pin # Name Description
116 TCLK Single-ended PECL Clock Input. This input is intended to receive the same clock that

runs the G-TAXI Tx, which takes its input data from the G-TAXI Mux. At every TCLK
cycle, a new byte of encoded data (10-bit) is presented at the DATAO(9:0) pins
synchronously.

8-11, 15-19, DATAO(0:9) Single-ended PECL Data Outputs. These pins output mux'ed and encoded data at PECL
23 voltage levels. They are connected to the DATA input pins of the G-TAXI Tx.
New DATAQ is presented at the output pins every TCLK cycle.

4 VBBO VBB reference voltage output. This is the reference voltage for DATAQ(9:0) outputs.
When connected to G-TAXI Tx VBBI input, this voltage sets the VBB reference of all
the input circuits on the G-TAXI Tx.

Power & Ground Pins

Pin # Name Description
12, 20, 45, 53, 78, VDDA VDDAs supply current to the I/O circuits. They are isolated from VDDs to
86, 111,119 reduce internal noise coupling, but will be connected to a common external +5V supply.
33, 66, 99, 132 VDD VDDs supply current to all of the internal logic. They are isolated from VDDAs
to reduce internal noise coupling, but will be connected to a common external
+5V supply.
14, 27, 47, 60, 80, VMM VMM s supply current to all of the internal logic. They are connected to a common
93,113,126 external +2V supply.
1,13, 21, 34, 46, GNDA GNDAs are used by the /O circuits. They are separated from GNDs to
54,67,79, 87, reduce internal noise coupling, but will be connected to a common external ground
100, 112, 120 reference.
7,22, 40, 55,73, GND GNDs are used by all of the internal logic. They are separated from GNDAs
88, 106, 121 to reduce internal noise coupling, but will be connected to a common external

ground reference.

2,3,5,6, 24-26, NC Not connected.
28-32, 35,
101-105, 108,
115,117,123,
125, 128-131
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G-TAXI DMX PIN SUMMARY

TTL Data OULPULS .ceevuecrenvrerereseeerieneeseseeaenes DATAO(39:0) PECL STRBR INPUL v eenaee e STRBR
TTL EXception OUtpULS ........cceeueucunee ..EX(4:2) PECL VBB Reference Input . ..VBBI)
TTL 32/40-bit Data Width Select Input .........ccccceeveereecnnne DWS PECL Power Supply pins .. VDDA
TTL STROBE_Out Input STRBO TTL Power SUpPIY PiNS .c.oeceueeeerveeririceereeeeeneeees ..VDD
TTL Ready QUIPUL .......cvuee e cereseesreesene e RDYO Logic Power SUpply PiNs ......cveereevrnenreseneicenrcseeeee s VMM
TTL Data Output Enable........... OEN PECL Ground pins ......ccceeeveenesuesennesereeenereseseeees
Output Clock4 or Clock5 Signal .........cccvveeeeerneeerunenen. CLK45 TTL /Logic Ground pins

PECL Data INPULS ...c.eevereeriiieeereecereeeeeaesessanaens DATAI(9:2)

G-TAXI DMX PIN DESCRIPTION

TTL Compatible I/O
Pin # Name Description
125, 8-11, 15-19,| DATAO(39:0) | Parallel DATA outputs, TTL-compatible tri-state output. These outputs carry parallel
23-26, 41-44, data to the receiving system. D(0) is within the Last Shifted Byte.
48-52, 56-59, DATAQ(39:32) will be tri-stated in 32-bit mode.
74-77,81-85
89-92
122-124,117, 118 EX(4:0) EXception output pins. They indicate G-TAXI special conditions (errors or special
K-character) that are received. EX(4:0) are timed the same way as DATAOs.
EX(4:0) are never disabled. REFER TO EXCEPTION TABLE, p. 15.

109 DWS Data Width Select input. When high, G-TAXI Dmx outputs data in 40-bit mode (5 bytes).
When low, DATA0(39:32) are not used and DATAO0(31:0) outputs carry the 4-byte data.

114 STRBO Input strobe signal. The rising edge of this input causes the data transfer from
BUFFER LATCH into the OUTPUT LATCH to happen as soon as OUTPUT LATCH
has been read. This input should only be strobed when RDYO is active.

116 RDYO Output READY output. This output rises after transfer of data from the BUFFER LATCH
to the OUTPUT LATCH is complete and the DATA0(39:0) outputs are ready to be
transferred. It falls in response to asserted STRBO input. If STROBE is asserted when
RDYO is not ready, the OUTPUT LATCH will not be affected. RDYO falls in response
to STRBO.

108 OEN Data Output Enable. When low, the DATAO outputs are enabled. When high,

DATAOQ outputs are in high impedance state.

115 CLK45 Output Clock4 or Clock5 signal. This output clock is the PECL STRBR input signal di-
vided-by-4 (2 STRBR cycle high, 2 STRBR cycle low) or divided-by-5 (2 STRBR cycle
high, 3 STRBR cycle low) as defined by the DWS input. It can be used in a synchronous
system as the master clock source at the 40-bit or 32-bit bus frequency. (TTL level)
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PECL Compatible I/O
Pin # Name Description\

94-98, 101-105 | DATAI(2:9) PECL data inputs. These inputs are driven by the G-TAXI Rx outputs at PECL
voltage levels. The logic threshold is determined by VBBI voltage. They are
connected to the DATA output pins at the G-TAXI Rx. New DATAI is presented
at the input pins every time STRBR goes active at the G-TAXI Rx.

110 STRBR PECL STROBE input. This input is connected to the RCLK output of the
G-TAXI Rx and used by the G-TAXI DMX to transfer data from its DATAI(9:0)
inputs into the INPUT REGISTER.
107 VBBI VBB reference voltage input. This VBB is the reference voltage for DATAI(9:0) inputs.

When connected to G-TAXI Rx VBBO output, this voltage sets the VBB reference of all
the input circuits on the G-TAXI DMX.

Power & Ground Pins

Pin # Name Description
12, 20, 45, 53, 78, VDDA VDDAs supply current to the I/O circuits. They are isolated from VDDs to
86, 111, 119 reduce internal noise coupling, but will be connected to a common external +5V supply.
33, 66, 99, 132 VDD VDDs supply current to all of the internal logic. They are isolated from VDDAs
to reduce internal noise coupling, but will be connected to a common external
+5V supply.
14, 27, 47, 60, 80, VMM VMMs supply current to all of the internal logic. They are connected to a common
93, 113,126 external +2V supply.
1,13, 21, 34, 46, GNDA GNDAs are used by the I/O circuits. They are separated from GNDs to
54, 67,79, 87, reduce internal noise coupling, but will be connected to a common external ground
100, 112, 120 reference.
7,22, 40, 55,73, GND GNDs are used by all of the internal logic. They are separated from GNDAs
88, 106, 121 to reduce internal noise coupling, but will be connected to a common external
ground reference.
2,3, 5,6, 24-26, NC Not connected.
28-32, 35,
101-105, 108,
115,117,123,
125, 128-131
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FEATURES
* Serial data: up to 1.25 Gb/s

» ECL 100K/10KH compatible parallel
data inputs/outputs

+ Setinput on VS8001 synchronizes external
and internal clocks

« Skip input on VS8002 for alignment of
12-bit output to word boundaries

» Standard ECL power supplies:
Vg =-52V+026V,V,=-20V01V

« Available in commercial or industrial
temperature ranges

FUNCTIONAL DESCRIPTION

Introduction

The VS8001 and VS8002 are dataconversion
devices capable of serial data rates up to 1.25 Gb/s,
transforming 12-bit wide parallel data to serial data
and serial data to 12-bit wide parallel data. Evalu-
ation of the parts is facilitated by on-chip self-test
circuitry.

The VS8001 and VS8002 are fabricated in
gallium arsenide using the Vitesse H-GaAs™ E/D
MESFET process which achieves high speed and
low power dissipation. These products are pack-
aged in a ceramic 52-pin leadless or leaded chip
carrier. Refer to Section 6, "Packaging" for a
complete description of these packages.

VS8001

The VS8001 is a 12-bit parallel to serial data
converter. A fully synchronous internal design
receives 12 parallel single-ended ECL bit streams
(D, - D,;) and converts these to a single differential
bit stream (MUXDATA, NMUXDATA) up to 1.25
Gb/s. To accommodate various system timing

constraints, both the high frequency clock (CLK,
NCLK) and low frequency divide by 12 clock
(CLOCK12) are driven off chip. A synchronizing
input (SET) allows alignment of the internal low
frequency clock to an externally supplied clock
(DCLOCK).

VS8002

The VS8002 is a serial to 12-bit parallel data
converter. A fully synchronous internal design
receives a single bit stream (MUXDATA, NMUX-
DATA) operating at data rates up to 1.25 Gb/s and
converts it to 12 parallel single-ended ECL bit
streams (D, - D;,). The high frequency clock
(CLK, NCLK) is externally supplied. The low
frequency divide by 12 clock (DCLOCK) is driven
off chip synchronous with the parallel data. An
external signal (SKIP) may be used to slip the low
frequency clock by one serial data bit for alignment
of the 12-bit output to word boundaries. A SKIP
input causes output to be invalid for up to 3
DCLOCK cycles.

Self-Test Feature

In addition to normal parallel to serial and
serial to parallel data conversion hardware, the
VS8001 and VS8002 contain features which allow
the user to fully evaluate the at-speed functionality
of the devices. Given some simple enabling signals
(TEST,SYNCPATT), built in hardware causes the
VS8001 to transmit multiplexed internally gener-
ated data patterns viaits high speed serial port to the
high speed serial input on the VS8002. These
signals allow the VS8002 to align itself to word
boundaries and compare incoming data to its own
internally generated, pseudo-random test patterns.
Test enabling pins on the VS8002 consist of the
TEST and SYNCPATT. Testis confirmed on the
ALIGNED, ERROR, FRAME and MATCH pins
on the VS8002.

1992 Product Data Book

3-1
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APPLICATIONS
* High speed instrumentation and » Serialization of computer backplanes
test equipment + Computer to computer interfaces
» Fiber optic communication + Serial control buses for aerospace
¢ Local area networks environments

VS8001 12:1 MULTIPLEXER BLOCK DIAGRAM

PARALLEL

DATA INPUTS
noN.n i = p INPUT REGISTER |
12
" N t
< | PATTERN BUFFER REGISTER
FRAME GENERATOR i l y f12 I
>
SENDCLK2 —— TEST * % CLOCK12
TEST —¥  CcoNTROL
SYNCPATT ——#
1 g
DCLOCK \ 4 3
&
SET “5‘ 12:1 _m MUXDATA
i Mx NMUXDATA
4
=
cLK* o Z

m CLOCKOUT
NcLocKouT

* CLK can be single ended or differential

VS8002 1:12 DEMULTIPLEXER BLOCK DIAGRAM

o
b
112 0] PARALLEL
MUXDATA* ——p DEMUX & DATA INPUTS
5 D,-D,,
o
=
> 3
*
CLk TIMING
SKIP N GENERATOR > DeLock
ALIGNED €—————]
ERROR 4—————] -
syncPaTT ————pf  TEST
CONTROL [%
SENDCLK2 ~————pl '
TEST ————
‘ 12-BIT > maTcH
FRAME 4——————| PATTERN -
GENERATOR * COMPARE
12

*MUXDATA and CLK can be single ended or differential
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VS8001 12:1 MULTIPLEXER WAVEFORMS

¢ )
(ANXANEAN (AN

MUXDATA,
NMUXDATA

fe—tc
CLK 1).(2).(3)
SET
DCLOCK “
\ / /
tssy | tgPl )
cockiz —IREERT \ ' \
D,-D, B N e

NOTES: (1) Rising edge of CLK causes MUXDATA to change DATA 1
(2) Rising edge of CLK causes CLKOUT to rise
(3) Falling edge of CLK causes CLOCK12 to change
(4) Falling edge of DCLOCK latches parallel data
VS8001 AC CHARACTERISTICS (Over recommended operating conditions.)
Parameter Description MIN TYP MAX Units
L, CLK period 0.80 — — ns
t, DCLOCK period 9.6 — — ns
tosu Set set-up time 2.0 — —_ ns
t, Set hold time 3.0 — — ns
Lo Data set-up time 2.0 — — ns
t, Data hold time 3.0 — — ns
t Clock output (CLKOUT, NCLKOUT) to muxed 50 150
oMD data output (MUXDATA, NMUXDATA) timing - - * ps
jitter CLK to MUXDATA, NMUXDATA (max-min), (HIGH to _ <50 — ps
LOW) same part, same pin as constant conditions
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VS8002 1:12 DEMULTIPLEXER WAVEFORMS

il

Y QU
\_—v_—_—/

DATA 1 < tp

DCLOCK ) / A | W

0,-0,, XX .'.'.'.'.'Z':'Z'Z'?" VALID DATA (1) M
SKIP
MUXDATA
e tps >

Note: 1) Rising edge of CLK causes serial data to be latched.

VS8002 AC CHARACTERISTICS: (Over recommended operating conditions.)

Parameter Description Min Typ Max Units
t CLK period 0.80 — — ns
t DCLOCK period 9.6 — — ns
tq Clock to Q data 05 — 25 ns
t Minimum pulse skip 3.0 — — ns

MUXDATA phase timing margin with respect to CLK input:

Phase Margin to o+t 135 — —  |degrees
. sutly

Phase Margin = ) 360°

(o]
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ABSOLUTE MAXIMUM RATINGS ()

Power SUpply VOItage (V1) ..c.ovveercceiiiceiciiic ittt st e -30Vto+0.5V
Power Supply Voltage (Vi) ...t et V;+07Vto-60V
ECL Input Voltage Applied @, (Vg ) -eceveeeemreerieieciiniciiisinineeiesicinevcnsccvacencasissnacassscccveaseasancncnns -25Vto+0.5V
High Speed Input Voltage Applied @, (V,g) coeovveveeveeeiieeee e Ve.-07Vto V, + 0.7V
Output Current, I, (DC, OUPUL HIGH) ..ot st neesnas -50 mA
Case Temperature Under Bias, (T, )......ccccovuivrmrciniirieciiiiceeiccccceeieciccseacaecstieaevesienssaccasascacanans -65° to +125°C
Storage Temperature®, (Ty;o) .......ovvvveeeceeeeeieeecece ettt s ssac e -65° to +150°C

RECOMMENDED OPERATING CONDITIONS

ECL Power Supply Voltage, (Vi) ...covveeeeeeeceictctetee ettt ss s 20V+0.1V
Power Supply VOltage, (Vo) ..ottt nsaccan s cnsesaneas -52V+026V
Operating Temperature Range @, (T) ..................................... (Commerclal) 0° to 70°C, (Industnal) -40° to +85°C

NOTES: (1) CAUTION: Stresses listed under "Absolute Maximum Ratings" may be applied to devices one at a time without
causing permanent damage. Functionality at or above the values listed is not implied. Exposure to these values for
extended periods may affect device reliability.

(2) V,, must be applied before any input signal voltage (V,, and V., ) must be greater thanV, - 0.5 V.

HSIN:
(3) Lower limit of specification is ambient temperature and upper limit is case temperature.

DC CHARACTERISTICS
ECL Inputs/Outputs

(Over recommended operating conditions with interal V.. V.. = V,,, = GND, Output load = 50 Q to -2.0 V.)

REF *
Parameters Description Min Typ Max | Units Conditions

Vou Output HIGH voltage -925 — -700 mV V,y =V, (max)

vV, Qutput LOW voltage V., — | -1750 { mv |orV, (min)

v, Input HIGH voltage 1040 | — | -600 | mv | (ramecd HIGH signal
v, Input LOW voltage vV — |-1600 | mv %},‘:lrf’mgfg LOW signal
L, Input HIGH current — 10 200 pA [V, =V, max

1, Input LOW current -50 — — PA |V, =V, min
Voer ECL input reference, Vg2 — | 129 | — vV | —

NOTE: 1) Differential ECL output pins must be terminated identically.
2) Ve, input is used to supply external Vg on chip for ECL 10K ECL compatibility.
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HIGH SPEED INPUTS/OUTPUTS

(Vee =-5.2V, V. = GND, V= -2.0V, T, = 25°C. Input reference level (V,,..) =-3.5V Typ.)
Complementary high speed output pins must be terminated equally.

Parameters Description Min Typ Max | Units Conditions
Vou Output HIGH voltage — -0.9 — \'
v, Output LOW voltage — |18 | — | v |Queatioas
AVour Output voltage swing 0.62 0.9 1.3 \'
v, Input HIGH voltage 31 | 80 | -29 | Vv | {uammesd HiGHsgna
v, Input LOW voltage 41 | -40 | 39 v gﬂiﬁﬂ::&i LOW signal

NOTES: 1) A reference generator is built into each high speed input, and these inputs are designed to be AC coupled.
2) If a high speed input is used single-ended, a 150 pF capacitor must be connected between the unused high
speed or complement input and V.
3) Differential high speed output pins must be terminated identically.
4) ESD protection is not provided for the high speed input pins, therefore, proper procedures should be used when
handling this product.

POWER DISSIPATION (Over recommended operating conditions, V s, = GND, outputs open circuit)

Parameter Description V58001 V58002
Min Typ Max Min Typ Max Units
Power supply
- current from V., — 415 520 —_ 435 550 mA
Power supply
I current from V. — 200 300 — 270 400 mA
P, Power dissipation — 26 35 — 2.8 3.9 w
HIGH SPEED INPUTS ]
. . ChipBoundary
High speed inputs (clock or T e e |
. , cc = GND
data) provide for AC coupled op- :
eration. Internal biasing will posi- : S
tion the reference voltage of 150 pF I_| L T
. ; 35V 35V
approxiamtely -3.5 Volts on both a1 | .

. = 1kQ
th'e true and complementary inputs. 500 1& It
Single-ended, AC coupled opera- : < <
tion is illustrated at right. v 180pF X

v VeE = -5.2V
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VS8001 PIN DIAGRAM

a558gsl¥998s99ys
rJaa 38 37 36 35 34 33 32 31 30 29 28 27
ps [ 40 Ne
o7 41 VREF
D6 [] 42 NMUXDATA
vee [] 43 VEE
Ds [ 44 MUXDATA
D4 [ 45 vs8001 CLOCKOUT
VT [ 48 Heat Sink Side NeLockouT
D3 ] 47 NOLK
D2 ] 48 vee
vee [ 49 CLK
b1 [ 50 NC
Do [ 51 NC
TEST [ 52 Ne
12 3 45 67 8 9 1011 1213
LlLILlLILILILILILII_IIilIaILI
N
BEegeebygesye
S E 8 g Q
s 3 ]
%] 1%
VS8001 PIN DESCRIPTION
Pin # Name /0 Description
17,19 CLK, NCLK | | High speed clock input (capacitively coupled)
21,20 CLOCKOUT, | O | High speed clock output
NCLOCKoUuT
22,24 MUXDATA, O | High speed serial data output
NMUXDATA
37-42, 44, 45, DO-D11 | | Parallel data inputs (ECL)
47, 48, 50, 51
9 CLOCK12 O | Internally generated divide by 12 clock output (ECL)
11 DCLOCK | | External divide by 12 clock input (ECL)
1 SET | | Synchronization input (ECL)
52 TEST | | Testhardware enable (ECL input). LOW for normal operation.
8 FRAME O | Test pattern repeat confirmation (ECL output). Float or VCC for normal operation.
2 SYNCPATT | | Test pattern alignment enable (ECL input). LOW for nornal operation.
12 SENDCLOCK2 | | | "CLK2" pattern enable (ECL input). LOW for normal operation.
25 Veer ECL reference level input.
4,10, 18, 30, Ve Ground connection.
36, 43, 49
7,46 Vir -2.0 V supply for internal reference generation & low power logic.
23,33 Vee -5.2 V supply for high speed logic.
3,5,6,13-16, NC No connection.
26-29, 31, 32,
34,35
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VS8002 PIN DIAGRAM
w Q o 5
8 ~
Foe8SibegBe}d
34 33 32 31 30 29 28 27
MATCH NC
oo T4t VREF
p1 42 NC
vee 4 VEE
pz2 44 NC
ps 45 VS8002 NC
vir 46 Heat Sink Side NC
o2 == P4 NCLK
ps 48 vee
vec 49 cLK
ps Hs0 NMUXDATA
p7 s MUXDATA
nc s NC
12 8 4 5§ 6 7 8 9 10 11 12 18
pouuooouodogt
%gagggg segEe®
88
]
VS8002 PIN DESCRIPTION
Pin # Name o Description
17,19 CLK, NCLK || High speed clock input (capacitively coupled)
15, 16 MUXDATA, | | High speed serial data input
NMUXDATA
41, 42, 44, 45, DO-D11 O | Parallel data outputs (ECL)
47, 48, 50, 51,
3,5,6,8
31 DCLOCK | | Internally generated divide by 12 clock output (ECL)
28 SKIP I | Causes one high speed serial bit to be skipped for word boundary shifting.
A SKIP input causes data to become invalid for up to 3 DCLOCK periods.
(ECL input)
35 ALIGNED O | Indicates that the demux has found a match on three consecutive DCLOCK cycles
(ECL output). Float or VCC for normal operation.
34 ERROR O | Indicates that the internally generated pattern did not match the incoming data on at
least one DCLOCK cycle since the error latch was reset (ECL output).
Float or VCC for normal operation.
27 TEST I | Test hardware enable (ECL input). LOW for normal operation.
39 FRAME O | Test pattern repeat confirmation (ECL output). Float or VCC for nornal operation.
40 MATCH O | Indicates that the internally generated pattern matched the incoming demultiplexed
data (ECL output). Float or VCC for normal operation.
11 SYNCPATT | | Test pattern enable (ECL input). LOW tfor nornal operation.
12 SENDCLOCK2 | | | "CLK2" pattern enable (ECL input). LOW for normal operation.
25 Veer | | ECL reference level input.
4,10, 18, 30, Ve Ground connection.
36, 43, 49
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VS8002 PIN DESCRIPTION (con't)

Pin # Name /(o] Description
7,46 Vo | | -2.0V supply for internal reference generation & low power logic.
23,33 Vee I | -5.2'V supply for high speed logic.
1,2,9,18, 14, NC No connection.
20-22, 24, 26,
29, 32, 38, 52
SELF-TEST FEATURE the demultiplexer to find word boundaries. During

Test Description

The following is a description of the circuitry
and method used to implement the self-test feature
incorporated in the VS8001 and VS8002.

Because of the difficulty and cost associated
with manually generating and detecting high speed
data streams, the VS8001 and VS8002 have been
designed with circuitry which enables the user to
perform an at-speed functional evaluation of the
parts in a system environment by using a single
external stimulus: the high speed clock. The test
circuitry, distributed between the two parts,
consists of two pattern generators, control logic,
and a twelve-bit comparator. The multiplexer
generates a serial data pattern, and the demulti-
plexer detects the pattern and compares it for cor-
rectness.

The pattern generator on the VS8001 creates
twelve-bit patterns for the multiplexer, which then
converts these twelve-bit words into a serial data
stream. The serial output of the multiplexer is
connected to the serial input of the demultiplexer.
The demultiplexer converts this high speed serial
data bit stream into twelve bit parallel data and
compares the incoming data to patterns created by
its own test pattern generator.

The pattern generators can make three differ-
ent patterns: a synchronizing pattern (called
“SYNC”), a transition pattern (called “CLK2”),
and a pseudo-random pattern that repeats every
4095 words. The SYNC pattern is sent first to allow

synchronization, the ALIGNED pin on the
demultiplexer signals that the comparator has
found a match on three successive words. This is
followed by the CLK2 pattern which signals the
demultiplexer that the pattern is about to change to
the 4095 word pseudo-random pattern. This allows
the demultiplexer to start its pseudo-random
pattern at the appropriate time to match the pattern
being received on the incoming data stream from
the multiplexer.

The incoming data pattern and the locally
generated test pattern go to a twelve-bit
comparator. The result of the comparison appears
atthe MATCH pin of the demultiplexer. A latch,
which is reset upon entering the pseudo-random
mode, detects any mismatch between the incoming
data pattern and the locally generated test pattern.
The latch state appears at the ERROR pin of the
demultiplexer. On both parts, a one period pulse on
the FRAME pin signals that the pseudo-random
pattern is repeating.

The test is controlled with the TEST and
SYNCPATT pins on both parts. The diagram on the
following page shows the self-test setup in more
detail.

TEST HARDWARE BLOCKS

VS8001

The test hardware on the MUX consists of a
12-bit pattern generator with control logic. The
individual blocks are described below.
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SELF-TEST SETUP
. © :
§ o Upto g
______ g gy g
| ] I
| VS8001 . , Vs8002 :
] N 1 I
. LKOUT CLK mil
: Timing ; Delay ) Timing _"2—+ .
! t [ 5 o 1
| 2 | \ .g é l
[ . ) ) . @ ]
Do-D11 | 12 c ;A%J;( I | Déi}ax < 3 !
| L3 = MUXDATA __ MUXDATA | 12 a 2] &
Pl & . seabata | 3 ] '
m uplo1.25Gbs ! - MATCH
| 12 ' I 12 '
! ! ERHOR‘ ‘ I !
! Pattern Tost ! Test Pattern !
! Generator Control ! ! Control Generator !
i} | I ]
| ! 1 |
. ~ a o 'S
i %“ I 3 4 5| B g
ECL §1 ) Vrr < % Vo 2
Hiek P v Oft-Chip
[ Vir HGH .
e Counter
START TEST STOP

Pattern Selector FSM

The pattern selector state machine selects the
pattern generated by the MUX pattern generator.
When SYNCPATT is LOW, the pattern selector
state machine is reset and the pattern generator
generates the SYNC pattern.

Pattern Generator

The pattern generator contains logic for static
generation of two different 12-bit patterns and
dynamic generation of a pseudo-random 12-bit
pattern. The static patterns are the “SYNC” pattern
(100101010110) and the “CLK2” pattern
(101010101010). The pseudo-random pattern pro-
vides a pattern length of 4095 DCLOCK cycles.
The first pattern in the sequence (001010101010) is
explicitly detected. The result appears at the
FRAME pin as a HIGH signal for one DCLOCK
period out of every 4095 while in pseudo-random
mode.

VS8002

The test hardware on the DEMUX consists of
a 12-bit pattern generator with control logic and a
12-bit comparator. The individual blocks are de-
scribed briefly below.

Pattern Selector FSM

The pattern selector state machine selects the
pattern generated by the DEMUX pattern genera-
tor. It also resets the error latch upon entering the
pseudo-random test mode. When SYNCPATT is
LOW, the pattern selector state machine isreset and
the pattern generator generates the SYNC pattern.

Aligned FSM

When SYNCPATT is LOW and MATCH is
HIGH for three consecutive DCLOCK cycles, the
ALIGNED signal will go HIGH on the next cycle.
This is called the “aligned” state. Once aligned the
ALIGNED pin will stay HIGH until SYNCPATT
goes LOW, forcing a reset of the aligned state

3-10

VITESSE Semiconductor Corporation



12:1 Multiplexer — 1:12 Demultiplexer Chip Set

machine. When aligned the DEMUX will notissue
internally generated skip signals.

ERROR Latch

The ERROR latchissetif TESTis HIGH and
MATCH is LOW. 1t is reset when entering the
aligned state or when the TEST pin is LOW. The
purpose is to latch any mismatch detected during
the pseudo-random test.

SKIP Edge Generator FSM
If an internally generated skip is requested,
this state machine translates the request to a rising

edge and locks out internally generated skip signals
for four DCLOCK cycles.

Pattern Generator

The pattern generator contains logic for static
generation of two different 12-bit patterns and
dynamic generation of a pseudo-random 12-bit
pattern. The static patterns are the “SYNC” pattern
(100101010110) and the “CLK2” pattern
(101010101010). The pseudo-random pattern pro-
vides a pattern length of 4095 DCLOCK cycles.
The first pattern in the sequence (001010101010) is
explicitly detected. The result appears at the
FRAME pin as a HIGH signal for one DCLOCK
period out of each 4095 while in the pseudo-
random mode.

TEST PINS

VS8001

There are 4 pins on the VS8001 which are
used only for testing the part. The input pins used
only for testing are TEST, SYNCPATT, and
SENDCLK?2. Fornormal operation, the TEST pin
mustbe forced to ECLLOW ortiedtoV .. The one
output pin used only for testing is FRAME. For
normal operation, the termination of the FRAME
pin s not critical. Usually, the output driver will be
off. This pin may be properly terminatedto V_._, left
floating, or tied to the V. supply. In test opera-
tions, all of the test pins should be properly termi-
nated to V.

TEST (ECL input pin)

The input, TEST, may be driven asynchro-
nously. When TEST is LOW, all effects of the self-
test hardware on the results of the MUX are asyn-
chronously disabled. Explicitly, when the TEST
pinis LOW, the output of the pattern generatoris all
zeros (000000000000).

When the TEST pin is HIGH and the high
speed CLK and DCLOCK inputs are driven appro-
priately, the partisin “fest” mode. Intest mode, the
self-test hardware is allowed to sequence and may
effect the results on the output pins of the MUX
chip. In test mode the 12 parallel data input pins
must be driven to ECL. LOW or tied to the V.
power supply.

SYNCPATT (ECL input pin)

The input pin, SYNCPATT, should be driven
synchronously with respect to DCLOCK. When
SYNCPATT is LOW, the pattern selector state
machine will be forced to the zero state. If in test
mode and SYNCPATT= LOW, the MUX pattern
generator will generate the “SYNC” pattern
(100101010110). This pattern will appear at the
high speed serial output port of the MUX (left bit
first). The DEMUX expects to receive this pattern
for word boundary alignment.

When in test mode and SYNCPATT goes
HIGH, the MUX pattern generator will change the
pattern on the next DCLOCK cycle. The CLK2
pattern (101010101010) will be generated for 3
DCLOCK periods to signal a change in test mode.
The next DCLOCK cycle will start a pseudo-
random pattern that repeats every 4095 DCLOCK
cycles. In test mode, the pseudo-random pattern
sequence continues until SYNCPATT goes LOW
or SENDCLK?2 goes HIGH.

In the intended test flow, the ALIGNED
signal from the DEMUX is used to drive the
SYNCPATT input on the MUX chip. This allows
the DEMUX to determine the time necessary for
alignment using the SYNC pattern before the MUX
changes to the pseudo-random test mode.
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SENDCLK2 (ECL input pin)

Theinput pin, SENDCLK2, is provided to force
the pattern generator to generate the CLK2 pattern
instead of the pseudo-random pattern. This feature is
not intended for use within the typical test flow.

FRAME (ECL output pin)

FRAME=HIGH indicates that the internally
generated pattern (001010101010) was sent to the
multiplexer’s parallel data input register on the
previous DCLOCK cycle. This pattern is the first
word of the 4095 word pseudo-random sequence.
While in the pseudo-random mode, the FRAME
pin has a HIGH signal for one DCLOCK period out
of every 4095.

VS8002

There are some pins on the VS8002 which are
used only for testing the part. The input pins used
only for testing are TEST, SYNCPATT, and
SENDCLK2. For normal operation, the TEST pin
must be forced to ECL LOW or tied to the Vi,
supply. For normal operation, SYNCPATT and
SENDCLK2 may be left floating, forced to ECL
LOW, or tied to the V.. supply. The output pins
used only for testing are MATCH, ALIGNED,
ERROR, and FRAME. For normal operation, the
termination of these output pins is not critical.
Usually, the output drivers will be off. These pins
may be properly terminated to V., left floating, or
tied to the V. supply. In test operations, all of the
test pins should be properly terminated to V.

TEST (ECL input pin)

The input pin, TEST, may be driven asyn-
chronously. When TEST is LOW, all effects of the
self-test hardware on the results of the DEMUX are
asynchronously disabled. Explicitly, when the
TEST pin is LOW, no SKIPs (word rotation) will
be internally generated and the error latch input will
be forced LOW.

When the TEST pin is HIGH and the high
speed CLK inputs are driven appropriately, the part
is in “test” mode. In test mode, the self-test

hardware is allowed to sequence and may effect the
results on the output pins of the DEMUX chip.

SYNCPATT

The input pin, SYNCPATT , should be driven
synchronously with respect to DCLOCK. When
SYNCPATT is LOW, the pattern selector, word
alignment selector, and SKIP edge generator state
machines will all be forced to their zero states. In
this state, the DEMUX pattern generator will
generate the SYNC pattern (100101010110). This
allows external word alignment using the MATCH
output pin and the SKIP input pin.

When in test mode and SYNCPATT goes
HIGH, the DEMUX pattern generator will con-
tinue to generate the SYNC pattern until certain
conditions are met. If the generated pattern
matches the demultiplexed input data, then
MATCH will go HIGH. If no match is detected,
then the DEMUX will issue itself a SKIP signal
(through the SKIP edge generator state machine).
After a SKIP has been issued in this manner, the
MATCH signal will be ignored for four DCLOCK
cycles so that transient data during word boundary
rotation cannot cause an unintended SKIP to occur.
In this state, the DEMUX will react normally to
externally driven SKIP signals, so the SKIP pin
should be held LOW for this test. Then, the
DEMUX will issue SKIP signals until MATCH is
HIGH for three consecutive DCLOCK cycles. On
the following DCLOCK cycle the ALIGNED
signal will go HIGH. Call this the “aligned” state.
Once aligned, the DEMUX will not issue internally
generated SKIP signals unless the aligned state
machine is reset by cycling the SYNCPATT input.

The expected test sequence is that the SYNC
pattern will be received until the DEMUX is
aligned. Then a CLK divide-by-2 pattern
(101010101010) will be received for 3 DCLOCK
cycles to signal a change in test mode. The next
DCLOCK cycle will start a pseudo-random pattern
that repeats every 4095 DCLOCK cycles. The
DEMUX pattern selector state machine looks for
ALIGNED to be HIGH and MATCH to be LOW.
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This signals a change in test pattern on the input
data stream. Notice the CLK2 patternis not specifi-
cally detected, only a mis-match. Thus, once
aligned, an error in detecting the SYNC pattern will
put the DEMUX in pseudo-random test mode.

SENDCLK2 (ECL input pin)

Theinput pin, SENDCLK?2, is provided to force
the pattern generator to generate the CLK2 pattern
instead of the pseudo-random pattern. This feature is
not intended for use within the typical test flow.

MATCH (ECL output pin)

The MATCH pin is the registered output of
the 12-bit comparator. MATCH= HIGH indicates
that the internally generated pattern matched the
incoming demultiplexed data on the previous
DCLOCK cycle.

ALIGNED (ECL output pin)

ALIGNED= HIGH indicates that the DE-
MUX has found a match on three consecutive
DCLOCK cycles. When ALIGNED first goes
HIGH the DEMUX is ready to transition to the
pseudo-random pattern mode. In the intended test
flow ALIGNED is used to drive the SYNCPATT
input on the MUX chip.

ERROR (ECL output pin)

ERROR=HIGH indicates that the internally
generated pattern did not match the incoming
demultiplexed data on at least one DCLOCK cycle
since the ERROR latch was reset.

FRAME (ECL output pin)

FRAME=HIGH indicates that the internally
generated pattern (001010101010) was sent to the
12-bitcomparator on the previous DCLOCK cycle.
This pattern is the first word of the 4095 word
pseudo-random sequence. While in the pseudo-
random mode, the FRAME pin has a HIGH signal
for one DCLOCK period out of every 4095.
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VS8001/VS8002 DUT BOARDS

The VS8001DUT and VS8002DUT are cir-
cuit boards which provide a test bed suitable for
evaluating the performance characteristics of the
VS8001 12:1 Multiplexer and the VS8002 1:12
Demultiplexer in 52 pin leadless chip carriers
(LCO).

A schematic of the evaluation board is shown
below. This board provides controlled impedance
transmission lines for all signals and decoupling for
the power supplies. The signal traces have a char-
acteristic impedance of 50 Q. All ECL input lines
are terminated with 50 Q (chip resistor) as close to
the device package pin as possible. The high speed
inputs are also provided with 150 pF blocking
capacitors. These capacitors are shorted in applica-
tions which require DC connection to these inputs.
Signals are launched onto the circuit board and
removed by means of SMA coaxial connectors.
While the input signals are terminated, the output

VS8001/VS8002 DUT BOARD SCHEMATIC

signals are provided open circuit and are intended
to be terminated with 50 Q in the measuring instru-
ment.

Normally, the VS8001 and VS8002 operate
in an ECL environment with standard ECL power
forms (@ V,-2.0 V,and-5.2 V). In order to simplify
interface to standard ground referenced test equip-
ment, however, the circuit board power buses are
offset so that the shield connectors are at ground
voltage. The figure below shows the arrangement
of the power supply decoupling capacitors. There
is a 33 UF electrolytic capacitor, as well as several
0.01 uF ceramic capacitors across each power bus.

The device socket is an AMP 55227-1LCC
socket and was chosen for minimum inductance
and shortest possible stublength. The figures on the
next page show the physical dimensions as well as
the names of the connectors on the evaluation
boards.

+2V
—0
150 pF
C VGC
INP .
High Speed 50Q R
Clock Inputs i __I_g f\aa i
” Dapers = pugh el 1 £ - "
Data Inputs = 150 pF | =
1
C INP ___@ L L
wa — 0.01pF 0.01pF
— Device -
= Under Test
L
6 1 INP =
70 _*. ! = L
! ECL Dataor ! — 0014F T
ECL Data = cl o ! = 0.01 pF
or Control Inputs | = lock Outpu | .
: —2 o
-0 33
INP VEE -

50Q

O]
| g

-3.2v
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VS8001/VS8002 DUT BOARDS

3 FT. Power
Supply Pigtails
SMA
Connector
(TYP.)
y y
GND VGG VEE
ITESSE 07) brog D2(05) D3(DY D502 DAY pg(py)
O MATCH) D7
== TEST (NC) (MATER) (©0)
D9 (FRAME)
SYNCPATT
®e D10
SET (NC)
\S, Tt
AMP 55227 - 1LCC Socket o
NG
(08) o
(ALIGNED)
(O NG
©19 (ERROR)
NC oo
70"
NC
Sq. F(F:‘)A;%E (DCLOCK)
VREF oo
€y CLOCK 12 o
L°A (NO) o o
NG
A worarn es
NG
[© gE,'tBStK";, sk (O
o0 NMUXDATA ©,°
%o NC ctkour MUXDATA " (Ng) oo
o o (MUXDATA) NC i NCLKOUT (No)
VS800X 0% (NMUXDATA) K (ﬁ% (N ( 201-10X-X B
o = o)
\ 4
07"y i

NOTES: 1) This drawing represents both the VS8001 and VS8002 configurations.
(Connection labels given in parentheses are for the VS8002.)
2) NC = No connection.
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FEATURES

+ Superior performance: serial data
up to 2.5 Gb/s

» ECL 100K compatible parallel data
inputs/outputs

+ Single ECL power supply:
Veg=-52V+026V

» Available in commercial or industrial
temperature ranges

» Proven E/D mode GaAs technology

« Differential or single-ended inputs
and outputs

» Low Power Dissipation 1.5 Watts (Typ)

+ 28-pin leaded ceramic chip carrier

FUNCTIONAL DESCRIPTION

Introduction

The VS8004 and VS8005 are data conver-
sion devices capable of serial data rates up to 2.5
Gby/s, transforming 4-bit wide parallel data to serial
data and serial data to 4-bit wide parallel data.

The VS8004/VS8005 are fabricated in gal-
lium arsenide using the Vitesse H-GaAs™ E/D
MESFET process which achieves high speed and
low power dissipation. These products are pack-
-aged in a ceramic 28-pin leaded chip carrier. Refer
to Section 6, "Packaging" for a complete de-
scription of this package.

VS8004

The VS8004 is a high speed 4 bit parallel to
serial data converter suitable for digital voice or
data communications applications. All inputs and
outputs can be used differentially or single-ended.
The parallel inputs [D(0:3) , ND(0:3)] acceptdata
atrates up to 625 Mb/s. The differential serial data
output (SDATA, NSDATA) presents the data se-
quentially from the parallel data inputs at rates up to

2.5 Gb/s, synchronous with the differential high
speed clock input (CLK, NCLK). An internal
timing generator receives the high speed clock
input and divides it by four to create a differential
clock output (CLK4,NCLK4). This clock signal is
provided so that incoming parallel signals can be
synchronized to arrive at the input data registers
simultaneously. An internal bias network is pro-
vided at all inputs to simplify capacitive coupling.

VS8005

The VS8005 is a high speed 4-bit serial to
parallel data converter suitable for digital voice or
data communications applications. All inputs and
outputs can be used differentially or single-ended.
The differential serial data inputs (SDATA,
NSDATA )accept data at rates up to 2.5 Gb/s, syn-
chronous with the differential high speed clock
input (CLK, NCLK). The parallel outputs [D(0:3),
ND(0:3)] present the data sequentially atrates up to
625 Mb/s. An internal timing generator receives
the high speed clock input and divides it by four to
create a differential clock output (CLK4, NCLK4)
which is synchronous with the parallel data outputs.
A control input (SKIP, NSKIP) is provided to
allow realignment of the output parallel word
boundaries.

APPLICATIONS
» High speed instrumentation and test
equipment

+ Fiber-optic communication

* Local area networks

+ Serialization of computer backplanes
« Computer to computer interfaces

« Serial control buses for aerospace
environments

1992 Product Data Book

3-17




4:1 Multiplexer - 1:4 Demultiplexer Chip Set (2.5 Gb/s)

VS8004 BLOCK DIAGRAM
DO —
NDG —
D1
ND1 g 4:1 _E SDATA
D2 Mux NSDATA
ND2 — >
D3 1
ND3
CLK —] T/m/ng CLK4
NCLK Circuit E NCLK4
V. =0V
o——pp
V. =-52v+ 026V
o——_p
VS8005 BLOCK DIAGRAM
Do
SDATA 1:2 > NDD
NSDATA Demux ~
CLK 2:4 ND1
NeLk Timing > Demux D2
SKIP Circuit ND2
NSKIP
2
V=0V ND3
o——pp
4
V. =-52v+o26V cLK
O
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VS8004 WAVEFORMS

'DLK
—’1 r— tTLH ’ ‘THL
CLK4, NCLK4 X )'F X X X

D(0:3), ND(D:3) X VALID DATA X X
ﬂ ,‘— tr(HS), t 1y, (HS)

spata,nspaTa X X | X X XbpoXpr Xpz Xp3 X X

|

NOTES: (1) Falling edge of CLK causes SDATA to changs
(2) Falling edge of CLK causes CLK4 to change

VS8004 AC CHARACTERISTICS

(Over recommend operating conditions.)

Parameter Description Min Typ Max Units
.« High speed clock period 400 — — ps
t, D(3:3), ND(D:3), set-up time with respect to 900 . . ps

CLK4, NCLK4
t, D(@:3), ND(@:3), hold time with respect to -300 . . s
CLK4, NCLK4 P
t,,(HS) SDATA, NSDATA transition time (LO to HI,
t. (HS) HI to LO) while driving 50 to -2.0V — 150 — ps
jitter CLK, NCLK to SDATA, NSDATA (max-min), (HI to _ <50 . ps
LO), same part, same pin at constant conditions

t ,t ECL output transition time (LO to HI, Hl to LO) . .

TR TR while driving 509 (CLK4, NCLK4, D(0:3), ND(0:3)) 500 ps
to -2.0V
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VS8005 WAVEFORMS

SDATA, NSDATA. XD, XD, X0: XDs X_ X X X _ X X X

= =tunto
CLK4", NCLK4 X X X X X
_.I r-tcm * f=tun o
D(0:3), ND(0:3) Xl VALID DATA X
L —

SKIP, NSKIP X Xe—trm. —X

(1) Rising edge of CLK causes serial data to be latched

VS8005 AC CHARACTERISTICS

(Over recommended operating conditions.)

Parameter Description Min Typ Max Units

{ High speed clock period (CLK, NCLK) 400 — — ps
i CLK4, NCLK4 to D(0:3), ND(0:3) — 400 — ps
L SKIP, NSKIP pulse width (HIGH) 2 — — ns
L SKIP, NSKIP pulse width (LOW) 2 — — ns
t, ECL output transition time (LOW to HIGH, &

t HIGH to LOW) for D(0:3), ND(0:3), and CLK4, — 500 — ps

THL NCLK4 (Driving 50Q)
SDATA, NSDATA phase timing margin with respect to
Phase Margin 135 — — |degrees

CLK, NCLK input: Phase Margin =( tsut*‘ ty ) 360°
c
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ABSOLUTE MAXIMUM RATINGS ()

Power Supply Voltage, (Vo) ......ooomiciicce e V.- (GND)to -6.0V
ECL Input Voltage Applied, (V)@ -25Vto +0.5V
High Speed Input Voltage Applied, (V,,,, ) Vee-07Vto V, +07V
Output Current (OUtpUt HIGH), (J51) ..veveeeeeeecect ettt reaseacecnece -50 mA
Maximum Junction Temperature, O OO 150°C
Case Temperature Under Bias, (T,) .......ccccocueioirninirininiieecieee e esseene e -55°to +125°C
Storage TeMPErature, (Tyyq) ....crververveeiirieerccverciisie e sreaciss s secacaasassssenseasssaseaensassascasassasnn -65°to +150°C

RECOMMENDED OPERATING CONDITIONS

Power Supply VOIAge, (Vi) ..ottt oo s esin oo -52V+0.26V
Operating Temperature Range, (T) @ (Commerecial) 0° to +70°C, (Industrial) -40° to +85°C

NOTES: (1) CAUTION: Stresses listed under "Absolute Maximum Ratings" may be applied to devices (one at a time) without
causing permanent damage, but are stress ratings only. Functionality at or above the values listed is not implied,
and exposure to these values for extended periods may affect device reliability.

(2) V. must be applied before any input signal voltage (Vg )-
(3) Lower limit of specification is ambient temperature and upper limit is case temperature.

DC CHARACTERISTICS

High Speed Inputs
(Over recommended operating conditions with internal V... V= GND, output load = 50Q to -2.0 V)

Parameter Description Min Typ | Max (Units Conditions
vV, Input HIGH Voltage |-3.1 |-3.0 [ -2.9 | V | Guaranteed HIGH signal
v, Input LOW Voltage |-4.1 |-40 | -39 [V Guaranteed LOW signal
NOTES: 1) ESD protection is not provided for the high speed input pins, therefore, proper procedures should be used when
handling this product.
2) A reference generator is built in to each high speed input, and these inputs are intended
to be AC coupled.

3) If a high speed input is used single-ended, a 150 pF capacitor must be connected between the unused high
speed or complement input and the power supply (V. ).
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DC CHARACTERISTICS (Con't)

High Speed Outputs
(Over recommended operating conditions. V., = GND, output load = 50Q to -2.0V)

Parameter Description Min | Typ | Max |Units Conditions
Vo, Output HIGH Voltage — | 09| — | V |Terminated to -2.0 V through 50Q
Vo, Output LOW Voltage — | -1.8 | — | V |Terminated to -2.0 V through 50Q
AV, | Output Voltage Swing | 0.8 | 1.0 | 1.4 | V |Output Load, 50Q to -2V

NOTE: Differential high speed output pairs must be terminated identically

ECL Inputs and Outputs
(Over recommended operating conditions with internal V.. V.., = GND, output load = 50 Q to -2.0 V)
Parameter Description Min Typ | Max |Units Conditions
Vo, Output HIGH Voltage |-1020{ — | -700 | mV
V=V, (max)or V, (min)
Vo, Output LOW Voltage |[-2000| — {-1620| mV
vV, Input HIGH Voltage -1040| — | -600 | mV | Guaranteed HIGH for ECL inputs
v, Input LOW Voltage -2000f — |-1600| mV | Guaranteed LOW for ECL inputs
Iy Input HIGH Current — | 500 | 1000 | pA | V), =V, (max)
I, Input LOW Current -1000| -500 | — | pA | V)=V, (min)

NOTES: 1) Differential ECL output pairs must be terminated identically.
2) Leakage currents exceed ECL specifications due to the internal bias network which is connected to all inputs.

PARALLEL DATA, BYCLK INPUTS Ch|p ﬂoyp@gyy ___________________
ECL inputs (clock or data) : Vee = GND

provide for AC coupled operation. : L
Internal biasing will position the E 3 2
reference voltage of approximately o= 01pF +— -1.32v,J |—|-1.32v
-1.32 Volts on both the true and o A -1ko
complement inputs. sQ s s !

: < T

Vrr 01 uF {
Vrr

Vee =-5.2v
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POWER DISSIPATION

(Over recommended operating conditions.V,,, = GND, outputs open circuit)

Parameter Description VS8004

VS8o005

MIN TYP MAX

MIN

TYP

Units
Units

]

e Power supply current (V) — | 270 | 350

310

400

mA

P, Power dissipation — 1.5 1.9

1.6

22

HIGH SPEED INPUTS
High speed inputs (clock or

Chip Boundary

data) provide for AC coupled op-
eration. Internal biasing will posi-
tion the reference voltage of
approxiamtely -3.5 Volts on both
the true and complementary inputs.
Single-ended, AC coupled opera-
tion is illustrated at right.

1992 Product Data Book

323




4:1 Multiplexer - 1:4 Demultiplexer Chip Set (2.5 Gb/s)

VS8004 PIN DIAGRAM

N Q = [}
8388858
14 13 12 11 10 9 al_
ND3 7 oo
VCCA 6 [Inc
CLK4 VS8004 s [ VEE
Heat Sink
NCLK4 Side 4 [vee
VEE 3 [ vee
vce 2[vee
NC 1(3ne
22 23 24]25|26 27 28 )
O X S W g g
2 A B = QO
Sg¥xxt
0w 0
2
VS8004 PIN DESCRIPTION
" . NOTE:
Pin # Name lro Description 1) The heat sink is connected to V. (pin
23,24 CLK, NCLK || Differential high speed clock inputs 25). To prevent a short circuit between
27,26 | SDATA, NSDATA | O | Differential high speed serial data outputs Vios Vooa (@ V normally) and V., (-5.2
- = V normally), do not connect this heat
17,18 CLK4, NCLK4 | O | Differential divide by 4 clock outputs (ECL) sink to ground. (@ V).
7-10, 12-15| D(@:3), ND(@:3) | | | Differential parallel data inputs (ECL)
3,5,19,25 Vee -5.2 V supply voltage
2,4,11,20 Vee @ V ground connection
16, 28 Veea @ V output ground connection
1,6,21,22 NC No connection
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VS8005 PIN DIAGRAM

14 13 12 11 10

NDo

-
Q

ND3 []15 7 Do
veca []1e 6 [ vccA
cLk4 17 VS8005 5 [ vee
NCLK4 18 Heg‘iii"k 4 vee
VEE 19 3 [ VEE
vee []20 2jvee
" I:E]zz 23 24 [25]26 27 28 1 P e
uun H gug
B
° 2
VS8005 PIN DESCRIPTION
Pin # Neme o - - l?escrlp tion - %OT7€I7€; heat sink is connected to V. (pin
24,23 CLK, NCLK I | Differential high speed clock inputs 25). To prevent a short circuit
26,27 | SDATA, NSDATA| | | Differential high speed serial data inputs between V., V., (@ V normally) and
17,18 CLK4, NCLK4 | O | Differential divide by 4 clock outputs (ECL) tZE/Es(l-rZazt ‘s/iglfrtlggr/gﬁncg.] ot connect
7-10,12-15 | D(@:3), ND(@:3) | | | Differential parallel data inputs (ECL) 2) The falling edge of SKIP causes
28, 1 SKIP, NSKIP | | Differential word boundary inputs (ECL) realignment of’lhe parllel word o
boundary making parallel data invalid
3,5,19,25 Ver 5.2 V supply vohtage for three CLK4, NCLK4 (12 CLK,
2,4,11,20 Vee @ V ground connection NCLK) periods.
6,16 VCCA @ V output ground connection
21,22 NC No connection.
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VS8004/VS8005 DUT BOARDS

The VS8004FDUT/VS8005FDUT evalua-
tion boards are special purpose circuit boards
which provide a test bed suitable for evaluating the
high performance characteristics of the VS8004
4:1 Multiplexer or the VS8005 1:4 Demultiplexer
in the 28 pin leaded ceramic chip carrier.

The figure below is a schematic represen-
tation of these circuit boards. These boards provide
a controlled impedance transmission line for all
signals, and suitable decoupling for the power
supplies. The signal traces have a characteristic
impedance of 50Q2. All ECL input lines are termi-
nated with 50Q (chip resistor) as close to the device
package pin as possible. The high speed inputs are
also provided with 150 pF blocking capacitors.
Signals are launched onto the circuit board and
removed by means of SMA coaxial connectors.

VS8004/VS8005 DUT BOARD SCHEMATICS

While the input signals are terminated, the output
signals are provided open circuit and are intended
to be terminated in the measuring instrument.
Normally, the VS8004 and VS8005 operate
in an ECL environment with standard ECL power
buses: @V and -5.2V. In order to simplify interface
to standard ground referenced test equipment,
however, the circuitboard power buses are offset so
that the shield connectors are at ground voltage.
The figure below shows the arrangement of the
power supply decoupling capacitors. There is a 33
UF electrolytic capacitor, as well as several 0.01
UF ceramic capacitors across each power bus.
The device to be tested is held in place with
a pressure retaining fixture. The figure on the
following page shows the physical dimensions and
the connection labels for the evaluation boards.

+2V
-0
150 pF
C mwe Voo .
é-lli%hk ?pestd 500Q -~
jock Inputs i 1 § 33uF
or High Speed = D:lghors"a?d ! L - w
Data Inputs = 150 pF Outputs: 1 -
" ]
C e —® = =
50Q L 0.01uF 0.01uF
— Device -
- Under Test
.
C 4 NP =
e § —9 L 1
| ECL Data or i = 0.01uF D
ECL Data = Clock Outputs ! - oo 0.01pF
or Control Inputs | = ! B
! -~
| - == 33uF
= ' INP Vee =
= °
-32v
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VS8004/VS8005 DUT BOARDS

SMA Connector (Typ) —7

)

D2 NDI — Barrier
3 Dz (0 (NDN) (pyy  NDO /— Strip
s (03 (Noo) =
(ND3) (00)

Device
Retaining
oLKs Clamp
(CLKa)
(S NCLK4
Sq. CORtA

D:l/___— Chip
Orientation

Indicator

NC
NC (NSKIP)

cul NSDATA (SKIP)  ,=>.
VS800X Nobg S SoATA (NSDATA) ® (@)

w| & 8 8

y

NOTES: 1) This drawing represents both the VS8004FDUT and VS8005FDUT configurations. (Connection labels given in
parentheses are for the VS8005.)
2) NC = No connection. Note: These connectors are omitted on the VS8004FDUT version of this evaluation board.
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FEATURES
« Serial data: up to 1.25 Gb/s

+ ECL 100K/10KH compatible parallel data
inputs/outputs

+ Standard ECL power supplies:
Veg=-52V£0.26 V,V,,=20V£0.1V

» VS8010: 8 bit Mux/Demux and SONET
frame detection and recovery

» VS8011: 8 bit Mux

» VS8012: 8 bit Demux and SONET
frame detection and recovery

» Compatible with STS-3 to STS-24
SONET applications

FUNCTIONAL DESCRIPTION

Introduction
The VS8010, VS8011 and VS8012 are high

speed SONET compatible 8-bit data conversion
devices capable of serial datarates up to 1.25 Gbys.
The VS8010 series can be used for STS-3 through
STS-24 SONET applications.

The VS8010 Series are fabricated in gallium
arsenide using the Vitesse H-GaAs™ E/D
MESFET process which achieves high speed and
low power dissipation. These products are
packagedin a ceramic 52 pin leaded orleadless chip
carrier. Refer to Section 6, "Packaging" for a
complete description of this package.

VS8010

The VS8010 integrates an 8:1 multiplexer,
1:8 demultiplexer, and SONET frame detection
and recovery circuitry all on one chip.

8:1 Multiplexer Circuit
The 8:1 multiplexer accepts 8 parallel ECL

data inputs [D(1:8)] at rates up to 155 Mb/s and
multiplexes them into a single bit stream at speeds
up to 1.25 Gb/s. The parallel data inputs are

clocked into the input registers with BYCLK, an
ECL input operating at up to 155 MHz. The high
speed clock input (CLKI) is divided by 8 (CLKS)
and used to synchronize the parallel data to the
timing generator. CLK8 then loads the parallel data
into the buffer registers. An on-chip circuit detects
internal set up and hold violations caused by
improperly related BYCLK and CLKS$ falling
edges. An external signal (SYNC) may be used to
correct CLKS phase by 180°. SYNC is high. If a
setup or hold violation has been detected, a SYNC
input causes CLK8 to be inverted on the next
BYCIK falling edge, thereby guaranteeing a safe
CLK8 and BYCLK relationship. If no setup and
hold violation has been detected SYNC has no
impact on the circuit.

The high speed differential clock input is
brought on-chip at CLKI, CLKIN. The high speed
differential serial data is provided at the DO, DON
outputs. The high speed differential clock signal is
transmitted off chip via the high speed outputs CO,
CON.

1:8 Demultiplexer Circuit
The 1:8 demultiplexer converts serial data at

up to 1.25 Gb/s into an 8-bit parallel data stream at
up to 155 Mb/s. The high speed differential serial
input is at DI, DIN. Valid parallel data is clocked
out by the divide by 8 clock output BYCKO. The
demultiplexer also contains SONET frame detec-
tion and recovery circuitry.

Frame Recovery Circuit
The frame recovery circuits are enabled by a

falling edge on the OOF N input. Once enabled, the
frame recovery circuits start looking for the
SONET framing sequence. Once the frame is
detected, a confirmation signal is sent off-chip
through the low power ECL output FP. The frame
detection confirmation signal also disables the
frame recovery circuits.
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VS8011

The VS8011 is a high speed 8:1 multiplexer.
The operation of the VS8011 exactly the same as
that of the VS8010 8:1 Multiplexer circuitry de-
scribed previously.

VS8012
The VS8012 integrates a 1:8 Demux and

SONET frame recovery and detection circuitry on
one chip. The operation of the VS8012 exactly the
same as that of the VS8010 1:8 Demultiplexer and
Frame Recovery circuits with the following excep-

tion. The frame recovery circuits are enabled by a
falling edge on the OOFN ECL input when the
additional FDIS ECL inputislow. Whenthe FDIS
input is high the falling edge of OOFN disables the
framerecovery circuit. The FDIS input s included
to provide an alternative means of disabling the
frame recovery circuit during device evaluation. In
normal operation this input is wired to V. and the
frame recovery circuit is disabled when serial F1's
and F2's appear at the high speed differential serial
data input (DI, DIN).

VS8010 BLOCK DIAGRAM
DI :D_. 1:8 8:1 po
biN Demux Mux bon
cLKI :D y t: co
CLKIN CON
SON
Frame
Recovery
Timing Recovery | Enable Timing
*+—* > CLK8
Generator * SFC,’:”',':J Generator
v Detector
! : ‘ 1 [
\
BYCKO  DO1- FP OOFN D1- BYCLK SYNC
Do8 D8
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VS8011 BLOCK DIAGRAM

8 8:1 DO
D1-D8 ety
Mux DON

CLKI co
CLKIN CON
BYCLK > -

Timing
» CLK8
SYNC Generator

VS8012 BLOCK DIAGRAM

[/ — 1:8
DIN "—°: Demux
I 8
CLKI ’ " .pos
CLKIN SONET

Frame
Recovery

Timing Recovery T Enable

Generator * SONET
Frame

’ Detector

BYCKO FP  OOFN FDIS
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MULTIPLEXER WAVEFORMS (VS8010, VS8011)

tc
cLKI™ @O
CLKIN

BYCLK® \ /D * /

thsu

- L7 e 2 A A o e e e e, Y
b1-Ds VALID DATA(1) RS

€O, CON

DO, DON

—
Serialized Byte 1

SYNC / \

NOTES:

(1) Falling edge of CLKI causes DO to change
(2) Falling edge of CLKI causes CO to fall

(3) Falling edge of CLKI causes CLK8 to change
(4) Falling edge of BYCLK latches paralls! data

= Don't care
8 x clock period of CLKI = BYCLK period

MULTIPLEXER AC CHARACTERISTICS (VS8010, VS8011)

(Over recommended operating conditions.)

Parameter Description Min Typ Max Units
t. Clock period * 0.8 — — ns
t, BYTE clock period (f,= t_x 8) 6.4 — — ns
tsy Parallel data set-up time with respect to BYCLK 2.0 —_ — ns
Ly Data hold time with respect to BYCLK 1.0 — — ns
ton Ellft]guﬁg%’ %%:I[\j)ot?;ﬂﬁtg (CO, CON) to muxed data . 500 o ps
jitter CLKI, CLKIN to DO, DON max-min, (HIGH to LOW), _ <50 — ps
same part, same pin at constant conditions

* The parts are guaranteed by design to operate from DC to a maximum frequency of 1.25 GHz.
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DEMULTIPLEXER WAVEFORMS (VS8010, VS8012)

cLki"
OOFN
DI
FP
BYCKO
(po1
ko) Do2
g Do3
w0
<3
BE | pos
=0
as |\ Dos
S8
Do6
&
Q po7
\ pos8

Parallel Data (2)
Out Summary

—b fc

< t OOFNPW

——— toorn —]

1110110 11110110 111110110 D0101000 DO101000 DO101000

NEXT BYTE

A1 E H H H H
I e tprp

BYCLK Resynch tp |
| (Tnn] VALIDDATA [omomw
R L oy VALDDATA onem
] ALDDATA _ fooem
1 L S ALDDATA  fadm
1 | ] VALIDDATA fovess
- 1 l S ALDDATA [
[ ey VALIDDATA iR
1 S vALDDATA TSR

Al Al Al A2 A2 A2 ata XData X Data XData

NOTES:

(1) Falling edge of CLK causes serial data to be latched

(2) The parallel data outputs only begin showing valid data after the last A2 of the SONET
framing sequencs. The example waveforms shown above utilize an STS-3 framing sequence
for convenience. Thus, in this example, valid data is output after the third A2 in the SONET
framing sequence.
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DEMULTIPLEXER AC CHARACTERISTICS (VS8010, VS8012)

(Over recommended operating conditions.)

Parameter Description Min Typ Max Units
t, Clock period * 0.8 — - ns
t BYTE clock period (#,= f_x 8) 6.4 — — ns
t FP rising edge from parallel data output change _ 128 . ns
oFp from F1to F2 (1, =1, x2) :
b FP pulse width (1,..= 1) 6.4 — — ns
OOFN falling edge before A1 changes to A2
toorn (b= 1, X 4) — 256 — ns
S OOFN pulse width (£, 0= 1)) 6.4 — — ns
Serial data phase timing margin with respect to high
Phase Margin t t 135 — —  |degrees
7 speed clock input: Phase Margin =(Lt+f_’ ) 360° 9
c
toco Falling edge of BYCKO to valid parallel data output i, | 1405 | 1415 | ns

* Ift; changes, all the remaining parameters change as indicated by the equations.

VS8010/VS8012 SONET FRAME RECOVERY
AND DETECTION

The SONET framing sequenceis astring of Al
bytes followed by a string of A2 bytes. (Al =
11110110 and A2 = 00101000) The first serial bit
starts at the left of the byte. The table below shows
the number of Al and A2 bytes in each SONET frame
for differentline rates. The VS8022 contains aframe
recovery circuit and a frame detection circuit.

STS LINERATE #OFA1 #OFA2
LEVEL (Mb/S) BYTES BYTES
STS-3 155.520 3 3
STS-9 466.560 9 9
STS-12 622.080 12 12
STS-18 933.120 18 18
STS-24 1244.16 24 24
STS-48 2488.32 48 48

Example: STS-24 has 24 A1s and 24 A2s:
A1 ATATL,....A1,A2A2A2.....A2,

Frame Recovery Circuit

The VS8010 Series SONET recovery cir-
cuits operate from STS-3 to STS-24. The framere-
covery circuits look for 3 Als followed by 3 A2s.
The byte clock out (BYCKO) and parallel byte data
out (DO -DO;) become invalid on the falling edge
of OOFN and become valid when Al changes to
A2. The frame recovery circuits align the received
serial data on byte boundaries for demultiplexing
by controlling the timing generator. The byte
boundary alignment is based on specific Al and A2
byte recognition.

The VS8010/12 have beendesigned torecog-
nize 3 Als followed by 3 A2s, and therefore recog-
nize frames and align on byte boundaries for STS-
3 through STS-24 line rates. As shown below, the
framing sequence always contains 3 Als followed
by 3 A2s:

3-34
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STS-24 (24 Als & 24 A2s)
STS-18 (18 Ats & 18 A2s)
STS-12 (12 Ats &12 A2s)
STS-9 (9 Als & 9 A2s)
STS-3 (3 Als & 3 A2s)

The falling edge of OOF N must occur at least
4 byte clock periods before A1 changesto A2. The
pulse width of OOFN must be at least 1 byte clock
period.

Frame Detection Circuit

The frame detection circuit monitors the
demultiplexed data, and senses the boundary be-
tween Al and A2 bytes. If 3 A1 bytes followed by
3 A2 bytes are detected, then a frame confirmation
signal is sent off-chip on the ECL output FP. The
rising edge of the FP pulse occurs 2 byte clock
periods after Al changes to A2 on the demulti-
plexer parallel data outputs. The FP pulse width is
one byte clock period (refer to demultiplexer
waveforms).

The frame detection circuitry also disables
the frame recovery circuits once 3 Al bytes are
followed by 3 A2 bytes. The frame detector sends
an FP pulse every frame when 3 Als are followed
by 3 A2s independent of the condition of the input
OOFN.

Circuit Operation

The frame recovery circuits are initialized
and enabled on the falling edge of the OOFN ECL
input with FDIS held low. The OOFN must be at
least one byte clock period wide. It must occur at
least4 byte clock periods before the A1/A2 bound-
ary. The circuit requires at least 2 Al bytes fol-
lowed by 2 A2 bytes for successful alignment. The
first A1 byte is used by the frame recovery circuit
to obtain initial word boundary alignment, while
the following Al and 2 A2 bytes are used to reset
the frame recovery circuit and maintain alignment
for the subsequent bit stream. Frame recovery and

output alignment will occur only on the first Al
byte following a OOFN falling edge input. Frame
recognition will occur for each word boundary
aligned A1A2A2 sequence in the data stream.
Frame recognition is signaled by a one byte clock
period high pulse on the FP ECL output pin. This
FP pulse will appear one byte period after the
second A2 byte appears on the parallel data output
pins.

STS-3 FRAME

125
j¢———————— 3 x 90 Byteg————
le—— 3 x 3 Bytes—»

3A1s |3A2s |3Cis

DATA

je———— 9 Rows——

Transport .L STS-3 Envelope R
Overhead Capacity
STS-24 FRAME
125 us
24 x 90 Bytes
r—— 3 x 24 Bytes——»
I 24 Ats | 24 a2s [ 24 c1s
w
=
< DATA
(]
Transport STS-24 Envelope
overhead Capacity —J

NOTE: A1s & A2s: SONET framing sequence

C1s: STS Frame ID
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ABSOLUTE MAXIMUM RATINGS ("

Power Supply VORAGE (V1) ..ottt i s s -30Vto+0.5V
Power Supply Voltage (Vi) .....ouveveeiviiieeeceniccicne ettt et V,+0.7Vto-60V
ECL Input Voltage Applied @, (Vg ) - ccieeeecreninieceninciriicrenceecineconeaeeiseeirvescuonesecicasesenesvanenene 25Vt +05V
High Speed Input Voltage Applied @, (Vg ) «..ccovovmemiiiicciceiccccccie e Vee-07Vto V. + 0.7V
Output Current, I, (DC, OUIPUL HIGH) ..........cooviveieiecrcei e e e e -50 mA
Case Temperature Under Bias, (T, ) ......ccccoovuecciiniimieiiicecnircicis et .-55°to +125°C
Storage Temperature®, (T . ) -65°to +150°C
RECOMMENDED OPERATING CONDITIONS

ECL Power Supply Voltage, (Vi) ....ccooervvrecieeeritcvt ettt s nranes -20V+0.1V
Power Supply Voltage, (Vo) .....cvvveiiiriiciciicvitntts ettt st s s en -52V+026V
Operating Temperature Range @, (T) ......ccccccovvveceeevcnencnn. (Commercial) 0° to 70°C, (Industrial) -40° to +85°C

NOTES: (1) CAUTION: Stresses listed under "Absolute Maximum Ratings" may be applied to devices one at a time without
causing permanent damage. Functionality at or above the values listed is not implied. Exposure to these values for
extended periods may affect device reliability.

(2) V. must be applied before any input signal voltage (V,, and V., ) must be greater than V. - 0.5V.
(3) Lower limit of specification is ambient temperature and upper limit is case temperature.

DC CHARACTERISTICS

ECL Inputs/Outputs
(Over recommended operating range with internal V... V., = GND, output load = 50 Q to -2.0 V.)

Parameters Description Min Typ Max | Units Conditions
Vou Output HIGH voltage -925 — -700 mV V,, =V, (max)
Vo Output LOW voltage vV, — | -1750 | mv |orV, (min)
vV, Input HIGH voltage 1040 | — | 600 | mV | Buarameed HIGH signal
v, Input LOW voltage Vi | — | 1600 | mv | Buataneed LOW signal
Iy Input HIGH current — 10 200 pA vV, =V, max
I, Input LOW current -50 — — A |V, =V, min
VHEF ECL input reference, V@ —_ -1.29 — Vv

NOTE: 1) Differential ECL output pins must be terminated identically.
2) V.. input is used to supply external VBB on chip for ECL 10K ECL compatibility.
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High Speed Inputs and Outputs: CLKI, CLKIN, DO, DON
(Over recommended operating conditions. V,,, = GND, output load = 50Q to -2.0 V.)

Parameters Description Min | Typ | Max | Units Conditions
V/H Input HIGH voltage 3.1 | -30 | -29 V | Guaranteed HIGH for high speed inputs
Vi, Input LOW voltage -41 | -40 | -39 V | Guaranteed LOW for high speed inputs
Voy Output HIGH voltage — 09 | — V | Output load, 50 Q to -2.0 V
Vo, Output LOW voltage — | -18 | — V | Output load, 50 Q to -2.0 V
AV, ur Output voltage swing 06 | 08 1.2 V | Output load, 50 Q1o -2.0 V

NOTES: 1) A reference generator is built into each high speed input, and these inputs are designed to be AC coupled.
2) If a high speed input is used single-ended, a 150pF capacitor must be connected between the unused high
speed or complement input and V. n
3) Differential high speed outputs must be terminated identically.

HIGH SPEED DIFFERENTIAL CLOCK (C0,CON) OUTPUTS (VS8010, VS8011)
V,=-52+026V,V,,=GND, T .= to7( C, Ouiput load = 50Q 10 -2.0 V.)

The clock output swing at 1.25 GHz is 400 mVp-p from each output, centered at approximately -1.5 V
The clock output swing at DC is 1.0 Vp-p from each output, centered at approximately -1.5 V

POWER DISSIPATION

(Over recommended operating conditions, V,,,= GND, outputs open circuit)

— VS8010 VS8011 Vs8012
Parameter | Description "o "T 10T Max | Min | Typ | Max | Min | Typ | Max | Units

[} Power supply — | 380 | 720 — | 300 | 600 | — 300 | 600 mA
current from V.

I} Power supply
m current from V.

P, Power dissipation — 2.9 5.8 — 1.9 3.7 — 2.0 3.8 W

— | 450 | 900 — 110 | 220 | — 125 250 mA

HIGH SPEED INPUTS

High speed inputs (clock or
data) provide for AC coupled op-
eration. Internal biasing will posi- p:
tion the reference voltage of 150 pF '_I L )
approxiamtely -3.5 Volts on both e 28Y
the true and complementary inputs. sa s | Rmre
Single-ended, AC coupled opera- |
tion is illustrated at right. Z

Chip Boundary

.................................

\A A4

Vee =52V
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VS8010 EXAMPLE APPLICATION:
STS-24 SYSTEM

The objective of the system is to multiplex
and demultiplex 8 data channels at the STS-24 line
rate with SONET frame recovery capability. In this
example the system is implemented using the two
VS8010s as follows:

8:1 Multiplexer

Data at a line rate of 155.52 Mbytes/sec is
registered at the inputs using the 155.52 MHz byte
clock. The 1244.16 MHz clock is used to generate
timing signals for the mutiplexing function. The
multiplexed output at 1244.16 Mbits/sec is gener-
ated at the serial data output (DO, DON) of the
VS8010.

1:8 Demultiplexer

The 1:8 demultiplexer receives serial data at
1244.16 Mbits/sec and generates parallel data at

SONET STS-24 SECTION LEVEL NODE

155.52 Mbytes/sec along with a byte clock output
of 155.52 MHz. The demultiplexer also contains
the SONET frame recovery and detection circuitry.

During system start-up the OOFN input re-
ceives a falling edge from the system control to

 recover the SONET frame and align on byte

boundaries. Once the frame is aligned, the FP
pulse is generated on every SONET frame. If for
any reason the FP pulse disappears on frame
boundaries then this signals the system that the
frame synchronization is lost. The system then
asserts the OOF N input (HIGH to LOW) to recover
the SONET frame and align on byte boundaries,
thus bringing the system back to a synchronized
condition. The FP pulse begins appearing again on
every frame.

E 0C-24
15552 ] Optical |
Mbyte/sec | —31 s1s.24] Driver
ata < 3] 8:1 (o, -
(D1 - D8) =3 MUX DON) Optical
=3 : Carrier
15552 MH .
cmm\?gm—;'
124416 MHz |
High Speed Clock
(CLKI, CLKIN)
=]
15552 bam . Optical
o/ . . <
Mol - 1:8 STs.24 | ORIV
(DO1-DO8) | <] : (DI, DIN)
<+ N
<« DEMUX .
Byte Clock Out (BYCKO) @}
Frame Enable (OOFN) —
Frame Pulse (FP) «-—]
VS8010
STS = Synchronous Transport Signal
OC = Opfical Carrior

0c24 155.52
] ROptig:aI : Mb t-.;/sec
oceiver|sTs.24 ata
- o, oy 1:8 3 [(DO1 - DO8)
Optical : —>
Carrier : DEMUX v
: |—# Byte Clock Out (BYCKO)
Optic . [¢— Frame Enable (OOFN)
Fiber : |— Frame Pulse (FP)
: U 124416 MHz
. @——————— High Speed Clock
. * (CLKI, CLKIN)
optical |, e
| Optical e | 15852
Driver |sts:24 8:1 e  Moytersec
(Do, . le— Data
oo mx =)o
. e
| 15552 MHz
e~ Bylo Clock
\ (BYCLK)
Vs8010 :
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VS8010 PIN DIAGRAM

x
3 Q w o e 8
seaseelongdde
__]39 38 37 36 35 34 33 32 31 30 20 28 27L
D6 Iﬂ 40 26 1 NC
ps T4 25 [ VREF
ps [ 42 24 [ poN
vee [ 48 23 [ vEE
D3 [ 44 22 [ po
D2 [] 45 V38010 21 [ co
vIT L 46 Heat Sink Side 20 |1 cov
D1 ] 47 19 [ CLKIN
pog [ 48 18 [ vee
vee [ 49 17 [ oLkl
po7 [ so0 16 1 DIN
pos [ s1 15 1 D/
pos [ 52 14 [ NC
12345678910111213[—
gububobuouuuou
[SENCIE. S 0 00z QO
22388888§82¢8¢
= o
Q
VS8010 PIN DESCRIPTION
Pin # Name /0 Description
5?2’ ?sg 38 DO1-DO8 | O | Parallel ECL data outputs
474'24:52334’ D1-D8 | | Parallel ECL data inputs
17,19 CLKI, CLKIN | | High speed differential clock inputs
9 BYCKO O | Divide by 8 clock ECL output
37 BYCLK | | Divide by 8 clock ECL input
22,24 DO, DON O | High speed serial data output
21,20 CO, CON O | High speed differential clock output
29 CLKs O | Mux divide by 8 clock ECL output
15,16 DI, DIN O | High speed differential serial data input
12 OOFN | | Frame recovery enable ECL input
31 FP O | Frame detection confirmation ECL output
28 SYNC | | Mux phase alignment enable ECL input
25 Veer | | ECL reference level input
4,10, 18, 30, .
36, 43, 49 Vcc Ground connection
7,46 VTT -2.0 V supply for internal reference generation & low power logic
23,33 Vee -5.2'V supply for high speed logic
1,2,11,13,
14, 26, 27, 32, NC No connection
34,35
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VS8011 PIN DIAGRAM

x
= & 0O
[SINS) w QX% 3
5858¢9¢%¢998g5¢
_JGQ 38 37 36 35 34 33 32 31 30 29 28 27 l_
Ds [ 40 26 ] NC
ps 4 25 1 VREF
D4 [ 42 24 1 poN
vec 143 23 [1 VEE
D3 44 22 M po
D2 []45 vS8011 21 [ co
vIT L4 Heat Sink Side 20 11 cow
D1 47 19 [ CLKIN
NC ] 48 18 1 vee
vec [ 49 17 [ cLKi
NC [ 50 16 [ NC
Nc ] 51 15 1 NC
NC [ 52 14 [ NC
123456789101112131_
92285995298 229¢
VS8011 PIN DESCRIPTION
Pin # Name /0 Description
47, 45, 44, .
42-38 D1-D8 | | Parallel ECL data inputs
17,19 CLKI, CLKIN | | [ High speed differential clock inputs
37 BYCLK | | Divide by 8 clock ECL input
22,24 DO, DON O | High speed serial data output
21,20 CO, CON O | High speed differential clock output
29 CLK8 O | Mux divide by 8 clock ECL output
28 SYNC | | Mux phase alignment enable ECL input
25 Veer | | ECL reference level input
4,10, 18,
30, 36, 43, 49 cc Ground connection
7,46 Vo -2.0 V supply for internal reference generation & low power logic
23,33 Vee -5.2'V supply for high speed logic
1-3,5,6,8,9,
1311 -gggf 325-3 NC No connection
48, 50 - 52
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VS8012 PIN DIAGRAM
9ge8geoligalogy
O000000n0n0nnm
_J39 38 37 36 35 34 33 32 31 30 29 28 27
NC [] 40 NC
NC 4 VREF
NC [ 42 NC
vce [ 43 VEE
NC ] 44 NC
NC [ 45 vs8012 Ne
VIT L4 Heat Sink Side NG
NC ] 47 CLKIN
Dog ] 48 vce
vee [ 49 CLKI
DO7 [] 50 DIN
Dos [ 51 DI
DO5 [ 52 NC
N 12345678 91011213
IRIRIRERARIRIRERIRIRERInY
~ -
2288 8HER8EE®
o
VS8012 PIN DESCRIPTION
Pin # Name /0o Description
582’ 652 38 DO1 - DO8 O | Parallel ECL data outputs
17,19 CLKI, CLKIN | | High speed differential clock inputs
9 BYCKO O | Divide by 8 clock ECL output
15, 16 DI, DIN O | High speed differential serial data input
12 OOFN | | Frame recovery enable ECL input
11 FDIS || Frame recovery disable ECL input
31 FP O | Frame detection confirmation ECL output
25 VRE,_. | | ECL reference level input
30‘,‘516(,),4:3?’49 Vee Ground connection
7,46 Vo -2.0 V supply for internal reference generation and low power logic
23,33 Vee -5.2 V supply for high speed logic
1,2,13, 14,
20 - 22,24,
26 - 29, 32, 34, NC No connection
35, 37 - 42, 44,
45, 47
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SONET - High Speed 8 Bit Mux/Demux Products

VS8010DUT BOARD

The VS8010DUT is a general purpose circuit
board for the VS8010 series which provides a test
bed suitable for evaluating the performance charac-
teristics of the VS8010 series in the 52 pin LCC
package. The evaluation board is generic to the
'VS8010 series, and is configured with I/Os which
are specific to the VS8010 series.

The figure below is a schematic of this circuit
board. This board provides a controlled impedance
transmission line for all signals, and suitable decou-
pling for the power supplies. The signal traces have
a characteristic impedance of 50 Q. All ECL input
lines are terminated with 50 Q (chip resistor) as
close to the device package pin as possible. The
high speed inputs are also provided with 150 pF
blocking capacitors as shown. These capacitors are
shorted in applications which require DC
connection to these inputs. Signals are launched
onto the circuit board and removed by means of

SMA coaxial connectors. While the input signals
are terminated, the output signals are provided open
circuit and are intended to be terminated in the
measuring instrument such as an oscilloscope.

Normally, the VS8010 series operates in an
ECL environment with standard ECL power buses:
@V,-2V,-5.2V. In order to simplify interface to
standard ground referenced test equipment, how-
ever, the circuitboard power buses are offset so that
the shield connectors are at ground voltage. The
figure below shows the arrangement of the power
supply decoupling capacitors. There is a 33 pF
electrolytic capacitor, as well as several 0.01 uF
ceramic capacitors across each power bus.

The device socket is an AMP 55227-1 LCC
socket and was chosen for minimum inductance
and shortest possible stub length. The figure on the
next page shows the physical dimensions and the
SMA connection labels for the VS8010DUT
evaluation board.

VS8010DUT BOARD SCHEMATIC

+2V
-0
150 pF !
= iwe Vee .
High Speed 500 -~
Clock Inputs High Spesd, § 33pF
or High Speed = Data or Cl — -
Data Inputs - 150 pF Outputs: -
C NP —® T -=
500 L 0.01pF 0.01pF
— Device =
- Under Test
L
= » INP =
| 500 }_ § = 4
— -~
ECLData ! = c,ff,}gj,j:‘,,:’; = 0.01uF 0.01uF
or Control Inputs | - P
: —g) o :\33;}'
= » INP Vee =
50Q i l
= °
-32v
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SONET - High Speed 8 Bit Mux/Demux Products

VS8010DUT DIMENSIONS AND CONNECTION DIAGRAM

3 FT. Power
Supply Pigtails
SMA
/ Connector
(TYP)
y v
GND VCC VEE
(o] / o . e e 0O
O ©
5
Viresse oe = boe 01 B o2 g
O, D5
O s ©
oo D7
o0 7
D8 ©
O°°
© o 7
AMP 55227 - 1LCC Socket BYCLK
Dpo4 oo
)
© o
DO2 oo
000
D03 22
7 0 L
Sq. Dot FP
BYCKO cLks
O] Fois %
@ oo SYNC
o0 DON PO
) DI Do
o DIN  cuky con  ©0
VS8010 oe N CLKIN < (o)
o .
v
.4
0.7 Y
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FEATURES

* Superior performance: serial data
up to 2.5 Gb/s

» Compatible with SONET STS-3
to STS-48 applications

+ 8-bit wide ECL 100K compatible
parallel data I/Os

+ Internal self-adjusting clock in the VS8021
for simple clock to parallel data alignment

» SONET frame recovery circuitry incorpo-
rated into the VS8022 demultiplexer

+ Standard ECL power supplies:
Veg=-52V, V=20V

« All data and clock inputs and outputs are
differential (inputs can be wired to be
driven single-ended)

» 52-pin leaded ceramic chip carrier

FUNCTIONAL DESCRIPTION

The VS8021 and VS8022 are high speed
SONET interface devices capable of handling
serial data at rates up to 2.5 Gbits/second. These
products can be used for STS-3 through STS-48
SONET applications.

These products are fabricated in gallium ar-
senide using the Vitesse H-GaAs™ E/D MESFET
process which achieves high speed and low power
dissipation. These products are packaged in a ce-
ramic 52-pin leaded ceramic chip carrier. Refer to
Section 6, "Packaging" for a complete description
of this package. The following are individual de-
scriptions of each product.

VS8021

The VS8021 contains an 8:1 multiplexer and
a self-positioning timer. The 8:1 multiplexer ac-
cepts 8 parallel differential ECL data inputs (D1I-
D8, DIN-D8N) at rates up to 312.5 Mbits/sec and

multiplexes them into a serial differential bit stream
output (DO, DON ) at rates up to 2.5 Gbits/sec.

The internal timing of the VS8021 is built
around the high speed clock (up to 2.5 GHz)
delivered onto the chip through a differential input
(CLKI, CLKIN). This signal is subsequently ech-
oed at the high speed differential output (CO,
CON).

The parallel data inputs are clocked to on-
chip input registers with an externally supplied
differential ECL input (BYCLK, BYCLKN)
operating at the same rate as the data inputs. An
internal byte clock, which is a divide by 8 version
of the high speed clock, is used to transfer the data
to a set of buffer registers. This internal byte clock
is brought off chip at the ECL output CLKS,
CLKSN.

Internal circuitry monitors the internal and
external byte clocks and generates an ERR signal if
a timing violation is detected. This signal can be
connected directly to the SYNC input. An active
SYNC input allows the VS8021 timing to shift,
positioning it properly against the external byte
clock, CLK8, CLKSN.

Another divide by 8 version of the high speed
clock is brought off chip at RCLK, RCLKN. The
phase of this clock is not affected by the self-
adjusting circuitry, therefore it can be used as a
system reference clock. RCLK, RCLKN can be
used by the system designer to generate BYCLK,
BYCLKN. The self-positioning timer and RCLK,
RCLKN allow for the creation of very tight parallel
data timing for the VS8021.

VS8022

The VS8022 contains both a 1:8 demulti-
plexer and SONET frame recovery circuitry. The
1:8 demultiplexer accepts a serial data input (DI,
DIN) atrates up to 2.5 Gbits/second and converts it
into 8 parallel differential ECL data outputs (D1I-
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2.5 Gb/s SONET 8-Bit Multiplexer/Demultiplexer Chip Set

D8, DIN-D8N) at rates up to 312.5 Mbits/sec.
Valid parallel data outputs are indicated by the
divide by 8 differential clock outputs BYCKO,
BYCKON.

The VS8022 also contains a SONET frame
recovery circuit. The frame recovery circuits are
enabled by a falling edge on the OOFN ECL input

VS8021 BLOCK DIAGRAM

when the FDIS input is low. Once enabled the
frame recovery circuit starts looking for the SO-
NET framing sequence. Once the frame is detected,
the word boundary is realigned, a confirmation
signal is sent off-chip through the FP ECL output
and the frame recovery circuits are disabled.

D1
DIN
Parallel . k

Data Inputs ]

Buffer Register

8:1
Multiplexer

Do
DON

CLK8
CLK8N

> Serial Data Output

Phase Adjustable

Byte Clock { BYCLK |
Inputs \_BYCLKN

High Speed { CLKI

Byte Clock Output

Timing RCLK Independent
Generator RCLKN / BYte Clock Output

Clock inputs \ cLKIN

I co High Speed
coN [ Clock Output

VS8022 BLOCK DIAGRAM

DI

Serial Data In DIN

1:8

Demultiplexer

\ Parallel
Data Outputs

High Speed CLKiI Timing
Clock Inputs \ CLKIN Generator

Dot [—————— FP — Frame Dstection Signal

Frame Recovery Disable — FDIS

Frame Recovery Clock — OOFN

]|§ Bycko }BICI K Out
Byckon S PV LlockOu
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MULTIPLEXER WAVEFORMS (VS8021)

o e o
ek 7ot (0000000000000000000000000000

High speed differential clock input

D
scmreuy) ——
yte clock input
tosy >etpy
D1-D8, DINDeN . @E:m baracy

2.9, 00000
High speed differential clock outputs

DO,DON

High speed differential data outputs

¢ VALID DATA(2)

Serialized Byte 1

SYNC 4 \

Error correction input —/ \

NOTES: (1) Falling edge of CLKI causes DO to change
(2) Falling edge of CLKI causes CO to fall
(3) Falling edge of CLK| causes RCLK, CLK8 to change
(4) Falling edge of BYCLK latches parallel data
CLKI (CLKIN) period x 8 = BYCLK (BYCLKN) period.

= Don't care.

MULTIPLEXER AC CHARACTERISTICS (VS8021): Over recommended operating range

Parameter Description Min Typ Max Units
t, Clock period * 400 — — ps
t, BYTE clock period 3.2 — — ns
sy Parallel data set-up time 1.0 — — ns
t, Data hold time 1.0 — — ns
High speed clock output (CO, CON) to muxed data
fou output (DO, DON) timing 220 - 350 ps
jitter CLKI, CLKIN to DO, DON (max-min, (HIGH to LOW), _ <50 _ ps
same part, same pin at constant conditions

* The parts are guaranteed to operate from DC to a maximum frequency of 2.5 GHz.
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DEMULTIPLEXER WAVEFORMS (VS8022)

tc
cLK1""(cLKIN) WMMWWMWWWMWWWMMW

High speed differential clock input

OOFN A
Frame recovery clock input t ooFN SONET STS-3 Framing Sequence
Do g
High speed serial date inpur)s . : _ﬂu DATA )\ DATA X DATA JDATA X DATA X
Al P A1 ] A2 i A2 | A2 i
‘ tprp
FP
Frame detection confirm output t 'l
[¢— {prp —
BYCKO (BYCKON) AW AW
Byte clock oulput “p o Resynch M [ fgp
[ D1(DIN) SR e croreeey  Valid X Data_j Valid XDaia £

3 D2 (D2N) X Y Vaia X Daia f[Vaid XDaia I

o

§ g D3 (D3N) zxxsxxxsywxsyerzxs \ Valid { Data W

Q.

gg D4 (D4N) X /Valid X Data_f{Vaiid \Data £

@

g.% D5 (D5N) ¥ \ Valid { Data X Valid #{Data %
SQ

IS D6 (D6N) ¢ '/ Valid X_Data f Vaiid X Data [,

5 .
Q D7 (D7N) <==x===z=2<:x=223%% X o/ Vaid X Data fVaiid X Daia f

\_D8 (D8N) ! "/ Vaiid X Data fVaid X Data A

Parallel Data (2

Output St Yy

X a1 X az X Az X a2 XData X Data X Data X Data X

NOTES:
1) Falling edge of CLK causes serial data to be latched

2) The parallsl data outputs only begin showing valid data after the last A2 of the SONET framing sequencs. The example

waveforms shown above use an STS-3 fr
A2 in the sequence.

P<K E X A =Don't care.

ing seq for co

, thus valid data is output after the third
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2.5 Gb/s SONET 8-Bit Multiplexer/Demultiplexer Chip Set

VS8022 DEMULTIPLEXER AC CHARACTERISTICS (0Over recommended operating range.)

Parameter Description Min Typ Max Units

t. Clock period * 400 — — ps
t BYTE clock period (1,=1_x 8) 3.2 — — ns
i, BYTE clock output to valid data 0.5 1.0 2.0 ns
t FP rising edge from parallel data output change 6.4 ns

DFP from A1to A2 (1,.,=1,x2) - : -
t. FP pulse width (,..= t,) 3.2 — — ns
toom (OtOFN =f_atllllr;(g :)dge before A1 changes to A2 128 . . ns

OOFN D
tooenew OOFN pulse width (2,0 = 1) 3.2 —_ — ns
. Serial data phase timing margin with respect to
Phase Margin toy+ by 135 180 — | degrees
high speed clock: Phase Margin =( ) 360°
c

* Ift, changes, all the remaining parameters change as indicated by the equations.

VS8022 SONET FRAME RECOVERY
AND DETECTION

The SONET framing sequenceis astringof Al
bytes followed by a string of A2 bytes. (Al =
11110110 and A2 = 00101000) The first serial bit
starts at the left of the byte. The table below shows
the number of A1 and A2 bytes in each SONET frame
for different line rates. The VS8022 contains aframe
recovery circuit and a frame detection circuit.

STS LINE RATE #OF A1 #OF A2
LEVEL (Mb/S) BYTES BYTES
STS-3 155.520 3 3
STS-9 466.560 9 9
STS-12 622.080 12 12
STS-18 933.120 18 18
STS-24 1244.16 24 24
STS-48 2488.32 48 48

Example: STS-48 has 48 A1s and 48 A2s:
A1ATATL,.... AT, A2A2A2....A2,

Frame Recovery Circuit

The frame recovery circuit is designed to
scan the serial data stream, looking for the A1 byte.
When it finds the Al pattern, it adjusts internal
timing so that the serial data is properly
demultiplexed onto the eight parallel outputs. Sub-
sequently, the MSB of the A1 byte will appear inthe
D1 position and LSB of the A1 byte will appear in
the D8 position. This word boundary alignment
causes the BYCKO, BYCKON output to be
resynchronized.

Frame Detection Circuit

The frame detection circuit monitors the
demultiplexed data, and senses the boundary
between Al and A2 bytes. This circuit requires a
minimum of 2 A2 bytes in order to generate a pulse
on the FP output. This pulse on the FP output will
reset the frame recovery circuit, so that no further
resynchronization will occur.
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2.5 Gb/s SONET 8-Bit Multiplexer/Demultiplexer Chip Set

Circuit Operation STS-3 FRAME
The frame recovery circuits are initialized
and enabled on the falling edge of the OOFN ECL 125 ps
input with FDIS held low. The OOFN must be at [ 3x80Bytes————

least one byte clock period wide. It must occur at 33 Bytes

least4 byte clock periods before the A1/A2 bound-
ary. The circuit requires at least 2 Al bytes fol-
lowed by 2 A2 bytes for successful alignment. The

3Ats | 3A2s |3Cts

F— 9 Rows ——»y

. S DATA
first A1 byte is used by the frame recovery circuit
to obtain initial word boundary alignment, while
the following A1 and 2 A2 bytes are used to reset
the frame recovery circuit and maintain alignment ‘—gf‘e",ﬁ%‘;‘;—-l'— S paaiiope

for the subsequent bit stream. Frame recovery and
output alignment will occur only on the first A1~ STS-48 FRAME
byte following a OOFN falling edge input. Frame
recognition will occur for each word boundary
aligned A1A2A2 sequence in the data stream.
Frame recognition is signaled by a one byte clock
period high pulse on the FP ECL output pin. This
FP pulse will appear one byte period after the
second A2 byte appears on the parallel data output
pins.

125 ps
[¢—————————— 48 x 90 Bytes———— ]
le—— 3 x 48 Bytes—»

48 A1s | 48A2s | 48Cis

DATA

le———— 9 ROWS ———f

le Transport .L STS-48 Envelope__,
Overhead Capacity

NOTE:  A1s & A2s: SONET framing sequence
C1s: STS Frame ID
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ABSOLUTE MAXIMUM RATINGS ()

Power SUpply VOIAGE (V1) ......ooieiiccciccicetseeccee sttt vs s snesassne -3.0Vto+0.5V
Power Supply VORAGE (Vi) ...ttt ncnesas V,+0.7Vto-6.0V
ECL Input Voltage Applied @, (V) «cceveeveceimeineeiinereeiicesiseieeiee et v -25Vto+0.5V
High Speed Input Voltage Applied @, (Vg ) ....oovveeeieecceieiciciceccrcceccniriccecicc e V,-07VtoV,+07V
Output Current, 1, (DC, oUtPUt HIGH) ..ot s -50 mA
Case Temperature Under Bias, (T, ) .......cvocuiiiuciriciiciccirirccciecececnicone s eeeececanceens -65°to +125°C
Storage TemMPErature, (Tor o) ...ttt e sa et care e sensaceanaes -65° to +150°C
RECOMMENDED OPERATING CONDITIONS

ECL Power Supply VOIAGe @, (Vi ) ..ottt snacasacenen -20V+0.1V
Power Supply Voltage, (Vo) ......ovuvveeiceececeecttr ettt sns v -52V+0.26V
Operating Temperature Range @, (T) ........ccovevveeevrvrvrrnnns (Commercial) 0° to 70°C, (Industrial) -40° to +85°C

NOTES: (1) CAUTION: Stresses listed under "Absolute Maximum Ratings" may be applied to devices one at a time without
causing permanent damage. Functionality at or above the values listed is not implied. Exposure to these values for
extended periods may affect device reliability.

(2) V;; must be applied before any input signal voltage (V. and V,.,) must be greater than V. - 0.5V.
(3) Lower limit of specification is ambient temperature and upper limit is case temperature.
(4) When using internal ECL 100K reference level.

DC CHARACTERISTICS

ECL Inputs/Outputs

(Over recommended operating range with internal V.. V.= GND, output load = 50Q 10 -2.0 V)

Parameters Description Min Typ Max | Units Conditions
VOH Output HIGH voltage -925 — -700 mV vV, =V, (max)
v, Output LOW voltage V. — |-1750 | mv | orV, (min)
v, Input HIGH voltage -1040 | — 600 | mV g‘r’:lam;&‘i HIGH signal
Guaranteed LOW signal
v, Input LOW voltage Vo, — | -1600 | mV | =uar inputs g
AVour Output voltage swing 0.8 1.0 1.4 \Y Output load 502 to V,,

NOTE: Differential ECL output pins must be terminated identically.

PARALLEL DATA, BYCLK INPUTS ChipBoundary

ECL inputs (clock or data) : Vee = GND
provide for AC coupled operation. :
Internal biasing will position the : 2
reference voltage of approximately 0.1pF -1.32v,J L-1.32V
132 Volis on both the true and | =S -

. : L |
complement inputs. 50 b3
. <
Vrr O1WF D
v Vee =-5.2v
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DC CHARACTERISTICS (con't)

High Speed Inputs and Outputs
(Over recommended operating conditions. V., = GND, Output load = 50Q to -2.0V.)

Parameters Description Min | Typ | Max |Units Conditions
Viy Input HIGH voltage -31 [ -3.0 [-29 \'% Guaranteed HIGH signal for high speed inputs
v, Input LOW voltage 41 | -40 [-39 \' Guaranteed LOW signal for high speed inputs
Vou Output HIGH voltage | — |[-09 | — \' Output load, 502 10 -2.0 V
Vo, Output LOW voltage — -1.8 — \ Output load, 50Q to -2.0 V
AV, r Output voltage swing | 0.8 | 1.0 1.4 \' Output load, 50Q to -2.0 V

NOTES: 1) Builtin reference generator, the high speed inputs are designed for AC coupling.
2) If a high speed input is used single-ended, a 150pF capacitor must be connected between the unused high speed
or complement input and V.
3) Differential high speed output pins must be terminated identically.
4) ESD protection is minimal for the high speed input pins, therefore, proper procedures should be used when
handling this product.

HIGH SPEED INPUTS

High speed inputs (clock or
data) provide for AC coupled op-
eration. Internal biasing will posi-
tion the reference voltage of ap-
proximately -3.5 Volts on both the
true and complement inputs.
Single-ended, AC coupled opera-
tion is illustrated at right.

Chip Boundary

R"==1k.Q

POWER DISSIPATION
(Over recommended operating conditions, V,,,= GND, outputs open circuit)
Parameter Description - vseoz1 - V58022 .
Min | Typ | Max | Min | Typ | Max | Units
I Power supply current from V. — 350 | 700 | — | 350 700 | mA
- Power supply current from V. — 100 | 200 — | 100 200 | mA
P, Power dissipation — |22 | 43 | — |22 43 | W
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EXAMPLE APPLICATION: STS-48 SONET
SYSTEM LINK

The objective in this example is to multiplex/
demultiplex 8 channels at the STS-48 line rate with
SONET frame recovery capability. The system can
be implemented using the VS8021 and VS8022 as
follows:

8:1 Multiplexer

Data at a line rate of 311.04 Mbytes/sec is
registered at the inputs using the externally
provided 311.04 MHz byte clock. ERR is con-
nected to SYNC forretiming of the input word. The
2488.32 MHz clock is used to generated timing
signals for the mutiplexing function. The muxed
output at 2488.32 Mbits/sec is generated at the
serial data output of VS8021.

1:8 Demultiplexer

The 1:8 demultiplexer receives serial data at
2488.32 Mbits/sec and generates parallel data at
311.04 Mbytes/sec along with a byte clock output

STS-48 SONET SYSTEM LINK

of 311.04 MHz. The demux also has the SONET
frame recovery and detection circuitry.

During system start-up OOFN inputreceives
afalling edge from the system control torecover the
SONET frame and align on byte boundaries. Once
the frame is aligned, the FP pulse is generated on
every SONET frame. Iffor any reason the FP pulse
disappears on frame boundaries then this signals
the system that the frame synchronization is lost.
The system then asserts the OOFN input (High to
Low) to recover the SONET frame and align on
byte boundaries, bringing the system back to a
synchronized condition. After synchronization is
achieved, the FP pulse starts again on every frame.

ESD Protection

Electrostatic discharge protection is pro-
vided for ECL I/O's and high speed clock and data
I/O's to the following minimum limits:

ECL I/O's, High Speed Clock and Data O’s..... 1000V
High Speed Clockand Data I's........................... 500V

STS = Synchronous Transport Signal

OC = Optical Carrier Optic Fiber
VS8021 Chip
F Boundary
o [DUDIN ——4 :
a D2/D2N ——4 Optical
2 DYDIN ——4 - . ptical
B | D4DIN ——4 % ' STS-48
=8 pyosN ——4 TR | (DO, DON)
b4 D&/DEN ——4 © = .
= | D7OTN —— 2 :
& D&/DEN ——4
W h248&32 M’mz.{ L3 .
igh Speed Ci TP
(CLKI, CLKIN) RN : High Speed Clock (CO, CON)
SYE';?‘ - Timing —D CLK8, CLK8N
" Generator | > RCLK RCLKN
311.04 MHz —¥ .
Byte Clock (BYCLK,'
BYCLKN) - - -« cvooomn--

STS-48 :
optcal (DI, DIN) | »D1DIN S
: 5 | »opoDN | @
Reciever £ [ DaDaN %
wd % D4/D4N 2
2z [ »Ds0N 28
£ |————— D&/DEN =1
3 |——070MN | =
Clock > D806N | &
Recovery L :
© | | SONET Frame [#-——"Frame Enablo (OOFN)
. D;!:;fl:; ;- " Frame Pulse (FP)
[¢——— Frame Rocovery
+ N Disable (FDIS)
: Tming | ar1oaMH Byt
. Generator - Z oyte
—— * Clock Out (BYCKO,

BYCKON)

vs8o022 Chi;;j
Boundary
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VS8021 PIN CONFIGURATION

D2N
vce
DIN
VEE
CLK8
CLKBA
vee
ERR

©
8 8 3

SYNC

Q
2z

..__]39 38 37 36 35 34 33 32 31 30 29 28 27|

] 40

4
42

D4

D4aN
vce
BYCLK
BYCLKN

D5
DsN
vee

Ds
D6N

D7

V58021
Heat Sink Side

26
25
24
23
22

-
pry
-

—1 NC
1 ~ne
—1 bon
— vee ()
1 po
—co
™1 con
1 cLKIN
— vee
1 ca
— ne
— ne
[ ~ne

)
-
©

DIN [~
ps ™
peN [«
vee >
Ne o
RCLKN [ &
viT ]~
e
vee 3
TEST [
Ne [
Ne [

RCLK [

EYE SYNC

NOTE: 1) Pin #23 on both parts is connected to the heat sink. Connect to VEE or most negative chip voltage.

Pin # Name /0 Description
ey 08 | 1| Parallel ECL differential data inputs
17,19 CLKI, CLKIN | High speed differential clock inputs
44, 45 BB)‘,ICC LLII((I'v | Divide by 8 clock ECL input
22,24 DO, DON e} High speed serial data output
21,20 CO, CON (0] High speed differential clock output
31,32 CLK8,CLK8N | O Phase adjustable +8 differential ECL clock output
6,8 RCLK, RCLKN | O Independent +8 differential ECL clock output
29 ERR 0 Error detection ECL output
28 SYNC | Error correction ECL input
431604138420 Voo Ground connection
7,46 Vo, -2.0 V supply for internal reference generation & low power logic
23" 33 Ve -5.2 V supply for high speed logic
11 TEST Test pin connection
9 EYE_SYNC Synchronize internal test structure
5,12-16, NC No connection
25, 26, 27
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VS8022 PIN CONFIGURATION

DpsN [
Ne [
Dps []
vee []
BYCKON [
Ne [
viT
BYCKO [
DaN ]
vee [
D4 [
D3N [

D3 [

8 [ vee
] ne
—1 ne
— ne

38 37 36 35 34 33 32 31
40 26 [ NC
41 25 1 Ne
42 24 ] NC
43 23 1 vee (1)
44 22 [ NC
4 VS8022 2 ne
4 Heat Sink Side 20 1 we
47 19 [ CLKIN
48 18 [ 1 vee
49 17 [ ekl
50 16 1 DIN
51 15 o
52 1 NC

14
[

-
o
-
-
-
N

Ne (=
NC [~
DoN [w
vee [+

]

o
2

p2 [Jo
DIN o
VIT [~
D1 [
FP ]
vee [
FDIS []

OOFN [

NOTE: 1) Pin #23 on both parts is connected to the heat sink.Connect to VEE or most negative chip voltage.

Pin # Name /0 Description
3,5,6,8,31,32, D1-Ds, (0] Parallel ECL differential data outputs.
34,35,38-40,42, D1N-DSN
48, 50-52
17,19 CLKI, CLKIN | High speed differential clock inputs.
44, 47 BYCKO, (0] Divide by 8 clock ECL outputs.
BYCKON
15, 16 DI, DIN | High speed differential serial data inputs.
12 OOFN | Frame recovery clock enable ECL input.
11 FDIS | Frame Disable. Disables framing circuitry when high.
9 FP (0] Frame Pulse. Recognizes in-frame A1A2A2.
4,10, 18, 30, Ve Ground connection.
36, 43, 49
7,46 V., -2.0 V supply for internal reference generation & low power logic.
23, 33 Vee -5.2'V supply for high speed logic.
1,2,9, 11, NC No connection.
13,14,20-
22,24,25, 26-
29, 37,41,45
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2.5 Gb/s SONET 8-Bit Multiplexer/Demultiplexer Chip Set

VS8021/VS8022 DUT BOARDS

The VS8021/VS8022 DUT boards are spe-
cial purpose circuit boards which provide a test bed
suitable for evaluating the performance character-
istics of the VS8021 8:1 Multiplexer or the VS8022
1:8 Demultiplexer in the 52 pin LDCC package.

The figure below is a schematic representa-
tion of these circuit boards. These boards provide a
controlled impedance transmission line for all sig-
nals, and suitable decoupling for the power sup-
plies. The signal traces have a characteristic imped-
ance of 50Q. All ECL input lines are terminated
with 50Q (chip resistor) as close to the device
package pin as possible. The high speed inputs are
also provided with 150pF blocking capacitors as
shown. These capacitors are shorted in applications
which require DC connection to these inputs. Sig-
nals are launched onto the circuit board and re-
moved by means of SMA coaxial connectors.

VS8021DUT/VS8022DUT BOARD SCHEMATIC

While the input signals are terminated, the output
signals are provided open circuit and are intended
to be terminated in the measuring instrument such
as an oscilloscope.

Normally, the VS8021 and VS8022 circuits
operate in an ECL environment with standard ECL
power buses: 0V, -2V, -5.2V. In order to simplify
interface to standard ground referenced test equip-
ment, however, the circuit board power buses are
offset so that the shield connectors are at ground
voltage. The figure below shows the arrangement
of the power supply decoupling capacitors. There is
a 33 UF electrolytic capacitor, as well as several
0.01 puF ceramic capacitors across each power bus.
The device to be tested is held in place with a
pressure retaining fixture. The figures on the fol-
lowing pages shows the physical dimensions and
the connections labels for the evaluation boards.

+2V
O
150 pF
C Vee
INP .
High Spead 500 —————§> -,
Clock Inputs 1 High Speed i o BuF
or High Speed = Data or Cle H -
Data Inputs - 150 pF Outputs: : -
N 1
C e —-@ ~ =
500 L 0.01pF 0.01uF
- Device =
- Under Test
L
= ' INP @ =
| 50Q i 1 -~ p—
ECL Data or b= ) T
ECL Data ! = Clock Outpute i - oorwe 0.01uF
or Control Inputs | - ! hy
I -~
| - 33uF
C Ne Ve =
500
? -0
-3.2v
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2.5 Gb/s SONET 8:Bit Multiplexer /Demultiplexer Chip Set

VS8021DUT DIMENSIONS AND CONNECTION DIAGRAM

VCCVIT VEEGND O

@_ )
0" E;:/l=

on X
ge)

V§8021
e}

0.75"
TYP

t 'EEEEEE 5 B B B BEEEHE

y
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2.5 Gb/s SONET 8:Bit Multiplexer /Demultiplexer Chip Set

VS8022DUT DIMENSIONS AND CONNECTION DIAGRAM

VCCVIT VEEGND O

\/ITESSE 00

oll

©
_g).

ors | 'EEEEEE B 8 § B 8EEHE8

TYP |
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2.5 Gb/s SONET 8-Bit Multiplexer/Demultiplexer Chip Set

VS8021DUT/VS8022DUT
TEST SETUP
Test equipment that is equal to or better than

the following is recommended for testing the
VS8021 and VS8022 DUT boards:

* 5 GHZ Oscilloscope
2.5 GHz Bit Error Rate Tester
» Power Supplies
—3.2V, 1 Amp per board
—-2.0V, 1 Amp per board

The figure below shows one possible test
setup for the VS8021 and VS8022 DUT boards. In
this configuration the Bit Error Rate Tester sends a

clock and serial bit pattern into the VS8022 DUT
board. This data is demultiplexed into a byte wide
pattern which is transferred via matched cables to
the VS8021 DUT board where the byte wide datais
multiplexed into a serial bit stream which is sent
into the error detector. The bit error rate tester will
verify that the bit stream that is sent out of the
generator matches the bit stream that is fed back
into the error detector. Always use matched delay
cables between complementary signals and be-
tween data and clock signals. The oscilloscope can
be used to view signal integrity of various signals
and to monitor rise and fall times.

Oscilloscope

Bit Error Rate Tester

M\

CHI CHz CH3 TRIG

) d A

Error Detector

INPUT

DATA CLOCK

/ ulse Pattern Generator

SYNC ouTPUT

/7 N\ /7 N\
CLOCKPATTERN ~ CLOCK CLOCK DATA  DATA

Do

DIN
DON
CON D7
50Q f
= D7N
CLK8
BYCLK

D7N

BYCLKO

L < SYNJ —
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VSC864

- Gallium Arsemde
64 X 64 Crosspomf Sw:tch

FEATURES
« Superior Performance: 200 Mb/s

* Duty-cycle Distortion @ 200Mb/s: <10%
 Operating Range: -40° to +85° C

» Power Dissipation: 10 Watts (Typical)

» Clocked or Flow-through Operation

» ECL F100K Compatible Inputs and Outputs
* Output to Output Skew: < 1500 ps

* Output Drive Capability: 25Q

+ Single Power Supply: -2V +5%

» Package: 344-pin Ceramic LDCC

+ Full Diagnostic Monitors

» Cascadable to Larger Systems

INTRODUCTION

The VSC864 is a 64 x 64 crosspoint switch
intended for high speed (up to 200 Mby/s) digital
data communications applications. This product
has 64 data inputs and 64 data outputs. Any input
can be multiplexed to any, some, or all outputs.
High speed digital data up to 200 Mb/s can be
switched with less than 10% pulse width distortion.
Inbroadcast mode, any two outputs will exhibit less
than 1500 ps of skew. All interfaces are fully
compatible with ECL F100K logic levels. The
VSC864 requires only a single -2 V power supply.

A separate Q bus is provided to allow obser-
vation of individual internal multiplexer address
latches. Since the VSC864 outputs are capable of
driving 25Q double-terminated buses with cutoff
drivers, the device can be cascaded to form larger
crosspoint switches. The VSC864 Crosspoint
Switch can be operated in either flow-through or
synchronous mode by use of internal input and
output data registers. In flow-through mode the
data propagation delay is less than 6.5 ns.

The individual address registers in the
VSC864 are double buffered. A local strobe signal
isused to load an individual address for each output
pin. A global strobe is used to simultaneously
activate all 64 destination addresses.

This product is ideal for high speed digital
applications including data distribution for tele-
communications, computer network and multipro-
cessor switching, and test equipment. In atelecom-
munications SONET application, for example, the
VSC864 canbe used as an STS-3 protection switch,
or in the fabric of a large switching system.

The VSC864 is packaged in a 344 pin ce-
ramic LDCC package and typically dissipates less
than 10 W. This product is fabricated using
Vitesse's simple, high yielding, E/D GaAs MES-
FET process which achieves high speed coupled
with low power dissipation.

FUNCTIONAL DESCRIPTION

The VSC864 may be used to connect any one
of 64 inputs to any combination of 64 output chan-
nels, according to a user defined bit pattern stored
in each channel's control latch.

During normal operation, signals flow from
inputs (I ,-1;) to output channels (Z,, - Z ;) through
sixty-four, 64:1 multiplexers. The traffic patternis
controllable by data previously stored in sixty-four
7-bit control registers with each register corre-
sponding to an output channel. The first 6 least
significant bits in each control register are reserved
for designating the MUX input which will be con-
nected to its corresponding output, the most signifi-
cantbitisused to tri-state this outputif desired. The
6 LSBs are a binary numerical representation of the
input channel selected (i.e.., 000000 corresponds to
I,, 000001 corresponds to I, etc.).

The Write mode is used to alter any one or all
signal paths. During Write mode, inputs A, - A
select which output channel's control register will
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Gallium Arsenide 64 x 64 Crosspoint Switch

be altered (also by a binary numerical representa-
tion). Inputs D - D describe the new input signal
to be selected for that channel. When a high pulse
isappliedto LOCALSTROBE, D - D;andthe TRI
bitis transferred into a holding latch. After some or
all control registers are programmed, a high pulseis
applied to GLOBAL STROBE to transfer the
information from the holding latch into all the
control registers. In this way the entire crosspoint
switch can be reconfigured simultaneously.

The Read mode is adiagnostic feature used to
examine the data stored in any one control register
and its corresponding 64:1 multiplexer output. The
control register to be examined is selected by inputs
S,- S5 (by a binary numerical representation).
When a high pulse is applied to the TEST
STROBE, the contents of the selected control reg-

FUNCTIONAL DIAGRAM

ister will be displayed at the Q- O outputs and the
corresponding 64:1 mux output will appear at the
OD output. When TEST STROBE is "low" the Q
bus has all low outputs (which is equivalent to
being tri-stated).

The VSC864 can be configured to run in
either synchronous clocked mode or asynchronous
flow-through mode. This feature is controlled by
the C/FT input. When C/FT is high, the chip isin
clocked mode and will require an input clock at its
CK pin. In this mode all input and output data is
registered. When C/FT islow the chipisinflow-
through mode and will ignore the CK input. In
clocked mode, the outputs on the monitor bus (Q,-
Q. and @D), and input data (I, - I ;) are registered
by the master clock (CK).

10 - 1634

AO- A5 + Decode

LOCAL
STROBE

GLOBAL
STROBE

STROBE

CIFT —D

CK—D—»T

64:1
7 Mux
64 (x7) X7

Qo-Qe

~+
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Gallium Arsenide 64 x 64 Crosspoint Switch

ABSOLUTE MAXIMUM RATINGS ()

Power Supply Voltage (ECL), V,, potential to GND ...........cccciiviiiiiiiiiiiinicccecc e -3.0V to +0.5V
Input Voltage Applied, Vi gy vt -2.5V to +0.5V
Output Current, 1, .,(DC, outpUt HI) ....c..ccoiiiiiiiie et st e b e nens 100 mA
Case Temperature Under Bias, T, . ........cccoociiiriciiiomceciicicic et -55°10 +125°C
Storage Temperature (AMbIENt), T . i eceee -65°C to +150°C
RECOMMENDED OPERATING CONDITIONS

ECL Supply Voltage, Vi . ..ot e e -2.0V+0.1V
Commecial Operating Temperature Range, T@. ... 0°to 70°C
Industrial Operating Temperature Range, T, ...........ccoccuvmrreieeeiriieeeeeeeeeieisieet e eeneenan -40° to 85°C

NOTES: (1) CAUTION: Stresses listed under "Absolute Maximum Ratings" may be applied to devices one at a time without
causing permanent damage. Functionality at or above the values listed is not implied. Exposure to these values for
extended periods may affect device reliability.

(2) Lower limit of specification is ambient temperature and upper limit is case temperature.

DC CHARACTERISTICS
ECL Inputs/Outputs

(Over recommended commercial operating conditions. V,, =V, = GND, Output load 25Q. 10 V,.)

CCA
Parameters Description Min Typ Max Units Conditions
Vou Output HIGH voltage | -1020 | -850 -700 mV V=V, (max)
Vo, Output LOW voltage |/ — -1620 mv or V,, (min), V. =-2.0V
V/H Input HIGH voltage -1100 _ 700 mv Guaranteed HIGH for all inputs
V/L Input LOW voltage VTT — -1540 mV Guaranteed LOW for all inputs
Ly Input HIGH current — — 200 pA Vin = Vjy max
I, Input LOW current -50 — — pA Viy =V, min
I+ Supply current — 4 7 A V =-2.10V
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Gallium Arsenide 64 x 64 Crosspoint Switch

AC TIMING CHARACTERISTICS

(Over recommended operating conditions. V.=V, = GND. Output load 25Q to V.

Flow-Through Mode

Parameters Description Min | Typ | Max | Units| Conditions
PW Minimum data valid time 5 — — ns —
te Propagation delay (rising) 3500 | — | 6500 | ps —
te Propagation delay (falling) 3500 | — |[6500| ps —
— Duty cycle distortion — 10 —_ Y% at 200 Mb/s
skew Output to output skew — — | 2400 | ps on a given part
BER Bit Error Rate — — 1o | — —

Clocked Mode

Parameters Description Min | Typ | Max | Units | Conditions
Fax Maximum clock rate —_ — 200 | MHz —
tsy Input data set-up time -500 | — — ps —
ty Input data hold time 2800 | — — ps —
toon Clock to output delay (rising) 3500 | — (6500 | ps —
toor Clock to output delay (falling) 3500 | — |[6500| ps —
skew Output to output skew — — | 1500 | ps On a given part
AC TIMING WAVEFORMS
Flow-Through Mode
Minimum Data Valid Time, PW Propagation Delay

L-l,, _ £ % _# I -1, £ X

za 'Zgg L—PW—-L—PW—-I
tor tor “!
Clocked Mode

Input Data Set-up & Hold Times Clock to Output Delay

’o - I63 ’l Sk zo - zea ;( Sﬁ

CK CK _f]
tisy —'—-L‘/H |‘—‘—fczn teze

zo - zes
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Gallium Arsenide 64 x 64 Crosspoint Switch

AC TIMING CHARACTERISTICS (continued):

(Over recommended commercial operating conditions. V.= V= GND.
Write Mode
Parameters Description Min | Typ | Max | Units | Condition
torcon Reconfiguration time — — 650 | ns 64 channel reconfig
L ssu A bus to LOCAL STROBE set-uptime [-100 | — — ps | —
LAY Abusto LOCAL STROBE hold time 1600 | — — ps —
by ssu D bus to LOCAL STROBE set-uptime | 400 | — — ps —_
tsh D bus to LOCAL STROBE hold time 2 —_ — ns -
tosu GLOBAL STROBE to
LOCAL STROBE set-up time 5 — — ns —
too to trg GLOBAL STROBE and
LOCAL STROBE pulse widths 5 — — ns —
trs TEST STROBE pulse width 10 — — ns | —
toy GLOBAL STROBE to
LOCAL STROBE hold time 5 — — ns —
tosr GLOBAL STROBE to
valid output (flow-thrrough mode) 3.5 — 8.5 ns —
toasu CLKto GLOBAL STROBE
set-up time (clocked mode) 5 — — ns Data being
clocked in at this
too GLOBAL STROBE to CLK time is invalid
hold time (clocked mode) 5 — — ns
Read Mode
Parameters Description Min | Typ | Max | Units | Conditions
trsg TEST STROBE to valid Q output — | = 10 ns —
trseq S bus to valid output — | = 10 ns —
tsor TEST STROBE fo tri-state - | = 10 ns —
condition on Q
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Gallium Arsenide 64 x 64 Crosspoint Switch

AC TIMING WAVEFORMS (con't)

Write Mode
_ A address setup and hold
A, - A; relative to LOCAL STROBE
LOCAL *tasssu| b tacsr |
STROBE f X f D data setup and hold
) I relative to LOCAL STROBE.
D,-D,, TRI X A
i"'mssu‘ I+ tor s ]
GLOBAL tousy T = town -
STROBE . LOCAL STROBE to
z d Gl GLOBAL STROBE timing
(output data) —.I* relationship.
I tosz
F_\ CLOCKED MODE -
CLK b __—%T—\-—-—— GLOBAL STROBEto CLK
casy act timing relationship.
Read Mode

S, - S, Y Y
n

tstsu "| I" tsty "l
STROBE
— ‘Ts|—'|
0,-0, A
= trsa "I
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Gallium Arsenide 64 x 64 Crosspoint Switch

BLOCK DIAGRAM OF INTERNAL WRITE MODE CIRCUITS

Holdin Control
DBUS Latchg Latch [ — g0|64t:1L‘MUX
CK CcK elect Lines
LOCAL
STROBE
A BUS ——— 5 Decoder A;jD_-
GLOBAL
STROBE
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Gallium Arsenide 64 x 64 Crosspoint Switch

PIN DESCRIPTION

103, 110, 115,122, 127, 134,

139, 144, 151, 156, 163, 168,

174, 235, 241, 246, 253, 258,

265, 270, 275, 282, 287, 294,

299, 306, 311, 316, 323, 328,
335, 340

Pin # 1/{*} Description
12-16, 20-30, 35-45, 43-53, Iy- lss | The 64 ECL signal inputs.
184-188, 192- 202, 207-217,
221-225
1 TRI | ECL input containing Tristate data to be loaded into a 64:1 Mux holding
latch. (Tristate = HIGH) Combined with a control register's destination
address. Used to tristate the corresponding output.
5-10 D,-Dg | ECL inputs containing the destination address to be loaded into the 64:1
Mux holding latch.
178-183 A s A 5 | ECL inputs containing the address of the 64:1 Mux holding/control latch tof
be programmed.
177 LOCAL | Active HIGH, ECL input used to load the D0-D5 and TRI data into the
STROBE 64:1 Mux holding latch.
34 GLOBAL | Active HIGH, ECL input used to load destination addresses to all 64:1S
STROBE Mux control latches simultaneously from the data contained in their
corresponding holding latches.
54-59 5,-S; | ECL inputs containing the address of the control latch to be observed at
the QD output when the TEST STROBE is HIGH.
60 TEST | Active HIGH, ECL input used to enable Test Mode and observation of a
STROBE selected 64:1 Mux control latch's destination address.
206 C/FT | ECL input used to enable Clocked or Flow-through Mode (Clocked =
HIGH/ Flow-Thru = LOW).
203 CK | ECL clock input for Clocked Mode.
68, 71,73,78, 80, 83, 85, 88, Zo - 263 (0] The 64 ECL signal outputs.
92, 95, 97, 100, 102, 107,
109, 112, 126, 129, 131, 136,
138, 141,143, 148, 150, 153,
155,158, 162, 165, 167, 170,
240, 243, 245, 250, 252, 255,
257, 260, 264, 267, 269, 272,
274, 279, 281, 284, 298, 301,
303, 308, 310, 313, 315, 320,
322, 325, 327, 330, 334, 337,
339, 342
296 QD o} ECL output used to observe the output of a selected 64:1 Mux in Test
Mode.
114,117,121, 124, Oo - 06 0 ECL outputs containing the selected 64:1 Mux control register's
286, 289, 293 destination address and TRI bit in Test Mode.
3,17,32, 47,61, 76, 90, 104, VCC @V ground connection for internal logic.
118, 132, 146, 160, 175, 189,
204, 219, 233, 248, 262,
276, 290, 304, 318, 332
2,63, 69, 74, 81, 86, 93, 98, Veea @V ‘dirty' ground connection for outputs.
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Gallium Arsenide 64 x 64 Crosspoint Switch

PIN DESCRIPTION (cont.)

Pin # Name /o Description
4,18, 33, 48,62,77,91, 105, V. -2V supply connection.

119, 133, 147, 161, 176, 190, m
205, 220, 234, 249, 263, 277,
305, 319, 333
291 VSUB -2V supply connection to substrate (most negative supply).
1,19, 31, 46, 64-67, 70, 72, NC No connection

75,79, 82, 84, 87, 89, 94, 96,
99, 101, 106, 108, 111, 113,
116, 120, 123, 125, 128, 130,
135, 137, 140, 142, 145, 148,
152, 154, 157, 159, 164, 166,
169, 171-173, 191, 218,
226-232, 236-239, 242, 244,
247, 251, 254, 256, 259, 261,
266, 268, 271, 273, 278, 280,
283, 285, 288, 292, 295, 297,
300, 302, 307, 309, 312, 314,
317,321, 324, 326, 329, 331,
336, 338, 341, 343, 344

PIN IDENTIFICATION

Name Pin# | Name Pin# | Name Pin# | Name Pin# | Name Pin# | Name Pin# | Name Pin#
Io 12 Io2 26 144 41 Do 7 Zs 85 Zog 162 Zsp 303
Iy 225 log 211 I4s 196 D3 8 Z7 88 Zog 165 Zs1 308
Io 13 o4 27 Isg 42 D4 9 V4] 92 Z3p 167 Zs2 310
I3 224 Ios 210 l47 195 Ds 10 Zg 95 Z3z1 170 Zs3 313
I4 14 log 28 lsg 43 Ap 183 Zig 97 Z3p 240 Zs4 315
Is 223 lo7 209 Isg 194 A; 182 Zy1 100 Z33 243 Zs5 320
Is 15 Iog 29 Isg 44 Ao 181 Zip2 102 Z34 245 Zs6 322
I; 222 log 208 Isy 193 Az 180 Ziz 107 Z35 250 Zs57 325
Ig 16 I3p 30 Iso 45 Ay 179 Zyg4 109 Z3g 252 Zsg 327
Ig 221 I3 207 Is3 192 As 178 Zi5 112 Z37 255 Zsg 330

lio 20 I32 35 Is4 49 So 54 Zig 126 Z3g 257 Zep 334
I11 217 I3z 202 Iss 188 Sy 55 Zy7 129 Z3g 260 Zs1 337
li2 21 134 36 Isg 50 So 56 Zig 131 Z40 264 Ze2 339
i3 216 I35 201 Is; 187 S3 57 Zig 136 241 267 Zgz 342
114 22 136 37 Isg 51 S4 58 Zog 138 Z42 269 Qo 114
li5 215 I37 200 Isg 186 Ss 59 221 141 Z43 272 Q; 117
I 23 I3g 38 Iso 52 2p 68 Zoop 143 244 274 Qo 121
li7 214 Isg 199 ls; 185 V4 71 Zo3 148 245 279 Q3 124
l1g 24 Isp 39 Is2 53 2o 73 Zog 150 Z46 281 Q4 286
lig 213 Ig7 198 le3 184 23 78 Zos 153 Z47 284 Qs 289
Iop 25 Igo 40 Do 5 24 80 Zog 155 Z4g 298 Qs 293
Iy 212 14z 197 D; 6 Zs 83 Z>7 158 249 301 |
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Gallium Arsenide 64 x 64 Crosspoint Switch

EXPANDABILITY

The VSC864 can be expanded to larger cros-
spoint switches by configuring it so that any input
can be multiplexed to any output. The figure below
isanexample of a 128 x 128 crosspoint switch. The
top two VSC864s (1&2) correspond to the first 64
outputs and the bottom two VSC864s (3&4) corre-
spond to the last 64 outputs. The VSC864s on the
left (1&3) correspond to the first 64 inputs, and the
two VSC864s on the right (2&4) correspond to the
last inputs. All like outputs are then joined to form
a 128 bit Z output bus. The ability of the VSC864
to tri-state its outputs will prevent contention on the
Z bus.

The TRI input is configured such that when
itis active on the left hand chips (which are respon-
sible for routing the first 64 inputs) it is inactive on
the two right hand chips (which are responsible for

routing the last 64 inputs). The TRI input thus
functions as the MSB of a 7-bit channel address
word (A-bus plus TRI). Chips can share A-bus
information. The destination (D) bus can be shared
among the four chips with the local strobe for each
device being used to select which output address
gets reconfigured.

The layout and placement of the VSC864 is
such that inputs are on the top and bottom of the chip
and outputs are to the right and left. In this way a PC
board design for a large crosspoint is facilitated.

In the read mode tri-stateability on the Q-bus
can be controlled with the TEST STROBE input. A
"low" level on this input will tri-state its correspond-
ing Q-bus. In this way the Q-bus from all chips can
be wire-OR'ed. Individual TEST STROBE signals
to each chip, however, are required.

1st 64 Inputs —2nd 64 Inputs
( >
20263
10- 163 164 - 1127
AN
AO-AS 54 A0 -AS5
A S
64
vsceed - T 1st64
20-263 20263 Outputs
TRI I TRI
Do - D5 A D0-D5 N D0-D5
=
164 - 1127 =
10- 163 S
64 + !
10- 163 164- 1127
A0 -AS A0 AS
264-2127 2642127
VSC864 [ VsCa64 ™ 2nd 64
Outputs
TRI L TRI
o\‘ Do - D5 3 6\ DO - D5 4
>
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FEATURES FUNCTIONAL DESCRIPTION

» 256 words by 4-bit Statlc RAM for cache and The Vitesse VS12G422T is a very hlgh
control store applications speed, fully decoded 1024-bit read write static
» Very fast: Choice of 4, 5, and 6 ns maximum random access memory organized as 256 words by
address access times 4 bits. Allinputs and outputs of this RAM are TTL
« TTL compatible inputs and outputs compatible and operation is from a standard +5.0
) Volt power supply.
* Single +5.0 Volt power supply Fully static asynchronous internal circuits
+ Very low sensitivity to radiation are used, which require no clocks or refreshing for
. Standard 22-pin DIP operation. Memory expansion is provided by an
) s ) active LOW chip select input (CS,), an active
* Fully static operation - equal access and HIGH chip select input (CS, ) and three-state out-
cycle times puts. Due to its static operation, the VS12G422T
+ Pin compatible with standard silicon -422 offers equal read and write cycle times, which
and -122 products further simplifies system design.
BLOCK DIAGRAM
CS2
Do D1 D2 D3 TSy
L [ | |
INPUT DATA
CONTROL | WE
! I OE
Ao | Qo
AL S o
— o 32X 32 N 1
Ae ) o —IN MEMORY OSI\:KT 05
2 - I ARRAY V'] controL
A4 @ O3
COLUMN
SELECT
As Apg A7
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256 x 4 Static RAM

TRUTH TABLE

Inputs
CS

Output Mode
1

HIGH Z Not Selected
HIGH Z Not Selected
Dour READ
HIGH Z WRITE
HIGH Z Output Disabled

H = HIGH Voltage Level (2.4 V) X =Don't Care (HIGH or LOW)
L = LOW Voltage Level (0.4 V) HIGH Z = High-Impedence

I X r X X g]
xr-xz|§
X I XX §|

X IT Ir X

ABSOLUTE MAXIMUM RATINGS ()

Power Supply VOtage (V) .....covvevveeriririeiinicitiictciccviictciv ettt -0.5Vto+6.0V
Input Voltage Applied, (Vi) ..oceeveeeeiciriiectciecinteitciccaiviris ettt s essstssis s sasssvasssesas s sasasnns -1.0Vto+7.0V
Input Current, (1,,), (DC, output LOW)
Output Current, (1), (DC, oUtpUt LOW) L.....coiiiiiiiii s s 20 mA
Case Temperature Under Bias, (T,)
Storage Temperature®, (Toro) ...ttt ettt s s s -65° to +150°C

RECOMMENDED OPERATING CONDITIONS

Power Supply VOIAGe, (V) - vvveeeeeeeeeeeee e s 475t05.25V
Operating Temperature RaNGE @\ ............coovoiieieieriieiieie ettt et etenesseeicaeesneeussccasneeesescaeneas 0°to +70°C

NOTES: (1) CAUTION: Stresses listed under "Absolute Maximum Ratings" may be applied to devices one at a time without
causing permanent damage. Functionality at or above the values listed is not implied. Exposure to these values for
extended periods may affect device reliability.

(2) Lower limit is ambient temperature and upper limit is case temperature.
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256 x 4 Static RAM

DC CHARACTERISTICS (Over recommended operating conditions)

Commercial Range
5,6 ns 4ns
Parameters Description Min Max Min Max Test Conditions

V., Output HIGH voltage 24V — 24V —_ Voo =MIN, I, =-52mA
v, Output LOW voltage —_— 05V — 05V V=MIN, [, =8.0mA
v, Input HIGH voltage 20V — 20V — -

v, Input LOW voltage — 08V — o8V -

I | v,=33V

Ix nput LOAD current -100 pA 100 pA -100 pA 100 pA IN

VDL < VOUT < VOH

Iy, Output current (HIGH-Z) -1.0mA 1.0mA -1.0mA 1.0 mA Output Disabled
I Power supply current (from V) — 300 mA - 300 mA | Vo= MAX, [,,,=0mA
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256 x 4 Static RAM

AC PERFORMANCE CHARACTERISTICS ()
(Over guaranteed operating conditions, GND = 0 V)

Read Mode
tae *
Address
SR X
tan
o \ /
CS, // \
OF \T\
WE / |‘_,
AOS —T
Data
Outputs DATA VA
0,-054
h—lAcs —
6 ns 5ns 4ns
Parameters Description Min | Max | Min |Max |Min |Max Units
oo Read cycle time 6 — 5 — 4 — ns
s Chip select time — 4 — 35 — 25 ns
tynos? Chip select to HIGH Z — 5 — 4 — | 85 ns
tos Output enable time — 4 — 3.5 — 2.5 ns
tnos” Output enable to HIGH Z — 5 — 4 — | 35 ns
t, Address access time — 6 — 5 — 4 ns
NOTES: 1) Test conditions assume signal transition times of 3 ns or less. Timing reference levels of 1.5 V and output

loading of the specified I,,/1
2)Transition is measur:

1.5 V level on the input with load shown in Figure 1 on page X.

o @nd 30 pF load capacitance as in Figure 1 on page X.
at steady state HIGH level -250 mV or steady state LOW level +250 mV on the output from
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256 x 4 Static RAM

AC PERFORMANCE CHARACTERISTICS (con't) ("

(Over guaranteed operating conditions, GND = 0V)

2. Write Mode

twe
Address
e @ X
- twsa—> — tyria]
T K X
Chip Select
[+ twscs™ *+Lyres™
Do-D g X X
Data In
—tysp—> ty o
WE \\ /f
tws < twa
Data
Outputs )
0p-03
6ns 5ns 4ns
Paramters Description Min | Max | Min | Max | Min | Max Units
tye Write cycle time 6 — 5 — 4 — ns
(A Write disable to HIGH Z — 5 — 4 — | 85 ns
tr Write recovery time — | 45 | — | 85 — 3 ns
t, @ Write pulse width 4 — 3 — | 25| — ns
tyso Data setup time prior to write 0 — 0 — 0 — ns
tyn Data hold time after write 2 — 2 — 15 | — ns
s @ Address setup time 0 — 0 — 0 | — ns
ta Address hold time 2 -— 2 — 15 | — ns
tyscs Chip select setup time 0 — 0 — 0 — ns
trcs Chip select hold time 2 — 2 — 1.5 | — ns

NOTES: 1) Test conditions assume signal transition times of 3 ns or less. Timing reference levels of 1.5 V and output
loading of the specified I, /1,,, and 30 pF load capacitance as in Figure 1 on page X
2) Transition is measured af steady state HIGH level -250 mV or steady state LOW level +250 mV on the output
from 1.5 V level on the input with load shown in Figure 1 on page X
3) t, measured at tysq=Min; t,., measured at t, = min
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256 x 4 Static RAM

FIGURE 1: AC TEST LOADING CONDITION

The following conditions apply to the "AC Performance Characteristics"
indicated on pages X and X.

5V O

Equivalent to:
Output O I output O W O 1.62V
R =152Q
c, - R, = THEV.
| 30 pF 224 Q

FIGURE 2: AC TEST INPUT LEVELS
The following conditions apply to the "AC Performance Characteristics"

indicated on pages X and X.
} 90% 10%
30vep /] ! 3.0Vpp|
| | X10% | 90%
GND i o GND
—s]|  ju— (Note 2: AC Performance—a{  |u— |

|
| | i
Characteristics) — f— (Note 2: AC Performanoe_..l

e

Characteristics)
ADDRESS DESIGNATORS
Address Address Pin #
Name Function (22-pin DIP)
AO AX0 4
A1 AX1 3
A2 AX2 2
A3 AX3 1
A " AX 4 21
A5 AY5 5
A6 AY6 6
A7 AY7 7
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256 x 4 Static RAM

CONNECTION DIAGRAM
(22-pin DIP - Top View)
A,Ch ~ 2|0 Vee
A, =2|0a,
A3 20 | [ WE
Ay[]|4 Q 19 1Cs 4
Az @ 18 ([ 10F
AsC]ls & 1|Odcs,
A,[H|7 2 18|10,
GND 8 15[ 1Dy
Do[le 1|10,
o, 13(]D,
D, 1" 12{[ 10y
PIN DESCRIPTION
Pin # Name (11O Description
1-7, 21 A,-A, || | Address inputs
9,11,13,15 | Dy-D, | | | Datalnputs
19 0—31 | Chip select input (Active LOW)
10,12,14,16 | ©,-0, | O | Dataoutputs
17 cs, I | Chip selectinput (Active HIGH)
20 WE | Write enable input (Active LOW)
18 OFE | Output enable input (Active LOW)
22 Ve 5.0 V supply connection
8 GND Ground connection (0 V)
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FEATURES

» 2048 words x 2-bit Static RAM, ideal for fast
cache or control store applications

Functionally compatible with national
NM100492 (with the addition of an output
latch enable)

* Very fast: read/write cycle time 5, 6 or 7 ns
(Max)

+ Full chip bit purge in 4 cycles

» 100K ECL compatible inputs and outputs

« Power dissipation: <1 W (typical)

« Single power supply, V.= -2.0 V5%

+ 28-pin ceramic leaded chip carrier (LDCC)

+ Diagnostic serial scan mode

* Self-timed operation

INTRODUCTION

The VS12G478 is a high speed, fully de-
coded 4096-bit read write self-timed static random
access memory organized as 2048 words by 2 bits.
This RAM is intended for use in high speed ECL
computer applications such as register files, writ-
able control stores, cache RAMs, cache tag RAMs,
and addressable translation lookaside buffers. This
deviceis I/O compatible with standard FI0OOK ECL
logic, allowing trouble free interfacing in high
performance ECL systems. Operation is from a
standard -2.0 Volt power supply, and all inputs are
registered and all outputs are latched.

The SRAM features a4 cycle "clear-all-bits-
to-zero" purge function. The purge function is
especially useful in multitasking systems with
cache tags which require a validity bit purge in a
very short time. On-chip circuitry creates an inter-

BLOCK DIAGRAM
DS —{>——» o—> v, =0V
o— V_=-2V
el "
. ® Latch >— Q
. 4 0
Ao _(>_ A 2K x 2
M:mory 1
rray
> D &
2 atcl Q
D1 ’__'D‘_ A j 1
CKE jy
i [ e T\
w Control N
P ]
SE A | Latch {>_> Qs
OLE T
ICK — >
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2K x 2 Self - Timed Static RAM with Purge

nal write pulse intended to ease system timing. A
diagnostic serial scan mode is also supported. The
scan function allows examin-ation and modifica-
tion of internal register states.

The VS12G478 is available with a 5 or 7 ns
worst case cycle time, and either a read or a write
operation can be performed in one cycle. Total

power dissipation for the chip is less than 1 W, and
it is packaged in a 28-pin leaded ceramic chip
carrier. The VS12G478 is fabricated in gallium
arsenide using the Vitesse H-GaAs™ E/D MES-
FET process which achieves high speed and low
power dissipation.

TRUTH TABLES
Normal Operation (SE Low for Current and Previous Cycle)
— __Inputs - Output | pescription
CKE P S w AN DN Q
H X X X X X NC No operation
L L X X X X L PURGE*
L H H H X X L Deselect (READ)
L H L H ' X Y READ
L H H L X X NC WRITE inhibit
L H L L \Y v NC WRITE (Hidden), outputs
remain held during write.

* PURGE starts a 4 cycle RAM clear operation. During the next 4 cycles, all other inputs except SE are ignored.

Scan Mode Operation

Inputs Outputs L
Prior | Current | Registered Description
SE SE CKE Ds Q Qs
L X X X DI Normal operation

L H X Vv NC DO Enter SCAN, do first shift. DS
scanned in.

H X \" NC \Y SCAN mode

H L L \" L/VINC Y Exit SCAN. Shift, then perform
Scanned Instruction*

H L H v v V.| Chtches to Scanned m Valuss

* If PURGE instruction is scanned in, then the PURGE will start at the scanned in purge machine state.

410
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2K x 2 Self - Timed Static RAM with Purge

DC CHARACTERISTICS
ECL Inputs/Outputs

(Over recommended operating conditions with external V,..". V. =V,., = GND, Outout load 50Q to V....)
Parameter Description Min Max Units Conditions
V, Input HIGH Voltage -1140 -700 mV Guaranteed HIGH for all inputs
v, Input LOW Voltage -2000 | -1500 mV Guaranteed LOW for all inputs
Vou Output HIGH Voltage -1020 | -700 mvV Output load =50 Q to -2 V
Vo Output LOW Voltage 2000 | -1620 | mV Output load =50 Q to -2 V
Ly Input HIGH Current — +200 | pA V= V,,max
I, Input LOW Current -50 — pA V=V, max
bie Input Pulldown Current 0 +500 pA
(CKE, CS, SE, DS)

Note: (1) External reference = -1.32V + 25 mV.

POWER DISSIPATION (Over recommended operating conditions, V. = GND, outputs open circuit.)

Parameter Description Min Max Units Conditions
I, Power Supply Current -600 — mA Toycie=5ns
P, Power Dissipation — 1.05 W Toycie=5ns

ABSOLUTE MAXIMUM RATINGS ()

Power Supply Voltage, V,; potential to GND ...........cc.cooriiiiii -2.5V to +0.5V
Input Voltage Applied, V,, @. ........cccccoevvrveenn. v t0.5V 1O Vi
Output Current, I, (DC, 0UtPULt HIGH) .....coiii e -50 mA
Case Temperature Under Bias, T . ..... ...-55°C to +125°C
Storage Temperature, Ty, @, ..ottt e e -65°C to +150°C
RECOMMENDED OPERATING CONDITIONS

SUPPIY VORAGE, Vi oottt st e s ss v -2.0V+5%

Operating Temperature Range, T@. ....... ...0°to 70°C
NOTES: (1) CAUTION: Stresses listed under "Absolute Maximum Ratings" may be applied to devices one at a time without
causing permanent damage. Functionality at or above the values listed is not implied. Exposure to these values for
extended periods may affect device reliability.
(2) V.. must be applied before any input signal voltage (V,,) and V/N must be greater than V,, - 0.5V.

(3) Lower limit of specification is ambient temperature and upper limit is case temperature.
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2K x 2 Self - Timed Static RAM with Purge

PIN DESCRIPTION

w oo ju
» ><|
833512 i0mn

|21 20 19 18 17 16 15|

Dy 22 14 JAp

as []as3 137 Ay
ap 24| VS12G478 127 A,

v il
TS5 Heatsink | Vee

Veea [ 26 Side 101 A,
Q; o7 914,
Dy o8 81 1Ag

N\ [

Afo -
Ag >
Ag o
A, s
Ag o
SE [Jo

Veer [N

ADDRESS DESIGNATORS

Address | Address
Name Function

AO Xo

A X,

A, X,

A, X,

A, X,

A X,

As YO

A? Y2

As Y1

A9 Y3

A 10 Y4
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2K x 2 Self - Timed Static RAM with Purge

PIN DESCRIPTION
Name /(o] Description
A-A, l Address inputs used to select the memory locations for storing or retrieving data.
D, D, | Data inputs stored in the specified address location during a write operation.
. Clock Enable input. Allows normal operation when LOW. Holds outputs and disables
CKE | writes and purges when HIGH. Upon exiting SCAN mode, causes chip to either execute
scanned-in instruction (CKE LOW), or transfer scan contents to outputs and do a no-op
(CKE HIGH).
. Purge input. Clocking in a LOW input will start a 4 cycle reset of all bits in the RAM.
P | During the purge operation all inputs except Scan Enable are ignored. Outputs are
disabled for the duration of the purge.
- Chip Select input. When active (LOW) allows normal read and write cycles to occur.
S I When inactive, and when Write Enable is also inactive, a de-selected read operation will
disable the outputs. Writes are disabled when the chip is de-selected.
. Write Enable input. When active (LOW), causes a write operation to occur. Outputs are
w | held in previous state during writes.
ICK | Input Clock. All inputs except OLE are registered on the rising edge of ICK.
OLE | Output Latch Enable. HIGH transparent latch enable signal to the output latches.
Ds | Serial Data input. Scan shift register input.
Scan Enable input. Enables the serial scan diagnostics mode. During all cycles when
SE | this pin is active (HIGH) the scan registers shift once. Writes and purges are disabled
and the Data Outputs are held.
Q, Q O | Data Outputs. Latched RAM data outputs.
Qs O | Serial Data Output. Scan data output.
Vo, Negative supply (-2V).
Vee Positive supply (GND).
Veca Positive supply (GND) for output buffers only.
Voer ECL reference level input when not using internally generated reference level.
1992 Product Data Book 4-13




2K x 2 Self - Timed Static RAM with Purge

AC PERFORMANCE CHARACTERISTICS: (Over recommended operating conditions, V. = V., = GND)

Read Mode

Aread cycle is performed when the following conditions are present at the rising edge of ICK:
CKE =LOW, S = LOW, W = HIGH, SE = LOW and was LOW for the previous cycle, P = HIGH and
no purge in progress. (i.e. P has been high for the previous 4 cycles and Scan Mode was not exited into
a purge that is still in progress.)

Read Mode Waveforms

| DESELECT | READ1 | NO-OP | READ 2 | READ 8 |

ICK
Clock Input /
CKE [\ fen to
Clock Enable Input

S
Chip Select Input

w
Write Enable Input
—»

sy Aﬁl ‘—T LM

T\

OOOKXX (RRIRRX X XRXRXRXKXED
E: toren

N NI 2 S 2N A a N
|

_fca

|
Qo, a1
Data Outputs m 1 READ 1 READ 2 X READ 3 x
P .
fcoz - [ toeq

A0-A10
Address Input

VS12G478-5 | VS12G478-7
Parameter Description Units Conditions
Min | Max | Min | Max

tove Cycle Time 5.0 — | 70 —_ ns
ta Access Time 2.0 50 | 20 7.0 ns Output Latch Transparent
teoz Disable Time 2.0 50 | 20 7.0 ns Output Latch Transparent
tsy Input Setup Time 500 — | 500 — ps
t, Input Hold Time 1.0 — | 15 — ns
t., Clock HIGH Time 2.0 — | 25 — ns
t., Clock LOW Time 2.0 — | 25 — ns
teg Output Latch Enable Time | 1.0 20 | 10 | 25 ns toe boe> tossy
toen Output Latch Pulse Width | 1.0 — | 1.5 — ns
toesy Output Latch Set-up Time | 3.0 — | 45 — ns
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2K x 2 Self - Timed Static RAM with Purge

AC PERFORMANCE CHARACTERISTICS (con't) (Over recommended operating conditions, Vs = Visy = GND)

2. Write Mode

A write cycle is performed when the following conditions are present at the rising edge of ICK:
CKE =LOW, § = LOW, W = LOW, SE = LOW and was LOW for the previous cycle, P = HIGH and
no purge in progress. (i.e. P has been high for the previous 4 cycles and Scan Mode was not exited into
a purge that is still in progress.)

Write Mode Waveforms

DESELECT

No-oP WRITE
ICK
Clook Input /—\_/
CKE \ ’ \ ten 'Cf.
Clock Enable Input

S
Chip Select Input

w
Write Enable Input

A0-A10
Address Input

Do, D1 XZ
Data Inputs

OLE
Output Latch Enable

Qo, Q1 PREVIOUS DATA \
Data Outputs

VS12G478-5 | VS12G478-7
Parameter Description Units Conditions
Min | Max | Min | Max
te Cycle Time 5.0 — | 70 —_ ns
toz Disable Time 2.0 50 | 20 7.0 ns Output Latch Transparent
toy Input Setup Time 500 — | 500 | — ps
t, Input Hold Time 1.0 — | 15 — ns
t., Clock HIGH Time 2.0 — | 25 — ns
t, Clock LOW Time 2.0 — | 25 — ns
Lo Output Latch Enable Time|{ 1.0 20 | 1.0 25 ns b e boe> togsy
toen Output Latch Pulse Width | 1.0 — | 15 — ns
toesy Output Latch Set-up Time | 3.0 — | 45 — ns
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2K x 2 Self - Timed Static RAM with Purge

AC PERFORMANCE CHARACTERISTICS (con't) (Over recommended operating conditions, Vs = Vs = GND)

3. Purge Mode

A full chip reset begins when the following conditions are present at the rising edge of ICK: CKE =
LOW, SE = LOW and was LOW for the previous cycle, P = LOW. Once started, the purge cycle takes 4
cycles to complete. During this time, all inputs except SE are ignored and outputs are disabled.

Purge Mode Waveforms

DESELECT
clockfplff _/_\__/
ke T\ /I \ ten to
Clock Enable Input
Chip Select Inpff /_\_/ \
Write Enable In;m ' _’1\ . / \
sU 'H
835 XXX XXXXXXXXOONONKNK— X )
\\/\/VV v vvwwwvwvvvvwvwvV
»29,21, - YOO XOOOOO0ROOAO0ONNX_ X X

[—— foesu toLen “I [+ toLeq
oL /\_/\ /\_/\
Output Latch Enable l \ 1 /
I toaz —¥
Qo, Q1 PREVIOUS DATA

Data Outputs

VS12G478-5 | VS12G478-7
Parameter Description Units | Conditions
Min | Max | Min | Max
tve Cycle Time 5.0 — | 70 — ns
1oz Disable Time 20 50 | 20 7.0 ns Output Latch Transparent
tey Input Setup Time (exceptP) | 500 — | 500 | — ps
toup Purge Input Setup Time 750 — | 750 | — ps
t, Input Hold Time 1.0 — | 1.5 — ns
t, Clock HIGH Time 2.0 2.5 — ns
t., Clock LOW Time 2.0 — | 25 — ns
toca Output Latch Enable Time | 1.0 20 | 1.0 2.5 ns toe™ bek™ torsy
toien Output Latch Pulse Width | 1.0 — | 15 — ns
toesu Output Latch Set-up Time | 3.0 — | 45 — ns
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2K x 2 Self - Timed Static RAM with Purge

4. Scan Mode

Scan Mode is entered when SE is brought
high. When in Scan Mode, the input registers are
reconfigured as shift registers and each rising edge
of ICK causes them to shift. The state of DS is
shifted in and the state of @S is updated. QS is
latched by OLE like the regular outputs. While SE
is high, Writes to the array are disabled and the
outputs are held. On the first clock cycle when SE
is brought low, the rising edge of ICK causes the
registers to shift and conditionally execute the
scanned in instruction. If the scanned in CKE is
low, the instruction executes with normal timing; if
CKE is high, the outputs update to the values
scanned into the Q scan bits and the RAM performs
a'NO-OP'. If a purge machine cycle number other
than zero is scanned in, however, the outputs will be

disabled and purge will continue regardless of the
state of CKE. Note: If a purge state other than zero
is scanned in, the P register should be scanned in to
a zero.

The purge state machine consists of 3 bits; a
registered P signal and a 2 bit counter. Purge will
begin anytime the P register is LOW and the CKE
register is LOW. On the next ICK rising edge, the
counter will increment to 1 and all inputs except SE
will be ignored until the counter wraps around to 0
again. If a non-zero value is scanned into the purge
state machine (which is included in the scan loop)
then the purge will continue from that point on exit
from Scan Mode regardless of the state of CKE.
The scan sequence is input DS, to 00, DO CKE, W,
S, P, PURGE LSB, PURGE MSB, A0, A1, A2, A3,
A4,AS,A6,A7,A8,A9,A10,D1, 01, to QS out.

VS12G478-5 | VS12G478-7
ipti Units Condition:
Parameter Description Min | Max | Min | Max N, 0 s
toe Cycle Time 5.0 — | 70 | — ns
toy Input Setup Time 500 — | 500 | — ps
t, Input Hold Time 1.0 — | 1.5 | — ns
toeas Output Latch Enable Time | 1.0 20| 1.0 | 25 ns t e o> torsy
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G-TAXI EVALUATION BOARD

The G-TAXI evaluation board is a special
purpose circuit board which provides a test bed
suitable for evaluating the performance character-
istics of the G-TAXI chipset; the VSC7101,
VSC7102, VSC7103 and VSC7104.

The board is of multilayer construction and
provides a 50 ohm controlled impedance transmis-
sion line environment for all high speed signals.
High speed signals are launched onto the circuit
board and removed by means of SMA coaxial
connectors. Slower speed TTL compatible signals
use a 96 pin DIN eurocard edge connector.

The board contains a socket for optional
optical transmitter and receiver modules. These
components are not provided with the evaluation
board, but can be purchased andinstalled to modify
the board for optical link transmission.

The multiplexer-transmitter portion of the

board is physically isolated from the receiver-de-
multiplexer portion. In fact, the center of the board
is perforated and may be separated into transmitter
and receiver functions.

Each section of the evaluation board has a
125 MHz (or 106.25 MHz) crystal controlled oscil-
lator which provides TCLK input to the G-TAXI
multiplexer and transmitter and the CLK input to
the receiver. In addition, two SMA clock input
ports are provided. Two PECL level clock sources
within 0.1% in frequency can be connected to these
ports to evaluate the frequencyrange of the chipset.
In addition theboard contains LM317 voltageregu-
lators needed to provide the +2V supply required by
the multiplexer and demultiplexer chips; in this
way asingle +5V (5A) external supply is needed to
operate the evaluation board. With the exception of
the oscillators and regulators, all other components
on the evaluation board are passive.

SIMPLIFIED BOARD DIAGRAM

Optical Optical

Transmitter Receiver

2V Reg. —ﬂ 00 00 I H— 2V Reg.
G-TAXI G-TAXI
X RX
G-TAXI G-TAXI
125 MHz Clock —OO MUX DMX Oq— 125 MHz Clock

— - -
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FEATURES

 32-bit wide Flow-through EDC unit

» Expandable to 64 bits

+ Single-chip 64-bit Generate mode

» Separate system and memory busses

* On-chip pipeline latch with external control

* Supports bi-directional and common I/O
memories

« Corrects all single-bit errors

» Detects all double-bit errors, some mul-
tiple-bit errors

¢ Error Detection Time — 6 ns

* Error Correction Time — 9 ns

* Internal Syndrome register

+ Four-bit error counter and error-data regis-
ter on-chip

« Parity generation and checking on system
data bus

» 211 pin PGA package

SIMPLIFIED FUNCTIONAL BLOCK DIAGRAM

GENERAL DESCRIPTION

The VSP465 is a 32-bit, two-data bus, Flow-
thru EDC unit. The chip provides single-error
correction and multiple-error detection of both
hard and soft memory errors. It canbe expanded to
64-bit widths by cascading 2 units, without the need
for additional external logic. The flow-thru EDC
has been optimized for speed and simplicity of
control.

The EDC unit has been designed to be used in
either of two configurations in an error correcting
memory system. The bi-directional configuration
is most appropriate for systems using bi-directional
memory buses. A second system configuration
utilizes external octal buffers and is particularly
well suited for systems using memory with separate
I/O buses.

MD(0..31) e
~J _I—‘|
[
MD MEMORY E§
»  LATCH » CHECKBIT . o
GENERATOR o
[
MLE
1 ro b > EFA
- CHECKBIT - k-]
Bi(0..7) »  LATCH > 8 J E8 | ____
I MUX > 2 3 w3 » MERR
> “e ﬁ§ g
§, -
PCBI0..7) t »
CONTROL 4
$D(0.31) l_<,| PINACLE |
y
> L
»> SYSTEM o
sp I;VJ’E » CHECKBIT MUx » CBO(.7)
SLE ' LATCH > GENERATOR >
PLE I
coNTRoL CONTROL
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SA1201

FEATURES
+ 12 bit resolution
ECL 100K compatible
* Fully monolithic
* 52 pin LDCC package
* Drives 50Q2 loads directly
» High yield H-GaAs E/D MESFET process

PRODUCT DESCRIPTION

The VSA1201 is a very fast 12 bit D/A
converter designed for high performance applica-
tions such as highresolution graphics, direct digital
synthesis, and arbitrary waveform generation.

Multiplexed inputs enable data to be latched
into the VSA1201 at half the output rate. The
VSA1201 has outstanding AC linearity. Due to
current segmentation circuitry which minimizes
glitch impulse, the device is capable of near theo-
retical total signal to noise ratio (SNR).

The VSA1201 selects 12 bit ECL level inputs

SIMPLIFIED FUNCTIONAL BLOCK DIAGRAM

and produces true and complementary proportional
current outputs (1ILSB = 10pA).

The VSA1201 is physically divided into two
main current source arrays: an MSB array and an
LSB array. The MSB contains the three significant
bits andthe LSB is broken into a master-slave array.
The segmentation generation for the three most
significant bits reduces the resistance matching and
tracking requirements so that implanted resistors
are adequate. An on-chip operational amplifier
provides closed loop reference tracking. Video
Blank and Sync signals are inputs enabling use of
the VSA1201 in highresolution video applications.
The low spurious response and glitch impulse char-
acteristics of this part make it appropriate for high
fidelity waveform generation and direct digital
frequency synthesizers.

The VSA1201 is a fully monolithic compo-
nent packaged in a high performance 52 pin ce-
ramic LDCC.

Blank

A 4

7 REG
&

2:1
12 MUX

ANALOG OUT
ANALOG OUT

DAC z L

CLK TIMING

REF

SYNC
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FEATURES

+ Six outputs (Q) with maximum output-to-
output skew of 500 ps

« Duty cycle: 50% + 10%

« Input reference clock frequency range from
25 to 100 MHz

+ Additional outputs: Q6, Q7 at 1X, 2X, 4X
the QO0-Q5 frequency

» TTL compatible inputs and outputs

o Iy =24mAatV, =0.5V, I, =-24mA
at Vo, =3.0V

« Single +5V supply
» 400 mA supply current (max)

SIMPLIFIED FUNCTIONAL BLOCK DIAGRAM

» 0°Cto 70°C ambient operating temperature
» 28 pin MQUAD™ package
* 200 ps effective delay

FUNCTIONAL DESCRIPTION

The VSL4485 clock driver chip is a Low-
Skew TTL 1/O Clock Driver which controls the
phase and frequency of the output clocks through
the use of an internal Phase-Locked-Loop (PLL)
which operates at between 6X and 24X the input
reference clock frequency. By feeding back one of
the output clocks (to the FEEDBACK input), the
PLL can maintain a fixed relationship between the
input reference clock (REF_IN) and all outputs.
The VSLA4485 can also be used as a 2X and 4X
frequency multiplier by using one

of the Q0-QS5 outputs as the FEED-

BACK input and configuring the

Mmi > multiplier pins (M1, M0). The 06,

Mo | Muttiply/ Q7 outputs will then run at mul-

D2 > tiples of the REF_IN frequency.

D1 » o The VSL4485 can also generate

Do multiple phase relationships be-

» Qo tween the clocks. These output

» Q1 phase relationship configurations

FEEDBACK % » Q2 can be selected by the choice of the
,-é > Q3 output used as the feedback input

REF IN g > Q4 and the state of the select pins (S1,

£ > Q5 S80). In addition, the width of the

© > Q6 phase increment can be varied from

TEST 4 4% to 16% of the Q output clock

' > Q7 period by using the divider pins

ST——" iming (D2:D0).

Select The VSL4485 is ideal for
Logic .1 . e .

S0 > providing and distributing system
clocks in advanced microprocessor
based systems requiring clock fre-
quencies in excess of SOMHz.
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FEATURES
* 4096 words x 4-bit Static RAM, ideal for fast
cache or control store applications

+ Pin compatible with industry
standard 100484 (except V)

» Very fast: Address access time = 5 ns (Max)
¢ 100K ECL compatible inputs and outputs

» Power dissipation <2 W (Typ)

+ Single power supply, V. =-2.0 V5%

* 28-Pin MQUAD™ package

o Edge triggered write

FUNCTIONAL DESCRIPTION

The VSM12G484 is a fully decoded 16,384
bit ECL compatible GaAs SRAM designed for
extremely fast control and buffer storage applica-
tions. The device is organized as 4096 words by 4-
bits, and is pin for pin compatible with industry
standard 100484 with the exception that Vi has
been replaced by V. (-2V) for power reduction.
To ease system timing requirements, the write
pulse is internally generated, resulting in balanced
read/write cycle times. The 12G484 is fabricated in
GaAs using Vitesse proprietary E/D MESFET
technology, offering an uncompromised speed/
power combination which uses very few elements
per logic function.

BLOCK DIAGRAM
] 4096 x 4-bit
A0.6) p 8 > Memory Cell
e Array
>
ATD 1 1 L L
A K £ v K

3l
]
m
|
Q20
i

Sense Amps/Write Drivers

i 4 4

A7.11) ' | Y-Decode

Y-Decode Y-Decode Y-Decode

4 4 4 I

v

Do Qo D1 Q1

viv |y

D2 Q2 D3 Q3
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FEATURES
 Enhancement/depletion GaAs process
» VLSI complexity
o Self-aligned active devices
* 0.8 micron effective gate length
* 4 inch diameter GaAs wafers
* Sub-100 ps gate delays
* Four interconnect levels
» Extended temperature range operation
» Radiation resistant
» Mil 883C processing

GaAs ADVANTAGES

Gallium arsenide is the clear IC technology
choice where either speed alone or speed and power
are the critical design parameters. GaAs derives its
superiority from a variety of factors, including a
high electron mobility which results in very fast
MESFETs, and an inherent hardness to ionizing
radiation. To these, enhancement/depletion (E/D)
mode technology adds compatibility with logic
families which require relatively small numbers of
active devices per function implemented.

GaAsE/D technology allows the designer the
flexibility of implementing a variety of logic fami-
lies, including the ones available in D-mode tech-
nology. Some of the well known families open to
use in E/D GaAs are Direct-Coupled FET Logic
(DCFL), Source-Coupled FET Logic (SCFL),
Buffered Direct-Coupled FET logic (BDCFL),
Buffered FET logic (BFL) and Schottky diode FET
Logic (SFL). Each family has unique power dissi-
pation, gate delay, and load drive characteristics.
Any and all of these logic families can be mixed in
the same circuit to optimize performance.

THE H-GaAs Il PROCESS

Vitesse offers a second generation NMOS-
like, planar process for the fabrication of digital and
mixed analog-digital integrated circuits.

H-GaAs Il is a scaled version of the process
first implemented by Vitesse in 1986. The high
yield and manufacturability of this approach has
been established through volume shipment of
VLSI complexity circuits for use in a wide array of
applications.

The H-GaAs II process employs up to four
levels of metallization requiring as little as eleven
mask levels to produce self-aligned MESFETSs and
diodes. H-GaAs II is currently used by Vitesse to
implement standard and semi-custom products in-
cluding the FURY Series of gate arrays, proprietary
high performance processor chip sets, and static
RAM:s.

The use of a tungsten-based refractory metal
for gates and local interconnects ensures stability
during high temperature processing. As in VLSI
silicon processing, an aluminum alloy is used for
the four levels of global interconnects. Dry etching
of metals and dielectrics is used throughout in order
to maximize yields.

QUALITY ASSURANCE

Quality control mechanisms are built into
every step of Vitesse’s fabrication process, from
wafer acquisition to final testing. These mecha-
nisms, like the models and design tools, are con-
tinually refined through use in the production of
Vitesse’s standard products.

The assurance of the quality of finished wa-
fers begins before the wafers are received at

H-GaAs Il METAL PITCHES
Metal Line Width Spacing
Gate 0.8 1.5
Metal 1 1.5 2
Metal 2 2 2
Metal 3 3 3
Metal 4 Unpatterned
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H-GoAs Il Enhancement/Depletion MESFET Process

The Vitesse process can be used to implement circuits
which operate at clock rates well above 1 GHz. The 4:1
multiplexer shown above uses SCFL circuitry and operates
at 2.5 Gb/s.

Vitesse’s facility. Four inch diameter semi-insulat-
ing GaAs wafers are used exclusively for H-GaAs
II processing. Careful screening has already re-
duced the number of vendors from which Vitesse
acquires its wafers to arelative few. These suppliers
have been provided with a proprietary set of re-
quirements specifying how Vitesse’s wafers must
be prepared, cleaned, tested, and packaged for our
use.

Wafers in process are inspected at 33 points,
tested in processing, and tested again after final
passivation.

The H-GaAs process currently uses 5x step-
pers with a maximumreticle size of 13mm x 13mm.
Each reticle contains a process control monitor
(PCM) for use in parametric screening and quality
control. At each of the metallization steps, the
devices within the PCM are inspected and mea-
sured. In addition to other parameters, transistor
quality, transistor-to-transistor variation, and metal
connections (shorts/opens) are checked.

Final results of the measurement of PCMs at
various positions on the wafer determine whether a
wafer will be released to the customer. The results
of the PCM measurements are released to the cus-
tomer with the wafers.

CUSTOMER SUPPORT

Vitesse offers the designer an array of design
tools and support services developed specifically
for custom designs. These tools and services have
been assembled to provide a designer with a high
degree of confidence to implement high perfor-
mance circuits which will function correctly the
first time.

Before any instruction or design has begun, a
joint review of the customer’s requirements is per-
formed and a Vitesse project manager isassigned to
support and track each foundry program. This
project manager is provided to insure timely re-
sponse to a customer's needs during the program
and to report the status of the customer's wafers at
any time during the fabrication cycle.

The Vitesse Foundry Design Manual, a pro-
prietary publication which is released to the cus-
tomer on a non-disclosure basis, provides a road
map through the design and fabrication process.
This manual, when combined with the design train-
ing course offered by Vitesse, provides a compre-
hensive method by which designers can familiarize
themselves with the process, rules, aids, and tools,
as well as specific examples of Vitesse's digital
GaAs IC design process.

The guide provides complete instructions for
designing custom cells compatible with the Vitesse
standard cell library. In addition, it contains infor-
mation on testing and packaging, including test
vector formats and assembly/build diagrams for the
entire line of Vitesse high-speed packages.

Vitesse supports the HSPICE* circuit simu-
lator for use in full customdesign projects. HSPICE
is one of the most popular commercially available
simulators and is characterized by excellent con-
vergence and pre- and post-processing facilities.

62

VITESSE Semiconductor Corporation



H-GaAs Il Enhancement/Depletion MESFET Process

SCFL
DELAY/ WIRE P
MACRO DELAY F.O. DELAY D
Inverter 140ps 15ps 70ps/mm_|23mW
D Flip-flop 230ps 15ps 70ps/mm_ |45mW
2:1 Mux
Seloci— Output 160ps 15ps 70ps/mm {23mW
DCFL
DELAY/ WIRE P
FUNCTION DELAY F.O. DELAY D
Inverter 90ps 13ps | 80ps/mm |1.0mW
D Flip-flop 400ps 13ps | 80ps/mm |3.9mW
2:1 Mux
Seloci—s Output 300ps 13ps 80ps/mm [2.1mW

The parameters shown above are provided as a
quick reference to the performance of two commonly
used logic families implemented using Vitesse's
proprietary process. The data reflects the fact that the
choice of logic depends heavily on the circuit — or
portion of a circuit — being produced (more than one
logic type may be mixed in a given design).

These parameters are based on worst case
characteristics, and 70° C operation. All of the delay
values assume unit fan-out and no metal loading. All D-
mode devices were used to implement the two level
series gated SCFL example. The nominal supply
voltage for SCFL is -5.2V. Both E-mode and D-mode
devices were employed to implement the DCFL circuits.

The nominal supply voltage for DCFL is -2V.

*HSPICE is a product of Meta-Software

Photomicrograph of a 22K gate chip implemented in H-GaAs I

=

T

FEEEEEE, AR

Vitesse, in conjunction with Meta-Software, has
developed a model which accurately reflects the
characteristics of MESFETs fabricated in the H-
GaAsII process. The temperature dependent model
includes backgating, short and narrow channel ef-
fects, and velocity saturation.

Parameter files that represent device perfo-
rmance shifts due to process variations are supplied
by Vitesse for use with the HSPICE simulator.
With the aid of HSPICE, the designer can simulate
circuit performance over all process corners,
thereby simplifying performance/yield trade-offs.

Several other software tools are also pro-
vided, including ECAD-compatible files for physi-
cal layout design rule checking, electrical design
rule checking, and layout-vs-schematic checking.

Design consultation with Vitesse senior cir-
cuit designers is included as part of the standard
foundry program package, and an optional class-
room course is offered for in-depth review of the
design, testing, and packaging of VLSI GaAs cir-
cuits. Use of Vitesse’s design center is also option-
ally available. Final designresults can be submitted
in the form of GDS II or CIF format tapes.

OPTIONAL SERVICES

Assembly and testing are provided as cus-
tomer options. This includes functional and critical
path testing at both the wafer level
and for packaged parts. Vitesse has
a full complement of IC test equip-
ment including a Teradyne J953
high pin count tester and Teradyne
J386 memory tester. The J953 can
accommodate up to 256 I/O signals
with a maximum data rate of
50MHz. The edge placement accu-
racy on both inputs and outputsis +
250psec. The J386 has an algorith-
mic pattern generator for the gen-
eration of regular bit patterns. That
system is capable of functional pat-
tern generation at a maximum rate
of 100MHz, and has an input signal
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H-GaAs Il Enhancement/Depletion MESFET Process

rise/fall time of under 400ps. AC parameters for the
tester include a 1GHz bandwidth, 50ps resolution,
and 200ps measurement accuracy. More detailed
specifications of its capabilities are available upon
request.

Assembly and packaging services are avail-
able. Ceramic chip carriers, DIPs, and pin grid
arrays capable of supporting edgerates of 150ps are
the standard package forms; custom package de-
velopment will be considered as a special quote.
Vitesse can provide Mil 883 compliant chips to
customer specifications.

TURNAROUND

In a typical IC development program most of
the time is spent on design and layout, which is the
responsibility of the customer. The primary goal of
Vitesse's consulting services and software tools is
to minimize that portion of the schedule. Once the
design and layout are complete, the time from mask
procurement to tested wafers usually requires six to
seven weeks. This includes one week for mask
making, three to four weeks for fabrication and two
weeks for assembly and test.

VITESSE FOUNDRY DESIGN FLOW

(vmesse ) (( Bom ) (cusromer )

Joint Review of Requirements
and Process Compatibility

Assign
Program Manager

on-D
Agreement

B

L 2

( Joint Milestone Dwalopmont]

Optional Cl
| .

e MESTET Design,
Parameter Set Layout,
Simulate,
and Verify
Optional DRC, ERC, Circuits

and LVS Software

Technical Assi

I

Tape Production

Water Fabrication
Wafer Process
Control Test

Optional Packaging
and Testing

l Finished Circuits
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INTRODUCTION

This section contains the outlines for all of
the standard packages currently offered by Vitesse.
Most of these packages are cavity down, multilayer
ceramic packages with Cu-W heat spreaders for
efficient cooling. This arrangement results in con-
trolled impedance on signals, good cross talk con-
trol, low impedance power supply leads and low
thermal resistance from junction to case. In addi-
tion to the ceramic packages, Vitesse offers the28-
pin J-lead MQUAD™ and the 132-pin MQUAD
which are both low cost, high volume packages.
Two plastic packages are offered as well: the 415
plastic PGA and the 557 plastic PGA.

In most ASIC designs, the size of the die and

TABLE 1: VITESSE STANDARD PACKAGES

package are dictated by the number of signal 1/O
and/or equivalent gates. Table 1 summarizes the
standard packages with the corresponding die size
and maximum signal I/O that can be accomodated.
Vitesse has complete assembly facilities, and die
can be assembled in non-Vitesse packages. New
packages may be currently under development
based on new standard products and customer de-
signs. If none of the packages listed in the table
meet your requirements, contact Vitesse for the
latest information on package availability.

Table 2 summarizes Vitesse's standard prod-
ucts and the packages which are available for each.
Also listed is the page on which the package draw-
ing appears.

#of l/O

Package (Max. Outputs) Die Size (um)
22 pin CeramiC DIP .......cooeiieeerireeeeeienre e 20 e 2160 x 2450

2880 x 2450
24 pin CeramiC DIP ..o 22 ettt s 2880 x 2450

4325 x 3675
28 pin LDCC 0r LCC ......oviiiiecircieeniecreiercrercieeenn 26 e e 2160 x 2450

2880 x 2450
52 pin LDCC 0r LCC, OF ...ccuviinirineneninineenneneneeeee T e 2880 x 3671
52 pin J-lead MQUAD .......ccocoiiiiviiniiiinieeneeeen AT e 4325 x 3675
132 pin LDCC of MQUAD ......cooiiiiiiiiiiininiien e 92 ettt sees s e 3440 x 5540
149 PiN PGA ..ottt 4325 x 7350
164 pin LDCC 4325 x 7350
211 PINPGA Lo 8650 x 7350
256 PIN LDCC ......oiiiiciiriceiccercrenneeeennens 198 i 8650 x 7350
344 pin LDCC ..o 256 ..o s 13780 x 7730
415 PIN PPGA ...t 172 i 12970 x 9930
B57 pin PPGA ..o 280 e e 14950 x 14750
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Vitesse Standard Packages

TABLE 2: PRODUCT VS. PACKAGE SUMMARY

Product Description Packages Page
VSB8001/VS8002 | 12:1 Multiplexer/1:12 Demulti plexer Chip Set 52 pin Ceramic LDCC or LCC 7-6
VS8004/VS8005 | 4:1 Multiplexer/1:4 Demultiplexer Chip Set (2.5 Gb/s) 28 pin Ceramic LDCC or LCC 7-4
VS8010/VS8011/ | SONET - High Speed 8 Bit Mux/Demux Products 52 pin Ceramic LDCC or LCC 7-6

VvS8012

VSB021/VS8022 | SONET - 2.5 Gb/s Chip Set 8-Bit Mux/Demux 52 pin Ceramic LDCC or LCC 7-6
VS12G422T 256 x 4 Static RAM (TTL) 22 pin Ceramic DIP 7-3
VS12G478 w/Purge | 2K x 2 Self-Timed Static RAM 28 pin Ceramic LDCC 7-4
VS12G484 4K x 4 Self-Timed Static RAM 28 Pin Ceramic LDCC 7-4
VSC1520 HS Series, 1500 Gate Structured Cell Array (2.5GHz) 52 pin Ceramic LDCC or LCC 7-6
VSC864 64 x 64 Crosspoint Switch 344 pin Ceramic LDCC 7-17
VSC7101/7102 1.25 Gb/s Data Communications Transmitter/Receiver 28 pin Ceramic LDCC 7-4
VSC7103/7104 1.25 Gb/s Data Communications Mux/Demux 132 pin J-Lead MQUAD 7-8
VSC3K FURY Series, 3500 Gate Array 132 pin Ceramic LDCC 7-9
VSC5K FURY Series, 6400 Gate Array 149 pin Ceramic PGA 7-11
164 pin Ceramic LDCC or LCC 7-12

VSC10K FURY Series, 13000 Gate Array 211 pin Ceramic PGA 7-14

256 pin Ceramic LDCC 7-15

VSC15K FURY Series, 17000 Gate Array 211 pin Ceramic PGA 7-14
256 pin Ceramic LDCC 7-15

VSC30K FURY Series, 30,000 Gate Array 344 pin Ceramic LDCC 7-17
PLR2KT 2400 Gate TTL Compatible GaAs Gate Array 132 pin MQUAD 7-8
FX20K FX Series, 20,000 Gate Array 52 pin Ceramic LDCC 7-6
132 pin Ceramic LDCC 7-9

FX40K @ FX Series, 40,000 Gate Array 184 pin Ceramic PGA(" —
FX100K FX Series, 100,000 Gate Array 211 pin Ceramic PGA 7-14
256 pin Ceramic LDCC 7-15

FX200K @ FX Series, 220,000 Gate Array 415 Plastic PGA 7-18
FX350K @ FX Series, 350,000 Gate Array 557 Plastic PGA 7-20

NOTES: 1) In development

2) Preliminary
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Vitesse Standard Packages

22 PIN CERAMIC DIP PACKAGE
0.380
0.090
fe 1% » [ 0T0 o
0.50 TYP —'| e— ' 7537
I 1 Seating
Plane
4y 00
F W— i
y 0.009
A.“‘ 0.050 ‘ 0072 [
0.125 TYP —
0.090 0.045 0015 0.400
0.170 0.065 0.025 TYP
22-pin leaded (400 mil) sidebraze dual in-line package
i1 10 9 8 7 6 5 4 3 2 1
Pin Function AN M[nn
1-7 Input/Output .
8 — Supply (Top View) d
9-21 Input/Output
22 + Supply
JJ [ I 6 I 6 I 6
12 13 14 15 16 17 18 19 20 21 22

24 PIN CERAMIC DIP PACKAGE

-y
of—
INEY
oo
olo
=lo
o
o|o
o0 o
ww
—~ O N
oG O

s Plane
A 00
S 50
R 2 0.009
. 0.012
0125 | 0.050
TP 0090 0.045 0.015 0.400
0.110 0.065 0.025 TYP
24-pin leaded (400 mil) sidebraze dual in-line package
i fi 12 11 10 9 8 7 6 5 4 3 2 1
Pin ___ Function OO0 00000nonn
1-5 Input/Output
6 + Supply :
7 Extra Supply or /O (Top View) C
8-17  Input/Output
1 ~ Supply Tooo0o0o0o0o00 oo
19-24 |nPUt/OUtpUt 13 14 15 16 17 18 19 20 21 22 23 24

NOTES: 1) Drawings not to scale.
2) All dimensions given in inches.

3) Max. and min. tolerance are indicated.
4) Package: Ceramic (alumina); Heat sink: Copper-tungsten; Leads: Alloy 42 with gold plating.
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Vitesse Standard Packages

28 PIN CERAMIC LDCC AND LCC PACKAGES

Bjet 28-Pin Leaded
= Ceramic Package (LDCC)
 — F—
——— 1
———] —— K A J
c——[] HeatSink ——— L= p—c— | ! ‘l
i — Side ——— "' ! | 4
LE —— TPIITLARILT AR ¥
ey PYY — t L | T
f . I . M |
45°f
28 Pin LDCC or LCC Pin Functions
Pin Function Pin Function
N =] o
1-3 Input/Output 18 Supply or /0
4 Supply or I/0 19-24  Input/Output
5-10 Input/Output 25 - Supply (Substrate)
11 Supply or I/O 26-28  Input/Output
12-17  Input/Output

28 Pin Leadless Ceramic
Package (LCC)

e

5
ra
P
s
5
— Cle—

Item | mm (Min/Max) | In (Min/Max) | Item | mm (Min/Max) | In (Min/Max)
A 11.176/11.682 0.440/0.460 | 0.406/0.610 0.016/0.024

B 1.016/1.524 0.040/0.060 J 1.715/2.223 0.075/0.095
C 9.652/10.160 0.300 TYP K 0.090/0.242 0.004/0.008
D 7.493/7.747 0.300 TYP L 5.842/6.858 0.230/0.270
E 1.143/1.397 0.050 TYP M 22.860/25.398 0.900/1.000
F 0.762/1.016 0.035 TYP N 0.356/0.559 0.014/0.022
G 9.271 0.365 (6] 1.625/2.287 0.075 TYP
H 1.778 0.070
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Vitesse Standard Packages

28 PIN J-LEAD MQUAD™ PACKAGE

045 050 TYP !
—] ;-q-_l\&ln-Acciﬂ\_ rh—/—— Pin11D
# S P — _Loas
045 .
¥o 0 t
O |
S W
490 £ 005
a5 4101 015 ke E -5
O u|
d - o Vent Plug
M L 125
| | 11
=2 I e 8 e 015
104 45 015
BEE 490 £ 005
SIDE VIEW TOP VIEW
BOTTOM VIEW

NOTES: 1) All non-toleranced dimensions are shown at nominal.
2) All dimensions in inches.
3) Drawing not to scale.
4) Package is black annodized Aluminum.Leads are copper alloy.
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Vitesse Standard Packages

52 PIN CERAMIC LDCC AND LCC PACKAGES

B
) 52 Pin Leaded Ceramic
i — Package (LDCC)
————] | HEATSINKSIDE | F——— ' A I J
— | MR == 1 [ _—‘‘rltnIF|rrl;n’rrmrrrnrrri‘ir—1lr :
P = — Tk M JT

1
E Pin

Function
1-3, 5-6,8-9, 11-17 Input/Output
-;IL- 19-22, 24-29, 31-32  Input/Output
N O — = 34-35,37-42, 44-45  Input/Output
47-48, 50-52 Input/Output
4,10,18,30,36,43,49 GND
7,46 (-) Supply 1
33 Supply 2
23 (substrate)
Heat Sink Side 52 Plg Liadlesi CCgram/c
gac_ka%e is ackage ( )
avl own
v A 1 J
i d—
Item | mm (Min/Max) | In (Min/Max) | Item | mm (Min/Max) | In (Min/Max) | NOTES:
1) Drawing not to scale.
A 18.54/19.56 0.730/0.770 | 0.41/0.61 0.016/0.024 2) Packages: Ceramic
(alumina); Heat sinks:
B 1.02/1.52 0.040/0.060 J 2.03/2.79 0.080/0.110 | Copper-tungsten; Leads:
c* | 15491651 | 06100650 | K* 0.09/0.24 0.003/0.009 | Alloy 42 with gold plating
D* 16.24 TYP 0.600 TYP L 4.83/5.08 0.190/0.200
E 1.27 TYP 0.050 TYP M 29.46 TYP 1.160 TYP
F 0.76/1.02 0.030/0.040 N 0.36/0.56 0.014/0.022
G 16.94 TYP 0.667 TYP (e} 1.75/1.90 0.069/0.075
H 1.91/2.41 0.075/0.095
* At package body.
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Vitesse Standard Packages

52 PIN CERAMIC LDCC PACKAGE (FOR FURY VSC3K ONLY)

Drawing Not
Pin 62 to Scale 52 Pin Leaded Ceramic
Pin i N Package (LDCC)
Heat Sink Side ]
S et e
Leads Brazed to l r— H : B =l l l
L this Side EE rL | | T T
. } |
p ¥ id
Typ
—alle—y K —
Item | mm (Min/Max) | In (Min/Max) | Item | mm (Min/Max) | In (Min/Max)
A 18.54/19.56 0.730/0.770 G 0.09/0.24 0.003/0.009
B 12.700/13.208 0.500/0.520 H 5.84/6.10 0.230/0.240
c* 15.24 TYP 0.600 TYP | 31.75 TYP 1.25 TYP
D* 1.27 TYP 0.050 TYP J 0.36/0.56 0.014/0.022
E 0.41/0.61 0.016/0.024 K* 1.75/1.90 0.069/0.075
F 2.03/2.79 0.080/0.110
* At package body.
77
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132 LEAD MQUAD™ FLATPACK PACKAGE

—— .170 £ 010 025 TYP.
—] [=—020MIN) NON-ACCUM
] ‘

1100 | 940 —
+.005 | REF. —
.393
FE= 1.080 =
.025 TYP.—‘ R +.005
T l - 32?'?tation -
‘020TYP.j E = '

: TN T
; !
f=- 028 TYP.

020 TYP.—— I—— 940 REF.
— ~140 £ .003 |t 1,080  .005 ==
1.100 + .005
SIDE VIEW BOTTOM VIEW

VITESSE
PLR2KT - xxxA
90172|

Orientation
Marl

Pin 132

Pin 1

TOP VIEW

NOTES: 1) Drawing not to scale.
2) All non-toleranced dimensions are shown at nominal and tolerance is + .010 unless otherwise noted.

3) Package is black annodized Aluminum. Leads are copper alloy.
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Vitesse Standard Packages

132 PIN CERAMIC LDCC PACKAGE

Pin 1 . VT T w
Heat E=.==:==='
Sink Side _
Package is =
— Cavity Down ——
| == ==——
c* \ Mﬂﬂ ﬂﬂﬂ V
—slle— H —| |* e
e A
F G i‘ B E D
| I‘V Vo
T |HI L | T
t
Item | mm (Min/Max) | In (Min/Max) | ltem | mm (Min'Max) | In (Min/Max) | "CTES:
1) Drawing not to sca]e.
A | 237512451 | 09350965 F 0.09/0.24 0.004/0.008 | 2) Packages: Ceramic
(alumina); Heat sinks:
B 18.67/19.43 0.750 TYP G 5.08/7.62 0.200/0.250 | Copper-tngsten; Leads:
ct | os4TYP 0025TYP | H 0.15/0.26 0.006/0.010 | Aoy 42 with gold plating
D 0.38/0.63 0.015/0.025 | I* 191 TYP 0.075 TYP
E 2.16/2.52 0.085/0.115 | J* 20.32 TYP 0.800 TYP
* At package body.
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Vitesse Standard Packages

132 PIN CERAMIC LDCC PIN IDENTIFICATION*

Input/Output Pins

Power/GND Pins

1,2,6-15,17-27, 31-
33, 35, 36, 38-40, 44-
46, 48-51, 53-55, 59-
61, 63, 64, 66-68, 72-
81, 84-93, 97-99, 101,
102, 104-106, 110-
112, 114-117, 119-
121, 125-127, 129,

130, 132

3,4,5,186, 17, 28, 29,
30, 34, 37, 41, 42, 43,
47, 52, 56, 57, 58, 62,
65, 69, 70, 71, 82, 83,
94, 95, 96, 100, 103,
107, 108, 109, 113,
118, 122, 123,
124,128, 131

*For comprehensive pin identification, refer to the
appropriate Vitesse gate array design manual.

149 PIN CERAMIC PGA PIN IDENTIFICATION*

Input/Output Pins

Power/GND Pins

A2-A14,B1-B15, C1-
C5, C11-C15, D1-D3,
D13-D15, E1-E3, E13-
E15, F1, F2, F14, F15,
G1, G2, G14, H1, H2,
H14, H15, J1, J2, J14,
J15, K1, K2, K14, K15,
L1-L3, L13-L15, M1-
M3, M13-M15, N1-N5,
N11-N15, P1-P15,
R2-R14

Ce, C7,C8, C9, C10,
D4 D5, D11, E4, E12,
F3, F13, G3, G13, H3,
H13, J3, J13, K3, K13
L4, L12, M5, M11, N6,
N7, N8, N9, N10

*For comprehensive pin identification, refer to the
appropriate Vitesse gate array design manual.
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149 PIN CERAMIC PGA PACKAGE
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©© 0% o © © 0 o
© @ © e ( © © 0 OF
© o0 CAVITY SIDE © © ©F
© © 0 (Cavity Detail © © ©F
® ©® © Not Shown) ©® ©® ©l¢B
©© 0 Caty Bown ®© OF
©® © o © ©® O|nr
© © © @k © ©® ©® O
© © © ©) © ©® O|r
CHONONONONONONONONONONONONONOIEY
CHONONONONONONONONONONONONOROIEE

A O CNONONONCONONONONONONONYL
< A

C e
L i
| D
I | S 1
o , = = |
ta le F »! E—

Item mm (Min/Max) In (Min/Max) Item mm (Min/Max) In (Min/Max)
A 254 TYP 0.100 TYP E 2.25/2.92 0.085/0.115
B 37.85/38.61 SQ 1.490/1.520 SQ F 27.40 TYP (Heatsink)| 1.08 TYP (Heatsink)
C 0.41/0.51 DIA 0.016/0.020 DIA G 0.38/0.63 0.015/0.025
D 4.45/4.95 0.175/0.195 H 1.14/1.40 (4 Plcs) .050 TYP

Notes: 1) Drawing not to scale.
2) Package: Ceramic (alumina); Heat sink: Copper-tungsten; Leads: Alloy 42 with gold plating
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Vitesse Standard Packages

164 PIN CERAMIC LDCC PACKAGE

Pin1: /All LR PR R LR UL
gg Heat Sink Side ég
= Package is =
= Cavity Down =
r —_—
—le—H —_l e
F e A » E D
G e B gl
e !
5
Item mm (Min/Max) In (Min/Max) Item mm (Min/Max) In (Min/Max)
A 28.58/29.84 SQ 1.130/1.170 F 0.09/0.22 0.004/0.008
B Ref 24 SQ Ref0.95 SQ G 5.08/7.62 0.200/0.300
c* 0.64 TYP 0.025 TYP H 0.15/0.256 0.006/0.010
D 0.38/0.63 0.015/0.025 * Ref 1.91 TYP Ref 0.075 TYP
E 2.16/2.92 0.085/0.115 J* 25.40 TYP 1.00 TYP

* At package body

NOTES: 1) Drawing not to scale.
2) Packages: Ceramic (alumina); Heat sinks: Copper-tungsten; Leads: Alloy 42 with gold plating
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Vitesse Standard Packages

Jackage
..Qutlin’es

164 PIN CERAMIC LDCC PIN IDENTIFICATION*

Input/Output Pins

Power/GND Pins

1,3,4,6,7,9,10,12, 13, 15, 16, 18-20, 22-24, 26,
27, 29, 30, 32, 33, 35, 36, 38, 39, 41, 42, 44, 45,
48-53, 55-61, 63-69, 71-76, 79, 80, 82, 83, 85, 86,
88, 89, 91, 92, 94, 95, 97, 98, 100-102, 104-109,
111,112, 114, 115, 117, 118, 120, 121, 123, 124,
126, 127, 130-135, 137-143, 145-151, 153-158,
161, 162, 164

2,5,8,11,14,17, 21, 25, 28, 31, 34, 37, 40, 43,

46, 47,54, 62,70, 77, 78, 81, 84, 87, 90, 93, 96,

99, 108, 107, 110, 113, 116, 119, 122, 125, 128,
129, 144, 159, 163

*For comprehensive pin identification, refer to the appropriate Vitesse gate array design manual.

211 PIN CERAMIC PGA PIN IDENTIFICATION*

Input/Output Pins

Power/GND Pins

A1-A17, B1-B17, C1-C17, D1-D3, D6, D12, D14-

D17, E1-E3, E13, E15-E17, F1-F3, F15-F17, G1-

G3, G15-G17, H1-H3, H15-H17, J1-J3, J15-J17,

K1-K3, K15-K17, L1-L3, L15-L17, M1-M3, M15-

M17, N1-N3, N5, N15-N17, P1-P3, P6, P12, P15-
P17, R1-R17,81-S17, V1-V17

D4, D5, D7, D9, D11, D13, D14, E4, E6, E12,
E14, F4, F5, F13, F14, H4, H14, J4, J14, K4, K14,
M4, M5, M13, M14, N4, N6, N12, N13, N14, P4,
P5, P7, P9, P11, P13, P14

*For comprehensive pin identification, refer to the appropriate Vitesse gate array design manual.
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Vitesse Standard Packages

211 PIN CERAMIC PGA PACKAGE

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
0000000006606 0 0oy
PPOOOOPOEOOOO®OOOOE-O|r
ONONONONONONONORONONONONONONONONOIL]
OPOOOOBO®BE © OGO OOr
© 000 ©00 00 0w
©0E 006 ONCONONONONTY
© 00 (ONONOIN
(ONONONO CAVITY SIDE © 0O © O
(ONORONO PACKAGE IS (ONONONOIN
®0 6 6 CAVITY DOWN ©®© © O
© 6 0 ©® O ©|e
© 00 (ONORONOIN
@ © © 0 6 0|
I ICRONONONONONO) © ONORONORONOROII
ONONONONONCRONONORONONONONONONOIS
PO OOOOOOOO®OOOEO
CECRCRCRCRCNCHCRONORONORONOROY
T - B =!
ﬂ “—
HH ]
'3 ,
v | [ , | &
LG e F N
Item mm (Min/Max) In (Min/Max) Item mm (Min/Max) In (Min/Max)
A 2.54 TYP 0.100 TYP E 2.16/2.92 0.085/0.115
B 42.42/43.69 1.670/1.710 F 27.4 REF (Heatsink) | 1.08 REF (Heatsink)
Cc 0.41/0.51 DIA 0.016/0.020 DIA G 0.38/0.63 0.015/0.025
D 4.45/4.95 0.175/0.195 H 1.14/1.40 (4 Plcs) .050 TYP
NOTES: 1) Drawing not to scale.
2) Packages: Ceramic (alumina); Heat sinks: Copper-tungsten; Leads: Alloy 42 with gold plating
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Vitesse Standard Packages

256 PIN CERAMIC LDCC PACKAGE

Pin 256
Pin 1
=—— Side =
e = J y
=t PaCkage is ==
=— = Cavity Down ———
——— = y
—leH I*
F e A E D
el ° I
¥ 1 Lo . J ¥
¥
Item| mm (Min/Max) In (Min/Max) Item mm (Min/Max) In (Min/Max)
A 36.57/37.59 SQ 1.440/1.480 SQ F 0.09/0.216 0.004/0.008
B TYP 28 SQ TYP 1.00 SQ G 5.08/7.62 0.200/0.300
c* 0.51 TYP 0.020 TYP H 0.15/0.25 0.006/0.010
D 0.38/0.63 0.015/0.025 I* REF 2.54 TYP REF 0.100 TYP
E 2.16/2.92 0.085/0.115 J* 32.00 TYP 1.26 TYP
* At package body
NOTES: 1) Drawing not to scale.
2) Packages: Ceramic (alumina); Heat sinks: Copper-tungsten; Leads: Alloy 42 with gold plating
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Vitesse Standard Packages

256 PIN CERAMIC LDCC PIN IDENTIFICATION*

Input/Output Pins

Power/GND Pins

3-5, 7-10, 12-15, 19-23, 25-28, 30, 31, 34, 35, 37-
40, 42-45, 46, 50-53, 55-58, 60-62, 65-67, 71-86,
89-104, 107-122, 126-128, 131-133, 135-138,
140-143, 147-151, 153-1566, 158, 159, 162, 163,
165-168, 170-174, 178-181, 183-186, 188-190,

1,2,6,11,16,17, 18, 24, 29, 32, 33, 36, 41, 47,
48, 49, 54, 59, 63, 64, 68, 69, 70, 87, 88, 105,
1086, 123, 124, 125, 129, 130, 134, 139, 144, 145,
146, 152, 157, 160, 161, 164, 169, 175, 176, 177,
182, 187, 191, 192, 196, 197, 198, 215, 216, 233,

193-195, 199-214, 217-232, 235-250, 254-256

234, 251, 252, 253

*For comprehensive pin identification, refer to the appropriate Vitesse gate array design manual.

344 PIN CERAMIC LDCC PIN IDENTIFICATION*

Input Only Pins

Input/Output Pins

Power/GND Pins

5-16, 19-31, 34-46, 49-60, 177-
188, 191-203, 206-218, 221-232

1, 64-68, 70-73, 75, 78-80, 82-85,
87-89, 92, 94-97, 99-102, 106-
109, 111-114, 116-117, 120, 121,
128, 124, 125, 126, 128-131, 135-
138, 140-143, 145, 148-150, 152-
155, 157-159, 162, 164-167, 169-
173, 236-240, 242-245, 247, 250-
252, 254-257, 259-261, 264, 266-
269, 271-274, 278-281, 283-286,
288, 289, 292, 293, 295-298, 300-
303, 307-310, 312-315, 317, 320-
322, 324-327, 329-331, 334, 336-

2,3,4,17, 18, 32, 33, 47, 48,
61, 62, 63, 69, 74, 76, 77, 81,
86, 90, 91, 93, 98, 103, 104,
105, 110, 115, 118, 119, 122,
127, 132, 133, 134, 139, 144,
146, 147, 151, 156, 160, 161,
163, 168, 174, 175, 176, 189,
190, 204, 205, 219, 220, 233,
234, 235, 241, 246, 248, 249,
253, 258, 262, 263, 265, 270,
275, 276, 277, 282, 287, 290,
291, 294, 299, 304, 305, 306,
311, 316, 318, 319, 323, 328,
332, 3383, 335, 340

*For comprehensive pin identification, refer to the appropriate Vitesse gate array design manual.
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Vitesse Standard Packages

344 PIN CERAMIC LDCC PACKAGE

| >
J\_ ! _] 236 Y 238 |
3
Heat Sink =
Side =—
. = J* L
Package is =
Cavity Down = —
= = y
173
c*
1IIIIIIHIHHIIIJIIIIIIIIHIHIIIIIIIIHIHIIIHHHHHHHHlN111lIIlHHIHHIHHMHIIIH
i e
F I A E D
B >
o | L
I I _f _f
Item mm (Min/Max) In (Min/Max) Item mm (Min/Max) In (Min/Max)
A 58.93/69.94 2.320/2.340 H 0.15/0.25 0.006/0.010
B 35.54 TYP TYP 1.36 SQ * REF 2.54 TYP REF 0.100 TYP
c* 0.51 TYP 0.020 TYP J* 32.00 TYP 1.26 TYP
D 0.38/0.63 0.015/0.025 K 39.46 TYP 1.08 TYP
E 2.16/2.92 0.085/0.115 L 36.57/37.59 SQ 1.440/1.480
F 0.09/0.216 0.004/0.008 M* 5436 TYP 2.140 TYP
G 5.08/7.62 0.200/0.300
* At package body
NOTES: 1) Drawing not to scale.
2) Packages: Ceramic (alumina); Heat sinks: Copper-tungsten; Leads: Alloy 42 with gold plating
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Vitesse Standard Packages

415 PIN PLASTIC PGA PACKAGE

— 2.000 +.005

050 £ 002 TYP —#m] |em—

1.900

1.830

>2> 3> > 2x x>
P OO0OMMOTCX~FTZVIVINS<S<IKE2DOOMTO

>

.070 dia. clearance hole
8 plcs. for heatsink attach
and/or through PC board clamping

IRV T e

Py oS A 023

Section A-A l——-—— 0.800 SQUARE ————-I

(HEATSINK)

0.012+.005

j -
TR N,
0.185

o 3 3

NOTES: 1) Drawing not to scale.
2) All dimensions are nominal and in inches unless otherwise stated.
3) All non-toleranced dimensions are shown at nominal.
4) Plastic portion is RTP 1400 Ar15 Kevlar filled Polyethersulphone, black. Pins are Phos-Bronze, plated Ni/Au.
Substrate is multilayer polymetr/glass and copper.
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Vitesse Standard Packages : OUHmes -
415 PIN PLASTIC PGA PIN IDENTIFICATION*
Input Only Pins Input/Output Pins Power/GND Pins

A10, A4, A16, A18, A20, A22,
A26, A28, B9, B11, B13, B15,
B17, B19, B21, B23, B25, B27,
B35, C2, C8, C12, C14, C18,
C22, C24, C34, D17, D19,
D23, D33, E4, E18, E32, F5,
F15, F21, F31, G8, H7, H29,
J10, AG26, AH29, AJ28,
AK15, AK21, AK31, AL18,
AL32, AM13, AM17, AM19,
AN12, AN14, AN18, AN22,
AN24, AN28, AN34, AP,
AP11, AP13, AP15, AP17,
AP19, AP21, AP23, AP25,
AP27, ARS8, AR10, AR14,
AR16, AR18, AR20, AR22,
AR26

A6, A8, A30, B3, B5, B31, B33,
C4, C6, C28, C30, C32, D3, D7,
D11, D13, D25, D29, E2, E6, ES,
E10, E26, E28, E30, E34, F1, F3,
F7, F11, F25, F29, F33, F35, G4,
G10, G26, G28, G32, H1, H3,
H9, H27, H33, H35, J2, J4, J6,
J26, J30, J32, J34, K1, K5, K7,
K29, K31, K35, L2, L4, L32, L34,
M3, M33, N2, N4, N6, N30, N32,
N34, P1, R2, R4, R32, R34, T1,
T3, T33, T35, U2, U4, Us, U30,
U32, U34, W2, W4, We, W30,
W32, W34, Y1, Y3, Y33, Y35,
AA2, AA4, AA32, AA34, AB1,
AB35, AC2, AC4, AC6, AC30,
AC32, AC34, AD3, AD33, AE2,
AE4, AE32, AE34, AF1, AF5,
AF7, AF29, AF31, AF35, AG10,
AG2, AG4, AG6, AG30, AG32,
AG34, AH1, AH3, AH9, AH27,
AH33, AH35, AJ10, AJ26, AJ32,
AJ4, AJ8, AK1, AK3, AK7, AK11,
AK25, AK29, AK33, AK35, AL2,
ALS, AL8, AL10, AL26, AL28,
AL30, AL34, AM7, AM11, AM23,
AM25, AM29, AM33, AN30,
AN32, AN4, AN6, AN8, AP3,
AP5, AP31, AP33, ARG, AR28,
AR30

A2, A4, A12, A24, A32, A34,
B7, B29, C10, C16, C20, C26,
D1, D5, D9, D15, D21, D27,
D31, D35, E12, E14, E16,
E20, E22, E24, F9, F13, F17,
F19, F23, F27, G2, G6, G12,
G14, G16, G18, G20, G22,
G24, G30, G34, H5, H11, H25,
H31, J8, 428, K3, K9, K27,
K33, L6, L8, L28, L30, M1, M5,
M7, M29, M31, M35, P3, P5,
P7, P29, P31, P33, R6, R30,
T5, T7, T29, T31, V1, V3, V5,
V7,V29, V31, V33, V35, Y5,
Y7,Y29, Y31, AA6, AA3OQ,
AB3, AB5, AB7, AB29, AB31,
AB33, AD1, AD5, AD7, AD29,
AD31, AD35, AE6, AES8, AE28,
AES30, AF3, AF9, AF27, AF33,
AG8, AG28, AH5, AH11,
AH25, AH31, AJ2, AJ6, AJ12,
AJ14, AJ16, AJ18, AJ20,
AJ22, AJ24, AJ30, AJ34, AK9,
AK13, AK17, AK19, AK23,
AK27, AL12, AL14, AL16,
AL20, AL22, AL24, AM1, AM5,
AM9, AM15, AM21, AM27,
AM31, AM35, AN10, AN16,
AN20, AN26, AP7, AP29,
AP35, AR2, AR4, AR12,
AR24, AR32, AR34

*For comprehensive pin identification, refer to the appropriate Vitesse gate array design manual.
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Vitesse Standard Packages

557 PIN PLASTIC PGA PACKAGE

0.070 DIAM. Reference Pin

THRUHOLE- 4
H_cs_\ A B CDESF GH J KL MNP R T UV W Y AAAB AC AD AE AF AG AH AJ AK AL AM AN AP AR AT AU AV AW

E%a OROROROR R OROROROROKORCRERERERENKE O :

L - @@@@@@@®@@®®®@@@®®@@@@®®®@@®@®@@@@@®@@@ 4

[CIOMONONCNOCNONONONONONONCONCKONONCONKONO) 5
et <ROJCNONOHONMONONONONONMONONONMONONOKONCNO] 6

lT—————@@@@@@@@@@@@@@@@@@@ 7

> OJOOIONONOCHMONOCHONONMONONONONONONONMONONMO] 8
o (GO ONONONONOCHNONONONONONONONONONONONO) g

8 [OJONONONONONO (OO ONONCNONO) 10

S [CICHONMONCOXOC (IO OHONONO) "

H 3 OJOOONONO) [OJOMOMONONO] 12

S 4 (OJCHONMOKO) (OJOMONONC) 3

= o OJONONOXKO) [OJOOOXKO; s

° 3 CHOMONKCO Cavity Side COMOMONO} .
S (OJ(OJXOMONO) ) i (OJOMONONO; 16

[OOCONO) (Cavity Detail [OJOCNONO) 17

~& [OJONONMONO) Not Shown) 0666 606 18

w5 (OJCOXO) (OJXOOXKO; 19

g [OJONMONONO] OJONONONO) 20

? ORORCRORE Package is e |

[OMOMONO) Cavity Down [OONONO) 2
(OJ{OONCNO) 06060 606 2
OMOCHMONKO) (OJOONO) 25
(OJ{OJONONO) (OJONONONO] 2
(COHONONO) (CJ(CIOMONO) 27
(OJ(ONONCHNONKOC) [OJCHCHCHKONO) 28
(OO ONCKOXO) [OJ{CICHCONO) 2
OJ(CHONMOMONONKO) (OJOONCOMONONO] s0
O OO EEOEEEOEEOEOEEOEEOO O OE a1
(ONONOONONONMONOHMONMONONONCHONMONONCONONCONKC) 32
QOO OEOEEOEEOEEOEOEOEEOOEEOEGOO 33
(OJ{OOIOIOIOHONCHONONMONONONMONONONONONONKC, 3
O O EOOOEEEOEEOOEOOOO OO OE as
O EOELOEEOEOEEEEEOEOEOEOOOE OO 8
@®®@® ®@@® @® ®® @@ ®® @® @G) ®® ®® @® @(9 @(9 @® ®® @® s
[ QO OOOOEEOOOOEOEOEO®®OO @39—1

A NS /) A
0.0121:.005«'

o | .j/ j‘J ﬂ‘ ﬂ/ H/\ﬂ ﬂ | ﬂ/ A § (S?a%%%ﬁ)
L - \

0.355 . v ‘ y —|—{
0.3;" ufh T}\‘s\“‘ ‘:\\‘\ \,\\‘N\,.——ro.zles
‘ 1) 0

Section A-A I_—o.aoo SQUARE——————I
(HEATSINK)

NOTES: 1) Drawing not to scale.
2) All dimensions are nominal and in inches unless otherwise stated.
3) All non-toleranced dimensions are shown at nominal.
4) Plastic portion is RTP 1400 Ar15 Kevlar filled Polyethersulphone, black. Pins are Phos-Bronze, plated Ni/Au.
Substrate is multilayer polymer/glass and copper.
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INTRODUCTION in GaAs components are faster, the trace lengths
Several important considerations must be ~ must be considered as transmission lines and must
taken into account when high speed GaAs (or ECL) be terminated properly to retain signal integrity.

ICs are interconnected on printed circuit boards.
Chief among them is the need to properly terminate 5ns
signal trace interconnections and the maintenance
of low impedance ground and power supply con- !

nections.

This application note reviews some of the
popular design techniques which are utilized to I
insure the integrity of high frequency signals on a ] 1ns
printed circuit board. While these techniques have
been used in ECL systems for some time, they may
not be familiar to designers accustomed to CMOS
circuits.

In general, signal traces on circuit boards WHY ARE PROPERLY TERMINATED
should be treated as transmission lines if the propa- ~ TRANSMISSION LINES NEEDED?
gation delay of the trace is more than one-tenth of Rapidly changing signals require fast edge
the rise time of the signal. In the event that the rates. A 200 MHz 50% duty cycle clock signal, for
propagation delay of the trace is short with respect ~ example, has atotal period of Sns. This period must
to the rise time of the signal, any reflections caused ~ accomodate a rise time, a fall time and some pulse
by unterminated transmission lines are masked  width duration. Asseen in Figure 1, thissignal can
during the relatively slow transition and are not  result in rise and fall times of approximately 1ns
seen as overshoot or ringing. because of the desire to maintain the pulse signal

Because most CMOS circuits have a high integrity. Since GaAs circuits are designed to
ratio of signal rise time to trace propagation delay, support signal rates beyond 200 MHz, both ECL
several inches of unterminated signal trace can be compatible and 'native’ GaAs compatible output
used without signal distortion. Since edge speeds drivers are designed for sub-nanosecond rise and

Figure 1: 200 MHz Signal

Receiver

Terminated Unterminated

Figure 2: Signals at Terminated and Unterminated Signal Traces
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Printed Circuit Board Considerations

Figure 3: Parallel Terminated Line Model

fall times.

Such fast rise and fall time signals require
that board signal traces are terminated transmission
lines. Anytime that the propagation delay of a
signal trace is longer than one-tenth the rise or fall
time of the signal, an unterminated trace will result
involtagereflections which can cause degradations
in the signal integrity.

Figure 2 shows the difference in signals ob-
served in terminated and unterminated environ-
ments. As seen, unterminated signal lines can
result in substantial overshoot and ringing which
are caused by voltage reflections.

These voltage reflections can cause aringing
signal which can be interpreted as several faster
signals by the receiver. Terminated transmission
lines eliminate voltage reflections and therefore
produce clean waveforms. Generally, signals with
sub-nanosecond rise and fall times must be termi-
nated if the signal trace length is longer than 0.5 in.
This isbecause the propagation velocity of a typical
signal trace is approximately 2ns/ft.

TRANSMISSION LINE THEORY

Transmission line theory is important to an
understanding of the methods used to terminate
GaAs signal lines. Figure 3 shows a signal trace
with typical loads at both ends. Usually, the signal
trace delay is long when compared with the signal
rise or fall time and reflections will appear at their
full amplitude. The output voltage swing at point

A,(V,), is given by:

zO
Va=WVe g iz,
(o} (o}

where V, is the internal voltage swing, R, is the
chip output impedance and Z,, is the line imped-
ance.

Since R, is small compared to the line im-
pedance, the output swing is nearly the same as the
internal transition. The internal swing is approxi-
mately 1.4 V and the typical output swing is 1.3 V.
The signal propagates down the line and is seen at
point B some time, T , , later. The voltage re-
flection coefficient at the load end of the line, re, is
a function of the line characteristic impedance and
the load impedance and is given by:

_(R.-Zp)

re=—+—- "%
(RL+Zo)

where R, is the termination load resistance and Z
is the line impedance (both in ohms). IfR; =Z,,
there is no reflection. For any value of R, close to
Z,,, the reflection is small.

PRACTICAL TRANSMISSION LINES

The key to maintaining signal integrity in
practical high frequency digital systems is the uti-
lization of properly terminated, controlled imped-
ance transmission lines. Controlled impedance
transmission lines can be realized in several ways.

8-4
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Printed Circuit Board Considerations

For signal transmission over long distances, co-
axial cables or twisted pairs are popular. Some
common types of coaxial cable have characteristic
impedances of 50, 75, 93 or 125 ohms. Twisted
pairs can be made from AWG 24-28 hook-up wire
twisted about 30 turns per foot. Such twisted pairs
have a characteristic impedance of about 110 ohms.

For signal transmission within a circuit
board, Striplines and Microstrip lines are usually
used. A Microstrip line is shown in Figure 4. It is
constructed with astrip conductor for the signal line
separated from a ground plane by a dielectric. The
signal line is made by etching away the unwanted
copper using photoresist techniques. If the thick-
ness, width of the line, and the distance from the
ground plane are controlled, the line will exhibit a
predictable characteristic impedance that can be
controlled to within 5%. The characteristic im-
pedance, Z ,, of a Microstrip Line can be approxi-
mated by:

7 ___ 87 5.98h |
0" Je+141 [0.8w+t

where e, is the relative dielectric constant of the
board material (which is typically 5 for FR-4 fiber-
glass epoxy boards), and w, k and ¢ are the di-
mensions indicated in Figure 4 in inches.

y

Dielectric

3 le— I P~

Ground

)

Figure 4: Microstrip

The propagation delay of the line may be
approximated by:

T 4= 1.017 JOAT5 €+ 067 ns/

Note that the propagation delay of the line is
dependent only on the dielectric constant and is not
a function of line width or spacing. For FR-4 fiber-
glass epoxy boards, the propagation delay of the
Microstrip line is approximately 1.8 ns/ft.

l— w —»]

(LAY ) Ground

T N

b\ 7 j
JIBE -t

77777777 Ground

Figure 5: Stripline

A Stripline is shown in Figure 5. It consists
of a copper ribbon centered in a dielectric medium
between two conducting planes. If the thickness
and width of the line, the dielectric constant me-
dium, and the distance between the ground planes
are all controlled, the line will exhibit a character-
istic impedance that can be held constant within
5%. The characteristic impedance of a Strip Lineis
given by:

Z =ﬂ|n 4b
o Ve, |o67nw (08 +t/w)

where e, is the relative dielectric constant of the
medium and b, ¢, and w are the dimensions shown
in Figure 3. This equation proves accurate for:

- t)<035andb-<025

and the propagation delay of the line is:

tpg=1.017 Ve nsA
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For FR-4 fiber-glass epoxy, the propagation
delay of the Stripline is about 2.27 ns/ft. Note that
in both Striplines and Microstrip, the propagation
delay is not a function of the width or spacing.

PARALLEL TERMINATED LINES

Parallel terminated lines such as the one
shownin Figure 3 are used for fastest circuit perfor-
mance. Standard output drivers on Vitesse's GaAs
products can drive 50 ohm lines. ASIC products
also allow forup to 25 ohm drive capability. Ineach
case the term “line” refers to a signal transmission
line, terminated at the receiving end through a
resistor of the characteristic line impedance to -2
Volts. With parallel terminated lines, the line
termination supplies the output pull-down current
for the open source-follower output FET. Thus, no
other pull-down resistor is required at the output of
the driving gate.

POWER DISTRIBUTION

Power distribution is an important factor in
system design. The loss of noise margin dueto
reduced power supply voltage or noise on the
power supply lines means a reduction in the circuit
tolerance to crosstalk and ringing. Points to con-
sider for overall system operation include total
circuit and termination power, voltage drops on the
power busses, and noise induced on the power
distribution lines by the circuits and by external
sources.

Vitesse GaAs circuits are designed to inter-
face with each other over a power supply voltage
range of + 5% from the nominal -2 Volts without
aloss of noise margin. However, if two chips are at
different supply voltages or on the same power
supply with a voltage offset between them, there
will be a predictable loss of noise margin.

The main causes of V. power supply offsets
between circuits are:

 Inadequate power busses to handle
the necessary current

* Separate supplies with common positive
terminals at slightly different potentials

+ Separate positive grounded supplies with
an inadequate number of interconnection
ground bus bars

Power supply requirements for Vitesse GaAs
circuits must take into account the fact that a 50
ohm ECL compatible output sources about 22 mA
inalogic HIGH state and no current in alogic LOW
state. The 22 mA differential between the two
states can produce a significant power supply cur-
rent fluctuation. Such an effect should be consid-
ered when specifying the power supply.

Current fluctuations are by no means insur-
mountable. Brief current changes are smoothed by
bypass capacitors at the power supplies. Also, the
typical S0% distribution of output logic levels (e.g.,
HIGH and LOW states) tends to minimize current
changes.

High frequency noise and ripple from the
power supply should be avoided. These effects
produce differences in voltage levels among sec-
tions of a system and lead to loss of noise margin.
As arule of thumb, noise can be considered “high
frequency” whenever the mean wave length of the
noise (in units of time) is not more than 2 times
greater than the propagation delay of the longest
power line. For implementations which use GaAs
ICs, it is recommended that high frequency power
supply noise be held to under 25 mV of total signal
variation.

When multiple power supplies are used, the
positive terminals should be connected together
with a large bus and the output voltages maintained
as equal as possible. It is desirable to keep the
power supply levels within 25 mV of one another.

To achieve the requirements imposed by
GaAs circuits on power supply distribution, printed
circuit boards with large ground and power planes
are commonly used. Power supply bypass ca-
pacitors are used on the circuit boards to handle the
current transients required by the outputs.
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Typically, a 1 to 10 microfarad capacitor is
placed on the board at the power supply inputs and
a 0.1 to 0.01 microfarad capacitor is connected
between ground and-2 V on every V. package pin.
RF type capacitors are recommended because of
their low inductance.
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Inferfacmg GaAs Proa’ucrsf“
fo ECL/TTL I/O

INTRODUCTION

Vitesse GaAs products are designed to inter-
face to external circuits with standard ECL and
TTL signal levels. In some cases, however, slight
differences exist between the signal levels pro-
duced by these compatible parts and actual silicon
ECL or TTL components.

Although Vitesse components use GaAs
DCEL circuitry internally, the I/O is designed to
interface directly with industry standard ECL and
TTL levels. In addition, the FURY Series of gate
arrays, the VCB50K Standard Cells and the
VS12G476 4K SRAM can send and receive signals
at Vitesse’s own internal GaAs levels, thus allow-
ing one device to “talk” directly to another device
with no translation delays. Figure 1 shows the
model used to specify system noise margins.

AV VN,
Steady State nc Levels / \ Required Inpm Sensitivity
Vee cc
DRIVER %ﬂﬂ | RECEIVER
Ve
Vsupptyi SupRLY2
Noise
Margin
High
/?/ (NMH)
/f/ﬁ Vor MiN l

All ranges represent ?

composite levels over
process, temperature,
and voltage.

Vo max T

R
g

Figure 1: Noise Margin Model

ECL1/O

Industry standard ECL I/O signal levels are
based on voltage levels that result naturally from
the characteristics of bipolar logic families. In order
to interface with standard ECL logic, Vitesse com-
ponents use buffered level translators at the input
and output pads. The input translator consists of a
differential current switch which drives a level
shifter. The reference voltage for the differential
pair can be provided in one of three ways:

1. Internal Reference

This option uses the internal reference on the
chip. No additional pins are required. Noise mar-
gins for this scheme are shown in Table 1.

2. External Band-Gap Diode

This optionis shown in Figure 2 and involves
the use of an LM185 diode in conjunction with a
gate array or standard cell product. The user must
connect the LM185 to the external reference pin on
the GaAs device. Use of the external diode refer-
ence provides improved input noise margins (see
Table 2) over a wider V. range of -2.0V + 10%.

Vee
External |1, - - - = = - = = - - - - .
LM185 : Vitesse GaAs
Reference Device
Diode

Ry

External
Reference
Pin

Internal V,
REF
Rail

Figure 2: External Band-Gap Diode Reference
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. ECL Device Driving Vitesse Device
N o:s'e Vitesse Device Driving ECL Device
Margin
ECL 100K | ECL 10KH | ECL 100K | ECL 10KH
HIGH 75 mV 80 mV 145 mV 150 mV
LOW 80 mV 60 mV 145 mV 140 mV

Table 1: ECL Noise Margins Using the Internal Reference

. ECL Device Driving Vitesse Device
N o:s.e Vitesse Device Driving ECL Device
Margin
ECL 100K | ECL 10KH | ECL 100K | ECL 10KH
HIGH 100 mV 105 mV 145 mV 150 mV
LOW 110 mV 90 mV 145 mV 140 mV

Table 2: ECL Noise Margins Using an External Diode Reference

. ECL Device Driving Vitesse Device
Noise Vitesse Device Driving ECL Device
Margin NOTES: ) '
ECL 100K | ECL10KH | ECL 100K| ECL 10KH ;{Jm’,;' C‘fjjtg‘ige margins over
HIGH | tomV | t45mv | 145mV | ts0mV | O R o e Prook o
LOW 145mV | 125mV | 145mV | 1domv | GIT0NSkectEione o

Table 3: ECL Noise Margins Using a Full External Reference

3. Full External Reference

The user may provide an external reference
voltage of -1.32V £ 25 mV to the external reference
pin. (Seetable 3 for noise margins.) AN-8 discusses
the creation of an external reference using the
LM185.

Different but equally important issues arise
when interfacing Vitesse components' output (or
any “non-bipolar” ECL output) with a silicon bi-
polar ECL circuit input. Figures 3 & 4 illustrate this
situation. In Figure 3, an ECL input is the base of an
NPN bipolar transistor whose collector is con-
nected to V. (0 Volts). In order not to degrade the
switching characteristics of this input, it is essential

characteristics: Motorola MECL
10KH DC Family Specifications.

that this input transistor be kept out of saturation,
which means that the base collector diode must not
become forward biased. This condition is assured
when driving this input with a bipolar ECL output,
since the emitter follower output cannot go more
positive than one diode drop below V...

The situation is different when the output
emitter follower is replaced with a FET such as in
Figure 4. Vitesse's ECL output driver incorporates
clamp circuitry to ensure that the output high level
does not go more positive than -700mV.

One major difference between Vitesse ECL
compatible outputs and silicon ECL outputs is that
Vitesse outputs are "cutoff" drivers which have an
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output low voltage equal to the V.. supply. In this
way, a logic low is also a high impedance state and
several outputs can be bussed together.

Vee=0V Vee=0V
—
3 8
— J
&
‘DSOQ
1
Vrr =-2.0
Voo OV Vo= 0V
4)
-
'F
i
‘P
‘.509
] L_
Vi =-2.0V

Figures 3 & 4: Bipolar & GaAs ECL outputs driving
an ECL input

TTLV/O

Vitesse ASICs support TTL inputs and out-
putsin addition to ECLI/O. The standard minimum
input swing specification at a TTL inputis 21.2 V
(0.8 -2.0 V) compared to 310 mV for ECL. Figure
5 shows the guaranteed worst case TTL 1/O levels
in Vitesse components. The TTL inputs source a
worst case current of -500 pA.

Vm=+50V

NML = 300 mV

Figure 5: Worst Case TTL I/O Levels for Vitesse
Products

TTL compatible outputs impose certain con-
straints on the user. Figure 6 is a schematic repre-
sentation of the TTL output buffer with tri-state
capability.

Vi =+5.0V
Level Shift
Output
Pad
GND = 0V
6F >—4
IN
Vo =-20V

Figures 6: TTL Output Buffer Schematic

One difference between the Vitesse TTL
totem-pole output and typical silicon TTL is that
the high level (V) typically goes higher in the
Vitesse output. The high level can be one diode
drop below V., (+5.0 V), whereas in standard
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TTL, the output generally does not exceed 3.8
Volts. The low level (V) is similar to standard
TTL (= 0.4 Volts) with the rated sinking current (8
mA).

The TTL output tri-state current voltage
characteristics are also different from typical sili-
con bipolar devices. Figure 7 shows the TTL output
tri-state I-V curve. Note that the tri-state leakage
current, I, shows a sharp increase near 3.5 Volts.
This voltage is low, but well beyond the TTL valid
high level of 2.4 Volts.

+2

” /

loz (ma)
Q

%] 1 2 3 4 5
Vioree (Volts)

Figure 7: TTL Output Tri-State |-V Curve

In a typical system application, there may be
many TTL outputs from the Vitesse component
bussed together with either CMOS or TTL open
collector outputs. The output high level on the bus
equilibriates at an operating point (Q point) consis-
tent with the I-V characteristics shown in Figure 7
and the current sourcing capability of the driving
device.

The output edge rates in the Vitesse TTL
outputs are intrinsically fast (see Figure 8). With 30
pF capacitive load, the edge rates are about 3 ns.
Handling very fast edgerates on TTL circuitboards

is difficult due to the severe ringing that fast edges
produce. To control the ringing on the circuit board,
it is helpful to buffer the TTL outputs with a silicon
bus interface chip such as the 74244.

5 —
Falling
4 -
m
& 3 4
=
2 Rising
1 p—
0 T T 1 1
0 10 20 30 40 50
C. (pF)

Figure 8: Capacitive Loading Effect onVitesse TTL
Output Buffers

DC SPECIFICATIONS

The following tables (4-8) taken from the
FURY Series Gate Array Design Manual arerepre-
sentative of all of Vitesse's GaAs devices. Tables 4,
Sand 6 give DC specifications for the ECLI/O cells
using the internal reference, an external diode ref-
erence, or a full external reference, respectively.
DC specifications for TTL I/Os are in Table 7.
Following the tables are specified Recommended
Operating Conditions and Absolute Maximum
Ratings.
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Parameters Description Min Typ Max | Units Conditions
oH Output HIGH voltage | -1020 | -850 | -700 mV V=V, (max)
7 Output LOW voltage | -2000 | — | -1620 | mV | orV; (min)
vV, Input HIGH voltage -1100 — -700 mV | Guaranteed HIGH for all inputs
v, Input LOW voltage -2000 - -1640 | mV | Guaranteed LOW for all inputs

NOTES: Over recommended operating conditions, Vo = Vo0 = GND, Output load = 50Q to VTT.

Table 4: DC Characteristics for ECL |/O Cells Using Internal Reference

Parameters Description Min Typ Max | Units Conditions
Voy Output HIGH voltage | -1025 | -850 | -700 mV V, =V, (max)
v, Output LOW voltage | -2000 | — | -1620 | mv | orV, (min)
Vi, Input HIGH voltage -1125 — -700 mV Guaranteed HIGH for all inputs
v, Input LOW voltage -2000 — | -1510 | mV | Guaranteed LOW for all inputs

NOTES: Over recommended operating conditions, V. = V.., = GND, Output load = 50Q to V.

Table 5: DC Characteristics for ECL 1/0 Cells Using External Diode Reference

Parameters Description Min Typ Max | Units Conditions
Voy Output HIGH voltage | -1025 | -850 | -700 mV V, =V, (max)
Vo Output LOW voltage | -2000 | — | -1620 | mv | or V¥, (min)
Vi Input HIGH voltage -1165 — -700 mV | Guaranteed HIGH for all inputs
v, Input LOW voltage -2000 — -1475 | mV | Guaranteed LOW for all inputs

NOTES:Over recommended operating conditions, V,, = V., = GND, Output load = 50Q to V.
External reference = -1.32V + 0.025V.

Table 6: DC Characteristics for ECL 1/0 Cells Using Full External Reference
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Parameters Description Min Typ Max | Units Conditions

Vo Output HIGH voltage 24 — V., \" Iy, =-24mA

Vo, Output LOW voltage 0 — 0.5 vV | 1, =8mA

vV, Input HIGH voltage 2.0 — V., \ Guaranteed HIGH for all inputs
v, Input LOW voltage 0 — 0.8 \% Guaranteed LOW for all inputs
1, Input HIGH current — — 50 pA | V=V

1, Input LOW current -500 — — HA V,=05V
) 3-state output OFF — — 100 pA V. =24V

o current HIGH our

) 3-state output OFF -100 — — pA V., =05V

ZL
° current LOW o
boy Open collector output | — —_ 100 pA Voyr =24V
leakage current

Table 7: DC Characteristics for TTL 1/O Cells (Over recommended operating conditions, TTLGND = GND)

ABSOLUTE MAXIMUM RATINGS ("

Potential Pin to Ground, (Vi) .......cccoiimorirciccect ettt -2.5V to +0.5V
Potential Pin to Ground, (Vi;, ) coooeeeieiieiieiie e +6.0V to -0.5V
ECL Input Voltage Applied @, (Vi coy ) ceevvveeremrerieeeeiiesieeeeeceie ettt e s +0.5Vto V.
TTL Input Voltage Applied @, (Vi 1) cecccorcriimiiontccnicceticnieistevi st e enss e -05Vto V,
ECL or TTL Qutput Current, I, (DC, output HIGH) ........coiiiiiiieciiieiccice et s e 50 mA
Case Temperature Under Bias, (T, ).....ccoeormivermieeeieeceeieieeeee et -55° to +125°C
Storage Temperature®, (Tg;o) wovvvevriiereveieiiviciet ettt et e -65° to +150°C

NOTES: 1) CAUTION: Stresses listed under "Absolute Maximum Ratings" may be applied to devices one at a time without
causing permanent damage. Functionality at or above the values listed is not implied. Exposure to these values for
extended periods may affect device reliability.

2) V,,,V,;, mustbe applied before any input signal voltage and V., input must be greater than V. - 0.5V.
3) Lower limit of specification is ambient temperature and upper limit is case temperature.

RECOMMENDED OPERATING CONDITIONS

ECL Supply Voltage (V. ), (Vi ) eeeeeeeeciicieetcet ittt sna s -2.0V+5%
TTL Supply Voltage, (V, )
Operating Temperature @, (T) ............. (Commercial) 0° to 70°C, (Industrial) -40° to +85°C, (Military) -55° to +125° C

NOTES:1) When using internal ECL 100K reference level.
2) Lower limit of specification is ambient temperature and upper limit is case temperature.
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DESCRIPTION

Some Vitesse ASIC products need both -2V
and +5V power supplies. This application note
describes amethod of generating a-2V supply from
a +5V supply. It is possible to generate the -2V
supply from a standard +5V supply, commonly
found in TTL systems, by using a switching regu-
lator IC such as the LT1070 from Linear Tech-
nology Corp. (Milpitas, CA).

The LT1070 is a monolithic high power
switching regulator which can be configured with
the aid of a few external components to create a
positive input - negative output Flyback Converter.

The schematic below depicts a Flyback Converter
configuration capable of +5Vto -2V conversion. In
addition to the LT1070, the circuit includes a
standard LM 124 op-amp from National Semicon-
ductor Corp. (Santa Clara, CA) and a PE-65108
Transformer from Pulse Engineering (San Diego,
CA). Such acircuit is capable of delivering up to 4
Amps of continuous current at -2 Volts and has line
regulation of 0.05%/V.

Additional information on the LT1070 and
the Output Flyback Converter configuration can be
obtained from Linear Technology Corp. (408/432-
1900) in their Application Note # 19.

+5V
0.47 uF — 1KQ P
127, 3' (PE-65108)
Pin3
MUR
120
VIN
Vsw :
L LT1070 1KQ 1.24KQ
1000 uF Fy AN
GND Vc
1KQ g
_I_ Tk _]_ 0.01 pF 22'@
Pin6 J— -]r-
(PE-65108) | 12T, 1000 pF
Pins.
Vour
Power 2V
Schottky

Figure 1: Flyback Converter Configuration
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INTRODUCTION

This application note describes the SONET
(Synchronous Optical NETwork) transmission
standard and how the VS8010 Series of ICs can be
used to implement SONET. Background informa-
tion is included on both SONET and the VS8010
Series. A detailed description of SONET conven-
tions and their interface with the features of the
VS8010 product family is included as well. A list
of specific optical transmitters and receivers which
are compatible with the VS8010 Series multiplex-
ers and demultiplexers is also provided.

THE VS8010 SERIES
The VS8010 series of integrated circuits are
a set of high speed GaAs multiplexers and

demultiplexers intended for applications in optical
fiber telecommunication links which are intended
to comply with the Synchronous Optical NETwork
(SONET) transmission standard. The series is
comprised of three chips. They are: the VS8011
multiplexer, VS8012 demultiplexer and frame re-
covery circuit, and the VS8010 which combines the
multiplexer, demultiplexer and frame recovery
circuits into one monolithic entity.

These chips are the result of a collaborative
research agreement between Vitesse Semicon-
ductor Corporation and Bell Communications Re-
search (Bellcore). Each chip represents a different
personalization of the Vitesse VSC1500 gate array.
The VSC1500 is an ASIC device which is opti-
mized for multiplexer or demultiplexer applica-

High Spgeﬁ,gﬂ: Eﬂ",}};l High Speed Differential
Outputs (01)
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-III:]III;_I_I__I_}IIIIIIIIIIIIIII.
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Figure 1: VSC1500 Gate Array Architecture
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tions. Figure 1 depicts the internal architecture of
the VSC1520. As seen, the array is divided be-
tween two sections. The top section contains ultra
high-speed cells capable of flip-flop toggle rates in
excess of 2 GHz. This section is typically used for
data serialization and de-serialization in commu-
nications systems applications. The lower section
contains moderate speed cells capable of ultra low
power dissipation. These low power cells are
typically used for data processing, storage and
manipulation subsequent to de-serialization or
prior to serialization.

THE SONET STANDARD

The SONET transmission standard was de-
veloped by the American National Standards In-
stitute (ANSI) and the T-1 Committee of the Ex-
change Carriers Standards Association. Over 200
individual contributions from more than 40 com-
panies helped to complete the SONET specifica-
tion. This effort establishes, for the first time in
history, an international telecommunications pro-
tocol for digital optical transmission.

The basic SONET signal, which operates at
51.84Mbit/s, is called Synchronous Transport
Signal 1 (STS-1). Itis comprised of digital frames,
each 125 microseconds long. Each STS-1 signal is
divided into two portions, one assigned for trans-
port overhead and another which contains the ac-
tual data to be transported. The portion of the frame
containing

the data is called the Synchronous Payload
Envelope (SPE). The SPE can be used to transport
a variety of digital data including telecommunica-
tions DS3 signals, video data, or a number of lower
rate telephone services such as DS1, DS1C or DS2
signals. Thetransport overhead informationisused
to maintain the integrity of the digital link and
contains bytes associated with identifying frame
boundaries, data parity, maintenance, frequency
justification, orderwire, channel identification, and
user specific functions. Figure 2 illustrates the
STS-1 frame which is arranged into 9 rows of 90

bytes each (each row is a sequential 90 byte seg-
ment of the STS-1 frame). Ineachrow 87 bytes are
reserved for the SPE and 3 bytes are associated with
transport overhead.

A primary goal of the SONET standard is to
define a synchronous optical hierarchy with suffi-
cient flexibility to carry many different capacity
signals. This is accomplished by a byte interleaved
multiplexing scheme which results in a family of
standard rates and formats which are integer mul-
tiples of the basic STS-1rate of 51.84Mbit/s. Since
some signals which need to be transported are
greater than the basic rate (such as broadband
ISDN) a technique of linking several basic signals
together to build a transport signal of varying ca-
pacity has also been defined. In general, however,
higher rate SONET signals are created by inter-
leaving bytes of lower rate SONET signals and
modifying the appropriate layer of transport over-
head.

90 BYTES

Z"s'\q_——__—-———- ~18,60 pseconds ————————

I BRE 878
9
ROWS STS-1DATA
ENVELOPE
CAPACITY
N /N /
TRANSPORT SYNCHRONOUS PAYLOAD

QVERHEAD
B DENOTES AN 8-BIT BYTE

ENVELOPE (SPE) 125us

Figure 2: STS-1 Frame

The SONET standard only recognizes cer-
tain whole number multiples of the basic STS-1
signal as valid higher rate signals. The multiplier
values allowed are 1, 3, 9, 12, 18, 24, 36, and 48.
Table 1 lists the standard rates and corresponding
STS levels which are permissible. The rates which
have gained the greatest popularity in the telecom-
munications community are STS-1, STS-3, STS-
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12, STS-24 and STS-48. In addition to providing
overhead functions, the SONET standard facili-
tates clock recovery in a digital link by requiring
that all bytes in a SONET signal be scrambled by a
frame synchronous scrambler of a sequence length
of 127 and a generating poynomial of 1+ x% + x7.
Certain overhead bytes such as the ones identifying
frame boundaries are exempt from this require-
ment. The scrambling operation causes the data to
be exclusive OR’ed with a pseudo random bit
sequence (127 bits long) and thereby provide data
transitions in the transmitted signal. These transi-
tions are utilized by clock recovery circuits to
extract the clock from the data stream in the re-
ceiver. Scrambling is necessary because transition-
poordata (alll’s or0’s for example) could cause the
clock recovery circuits difficulty in performing
their function.

Additional information on the details of the
SONET standard can be found in ANSI document
T1.105-1988, “Digital Hierarchy Optical Interface
Rates and Formats Specification”.

USING THE VS8010, VS8011,
AND VS8012

As seen from the previous description, the
SONET standard imposes an array of fairly com-
plex requirements on a compliant system. Most of
SONET’s requirements for composing the basic
STS-1 frames can be accomodated in pedestrian
CMOS technology because of the relatively low
data rates involved. The business of interleaving
these basic signals to form the high speed STS-3 to
STS-24 frames is much more challenging because
itinvolves the use of a circuit technology which can
handle the 155 Mbits/s to 1.24 Gbits/s data rates
required.

In order to maximize the utility of GaAs
technology to the user while minimizing overall
system power dissipation, the VS8010 series ICs
implement only those functions which necessitate
data manipulation at the fast line rate. These
functions are bit serialization and de-serialization,

and SONET frame recognition and byte alignment.
Most other required functions (byte interleaving,
overhead byte alteration, data scrambling, etc.) can
be accomplished at speeds lower than the line rate,
and are more appropriately delegated to an exter-
nal, low power, gate array. Data scrambling, for
example, can quite easily be accomplished at the
byte rate with the circuit shown in Figure 3. In this
parallel scrambler, D1 is assumed to be transmitted
firstand D8is assumed to be transmitted last. When
ENABLE is LOW the scrambler is off and inputs
are equal to outputs. In addition, SIN to S7N are in
the state which is the correct initial 8-bit scramble
sequence according to the SONET specification.
When ENABLE is HIGH the resulting output is a
scrambled version of the input and is ready for bit
serialization via the VS8010 or VS8011 as appro-
priate to the application.

STS Level L{,’,’”“’,;;’/Z;e
STS-1 51.840
STS-3 155.520
STS-9 466.560

STS-12 622.080
STS-18 933.120
STS-24 1244.160
STS-36 1866.240
STS-48 2488.320

Table 1: Standard SONET Line Rates

For line rates up to STS-3 the external gate
array used to implement functions not provided on
the VS8010 can be a CMOS device. For line rates
between STS-12 and STS-24 Vitesse offers the
FURY or LP Series of gate arrays which feature

1992 Product Data Book

8-19




SONET and the V58010 Series

Sy
\ Sin DQ —
] > > P8 4_%_‘
D1, > Sz /D_)D1O
S| 159
T——] > >7[PS *DT—»
D2, o ,) > >D2o
AR
4
¢+ FF
D4, S ,j >"D40
5
Ssn
L >~ >"be D—H
D5, 5, /D D50
RS O
D6, = ,D—mso
Son
)L > b %
D7, Sa /D—)D7o
‘ v b a
D8, > /D_>D80
CLK
ENABLE

Figure 3: SONET Parallel Scrambler

8-20 VITESSE Semiconductor Corporation



SONET and the V58010 Series

Optcal
Drivar

155.52 Mbyte/sec
Data

e

FEEFFERE)
2117171171
3
g

155.62 MHz Byta
Clock (BYCLK) ™,

i

STS-24 High Speed
Clock (CLKI, CLKIN)

e
ggg pam . ROpiw
-l ediever

D05 @ie] . STS-24
008 1:8 (©10N)
o7 .
%S DEMUX
Byte Clock Out (BYCKO) e

Frame Enable (OOFN) —

Frame Puise (FP)

155.52 Mbyte/sec
Data

STS = Synchronous Transport Signal
OC = Optical Carier

oc-24

oc24 : )
ooz

Optcal ' o0

’—‘ Redever grs 24 . [ b0

(DI, DIN) 1:8 )

|—» Byte Clock Out (BYCKO)
{@+— Frame Enable (OOFN)
Frame Pulge (FP)

p .__STS:24 Clock

" (CLKI, CLKIN)
L | optcas o) &
Oriver [srsa ::$ g‘s
(00, DON) 8:1 e TR
. [e—o08 | &
Mux =B/ 8
155.52 MHzZ.
le— Byte Clock
(BYCLK)
vsso1o

Figure 4: SONET Section Level Node (STS-24 Line Rate)

ultra low power dissipation and the ability to inter-
face both with the VS8010 series chips via ECL
logic levels and to slower systems utilizing TTL
logic levels. These lower power devices can be
used since the VS8010 series ICs are capable of
reducing the effective datarate by a factor of eight.

In applications where the multiplexer and
demultiplexer are co-located (such as a SONET
section level node) the VS8010 chip can be used to
realize the complete transceiver function. Figure 4
shows a block diagram of a SONET Add-Drop
MUX capable of STS-24 rates. In the event that the

multiplexer and demultiplexer functions are not
located on the same printed circuit board, a more
appropriate configuration would use the VS8011
for the multiplexing function and the VS8012 for
the demultiplexing function. The power dissipa-
tion of these individual chipsis approximately half
of the power dissipation of the VS8010 which
combines both functions.

FRAME RECOVERY
The primary capability of the VS8010 series
ICs which makes them appropriate for SONET

STS-3 FRAME

3 %90 Bytes
[&—— 3 x 3 Bytos——|

A1A1A1]A2A2A2 |C1C1CT

DATA

j¢————— 9 ROWS ——py

Transport STS-3 Envelope
——QOverhead " Capacity — >

A1s & A2s: SONET Framing Sequence
C1s: STS Frame ID

STS-24 FRAME

24 90 Bytes
[&—— 3 x 24 Bytes—#{

24 Als | 24 A2s | 24 Cls

DATA

9R

Transport STS-24 Envelope
Overhead > Capacity

Figure 5: STS-3 and STS-24 Frames
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applications is their ability to detect the boundary of
SONET frames from the framing overhead bytes
and to align the subsequently demultiplexed in-
formation to the frame boundary. This operationis
difficult to implement after information has been
demultiplexed and generally requires circuits
which operate at the transmission line rate. Since
SONET protocol insists on byte wide multiplexing
to form higher rate signals, the relative location of
overhead information is maintained in any SONET
frame. Figure 5 depicts both an STS-3 and an STS-
24 frame. Although both frames are 125 micro-
seconds long, the amount of information in the
STS-24 frame is much greater due to the higher
(1.24 GHz) data rate. Note that in all cases a
SONET frame begins with a framing sequence.
The SONET framing sequence is a string of Al
bytes followed by a string of A2 bytes (Al =
11110110 and A2=00101000). Table 2 shows the
number of Al and A2 bytes in each SONET frame
for different line rates.

STSLever | Line Rate sotar | #oraz
ST78-3 155.520_ 3 3
STS-9 466.560 9 9

STS-12 622.080 12 12
STS18 933.120 18 18
STS24 1244.160 24 24
57548 2488.320 L2 48

Table 2: A1 and A2 Bytes in SONET Frame

Figure 6 shows thefunctional block diagrams
for the VS8010, VS8011 and VS8012 chips. The
framerecovery circuits in the VS8010 and VS8012
are enabled on the falling edge of the OOFN input.
Once enabled, the frame recovery circuits start
looking for the SONET framing sequence. The
VS8010 and VS8012 recovery circuits operate
from STS-3 to STS-24. The frame recovery cir-
cuits look for 3 Als followed by 3 A2s. The byte
clock (BYCKO) and parallel byte data output
(DO1-DO8) become invalid on the falling edge of
OOFN and become valid when A1 changes to A2.
The frame recovery circuits align the received
serial data on byte boundaries for demultiplexing
by controlling the timing generator. The byte
boundary alignment is based on the specific A1 and
A2 byte recognition. The falling edge of OOFN
must occur at least 4 byte clock periods before Al
changes to A2. The pulse width of OOFN must be
at least 1 byte clock period.

The SONET frame detector monitors the
incoming data stream. If 3 A1 bytes followed by 3
A2 bytes are detected, a frame confirmation signal
is sent off-chip on the output called FP. The rising
edge of the FP pulse occurs 2 byte clock periods
after Al changes to A2 on the demultiplexer par-
allel data outputs. The FP pulse width is one byte
clock period. The frame detection circuitry also
disables the frame recovery circuits once 3 Als are

PARALLEL
DATAIN 8:1 SERIAL DATA OUT (DO,
D1 - DB DoN)
fr00) , MUX
CLOCK IN CLOCK OUT
(CLKI, CLKIN) (CQ, CON)
BYTE l
CLOCKIN .
(BYCLK) Timing Cike
Generator

SERIALDATA IN 18
(0.0 DEMUX

CLOCK IN
(CLKI, CLKIN)

Timing

BYTE DATA
CLOCK OUT QUT
(BYCKO) (DO1-00g)

FP OOFN  FDIS

Figure 6: a) 8:1 Multiplexer and b) 1:8 Demultiplexer
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Figure 7: VS8010 - 8 Bit Mux/Demux with SONET Frame Recovery

followed by 3 A2s. This is done to avoid a false FP
signal in the unlikely event that the data payload
contains data which is identical to the framing
sequence. It is the systems responsibility to reac-
tivate the frame detector every 125 microseconds
(the length of a SONET frame). Once the frame is
aligned, the FP pulseis generated on every SONET
frame. If for any reason the FP pulse disappears on
frame boundaries then this signals the system that
the frame synchronization is lost. The system then
asserts the OOFN input (HIGH to LOW) torecover
the system back to a synchronized condition. If the
FP pulse does not start up again a link failure may
have occurred. Figure 7 shows the timing rela-
tionships between important signals in the
demultiplexing and frame recovery operation.

INTERFACES

Most inputs and outputs on the VS8010 se-
ries chips are fully compatible with ECL circuits.
Exceptions to this general rule are the very high
speed inputs and outputs assigned to receiving and
transmitting serial data and high speed line-rate
clock. These interfaces are capable of accepting or
transmitting data at rates in excess of 1.5 GHz.
Since ECL circuits are not capable of speeds of such
magnitude, the high speed I/O of the VS8010 series

interfaces with AC coupled signals which could be
generated by oscillators or high speed optical re-
ceivers/transmitters.

In a typical application the high speed clock
(CLKIN) and data (DIN) inputs have an external
chip capacitor connected in series between the
input and the terminated transmission line carrying
the high speed signal. Internal circuitry is re-
sponsible for level shifting the AC coupledsignal to
the appropriate DC levels needed for internal op-
eration. The AC coupled signals should have peak-
to-peak amplitudes between 800mV and 1.2V. The
DClevelsrequired at these high speed inputs, in the
event of DC coupling, are shown in Table 3.

High speed outputs CO, CON and DO, DON
on the VS8010 and VS8011 deviate slightly from
standard ECL levels. The guaranteed signal levels
are also shown in table 3. Note that the peak-to-
peak amplitude of these signals is between 620mV
and 1.3V,

SUPPORT CIRCUITS

In the design of an actual SONET compliant
digital optical link, many additional circuits are
needed to support the VS8010 series ICs. They
include optical transmitters and receivers, clock
recovery circuits, high speed clock generation cir-
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Note: The parallel data outputs only begin showing valid data after the last A2 of the SONET framing secuence.
The example waveforms shown above utilize an STS-3 framing sequence for convenience.
Thus, in this example, valid data is output after the third A2 in the SONET framing sequence.

Figure 7: Timing Waveforms for Demultiplexing and Frame Recovery

Parameters Description Min Typ Max | Units Conditions
vV, Input HIGH voltage 31 | 830 | -29 v %ﬁggﬂf&ge‘g'ﬁ,guﬁg’"m
v, Input LOW voltage 41 | a0 | 89 | v | e e
Veer Reference level — -3.5 - v
Vo Output HIGH voltage -1.1 —_ -0.7 V| Qupat load,
Vo, Output LOW voltage 20 | — [-t72 | v | Ouputicad

NOTES:1) A reference generator is built into each high speed input, and these inputs are designed to be AC coupled.
2) If a high speed input is used single-ended, a 100pF capacitor must be connected between the unused high
speed or complement input and V..
3) Differential high speed outputs must be terminated identically.

Table 3: High Speed Input and Output Levels (Over recommended operating conditions. V. = GND, output
load = 50Q to -2.0V.)
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cuits, frame formatting and byte multiplexing cir-
cuits. A list of optical transmitters and receivers
which are compatible with the VS8010 family are

listed below.
OPTICAL TRANSMITTERS
Company Model Number  Performance
BT&D XMT 1100 upto 1.4 Gb/s
- 1mW output power
BT&D XMT 1300 upto 1.4 Gb/s
- 200uW output power
AT&T ASTROTEC 1218 upto 1.0 Gb/s
Ortel 3510A up to 3.0 Gb/s
Ortel 3510B up to 6.0 Gb/s
TACAN TX1250 upto 1.25 Gb/s
OPTICAL RECEIVERS
Company  Model Number  Performance
BT&D RCV1101-50 up to 50 Mb/s
BT&D RCV1101-150 up to 150 Mb/s
AT&T ASTROTEC 1306A upto 1.7 Gb/s
Ortel 3510A up to 3.0 Gb/s
Ortel 3510B up to 6.0 Gb/s
TACAN RX1250 upto 1.25 Gb/s

Key to Optical Transmitter/Receiver
Vendors:

Ortel Corporation
2015 West Chestnut St.
Alhambra, CA 91803

AT&T Technologies
555 Union Blvd.
Allentown, PA 18103

TACAN Corp.
2330 Faraday Ave.
Carlsbad, CA 92008

BT&D
2 Righter Parkway
Wilmington, DE 19083
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GaAs DCFL Reg:sfers

INTRODUCTION

This application note describes the funda-
mentals of metastability as well as a method of
characterizing metastable behavior. The results of
the characterization are applied to a general failure
rate formula to predict the reliability of data syn-
chronizers implemented using GaAs DCFL regis-
ters.

METASTABILITY THEORY

In any system where a single flip-flop (or
latch) is used to resolve the timing conflicts be-
tween two asynchronous digital circuits, this flip-
flop is subject to marginal triggering behavior.! In
recent years, this general phenomenon has been
given the name “metastability”. The theory and
characterization of metastable behavior is of par-
ticular concern in determining the reliability (fail-
ure rate) of synchronizer circuits.

A metastable condition can occur when the
setup and hold specifications of a register are vio-

lated. In Figure 1, Case 1 shows a transition of the
asynchronous data which satisfies the setup time
requirements of the synchronizing register. A logic
“1” is therefore transferred to the register output.
Case 2 in Figure 1 shows data which is stable for a
sufficient period of time to satisfy the hold time
requirements of the register. In Case 3, however,
the asynchronous data and the clock transition
concurrently, thus causing the output of the register
to be indeterminate (neither a logic “1” or a logic
“0”) for a period of time. The amount of time
required for the register output to transition from
this indeterminate state to a valid logic state is
commonly referred to as the "walk-out" time. The
actual window of time where an indeterminate
condition can occur is normally much smaller than
the specified setup and hold time window for a
given flip-flop.

Metastable behavior can also be perceived in
terms of its effect on flip-flop delay 2. As seen in
Figure 2, the flip-flop has a normal propagation

tgy>min & je-

tysl o

4

AR N ANy

ts.u’tH=?"|

/

tppsmax —» |e-

Case 1

Case 2

J%

Case 3

Figure 1: Data and Clock Relationships for Bi-Stable Elements
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Figure 2: Metastable Delay

delay, tr, when the setup time specification is met.
As the data input transition moves closer to the
clock transition, however, the delay of the flip-flop
increases - reaching its maximum value when the
clock and data transitions occur simultaneously. As
the data input transition moves past the hold time,
no output transition occurs.

Perhaps the most important conceptin under-
standing metastable behavior is that the walk-out
time is always a probabilistic phenomenon. A
“maximum” walkout time for a given register does
not exist. Rather, for a certain flip-flop there exists
a relationship between a given walk-out time and
the probability that this walk-out time will occur.
Empirical studies have shown that the mean time
between events where the synchronizer flip-flop is
still unresolved at time t_, MTBE(t,), is: %

where:
t, is the time the flip-flop has been allowed
to resolve after the clock transition.
K1, K2, and h are parameters associated
with a particular register and are functions
of the circuit design and construction.

The total walk-out or indeterminate time can
be viewed as two time periods: the amount of time
taken for random noise to “push” the output just
outside of the metastable state (T,,), and the re-
covery time (Tg) from time T, until a valid logic
state is achieved.

METASTABILITY CHARACTERIZATION
Metastable behavior can be observed using
many different methods. Analog circuit simulators
such as SPICE cannot accurately characterize
metastable behavior in a bistable element unless an
accurate noise model is incorporated into the simu-
lation. Given therandom and often complex origins
of noise in actual circuits, accurate noise models are
quite difficult to create. Metastable behavior can
also be observed in the lab using fine resolution

MTBF(t, ) = _SXP(/K2) 1)
(K1) (fCL)J (fDATA)
fort, >h
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Figure 3: Metastability Circuit Schematic

delay lines to vary the relationship between clock
and data until an indeterminate condition is ob-
served using a triggered oscilloscope. Because
metastability is a probabilistic phenomenon, how-
cver, it is impossible to obtain the K1, K2, and h
constants for a given register using either of the
above methods.

The most direct and accurate method of char-
acterizing the metastable behavior of a flip-flop is
to construct a synchronizer using that flip-flop and
gather statistical data on that flip-flop’s failure rate
as a function of the settling time allowed. This
characterization method readily yields the K1, K2,
and h constants necessary to predict synchronizer
failure rates. To shorten the duration of the tests,
random data transitions can be confined to a small
window of time surrounding the active clock tran-
sition.

TEST SETUP

In order to characterize the metastable prop-
erties of GaAs DCFL registers, a synchronizer
circuit was implemented on a FURY VSC10K gate
array. The circuit schematic is shown in Figure 3. In
order to simplify the testing, a latch (LLP1U) was
used rather than a flip-flop. The LLP1U is an
unbuffered DCFL latch. The clock and data signals

are brought onto the chip through differential ECL
compatible inputs. The clock (enable) signal was
inverted to cause the circuit to latch on a positive
clock, again to simplify the test. The output of the
latch drives two DCFL inverters, U5 and U6. A
difference in switching thresholds between the two
inverters is created by using twice the standard D-
mode FET width on inverter US and twice the E-
mode FET width on inverter U6. This threshold
window is approximately 130 mV in magnitude
centered around the nominal inverter threshold.
When the output of the latch is in the indeterminate
region, therefore, the output of U5 will be high and
the output of U6 will be low. The outputs of US and
U6 are registered using flip-flops U7 and U8 and
are driven off-chip through ECL outputs U9 and
uU10.

The bench setup shown in Figure 4 was used
to conduct the metastability testing. An EH
SPG2000 4-channel] pulse generator was used to
provide the “raw” clock and data signals (MCLK
and MDATA) to the latch as well as the RCLK
signal toregisters U7 and U8. In order to accurately
control the relationship between the clock and data
signals to the latch, the ECL differential input
buffers, Ul and U2), were used as verniers. The
MDATAREEF signal was set to a fixed voltage to
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Test Board
Function MCLKREF
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’ -1.3VDC AN
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MCLK, MDATA
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Pulse Generator RCLK
(EH SPG2000) Clock to the Counter
10 MHz

Figure 4: Metastability Bench Setup

adjust the clock and data signals so that metastable
events per unit time were maximized. A triangle
waveform was driven onto the MCLKREEF pin in
order to sweep the latch back and forth through its
entire window of metastability. The size of the
actual window was determined empirically to be
about 15 ps. However, a 350 ps sweep window was
chosen (by adjusting the amplitude of the triangle
waveform) to ensure that the entire period where
metastable events occurred was covered even if the
MDATAREEF input voltage drifted. Because the
slew rate of the MCLK/MDATA signal was set to
0.5 V/ns, a peak-to-peak voltage of 175 mV was
used for The register output signals, MOUT1 and
MOUT?2, drive an off-chip exclusive-OR which in
turn drives a 16-bit ECL counter with over-flow.
For a given test the walkout time, t_, is controlled
by setting the delay between the MCLK and RCLK
signals. The time between trials (each trial being a
latching edge on MCLK) is set by varying the
internal period on the SPG2000 pulse generator.
For all of the tests summarized in this document, a
period of 100 ns was used which corresponds to a
clock rate of 10 MHz. For each part, errors were

counted over a specific period of time for various
values of walkout time.

All of the testing was performed at room
temperature with no air flow applied to the part. A
case temperature of 52 + 2°C was measured for
these conditions. A nominal supply voltage of -2.0
Volts was applied to the device under test. Prior to
the actual MTBF testing, the output of the latch was
observed directly using a sampling oscilloscope to
ensure that metastable conditions could be induced
by the test setup.

TEST RESULTS

Figure 5 shows In(MTBF raw) versus the
walkout time. This data is an average of testing
done ontwo devices and is considered to be typical.
For both parts, the data taken fit the theoretical
model described in equation (1). The value of the
experimental constant, A, which represents the
minimum value of t,, for which equation (1) holds,
was not determined but appears to be less than 1 ns.
Further testing is required to establish the worst
case MTBF for a given walkout time. Vitesse
recommends guardbanding the settling time al-
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Figure 5: In(raw MTBF) as a Function of Walkout Time

lowed by at least 1 ns to meet the typical MTBF
values specified.

The values for KI and K2 are derived from
the experimental data using the following relation-
ships:

K1 = explin((fydlioara)) -b) (@)

K2=1/m 3)
where:

fo1 ¢ = clock frequency to the latch (10 MHz)

foata = effective data frequency (1.43 GHz)

m,b = the slope and y-intercept of
the linear fit of In(MTBF) vs. t,,

The effective data rate of 1.43 GHz is
achieved by limiting data transitions to the 350 ps
sweep window around the clock. Because only a
single rising edge occurs in this window, however,
the effective data period is twice the sweep win-
dow. Using theslope and y-intercept from Figure 5,
the values of K/ and K2 are:

K1 =7.44E-13/sec
K2 = 1.82E-10 (dimensionless)

Figure 6 charts the MTBF as a function of
walkout time for a data frequency of 100 MHz and
aclock frequency of 75SMHz. Data is given for both
a GaAs DCFL circuit and a typical ECL register.
Table 1 shows the typical MTBF for various com-
binations of f; ¢, fi, 14> and . The user should
note that these MTBF values are for a single flip-
flop. In order to calculate the MTBF for a dual-
stage synchronizer, the MTBF of the first stage
must be calculated first. This MTBF then becomes
the datarate for the next stage when calculating the
cumulative MTBF of the two registers in series.

SYNCHRONIZER APPLICATIONS

Knowledge of the metastable behavior of
registers in a given technology is crucial to the
design of synchronizers. The VMEbus, for ex-
ample, is an entirely asynchronous bus? Because
no timing is specified for bus arbitration signals,
decision points such as the bus arbiter, the bus-
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Figure 6: MTBF vs Walkout Time for GaAs and ECL

grant daisy chain, and the interrupt-acknowledge
daisy chain must contain synchronizers to resolve
timing conflicts. Given that the system clock rate is
a known value and the frequency of events to be
synchronized can be estimated for the system, the
MTBEF for the synchronizer can be established
based on the MTBF equation for that register. For
example, a dual register synchronizer clocked at
100 MHz synchronizing data at 50 MHz will ex-
hibit a mean time between failures of approxi-
mately 90 million years, allowing 1 ns for setup
time and 1 ns for guardband. If the MTBF for a
given amount of settling time is tolerable, a single
DCFL register can be used to synchronize random
events. For asingleregister, 100 MHz clock, and 50
MHz data, allowing an additional 5 ns of delay
yields a typical MTBF of about 7 years.

CONCLUSIONS

Compared with previously published results,
initial testing indicates that GaAs DCFL registers
are superior to ECL registers in terms of the mean
time between failure due to metastable conditions.
This result is likely attributable to the fast intrinsic
delays of DCFL gates as well as the shorter feed-

back path inherent in DCFL latches. Past studies
show that the trend is for the value of K2 to be lower
for newer and faster technologies 2. Further testing
will allow the variations in metastable behavior
with respect to process to be determined. Testing
over temperature and voltage variations is also
scheduled although past research indicates that
variations in K/ and K2 due to temperature and
voltage are minimal compared to variations due to
process 2.
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MTBF Expressed in:

f_data f_clk (Hz) t_walk Seconds Hours Days Years
(Hz) |(seconds)

1.00E+07 | 2.00E+07 400E-08 | 1.15E+93 | 3.18E+89 | 1.33E+88 | 3.64E+85
2.50E+07 | 5.00E+07 1.80E-08 | 7.69E+39 | 2.14E+36 | 8.99E+35 | 2.44E+32
5.00E+07 | 1.00E+08 8.00E-09 | 299E+15 | 8.31E+11 | 3.46E+10 | 9.48E+07
1.00E+08 | 2.00E+08 450E-09 | 3.47E+06 | 9.65E+02 | 4.02E+01 1.10E-01
3.30E+07 | 6.60E+07 1.42E-08 | 3.04E+30 | 843E+26 | 3.51E+25 | 9.63E+22

Table 1: MTBF as a Function of f, ..., f, «, and Walkout Time

References

1 Chaney, Thomas J., “Measured
Flip-Flop Responses to Marginal
Triggering”, IEEE Transactions on
Computers, Vol. C-32, No. 12,
pp. 1207-1209, December 1983.

2 Beaston, John and R. Scott Tetrick,
“Designers Confront Metastability
in Boards and Busses”, Computer
Design, pp 67-71, March 1, 1986.

3 Chaney, T.J.and F. U.
Rosenberger, “Characterization
and Scaling of MOS flip-flop
Performance in Synchronizer
Applications”, in Proc. Conf. Very
Large Scale Integration Architecture,
Design, Fabrication, California Instit.
Technol., pp. 357-374, 22-24 Jan.
1979.

1992 Product Data Book 8-33



Metastable Behavior of GaAs DCFL Registers

8-34 VITESSE Semiconductor Corporation



INTRODUCTION

Forseveral years, Gallium Arsenide ICs have
proven extremely useful in high-speed linear ap-
plications such as microwave amplifiers and
fiber optic drivers. Within the past five years,
however, improvements in processing technology
coupled with the use of advanced design techniques
have made the production of VLSI GaAsintegrated
circuits a reality. Vitesse Semiconductor Corpora-
tion has developed a tightly controlled GaAs en-
hancement/depletion mode (E/D) process. This
process in conjunction with its direct-coupled FET
logic (DCFL) design technique has enabled Vitesse
to produce and ship ASIC circuits with complexi-
ties of over 100,000 gates. The performance of
these circuits and the available ECL-compatible I/
O structures allow GaAs DCFL ASICs to serve as
a viable alternative to ECL gate arrays or standard
cells at the system level. This application note
describes the similarities and differences in struc-
ture and implementation of GaAs DCFL and Bi-
polar ECL/TTL ASIC devices.

WHAT IS DIRECT-COUPLED FET LOGIC?
Direct-coupled FET logic (DCFL) is a tech-
nique used to design logic structures from enhance-
ment and depletion mode FETs. DCFL has been in
use since the mid-1970’s to build nMOS circuits
and is widely recognized for its density and sim-
plicity in the creation of large integrated circuits.
On paper, GaAs DCFL logic looks virtually
identical to nMOS with the exception that nMOS
uses MOSFETs while GaAs DCFL uses MES-
FETs. MOSFETs have an oxide insulated gate
which prevents the flow of gate current, while
MESFETsS contain a Schottky barrier diode in the
gate-source junction which allows the gate to
source current supplied from the previous stage of
logic. The gate diode also clamps the internal V
level to about -1.3 V, or one diode drop above V.

Figure 1 shows a 2-input NOR driving an
inverter. The depletion mode FETs (Q1 & Q4 )
have their gates shorted to their drains and act like
current sources. When both D0 and D1 are low, 02
and Q3 are off, allowing ZN1 torise and turn on 95.
The current from Q1 in this case will flow through
the gate of Q5. If either DO or DI are pulled high,
the @1 current is shunted through Q2 and/or 03,
pulling ZN1 low.

0 Volts
a1 Q4
1 v Janz
oo {az b1 as_—l—[las
‘I:l -2 Volts :

2-input NOR Inverter

Do
D1 2ZN1 ZN2

Figure 1: DCFL 2-input NOR and Inverter

DCFL Features

The key advantages of DCFL are circuit
simplicity and the ability to switch very quickly
using a small supply voltage. The 2-input NOR gate
showninFigure 1, uses only three transistors (resis-
tors are not necessary). GaAs DCFL can operate
reliably on a 1.1 V power supply, in contrast to
bipolar ECL which requires either 4.5 or 5.2 V.
Unlike ECL, no internal reference voltages are
needed for GaAs DCFL circuits. Alllogic switches
around the enhancement-mode FET threshold
(about 250 mV above the source voltage, V).

On the flip side, however, GaAs DCFL does
not allow the use of series-gated structures, wire-
ORs, or collector-dotting (all features of ECL).
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This is offset by the higher circuit density and Parameter | GaAs DCFL | Silicon ECL
corresponding shorter device interconnection

lengths found in GaAs DCFL. Virtually all logic AB — SUM | 836ps 1125 ps
structures which have been created for Vitesse c,—C,, 587 ps 1338 ps
ASIC products ars constructed from simple in- Power (typ) 4.8 mW 16.58 mW
verters or two to four input NOR gates. Figure 2 2 2
depicts a full adder macfo implemented in GaAs Area 21236 pm 81750 um

DCFL. The logic portion of this macro is built from
three 2-input NORs, five 3-input NORs, and one 4- Table 1: GaAs: DCFL vs. Silicon ECL: Full Adder
input NOR. Vitesse incorporates a proprietary ~ Macro Comparison

buffer on the outputs which effectively drive large  lect different switch and emitter follower current
capacitive loads with very little skew betweenthe  values by paralleling resistors using the metal per-
rising and falling edges. Table 1 is a comparisonof  sonalization. Generally, the resistors necessary for
the GaAs DCFL full adder macro with an equiva-  atleasttwo different speed/power versions of many
lent version implemented in silicon bipolar ECL.  functions are included in the basic cell. In GaAs
technology. Note that the GaAs DCFL versionhas ~ DCFL, however, the trade-offs involved in buffer-

a significantly shorter propagation delay, dissi-  ingare somewhat different. In Vitesse’s FURY and
pates lessthan30% of thepower and usesonly 70%  FX Series' of gate arrays, internal macrocells can
of the space needed by its silicon counterpart. have unbuffered, 1x drive, or 2x drive outputs. The
trade-offs involved with this choice of buffering
BUFFERING TRADEOFFS involve speed, power, and density. Moreover, the
Many ECL ASIC products allow for a  speed/power versus density tradeoffs will vary
tradeoff between speed and power. This is gener-  depending onthe complexity of the macro function.
ally accomplished by allowing the designer to se- In general, the presence (or absence) of buffering
Voc Vee
BUFFER (] out BUFFER SUM
Vir L v"
Vee Vee Vee

Figure 2: Full Adder Implemented in GaAs DCFL
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affects the intrinsic delay of the macro very little.
Buffering will increase the driving ability of the
macro output in terms of both DC drive limitations
and AC performance. On the other hand, buffering
requires additional depletion and enhancement
mode devices which could otherwise be used for
logic and also consumes additional power. The
more complex the macro function, the less the price
paid for the buffer in terms of percentage area and
power. Figures 3 and 4 depict the buffering
tradeoffs for a 4-input NOR and a D flip flop in the
FX Series macrocell library.

724

N

TV, PoweR
(mw)

DRIVE
(po/mm, rising)

Key:

O3 LN2Us (2-input NOR unbuffered)
O tN2 (2input NOR 1x butfer)

B LN2B (2-input NOR 2x butter)

Figure 3: FX Macro Buffering Options for a 2-input
NOR Gate

m

AY () DRIVE

i et - iees)
Koy:

O LFP1U (unbuttered Flip-Flap)
O LFP1 (Rip-Fop 1x butter)
B LFP18 (Flip-Flop 2« buffer)

Figure 4: FX Macro Buffering Options for a
D Flip-Flop

FURY GATE ARRAY ARCHITECTURE

Like most third generation ECL gate arrays,
the Vitesse FURY Series of gate arrays employ a
channeled architecture. Metal 1 is used to route
within macrocells and in the vertical channels be-
tween macrocell columns reserved for routing.
Metal 2 channels run horizontally over the entire
core area. A third layer of metalization is used for
fixed power and ground distribution in the macro-
cell columns. Figure 5 shows the layout of the
FURY VSCI15K array.

The I/O ring contains 96 input-only buffers
on the sides of the array and 100 input/output
buffers on the top and bottom for a total of 196 I/O
pads. A D-latch or buffer can be implemented in the
input-only cells and a D-flip flop or a 2 or 3-input
OR/NOR gate may be placed in the output cell
structure. In addition, each FURY array contains a
small number of high-drive input cells which are
used for distributing large fanout signals, such as
clocks, to local buffers in different areas of the core.

Each cell column in the core is composed of
a large number of “slices” (192 in the case of the
VSC15K). A slice consists of four cellsin a2 by 2
configuration. A cellis equivalent to an unbuffered
2-input NOR (two enhancement-mode FETs and
one depletion-mode FET). The minimum address-
able unit (MAU) in a FURY array is two cells (six
FETs). By contrast, the typical ECL gate array
MAU contains 10 to 19 transistors and an equal
number of resistors. The finer granularity of the
FURY MAU minimizes the number of wasted
transistors in a given macrocell implementation
allowing for virtually 100% use of the core cells.

To the IC designer, a Vitesse GaAs DCFL
gate array appears much the same as its present
ECL counterpart. Both have internal and I/O mac-
rocells and both generally use channeled architec-
tures with two layers of user metal and one layer of
power/ground metal.
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FX ARRAY ARCHITECTURE

The FX Series offers the integration level of
BiCMOS gate arrays with speed performance ex-
ceeding that of ECL devices. Implemented using
Vitesse’s proprietary H-GaAs III process, the FX
family of gate arrays is the first to combine ultra
high integration with leading edge performance.

The FX array family incorporates a channel-
less array architecture which allows metal routing
on the first layer to be placed directly over unused
cells. This approach avoids the need for pre-defined
channels between columns of macros and therefore
allows much greater density and flexibility than
channelled gate array architectures. Due to an ad-
vanced four layer metal process, typical maximum
array utilizations range from 50% to 67% of the
total available gates.

Capable of operating at well over 500 MHz,
the FX Series arrays have been designed to provide
the best speed - power performance of any gate

array technology. The speed of leading edge ECL
technology is achieved at a fraction of ECL’s
power. In addition, because of the frequency inde-
pendent power consumption of H-GaAs technol-
ogy, power dissipation levels comparable to, or
lower than, similar density BiCMOS arrays can be
achieved at frequencies above 50 MHz (see Vitesse
Application Note 10, “Power Dissipation: BiC-
MOS vs. GaAs”). This power savings can add up to
substantial cost savings to users in terms of overall
cooling requirements.

The FX Family includes support for the cre-
ation of custom masterslices. Functions such as
SRAMSs, multiport register files, and others can be
merged with FX arraysresulting in unique architec-
tures and optimum performance.

As with all of Vitesse’s ASIC products, the
FX arrays interface with TTL and ECL devices
directly. The FX array family uses standard power
supplies and is supported on the ASIC industry’s

Input Only :l

S

Register File
nogumm) ~

Custom
Register File =t

Core-based
Loglc Megacell ~

input
Output Coll—)
Vo Coll
ESD
Pad
C
Input m—’ﬂl
Input Only P
Cell |
ESD
Pad
10

Note: V/O cells wrap around the
top and bottom of the array and
Include auxillary grounds so no

signals need 10 be sacrificed.

Figure 6: FX Array
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most popular CAE platforms for schematic cap-
ture, behavioral modeling and logic synthesis.

The FX arrays contain three cell types: inter-
nal logic cells, input only cells and input/output (I/
O) cells. All input only and input/output cells con-
tain undedicated logic which the user may person-
alize. There is enough configurable logic in these
cells to implement moderately complex functions
such as mux'es and flip flops, allowing the arrays to
conform to the JTAG boundary scan standard.

FX arrays can be designed to implement full
custom megacells such as SRAM and pre-defined
core based megacells such as register files. In
addition, a proprietary compiler is available to
customers wishing to incorporate custom RAM
configurations in their designs. A depiction of a
VGFX350K with megacells incorporated is shown
in Figure 6.

RAM/ROM Megacelis

As with ECL standard cell architectures, the
FX gate arrays allow for the inclusion of custom,
hand-packed “megacell” blocks. Unlike newer
ECL standard cell technologies which use BiC-
MOS for the implementation of dense RAM, the
FX arrays use the same GaAs E/D process and
design rules for RAM and ROM blocks that are
used for standard DCFL logic.

SYSTEM CONSIDERATIONS

At the system level (i.e., looking at a pack-
aged part as a black box), Vitesse GaAs ASICs are
virtually identical to ECL ASICs. ECL I/O buffers
as well as TTL buffers are supported on all FURY
and FX ASIC products. In implementing a board
design which includes a Vitesse ASIC, however,
the designer should be aware of ECL I/O differ-
ences and power supply requirements.

ECLIO

Vitesse ASICs support ECL 100K input and
output levels. Unlike standard ECL 100K, how-

ever, the GaAs V,,; min is always equal to V
because the ECL outputs are cutoff in the low state.
This is not a problem in digital applications, but
may necessitate the use of a higher V.. (approxi-
mately -1.7 Volts) when driving a DAC because of
potential analog feed-through problems associated
with the larger input swings. Also, the -2.0 Volt
supply must be controlled to 5% to ensure that
adequate noise margins are maintained using the
internal ¥, reference generator. If suchregulation
is not feasible, or if the design must receive 10KH
levels (which vary with temperature), then an exter-
nal Vp, reference should be supplied.

Power Supply Considerations

Nearly all Vitesse ASICs use -2 V as the
primary supply voltage. In fact, for an ECL-only
interface, -2 V is the only supply required. Al-
though the power dissipated by GaAs DCFL cir-
cuits is relatively small, the -2 V regulator must be
capable of supplying a large amount of current (up
to 4 Amps in the case of a fully utilized VSC15K
gate array). When TTL interfaces are needed, a +5
V is required. Some gate arrays can be configured
to a +5V, +2V supply environment for TTL only
operation.

CONCLUSION

Though the internal logic structures and raw
materials used to construct GaAs DCFL ASICs are
somewhat different from those used to build ECL
ASICs, the two technologies are virtually identical
at the system level. The density and performance of
GaAs DCFL ASICs make them attractive alterna-
tives to ECL ASICs in many systems. With the
advent of the FX family, the system designer now
has the flexibility to more fully reap the benefits of
GaAs DCFL technology. The major advantage of
GaAs DCFL technology is the ability to produce
ASIC devices which offer better density and per-
formance than ECL while dissipating only 1/4 to
1/5 of the power.
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INTRODUCTION

The use of multiple ECL (or ECL-compatible
GaAs) ASIC devices on a circuit board may require
the addition of an externally generated ECL input
reference voltage (V). Providing this reference
ensures that the input receivers of the ECL devices
will all switch at the same threshold voltage inde-
pendent of power supply or temperature variations.

This application note describes a method for
providing an external ECL input reference (-1.32
Volts) from a standard -2.0 Volt ECL supply using
an adjustable micropower voltage reference and
three resistors.

REFERENCE CIRCUIT DESCRIPTION

The reference circuit employs three resistors
and an LM185, LM285, or LM385, which are 3-
terminal adjustable band-gap voltage reference de-
vices available from National Semiconductor Cor-
poration. The LM 185 is rated for operation over a -
55°Cto 125°C temperature range, while the LM 285
is rated from -40°C to 85°C and the LM38S5, from
0°C to 70°C. A block diagram of the LM185/285/
385 is shown in Figure 1. The circuit shown in
Figure 2 is used to create the voltage reference.

®

10pA

Figure 1: Block Diagram of the LM185/285/385

+— V=0V
+
LM185/285/385
I\ O Vioe=-1.32V
> IL _9 @ ILOAD

V, = -2.0 Volts (+ 10%)

Figure 2: ECL Reference Circuit

The reference circuit shown in Figure 2 uses
Vir and V. as external voltages to produce the
reference voltage, V... In order to create a refer-
ence which can be used with Vitesse ECL-com-
patible ASIC parts, the values for R, R,, and R,
must be chosen under the following operating con-
ditions:

« Supply Voltage, (V) -2.0 Volts (+ 10 %)

 Current through LM185/285/385
from + to —, (I,) 0.10 to 20 mA

+ ADJ Current through LM185/285/385, (1, )
<10 nA (guaranteed by LM185/285/385
specs)

» Current to each Vitesse ECL compatible
input cell from Vg, (Ilnput) <5pA

+ Potential between V..and ADIJ, (AV,, )
1.24 Volts (reference voltage produced by
the LM385)
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The values for R, and R, must satisfy the
following condition:
R 1
Vger=-124 (52 + 1) rl
R,
By equation [1], the following commonly
available resistor values can be used for R, and R,
to create a -1.32 Volt = 10mV reference:

R,=16KQ
R,=1KQ

The stability of Vpg, depends on the toler-
ances of these two resistors. If £ is the maximum
normalized value and p is the minimum normalized
value of the resistors R, and R, expressed as deci-
mals, then the variation in Vg is given by the fol-
lowing equation:

Rs k [2]
Rl
Rs

'ﬁ2-+1

AV pep=

Assuming that the resistors have a 5% toler-
ance and substituting values into the equation, we
can then solve the equation:

1KQ 1.05 3]
T6KG 095 )

1KQ
16KQ

AV pep=
+1

AV = 0.6% or ~8mV

Although use of 5% resistors gives a tight
V wgr» it is advisable to use 1% metal film resistors
instead of the commonly available 5% carbon com-
position resistors to minimize aging effects and to
compensate for the tolerance on the 1.24 Volt band-
gap reference voltage.

R, determines the no load regulator current.
Assuming worst case power supply and 175pA

total regulator current, then:

_1.81.32

, =27kQ
175pA

Since theregulator can source up to 20maA, as
many as 4000 Vitesse ECL inputs can be supported.
Thus, a single regulator circuit, as shown in Figure
3, can be used on a circuit board to supply ECL
input reference for many Vitesse IC's. A typical
Vitesse compatible external Vg, pad is shown in
Figure 4. The exact number of IC's is dependent
upon the number of ECL inputs per IC. The load
current per input cell is < S A, with an additional
100pA ESD diode leakage current per chip. For
example, if 3 ASIC devices with 40 inputs each are
serviced by the external Vg circuit, then:

I, = (3x40x5pA) + (3x100pA)
= 900pA

When more than 40 inputs are connected to
the reference, the value of the bleeder resistor R,
becomes relatively unimportant and, for example,

can be made equal to R, (16K€2) in order to reduce
parts inventory.

0 Volts
2100 pA
sl/ 16K Q
LM185/285/385 \L ~75pA
1KQ
——0-1.32V@ 1,
> I -
R, = 2.7KQ
V,=-210%

Figure 3: Implementation of Reference Circuit
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Veo

-

ESD Interal

Vier Distribution
/ Bus

PAD I Cell

Figure 4: Typical Vitesse External V. Pad

Notes
1. In order to use this reference
generation scheme, the Vitesse
ASIC product (gate array or
standard cell) must be specified
with an external ECL reference.

2. Vitesse recommends the use of a
0.001 to 0.01 pF bypass capacitor
at the reference input pin of each
array. Refer to the design manual
for the particular ASIC product
for the location of the input
reference pins.

3. Care must be taken to account for
the effect of IR drop in the refer
ence net on the PC board.
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INTRODUCTION

CMOS and BiCMOS have traditionally been
viewed as low power technologies. This reputation
stems from the fact that unlike other technologies
which have preceded them (TTL, ECL, NMOS,
etc.) the power dissipated by a CMOS or a BiC-
MOS gate is dependent on the frequency of its
operation. When CMOS or BiCMOS gates are not
toggling they dissipate almost no power. As opera-
tional frequencies in the gates increase, however,
the amount of power dissipated proportionately
increases. At these higher frequencies, GaAs Di-
rect Coupled FET Logic (DCFL), which is capable
of faster gate delays, dissipates less power than
BiCMOS.

The purpose of this application note is to
show how both BICMOS and DCFL GaAs power
dissipation is calculated and to examine and com-
pare the two technologies with regard to power
dissipation.

POWER CALCULATIONS FOR BICMOS
There is little or no static power dissipated in
most practical topologies of BICMOS gates since
current is used exclusively to charge and discharge
load capacitance. BICMOS ASIC design manuals

instruct the user to compute the internal cell power
dissipation by multiplying a factor, whose units are
microwatts/(gate-MHz), by the frequency of op-
eration. This result is then multiplied by the total
number of cells in a given design derated by an
arbitrary fraction representing the number of gates
switching. This latter derating factor ranges from
0.2 to 0.4 depending on the design at hand. The
composite power is calculated using the following
formula:
Prtera= F A/GPy,, (1)
Where:
F = the highest frequency in
MHz for gates in the design
A, = average fraction of the gates
which are switching at a
given time
G = the total number of gates in
the design
Pgm= the power per gate-MHz
(typically between 20 and
40 microwatts/gate-MHz)

To obtain accurate results from a particular
design, however, it would be amistake to use the A,

FO=2

QpF— 21 |
—_—aD _
A

CK

FO=2

Figure 1: Benchmark Circuit. This circuit is analyzed in the text to compare its power dissipation vs. frequency

when implemented in BICMOS and GaAs.
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estimation factor blindly. Not using any derating
factor could also result in an incorrect estimate of
the power dissipated in a sequential circuit. Be-
tween two successive registers in a sequential cir-
cuit there may be several levels of logic. As aresult,
the effective frequency seen by any one gate in the
chain of gates between registers can be substan-
tially lower than the clock frequency applied to the
registers. For small designs it is practical to explic-
itly calculate the effective frequency of operation
of each gate and obtain an accurate understanding
of power dissipation.

As an example please refer to the benchmark
circuit of Figure 1. Here several stages of logic are
placed between two flip-flops. The maximum fre-
quency seen by any gate other then the flip-flops is
one half of the flip-flop frequency. Thisisdueto the
fact that the output of a flip-flop can only toggle at
one-half its clock frequency. In addition, there is a
statistical probability of 0.5 that the output of a
given gate or flip-flop will remain at its previous
logic state (assuming an equal number of ones and
zeros in the incoming data stream) in which case no
power is dissipated since a transition did not occur.

We can split the problem into two; the power
dissipated in the flip-flops and the power dissipated
in the gates. For the flip-flops the power can be
estimated by:

Power = F(0. 5)GPgm 2)
and for the gates in between:

Power = F(0.5)(0.5)GPgm (3)
POWER CALCULATION
FOR DCFL GAAS CIRCUITS

Unlike CMOS or BiCMOS, DCFL GaAs
circuits have a power dissipation which is indepen-
dent of logic state or frequency of operation. The
reason for this can be seen by examining Figure 2
which depicts a typical DCFL NOR gate driving an
inverter. The DCFL structure is composed of a pull
up depletion FET and one or more pull down
enhancement FETs. The NOR operationis possible

because when both pull down FETs are off (corre-
sponding to a logic low at each input) the logic
gate’s output voltage rises to a valid logic high.
However, when one or more pulldown FETs are on
(corresponding to alogic high at their input) the pull
down FET sinks all of the pull up FET current while
maintaining a very small Vds. As a result a valid
logic low is created at the gate's output.

*I

5

InA InB

Figure 2: DCFL Logic

GaAs FETs, unlike silicon MOS devices, do
not have an insulator between the gate and channel
region. Instead they employ the depletion region of
a schottky barrier junction to modulate drain to
source current. This schottky diode will conduct
current between the gate and source when forward
biased.

Innormal DCFL operation, a valid logic high
voltage is determined by the forward biased voltage
of the gate to source diode. As a result the load
current, I, of a DCFL gate will be used to forward
bias the gate to source diode of a subsequent logic
gate.

In normal operation the current consumption
of a DCFL logic gate is constant. Current is simply
steered either into the pull down FET in a logic low
condition or into the gate to source diode of a
subsequent logic gate in alogic high condition. For
high speed logic this situation is ideal because
current, and subsequent voltage, “spiking” on
power supply lines is eliminated.

Therefore, when calculating the power dissi-
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pation of a DCFL based chip, the power dissipation
reported for an individual logic macro is valid for
any frequency at which it can operate.

BENCHMARK CIRCUIT

To get an idea of the range of speeds and
power dissipations achievable in both BICMOS
and GaAs technology we turn our attention again to
the benchmark circuit of Figure 2. Table 1 shows
the delay for each macro in both BiCMOS and
GaAs technology. For the BICMOS portion of this
analysis the NEC BiCMOS-5 design manual was
used. The Vitesse FURY manual was used for the
GaAs portion.

As seen from Table 1 the delays for both
rising and falling output waveforms were calcu-
lated. Because NOR gates cause signal inversion
the worst case delay through a network must be
calculated by evaluating all realistic propagations
through