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Overall Organization

How To Use This Book

This book has been organized by product type, begin-
ning with Product Information. The products are
next, starting with SRAMs, then Modules, Non-Vola-
tile Memories, FIFOs, Dual-Ports, Data Commu-
nications, Bus Interface Products, FCT Logic, Tim-
ing Technology Products, and PC Chip Sets. A section
containing military information is next, followed by
Quality and Reliability aspects, then Thermal Data
and Packages. Within each section, data sheets are ar-
ranged in order of part number.

Recommended Search Paths

To search by:

Product line

Size

Numeric part number

Other manufacturer’s

part number

Military part number

Use:

Table of Contents or flip
through the book using the
tabs on the right-hand pages.

The Product Selector Guide
in section 1.

Numeric Device Index fol-
lowing the Table of Con-
tents. The book is also ar-
ranged in order of part
number.

The Cross Reference Guide
in section 1.

The Military Selector Guide
in section 12.
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Key to Waveform Diagrams

Rising edge of signal will
occur during this time.

Falling edge of signal will
occur during this time.

Signal may transition
during this time (don’t
care condition).

Signal changes from high-
impedance state to valid
logic level during this time.

Signal changes from valid
logic level to high-impedance
state during this time.

© Cypress

actor C

1996. The il

n contained herein is subject to change without notice. Cypress i or Corp

ion assumes no resp

ibility for

the use of any circuitry other than circuitry embodied ina Cypress Semiconductor Corporation product. Nor does it convey or imply any license under patent or other rights. Cypress Semicon-
ductor does not authorize its products for use as critical components in life-support systems where a malfunction or failure of the product may reasonably be expected to result in significant

injury to the user. The i

ion of Cypress

Cypress

tor against all

ctor products in life-support systems applications implies that the manufacturer assumes all risk of such use and in so doing indemnifies



——
———————
A—— SRR,

——
z

————

— .

—
= % Table of Contents
—NE
Table of Contents Page Number
General Product Information Page Number
Cypress Semiconductor Background .. ... ... . 1-1
DataCom Background . .. ... ... e 1-4
Ordering Information . .......... .. . . s 1-5
Product Selector GUIAE . ... ..o i e 1-6
Cypress Semiconductor Bulletin Board System (BBS) Announcement ............. ..ottt iiiiiiienanns 1-13
Ethernet Page Number
Device Number Description
CY7C971 100BASE-T4/10BASE-T Fast Ethernet Transceiver (CAT 3) ............ ... oot 2-1
CY7B8392 Ethernet Coax Transceiver Interface ............ ... .. ... ... ... ... il 2-24
CY7B4663 Integrated 10BASE-FL Ethernet Transceiver ................ooiviiiii i, 2-31
Application Notes
CY7B8392 Low Power Ethernet Coaxial Transceiver Application .................c.ovviiee.... 2-40
CY7C971 100BASE-T4/10BASE-T Ethernet Transceiver Application .......................... 2-51
CY7C971 100BASE-T4 /10BASE-T Ethernet PCI Network Adapter . .......................... 2-55
CY7C971/CY7C388P 100BASE-T4 Ethernet Repeater ... ......oooiiiiiiiiiii i 2-72
ATMs Page Number
Device Number Description
CY7B951 Local Area Network ATM TransCeIVer . .. ....ovittiiiunt ettt iiiinnees 3-1
CY7B952 SST™ SONET/SDH Serial TFansCeiver ............c.uuuiiiiiniuineereiiinuuneeen.. 3-9
CY7B955 ATM SONET/SDH THanSCEIVET ... ...ttt iiit ittt i, 3-16
Application Notes
CY7B951 Interfacing with the SST™ ... ... 3-17
Fibre Channel/ESCON™ Page Number
Device Number Description
CY7B923/CY7B933 HOTLink ™ Transmitter/Receiver . ... e 4-1
CY101E383 ECL/TTL/ECL Translator and High-Speed Bus Driver ............................. 4-28
CY9266—T/C/F HOTLink ™ Evaluation Board ............. ... ... .o i, 4-34
Application Notes
CY7B923/CY7B933 Frequently Asked Questions about HOTLink™ ......... ... ... .o, 4-36
CY7B923/CY7B933 Frequently Asked Questions about HOTLink ™ Evaluation

Boards . .o 4-45
CY7B923/CY7B933 Serializing High Speed Parallel Buses to Extend Their Operational

1741+ LN 4-50

CY7B923/CY7B933 Drive ESCON™ With HOTLInk™ ... ... e 4-77
CY7B923/CY7B933 Replace Your TAXI-125and TAXI=175 ... 4-110
FIFOs Page Number
Device Number Description
CY7C408A/CY7C409A 64 x 8 Cascadable FIFO 64 x 9 Cascadable FIFO ............. .. ..., 5-1
CY7C419/21/25/29/33 256x9,512x9,1Kx9,2Kx9,4Kx9 Cascadable FIFO ............................ 5-15
CY7C42X1 64/256/512/1K/2K/4K/8K x 9 Synchronous FIFO .............. ..o, 5-37
CY7C42X5 64/256/512/1K/2K/4K/ x 18 Synchronous FIFO .......... ..., 5-57
CY7C4255/65 8K/16K x 18 Synchronous FIFO .. ... ...t iiiiiiiiiiiiiiiienieeeen 5-77
CY7C4261/71 16K/32K Synchronous FIFO . ........ ... i e 5-94



—e—
———————————
AR

= =
—
=% Table of Contents
=7 CYPRESS

FIFOs (continued) Page Number
CY7C439 Bidirectional 2Kx9FIFO ... ... 5-109
CY7C441/43 512 x 9 Cascadable Clocked and 2K x 9 Cascadable Clocked

FIFO with Programmable Flags . ............. ..o 5-138
CY7C455/56/57 512x 18, 1K x 18, and 2K x 18 Cascadable Clocked FIFO

with Programmable Flags .. ... 5-161
CY7C460/62/64 Cascadable 8K x 9 FIFO/Cascadable 16K x 9 FIFO/Cascadable 32Kx9 FIFO ......... 5-181
CY7C470/72/74 8K x 9 FIFO, 16K x 9 FIFO/32K x 9 FIFO with Programmable Flags ................ 5-194
Dual Ports Page Number
Device Number Description
CY7C130/31/40/41 1K x 8 Dual-Port Static RAM .. ... inti et 6-1
CY7B131/41 1K x8 Dual-Port Static RAM ... .. ..ottt 6—14
CY7C132/136/142/146 2K x 8 Dual-Port Static RAM . ... i e e 6-27
CY7C133/CY7C143 2Kx16 Dual-Port Static RAM ... ...t e 6—40
CY7B134/135/1342 4K x 8 Dual-Port Static RAMs and 4K x 8 Dual-Port Static RAM with Semaphores ..... 6-51
CY7B136/CY7B146 2K x8 Dual-Port Static RAM . ... ... e 6—64
CY7B138/CY7B139 4K x 8/9 Dual-Port Static RAM with Sem, Int, Busy . ..................ooooiia... 6-77
CY7B144/145 8K x 8/9 Dual-Port Static RAMwith Sem, Int, Busy .....................oooiae. 6—93
CY7C006/016 16K x 8/9 Dual-Port Static RAM with Sem, Int, Busy ............ ..., 6—111
CY7C024/0241/025/0251 4K x 16/18 and 8K x 16/18 Dual-Port Static RAM with Sem, Int, Busy ................ 6—-128
Timing Technology Page Number
Device Number Description
CY7B991/CY7B992 Programmable Skew Clock Buffer (PSCB) ..., 7-1
CY7B9910/CY7B9920 Low Skew Clock Buffer ........ ... . ... ... . i 7-13
Quality Page Number
Quality, Reliability, and Process FIOWS . ... .. ...ttt e ettt i ae 8-1
Package Diagrams Page Number
Thin QUAad FIat PACKS .. vivtuuettuteteuereosetonessosasossassoasossssssassessossssssssssssssasssssnsssnnes 9-1
32-Lead Plastic Thin Quad Flat Pack (TQFP) A32 ... ... o e i 9-1
64-Pin Thin Quad Flat Pack AG4 ... ... . . e e e 9-2
64-Lead Thin Plastic Quad Flat Pack AGS .. ... ... i e 9-3
80-Pin Thin Plastic Quad Flat Pack ABD ... ... ...ttt ettt 9-3
100-Pin Plastic Thin Quad Flat Pack (TQFP) AT00 . ... ...ttt ittt et aaieees 9—-4
Ceramic Dual-In-Line PAcCKages . .. ..ovuitttttttuiiiiiiiieeeeteeserseenseseesooeesssoessossssossssssnnssssos 9-5
16-Lead (300-Mil) CerDIP D2 MIL—-STD—1835D—-2Config. A ... ... .ot i 9-5
28-Lead (600-Mil) CerDIP D16 MIL—STD—1835D—10Config. A .. ... .. ottt 9-5
28-Lead (300-Mil) CerDIP D22 MIL—STD—1835D—15Config. A .. ... ...oiiiuiiiiii e 9-5
32-Lead (300-Mil) CerDIP D32 . ...ttt ittt e e e e 9-6
28-Lead (600-Mil) Sidebraze DIP D43 . ... ... .. i i i e e 9-6
Plastic Leaded Chip Carriers ........cuevteteiiiiiireeetieneseesreeensssessssacasseens ettt eieeaes 9-7
28-Lead Plastic Leaded Chip Carrier J64 ... .. ...ttt e e e i 9-17
32-Lead Plastic Leaded Chip Carrier J65 ... o i 9-7
52-Lead Plastic Leaded Chip Carrier J69 ... .. ...t i e e 9-8
68-Lead Plastic Leaded Chip Carrier J8L .. ... ... . i i i e e 9-8
84-Lead Plastic Leaded Chip Carrier J83 ... ... . . i i i i e 9-8
Ceramic Leadless Chip Carriers .........ccoiiiiiiineeieeiineneecenns e eettiietee ittt 9-9
32-Pin Rectangular Leadless Chip Carrier L55 MIL-STD— 1835 Cml2 9-9
28-Square Leadless Chip Carrier L64 MIL=STD—1835C—4 . ... .. .o i i i i 9-9



= =
=— 3% Table of Contents
_—

£ CYPRESS
Package Diagrams (continued) Page Number
52-Square Leadless Chip Carrier LO9 ... ... e e 9-9
68-Square Leadless Chip Carrier L81 MIL—STD—1835C—7 . ... .. ittt i 9-10
Plastic Quad FIatpacks .......oivtutiuunniiiiiiiiieteeetunsieeteseseeesssususssssessescesoscsoasessnsns 9-11
52-Lead Plastic Quad Flatpack N52 . ... ... . e 9-11
80-Lead Plastic Quad Flatpack N8O . .. .. ... . i 9-12
Plastic Dual-In-Line Packages ......oouiuuiiiiiiiiietitiiiiiiiiireeitterrersnsesosessnssscerocsansasessasons 9-13
28-Lead (600-Mil) Molded DIP P15 ... ...ttt ettt ettt et e e 9-13
28-Lead (300-Mil) Molded DIP P21 ... ... it et 9-13
48-Lead (600-Mil) Molded DIP P25 .. .. .. 9-13
Plastic Small Outline ICs ... ..uuiiuntiii ittt ittt iiiiit ettt eeieeinnneinneseneannssesaesenaceons 9-14
24-Lead (300-Mil) Molded SOIC S13 .. ...t e 9-14
28-Lead 450-Mil (300-Mil Body Width) SOIC S22 ... ... . .. e 9-15
28-Lead (300-Mil) Molded SOJ V21 ... . 9-15
Ceramic Windowed Dual-In-Line Packages ........cooiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieoeeeeneeennnnnnons 9-16
28-Lead (300-Mil) Windowed CerDIP W22 MIL—STD—1835D—15 Config. A .. ......c.iiiiniiii i, 9-16
Ceramic J-Leaded Chip CaITiers .. ....uutttininuetteniiiiiineeeeeeetesssunsseersesssaceeessssessosesesssnns 9-17
84-Pin Ceramic Leaded Chip Carrier Y84 ... ... .. . . 9-17






General Information 1

il
na"w



—
———
= =
—s
———F
=7 CYPRESS
General Information Page Number
Cypress Semiconductor Background .. ...ttt e 1-1
DataCom Background . .. ... ...ttt e e e 1-4
Ordering InfOrmation . ...... ...ttt e e 1-5
.................................................................................... 1-6
............................................ 1-13

Product Selector Guide
Cypress Semiconductor Bulletin Board System (BBS) Announcement



==# CYPRESS

Cypress Semiconductor Background

Cypress Semiconductor was founded in April 1983 with the
stated goal of serving the high-performance semiconductor mar-
ket. This market is served by producing the highest-performance
integrated circuits using state-of-the-art processes and circuit de-
sign. Cypress is a complete semiconductor manufacturer, per-
forming its own process development, circuit design, wafer fabri-
cation, assembly, and test. The company went public in May
1986 and has been listed on the New York Stock Exchange since
October 1988.

The initial semiconductor process, a CMOS process employing
1.2-micron geometries, was introduced in March 1984. This pro-
cess is used in the manufacturing of Static RAMs and Logic cir-
cuits. In the third quarter of 1984, a 1.2-micron CMOS EPROM
process was introduced for the production of programmable
products. At the time of introduction, these processes were the
most advanced production processes in the industry. Following
the 1.2-micron processes, a 0.8-micron CMOS SRAM process
was implemented in the first quarter of 1986, and a 0.8-micron
EPROM process in the third quarter of 1987.

In keeping with the strategy of serving the high-performance
markets with state-of-the-art integrated circuits, Cypress intro-
duced two new processes in 1989. These were a bipolar submi-
cron process, targeted for ECL circuits, and a BICMOS process
to be used for most types of TTL and ECL circuits.

The circuit design technology used by Cypress is also state of the
art. This design technology, along with advanced process tech-
nology, allows Cypress to introduce the fastest, highest-perfor-
mance circuits in the industry. Cypress’s offers products in four
divisions: the Static Memory Division, the Programmable Prod-
ucts Division, the Computation Products Division, and the Data
Communications Division.

Static Memories Division

Cypress is a market-leading supplier of SRAMs, providing a
wide range of SRAM memories for leading companies world-
wide. SRAMs are used in high-performance personal comput-
ers, workstations, telecommunications systems, industrial sys-
tems, instrumentation devices, and networking products.
Cypress’s lower production cost structure allows the company to
compete effectively in the high-volume personal computer and
workstation market for SRAMs, including providing cache
RAMs to support today’s high-performance microprocessors,
such as Pentium ™, and PowerPC™. This business, combined
with upcoming low-voltage products for the cellular communica-
tions, portable instrument, and laptop/notebook PC markets,
positions Cypress for future success in this key product area.

Multichip modules is a fast-growing market segment that con-
sists of multiple semiconductor chips mounted in packages that
can be inserted in a computer circuit board. Cache modules for
personal computers are the mainstay of this product line, and
Cypress has announced major design wins for these products in
IBM’s PS/ValuePoint™ line of PCs, and in Apple Computer’s
highest performing Power Macintosh™ products.

Programmable Products Division

‘With increasing pressure on system designers to bring products
to market more quickly, programmable logic devices (PLDs) are
becoming extremely popular. PLDs are logic control devices
that can be easily programmed by engineers in the field, and lat-
er erased and reprogrammed. This allows the designers to make
key changes to their systems very late in the development cycle

to ensure competitive advantage. Used extensively in a wide
range of applications, PLDs constitute a large and growing mar-
ket. Cypress’s UltraLogic ™ product line addresses the high-den-
sity programmable logic market. UltraLogic includes the
Ultra38000™ and pASIC380™ families of field-programmable
gate arrays (FPGAs), the industry’s fastest. It also includes high
performance complex PLDs, the FLASH370™ family. Both of
these product families are supported by Cypress’s VHDL (Very
high-speed integrated circuit Hardware Description Language)
based Warp software design tools. Cypress pioneered the use of
VHDL for PLD programming, and Warp software is a key factor
in the company’s overall success in the PLD market.

Cypress is a leading provider of the industry-standard 22V10
PLD with a wide range of products. Cypress is committed to
competing in all ranges of the PLD market, with small devices,
including the industry standard 16V8, the MAX340 EPLD line,
and the UltraLogic products. To support these products, Cy-
press offers one of the industry’s broadest range of programming
tools and software for the programming of its PLDs.

Cypress provides one of the industry’s broadest ranges of CMOS
EPROMs and PROMs. Cypress owns a large share of the high-
speed CMOS PROM market, and with its new cost structure, is
effectively penetrating the mainstream EPROM market with a
popular 256 Kbit EPROM, and the introduction of the world’s
fastest 512K and 1 Megabit EPROMs at 25 ns.

FCT Logic products are used in bus interface and data buffering
applications in almost all digital systems. With the addition of
the FCT logic product line, Cypress now offers over 46 standard
logic and bus interface functions. The products are offered in
the second generation FCT-T format, which is pin-compatible
with the older FCT devices, but adds TTL (transistor-to-transis-
tor logic) outputs for significantly lower ground bounce and im-
proved system noise immunity. Cypress also offers the most
popular devices with on-chip 25-ohm termination resistors
(FCT2-T) to further lower ground bounce with no speed loss.
Included in the new product family is the CYBUS3384, a bus
switch that enables bidirectional data transfer between multiple
bus systems or between 5 volt and 3.3 volt devices. Cypress also
offers 16-bit versions of popular FCT products. This broad
product offering is produced on Cypress’s high-volume, CMOS
manufacturing lines.

Data Communications Division

This is an especially significant area for Cypress since it repre-
sents a more market-driven orientation for the company in a
fast-growing market segment. As part of the new company strat-
egy, Cypress has dedicated this product line to serve the high-
speed data communications market with a range of products
from the physical connection layer to system-level solutions.
HOTLink ™, high-speed, point-to-point serial communications
chips have been well received. HOTLink, along with the SO-
NET./SDS Serial Transceiver (SST™ ), address the fast-growing
market segments of Asynchronous Transfer Mode (ATM) and
Fibre Channel communications. The company has also entered
the Ethernet market with the 100BaseT-4 CY7C971 Fast
Ethernet Transceiver and the CY7B8392 Coax Ethernet Trans-
ceiver. The data communications division encompasses related
products including RoboClock, a programmable skew clock buff-
er that adjusts complex timing control signals for a broad range
of systems. The division also offers a broad range of First-In,
First-Out (FIFO) memories, used to communicate data between
systems operating at different frequencies, and Dual-Port Me-
mories, used to distribute data to two different systems simulta-
neously.
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Computation Products Division

This division focuses on the high-volume, high-growth market
surrounding the desktop computer. It is the second of Cypress‘s
market-oriented divisions. The division includes timing technol-
ogy products offered through Cypress’s IC Designs Subsidiary in
Kirkland, Washington. IC Designs products are used widely in
personal computers and disk drives, and the product line pro-
vides Cypress with major inroads into these markets, helping
move the company towards a more market-driven orientation.
IC Designs clock oscillators control the intricate timing of all as-
pects of a computer system, including signals for the computer’s
central processing unit (CPU), keyboard, disk drives, system bus,
serial port, and real-time clock. They replace all of the metal can
oscillators used in the system. IC Designs recently announced a
new product, QuiXTAL™, which is a programmable metal can
oscillator, and replaces individual oscillators used to control tim-
ing signals in virtually every type of electronics equipment.
QuiXTAL can be programmed to any frequency, providing users
the ability to make last-minute frequency adjustments, speeding
time to market. QuiXTAL takes frequency synthesis beyond the
PC market, and addresses the broad market segments of elec-
tronic instrumentation, telecommunications equipment, and
medical systems.

Also offered by this division are chipsets for personal computers.
Cypress entered this market with the 1994 acquisition of Contaq
Microsystems, and recently announced the hyperCache ™ Chip-
set for Pentium ™ -class PCs. The hyperCache Chipset is the in-
dustry’s most highly integrated. In addition to integrating key-
board and mouse control, real-time clock, and local-bus IDE
control, it is the only chipset which offers integrated second-level
cache.

Cypress Facilities

Cypress operates wafer fabrication facilities in California’s Sili-
con Valley (San Jose), Round Rock (Austin), Texas, and Bloom-
ington, Minnesota. The company’s fourth wafer fab, located ad-
jacent to the Bloomington, Minnesota facility, went on-line in
July 1995. There are additional Cypress Design Centers in
Starkville, Mississippi, Colorado Springs, Colorado, and the
United Kingdom, and a PLD software design group in Beaver-
ton, Oregon. The facilities are designed to the most demanding
technical and environmental specifications in the industry. At the
Texas and Minnesota facilities, the entire wafer fabrication area
is specified to be a Class 1 environment. This means that the am-
bient air has less than 1 particle of greater than 0.2 microns in
diameter per cubic foot of air. Other environmental consider-
ations are carefully insured: temperature is controlled to a 0.1
degree Fahrenheit tolerance; filtered air is completely exchanged
more than 10 times each minute throughout the fab; and critical
equipment is situated on isolated slabs to minimize vibration.

The company has also received ISO9000 registration, a standard
model of quality assurance that is awarded to companies with ex-
acting standards of quality management, production, and inspec-
tions.

Attention to assembly is equally critical. Cypress manufactures
100 percent of its wafers in the United States, at the front-end
fabrication sites in California (San Jose), Minnesota (Blooming-
ton), and Texas (Round Rock). Cypress Texas, the company’s
largest fab, and Cypress Minnesota’s fabs, are all Class 1 facili-
ties.

To improve global competitiveness, Cypress chose to move most
back-end assembly, test, and mark operations to a facility in

Thailand. Be assured that Cypress’s total quality commitment
extends to the new site—Cypress Bangkok.

The move to Bangkok consummated an intense search by Cy-
press for a world-class, environmentally sophisticated facility
that we could bring on line quickly. The Cypress search team
scrutinized fifteen manufacturing facilities in five countries and
chose a site managed by Alphatec Electronics Co., Ltd., a pri-
vately owned, entrepreneurial company promoted by the Thai-
land Board of Investment. Cypress Bangkok occupies almost
25,000 square feet—a significant portion of the manufacturing
floor space available within the facility. The full facility at Bang-
kok occupies more than 85,000 square feet on a site that encom-
passes 25 acres—sufficient room for expansion to a number of
buildings in a campus-like setting. In order to meet growing de-
mand for its products, Cypress has broken ground on a new as-
sembly and test facility in the Philippines, which is scheduled for
completion in 1996.

Cypress San Jose maintains complete management control of all
assembly, test, mark, and ship operations worldwide, thus assur-
ing complete continuity of back-end operations and quality.

Cypress has added Tape Automated Bonding (TAB) to its pack-
age offering. TAB, a surface-mount packaging technology, pro-
vides the densest lead and package footprint available for fully
tested die.

From Cypress’s facility in Minnesota, a VME Bus Interface
Products group has been in operation since the acquisition of
VTC:s fab in 1990. Cypress manufactures VIC and VAC VME
devices on the 0.8 micron CMOS process.

The Cypress motto has always been “only the best—the best fa-
cilities, the best equipment, the best employees . . . all striving to
make the best products.”

Cypress Process Technology

In the last decade, there has been a tremendous need for high-
performance semiconductor products manufactured with a bal-
ance of SPEED, RELIABILITY, and POWER. Cypress Semi-
conductor overcame the classically held perceptions that CMOS
was a moderate-performance technology.

Cypress initially introduced a 1.2-micron “N” well technology
with double-layer poly and a single-layer metal. The process
employed lightly doped extensions of the heavily doped source
and drain regions for both “N” and “P” channel transistors for
significant improvement in gate delays. Further improvements in
performance, through the use of substrate bias techniques, have
added the benefit of eliminating the input and output latch-up
characteristics associated with older CMOS technologies.

Cypress pushed process development to new limits in the areas
of PROMs (Programmable Read Only Memory) and EPLDs
(Erasable Programmable Logic Devices). Both PROMs and
EPLDs have existed since the early 1970s in a bipolar process
that employed various fuse technologies and was the only viable
high-speed nonvolatile process available. Cypress PROMs and
EPLDs use EPROM technology, which has been in use in MOS
(Metal Oxide Silicon) since the early 1970s. EPROM technology
has traditionally emphasized density while forsaking perform-
ance. Through improved technology, Cypress produced the first
high-performance CMOS PROMs and EPLDs, replacing their
bipolar counterparts.

To maintain our leadership position in CMOS technology, Cy-
press introduced a sub-micron technology in 1987. This 0.8 mi-
cron breakthrough made Cypress’s CMOS one of the most ad-
vanced production processes in the world. The drive to maintain
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leadership in process technology has not stopped with the
0.8-micron devices. Cypress introduced a 0.65-micron process in
1991. A 0.5-micron process is currently in production.

Although not a requirement in the high-performance arena,
CMOS technology substantially reduces the power consumption
for any device. This improves reliability by allowing the device to
operate at a lower die temperature. Now higher levels of integra-
tion are possible without trading performance for power. For in-
stance, devices may now be delivered in plastic packages without
any impact on reliability.

‘While addressing the performance issues of CMOS technology,
Cypress has not ignored the quality and reliability aspects of
technology development. Rather, the traditional failure mecha-
nisms of electrostatic discharge (ESD) and latch-up have been
addressed and solved through process and design technology in-
novation.

ESD-induced failure has been a generic problem for many high-
performance MOS and bipolar products. Although in its earliest
years, MOS technology experienced oxide reliability failures, this
problem has largely been eliminated through improved oxide
growth techniques and a better understanding of the ESD prob-

lem. The effort to adequately protect against ESD failures is per-
turbed by circuit delays associated with ESD protection circuits.
Focusing on these constraints, Cypress has developed ESD pro-
tection circuitry specific to 1.2-, 0.8-, 0.65-, and 0.5-micron
CMOS process technology. Cypress products are designed to
withstand voltage and energy levels in excess of 2001 volts and
0.4 milli-joules.

Latch-up, a traditional problem with CMOS technologies, has
been eliminated through the use of substrate bias generation
techniques, the elimination of the “P” MOS pull-ups in the out-
put drivers, the use of guardring structures and care in the physi-
cal layout of the products.

Cypress has also developed additional process innovations and
enhancements: multilayer metal interconnections, advanced
metal deposition techniques, silicides, exclusive use of plasma for
etching, and 100-percent stepper technology with the world’s
most advanced equipment.

Cypress technologies have been carefully designed, creating
products that are “only the best” in high-speed, excellent reli-
ability, and low power.

UltraLogic, Ultra3800, FLASH370, Warp3, HOTLink, SST, and hyperCache are trademarks of Cypress Semiconductor Corporation.

pASIC is a trademark of QuickLogic.
Pentium is a trademark of Intel Corporation.

Power PC and PS/Value Point are trademarks of International Business Machines Corporation.

Power Macintosh is a trademark of Apple.
MAX is a trademark of Altera.
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DataCom Background

Cypress Semiconductor was founded in April 1983 with the
stated goal of serving the high-performance semiconductor mar-
ket. We have continued to serve this market using state-of-the-
art process and circuit technology combined with architectural
excellence. Our initial product thrusts included high-perfor-
mance SRAMs, PLDs, FIFOs, Dual Port RAMs, and EPROMs.

In 1991, Cypress created a Data Communications division, with
a focus on Physical Layer (PHY) devices to serve the ATM, SO-
NET, Ethernet, ESCON, and Fibre Channel markets. Cypress’s
DataCom division has delivered a family of these PHY devices
including the SST (SONET Serial Transceiver) Clock Recovery
Device, the HOTLink 330 MHz point-to-point transmitter/re-
ceiver chip set, the CY7C971 10/100 Base-T4 Fast Ethernet
Transceiver and the industry standard CY7B8392 10Base-2
Ethernet Coax Transceiver. In 1996 and 1997, Cypress will con-
tinue to deliver high performance solutions for the Physical
Layer Datacom market covering 10 Base-FL, 100 Base-TX, and
155 MHz (OC-3) ATM/SONET Integration.

Our goal is to continue to provide PHY solutions for all seg-
ments of the DataCom market including Network Adapter
Cards, Routers, Switches, Repeaters, Mass Storage, and Disk
Farms. Our product evolution will continue through complete
solutions for these growth markets.

In addition to PHY devices, the DataCom division includes a
multitude of Specialty Memories including FIFOs (First-In-
First-Out) and Dual Port RAMs which are frequently used in
communications systems. Our current product count includes 44
Asynchronous and Synchronous FIFOs ranging from 64 x 9/18
through 32K x 9 at 100 MHz as well as 18 Dual Ports from 1K x
8 through 8K x 18 with 15 ns access times. We are confident that
our wide variety of Specialty Memory products will suit many of
your buffering requirements.

In addition to this DataCom Data Book, Cypress also offers
technical documentation including a new Applications Hand-
book, HOTLink User’s Guide, and a VME User’s Guide.

We look forward to serving you. Please call with any requests for
design, application, or additional product information.
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In general, the valid ordering codes for all products (except modules and VMEbus products) follow the format below; e.g.,
CY7C128-45DMB, PALC16R8L—-35PC

RAM, PROM, FIFO, uP, ECL

PREFIX DEVICE SUFFIX FAMILY
Pey ' Tocis? ' —4spmB! T cMmos SRaM !
CY 7C245  L-35P C PROM
CY |— 7C404 -25DMB FIFO
cY 7C9101 -30P C uP
C = CMOS

B = BiCMOS I— PROCESSING

B = MIL-STD-883C FOR MILITARY PRODUCT

= LEVEL 2 PROCESSING FOR COMMERCIAL PRODUCT
T = SURFACE-MOUNTED DEVICES TO BE TAPE AND REELED
R = LEVEL 2 PROCESSING ON TAPE AND REELED DEVICES

TEMPERATURE RANGE
C = COMMERCIAL (0°CTO +70°C)

I = INDUSTRIAL (-40°C TO +85°C)
M= MILITARY (-55°C TO +125°C)

— PACKAGE

A = THIN QUAD PLSTIC FLATPACK (TQFP)

B = PLASTIC PIN GRID ARRAY (PPGA

D = CERAMIC DUAL IN-LINE PACKAGE (CERDIP)/BRAZED DIP
E = TAPE AUTOMATED BONDING (TAB)

F = FLATPACK (SOLDER-SEALED FLAT PACKAGE)
G = PIN GRID ARRAY (PGA)

H = WINDOWED LEADED CHIP CARRIER

J = PLASTIC LEADED CHIP CARRIER (PLCC)

K = CERPACK (GLASS-SEALED FLAT PACKAGE)

L = LEADLESS CHIP CARRIER (LCC)

N = PLASTIC QUAD FLATPACK (PQFP)

P = PLASTIC DUAL IN-LINE (PDIP)

Q = WINDOWED LEADLESS CHIP CARRIER (LCC)
R = WINDOWED PIN GRID ARRAY (PGA)

S = SOIC (GULL WING)

T = WINDOWED CERPACK

U = CERAMIC QUAD FLATPACK (CQFP)

V = SOIC (T LEAD)

W= WINDOWED CERAMIC DUAL IN-LINE PACKAGE (CERDIP)
X = DICE (WAFFLE PACK)

Y = CERAMIC LEADED CHIP CARRIER

SPEED (ns or MHz)

L = LOW-POWER OPTION
A, B,C = REVISION LEVEL

Cypress FSCM #65786
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Dual-Port RAMs
Icc
Size Organization Pins Part Number Speed (ns) (mA @ns) Packages
8K 1K x8—Dual-Port Master 48 CY7C130 taa = 25,30,35,45,55 170 @25 D,P
8K 1K x 8—Dual-Port Slave 48 CY7C140 taa = 25,30,35,45,55 170 @25 D,P
8K 1K x8—Dual-Port Master 52 CY7C131 taa =25,30,35,45,55 170 @25 J,L,N
8K 1K x8—Dual-Port Slave 52 CY7C141 taa = 25,30,35,45,55 170 @25 J,LLN
16K 2K x8—Dual Port Master 48 CY7C132 taa = 25,30,35,45,55 170 @25 D,P
16K 2K x8—Dual-Port Slave 48 CY7C142 taa = 25,30,35,45,55 170 @25 D,P
16K | 2Kx8—Dual-Port Master 52 CY7C136 taA = 25,30,35,45,55 170 @25 J,LLN
16K | 2Kx8—Dual-PortSlave 52 CY7C146 taa = 25,30,35,45,55 170 @25 J,LLN
32K | 4Kx8—Dual-Port,No Arbitration 48 CY7B134 taa =20,25,35,55 240 @20 D,L,P
32K 4K x8—Dual-Port, w/Semaph 52 CY7B1342 taa = 20,25,35,55 240 @20 J
32K 2K x16—Dual-Port Slave 68 CY7C143 taa=15,25,35,55 170 @25 JA
32K 2K x16—Dual-Port Master 68 CY7C133 taa=15,25,35,55 170 @25 JA
32K | 4Kx8—Dual-Port,w/Semaph, Busy, Int 64,68 CY7B138 taa = 15,25,35,55 260 @ 15 LLA
32K | 4Kx8—Dual-Port,No Arbitration 52 CY7B135 taa =20,25,35,55 240 @20 J,L
32K | 4Kx9—Dual-Port,w/Semaph, Busy, Int 68,80 | CY7B139 taa = 15,25,35,55 260 @15 JLA
64K | 8Kx8—Dual-Port,w/Semaph, Busy, Int 64,68 | CY7B144 taa = 15,25,35,55 260@15 LLA
64K | 8Kx9—Dual-Port,w/Semaph, Busy, Int 68,80 CY7B145 taa =15,25,35,55 260@ 15 J,LLA
64K | 4Kx16—Dual-Port, w/Semaph, Busy, Int 84,100 | CY7C024 taa = 15,25,35,55 280@15 JA
64K | 4Kx18—Dual-Port,w/Semaph, Busy, Int 84,100 | CY7C0241 taa = 15,25,35,55 280@15 JLA
128K | 8Kx16—Dual-Portw/Semaph, Busy, Int 84,100 { CY7C025 taa=15,25,35,55 280 @ 15 LA
128K | 8Kx18—Dual-Portw/Semaph, Busy, Int 84,100 | CY7C0251 taa=15,25,35,55 280 @15 LA
128K | 16Kx8—Dual-Portw/Semaph, Busy, Int 64,68 | CY7C006 taa=15,25,35,55 260 @15 JA
128K | 16Kx9—Dual-Portw/Semaph, Busy, Int 68,80 | CY7CO016 taa=15,25,35,55 260 @15 JA
Communication Products
Description Pins Part Number Speed (MHz) Icc(mA) Packages
HOTLIink Transmitter 28 CY7B923 160—-330 65 J,L,S
HOTLink Receiver 28 CY7B933 160—-330 120 J,LS
SONET/SDH Serial Transceiver 24 CY7B951 51&155 50 S
ATM SONET/SDH Transceiver CY7B955
10BASE 2/5 Ethernet Coax Transceiver 16,20,28 | CY7B8392 10 25 ILP
Fast Ethernet 100BASE-T4 Transceiver 80 CY7C971 10& 100 300 N
FastEthernet 100BASE-TX Transceiver 44 CY7C973 100 200 J
HOTLink Evaluation Card N/A CY9266 160—-330 —N/A C,F*,T

Note: Please contact a Cypress Representative for product availability.
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Asynchronous
Icc
Organization Pins Part Number Speed (ns) (mA @ ns) Packages
64x4 16 CY3341 1.2,2MHz 45 D,P
64x4 16 CY7C401 5,10,15,25MHz 75 D,L,P
64x4—w/OE 16 CY7C403 10,15,25 MHz 75 D,L,P
64x5 18 CY7C402 5,10,15,25 MHz 75 D,L,P
64x5—w/OE 18 CY7C404 10,15,25MHz 75 D,L,P
64x8—w/OE and Almost Flags 28S CY7C408A 15,25,35 MHz 115@15 D,L,BV
64x9—w/Almost Flags 28S CY7C409A 15,25,35MHz 115@15 D,L,pV
256x 9—w/Half Full Flag 285,32 | CY7C419 10,15,20,25,30,40,65 | 35@20 AD,L PV
512x9—w/HalfFull Flag 28 CY7C420 20, 25,30, 40,65 35@20 D,P
512x9—w/HalfFull Flag 285,32 | CY7C421 10, 15,20, 25,30,40,65 | 35@20 AD,JLPV
1Kx9—w/HalfFull Flag 28 CY7C424 20, 25, 30,40, 65 35@20 D,P
1Kx9—w/Half Full Flag 288,32 | CY7C425 10,15, 20, 25,30,40,65 | 35@20 A,D,JLL PV
2K x9—w/Half Full Flag 28 CY7C428 20, 25, 30,40, 65 35@20 D,P
2K x 9—w/Half Full Flag 285,32 | CY7C429 10, 15,20, 25,30,40,65 | 35@20 A,D,JLLLBEV
4K x9—w/HalfFull Flag 28 CY7C432 25,30,40,65 35@20 D,p
4K x 9—w/Half Full Flag 285,32 | CY7C433 10,15,20,25,30,40,65 | 35@20 AD,LLPV
8K x 9—w/Half Full Flag 28 CYT7C460 15,25,40,65 105@15 D,J,L,P
8K x 9—w/Prog. Flags 28 CY7C470 15,25,40, 65 105 @15 D,J,L,P
16K x 9—w/Half Full Flag 28 CY7C462 15,25,40,65 105 @15 D,J,.L,P
16K x 9—w/Prog. Flags 28 CYT7C472 15,25,40,65 105 @15 D,J,L,P
32K x 9—w/Half Full Flag 28 CY7C464 15,25,40,65 105 @15 D,J,.L,P
32K x 9—w/Prog. Flags 28 CY7C474 15,25,40,65 105@15 D,J,L,P
2K x 9—Bidirectional 28S CY7C439 25,30,40, 65 147@25 D,J,L,P
Clocked
Icc
Organization Pins Part Number Speed (ns) (mA @ MHz) Packages
512 x 9—Clocked 285,32 | CY7C441 14,20,30* 70@20 D,J,L,.BV
512 x 9—Clocked w/ Prog. Flags 32 CY7C451 14,20,30* 70 @20 D,J,L
2K x 9—Clocked 288,32 CY7C443 14,20, 30* 70 @20 D,J,L,BV
2K x 9—Clocked w/Prog. Flags 32 CY7C453 14,20,30* 70 @20 D,J,L
512x18—Clocked w/Prog. Flags 52 CY7C455 14,20,30* 90@20 J,LN
1Kx 18—Clocked w/Prog. Flags 52 CY7C456 14,20,30* 90 @20 J, LN
2K x 18—Clocked w/Prog. Flags 52 CY7C457 14,20,30* 90 @20 JLLN
Synchronous
Icc
Organization Pins Part Number Speed (ns) (mA @ MHz) Packages
64x9—Synchronous 32 CY7C4421 10,15,25,35* 50 @20 A,J
256x9—Synchronous 32 CY7C4201 10,15,25,35* 50 @20 AJ
512x9—Synchronous 32 CY7C4211 10,15,25,35* 50 @20 AT
1Kx9— Synchronous 32 CY7C4221 10,15,25,35* 50 @20 A)J
2Kx9—Synchronous 32 CY7C4231 10,15,25,35* 50 @20 A,J

Note: Please contact a Cypress Representative for product availability.




%: CYPRESS

Product Selector Guide

FIFOs (continued)
Icc
Organization Pins Part Number Speed (ns) (mA @MHz) Packages
4K x9—Synchronous 32 CY7C4241 10, 15,25,35* 50@20 AJ
8K x9—Synchronous 32 CY7C4251 10,15,25,35* 50 @20 A,J
16K x9—Synchronous 32 CY7C4261 10,15,25,35* 50 @20 AJ
32K x9—Synchronous 32 CY7C4271 10,15,15,35* 50@20 AJ
64 x18—Synchronous 64,68 CY7C4425 10,15,25,35* 100 @20 AJ
256x18—Synchronous 64,68 CY7C4205 10,15,25,35* 100 @20 AJ
512x18—Synchronous 64,68 CY7C4215 10,15,25,35* 100 @20 AJ
1Kx18—Synchronous 64,68 CY7C4225 10,15,25,35* 100 @20 A,J
2K x18—Synchronous 64,68 CY7C4235 10,15,25,35* 100 @20 Al
4K x 18—Synchronous 64,68 CY7C4245 10,15,25,35* 100 @20 AT
8K x 18—Synchronous 64,68 CY7CA4255 10,15,25,35* 100 @20 AJ
16K x 18—Synchronous 64,68 CY7C4265 10,15,25,35* 100 @20 AJ
* Cycle Times
Timing Technology Products
#of #of
Application Part # PLLs Outputs Features Package
Industry Standard Motherboard CY2250 1 14 Pentium/Pentium Pro servers: 12 skew controlled CPU 28S0IC
Frequency Synthesizers clocks (250 ps pin-to-pin), 2 buffered reference clocks, 3.3V
CY2252 2 14 Pentium portables: 5 CPU/6 PCI clocks (2 “early” PCI for 28SSOP
dockingstations), 24 MHz, 2 buffered reference clocks, 3.3V
CY2254 2 14 Intel Triton chipset compatible: 4 CPU/6 PCI clocks, 12 28S0IC
MHz, 24 MHz, 2 buffered reference clocks, 3.3V
CY2255 1 14 OPTi aner chipset compatible: 6 CPU (1 “early”)/6 PCI 28S0IC
clocks, 2 buffered reference clocks, 3.3V
CY2257 1 14 Ali Aladdin chipset compatible: 6 CPU/6 PCI clocks,2buff- | 28 SOIC
ered reference clocks,3.3V
CY2260 2 14 Intel Natoma/Triton II chipset compatible: 4 CPU/6 PCI 28S0OIC
clocks,48 MHz USB clock, 3 buffered reference clocks, 3.3V | 28 SSOP
General Purpose Programmable CY2071 1 3 Factory EPROM programmable single PLL,0.5—-100MHz, | 8 SOIC
Products (486 Pentium/Pentium 5V/3.3v
e b G | oYl 3 |3 Factory EPROM programmable triple PLL, 0.5— 100 MHz, | 8SOIC
decoders, etc.) SVi33V
CY2291 3 8 Factory EPROM progrmmable triple PLL, 0.2—100 MHz, 20S0IC
5V/3.3V
CY2292 3 6 Factory EPROM programmable triple PLL,0.2—100 MHz, | 16SOIC
5V/3.3V
ICD2051 2 5 User-programmable dual PLL,0.3—120 MHz, 5V 16SOIC
ICD2053B | 1 1 User-programmable single PLL, 0.4~100 MHz, 5V 8SOIC
PC Graphics Frequency ICD2061A | 2 2 User-programmable PCvideo/memory clocks, 0.4—120 16 SOIC
Synthesizers MHz, 5V
ICD2062B | 2 6 User-programmable PECL video clock for workstations, 20SOIC
0.5~165MHz, 5V
ICD2063 2 2 User pro%rammable PCvideo/memory clocks, 0.3—135 16SOIC
Programmable Skew Clock Buffer | CY7B991 1 8 3—80MHz, Programmable Skew (700 ps increments) J,L
(TTL Output) 250 ps pin-to-pin skew
Programmable Skew Clock Buffer | CY7B992 1 8 3—80MHz, Programmable Skew (700 ps increments) J,L
(CMOS Output) 250 ps pin-to-pin skew

Note: Please contact a Cypress Representative for product availability.
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Timing Technology Products (continued)

# of #of
Application Part # PLLs Outputs Features Package
Low Skew Clock Buffer CY7B9910 | 1 8 15—80MHz, tpp = 500 ps S
(TTL Output) 250 ps pin-to-pin skew
Low Skew Clock Buffer CY7B9920 | 1 8 15-80MHz, tpp = 500 ps S
(CMOS Output) 250 ps pin-to-pin skew

Note: Please contact a Cypress Representative for product availability.
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HOTLink Cross Reference
Cypress TriQuint AMCC Raytheon
Device Speed Device Speed Device Speed Range | Device Speed
Range Range Range
CY7B923/33 | 160—330 GA9101/2/3* | 200/265 $2032/33* | 265/531/1062 | RCC700* 200/265
SST Cross Reference
Cypress Analog Devices AMCC
Device Requires Device Requires Device Requires
155-MHz 155-MHz 155-MHz
Oscillator Oscillator Oscillator
CY7B951 No AD 802* Yes $3014* Yes
* Not pin compatible; see product profile for Cypress advantages.
CY7C971 Fast Ethernet Transceiver (100BASE-T4) Cross Reference
Cypress Broadcom Seeq AT&T
Device Integrated Device Integrated Device Integrated Device Integrated
Transmit Transmit Transmit Transmit
Filter Filter Filter Filter
CY7C971 Yes BCM5000* No 80C240* Yes * No
Not pin compatible; see product profile for Cypress advantages.
CY7B8392 10BASE—2 Ethernet Coax Transceiver Cross Reference
Cypress National Seeq
Device Icc Auto Distance | Device Icc Auto Distance | Device Icc Auto Distance
AUIL AUI AUL
CY7B8392 35mA | Yes 300M 8392 130 mA | No 185M 83C92 70mA | No 185M

CY7B8392 10BASE -2 Ethernet Coax Transceiver Cross Reference

Phillips/Sig SSI

Device Icc Auto Distance | Device Icc Auto Distance
AUI AUI

NES83Q92 35mA Yes 185M 78Q8392 130 mA | No 185M

* Not pin compatible; see product profile for Cypress advantages.

** Speed in MHz.
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FIFO Cross Reference
Cypress, prefix CY IDT, prefix IDT AMD, prefix Am Quality, prefix QS TI, prefix SN74 Sharp, prefix LH
Speed Speed Speed Speed Speed Speed
Device (ns) Device (ns) Device (ns) Device (ns) Device (ns) Device (ns)
7C401 5-25%*% 172401 10—-45** | 67C401 10-35* ALS236 10—45%*
*
7C402 5-25%% | 72402 10—45%* 167C402 10-35*
*
7C403 5-25%* | 72403 10—-45** | 67C403 10-35* ALS234 10—45%*
*
7C404 5-25%* | 72404 10—-45** | 67C404 10-35*
*®
7C408/9 15-35%* 5481/91* | 15-50
7C419 10-65 7200 15-65 7200 25-120 ACT7200 |15-50 5495 15-80
7C420/1 10—-65 7201 15—65 7201 25-120 | 7201 12-120 | ACT7201 |15-50 5496 15-80
7C424/5 10—-65 7202 15-65 7202 15-80 7202 12-120 | ACT7202 |15-50 5497 15-80
7C428/9 10-65 7203 15-65 7203A 15-80 7203 10-120 | ACT7203 |20-50 5498 15-80
7C432/3 10—-65 7204 15-65 7204A 15-80 7204 10-120 | ACT7204 |20-50 5499 20-50
7C441/451 | 14-30 72211* 15-50
7C443/453 | 14-30 72231% 15-50 5492* 25-50
7CA455 14-30 72215*% 15-50 540215* |20-50
7C457 14-30 72235% 15~50
7C460 15~-40 7205 20-50 7205 15-50
7C462 15-40 7206 20-50
7C462 15-40 7207 15-50
7C4421 10-35 72421 15-50
7C4201 10-35 72201 15-50
7C4211 10-35 72211 15-50 72211 ACT72211 [15-50
7C4221 10-35 72221 15-50 72221 ACT72221 |15-50
7C4231 10-35 72231 15-50 72231 ACT72231 |15-50
7C4241 10-35 72241 15-50 72241 ACT72241 |15-50
7C4251 10-35
7C4261 10-35
7C4271 10-35
7C4425 10-35
7C4205 10-35 72205 10-50
7C4215 10-35 72215 10-50 72215
7C4225 10-35 72225 10-50 72215
7C4235 10-35 72235 10-50
7C4245 10-35 72245 10-50
7C4255 10-35
7C4265 10-35
Package Code Package | Code Package | Code Package | Code Package Code Package | Code
PLCC J PLCC J PLCC J PLCC JR PLCC RJ PLCC U
T/PQFP N T/PQFP | PF T/PQFP PN/PH
PDIP P PDIP TP PDIP R/P PDIP P/P6 PDIP NP/NT PDIP D/Blank
CDIP D CDIP D CDIP X CDIP D/D6 CDIP NR/
Temp. Temp. Temp. Temp. Temp. Temp.
Range Code Range Code Range Code Range Code Range Code Range Code
Com’l C Com’l Blank Com’l C Com’l N/A Com’l SN Com’l
Industrial |1 Industrial Industrial Industrial Industrial Industrial
Military MB Military | B Military | B Military |B Military SNJ Military | Not offered

* Not pin compatible; see product profile for Cypress advantages.
** Speed in MHz.
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Dual Port Cross Reference

Product Cross Reference

Cypress, prefix CY IDT, prefix IDT
Speed Speed
Device (ns) Device (ns)
7C130/1 15-55 7130 20-100
7B131
7C132 25-55 7132 20-100
7C133 15-55 7133 25-90
7C136 15-55 71321 25-55
7B136
7C140/1 15-55 7140 20-100
7B141
7C142 25-55 7142 20-100
7C143 15-55 7143 25-90
7C146 15-55 71421 25-55
7B146
7B134 /5 15-35 7134 25-70
7B1342 15-35 71342 25-170
7B144 15-35 7005 25-70
7C024 15-55 7024 20-70
7C025 15-55 7025 20-70
7C006 15-55 7006 25-170
7C016 15-55 7016 15-70
7C0241 15-55
7C0251 15-55
7B145 15-55 7015 20-70
Package Code Package Code
PLCC J PLCC J
PDIP P PDIP P
CDIP D CDIP D
Temp. Temp.
Range Code Range Code
Com’l C Com’l Blank
Industrial I Industrial
Military MB Military B

* Not pin compatible; see product profile for Cypress advantages.

** Speed in MHz.
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Cypress Semiconductor Bulletin Board System (BBS) Announcement

Cypress Semiconductor supports a 24-hour electronic Bulletin Board System (BBS) that allows Cypress
Applications to better serve our customers by allowing them to transfer files to and from the BBS.

The BBS is set up to serve in multiple ways. One of its purposes is to allow customers to receive the most
recent versions of Cypress programming software. Another is to allow the customers to send PLD program-
ming files that they are having trouble with to the BBS. Cypress Applications can then find the errors in the
files, correct them, and place them back on the BBS for the customer to download. The customer may also
ask questions in our open forum message area. The sysop (system operator) will forward these questions to
the appropriate applications engineer for an answer. The answers then get posted back into the forum.

Communications Set-Up

The BBS uses USRobotics HST Dual Standard modems capable of 14.4-Kbaud rates without compression
and rates upwards of 19.2-Kbaud with compression. It is compatible with CCITT V.32 bis, V.32, V.22
(2400-baud), Bell 212A (1200-baud), CCITT V.42, and CCITT V.42 bis. It also handles MNP levels 2, 3, 4,
and 5.

To call the BBS, set your communication package parameters as follows:

Baud Rate: 1200 baud to 19.2 Kbaud. Max. is determined by your modem.
Data Bits: 8
Parity: None (N)
Stop Bits: 1
In the U.S. the phone number for the BBS is (408) 943—2954. In Japan the BBS number is

81—-423—69—8220. In Europe the BBS number is 49—-810—62—2675. These numbers are for transmitting
data only.

If the line is busy, please retry at a later time. When you access the BBS, an initial screen with the following
statement will appear:

Rybbs Bulletin Board

After you choose the graphics format you want to use, the system will ask for your first and last name. If you
are a first-time user, you will be asked a few questions for the purposes of registration. Otherwise you will be
asked for your password, and then you will be logged onto the BBS, which is completely menu driven.

Downloading Application Notes and Datasheets

A complete listing of files that may be downloaded is included on the BBS. Application notes are available
for downloading in two formats, PCL and Postscript™. An “hp” in front of the file name indicates it is a PCL
file and can be downloaded to Hewlett-Packard LaserJets™ and compatible printers. Files without the hp
preceding them are in Postscript and can be downloaded to any Postscript printer.

If you have any problems or questions regarding the BBS, please contact Cypress Applications at (408)
943-2821 (voice).

Postscript is a trademark of Adobe Corporation.
LaserJet is a trademark of Hewlett Packard Corporation.
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Ethernet

Device Number
CY7C971
CY7B8392
CY7B4663

Application Notes
CY7B8392

CY7C971

CY7C971
CY7C971/CY7C388P

Page Number

Description

100BASE-T4/10BASE-T Fast Ethernet Transceiver (CAT 3) ...........ooiiiivnnnn., 2-1
Ethernet Coax Transceiver Interface ..............oiiiiiiiiiiiiiiiiiiiiinn.. 2-24
Integrated 10BASE-FL Ethernet Transceiver ............oviviiiiiiiiinneiinennnn. 2-31
Low Power Ethernet Coaxial Transceiver Application ............ ..o, 2—-40
100BASE-T4/10BASE-T Ethernet Transceiver Application .......................... 2-51
100BASE-T4 /10BASE-T Ethernet PCI Network Adapter ........................... 2-55

100BASE-T4 Ethernet Repeater ... ...ttt 2-72



Features

e Complies with IEEE 802.3u draft
standard

Three operating modes:

— 100BASE-T4

— 10BASE-T Full Duplex

— 10BASE-T

Media Independent Interface (MII)
— Three-state receive port

— Serial management port
Auto-Negotiation

On-chip transmit wave shaper

Receive filter and adaptive
equalization

PMA Interface for repeater
applications

Jam function for hub applications
LED status indicators: TX, RX, Link

PRELIMINARY

CY7C971

100BASE-T4/10BASE-T
Fast Ethernet Transceiver (CAT 3)

o Loopback mode for PHY integrity
testing

e Auto-polarity correction
e Low-power CMOS

o 80-pin PQFP
Functional Description

The CY7C971 is a full featured physical
layertransceiver (PHY) device supporting
both 100BASE-T4 (Fast Ethernet) and
10BASE-T Local Area Network (LAN)
standards. The CY7C971 complies with
IEEE 802.3 100BASE-T4, 10BASE-T,
MII, and Auto-Negotiation standards for
twisted pair interfaces.

The CY7C971 interfaces to category 3, 4,
or 5 unshielded twisted-pair cable through
its Media Dependent Interface (MDI).
The Media Independent Interface (MII)
attaches directly to Media Access Control
(MAC) layer devices.

The CY7C971 performs the Physical Cod-
ing Sublayer (PCS), Physical Layer Signal-
ling (PLS), Physical Media Attachment
(PMA), and Media Attachment Unit
(MAU) functions defined in the 802.3
standard. Ethernet frames are transferred
from the MAC to the CY7C971 over the
MII interface. The data is encoded in the
PCS or PLS encoder (8B6T for
100BASE-T4 or Manchester for
10BASE-T) and then passed to the PMA
or MAU where the encoded datais shifted
bitwise on to the twisted-pair media. Colli-
sion and Carrier Sense signals are gener-
ated by the CY7C971 and passed to the
MAC over the MIIL

The CY7C971 PHY uses 802.3 standard
Auto Negotiation to configure the link.
The PHY includes a direct interface to the
PMA layer for repeater applications.

PMA Controf and Status Address
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CY7C971
Pin Configuration
80-Lead Plastic Quad Flatpack
(Top View)
.
acfiaa Q Clo<Be<o
SELEREE R
e — BRHAAHAAAAAHRAAGAAE
RXD3 vces
RXD2 o =T RX_D4-
GNDD = TX_D4-
RXD1 1 GNDS
RXDO E— TX_D4+
RX_DV =T RX_D4+
RX_CLK —r vces
RX_ER — RX_D3-
TX_ER — TXD3-
VCCD =1 GNDS
TX_CLK E TX_D3+
TX_EN RX_D3+
TXDO vees
TXD1 — RX_D2-
TXD2 = RX_D2+
TXD3 —13 veces
GNDD = TX_Di-
D5 GNDS
coL % TX D1+
CRS vees
ToaN-0Qo0Qsw L osLNE <
Maximum Ratings
(Above which the useful life may be impaired. For user guidelines, ~ Static Discharge Voltage ........................ >2001V
not tested.) (per MIL-STD-883, Method 3015)
Storage Temperature ................... —65°C to +150°C Latch-Up Current ............ccoovviiinnen.nn. >200 mA
Ambient Temperature with :
POWET APDLEA - v+ evveeeeeeernenn _ss°Cto +125°c  Operating Range
Supply Voltage to Ground Potential ......... ~0.5V to +7.0V Ambient
DC Voltage Applied to Outputs Rangei Temperature Vec
inHighZState ...........cooiiinenn.... —0.5V to +7.0V Commercial 0°Cto +70°C 5V +10%
DClInput Voltage ........................ -3.0V to +7.0V
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Pin Descriptions
Media Independent Interface (MII)

Name 1/0 Description
TXD[3:0] Input Transmit Data. TXD[3:0] are the data signals that carry the Ethernet transmit frame data from the
(D[3:0]) (TTL) MAC to the PHY on a nibble basis. TXD[3:0] are sampled on the rising edge of TX_CLK when
TX_EN is asserted HIGH. In PMA mode, these pins become the D[3:0] pins used for passing
binary encoded 8B6T symbols to the PMA sublayer.
TX_EN Input Transmit Enable. When asserted HIGH, TX_EN indicates that the MAC is presenting data to the
(TTL) TXD[3:0] inputs of the PHY. TX_EN should be asserted HIGH with the first nibble of the
preamble and remain HIGH for the duration of the frame. TX_EN should be deasserted on the
first cycle following the final nibble of the frame. In PMA mode, TX_ENisasserted HIGH in order
to latch D[5:0] into the transmitter.
TX_CLK Output Transmit Clock. In MII Mode (MODE = HIGH), TX_CLXK is a continuous clock that provides a
(TTL, Three timing reference for the transfer of TXD[3:0], TX_EN, and TX_ER from the MAC. The nominal
State) frequency of TX_CLK is 25 MHz in 100-Mb/s mode and 2.5 MHz in 10-Mb/s mode.
TX_ER Input Transmit Coding Error. When asserted HIGH while TX_EN is HIGH, the PHY will transmit an
(D4) (TTL) error code word . TX_ER is sampled on the rising edge of TX_CLK. In PMA mode, this pin be-
comes the D4 pin used for passing binary encoded 8B6T symbols to the PMA sublayer.
RXD[3:0] Output Receive Data. RXD[3:0] are the data signals that carry the received Ethernet frame data from the
(Q[3:0)) (TTL, Three PHY to the MAC on a nibble basis. RXD[3:0] are driven synchronous to RX_CLK.InPMA mode,
State) these pins become the Q[3:0] pins used for transferring binary encoded 8B6T symbols from the
PMA sublayer.
RX_DV Output Receive Data Valid. When asserted HIGH, RX_DV indicates that the PHY is presenting recov-
(TTL, Three ered and decoded nibbles on the RXD[3:0] lines and that RX_CLK has been synchronized to the
State) recovered data. RX_DV is first driven HIGH when RXDJ[3: 0] contains the SFD and is held HIGH
for the duration of the frame. RX_DV makes transitions synchronousto RX_CLK. InPMA Mode,
RX_DV is driven high when Q2=3 contains the first data symbol.
RX_CLK Output Receive Clock. RX_CLK s a continuous clock that provides a timing reference for the transfer of
(TTL, Three RXD[3:0], RX_DV, and RX_ER signals from the PHY to the MAC. When RX_DV is HIGH,
State) RX _CLKis recovered from the received data. When RX_DV is LOW, RX_CLK s sourced from
the PHY’s nominal frequency. Transition between nominal frequency and recovered frequency is
made while RX_DV is LOW. In 100-Mb/s mode, the nominal clock frequency is 25 MHz,and in
10-Mby/s the nominal frequency is 2.5 MHz.
RX_ENI1] Input Receiver Output Enable. RX_EN enables the RXD[3:0], COL, Q5, RX_ER, and RX_DV signal
(TTL) drivers. RX_EN allows the receive data signals to bussed together for multiple PHY applications.
RX_ER Output Receive Error. RX_ER is asserted HIGH to indicate to the MAC that a fault condition was de-
(TTL, Three tected during the frame presently being transferred from the PHY to the MAC. RX_ER is driven
State) synchronously with RX_CLK.
COL Output Collision Detect. COL is asserted HIGH to indicate that a collision has occurred on the media.
(Q4) (TTL, Three COL is asserted asynchronously and with minimum delay from the start of the collision. In PMA
State) Mode, this pin becomes the Q4 pin used for transferring binary encoded 8B6T symbols from the
PMA sublayer.
CRS Qutput Carrier Sense. CRS is asserted HIGH by the PHY to indicate the detection of a non-idle condition
(TTL, Three on the media. CRS is asserted asynchronously and with minimum delay from the detection of the
State) non-idle condition. CRS is asserted HIGH throughout the duration of a collision condition.
MDC Input Management Data Clock. MDC is sourced from the station management entity (STA) to the PHY
(TTL) as a timing reference for the transfer of management information on the MDIO signal.
MDIO Bidirectional Management Data Input/Output. MDIO is a bidirectional signal between the PHY and the station
(TTL, Three management entity (STA) used to transfer control and status information. Control information is
State) driven from STA to the PHY synchronously with MDC and sampled on the rising edge of MDC.
The PHY drives status information to the STA synchronously with MDC. The STA samples the
data on the rising edge of MDC.
Note:

1.

RX_EN is not specified in the 802.3 MII standard.
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Pin Descriptions (continued)

Media Dependent Interface

PRELIMINARY CY7C971

Name /0 Description

TX D1+ Differential Transmit Data. TX_D1= are differential line drivers for data transmission. In 10BASE-T mode

TX D1- Output TX_D1= transmit Manchester encoded data with a nominal period of 100 ns. In 100BASE-T4
mode TX_D1= transmit 8B6T ternary symbols with a nominal period of 40 ns. TX_D1 =+ also par-
ticipate in the Link Integrity function.

RX D2+ Differential Receive Data. RX_D2= are differential line receivers for data reception. In 100-Mb/s mode,

RX D2- Input RX D2+ receives 8B6T ternary symbols with a nominal period of 40 ns. In 10-Mb/s mode,
RX_D2=+ receives Manchester encoded bits with a nominal period of 100ns. RX_D2* also partici-
pates in the Link Integrity function.

TX D3+ Differential Transmit Data. TX D3+ are differential line drivers for data transmission. In 100-Mb/s mode,

TX _D3- Output TX_D3+ transmits 6T ternary symbols with a nominal period of 40 ns. In 10-Mb/s mode, TX_D3+
are not used.

RX D3+ Differential Receive Data. RX_D3 =+ are differential line receivers used for data reception. In 100-Mb/s mode,

RX_D3- Input RX_D3: receives 6T ternary symbols with a nominal period of 40 ns. In 10-Mb/s mode, RX, D3+
are not used.

TX D4+ Differential Transmit Data. TX_D4=+ are differential line drivers used for data transmission. In 100-Mb/s

TX _D4- Output mode, TX_D4+ transmits 6T ternary symbols with a nominal period of 40 ns. In 10-Mb/s mode,
TX_D4= are not used.

RX D4+ Differential Receive Data. RX_D4 =+ are differential line receivers used for data reception. In 100-Mb/s mode,

RX D4- Input RX_D4x= receives 6T ternary symbols with a nominal period of 40 ns. In 10-Mb/s mode, RX _ D4+

are not used.

Physical Media Attachment Interface

Name 1/0 Description
MODE Input Mode. When MODE is tied HIGH, the transceiver is in normal mode. Received and tranmitted
(TTL) data will move through the PMA and the PCS sublayers. Asserting MODE LOW exposes the
100BASE-T4 PMA service interface and disables 10BASE-T. The PCS is bypassed and the binary
coded 6T serial data is presented at the MII and PMA interface pins.
D5 Input PMA Input Data. D5 is an input signal to the PMA transmit sublayer when MODE is asserted
(TTL) LOW.
Qs Output PMA Output Data. Q5 is an output signal from the PMA receive sublayer when MODE is asserted
(TTL, LOW. Q5 is high-impedence when RX_EN is HIGH.
Three State)
Control and Status
Name 1/0 Description
RESET Input Reset. When RESET is asserted LOW, the PHY is placed in the reset state and the transmit and
(TTL) receive functions are disables. The MII registers are placed in their default states.
AUTONEG | Input Auto-Negotiation Enable. When asserted HIGH, Auto-Negotation capability is enabled by setting
(TTL) the Status Register bit 1.3. Auto-Negotation is controlled through the MII management registers.
When asserted LOW, Auto-Negotation capability is disabled. AUTONEG is sampled on the rising
edge of RESET.
ENT4 Input Enable 100BASE-T4. ENT4 enables 100BASE-T4 operation by setting the Status Register bit
(TTL) 1.15. When ENT4 is HIGH, bit 1.15 is forced HIGH, enabling 100BASE-T4 operation. When
ENT4 is LOW, bit 1.15 is forced LOW, disabling 100BASE-T4. ENT4 is latched on the rising edge
of RESET.
ENT Input Enable 10BASE-T. ENT enables 10BASE-T operation by setting the Status Register bit 1.11.
(TTL) When ENT is HIGH, bit 1.11 is forced HIGH, enabling 10BASE-T operation. When ENT4 is
LOW, bit 1.11 is forced LOW, disabling 10BASE-T. ENT is latched on the rising edge of RESET.
ENTFD Input Enable 10BASE-T Full Duplex. ENTFD enables 10BASE-T Full Duplex operation by setting the
(TTL) Status Register bit 1.12. When ENTFD is HIGH, bit 1.12 is forced HIGH, enabling 10BASE-T Full
Duplex operation. When ENTFD is LOW, bit 1.12 is forced LOW, disabling 10BASE-T Full Du-
plex. ENTFD is latched on the rising edge of RESET.
ISODEF Input Isolate Default. ISODEF determines the default state of Isolate Bit 0.10 in the Control Register.
(TTL) When ISODEF is HIGH, the default value for 0.10 is 1. When ISODEF is LOW, the default value
for 0.10 is 0. ISODEEF is latched on the rising edge of RESET.
LOOP Input opback Enable. When asserted LOW, the transmitter bit stream is looped back to the receiver
(TTL) for iagnostic testing. When LOOP is HIGH, the Loopback function is controlled by the Loopback

bit in the control register.
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Control and Status (continued)

PRELIMINARY CY7C971

Name 1/0 Description
JAM Input 100BASE-T4 Jam Generation. When JAM is LOW in 100BASE-T4 mode and a carrier is present,
(TTL) the PHY will enter the collision state and generate the Jam pattern. The jam condition will persist
for a minimum of 512 bit times.
TEST Input Test. This pin is used for factory testing and should be tied LOW for normal operation.
(TTL)
Address
Name 1/0 Description
A[4:0] Input PHY Address. These pins assign the management address to the PHY. A0 is least significant bit
(TTL) and A4 is the most significant bit. A4 is the first address bit received by the PHY in the management
frame. The address is latched on the rising edge of RESET.
LED Drivers
Name 1/0 Description
LRX Output Receive LED Indicator. LRX is driven LOW when the transceiver is receiving. An internal 20KQ
(Open Drain, resistor will pull LRX HIGH when the transceiver is not receiving.
‘Weak Pull-Up)
LTX Output Transmit LED Indicator. LTX is driven LOW when the transceiver is transmitting. An internal
(Open Drain, 20K resistor will pull LTX HIGH when the transceiver is not transmitting.
‘Weak Pull-Up)
LINKT4 Output 100BASE-T4 Link Pass LED Indicator. LINKT4 is driven LOW when the 100BASE-T4 transceiver
(Open Drain, isin the Link Pass State. An internal 20K resistor will pull LINKT4 HIGH when the transceiver
Weak Pull-Up) | is not in the 100BASE-T4 Link Pass State.
LINKT Output 10BASE-T Link Pass LED Indicator. LINKT is driven LOW when the 10BASE —T transceiver is in
(Open Drain, the Link Pass State. An internal 20K<2 resistor will pull LINKT HIGH when the transceiver is not
Weak Pull-Up) | in the 100BASE—T Link Pass State.
LINKFD Output 10BASE-T Full Duplex Link Pass LED Indicator. LINKFD is driven LOW when 10BASE-T Full
(Open Drain, Duplex has been negotiated or chosen as the operating mode and the 10BASE-T transceiver is in
Weak Pull-Up) | the Link Pass State. Aninternal 20K resistor will pull LINTFD HIGH when the transceiver is not
in the 100BASE—T Link Pass State.
Clock
Name /0 Description
CLKI Input Reference Clock Input. In MII Mode (MODE=HIGH), the 25-MHz signal is used as a timing
reference for TX_CLK and analog circuits. This pin should be connected to either to a 25-MHz
crystal or a crystal-controlled TTL-level clock source. In PMA mode (MODE = LOW), CLKI is
an input and is used as a timing reference for the PMA interface and analog circuits.
CLKO Output Reference Clock Output. This pin connects to a 25 MHz crystal or isleft open ifa TTL clock is used
with CLKI. In PMA mode, CLKO should be left open.
External Components
Name 1/0 Description
R1 Passive 10K *+1% External resistor.
R2 Passive 10K +1% External resistor.
Power and Ground
Name 1/0 Description
Vcep Digital Power Positive Voltage Supply. Vcc requires a 5V+10% supply.
Veea Analog Power Positive Voltage Supply. Vcc requires a 5V+10% supply.
Vces Serial MDI Positive Voltage Supply. Vcc requires a S5V+10% supply.
Power
GNDD Digital Ground | Ground.
GNDA Analog Ground | Ground.
GNDS Serial MDI Ground.
Ground
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Figure 1. Transceiver Card Block Diagram
CY7C971 Description Transmit Physical Coding Sublayer (PCS)
100BASE-T4 The PCS takes nibble-wide data from the MII and accumulates

The CY7C971 provides a physical layer interface (PHY) for dual
speed IEEE 802.3 100BASE-T4 and 10BASE-T CSMA/CD local
areanetworks. 100BASE-T4 offersincreased performance overex-
isting 10BASE-T networks while maintaining compatibility with
the existing Ethernet Media Access Control (MAC) specification.
The 100BASE-T4 PHY interfaces to 4 pairs of category 3,4, or 5
cable. The 100BASE-T4 PHY is comprised of the Physical Coding
Sublayer (PCS), Physical Media Attachment (PMA), Media Inde-
pendent Interface (MII), and Media Dependent Interface (MDI).
Atypical 100BASE-T4 transceiver card applicationis shownin Fig-
ure 1.

Transmitter

The transmitter is comprised of the Physical Coding Sublayer
(PCS) and the Physical Media Attachment (PMA). Figure 2 shows
a block diagram of the T4 transmitter.

them into 8-bit octets in the TXD1 and TXD2 registers. The octets
are then encoded using the 8B6T ternary code according to the
802.3 standard. The encoded 8B6T code groups are then loaded in
binary form to the shift registers.

Three shift registers convert the parallel 8B6T code groups to seri-
alform. When the transmitter is active, a shift register is loaded on
every other TX_CLK cycle. The first 8B6T code group of the frame
is loaded into TX_shiftl. The second group is loaded into
TX_shift2 and the third into TX_shift3. The 4th group will be
loaded into TX_shiftl. This sequence continues until all of the
8B6T code groups comprising the frame have been transmitted.
At the start of the transmit frame, TX _shift2 and TX_shift3 willbe
loaded with a pad sequence aligned with first 8B6T code group in
TX_shift1. The pad sequence aides the receiver with clock recov-
ery and pair alignment. The preamble is generated automatically
and follows the pad sequence.

' PCS * . PMA
1 D 2: '
' TX_CLK - TX_shift1 Q TX_D1x
' 4+2 , Binary
TXD[3:0] , 8B6T |[6x2, o . to o,
TX_ER 4+2 Q D Q 442, Encoder v Ternary |
TX_EN 7 D :
_EN "7 TlTxp2 XD1 : . 2
X LK Ny TX_CLK b TX_shifz - T TX D3
! ' Wave '
: 3 : Shaper :
: Clock TX_CLK - X s Q-2 TX_D4+
25 MHz Genertiont— TX_CLK = . - -
) ' '
e S 7C971-4

Figure 2. T4 Transmitter Block Diagram
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Figure 3. T4 Receiver Block Diagram

Transmit Physical Media Attachment (PMA)

The Transmit PMA converts the serial encoded 6T bits from the
transmit PCStotheir corresponding ternarywaveforms. The wave-
shaper Digial to Analog Converter (DAC) generates high preci-
sion raised cosine waveforms on each transmission pair. The
waveforms conform to the 100BASE-T4 output template specifica-
tion. No external filters are required. The PMA output drivers in-
terface to the media through external termination resistors and
isolation transformers.

Receiver

The T4 receiver is comprised of the PCS and the PMA. Figure 3
shows a block diagram of the receiver

Receive Physical Media Attachment (PMA)

The PMA receivesserial SB6T symbols from the twisted-pair inter-
face and presents them to the PCS. The T4 receiver media inter-
facefeaturesthreeadaptiveequalizers. Theequalizerscompensate
for the attentuation of high-frequency signals by up to 100 meters
of category 3,4, or 5 twisted-pair cable. The equalized waveforms
are converted to binary form and passed to the clock recovery and
data alignment blocks. The clock recovery circuit aligns the fre-
quency and phase of RX_CLK with that of the received serial data.
The data alignment block deskews the three receive channels.

Receive Physical Coding Sublayer (PCS)

The PCS accepts serial 8B6T symbols from the PMA, deserializes
them, and then decodes the 8B6T code groups. Three shift regis-
ters convert the serial data back to parallel form. The first 8B6T
code group is shifted into RX_shift1. The second 6T symbol group
is shifted into RX_shift2 and the third into RX_shift3. The fourth
code group is then shifted into RX_shift1. This process continues
until the entire frame has been deserialized. The parallel 8B6T
data are converted to 8-bit octets and latched into registers RXD1
and RXD2 on every other RX_CLK. The data is then presented at
the MII interface in nibble form. RX_DV indicates that received
data is present on the RXD[3:0] pins. RX_ER indicates that a re-
ceiver fault has occured.

Carrier Sense

The carrier sense function detects activity on the media using a
smart squelch function similiar to 10BASE-T. The CRS signal is as-
serted HIGH when a valid carrier is detected on the pair RX_ D2
according tothe 10BASE-T4 draftstandard. After detecting avalid
carrier, an eopl code group or seven consecutive zeros on RX_D2
must be detected before CRS is deasserted.

Collision Detection

A collision is detected when the transmitter is active simultaneous-
ly with the detection of a valid carrier by the carrier sense function.
The MII COL signal will be asserted HIGH to signal the presence
of a collision. When a collision is detected the TX_D2and TX_D3
pair drivers turn off.

Auto-Polarity Correction

The Auto-Polarity Correction function monitors the received sig-
nal polarity on RX_D2=+ and inverts the received signal internally
if its polarity is inverted. Auto-Polarity Correction is active during
Auto-Negotation and normal operation.

10BASE-T

The CY7C971 provides a 10BASE-T physical layer interface for
compatibility with existing 10-Mb/s Ethernet networks. 10BASE-T
operationisautomaticallyselectedif Auto-Negotation established
10BASE-T as the highest common operating mode. The
10BASE-T transceiver can also be enabled manually by disabling
Auto-Negotation and clearing the Speed Selection (0.13) bit in the
MIIControl Register. The LINKT pinindicateswhen 10BASE-Tis
the selected mode of operation and the 10BASE-T transceiverisin
the link pass state. Figure 4 shows ablock diagram of the 10BASE-T
transceiver.

During 10BASE-T operation, transmit and receive data are trans-
fered over the MII interface in nibble wide groups. The TX_CLK
and RX_CLK clocks are sourced from the PHY with a 2.5-MHz
nominal clock rate. TX_EN qualifies incoming transmit data,and
RX_DV qualifies receive data. In this mode, the MII complies
with the IEEE MII specification for a 10-Mb/s interface.
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Full Duplex TX_CLK provides a continuous clock that is sourced from the

The CY7C971 supports Full Duplex operation in 10BASE-T
mode. 10BASE-T Full Duplex operation is automatically selected
if Auto-Negotation established 10BASE-T Full Duplexas the high-
est common operating mode. The 10BASE-T Full Duplex opera-
tion can also be selected manually by disabling Auto-Negotation
and clearing the Speed Selection (0.13) bit and setting the Duplex
Mode Bit (0.8) in the MII Control Register. 10BASE-T Full Du-
plex mode cannot be enabled through Auto-Negotation or manu-
ally unless the the ENTFD pin is HIGH. The LINKFD pin indi-
cates when 10BASE-T Full Duplex is the selected mode of
operation and the 10BASE-T transceiver is in the Link Pass State.
During full duplex operation, the collision pin (COL) is LOW.

Auto-Polarity Correction

The Auto-Polarity Correction function monitors the received sig-
nal polarityon RX_D?2+ and inverts the received signal internally
ifits polarity is inverted. Auto-Polarity Correction is active during
Auto-Negotation and normal operation.

Media Independent Interface (MII)

The MII provides a connection between the PHY and the MAC
and between the PHY and the station management (STA) entity.
The MII is capable of supporting 100- and 10-Mb/s operation.

Data transfer is accomplished over nibble-wide dedicated transmit
and receive channels. When TX_EN is asserted HIGH, data on
TXDJ[3:0] channel is latched into the PHY on the rising edge of
TX_CLK and passed to the PCS. If TX_ER is asserted HIGH, an
8B6T code violation word will be sent in place of the transmit data.

PHY.

Whenrecovered data is available from the PCS, the RX_DV signal
is asserted HIGH simultaneously with the first Start of Frame De-
limiter (SFD) nibble on RXD[3:0]. The RX_DV signal remains
HIGH continuously through the final recovered nibble of the
frame. If an error is detected in the frame by the PHY, the RX_ER
signal is driven HIGH synchronously with RX_CLK.

RX_CLK isacontinuous clock that provides a timing reference for
the transfer of RXD[3:0}, RX_DV, and RX_ER from the PHY to
the MAC. RX_CLK is sourced from the PHY. While RX DV is
deasserted, RX_CLK will run at the PHY’s nominal frequency.
When RX_DVisasserted, the frequency and phase of RX_CLK s
recovered from the received data. During the transition from nom-
inal to recovered frequency, the period of RX_CLK may extend by
up to one cycle. RX_CLK stretching prevents logic failures from
occuring in downstream logic while the clock makes it transition.

When a carrier is detected, the CRS signal is asserted HIGH. A
collision is signaled by asserting COL HIGH. CRS is asserted
throughout a collision condition.

Access to the management facilities are provided throught the MII
with the MDC and MDIO pins. These pins provide a serial inter-
face to the management control and status registers. The MDC'sig-
nal is driven to the PHY from the management station (STA) as a
timing reference for transfer of information on the MDIO signal.
The MDIO signal is a bidirectional signal between the PHY and
the STA. Control information is driven by the STA to the PHY.
Status information is driven from the PHY to the STA.

2-8
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Media Dependent Interface

The Media Interface is comprised of four communications chan-
nels. A dedicated transmit channel, TX_D1z, transmits
100BASE-T4 and 10BASE-T signals. RX_D2= is a dedicated re-
ceive channel for both 100BASE-T4 and 10BASE-T signals. The
two bidirectional channels for 100BASE-T4 are formed from
TX D3+, RX_D3= and TX_D4=+, RX_D4=+.

The MDI pins interface to the medium through external resistors
and isolation transformers. No external filters are required. The
transmit drivers use class AB differential drivers to help reduce
power consumption while providing ample drive capability. The
drivers have a common mode control circuit to help reduce com-
mon mode emissions.

Management

The management facilities are used to control and indicate the sta-
tusofthe PHY resources. The managementfacilitiesand MIIman-
agement interface is compliant with the IEEE 802.3 MII draft
specification.

MII Management Interface

The management facilities are accessed through the MII manage-
ment pins MDCand MDIO. The management facilitiesrespond to
register accesses that match the PHY address. The PHY addressis
assigned with the A[4:0] pins. The value of these pins are latched
into the internal PHY address register on the rising edge of RE-
SET.

Registeraccesses are perfomed by transferringan opcode, address,
and register number to the PHY management facility. If the ad-
dresstransferred matchesthe PHY address at the AO— A4 pins, the
PHY responds to the access. During a read access, 16 bits of data
from the selected register are transferred from the PHY tothe STA
on the MDIO pin. During a write, 16 bits of data are transferred
from the STA to the PHY and written into the selected register.

Control and Status Registers

Control and status information are stored in two 16-bit registers.
The Control register is assigned address 0 and the Status register is
assigned address 1. Table 1 shows a map of the Control register and
Table 2 shows the Status register.

Table 1. MII Control Register Definition[2]

Control Register (Register 0)
Bit(s) Name Setting R/W | Default Description
0.15 Reset 1 = PHY Reset R/W 0 Resets the status and control regis-
0 = Normal Operation S/IC ters to their default states. Reset is
self clearing.
0.14 Loopback 1 = Loopback Mode R/'W 0 Loopback connects the transmit
0 = Normal Operation data path to the receive data path.
0.13 Speed Selection 1 = 100 Mb/s R/W 1 ‘When Auto-Negotiation is disabled,
0 = 10 Mb/s Speed Select determines the speed
of the PHY.
0.12 Auto Negotiation Enable | 1 = Enable Auto-Negotation R/W 1 This bit enables the Auto-Negoti-
0 = Disable Auto-Negotiation ation function.
0.11 Power Down 1 = Power Down R/W 0 Power down shuts off the internal
0 = Normal operation PLLs and core logic.
0.10 Isolatel3] 1 = Isolate PHY from MII R/W 0,1 Isolate places the receiver MII chan-
0 = Normal Operation nel in high impedence, and the MII
transmiter channel does notrespond
to MII activity.
0.9 RestartAuto-Negotiation | 1 = Restart Auto-Negotiation | R/W 0 Restart Auto-Negotiation breaks
0 = Normal Operation S/C the link and restarts the Auto Ne-
gotiation process.
0.8 Duplex Mode 1 = Full Duplex R/W 0 Duplex Mode selects between full
0 = Half Duplex and half duplex operation for
10BASE-T.
0.7 Collision Test 1 = Test COL Signal R/W 0 Collision test causes the COL signal
0 = Normal Operation to be asserted when TX_EN is as-
serted.
0.6:0 Reserved 0

Notes:
2. R/W = Read/Write
SC = Self Cleaning
RO = Read Only
LH = Latched HIGH
3. Isolate default is set by the ISODEF pin.
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Table 2. MII Status Register Definition
Status Register (Register 1)
Bit(s) Name Setting R/W | Default Description
1.15M41 | 100BASE-T4 1 = 100BASE-T4 Able RO 1,0 When set, this bit indicates that
0 = 100BASE-T4 Able the PHY is 100BASE-T4 capable.
1.14 100BASE-TX Full Du-| 0 = 100BASE-TX Full Duplex | RO 0 This bit is always set to zero.
plex Not Supported
1.13 100BASE-TX Half Du- | 0 = 100BASE-TX Half Duplex | RO 0 This bit is always set to zero.
plex Not Supported
1.125] 10BASE-T Full Duplex = 10BASE-T Full Duplex Able RO 1,0 ‘When set, this bit indicates that
0 = 10BASE-T Full Duplex Able the PHY is 10BASE-T full duplex
capable.
1.11l61 | 10BASE-T Half Duplex = 10BASE-T Half Duplex Able | RO 1,0 When set, this bit indicates that
0 = 10BASE-T Half Duplex Able the PHY is 10BASE-T half duplex
capable.
1.10:6 | Reserved 0 = Default RO 0
15 Auto-Negotiation 1 = Auto-Negotiation Complete RO 0 This bit is set when NWAY has
Complete 0= Auto-Negotiation Incomplete completed the auto negotiation
process.
14 Remote Fault 1 = Remote Fault Condition RO 0 This bit is set when Auto Negoti-
0 = No Remote Fault Condition ation detects a remote fault.
1371 | Auto Negotiation Ability | 1 = PHY is Able to Perform Auto | RO 1,0 PHY supports Auto-Negotiation.
Negotiation
12 Link Status 1 = Link Is Up RO 0 Link Status indicates that the
0 = Link Is Down PHY is in the Link Pass State.
11 Jabber Detect 1 = Jabber Condition Detected RO 0 Jabber Detect indicates that a jab-
0 = No Jabber Condition LH ber condition has been detected
Detected for 10BASE-T.
1.0 Extended Capabilities 1 = Extended Register Capable RO 1 OUI and Auto-Negotiation Ex-
tended Registers 2—7 are present.

Vendor and Product ID Registers

Vendor and Product identification codes are stored in manage-
ment ID registers 2 and 3. These registers contain the Cypress
Semiconductor Corporation unique identifier and the CY7C971
product and revision number. Table 3 explains the ID registers.

Auto-Negotation Registers

The Auto-Negotation process is managed through the Auto-Ne-
gotation registers. Register 4 is the Auto-Negotation Advertise-
ment register. This register contains the 16-bit code word that is
advertised to the remote link partner. Register 5 is the Auto-Ne-
gotation Link Partner Ability register for base and next pages. This
register holds the 16-bit code word that the Auto-Negotation func-
tion receives from the remote link partner. Register 6 is the Auto-
Negotation Expansion register and is used to monitor the negoti-
ation process. Register 7 is the Auto-Negotation Next Page
Transmit register. The function of the Auto-Negotation register
bits are defined in Tables 4 through 7.

Auto-Negotation

The IEEE Auto-Negotation function provides remote capability
detection and automatic speed selection. Auto-Negotation is fully
compatible with existing 10BASE-T only devices.

Notes:
4. 100BASE-T4 Default is set by the ENT4 pin.
5. 10BASE-T FD Default is set by the ENTFD pin.

Auto-Negotation advertises the capabilities of the PHY by trans-
mitting a sequence of fast link pulses (FLPs) that form a standard
16-bit code word. The advertised code word is contained in the
Auto-Negotation Advertisement register (Register 4). Auto-Ne-
gotation receives 16-bit code words and stores them in the Auto-
Negotation Partner Ability register (Register 5). Once the code
words have been sent and acknowledged, Auto-Negotation selects
the highest common operatingmode as the current mode of opera-
tion. The highest common mode of operation is determined by the
Priority Resolution Table specified in the Auto-Negotation stan-
dard. When a mode of operation is selected, Auto-Negotation en-
ables the transition to the selected mode’s Link Pass state.

The Auto-Negotation processis controlledand monitored through
the MII management registers. Auto-Negotation may be disabled
in the MII control register or by asserting the AUTONEG pin
HIGH.

The Auto-Negotationiscapable of transmitting and receiving code
word pages in addition to the base pages. The next page process is
controlled through the MII registers.

6. 10BASE-T HD Default is set by he ENT pin.
7. Auto-Negotiation Default is set by the AUTONEG pin.
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Table 3. MII PHY ID Register Definition
PHY Identifier (Register 2 and 3)
Bit(s) Name Setting R/W | Default Description
2.15:0 | OUIPHY Identifier 16 Most Significant OUI Bits RO 0028h | This field contains 16 bits of the
press Organizationally Unique
Identifier (OUI).
3.15:10 | OUI PHY Identifier 6 Least Significant OUI Bits RO 02h This field contains 6 bits of the
press Organizationally Unique
Identifier (OUI).
3.9:4 Model Number CY7C971 Model Number RO 01h This field contains a 6-bit model
number.
3.3:0 Revision Number CY7C971 Revision Number RO - This field contains a 4-bit revision
number.
Table 4. MII Auto-Negotation Advertisement Register Definition
Auto-Negotation Advertisement Register (Register 4)
Bit(s) Name Setting R/W Default Description
4.15 Next Page 1 = Next Page to be Transmitted | R/W 0 ‘When set, this bit will cause the PHY
0 = No Next Page to advertise Next Page capability.
4.14 Reserved RO Reserved.
4.13 Remote Fault 1 = Fault Indication R/W When set, this bit will cause the PHY
0 = No Fault to advertise a Remote Fault has oc-
cured.
4.12 Technology Ability Field | Reserved RO 0 Reserved.
Reserved
4.11 Technology Ability Field | Reserved RO 0 Reserved.
Reserved
4.10 Technology Ability Field | Reserved RO 0 Reserved.
Reserved
496 | Technology Ability Field | 1 = Advertise 100BASET4 RW 1,0 When set, this bit will cause the PHY
100BASE-T4 0 = Do Not Advertise to advertise 100BASE-T4 capability.
This bit may only be set if
100BASE-T4 is enabled.
4.8 Technology Ability Field | 0 = 100BASE-TX FD RO 0 This bit will always be zero.
100BASE-TX Full Not Supported 100BASE—TXFD is not supported.
Duplex
4.7 Technology Ability Field | 0 = 100BASE-TX Not RO 0 This bit will always be zero.
100BASE-TX Supported 100BASE—TX is not supported.
4.61% Technology Ability Field | 1 = Advertise 10BASE-T FD R/W 1,0 When set, this bit will cause the PHY
10BASE-T Full Duplex 0 = Do Not Advertise to advertise 10BASE-T FD capabili-
ty. This bit may only be set if
10BASE-T FD is enabled.
4.5001 | Technology Ability Field | 1 = Advertise 10BASE-T R/W 1,0 When set, this bit will cause the PHY
10BASE-T 0 = Do Not Advertise to advertise 10BASE-T capability.
This bit may only be set if 10BASE-T
is enabled.
4.4:0 Selector Field Indicates IEEE 802.3 LAN RO 01h This field is permanently set to 0001
to advertise IEEE 802.3 CSMA/CD
LAN.
Notes:

8. 100BASE-T4 Advertised Ability default is set by the ENT4 pin.
9. 10BASE-T FD Advertised Ability default is set by the ENTFD pin.
10. 10BASE-T Advertised Ability default is set by the ENT pin.
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Table 5. MII Auto-Negotation Link Partner Ability Register Definition
Auto-Negotation Link Partner Ability Register (Register 5)
Bit(s) Name Setting R/W | Default Description
5.15 Remote Next Page 1 = Next Page to be Transmitted | RO 0 When set, this bit indicates the
0 = No Next Page remote PHY has a Next Page to
send.
5.14 Remote Acknowledge 1 = Remote Acknowledge RO 0 When set, this bit indicates that
0 = No Acknowledge the remote PHY has acknowl-
edged receipt of a page.
5.13 Remote Fault 1 = Fault Indication RO 0 When set, this bit indicates thata
0 = No Fault fault has ocurred in the remote
PHY.
5.12 Technology Ability Field | Reserved RO 0 Reserved.
Reserved
5.11 Technology Ability Field | Reserved RO 0 Reserved.
Reserved
5.10 Technology Ability Field | Reserved RO 0 Reserved.
Reserved
5.9 Technology Ability Field | 1 = 100BASE-T4 Able RO 0 When set, this bit indicates that
100BASE-T4 0 = Not 100BASE-T4 Able the remote PHY has
100BASE-T4 capability.
5.8 Technology Ability Field | 1 = 100BASE-TX FD Able RO 0 When set, this bit indicates that
100BASE-TX FullDuplex | 0 = Not 100BASE-TX FD Able the remote PHY has 100BASE-
TX FD capability.
5.7 Technology Ability Field | 1 = 100BASE-TX Able RO 0 When set, this bit indicates that
100BASE-TX 0 = Not 00Base-TX Able the remote PHY has 100BASE-
TX capability.
5.6 Technology Ability Field | 1 = 10BASE-T FD Able RO 0 When set, this bit indicates that
10BASE-T Full Duplex 0 = Not 10BASE-T Able the remote PHY has 10BASE-T
FD capability.
55 Technology Ability Field | 1 = 10BASE-T Able RO 0 ‘When set, this bit indicates that
10BASE-T 0 = Not 10BASE-T Able the remote PHY has 10BASE-T
capability.
5.4:0 Selector Field Indicates LAN Type RO 00h This field indicates the type of

LANSs being advertised by the re-
mote PHY.
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Table 6. MII Auto-Negotation Expansion Register Definition
Auto Negotiation Expansion Register (Register 6)
Bit(s) Name Setting R/W | Default Description
6.15:5 Reserved Reserved RO 0 Reserved.
6.4 Parallel Detection Fault 1 = Parallel Detection Fault RO 0 When set, this bit indicates that
0 = No Parallel Detection Fault | LH local Auto-Negotation has
detcted more than one valid link.
6.3 Link Partner Next Page 1 = Link Partner is Next Page | RO 0 When set, this bit indicates that
Able Able the remote PHY supports Next
0 = Link Partner is Not Next Page capability
Page Able
6.2 Next Page Able 1 = Next Page Able RO 1 This bit indicates that local
Auto-Negotation supports Next
Page capability.
6.1 Page Received 1 = 3 Identical Code Words Re- | RO 0 When set, this bit indicates that
ceived LH local Auto-Negotation has re-
0 = 3 Identical Code Words ceived three consecutive and
Have Not Been Received identical code words.
6.0 Link Partner Auto Ne- | 1 = Link Partner is Auto-Ne- | RO 0 When set, this bit indicates that
gotiation Able gotiation Able the remote PHY has Auto-Ne-
0 = Link Partner is Not Auto- gotation capability.
Negotiation Able
Table 7. MII Auto-Negotation Next Page Transmit Register Definition
Auto-Negotation Next Page Transmit Register (Register 7)
Bit(s) Name Setting R/W Default Description
7.15 Next page 1 = More Pages Follow R/W 0 When set, this bit indicates that
0 = Last Page more pages follow. When clear,
it indicates that the last page is
being sent.
7.14 Reserved RO
7.13 Message Page 1 = Message Page R/W 0 When set, this bit indicates that
0 = Unformatted Page the next page being sent is for-
matted as a message page.
7.12 Acknowledge 2 1 = Will Comply RO 1 When set, this bit indicates that
0 = Cannot Comply the device can comply with the
received message.
7.11 Toggle 1 = Previous Toggle Was Zero RO 0 This bit is used to ensure syn-
0 = Previous Toggle Was One chronization with the link part-
ner during next page exchange.
7.10:0 Message/Unformatted Eleven-Bit Field R/W 000h This field contains the message/
Code Field unformatted bits for the next
page.
Loopback PMA Mode

In Loopback Mode, the transmit PMA circuits are isolated from
the media and are connected to the receive PMA circuits. Transmit
data flows from the MII through the PCS and into the PMA. The
serial dataisthenlooped back through the Receiver PMA and PCS
to the MII interface. Loopback Mode is useful for checking the in-
tegrity of the PHY and MAC operations.

Loopback Mode is enabled by either setting the Loopback bit in
the Management Control register to one or by asserting the LOOP
pin LOW.

When the MODE pin is LOW, the CY7C971 is in 100BASE-T4
PMA mode. This mode of operationisintended for use inrepeater
applications. In PMA mode, the PCS is bypassed exposing the
PMA sublayer. Binary encoded 6T symbols are transfered directly
over the PMA interface pins. This reduces the transmitter latency
foruseinclass 1and class 2 repeaters. A block diagram of the PMA
interface is shown in Figure 5. 10BASE-T is disabled in the Status
register.
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Figure 5. T4 Transmitter & Receiver PMA Interface and Block Diagram (MODE = LOW)

Serial 6T data from the three PMA circuits are transferred over the
PMA interface pins in binary form. The Receiver aligns and con-
verts the line signals to their 6T binary representation and drives
them to the Q[5:0] pins. The transmitter latches the three 6T sym-
bol streams on its D[5:0] input pins on the rising edge of TX_CLK.
The 6T symbols are loaded into the waveshaper DAC and con-
verted to their corresponding ternary waveforms. 7able 8 shows the
mapping of binary PMA signals to ternary waveforms.

Table 8. PMA Binary to Ternary Mapl!1]

PMA
Q1-0,Q3-2,Q5-4
D1-0,D3-2,D5-4 ‘Transmitter Receiver
00 CSo CS0
10 CS1 CS1
01 CS—-1 CS—-1
11 CSo -

Notes:

11. CS0 is a waveform which conveys the ternary symbol 0.
CS1 is a waveform which conveys the ternary symbol 1.
CS—1 is a waveform which conveys the ternary symbol —1.

The RX_DV signal indicates when the first data symbol after sosb
is present on the Q0—5 PMA interface pins. RX_DV will remain
HIGH throughout the transfer of data symbols across the PMA in-
terface. RX_DV is LOW when thereisno carrier present. RX_ER
HIGH indicates a pair alignment error. The RX_EN input pin en-
ables the Q0—5, RX_DV, and RX_ER drivers. RX_EN LOW
places the drivers in the high-impedence state.

The transmit PMA interface is synchronous to the CLKI input
clock signal. The TX_EN HIGH causes data on the PMA D0-5
pins to be loaded into the transmit PMA waveshaper on the rising
edge of CLKI. When TX_EN is LOW, the output drivers transmit
the CSO idle symbols.

Applications

The CY7C971 is a flexible physical-layer device that fits into any
Ethernet application including network interface cards, transceiv-
er cards, repeaters, hubs and switches. Figure 6 shows a schematic
of the CY7C971 configured for a transceiver card application with
an exposed MII port.



PRELIMINARY CY7C971

2
IZL O F <O
£ 3
2 2 zo 5z
Q ! gr>
3 I A7 AN 2 Vees
4 479 pan RX_D4—
g 8
TX_D4~
6 AT AAA GNDS '
7 472 A TX D4+ L7
47Q - ] '
« 18 VWAL RX_D4+ ' '
O |9 47Q ' 6] =
® VWA Vees —@ ' e ]
o 10 47Q AAA D3— ' -
2 vW RX_D3 ' ' 7}
g 11 TX_DS_ 'A'Av 1 5 g
— 10Q ' c
o 12_|13 70 Veop CY7C971 anos —1-@ ' ' g
- ; Iﬁ,A,,A,A TX_CLK TX_D3+ VW o
=4 | TX_EN RX_D3+ 100 . : 0
1
15 | TXDO Vees —@ 41
J-e——-l TXD1 RX_D2— 25Q : E
17 TXD2 RX_D2+ ; 3
1 TXD3 Vees @ ' '
l—1 GNDD TX_D1- WA : : 2
120 0 | 1 s GNDS |—1 @102 X §
L —W coL TX_D1+ Yy L : 1
VWA CRS N Vees |—@ | 109
-
3 88 Esdd85liecd 3
¢ o Oa =2 Z o Z I< COoORIESESZ o~ 0O
125z 6566265s2¢|[foos &>
25 MHz 1015/9
+5V %
5 KQ; O
— S ¥ S ¥

GND 7C971-8
Figure 6. 100/10 Transceiver Card Schematic



—
——
—

PRELIMINARY CY7C971
==2¢ CYPRESS
Electrical Characteristics Over the Operating Range
Parameter | Description Test Conditions Min. Max. | Unit
TTL Pins
VoHT Output HIGH Voltage Vcce = Min,, [og = —4.0 mA 2.4 \%
Vorr Output LOW Voltage Vce = Min,, Igr, = 40 mA 0.4 \%
Viur Input HIGH Voltage 2.0 6.0 v
Vit Input LOW Voltage -3.0 0.8 v
IrxT Input Load Current GND < Vi < Vcc -10 +10 A
IozT Output Leakage Current GND < Vg < V¢, Output Disabled =50 +50 uA
IosT Output Short Circuit Current!!?] | Ve = Max., Vour = GND -350 mA
Open Drain LED Pins
VoLp Output LOW Voltage Ve = Min,, Igp, = 12.0 mA 0.4 | v
Miscellaneous
Iccr Ve Operating Supply Current Ve = Max., Iout = 0 mA, 300 mA
100BASE-T4 transmitting
Icca V¢ Operating Supply Current Ve = Max., Iout = 0 mA, 100 mA
100BASE-T4 not transmitting
Isp Power-Down Current Max. Ve TBD mA
Capacitance3]
Parameter Description Test Conditions Max. Unit
CiN Input Capacitance Ta = 25°C, f = 1 MHz, 5 pF
. Ve = 5.0V
Cout Output Capacitance 8 pF
AC Test Loads and Waveforms
481Q 481Q ALL INPUT PULSES
5V 5V 3.0v
OUTPUT OUTPUT S0% 0%
p. 10% 10%
30 pF $ 2550 5 pF $ 2550 GND %
INCLUDING l- - INCLUDING -__I. J__L =5ns <5ns
JIG AND JIG AND
SCOPE SCOPE
(a) (b) 7C971-9 7C971-10
Equivalent to: THEVENIN EQUIVALENT
167Q
OUTPUT O—‘VQN—O 1.73v
Notes:

12. Tested one output at a time, output shorted for less than one second,
less than 10% duty cycle.
13. Tested initially and after any design or process changes that may affect
these parameters.
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Switching Characteristics Over the Operating Rangel14]
Parameter l Description l Min. l Max. | Unit

MII Timing

tTCPWHT4 TX_CLK Pulse Width HIGH (T4) 14 26 ns
tTCPWLT4 TX_CLK Pulse Width LOW (T4) 14 26 ns
tTCPWHT TX_CLK Pulse Width HIGH (T) 194 206 ns
tTCPWLT TX_CLK Pulse Width LOW (T) 194 206 ns
tTDS TXD Set Up 10 ns
tTDH TXD Hold 0 ns
tTMIIT4 Transmit Latency (T4) 110 ns
tTMIIT Transmit Latency (T) 500 ns
tTCRSHT4 Transmit Path CRS Assert (T4) 20 ns
tTCRSHT Transmit Path CRS Assert (T) 20 ns
tTCRSLT4 Transmit Path CRS Deassert (T4) 320 ns
tTCRSLT Transmit Path CRS Deassert (T) 100 ns
tRePWHTAL] RX_CLK Pulse Width HIGH 14 26 ns
tRCPWLT4L ") RX_CLK Pulse Width LOW 14 26 ns
tRCPWHTLL] RX_CLK Pulse Width HIGH 194 206 ns
tRCPWLTLL) RX_CLK Pulse Width LOW 194 206 ns
tRDV RXD Valid from Clock 18 ns
tRDH RXD Hold from Clock 10 ns
tRXDVT4 RXD Valid Latency (T4) 870 ns
tRXDVT RXD Valid Latency (T) 500 ns
tRXDATAT4 RXD Latency (T4) 950 ns
tRXDATAT RXD Latency (T) 8700 ns
tRHZD RX_EN HIGH to Valid Data 15 ns
tRDHZ RX_EN LOW to High Impedance 20 ns
100BASE-T4 CRS and COL

tcrsh 10 CRS Assert Latency for Preamble 110 140 ns
tersLel /] CRS Deassert Latency for EOC 370 ns
tersLE!LS] CRS Deassert Latency for EOP 370 ns
tcoLu1!?! COL Assert Latency from TX_EN HIGH 20 ns
tcoLLi?Y COL Deassert Latency from TX_EN LOW 20 ns
tcoLmal?l COL Assert Latency from Preamble 190 ns
tcorLLa? COL Deassert Latency from EOC or EOP 370 ns

Notes:

14. Test conditions assume signal transition time of Snsor less, timingref- 18, tcrsyLE is measured from the begining of the first symbol of EOP1 on
erence levels of 1.5V, input pulse levels of 0 to 3.0V, and output loading any RX_Dx MDI pair accounting for skew to the falling edge on CRS.
of the specified Ior/Ion and 30-pF load capacitance. Detection of a properly framed EOP1 will cause the PCS to recognize

15. During clock transition, clock max time could be as long as an entire loss of carrier.
cycle. 19. tcoLmi is measured from the rising edge of TX_CLK while TX_EN s

16. tcrsH is measured from the rising edge of the latest arriving signal of HIGH to the rising edge of COL.
the three pair that meets the 100BASE-T4 squelch criterion to theris- ~ 20. tcop1 is measured from the rising edge of TX_CLK while TX_EN is
ing edge of CRS. The rising and falling edges of CRS are guarenteed LOW to the falling edge of COL.
to meet the fairness timing specification defined in the 100BASE-T4 21, tcop y is measured from the rising edge of the signal on RX_D2 that
standard. meets the 100BASE-T4 unsquelch criterion to the rising edge of COL.

17. tcrsic is measured from the end of the last datasymbolon RX_D2to 22, tcopys is measured from the first symbol of the EOP or EOC se-

the falling edge on CRS. Seven consecutive zeros must be received on
RX_D2 in order for the PMA to recognize loss of carrier.

quences to the falling edge of COL.
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Switching Characteristics Over the Operating Range (continued)

Parameter I Description | Min. | Max. I Unit
10BASE-T CRS and COL
tersH3 ) CRS Assert Latency 500 ns
torsal24 CRS Deassert Latency 500 ns
Management Timing
tMCPWH MDC Pulse Width HIGH 25 ns
tMCPWL MDC Pulse Width LOW 25 ns
fm MDC Frequency 12.5 MHz
tMDS MDIO Set-Up 10 ns
tMDH MDIO Hold 0 ns
tMDO MDIO Valid from Clock 40 ns
tMDOH MDIO Hold from Clock 0 ns
tMDHZ MDC to High Impedance 40 ns
tMDLZ MDC to Low Impedance 0 20 ns
Control and Status Timing
tRL Reset Pulse Width LOW 5 us
tRs Control Input Set-Up 100 ns
PMA Interface Timing
tTPMA PMA Transmit Latency 40 ns
tTDS PMA Transmit Data Set Up 10 ns
tTDH PMA Transmit Data Hold 0 ns
tPMACRSH PMA CRS Assert Latency 110 140 ns
tPMACRSL PMA CRS Deassert Latency 650 ns
tPMADATA PMA Receiver Data Latency 800 ns
Clock Timing
tCPWH Reference Clock Pulse Width HIGH 16 24 ns
tCPWL Reference Clock Pulse Width LOW 16 24 ns
fc Reference Clock Frequency 25 — 100 ppm 25 + 100 ppm MH:z

Notes:

23. tcrsusis measured from the rising edge of the signal on RX_D2 that
meets the 10BASE-T carrier criterion to the rising edge of CRS.

24. tcrspa is measured from th eend of the last data symbol on RX_D2to
the falling edge of CRS.
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Switching Waveforms
MII Transmit Port Data Timing[2%]
trcPwHTs,  trcPwLT4,
trcpwHT  trepwir trps | tTDH
o NN
TX_EN \
trps
e RO XX XX [ XXX
TX_ER
t{wm.
TX_Dxe TMIT X
|« TCRSHT4,
tTCRSHT
CRS
trcRsLT4,
treRsLT
7C971-11
MII Receive Port Data Timing[26 27]
tRXDATAT4,
tRXDATAT
RX_Dxz F PREAMBLE N \/ DATA \/
N /\ /\ /\
tRePwH |, tRCPWL tRDV tRDH
RX_CLK _\_/_—\ /
t{zxovu,
RX_DV AXDVT 7L
RXD[3:0], W m( SFD )W SFD m( DATA
RX_ER
7C971-12
Notes:

25. tmris measured from the rising edge of TX_CLK to the 50% point of

the TX_Dxz outputs at the MDI pins.

26. trxpv is measured from the first rising edge of the preamble at the
MDI input pins to the rising edge of RX_DV. This includes up to 64

bits of preamble and SFD plus the latency of the receive circuitry.

27. tRXDATA is measured from the first rising edge of the preamble at the
MDI input pins to the rising edge of valid data at the RXD pins. This
includes up to 64 bits of preamble and SFD plus the first 8 bits of data
and the latency of the receive circuitry.
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Switching Waveforms (continued)

MII Receive Port Three State Timing

tRHzD tRDHZ
?&_@é ( ( ( AN RV_DV VALID )}) )
33(50—[%3 { ( ( \f DATA VALID )) )}
RX_EN 7£ )(
707113
MII Carrier Sense and Collision (100BASE-T4)
EOC, EOP

RX Dyt \NEAVARVARVALVALVALVALY/
- \ AN AN AN AN AN ANIVAN

tcRsiet,
le—— tcRsH “ tCRSLP1
CRS
Y AVAVAVAY AVAVAYAVAVAVAN

TX_EN /
tcotH1

S0

tcoLLs

7C971-14
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Switching Waveforms (continued)

MII Carrier Sense and Collision (100BASE-T4)

TX_CLK _/_\_7
TX_EN /

tTCRSH
CRS
trcRSL L
RX_Dx /_\_/ \NAVALVARVALY/ EOREQC
tcoLLe
COL JF
tcoLHz 7C971-15

MII Carrier Sense and Collision (10BASE-T) [28]

X o= \X XXX XXXXX/

tcRsHa tcRsLs

CRS

TX_CLK / \ %
TX_EN / \

tTCRSH

TJ

trcRsLT

coL N

7C971-16

Notes:
28. Switching waveforms show CRS and COL timing for a colision that is
started and terminated by the transmit path (TX_EN HIGH).



PRELIMINARY CY7C971

=5 CypRESS

Switching Waveforms (continued)

MII Carrier Sense and Collision (10BASE-T) [29]

TX_CLK _\_7
_/

TX_EN \ tTCRSLT
tTCRSHT
3
CRS N
tcRsH3 tCRSHL3
X Dt A XXX XX/
coL LY
7C971-17
MII Management Port tvpo
tMDHZ
tMCPWH tmps _tmpH, | tmoPwL tmpLz tMDOH

MDC -\__7£_—_\_ \
MDIO XXX WRITE )@( WRITE ))) (( READ )®( READ m-

7C971-18

Control and Status Pins

tRL

S /

AUTONEG tRs
ENT4
ENT
ENTFD

ISODEF

7C971-19

Notes:
29. Switching waveforms show CRS and COL timing for a collision that is
started and terminiated by activity on the receive path.
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Switching Waveforms (continued)
PMA Receiver Interface (MODE = LOW)
b | \V V \WVARVARVAAV/ EOR EOC
RX Dxx /_\_/\/\/\ AN ANANIAN

[«— tPMACRSH
CRS

[e—— tPmACRSL —1

[e——————— tPMADATA

\UBAVE
DATA |

0880080 £

tRHZD

RX_DV

\l

RX_EN 7

)‘ tRDHZ

7C971-20

PMA Transmitter Interface (MODE = LOW)

TX_EN ;!

17DS |- (e tTDH

D[5:0] *

>

|

tRov

TX Dx+ LN N\ \VARV/ NV N NN NN NN NN
- \NIVANIANIAN FANIVAN AN NN NNNNNS
7C971-21
Reference Clock Pins
L tepwh ,  toPwi fc |
7C971-22

Document #: 38—00415
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Ethernet Coax Transceiver Interface

Features o Low power BiCMOS design
e Compliant with IEEES02.3 10BASE5  ® 16-Pin DIP or 28-Pin PLCC)
and 10BASE2

Functional Description

The CY7B8392 is a low power coaxial
transceiver for Ethernet 10BASES and
10BASE2 applications. The device con-
tains all the circuits required to perform
transmit, receive, collision detection,

e Pin compatible with the popular 8392

o Internal squelch circuit to eliminate
input noise

Hybrid mode collision

detect for extended distance

Automatic AUI port isolation when
coaxial connector is not present

heartbeat generation, jabber timer and at-
tachment unit interface (AUI) functions.
In addition, the CY7B8392 features an
advanced hybrid collision detection.

The transmitter output is connected di-
rectly to a double terminated 50Q cable.

The CY7B8392 is fabricated with an ad-
vanced low power BICMOS process. Typi-
cal standby current during idle is 25 mA.

Logic Block Diagram
N——1
] RX+
! HIGH PASS AUI
! EQUALIZATION DRIVER
)
RX—
1
.
, RXI LOW PASS
@ FILTER CD+
. AUl
! GND - CARRIER DRIVER
LOW PASS . SENSE co-
! S FILTER
' =
. TX+
\
. > COLLISION -
! ©DsS N~ LOW PASS "
! ROV | FILTER
,
TXo WAVEFORM e DC/AC
S SHAPING B SQUELCH
) S%__‘
L
'
'
) Vee 10MHz | CLK [ watcH DoG JABBER RESET
' 0sc TIMER 26 ms TIMER 0.4 sec
' RR+
' REFERENCE f { Py
' 1K CIRCUIT T
. TRANSMIT ' RECEIVE
. RR— STATE ! STATE
. MACHINE | MACHINE
.
N l
HBE 8392-1
Pin Configurations
PLCC
T D{}f Top View
op View tltwo
*888F2E
Ch+ E“ cDbs 43222726
co- 2 O 5 25 [ Vee (NC)
R+ []3 RXI 6 241 Vee
Vee []4 Vee 7 7B8392 2300 zEE (zg)
vee [s RR— 8 22 [ Vee (NC)
i 9 211 Vee
- e RR+ 10 20 [J Vee (NC)
L GND 111213141516 1718 | RR—
™- s HBE
lf lwaoo+
EFRFOZEE .
8392:3 8392:2
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Pin Description
Pin Number
28-Pin
16-Pin DIP PLCC Pin Name Description
1 2 CD+ AUI Collision Output pins. Differential driver that transmit a 10-MHz signal during
2 3 CD-— collision events, jabber and CD Heartbeat conditions. Also referred to as CI port.
3 4 RX+ AUI Receive Output pins. Differential driver that outputs the signal receive from
6 12 RX— the line. Also referred to as DI port.
7 13 TX+ AUI Transmit Input pins. Differential receiver that inputs the signal for transmission
8 14 TX~ onto the cable.
9 15 HBE Heartbeat Enable Pin. When this pin is grounded, the heartbeat is enabled. When
the pin is connected to VEg, the heartbeat is disabled.
11 18 RR+ External Resistor. A 1K 1% resistor should be connected between these pins to es-
12 19 RR— tablish proper internal operation current.
14 26 RXI Receive Input. This pin is connected directly to the coaxial cable.
15 28 TXO Transmitter Output. This pin is connected directly (10BASE?2 thin wire) or through
a diode to the coaxial cable.
16 1 CDS Collision Detect Sense. Ground sense connection for the collision detect circuit.
This pin should be connected separately to the shield to prevent ground drops from
altering the receive mode collision detect threshold.
10 16,17 GND Positive Power Supply Pin.
4,513 5-11, VEE Negative Power Supply Pin.
20-25
CY7B8392 Description Long Cable Application
Transmitter The IEEE 802.3 standard is designed for 500 meters of Ethernet

The CY7B8392 transfers Manchester-encoded data from the
AUI port of the DTE (TX+ and TX~) to the coaxial cable. The
output waveform is wave shaped to meet IEEE 802.3 specifica-
tions. For Ethernet compatible applications (10BASES), an ex-
ternal isolation diode should be added to further reduce the coax
load capacitance.

The AUI squelch circuit prevents signals with less than 15 ns
pulse width or smaller than 225 mV in amplitude from reaching
the output driver. The squelch circuit also turns the transmitter
off at the end of the packet if the amplitude remains less than 225
mV for more than 190 ns.

Receiver

The CY7B8392 receiver transfers the serial data from the coaxial
cable to the DTE via the balanced differential output (RX+ and
RX-). The received signal is amplified and equalized by the on
chip equalizer.

The device also contains an internal squelch function that dis-
criminates noise from valid data. A 4-pole Bessel filter is used to
extract the DC level of the received signal. If the DC level of the
received signal is lower than an internally set squelch threshold,
the CY7B8392 receive function will not be activated.

Collision Detection

The collision detection circuit monitors the signal level on the
coax cable. This signal voltage level is compared against the colli-
sion voltage threshold Vcp. When the measured signal level is
more negative than V¢p, a collision condition is declared by the
CY7B8392 by sending a 10-MHz signal over the CD+/CD—
pair.

cable and 185 meters of thin coax cable (RG58A/U). To extend
the cable segment to 1000 meters and 300 meters of Ethernet
cable and thin coaxial cable respectively, transmit collision detec-
tion mode is required. The disadvantage of ordinary transmit col-
lision detection mode is that it will detect collision only when the
station is transmitting; it will not be able to detect collision of two
far-end stations when it is not transmitting. Transmit mode colli-
sion detection is not allowed in repeater applications.

The CY7B8392 utilizes a hybrid combination of receive and
transmit collision detection. When the device is not transmitting,
the unit automatically sets the collision threshold voltage to the
smaller (less negative) receive level. This allows collision detec-
tion of two far end stations while the unit is not transmitting. If
the unit enters the transmit mode, the collision detection thresh-
old is automatically changed to the larger (more negative) trans-
mit collision detection threshold. This feature eliminates the
need for an external voltage divider at the input of CDS when us-
ing the 1000 meters and 300 meters of Ethernet and thin coaxial
cable length, respectively.

Heartbeat Test Function

The Heartbeat Test Function is enabled when the HBE pin is tied
to ground. When enabled, a 10-MHz collision signal is trans-
mitted to the MAC over the CD+/CD~ pair after the transmis-
sion of a packet for 10+5BT!!]. The Heartbeat function should
be disabled by tying the HBE pin to Vgg for repeater applica-
tions.

Note:

1. BT = Bit Time = 100 ns.
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Jabber Function

The on-chip watchdog timer prevents the DTE from locking up a
network by transmitting continuously. When the transmission ex-
ceeds the jabber time limit, the Jabber function disables the
transmitter and sends a 10-MHz signal over the CD + pair. Once
the transmitter is in the jabber state, it must remain in the idle
state for 500 ms before it will exit the jabber state.

AUI Function
The CY7B8392 Auto AUI function will isolate the AUI port
when coaxial cable is not present. Initially, during power-up, the

CI and DI ports of the AUI are high impedance. The CY7B8392
monitors the average DC level at the RXI input and determines

if a properly terminated coaxial segment is attached. While RXI
is unterminated the AUI port will remain powered down. The
AUI port will only be activated when RXI is connected to a ter-
minated coaxial segment.

When the RXI input becomes unterminated (after power-up), a
10-MHz signal is transmitted over the CI circuit for 800 ms with
the DI port disabled. After the transmission of the 10-MHz sig-
nal, the CI port is disabled.

This function allows multiple MAUSs to be connected to a single
AUI port without having to turn off the coaxial transceiver
manually.

Connection Diagram for Standard CY7B8392 Applications

AUl
CABLE
f- -
N )
> ! ! DC to DC +
12t0 15V DC . 0
° ' | CONVERTER 9V (ISOLATED)
v >100 mA N
[, : T
1 ®
. | 510 NOTES
o ! 1 16 AN~
© [ 5100
COLLISION | & ' Maog
PAIR AAA
: E 2 15 . 5100
" [, *~ : AAA
E NOTE 2 ' ' T1 (NOTE 3)
! : 4 13 COAX
© *— A
RECEIVE Lo cD+ |, 16 | €S ]
PAR | 782 S . ] CD- ™0 NOTE 4 '
o . 12 2 15 !
T ! RX+ |4 RXI !
. Ver | cY7BB392 || .
' ! ¢ EEJ4 PR = S— '
1 L}
b 7 Vee 15 12 AR X
' 10 !
O T : RX— 6 1" RR+ 1K@ 1% I '
TRANSMIT ¢ '
PAIR b ot Xt 7 10 (::E ;
8 7 TX~
o - ; 2 + 8 9 —
Lo ; 8392-4
Maximum Ratings
(Above wh;'ch the useful life may be impaired. For user guidelines, Input Voltage .................. GND+0.3V to Vgg—0.3V
not tested.
Storage Temperature ................... —65°C to +150°C Operating Range
Ambient Temperature with Ambient
Power Applied .......... .. . il -0°Cto +70°C Range Temperature VEE
Supply VOItage . .......o.vieeiniiiiinenanninnns -12v Commercial 0°Cto +70°C -9V + 5%
Notes:

2. 78Q resistors not required if AUI cable not present.

3. Tlisa 1:1 pulse transformer, with an inductance of 30 to 100 pH.

4. IN916 or equivalent.

5. Resistors may be as small as 510€; larger values may be used to reduce
power dissipation.
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Electrical Characteristics Over the Operating Rangel6]

Parameter Description Min. Typ. Max. Unit
VEE Supply Voltage ~8.55 -9.0 -9.45 A%
IgE1 (VEE to GND) Non-transmittingl’] -25 -35 mA
IgR2 (VeE to GND) Transmitting -70 -80 mA
Imau Input Bias Current (RXI and Txo pin) -2 25 HA
Itpc Transmitter Output DC Current 37 41 45 mA
Itac Transmitter AC Current *28 mA
Vep Collision Threshold (Receive Mode) ~1.45 —1.53 -1.62 \%
Vcs Carrier Sense Threshold ~0.42 —-0.60 v
RX, CD Differential Output Voltage *475 +1500 mV
Voc Common Mode Voltage!8! (DI and CI ports) =35 v
V1s Transmitter Squelch Threshold(%! -175 -225 -300 mV
Rrx1 Shunt Resistance—Non-transmitting[10] 100 KQ
Rrxo Shunt Resistance—Transmitting[10] 10 KQ

Capacitance
Parameter Description Test Conditions Typ. Unit
Cx Input Capacitance Guaranteed by Design 1.5 pF
Notes:
6. Testing is done under test load as defined in AC Test Loads and the current is measured. The resistance is found by:
Waveforms.

7. Not including current through external pulldown resistors.

8. Duringidle, Voc is reduced to minimize the power dissipation across
the load resistors connected to RX+ and CD=.

9. For a minimum pulse width of >40 ns.

10. To measure shunt resistance, the pin (RXI or TXO) is terminated to 0
volts and the current is measured, then the pin is forced to —2volts and

av 2V

I oy = I_a
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AC Test Loads and Waveforms

39Q
TRANSMIT%% RECEIVER (RX=) ———EE/lm—l
outPuT COLLISION OUTPUT (CD=) WA
200 51003 $ 5100 0
- Vee
@ (b) 8392-5
Switching Characteristics Over the Operating Range
Parameter Description Min. Typ. Max. Unit
tRON Receiver Start-Up Delay 2.5 5 bits
tRD Receiver Propagation Delay 25 50 ns
tRR Differential Output Rise Time (RX+, CD*) 4 7 ns
tRF Differential Output Fall Time (RX=*, CD%) 4 7 ns
try Receiver and Cable Total Jitter *2 ns
t1sT Transmitter Start-Up Delay 1 2 bits
ttD Transmitter Propagation Delay 25 50 ns
tTR Transmitter Output Rise Time (TXO) 20 25 30 ns
tTR Transmitter Fall Time (TXO) 20 25 30 ns
™ tTr and ttg Mismatch +0.5 *3 ns
tTs Transmit Skew (TXO) +0.5 *2 ns
tTON Transmit Turn-On Pulse Width at Vg (TX+)[11] 10 20 40 ns
LTOFF Transmit Turn-Off Delay 130 200 300 ns
tCcON Collision Turn-On Delay 7 13 bits
tCOFF Collision Turn-Off Delay 20 bits
fcp Collision Frequency 8.5 10 12.5 MHz
tcp Collision Pulse Width 40 50 60 ns
tHON CD Heartbeat Delay 0.6 1.1 1.6 us
tHw CD Heartbeat Duration 0.5 1.0 1.5 us
tia Jabber Activation Delay 20 26 32 ms
tJR Jabber Reset Time Out 300 420 550 ms
Note:

11. For a minimum pulse amplitude of >300 mV.
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Switching Waveforms

Receiver Timing

INPUT
TO RXI

S5 s

PRELIMINARY

CY7B8392

50%,

tron

/ A

8392-6

Transmit Timing

TX+
TX-

VTS
tron

TXO
OUTPUT

7 7/

trorF

ya
7 7/

8392-7

Heartbeat Timing

X+
TX—

CD+

UL

thon

CD-

tHw

JUUHULUIUUI

y

83928
Collision Timing

INPUT 2

TORXI , i Voo (max) oz Veo (min) =
-1.75V 7 / -6.8V
tcon <—————| T I e ~ toorr —>
CD+
CD- y

8392-9

Jabber Timing

TX+
TX~-

XXX XX

e A — ™

™@O

CD+

tR

Cb-

QXX XXX

8392-10
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Ordering Information
Package Operating
Ordering Code Name Package Type Range
CY7B8392-JC Jo4 28-Lead Plastic Leaded Chip Carrier Commercial
CY7B8392-PC P1 16-Lead (300-Mil) Molded DIP

Document #: 38—00430—B
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Integrated 10BASE-FL
Ethernet Transceiver

Features

o Single chip Ethernet solution

e Complies with IEEE 802.3
10BASE-FL standard

e Pin compatible with the popular 4663
110 mA LED current drive capability

AUI interface allows both
transformer and capacitive coupling

Requires single 5 volt +=10% supply
No external crystal or clock required
Five network status LED pins

28 pin PLCC package

1 MHz idle signal, Jabber function,

and SQE Test with enable/disable
function integrated on chip

o Receive squelch function
o Integrated data quantizer
o Low power BiICMOS design

Functional Description

The CY7B4663 is a single chip solution
low power fiber optic transceiver for
10BASE-FL applications. The
CY7B4663 complies with IEEE 802.3
standards for fiber optic Ethernet.

The CY7B4663 has a current driven out-

put which drives the fiber optic LED
transmitter with a maximum current of

110 mA. The transmitter automatically
inserts a 1 MHz signal during idle time.
The 1 MHz idle signal, Jabber function,
and SQE test are all internal functions of
the chip. The receiver contains a data
quantizer capable of accepting input sig-
nals as low as 2mVp_p with a 55dB dy-
namic range.

The CY7B4663 is fabricated using an ad-

vanced, low power BICMOS process. Typ-
ical standby current during idle is 35 mA.

Block Diagram VogTX e
SQEN/JABD (+5V) %
RTSET
0.
TX+
:L AUI FIBER OPTIC
RECEIVER LED
™= DRIVER m™ouT
T AT
- Tx 1 MHZ
SQUELCH IDLE JABBER -
SIGNAL LED
DRIVERS TSN
_ JAB
——v v ooN
COLLISION SQE
RECEIVE BgS
oD+ — SQUELCH _T_
1:‘ AUl 10 MHZ S <
oo DRIVER OSCILLATOR $ 3
Fo VIN+
VIN-
RX+ v ‘A
l AUl l«—{ LOOPBACK |€&—
X DRIVER MUX Px
Voc
Veer
LINK DETECT VrHapy
0.

RRSET
LBDIS

+5V

Crimer
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Pin Descriptions
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CY7B4663

Pin Number Name Description

1 CLSN Active low LED driver which indicates that a collision is occurring. The collision event is
extended with an internal timer for visibility.

2 CD+ AUI collision output pins. Differential driver that transmits a 10 MHz signal during colli-

3 CD- sion events, jabber, and CD Heartbeat conditions. Also referred to as CI port.

4 CTIMER Tying a capacitor from this pin to V¢ determines the Link Monitor response time.

5 SQEN/JABD SQE Test Enable, Jabber Disable. Tying this pin low disables the SQE test, tying high en-
ables the SQE function. When tied between 1.5V and Vcc—2.0V both the SQE test and
Jabber are disabled.

6 RX+ AUTIreceive output pins. Differential driver that outputs the signal received from the fiber

7 RX~- optic. Also referred to as the DI port.

8 LBDIS Loopback Disable. Tying this pin to VCC disables the loopback function. The AUI trans-
mit pair data is not looped back to the AUI receive pair and the collision function is dis-
abled. Tying this pin to ground or leaving it floating enables the loopback and collision
functions.

9 Vce +5 volt supply.

10 TX+ AUI Transmit Input pins. Differential receiver that inputs the signal for transmission onto

11 X~ the cable.

12 RTSET Sets the current level driven by the transmitter

13 RRSET A 1% 61.9 kQ resistor tied to V¢ sets the proper internal operating currents

14 LMON Active low LED driver indicating the Link Monitor status. If there are transitions on
RXIN= indicating an idle signal or a packet transmission this pin will be pulled low. The
threshold for input sensing by the Link Monitor circuitry is set with the Vryap; pin.

15 XMT Active low LED driver which indicates that a transmission is occurring. The event is ex-
tended with an internal timer for visibility.

16 RCV Active low LED driver that indicates the transceiver is receiving a frame from the optical
receiver. The event is extended with an internal timer for visibility.

17 VeeTX +5 volt supply for LED driver.

18 TXOUT Fiber optic LED driver output.

19 GND Ground Reference

20 GND

21 Vpc Tying a capacitor from this pin to ground alters the DC feedback loop pole. The value of
this capacitor should be at least ten times larger than the input coupling capacitors.

22 VREF A 2.5V reference.

23 VTHADJ Input pin which sets the link monitor threshold.

24 GND Ground Reference

25 VIN- These pins are capacitively coupled to the fiber optic receiver.

26 VIN+

27 Vce +5 Volt Supply

28 JAB Active low LED driver. When Jabber occurs this pin is low to indicate the Jabber status.

CY7B4663 Description 6. Five chip/system status LED pins with 10 mA nominal drivers.
The CY7B4663 contains: Transmitter

1. Transmitter which drives the fiber optic LED.

2. Receiver with integrated quantizer which takes data from the
fiber optic receiver module and passes it to the AUL

3. AUI (Attachment Unit Interface) which consists of three signal
pairs: the transmit pair, receive pair, and the collision pair.

The CY7B4663 transfers Manchester—encoded data from the
AUI port of the DTE (TX+ and TX—) to the fiber optic media.
The output meets IEEE 802.3 specifications for fiber optic
Ethernet.

The fiber transmitter detects data on the TX+ input and passes
this data to the fiber media. If TX+ is positive with respect to

4. Fiber media link monitor function with link status LED. TX—, then TXOUT is high impedance and no current flows
5. Collision, Loopback, Signal Quality Error (SQE) , and Jabber ~ through the transmitter. When TX+ is negative with respect to

functions.

TX— then TXOUT will sink up to 110 mA of current into the
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CY7B4663 and the fiber LED transmitter will light up. When in
the non—transmitting state the CY7B4663 will transmit a 1 MHz
link signal over the fiber network to maintain link integrity.

In order for data to be transferred from the AUI TX* inputs to
the fiber output it must meet the squelch requirements for the
DO pair. The squelch circuit prevents noise from reaching the
LED driver. The circuit rejects signals with pulse widths less than
15 ns or smaller than (typically) 225 mV. After TX unsquelches it
looks for the start of idle signal before turning on the squelch
again. If the TX+ signal exceeds 225 mV for more than 190 ns
the squelch circuitry is turned on and the transmitter disabled.

Receiver

The CY7B4663 receiver has an integrated data quantizer which
takes data directly from the fiber optic receiver. This data is sent
out on the AUI over the RX+ pins.

The device also contains an internal squelch function that dis-
criminates noise from signal. The receive squelch will reject fre-
quencies lower than 2.5 MHz, or any signal if the link monitor
function indicates a link loss. When in the unsquelched state the
receive circuitry looks for the start of idle signal. Any signal which
exceeds 160 ns without transition will send the receiver into
squelched state and the start of idle signal will be sent over the
RX=* AUI driver.

The VTHAD] pin can be used to adjust the sensitivity of the re-
ceiver. For 10BASE~FL Vtyapj can be tied directly to VRgg
and achieve a bit error ratio of less than 1.0 X 1079, If greater
sensitivity is desired a voltage divider can be used to adjust
VruaDJ- The relationship between Vryapy and Vry is:

VrHADS = 408VTH
AUI Function

The AUI consists of three pairs of signals: TX+, RX*, and
CD=. Manchester encoded differential data is sent from the
MAC to the TX=. In the case of an external Medium Attach-
ment Unit (MAU) the data is AC coupled through either an
isolation transformer or through isolation capacitors. If the trans-
ceiver is internal the part may be either AC or DC coupled. Valid
data from the fiber optic media is sent from the RX + differential
pair to the DTE. In the case of a collision or Jabber the CD=+
drivers will send a signal to the MAC.

The AUI drivers are capable of driving a full 50 meters of AUI
cabling. They have a typical rise and fall time of 4 ns. The RX+
and CD= differential output voltage is minimized during idle
time to prevent standing current in the isolation transformer.

Link Monitor Function

The link monitor function monitors the input signal voltage level
and determines if it falls below a preset level. If the input voltage
falls below a preset level the CY7B4663 enters the Low Light
state. In this state the transmitter sends out the 1MHz link signal,
but all data received at TX + is ignored. In addition, the loopback
function and the receiver are disabled and the LMON LED pin
goes high. To switch back to the Link Pass state the link monitor
threshold must be exceeded by 20%. Once the CY7B4663 re-
turns to Link Pass it waits 250ms to 750ms and then checks if
TX+ is idle and no data is being received before re —enabling the
transmitter, loopback, and receiver, and bringing the LMON pin
low.

Collision

If the transceiver is both receiving data and transmitting at the
same time the collision AUI outputs will be activated. The colli-
sion ports will not be activated when the loopback is disabled.
The collision signal consists of a 10 MHz —15%/+25% signal

with a worst case 45/55 or 55/45 duty cycle. The collision signal is
also activated during Jabber and at the end of packet for the SQE
test.

Loopback

The CY7B4663 loopback function sends the transmit data from
the DTE back over the AUI receive pair, RX+. Loopback can be
disabled by tying LBDIS to Vcc. This allows the chip to act as a
full duplex transmitter and receiver with collision detection dis-
abled.

Heartbeat Test Function (SQE Test)

The Signal Quality Error (SQE) / Heartbeat function is enabled
by tying the SQEN pin to Vcc. When enabled, a 10 MHz colli-
sion signal is transmitted to the MAC over the CD = pair after
the transmission of a packet. The transmission lasts 10+5 BT.
The heartbeat function should be disabled by tying the HBE pin
to ground for repeater applications.

Jabber Function

The on chip timer prevents the DTE from locking up a network
by transmitting continuously. When the transmission exceeds the
jabber time limit, the Jabber function disables the transmitter
and sends a 10 MHz signal over the CD+ pair. Once the trans-
mitter is in the jabber state, it must remain idle for 500 ms before
it will exit the jabber state. The 1 MHz idle signal will be trans-
mitted during jabber regardless of the transmitter being disabled.
The jabber function is enabled by tying the SQEN/JABD pin to
either VCC or ground. The function can be disabled by tying the
pin between 1.5V and Vcc—2V.

LED Drivers

The CY7B4663 provides five LED status drivers. The LED driv-
ers are active low, and the LEDs are normally off except for the
LMON pin, which remains on until link is lost. The pins are tied
to V¢c through the LED and a series 500Q resistor.

Because the transmit, receive, and collision events occur so rapid-
ly, the XMT, RCV, and CLSN pins have event extenders on them.
The extenders allow the event to be visible. Whenever a transmis-
sion, reception, or collision occurs the respective pin will be vis-
ible for a typical period of 16 ms. If the event is repeated before
the 16 ms period expires, the timer is reset and the LED timing

period is restarted. The JAB and LMON LEDs do not have event
extenders because they occur for a long enough period to be vis-
ible to the user.

Maximum Ratings

(Above which the useful life may be impaired. For user guide-
lines, not tested)

Storage Temperature .................. -65°Cto +150°C
Ambient Temperature with

Power Supplied ............. ...l -55°Cto +125°C
Supply Voltage to Ground Potential ........ —0.5V to +7.0V
DClInput Voltage ....................... -0.5V to +7.0V
Output Current

TXOUT ..o 110 mA

Input Current
RRSET, RTSET, JAB, CLSN, XMT, RCV,, LMON ... 60 mA

Operating Range

Ambient
Range Temperature Vce
Commercial 0°Cto +70°C 5V + 10%
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PRELIMINARY CY7B4663
Electrical Characteristics
Parameter Description Min. Typ. Max Units
Vee Supply Voltage 45 5.0 55 \%
Icc1 Power Supply Current Non—Transmitting 35 50 mA
Ice Power Supply Current Transmitting 80 100 mA
VoL LED Driver Low Voltage (Io.=10mA) 0.8 \%
Itxp Transmit Peak Output Current 110 mA
Vs Transmitter Squelch Voltage (TX+) 175 225 300 mV
Vic Common Mode Input Voltage (TX*, RXIN) 2 Vec—-0.5 \'
RX,CD Differential Output Voltage +500 +1200 \%
Voc Common Mode Output Voltage (RX+, CD=) 2.5 v
Vive Differential Output Voltage Imbalance +40 mV
VSQED SQE Test Disable Voltage 0.3 \%
Vip Jabber Disable Voltage 1.5 Vee—-2 v
VSOBE SQE/Jabber Both Enabled Vee—-0.5 v
ViBD LBDIS Disable Threshold Vee—-1 A%
VLBE LBDIS Enable Threshold 1 A%
Verx Common Mode Voltage (TX=*) 35 A%
Vein Common Mode Voltage (VIN+, VIN-) 1.65 v
VREF Reference Voltage 2.35 2.45 2.55 v
VRsc VREF Output Source Current 5 mA
Gamp Input Amplifier Gain 100 \%A%
VisrR Fiber Input Signal Range 2 1600 mVp_p
VSET External Voltage at Vtyapy to Set Vg 0.5 2.7 v
Vior Input Offset (Vpc = VREF) 3 mV
VIRN Input Referred Noise (50 MHz BW) 25 uv
Rin Input Resistance Vin* 0.8 1.3 2.0 kQ
ITHADI Input Bias Current of Vyapy -200 200 HA
VirTV Threshold for Switching from Link Fail to Link Pass 5 7 mVp_p
Hysteresis of Link Fail to Link Pass 20 %
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AC Electrical Characteristics

Parameter Description Min. Typ. Max. Units
tTXNPW Transmit Turn On Pulse Width 10 20 40 ns
tTXFPW Transmit Turn—Off Pulse Width (TX to idle transitions) 500 2000 ns
tTXLP Transmit Loopback Startup Delay 400 ns
tTXODY Transmit Turn—On Delay 100 ns
tTXIDF Transmit Idle Frequency 0.85 1.25 MHz
tTXDC Transmit Idle Duty Cycle 45 55 %
tTXSDY Transmit Steady State Propagation Delay 15 50 ns
tTx1 Transmitter Jitter Into 31 Q *15 ns
tRXSFT Receive Squelch Frequency Threshold 2.5 4.5 MHz
tRXODY Receive Turn—On Delay 150 ns
tRXFX Last Bit Received To Slow Decay Output 230 300 ns
IRXSDY Receive Steady State Propagation Delay 15 50 ns
tRXI Receiver Jitter *15 » ns
tAR Differential Output Rise Time (RX+, CD*) 4 7 ns
tAF Differential Output Fall Time (RX+, CD*) 4 7 ns
tCPSQE Collision Turn—On Delay 300 ns
tSQEXR Collision Turn—Off Delay 650 ns
tcLF Collision Frequency 8.5 115 MHz
tcLPDC Collision Pulse Duty Cycle 45 50 55 %
{SQEDY SQE Test Turn—On Delay After Transmission 0.7 1.1 1.5 ps
tSQETD SQE Test Duration 0.6 1.0 14 us
tJAD Jabber Activation Delay 20 26 32 ms
tjrRT Jabber Reset Time Out 300 420 550 ms
tISQE Delay From Outputs Disabled to Collision Oscillator On 100 ns
tLED RCV, CLSN, XMIT On Time 8 16 32 ms
tLLPH Low Light Present to LMON High 3 5 10 us
tiicL Low Light Clear to LMON Low 250 750 ms
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CY7B8392 Low Power Ethernet Coaxial
Transceiver Application

This application note describes the differences be-
tween the 10BASES5 (Ethernet) and 10BASE2
(Cheapernet) versions of the IEEE 802.3 standard,
and provides guidelines for design with the
CY7B8392.

Introduction

The CY7B8392 is a physical layer device used to
transmit data over a shared coaxial medium. It func-
tions as specified by the IEEE 802.3 standard.

Figure 1 shows a block diagram of a single network
node. The MAC (Media Access Control) is respon-
sible for framing data and controlling its transmis-
sion and reception on the network. When transmit-
ting the MAC sends NRZ data to the Physical
Signaling (PLS) Layer. The PLS processes the
MAC sublayer data, setting the signaling rate and
translating the NRZ data to Manchester Encoded
Data, and sends it to the transceiver.

Figure 2 displays an example of Manchester encod-
ing. Instead of straight binary encoding, each bit pe-
riod is divided into two equal intervals. To send a
one, the voltage is HIGH (ground) for the first half
of the interval and LOW (—2.0 V by IEEE 802.3) for
the second half of the interval. In the case of a binary
zero the reverse is true, the first half of the bit period
the signal is LOW and HIGH the second half.

Data is sent out over the network in packets. An
Ethernet packet consists of the preamble, destina-
tion address, source address, length field, data, and
a Cyclic Redundancy Check (CRC). Each packet
can be viewed as a sequence of 8-bit bytes, with the
least significant bit of each byte being transmitted
first. A typical Ethernet packet is shown in Figure 3.
The preamble contains 8 bytes of alternating ones
and zeros, ending with two consecutive ones. The
preamble allows the receiving PLS to synchronize
its clock with the sender. The two consecutive ones
at the end of the preamble signify the start of frame
packet and are sometimes referred to as the Start of
Frame Delimiter. The destination address is a 6-byte

MAU
STATION OR DTE :
s
(6]
L CY7B8392
LBJ | wac PHYSICAL A TRANSCENVER
SIGNALING
Y SUBLAYER NALD OP'I:AI\SINAL H INTERFACE
CABLE N 0
(USED IN e
10BASES) CONVERTER COAXIAL
CABLE

Figure 1. Block Diagram of Single Network Node
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0

NRZ DATA

i

al

MANCHESTER ENCODED DATA

Figure 2. Manchester Encoding

field that specifies the station(s) to which the packet
is being sent. Every station examines this field and
determines whether it should accept the packet. The
high-order bit of the destination address is a zero for
ordinary addresses and one for group (multicast)
addresses. Group addresses allow multiple stations
to listen to one address. The source address is a 6 byte
field that contains the unique address of the station
that is transmitting the packet. The length field is
used to determine how many bytes are in the data
field. This is necessary because IEEE 802.3 dictates
the data portion of a packet must be a minimum of
46 bytes. If the data portion of a packet is less than
46 bytes, it is padded with random bits until it is the
legal size. The length field is used to notify the con-
troller which part of the data field is valid. The data
field contains an integral number of bytes ranging
from 46 to 1500. The CRC field contains code that
checks on the integrity of a packet.

10BASES5/10BASE2 Ethernet Network

IEEE 802.3 standard allows for two different ver-
sions of coaxial data transmission, 10BASES and
10BASE2. 10BASES (Ethernet) uses thick coaxial
cable with transceivers directly attached to the cable
network. Because of the inflexibility of the thick co-
axial cable an AUI drop cable is needed to electri-
cally connect the Ethernet transceiver to the Data
Terminal Equipment (DTE). IEEE standard allows

up to 500 meter lengths of RG—8 coaxial cable to be
used in 10BASES5 applications. 10BASE2 (Cheap-
ernet) uses a thin, flexible cable which can be direct-
ly attached to the DTE or a Medium Attachment
Unit (MAU). A maximum of 185 meters of cable is
allowed when using 10BASE2. Figure 4 and Table 1
show the differences between Ethernet and Cheap-
ernet (sometimes referred to as Thinnet).

Table 1. Comparison of 10BASES and 10BASE2

Media

10BASES 10BASE2
Cable type RG-8 RG-58 A/U
Maximum cable | 500 meters 185 meters
length
Maximum 2500 meters | 925 meters
network length
Attachments per | 100 30
segment
Attachment 2.5 meters 0.5 meters
spacing
Topology Linear bus Linear bus

Due to the inflexibility of the thick coaxial cable it is
difficult to bring the cable directly to the DTE. To
solve this problem an AUI drop cable is used in
10BASES applications. The AUI cable consists of
four individually shielded twisted pairs with an over-
all shield covering these pairs. The twisted pairs

|« SINGLE PACKET >|
PREAMBLE | DESTINA- | SOURCE | LENGTH DATA CRC PREAMBLE | DESTINA- | SOURCE
TION | ADDRESS TION ADDRESS
ADDRESS ADDRESS
8BYTES | 6BYTES | 6BYTES | 2BYTES | 46-1500 | 4 BYTES 8BYTES | 6BYTES | 6BYTES
BYTES

Figure 3. Typical Ethernet Packet
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Figure 4. Ethernet vs. Cheapernet

have a characteristic impedance of 78 £5Q. The
cable can be up to 50 meters in length. The individu-
al shields should be connected to logic ground while
the outer shield should be connected to chassis
ground. The signal assignments for the AUI twisted

Table 2. AUI Interface Signal Assignments

pairs are shown in Zable 2. AUI drop cable is typical-
ly not used in 10BASE2 applications because the
thin coaxial cable is flexible erough to be directly at-
tached to the DTE.

Pins Signal Description
1 Control In circuit Shield Shield for CD+ twisted pair
2 Control In circuit A CD+ signal
3 Data Out circuit A TX+ signal
4 Data In circuit Shield Shield for the RX + twisted pair
5 Data In circuit A RX+ signal
6 Voltage Common
7 No Connect
8 No Connect
9 Control in circuit B CD- signal
10 Data Out circuit B TX— signal
11 Data Out circuit Shield Shield for the TX=+ twisted pair
12 Data In circuit B RX~ signal
13 Voltage Plus Voltage supply from DTE
14 Voltage Shield
15 No Connect
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It is possible, through the use of repeaters, to com-
bine several networks together. These networks can
be a single Physical layer, i.e., only 10BASE2 or only
10BASES, or it can by a combination of many differ-
ent Ethernet physical layers. The maximum length
of a 10BASES network using repeaters is 2500 me-
ters, while the maximum length of a 10BASE2 net-
work with repeaters is 925 meters. Figure 5 shows a
combined network with both Ethernet and Cheap-
ernet connected through repeaters.

CY7B8392 Signal Transmission/
Reception

During transmission, differential Manchester en-
coded data is sent to the CY7B8392 from the DTE.
This data is shaped to meet IEEE signal require-
ments and sent out single-ended onto the coaxial
cable. Conversely, when the transceiver is receiving
data from the coaxial cable it takes single-ended

WORD
PROCESSOR

:]I 10BASE5 RG—8 CABLE
T |

Manchester encoded signal from the cable and
sends differential data to the DTE.

In order to visualize the operation of a 10BASE sys-
tem using the CY7B8392, we will follow a signal
from transmission to reception. When the DTE de-
cides to send a packet, the controller sends NRZ
data to the SNI, which in turn sends differential
Manchester encoded data through an isolation
transformer to the CY7B8392. The transceiver and
the coaxial network must be electrically isolated
from all external signals. The isolation is required to
be 500 Vac for 10BASE2 and 2000 Vpc for
10BASES. This isolation can be performed using
three pulse transformers, which are available in
16-pin DIP and 16- or 12-pin surface mount pack-
ages available from several manufacturers (Pulse
Engineering, Valor Electronics, Bel Fuse). After the
differential signal passes through the transformer it
is received at the TX = ports of the CY7B8392. This

TAPE
BACKUP

.
| |
= =
] I 50 OHM TERMINATOR
[ ]
PLOTTER [ ] TRANSCEIVER/MAU
PERSONAL REPEATER
COMPUTER
COAXIAL ‘T' CONNECTOR
T “—
BA
PRINTER 10BASE2 RG58 A/U PERSONAL
COMPUTER
T T
=0 o o—
WORKSTATION FAX

Figure 5. Combined Ethernet and Cheapernet Network
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signal must have an AC signal amplitude greater
than —225 mV and a pulse width of more than 15 ns.
If these values are not met, the transmitter squelch
circuitry will not allow the signal to reach the output
driver. The differential signal is sent to a comparator
with hysteresis. Every differential voltage crossing flips
the output of the comparator which triggers the internal
waveform shaping circuitry. The waveform shaping cir-
cuitry, feeds a current amplifier which sinks 10 mA
(LOW) and 75 mA (HIGH) into the TXO port. Because
the network appears as a 25Q load (two 50<2 resistors
in parallel), this translates to a single-ended voltage
swing of —-0.25V to —1.875V at TXO.

By IEEE 802.3 specifications, the DC offset of the
output driver should be between —37 mA and —45
mA. The ACswing should be from +28 mA up to the
offset value. This current drive limit must be met
evenin the case of one other unit transmitting on the
network. The 10—90% rise/fall times must be 25 +5
ns at 10 Mb/s and they must match within 2 ns.

On the other end of the network data is received
from the coaxial cable at the RXI port. The signal is
the equalized and amplified before being sent out of
the RX=+ ports. Due to the low pass characteristics
of the coaxial cable, equalization of the signal is nec-
essary before it can be amplified and sent to the
DTE. The CY7B8392 receiver circuitry has a high
pass filter which compensates for the cable charac-
teristics and sends equalized differential Manches-
ter encoded data to Physical Signaling Layer
through the RX=* ports. In addition to the equal-
izer, the receiver has a carrier sense feature which
will reject signals with less than 467 mV DC content.
Figure 6 depicts CY7B8392 transmission and recep-
tion over the network.

JITTER

A characteristic of transmission over a coaxial net-
work is system jitter. Jitter is defined as the short
term variations of a digital signal from its ideal posi-
tion in time. In other words, a clock may be expected
to have a rising edge at time t=0, but instead the ris-
ing edge occurs slightly after or before t=0. Jitter
can be caused by many parts of a network such as
source clock imperfections, cable distortion, etc. If
the length of the network is large then the low pass

filter characteristics of the cable can induce a signifi-
cant jitter by attenuating the higher frequencies
more than the lower frequency signal content. The
maximum system jitter allowed by IEEE 802.3 stan-
dards is *7 ns. Minimizing jitter allows the MAC
sublayer devices to accurately process data received
from the CY7B8392. If the jitter is too great then the
bit error rate may increase above acceptable levels.

Collision Detection

Because 10BASE2 and 10BASES transmit over a
shared medium, it is necessary to detect instances
where two or more stations are transmitting at the
same time. This is known as collision detection.

There are two standard types of collision detection,
receive and transmit. Both modes compare the av-
erage DC voltage on the coaxial cable with respect
to ground and determine if a collision is occurring
between two transmitting stations.

In receive mode collision detection, any collision be-
tween two separate transmitting nodes will be de-
tected by the transceiver when the average DC cable
voltage with two nodes transmitting is from —1.4V
to —1.58V. The CY7B8392 and all competition de-
vices have a set internal collision detection voltage
that falls into this collision window. IEEE 802.3
standards require receive mode collision detection
in applications where repeaters are used. This is
done to limit the round trip signal delay to 50 ps, en-
suring that all stations on the network will detect a
collision before the end of a minimum length packet
(57.6 us). The allowable cable lengths using receive
mode collision detection are 185 and 500 meters for
10BASE2 and 10BASES, respectively.

In transmit mode collision detection a collision be-
tween two stations will be detected while the trans-
ceiver is actively transmitting (i.e., it is one of the
two colliding stations). Competition 8392 parts re-
quire an external voltage divider at the CDS input
in order to implement transmit collision detection
mode. The voltage divider is used to give the CDS
pin a DC offset of approximately —250 mV. Because
collision is detected as the voltage difference be-
tween the RXI and CDS pins, this allows the coaxial
cable to fall 250 mV lower than the receive mode
threshold before collision is detected. The relaxed
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Figure 6. CY7B8392 Transmission and Reception over the Network

upper limit allows longer cable lengths to be used.
Transmit mode collision detection allows 300 and
1000 meters of coaxial cable to be used with
10BASE2 and 10BASES, respectively.

The collision detection offered only by the
CY7B8392 is hybrid collision detection, a combina-
tion of receive and transmit mode collision detec-
tion. When the CY7B8392 is not transmitting, it au-
tomatically sets the collision threshold voltage to
the smaller (less negative) receive level. If the unit
enters the transmit mode, the collision detection
threshold is automatically changed to the larger
(more negative) transmit mode. Hybrid collision
detection allows extended cable lengths to be used
in non-repeater applications without an external
voltage divider at the CDS pin. It can also be used
in repeater applications with regular cable lengths
without redoing the board design.

In the case of transceivers with receive collision
detection, a separate board is required for repeater
and long cable applications. Thus, the CY7B8392
Hybrid collision detection is a more flexible solution
than the competition’s collision detection tech-
niques.

CY7B8392 Heartbeat Function

The CY7B8392 Heartbeat function is enabled when
the HBE pin is tied to GND (OV). When enabled,
a 10 MHz collision signal is transmitted to the MAC
over the CD+ pair after the transmission of a
packet. For repeater applications the Heartbeat
function can be disabled by tying the HBE pin to
VEEg (—9V). Additionally, if the HBE pin is raised
to approximately a TTL level above ground (1.0V
nominal) the 8392 enters the test mode state. In the
test mode state the Jabber timer, which controls
datasheet parameters Tjs and TR, is accelerated by
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212, This allows accelerated testing of these parame-
ters in production.

Designing a 10BASES MAU with the
CY7B8392

When designing an Ethernet board electrical isola-
tion of both the signal and power supply is neces-
sary. AUI signal isolation is easily achieved through
the use of a pulse transformer at the AUI ports.
Power isolation is achieved using an isolated DC—
DC converter which is required to take the
12V—-15V DTE supply as an input and provide a
—9V nominal output. To step down the voltage, a
transformer is used, which also supplies the re-
quired isolation characteristics. For a detailed DC—
DC converter design see the section on power sup-
ply design in this application note.

Careful consideration should be taken when design-
ing the MAU printed circuit board. According to
IEEE 802.3, a total of 4 pF of capacitive loading is
allowed for each transceiver attachment in
10BASES applications when measured by both a 25
ns rise time and 25 ns fall time waveform (typical co-
axial media waveform). This allotment is split into
2 pF of shunt capacitance allowed for the MAU cir-
cuitry and 2 pF for the cable tap mechanism. To keep
capacitance as low as possible, the traces from TXO
and RXT to the connector should be kept as short as
possible. The addition of a diode with the anode
electrically connected to the TXO port and the cath-
ode to the cable tap mechanism helps minimize tap
capacitance by isolating the output capacitance of
the export. The CY7B8392 should be directly sol-
dered to the board without a socket to keep stray ca-
pacitance to a minimum. Finally, all metal traces,
including ground and VEgg, should be kept as far
from the RXI and TXO traces as possible to mini-
mize stray capacitance. Figure 7 displays the
CY7B8392 layout considerations.

Because 10 BASES applications use an AUI drop
cable, termination resistors are required on the dif-
ferential transmit pair. The AUI cable has a charac-
teristic impedance of 78Q Using two 39Q and a 0.01
uF capacitor as the center grounding effectively ter-
minates the line and also minimizes common mode
signal, or a more simple 782 resistor will suffice.

Do not place power and
l ground planes near RXI and TXO.

~<—BNC Connector

]

cyes3gz[] |

0Oo00000]

Figure 7. CY7B8392 Application (not to scale)

A controlled breakdown path is required that will
shunt high-energy transients to an effective ground.
This controlled breakdown is required to meet the
isolation requirements outlined in the IEEE 802.3
standard. In addition, the standard also requires
that all applications provide an adequate radio fre-
quency ground return path. These requirements
can be met by connecting a 1 M€2 0.25W resistor and
a (.01 uF capacitor in parallel. The resistor provides
the static discharge path while the capacitor ensures
low susceptibility to magnetic interference. Figure 8
shows a typical CY7B8392 10BASES application
with heartbeat disabled.

Designing a 10BASE2 MAU with the
CY7B8392

10BASE?2 transceivers are designed using the same
circuit as in 10BASES. The one difference is that an
AUI drop cable is not used in 10BASE2. Because an
AUI drop cable is not used in Thinnet applications,
the termination resistors are not necessary on the
incoming TX+ signal traces.

Driving Longer Cable with the
CY7B8392

With the CY7B8392 it is possible to drive longer
cable lengths. Because of the Hybrid collision detec-
tion which is available in the CY7B8392, up to
1000m (10 BASES) or 300m (10 BASE2) of coaxial
cable can be used. These extended cable lengths can
be used in non-repeater applications only. In re-
peater applications the standard cable length maxi-
mums of 500 and 185 meters must be adhered to.
This limit is enforced because the maximum end-to-
end delay time for a signal on the network cannot ex-
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Figure 8. CY7B8392 MAU Application with Heartbeat Disabled!!]

ceed 25 us by IEEE 802.3 standard. Thus, the total
delay of the cable plus a maximum of four repeaters
must be less than 25 ps.

Driving Non-Standard Cable with the
CY7B8392

In many situations a network cabling system will al-
ready be installed, and some these networks used
coaxial cable with different characteristic imped-
ances. Because a significant portion of the cost for
installing a LAN is the cost of the cable and the labor
to install it, it is in the interest of the customer to use
the existing cable plant if possible. This can be
achieved either by using a BALUN (BALanced to

UNbalanced) or modifying the transceiver board
design to operate with the non-standard cable.

Modifying the transceiver board for non-standard
cable applications involves attenuating the signal at
the RXI and CDS pin. If this is not done then the
voltage appearing at the RXI pin will not be within
acceptable limits for the CY7B8392. In the case of
93Q cable, the window for setting collision thresh-
old is between —2637 mV and —2895 mV due to the
altered resistance of the cable network. These volt-
ages are calculated by taking the RG-58 A/U thresh-
olds and multiplying by 1.86 (93/50). Because the
CY7B8392 is designed to send a collision signal if
the DCvoltage on the line falls below —1530 mV, ev-
ery transmission on 93Q cable will be seen as a colli-
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sion. Thus, a resistive divider is required to lower
the receive voltage to an acceptable level for colli-
sion detection. Using standard resistor values, the
voltages should be divided so that 1530 mV lies in
the acceptable window of collision detection.
Choosing a voltage divider with resistor values of
54.9 kQ and 45.3 kQ provides a satisfactory result.
An example of an application using 93Q cable is
shown in Figure 9. The intrinsic capacitance of the
RXI pin and trace capacitance (typically 1 pF com-
bined) can create a low pass filter effect with the
voltage divider in place. This can be offset by com-
pensated by placing a capacitor ( ~ 1.2 pF) in paral-
lel with the leading resistor of the voltage divider, as
shown in Figure 9. A series 24. 9 kQ (45.3k| |54.9k)
resistor is also required on the CDS pin to insure
that biasing currents on CDS and RXI produce an
equivalent voltage drop.

Any resistor combination that solves Equation 1 will
provide the necessary offset for non-standard cable
applications. Larger resistor values are desirable to
keep the shunt resistance of the transceiver node as
high as possible.

(RYR1+R2) *(Zcoax /50Q)=1 Eq.1

(Zcoax=Non-standard cable impedance)

When different resistor values are used at the volt-
age divider of RXI, the biasing resistor at CDS must
also be changed to reflect the altered parallel resist-
ance of R1 and R2.

Transceiver Application

Auto-AUI Function

The CY7B8392 Auto-AUI function allows a
10BASE designer the ability to easily design NICs
(Network Interface Cards). The Auto-AUI function
has the ability to switch between AUL, twisted pair,
and coax connections (assuming both the twisted
pair and coax transceivers have Auto-AUI func-
tion). This feature benefits both the board designer
with a cost savings, and the user who no longer has
to open the computer or program software to recon-
figure the NIC.

A typical NIC is shown in Figure 10. If the user
wishes to change from the AUI port to the 10BASE2
coaxial connection it is necessary to open the com-
puter and flip switches, or in some cases reconfigure
the NIC software through a tedious process. Both of
these situations require the user to consult a manual
for reference. If this manual is lost, changing the
configuration becomes problematic for the user.

Figure 11 shows a NIC design using the CY7B8392
Auto-AUI function. This application eliminates the
need for switches/jumpers or special software. The
CY7B8392 automatically does the reconfiguration
by either turning its AUI drivers on (properly termi-
nated coaxial cable is attached), or placing them in
a high-impedance state (no coaxial cable attached).
Thus, simply attaching a coaxial cable to the
10BASE2 coaxial port and leaving the 10BASE—~T
and AUI ports unconnected automatically config-
ures the NIC.

DC-DC Converter Design for
CY7B8392 Applications

In MAU applications the CY7B8392 requires a
—9V isolated power supply from a 12—15V power
source. Both discrete and integrated DC—DC con-
verters are available for this application. Integrated
DC-DC converters are available through several
vendors (Fil—Mag, Valor). A discrete design can be
provided through a transformer, self-oscillating pri-
mary, and rectifying secondary. Because the 8392
consumes very little power when compared to com-
petitive devices a discrete transformer allows the
designer to minimize the DC—DC cost through the
selection of low power components. A schematic of
the circuit is shown in Figure 12.
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Figure 10. Typical Network Interface Card

The function of the circuit is as follows: Initially,
12V is applied across the input of the converter. This
causes the voltage at (1) to rise until one of the tran-
sistors arbitrarily turns on. For this example we will
assume that Q1 turns on. As Q1 starts conducting,
current begins to flow through the transformer
winding connected to the collector of Q1. This cur-
rent change is opposed by the inductive characteris-
tics of the transformer, which induces a voltage in
the opposite direction. Because all the transformer
windings are wound around a common core, every
separate winding will induce a voltage. The direc-
tion of the induced voltages follow the transformer
dot convention. Thus, with Q1 ramping, every wind-
ing appears as a voltage source with the positive ter-
minal at the end of the winding (opposite the dot).
This induced voltage will force the base voltage of

Q1 higher, turning it on hard, and force the base
voltage of Q2 low, ensuring that it remains off.

At the same time the current is ramping up in the
primary, the voltage induced in the transformer is
applied to the secondary rectification circuit. Again,
following the dot convention, a positive voltage is
applied at the cathode of D1 and a negative voltage
at the cathode of D2. Current flows through D1 and
charges the output capacitors, while D2 opposes
current flow.

Eventually, as the current increases in Q1, it reaches
a point where the 12V supply cannot continue to
sustain di/dt. As this occurs, the induced voltage op-
posing the current flow in the transformer will dis-
appear. Consequently, the voltage at the base of Q1
will be unable to sustain the collector current and

TP TP

NETWORK

TRANSCEIVER PORT

CONTROLLER SNI *

AUI
PORT

COAX

ISOLATION CY7B8392

PORT

Figure 11. Advanced Network Interface Card with Auto-AUI Function
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Transistors: 2N2222A or equivalent
1 Diodes: BAT54C or equivalent

Figure 12. DC-DC Converter Design

Q1 will come out of saturation. In turn, the current
flow in the winding will begin to decrease. Because
the inductive nature of the transformer opposes the
change in current, a voltage is induced which op-
poses this decrease in current. Following the dot
convention, the positive terminal appears at the be-
ginning of the winding (the end with the dot). The
induced voltage forces the voltage at the base of Q2
high and turns the transistor on hard while Q1 is
forced off. The current then flows through the trans-
former winding to the collector of Q2 and then to
ground. In this manner the primary circuit oscillates
and changes DC to AC.

Applying the induced voltage to the secondary recti-
fication circuit, a positive voltage is applied to the
cathode of D2, which allows current to charge the
output capacitors. These capacitors minimize volt-
age ripple at the output and provide a constant DC
supply to the CY7B8392.

If the CY7B8392is being used in an adapter card ap-
plication where 5V 5% is available, then the dis-

Notes:

crete DC—DC converter shown in Figure 12 can be
easily redesigned to use this supply. Simply replace
the 3.3 KQ resistor on the input with a 270 resistor
and change the transformer to a Pulse PE—68283.

CY7B8392 vs. The Competition

As shown in this application note and the
CY7B8392 data sheet, the Cypress coaxial trans-
ceiver has features which set it apart from the com-
petition. The low power characteristics of the
CY7B8392 mean that the cost of the power supply
is reduced, saving on the overall cost of the board
design. Cypress hybrid collision detection, available
only on the CY7B8392, allows larger diameter net-
works to be used without reconfiguring the trans-
ceiver board with a voltage divider at CDS. Pull-
down resistors are no longer required on the RX+
and CD= AUI ports, again minimizing board space
and cost. These features make the CY7B8392 a
standard to follow in coaxial Ethernet transceiver
applications.

1. The TX+ 78Q termination resistor may be exchanged with two 39Q resistors and a 1-uF capacitor for
common mode rejection. Only one configuration should be used, not both together.



100BASE-T4/10BASE-T Ethernet Transceiver
Application

Introduction

This application note briefly describes a
100BASE-T4/10BASE-T transceiver application us-
ing the CY7C971 Fast Ethernet Transceiver. A
schematic and a description of the board layout are
included.

The transceiver’s function is to provide an interface
between the media (4 pair of CATegory 3, 4, or 5 Un-
shielded Twisted Pair for 100BASE-T4, or 2 pair of
CATS3, 4, or 5 UTP for 10BASE-T) and the Media
Independent Interface (or MII) as defined in the
IEEE Fast Ethernet standard.

Transceiver Schematic

The schematic for the transceiver application is very
simple due to the high level of integration designed
into the CY7C971 (see the CY7C971 data sheet).
The schematic is shown in Figures 1 and 2. The basic
components are:

CY7C971 Fast Ethernet Transceiver
Quad 1:2 Transformer

25MHz Crystal

Connectors (MII and RJ45)

LEDs

Resistors

AR o o I

Capacitors

The CY7C971 performs all of the functions neces-
sary to implement the transceiver design. The quad
transformer provides isolation from the twisted pair

media and modifies the signal amplitude. The
25MHz crystal is used as a timing reference for the
CY7C971. The connectors provide for an external
interface to the twisted pair media, and the MII.
LEDs are used to indicate the mode of operation
(100BASE-T4, 10BASE-T, or 10BASE-T Full Du-
plex), as well as indicating transmit and receive sta-
tus. Finally, the various resistors are used for ter-
minations and current limiting, and the capacitors
are used for decoupling.

Note, there is no external transmit or receive filter
required. Without the bulky filter magnetics, the
board layout becomes quite simple.

Transceiver Board Layout

Figure 3 is a Printed Circuit Board (PCB) design for
the transceiver application shown in Figures 1 & 2.
As noted above, due to the high level of integration
within the CY7C971, the board layout is very sim-
ple. The board consists of two layers, one signal lay-
er and one split power and ground plane.

The dominating components on the board are the
CY7C971 (ul), the quad transformer (t1), the
25MHz crystal (x1), the MII connector (j2), and the
RJ45 connector (j1). Other components are the
LED:s, resistors, and capacitors.

Conclusion

The transceiver application breifly described in this
application note is intended as an evaluation tool
for the CY7C971 Fast Ethernet Transceiver. Trans-
ceiver boards, schematics, and Gerber files are
available from Cypress Semiconductor by contact-
ing a local Cypress sales office.
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100BASE-T4 / 10BASE-T Ethernet
PCI Network Adapter

Background

This application note describes the design of a dual
speed 100BASE-T4/10BASE-T Ethernet Network
Adapter card for PCI systems using the Cypress
CY7C971 PHY and the Digital Semiconductor
21140 MAC (Media Access Controller). The adapt-
er card has the following features:

Dual Speed 100BASE-T4/10BASE-T
Full Duplex 10BASE-T

IEEE Compliant Auto-Negotiation

High Performance PCI Interface

The network adapter card’s function is to interface
the host computer to the network cabling. The
adapter card plugs into the host computer’s PCI bus.
The twisted-pair network cable plugs into the end of
the network adapter card via an 8-pin modular
RJ—45 jack. Figure 1 illustrates a PCI Network
Adapter with a host motherboard.

The network interface card contains all of the cir-
cuitry for the Ethernet physical layer, MAC layer,
and PCI interface. The Cypress CY7C971 contains
all of the physical layer circuitry for 100BASE-T4,
10BASE-T, and Auto-Negotiation. The DEC 21140
contains all of the logic for Ethernet MAC and the
PCI bus interface. The CY7C971 and the DEC
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21140 interface to each other through the Media In-
dependent Interface (MII). The MII is an IEEE
standard interface between the Ethernet physical
layer and the MAC layer.

CY7C971

Media Dependent Interface (MDI)

The CY7C971 provides a simple interface to the
8-pin modular RJ—45 jack. No expensive external
filters or components are necessary because all
transmit filtering and equalization are performed
on-chip. All CY7C971 media interface pins are dual
speed, allowing shared magnetics to be used. A quad
1:2 transformer for electrical isolation and termina-
tion resistors to match the cable impedance are all
that is required.

The output buffer design uses a feedback voltage
driver that minimizes power consumption and con-
trols the common mode output voltage. The trans-
former provides sufficient common-mode rejection
over the frequencies of interest so that an external
common mode choke is not needed. Figure 2 shows
a schematic of the media interface with the
CY7C971.

The characteristic impedance of the twisted pair
medium is a nominal 100€2 The 1:2 transformer re-
duces (by the square of the turns ratio) medium load
impedance to 25Q on the primary (971) side. The
termination resistors and the output buffer imped-
ance together form a matching 25Q load. The
matching load insures that maximum signal is trans-
ferred to the medium and minimizes reflections due
to impedance mismatch.

CY7C971 Quad Modular Shielded
Transformer 8-Pin Jack
RX_D4—|-59 | 1:2 RJ-45
TX D4-1-98 — AAANA 1 24 8
0Q 3”& 23
TX_D4+[26—  AAANL 3 3lle_ |22 71 4 L
RX_D4+ |22 100] _
ol 220 pF
RX_D3- I Tl‘F 6
TX_D3- |52 AAAA 4 21
10Q 5 _3“@ 20 L
TX_D3+ _ﬂ@—mogl 6 e |19 —|_5
49
RX_D3+ == 220 p
RX_D2- |47 7 18 4
L AAAAZSQ g“% 17
RX_D2+ |46 o 3lle |16 3
:1|r: 220 pF
T™X DI-F¥4  AAAL 10 15 2
10Q 4 3"% 14
| 42___\/\/\/\/\ 1 13 .
o '—TX D1+ 10Q shield
o e 1
220 pF IT‘
3 3 *
Chassis Ground
10KQ 1% Figure 2. MDI Schematic
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The center taps on the media side of the transformer
are connected to the chassis ground through 220-pF
(minimum) high-voltage (2 KV) capacitors. These
capacitors help absorb common-mode noise that is
picked up or generated on the twisted-pair medium.
The capacitors must be capable of withstanding the
isolation  requirements  specified in  the
100BASE-T4 standard. High-voltage ceramic disc
capacitors are economical and work well in this ap-
plication.

The high precision currents needed for the transmit
DAC and equalizer are derived from the external
10K<2 1% resistor on pins R1 and R2. An internally
generated band-gap voltage reference is used by the
CY7C971 for all internal reference voltages.

Media Independent Interface (MII)

The Media Independent Interface (MII) is the
IEEE Ethernet standard interface for communica-
tion between the MAC and PHY devices. The MII
supports both 100 Mb/s and 10 Mb/s data transfer
modes. In 100 Mb/s mode, the MII transfers nibble
wide data groups at 25 MHz transfer rate yielding
100 Mb/s throughput. In 10 Mb/s mode, the transfer
rate is reduced to 2.5 MHz for a 10 M/s throughput.
During all transfers, the receive and transmit refer-
ence clock are continuously sourced from the
CY7C971 PHY to the 21140 MAC. Figure 3 shows
the MII connections between the CY7C971 and the
DEC 21140.

+5V
CY7CoT1 % 1.5KQ DEC 21140
MDIO -2Z 1S 105 \ii_MpDIO
MDC (-2 ¢ 1061 \ii_mpc
RXD3}1 >— 18 f \ii_RxD3
RXD2 -2 > U720 \i_RxD2
RXD1 |4 S 16+ \ii_RxD1
RXDO (-2 > 151 Mil_RrxDo
RX_DV -8 > U vi_pv
RX_CLK|-Z S 41 \ii_RCLK
£ RXER 2 > 100 miErR  Z
T TXERRFE— =
— - e
g TxCkH > 1280 v tek 8
TX_EN |12 < 1250 \i_TXEN
TXDo |13 Y 1261 \ii_TxDO
TXD114 < 1270\ TxD1
TXD2 S ¢ 1304\ TxD2
TXD3 |16 ¢ 1314 \ii_TxD3
coL ;3 > E; MII_CLSN Serial Port
CRS > MII_CRS X Z ZzxZ
18 11 - gegaIug
DS 80V V. & | SYMRXDA g g (_),I '91 ﬁu ﬁu
o 10KQ o] SMTXDE J g g
RX_EN 76 109‘30 NDOLOOODNON
EEEEERR
Figure 3. MII Schematic v
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All data transfers between the CY7C971 and the
DEC 21140 are over the MII interface. The DEC
21140 has an additional 7-wire serial interface for an
external 10 Mb/s transceiver. This port is not used
in conjunction with the CY7C971 and these port
pins are tied inactive as shown in the schematic (Ap-
pendix A).

The CY7C971 has a buffer enable input signal,
RX_EN, that is not part of the MII standard. This
pin is used to place the MII output buffers in high
impedance. In this application, RX_EN should be
tied HIGH to permanently enable the MII output
buffers. The Q5 and D5 pins on the CY7C971 are
not used in MII mode. D5 can be tied either HIGH
or LOW. Since the DEC 21140 does not support ex-
plicit transmit error generation over the MII inter-
face, the 971 TX_ER pinshould be tied LOW to pre-
vent inadvertent transmit error generation.

The MDC and MDIO pins form a simple two-wire
serial management interface between the 7C971
and 21140. MDC is a clock signal sourced from the
21140. The MDIO line is a bidirectional data line
used to transfer management data frames. The
MDIO signal requires a 1.5 Kohm pull-up resistor
to VCC. This interface is used to transfer standard
management frames that control and monitor the
behavior of the CY7C971. Management frames
contain a PHY address, register number, op code,
and a 16-bit data field.

Clock Pins

The CY7C971 generates all internal and external
clock signals from its on-board oscillator circuit.
The oscillator circuit requires an external 25 MHz
parallel resonant crystal connected between the
CLKO and CLKI pins. The external load capacitors
(Cioad) should be chosen so that the total load ca-
pacitance matches the parallel resonant capaci-
tance of the crystal. The load capacitors form a se-
ries capacitance network. The required load
capacitance is derived from the following equation:

Cxtal = (Cpin + Cload + Ctrace) /2

Cload = 20Cxta1 — Cpin — Cirace

CY7C971

CLKO
CLKI

35

-

25.000 MHz
Cioad —— —— Cioad
(33 pF) | I (33 pF)
Figure 4. Clock Pins

The package pins contribute approximately 1.5 pF
to the parallel load capacitance. Board trace and
pads contribute between 1—2 pF of parasitic capaci-
tance depending on trace length, width and dielec-
tric thickness. According to this formula, an 18-pF
parallel resonant crystal would require 33-pF load
capacitors.

The crystal should have frequency stability of 100
ppm or less in order to comply with the Ethernet
standards Figure 4 shows the CY7C971 clock pin
connections. The load capacitors are connected be-
tween the Clock pins and ground.

LED Pins

The CY7C971 can drive LEDs directly. The LED
pins use an open drain output buffer that can sink up
to 12 mA. The buffers have a weak internal pull-up
resistor. Figure 5 shows how the LED pins connect
to the LEDs.

The LTX and LRX pins indicate when the CY7C971
is actively transmitting or receiving Ethernet
frames. LTX indicates that the transmitter is active,
and LRX indicates that the receiver is active. These
signals are time stretched to at least 25 ms so that
light pulses emitted from the LED can be detected
by the human eye. These pins may be tied together
in a wire-or fashion to form a generic activity indi-
cator.

The LINKT4, LINKT, and LINKFD pins indicate
when the CY7C971 is in the link pass state for
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100BASE-T4, 10BASE-T, or 10BASE-T Full Duplex.
The operating mode is determined either through
the Auto-Negotiation process or by manual configu-
ration with the control register (see section on
MDC/MDIO  Management Interface). The
CY7C971 will enter a link pass state when an oper-
ating mode has been selected (either through Auto-
Negotiation or manually) and properly formed
technology dependent link integrity pulses are re-
ceived from the medium. If only a single link indica-
tion is needed, the link indicator pins may be tied
together in a wire-or fashion to form a generic link
pass signal. These signals may also be individually
connected to the 21140’s General Purpose pins in
order to quickly inform the MAC of any changes in
the link status.

Configuration Pins

The configuration pins are wired for the adapter
card application as shown in Figure 6. The ENT4,
ENT, ENFD, AUTONEG are wired HIGH to en-
able all of the 7C971 operating modes. At power-up
or during a hard reset, the logic values on these pins
are loaded into their corresponding ability bits in
the MII Status Register. The ability bits in the Status
Register dictate whether an operating mode can be
become active. After the power-up or reset cycle
completes, the Auto-Negotiation process will ad-
vertise all operating modes that the Status Register
reports as enabled. Management can alter the ad-

vertised abilities by changing the code word in the
Auto-Negotiation Advertisement Register (Reg. 4).

The ISODEEF (Isolate Default) pin is tied LOW in
order to force the CY7C971 to power up with the
MII ready for normal operation (not isolated). The
Isolate Bit (0.10) will indicate normal operation as
the default setting. The address pins (AO—A4) are
wired for PHY address 01H. Address 00H is re-
served for external transceivers and should not be
used. The CY7C971 will respond to PHY manage-
ment frames that use the assigned address. The val-
ues on the ISODEF and AO—A4 pins are latched
into the 7C971 during a hard reset or power-on
reset.

The MODE pin is tied HIGH to force the 7C971
into MII mode. MII mode enables the MII, PCS
(Physical Coding Sublayer), and PLS (Physical Lay-
er Signaling) logic. The PCS performs the 8B6T en-
coding/decoding and serial/parallel conversion for
100BASE-T4. The PLS performs Manchester en-
coding/decoding and serial/parallel conversion for
10BASE-T. When the MODE pin is LOW (PMA
Mode), the MII, PCS, and PLS are disabled and the
100BASE-T4 PMA (Physical Medium Attachment)
interface is exposed on the MII I/O pins. PMA
Mode is used only in repeater applications.

The Test pin is tied LOW to permanently disable the
CY7C971 test mode. Test mode is used for factory
ATE testing only.
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Figure 6. Configuration Pins
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The RESET pin should be connected to the PCI re-
set pin on the card edge. Power-on reset is taken
care of by an internally generated reset signal. Dur-
ing a hard or power-on reset, the values on the
ENT4, ENT, ENFD, AUTONEG, ISODEEF, and
AQ0—A4 are loaded into the CY7C971 and all of the
logic and analog circuits are forced to their default
states. During a soft reset all of the logic and analog
circuits are reset but the values on the configuration
pins are ignored. The software drivers can issue a
soft reset by setting the Reset Bit (0.15) in the Con-
trol Register. This bit is self clearing.

Layout Considerations

The adapter card design is simple enough to fit on
a standard PCI short card (3.5” x 5”) or smaller
PCB. A 4 layer PCB construction with dedicated
power and ground planes is recommended. The
DEC 21140 requires a 3.3V power supply. The
CY7C971 requires a 5V supply. Separate 5V and
3.3V power planes can be partitioned on a single
power layer. Figure 7 shows an example of parti-
tioned power planes with component placement.

The ground plane runs under both the 5V and 3.3V
planes. There is a cutout in both the power and
ground planes under the RJ—45 and transformer.

The media interface components can be neatly
placed behind the RJ—45 connector. Figure & illus-
trates the physical layout of the media interface with
a 4-layer board. 0.027 uF decoupling capacitors are
used on each of the CY7C971 power pins. These
0805 SMT capacitors are placed in a row as close to
the pins as possible. The termination resistors fit
neatly in a row behind the decoupling capacitors.
Tantalum 10 pF capacitors are placed on opposite
corners of the CY7C971. The CY7C971 media in-
terface and power pins were placed in such a way to
minimize the use of vias and simplify board layout.

Software Considerations

Software drivers are responsible for configuring
registers within the DEC 21140 for proper opera-
tion with the CY7C971. The software drivers are
also responsible for transferring Ethernet packets
between the host computer’s local memory and the

Power
Cutout

Transformer
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21140°s data buffers, and for managing the 21140
and CY7C971 resources during normal operation.

The CY7C971 contains an on-chip management fa-
cility that is accessed through its serial management
port on the MII. The management facility consists
of registers that report and control basic activities of
the PHY such as Auto-Negotiation and link status.

The CY7C971 management facility acts as a slave
device to management accesses from the MAC.
Management data is transferred between CY7C971
and the DEC 21140 MAC with the MDC and MDIO

pins on the MIIL This connection is shown in
Figure 3.

The DEC MAC emulates the management agent
with its software drivers. During power-up, reset, or
a down link, the drivers should poll the management
registers to determine the result of Auto-Negoti-
ation and the state of the link. While the link is up,
the drivers should poll the CY7C971 Status Register
on a timely basis to make sure the link is active. The
CY7C971 was designed so that standard MII com-
pliant software drivers can support the management
facility.
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DEC Register Set-Up

The 21140 Command and Status Registers (CSR)
must be configured so that the 21140 communicates
with the CY7C971 through the MII port. Register
CSR6 in the 21140 controls the MAC-PHY inter-
face configuration. The 21140 parallel MII port is
enabled with the Port Select bit in CSR6 (CSR6, bit
18). When set, the MII port is enabled and the serial
10-Mby/s port is disabled.

The PCS Function and Scrambler Mode inside the
21140 must be disabled for proper operation with
MII based transceivers such as the CY7C971. PCS
and scrambler modes are used with 100BASE-X
physical layer devices only. The PCS Function is dis-
abled by clearing the PCS bit in CSR6 (CSR6, bit
23). The scrambler is disabled by clearing SCR bit
in CSR6 (CRS6, bit 24).

The Transmit Threshold Mode (TTM) must be ad-
justed according to the operating speed of the link.
This bit determines the number of bytes in a frame
that must be stored in the transmit FIFO before the
transmission process is initiated. In 10-Mb/s mode,
the TTM bit (CSR6, bit 22) should be set. In
100-Mb/s mode, the TTM bit should be cleared. The
link operating speed can be determined by polling
the CY7C971 management Auto-Negotiation and
Control registers or by monitoring the LED Link
pins through the General Purpose Register.

MDC/MDIO Management Interface

The CY7C971 contains all of the standard and ex-
tended registers defined in the MII standard (Regis-
ters 0—7). There is also an additional CY7C971
specific register (Reg.16).The MAC can perform
write and read operations to the CY7C971 manage-
ment registers by transferring management frames
over the MDIO serial interface. The MDC signal
serves as the management data clock and is sourced
from the MAC. The MDIO signal is bidirectional.
The frame structure is shown in Figure 9.

The management frame is comprised of several
fields. The start sequence 01 is used to identify the
start of a frame. The op-code field determines
whether a read, write, or no-op will be performed.
The address field determines the target PHY. The

CY7C971 will only respond to management frames
whose address matches the address assigned to the
CY7C971 by the address pins AQ—4. In this applica-
tion, the CY7C971 address has been permanently
wired to 01H. All management accesses to the
CY7C971 should use this address.

The register field determines the target register for
the operation. The turn around field provides time
to switch the direction of the bus during a read op-
eration. The next 16 bits are the data field. During
aread operation, the PHY will drive the MDIO line
with the target register contents. During a write op-
eration, 16 bits are transferred to the PHY from the
MAC and written in the target register.

The CY7C971 can accept management frames that
are not preceded by a 32-bit preamble. A sequence
of 32 ones will force a reset on the CY7C971 man-
agement facility. It is recommended that the MAC
issue this 32-bit sequence after power-up and peri-
odically during normal operation.

The CY7C971 supports the standard and expanded
MII register set. The Expanded Register set in-
cludes the OUI (Organizationally Unique Identifi-
er) and Auto-Negotiation registers (registers 2—7).
Figure 10 shows the CY7C971 register map.

Control Register (Reg. 0)

The Control Register is used to manually set the op-
erating modes and enable/disable certain features.
Auto-Negotiation can be enabled/disabled through
this register with bit 0.12. When Auto-Negotiation
is enabled, the speed of the link is determined auto-
matically, and the speed selection bit (0.13) has no
effect. When Auto-Negotiation is disabled, the
speed selection bit determines the speed of the link.

The loop back bit (0.14) is used to internally loop the
transmit signal path to the receive signal path. Plac-
ing the CY7C971 in loopback mode will cause the

Op Code
Address
Register
Number
Turn Around

&
o

PHY

Read
Write

AAAAA
AAAAA

RRRRR
RRRRR|

N
(=}

DDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDD

01 10

Figure 9. Management Frame Structure
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link to be broken and the transmit drivers will be
forced to idle. The power-down bit (0.11) places the
CY7C971 in low power stand-by mode. All of the
analog circuits are placed in low power mode and
the clock is stopped to all of the CMOS digital logic.
Only the MDC/MDIO port is active. When power-
down mode is exited, the CY7C971 will reset all of
the registers to their default values. Any register set-
ting other than the default value must be restored by
the driver.

Status Register (Reg. 1)

The Status Register is a read-only register that re-
ports the capabilities and status of the CY7C971.
The status of the Auto-Negotiation process can be
monitored through bit 1.5. This bit reports when
Auto-Negotiation has completed. The Remote
Fault bit (1.4) will indicate if Auto-Negotiation has
detected a remote fault at the other end of the link.
The Link Status bit indicates whenever any technol-
ogy (i.e., the 10BASE-T or the 100BASE-T4 circuits
of the CY7C971) has entered the Link Pass State.
This means that the link is available for data trans-
mission and reception.

OUI Registers (Reg. 2—3)

Registers 2 and 3 contain the Cypress Semiconduc-
tor Organizationally Unique Identifier and the
CY7C971 part and revision number. The OUI is a
24-bit sequence that is uniquely assigned to orga-
nizations for identification purposes by the IEEE.

Register Description

Control
Status
Oul
Ooul
Auto-Negotiation Advertisement
Auto-Negotiation Link Partner Ability
Auto-Negotiation Expansion

Auto-Negotiation Next Page Transmit
[J
® (reserved)
[ ]

NO O~ WN-=O #H#*

Y
[o)]

Cypress Proprietary |

Figure 10. Register Map

15 12 1 8 7 4 3 0
Reg2=| o [ o | 1| 4
OUI
15 12 11 8 7 4 3 0
Reg3=| 2 | 8 | o0 x|
our | Part Rev |

Figure 11. OUI Registers

The Cypress OUI is 00A050h. According to the
Ethernet MII standard, twenty-two bits of the OUI
are split between Registers 2 and 3. Register 2 con-
tains 16 bits of the OUI and register 3 contains the
other 6. Register 3 also contains 6 bits for the
CY7C971 part number and 4 bits for the revision
number. The register mapping and contents are
shown in Figure 11.

Auto-Negotiation Registers (Reg. 4—7)

Registers 4 through 7 manage the Auto-Negotiation
process. These registers only have meaning when
Auto-Negotiation is enabled. Management inter-
vention is not required during the normal Auto-Ne-
gotiation process. Management should only inter-
vene with the Auto-Negotiation process in order to
influence the outcome.

The Auto-Negotiation Advertisement Register
(Reg. 4) holds the 16-bit code word that the
CY7C971 advertises over the medium. This code
word encodes the capabilities of the CY7C971, the
LAN technology (CSMA/CD Ethernet), and fault
indications. During power-up or reset, this register
will set to the default conditions of the CY7C971
that are dictated by the enable pins. This causes
Auto-Negotiation to only advertise the capabilities
that are enabled. These enabled capabilities are re-
flected in the Status register. Management may in-
tervene in the Auto-Negotiation process by writing
to this register. Only the operating modes that are
enabled in the Status Register will be advertised.
Any attempt to advertise a disabled mode (disabled
when ENX pin is LOW) by writing to the Advertise-
ment Register will be ignored. Management should
restart the Auto-Negotiation process by setting bit
0.9 (Restart Auto-Negotiation Bit) if the contents of
the Advertisement Register are changed. Figure 12
shows a block diagram of how the enable pins affect
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Figure 12. Register Block Diagram

Auto-Negotiation Advertisement and Status Reg-
isters.

The Auto-Negotiation Link Partner Ability Regis-
ter (Reg. 5) contains the code word that has been
consistently received from the PHY at other end of
the medium. This register is valid when the Page Re-
ceived bit (6.1) is set in Register 6. Auto-Negotiation
uses the received code word to decide the operating
mode of the link. The choice is based on the priority
resolution table in the Auto-Negotiation standard.
100BASE-T4 has the highest priority. If Auto-Ne-
gotiation completes through parallel detection, the
contents of this register are invalid. (Parallel Detec-
tion part of the Auto-Negotiation process. Its func-
tion is to detect the presence of Ethernet transceiv-
ers that do not support Auto-Negotiation.)

The Auto-Negotiation Expansion Register (Reg. 6)
is a Read-Only register that reports the status of the
Auto-Negotiation process. This register should be
monitored during the Auto-Negotiation process in
order to make sure that code words are being re-

ceived and that there is not a Parallel Detection
fault.

Register 7 is used to hold the Next Page code word
that is to be transmitted during next page exchanges.
Next Pages are code words that can be sent in addi-
tion to the base code word in the advertisement reg-
ister. The Next Page facility is intended to be used
as a simple scheme for passing messages between
the PHYs on the medium before the link becomes
active. The messages may contain information such
as the presence of a fault, for example. The Next
Page Transmit Register defaults to 2001H (Null
Message) after power-up or a reset.

Cypress Proprietary Register (Reg. 16)

The Cypress Proprietary Register (Reg. 16) con-
tains specific information about the CY7C971. Bit
15 indicates the polarity of the RX_D2+ signal
pair. When clear, this bit indicates that the polarity
of RX_ D2+ is correct or undetermined. When set,
this bit indicates that inverted polarity on RX_D2+
was detected and has been corrected. Inverted po-
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larity is most likely caused by inadvertently revers-
ing the signal wires at the medium connector. system cost and design effort.
The complete adapter card schematics and a bill of
materials are included at the end of this application
note (Appendix A and Appendix B, respectively).
More information on the CY7C971 can be found in
more information on

the data sheet. For
100BASE-T4, MII and Auto-Negotiation standards,
consult the IEEE 802.3u document: “MAC Parame-
ters, Physical Layer, Medium Attachment Units
and Repeater for 100Mb/s Operation.”

Conclusion
This application note covers the major issues for a
dual speed Ethernet/PCI Bus adapter card design
using the CY7C971 100BASE-T4/10BASE Trans-
ceiver and DEC21140 MAC. The high degree of in-
tegration in the CY7C971 keeps the number of ex-
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Appendix A. Schematics (Sheet 3 of 4)

J2 PCI Connector
Side B Side A
-1V 1B | _q2v TRST |dA A~ TRST
TCK 281 TCK PPV B S— ]
D0 (G2 TDO ™S A o TMS
B E——IB8_1NTB 7Dl j—2A Q ToI
WD 88 _{ INTD NTA |-8A g TNTA
® 98 | PRSNTT NTC |—ZA g TNIC
7.5 W Card J0B } Reserved Reserved |—2A
118 | PRSNT2 Reserved |-L1A
14B | Reserved Reserved |14A.

PCICLK m—u 168 1 cik RST |I5A m RST
FEQ M——188 | 7y GNT |17A = GNT
AD31 2081 AD31 Reserved 194
AD29 2181 AD29 AD30 |-20A_______+— AD30
AD27 2381 AD27 AD28 |22A______+ AD28
AD25 (G248 1 AD25 AD26 |-23A_ o AD26
C/BE3  (g——26B_1 T/BE3 AD24 |25A o AD24
AD23 278 | AD23 IDSEL |-26A o IDSEL
AD21 9B 1 AD21 AD22 {-28A & AD22
AD19 308 { AD19 AD20 |-29 AD20
AD17 3281 AD17 AD18 |-31A_______m AD8
CBE2 m—338 | T/BE2 AD16 F-32A ________m AD16
RDY m— 358 | TROY FRAME |-34A = FRAME

DEVSEL  m——37B_| DEVSEL TRDY |-36A = TRDY
TOCK 398 | TGCK SToP |-38A _______— STOP
PERR [———=20B | PERR SDONE {40A________— SDONE
SERR =228 SERR SEC |AA 5 SBO
C/BEl  g————34B_ T/BE1 PAR [43A o PAR
AD14 858 1 AD14 AD15 |44A o AD15
AD12 A8 AD12 AD13 [48A o AD13
AD10  j———48B 1 AD10 AD11 LATA & ADT
AD0S8 2281 ADO8 ADO9 [49A _______m ADO9
ADO7 538} ADO7 T/BEO |52A  m T/BEO
AD05 3581 ADO5 ADO6 |-24A _______m ADOG
ADO3 pm— 568 | Apog ADO4 [-95A _______m ADO4
ADO1 5881 ADO1 ADO2 [STA = ADO2

50B | ACKe4 ADOO |-58A ________+— ADOO
REQ64 |-60A
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Appendix A. Schematics (Sheet 4 of 4)
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Appendix B. Parts List

Cypress Sem. CY7C971-NC

Description, Vendor, Part Number Qty Reference Designator
10 uF/16V Tantalum Capacitor (EIA Size C) 6 C25, C26, C27, C28, C29, C31
Sprague Elec. 293D106X9016C2
47 uF/16V Tantalum Capacitor (EIA Size D) 1 C30
Sprague Elec. 293D476X9016D2
.1 uF/50V Ceramic Capacitor (Size 1206) 8 C13, C14, C15, C16, C17, C18, C19,
Panasonic ECU-V1H104KBW C20
.01 uF/50V Ceramic Capacitor (Size 1206) 4 C21, C22,C23,C24
Panasonic ECU-V1H103KBM
.027 uF/50V Ceramic Capacitor (Size 0805) 10 C3, C4, C5, Ce, C7, C8, C9, C10,
Panasonic ECU-V1H273KBX C11, C12
33 pF/50V Ceramic Capacitor (Size 0805) 2 C1,C2
Panasonic ECU-V1H330JCG
220 pF/2KV Ceramic Disk Capacitor 4 C31, C32,C33,C34
Murata/Erie  DE0405B2212KV
10.0K ohm 5% 1/8W Resistor (Size 0805) 1 R1
Panasonic ERJ-6GEYJ10.0K
10.0K ohm 1% 1/10W Resistor (Size 0805) 1 R2
Panasonic ERJ-6ENF10.0K
10.0 ohm 1% 1/10W Resistor (Size 0805) 6 R10, R11, R12, R13, R14, R15
Panasonic ERJ-6ENF10.0
24.9 ohm 1% 1/10W Resistor (Size 0805) 1 R9
Panasonic ERJ-6ENF24.9
1.50K ohm 5% 1/10W Resistor (Size 0805) 6 R3, R4, R5, R6, R7, R8
Panasonic ERJ-6ENF1.50K
2 mA Green LED, PC Board Side Mount 3 L3,14,L5
IDI 5350T5LC
2 mA Yellow LED, PC Board Side Mount 1 12
IDI 5350T7LC
2 mA Red LED, PC Board Side Mount 1 L1
IDI 5350T1LC
25.0000 MHz SMT Crystal, Parallel Res 18 pF 1 X1
Epson Amer MA-506 25.000M—AD
Epson Amer MA-406 25.000M—-G
25.0000 MHz HC—49/U Crystal, Parallel Res 18 pF 1 X2
Ecliptek EC250—-25.0000
Quad 2:1 Transformer, 330 uH Primary, 1500V 1 U2
Valor ST6115
Pulse PE—-69001
Bel $553-1204—-00
CY7C971 100BASE-T4/10BASE-T Transceiver 1 Ul
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Appendix B. Parts List (continued)

93C46 1K Serial EEPROM (8-Pin SOIC)
National Sem. NM93C46M8

Description, Vendor, Part Number Qty Reference Designator

LT1117 3.3V Regulator 1 Us

Linear Tech. LT1117CST-3.3
RJ—45 Modular 8-Pin Shielded Jack 1 J1

Amp 5551411
DEC21140 Fast Ethernet PCI MAC 1 U3

Digital Sem. 21140—-AA

1 U4

Assembly Instructions

1. Assemble only 1 crystal (X1 or X2).
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Background

This application note describes the design of a
100BASE-T4 Ethernet Network Repeater using the
Cypress CY7C971 PHY and CY7C388P for the
core logic. The repeater has the following features:

o 100-Mb/s Shared Bandwidth over Cat. 3 UTP
e 8 Unmanaged Ports

o Integrated Transmit Filters

e Compact Layout

e Low Latency

The function of the repeater is to create a logically
shared communication channel between the end
stations in the network. The end stations (computer,

Station transmits frame

s

AA

printer, etc.) communicate with the repeater over
dedicated twisted pair links. The repeater listens to
the signal being received on one port and “repeats”
the restored signal to the other ports. Figure 1 illus-
trates the function of the repeater in a 100BASE-T4
Ethernet Network. The repeater in this application
note has eight communication ports.

The functional requirements of the 100BASE-T4 re-
peater are defined in the IEEE 802.3u Standard
“MAC Parameters, Physical Layer, Medium At-
tachment Units and Repeater for 100 Mb/s Opera-
tion,” Clause 27. The repeater functional require-
ments are summarized below:

e Detect port activity and receive Ethernet packets

¢ Restore the shape, amplitude, and timing of the
received signals prior to retransmission

A AL
Signal restored and
repeated to active ports

Repeater partitions
bad segment

Station with bad
network connection

Figure 1. Ethernet Network Built with Repeaters

2-72
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100BASE-T4 Repeater

e Regenerate preamble sequence and prepend it to
the received frame

o Forward the Ethernet frame to each of the ports

¢ Detect collisions between ports and generate jam
sequence to all ports

¢ Protect network from long carrier events (jabber)
and repeated collisions (partition)

o Allow installation (removal) of station without
network disruption

o Provide basic port control (enable/disable)

Repeater Block Diagram

A block diagram of the 8-port repeater is shown in
Figure 2. The CY7C971 functions as the physical lay-
er device that interfaces the digital core logic to the
twisted-pair medium. Each CY7C971 requires a
quad 1:2 transformer for electrical isolation from
the medium. The core logic is implemented with a
CY7C388A FPGA. This device takes care of the ba-

sic repeater functions such as data retiming, se-
quence generation, and port control.

CY7C971

The CY7C971 (see Figure 3) has a special low laten-
cy repeater mode that is enabled when the MODE
pin is LOW. In this mode, the MII (Media Indepen-
dent Interface), PCS (Physical Coding Sublayer),
and 10BASE-T are disabled. Only the 100BASE-T4
PMA (Physical Medium Attachment) circuits are
active. These circuits perform the analog functions
required to interface to the twisted-pair media such
as transmit filtering, adaptive equalization, and
clock recovery. A block diagram of the PMA inter-
face is shown in Figure 4.

Media Dependent Interface (MDI)

The CY7C971 provides a simple interface to the
8-pin modular RJ—45 jack. No expensive external
filters or components are necessary because all
transmit filtering and equalization are performed
on-chip. A quad 2:1 transformer for electrical isola-
tion and termination resistors to match the cable im-
pedance are all that is required.

RJ45 RJ45 RJ45 RJ45 RJ45 RJ45 RJ45 RJ45
) ) ) ) ) ) )
T ;i S S T
CY7C971| |CY7C971] |CY7C971| |CY7C971| |CY7C971| |CY7C971] |CY7C971| |CY7C971
A
=CT244§ FCT244
RX
—e o— X o ° ° ° ° °
TX RX
Core
Logic
(7C388A)

Figure 2. Repeater Block Diagram
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The center taps on the media side of the transformer

100BASE-T4 Repeater
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—# CYPRESS
The output buffer design uses a feedback voltage
driver that minimizes power consumption and con-

trols the common-mode output voltage. The trans-
former provides sufficient common mode rejection

over the frequencies of interest so that an external
common mode choke is not needed. Figure 5 shows

are connected to the chassis ground through 220-pF

(minimum) high-voltage (2 KV) capacitors. These

capacitors help absorb common mode noise that is

picked up or generated on the twisted pair medium
in

The capacitors must be capable of withstanding the
specified

a schematic of the media interface with the

The characteristic impedance of the twisted pair

CY7C971.
medium is a nominal 1002 The 1:2 transformer re-
duces (by the square of the turns ratio) medium load

impedance to 25Q on the primary (971) side. The
termination resistors and the output buffer imped-

ance together form a matching 25-ohm load. The

matching load insures that maximum signal is trans-

to impedance mismatch

isolation

requirements
100BASE-T4 standard. High voltage ceramic disc

capacitors are economical and work well in this ap-
plication.
The high precision currents needed for the transmit
DAC and equalizer are derived from the external
10K 1% resistor on pins R1 and R2. An internally
generated band-gap voltage reference is used by the
CY7C971 for all internal reference voltages.
Modular Shielde
8-Pin Jack
RJ-45

d

ferred to the medium and minimizes reflections due
CY7C9T71 Quad
Transformer
RX_D4- |29 | .
TX_D4—|-58 1 24
PR = = -
56 3 22 7
TX_D4+ p \/\/\/\/1‘ 5 Q'
RX_D4+ 4
5 220 pF
RX_D3-|-2 ' o+ 6
8- MW —2 21
s 0Q 5 3”? 20 U
TX D3+ |50 AAANA | 6| 3lle |19 | 5
- 49 10Q
RX_D3+ ?rlf 220 |pfr
47 18 4
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25Q g %”% 17
RX D2+ |46 | o 3lie e 3
jT: 220 pF
TX D1 |44 AAAA 10) 15 2
10Q 4 3"? 14
TX_D1+ 42—\/\/\/\/1\09 12 3le |13 shield
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Chassis Ground
Figure 5. MDI Schematic
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LED Pins

Figure 6 shows how the LED pins connect to the
LEDs. The LINKT4
CY7C971 is in the link pass state for 100BASE-T4.
The CY7C971 will enter a link pass state when prop-
erly formed technology dependent link integrity

pulses are received from the medium. The LINKT
and LINKFD signals remain inactive.

Configuration Pins

The configuration pins are wired for the repeater
application as shown in Figure 7. The MODE pin is
tied LOW to force the CY7C971 into 100BASE-T4
PMA mode. PMA mode disables the MII, PCS
(Physical Coding Sublayer), and 10BASE-T. The
100BASE-T4 PMA performs all of the analog func-
tions required to interface to 4 pair Cat. 3 UTP.

The ENT4 pin is wired HIGH to enable
10BASE-T4. The ENT and ENFD pins are wired
LOW to disable 10BASE-T and Full Duplex opera-
tion. The AUTONEG pin is wired to a header block
and pull-up. When a jumper is installed in the head-
er block, Auto-Negotiation is disabled. When the
jumper is absent, Auto-Negotiation is enabled.

The ISODEF (Isolate Default) pin is tied LOW in
order to force the CY7C971 to power up with the
MII ready for normal operation (not isolated). This

+
[}
<

N

O O O O
15KQ =2 =2 zZ =z
~ N~ N~ © (]

< |x |E 1§ B

H IS [x |2 |x

zZ |3 |2

4 3

CY7C971

Figure 6. LED Pins

100BASE-T4 Repeater
+5V
ENT4 |84 ¥
61
pin indicates when the Ef\ll\ll:.l[-) 62 % 10KQ
AUTONEG |-
MoDE |
JAM |5 Jumper
A0 |28
CY7C971 At |25
A2 |24 V
A3 |22
A4 2
ISODEF}|-22
RESETLS / SYSTEM
\Y

Figure 7. Configuration Pins

repeater application does not use the management
port. The address pins can be assigned any address
configuration.

The Test pin is tied LOW to permanently disable the
971 test mode. Test mode is used for factory ATE
testing only.

The RESET pin should be connected to the system
reset pin from the core logic. A system reset is is-
sued at power-up or when the reset button is pushed.
If a port is disabled by the core logic, the reset to the
port will be active.

Layout Considerations

The repeater design is simple enough to fit on a
small 7.75 in x 6.0 board using top-side-only place-
ment. A four-layer PCB construction with dedicated
power and ground planes is recommended. The
CY7C971 requires a 5V supply. Figure 8 shows an
example of component placement.

The media interface components can be neatly
placed in-line with the CY7C971. 0.027 uF decoup-
ling capacitors are used on the CY7C971 power
pins. These 0805 SMT capacitors are placed in a row
as close to the pins as possible. The termination re-
sistors fit neatly in a row behind the decoupling ca-
pacitors. The CY7C971 media interface and power



!Ia

4
!

100BASE-T4 Repeater

0
—~
i)
=)
&3
@)
N

High Voltage
Capacitors

Termination Decoupling
Resistors Capacitors

N

8 port
RJ-45

LEDs

L Ly

LT

LI

~

(@]

m

(@]

_|

N

N

N

~

(@]

m n

(e] o

3 o

i <

~ I
N

7C388A
Core

~

(@]

n

Q

N

S

n

E :'4/
_|
3 O
2 |2 8| Cypress
g |E3| 7cent
3 |8
] O
= =
]
HEE
2 |B B8] Cypress
g 25| 7cert
3 |8
5] O
= =
= E =
o O
3 B2 8| Cypress
g |HE| 7ce7
3 8 =
3 O
o] [
= g o
™ d
2 |E= 2| Cypress
g |HE2| 7co71
3 E Lo
® o]
] =
(]
HEE
2 |2 8| Cypress
g |HE2| 7co971
3 = =
3 O
= =
(]
HEE
a3 |BE 3| Cypress
g |HE2| 7co71
3 8 =
] O
= =
= E =
3 o]
2 |B2 8| Cypress
g |HE| 7co71
3 = =
] ]
] o]
(]
NIEE
3 |B2 8| Cypress
g |HE| 7co71
3 = =
] O
= ]

Figure 8. Component Placement



=,
= =

=27 CYPRESS

100BASE-T4 Repeater

pins are placed in such a way to minimize the use of
vias and simplify board layout.

Core Logic

Figure 9 shows a block diagram of the repeater core
logic. The blocks perform functions as follows:

e Port N. Synchronizes signals and provides control
signals to each port, along with detecting jabber

and partition conditions.

Selection and Clock MUX. Selects the receive
clock from the incoming port and provides a com-
mon receive clock for use in retiming the incom-
ing data.

RX FIFO. Used for temporary storage and to re-
time the incoming data to TX_CLK.

Bad Symbol, Jam, Idle, Preamble Generator.
Provides the special characters that are trans-
mitted during different conditions.

Output Register. Provides temporary storage of
outgoing data along with retiming to the
TX_CLK.

Repeater State Machines and Logic. Controls
port selection during data reception. Also, pro-
vides collision detection and handling. Included
in this block is the control of two expansion ports
for use in the design of a stackable repeater.

The core logic is written in Verilog and fills 7K gates
of a Cypress CY7C388P 8K pASIC.

Conclusion

This application note covers the major issues for a
8-port 100BASE-T4 Repeater design using the
CY7C971 100BASE-T4/10BASE-T Transceiver and
CY7C388P 8K FPGA. The high degree of integra-
tion in the CY7C971 keeps the number of external
components to a minimum, helping to reduce sys-
tem cost and design effort.

The complete repeater schematics and a bill of ma-
terials are available from Cypress Semiconductor.
More information on the CY7C971 can be found in
the data sheet. For more information on
100BASE-T4, MII, and Auto-Negotiation stan-
dards, consult the IEEE 802.3u document: “MAC
Parameters, Physical Layer, Medium Attachment
Units and Repeater for 100Mb/s Operation.”
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Local Area Network ATM Transceiver

Features e 100K ECL compatible I/O Functional Description
o SONET/SDH and ATM Compatible ~ ® f‘" 0'5:!’“' clock “drift” without data  pe [ ocal Area Network ATM Transceiv-
e Compatible with PMC—Sierra r‘ans1 lons L er is qsed in SONET/SDH and ATM ap-
PM5345 SUNI™ ¢ Link Status Indication plications to recover clock and data in-
- i formation from a 155.52-MHz  or
e Clock and data recovery from 51.84-  ® Loop-back testing .
or 155.52-MHz datastream o Single +5V supply 51.84-MHz NRZ or NRZI serial data
C . R stream and to provide differential data
e 155.52-MHz clock multiplication from e 24-pin SOIC buffering for the Transmit side of the
19.44-MHz source e Compatible with fiber-optic modules,  system.
e 51.84-MHz clock multiplication from coaxial cable, and twisted pair media
6.48-MHz source - e No external PLL components
® *1% frequency agility e Power-down options to minimize
o Line Receiver Inputs: No external power or crosstalk
buffering required e Low operating current: <65 mA
o Differential output buffering o 0.8u BiCMOS
Logic Block Diagram Pin Configuration
LOOP(t
® MODE SOIC
Top View
ROUT+ ¢ ROUT+ i1 24T RCLK-
ROUT- ROUT- 2 23[T3 RCLK+
N RIN+ T3 22{T—J RSER-
RIN N RCLK+
RINt ]V) ! oL !/> RCLK— RIN- —14 21T RSER+
—1 |r\> RSER+ MODE s 20[T 3 [F
M 1% RSER- VSS 6 cyreest 19 Vo
cD > > TFiE e i e ve
RECEIVE REFCLK- s 16T TCLK-
— 11 T R REFCLK+ [—T]10 15T TCLK+
TRANSMIT TOUT- 11 T TSER+
TOUT+ T2 13 [T TSER-
TOUT+ < i TSER+
TOUT- ] \ TSER- 7B951-2
PLL
L e s TCLK+
V TCLK—-
789511
REFCLK+ REFCLK—
Serial .
Link Fault Indication t Receive Parallel Data
Fiber or Copper | Receive Serial Data CY7B951 Pargue} Receive Start of Cell__| ¢ Packet
Carrier Detect SDH % Framing SggETl Agg: ATN‘I:f:;ltch
a
N Overhead Processing | Transmit Parallel Data
oo or G Buffered T Serial Transmit Serial Data | Parallel Processing Transmit Start of Cell Packet
i T it H
Il e Da(?nsm. Transcelver S:r)ial Write Strobe or
i Conversion ATM Switch
Clock Core
PMC—Sierra PM5345 SUNI 780513
IgT WAC—013
Brooktree BT8222

Figure 1. SONET/SDH and ATM Interface
SUNI is a trademark of PMC-Sierra, Incorporated.
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Description

Receive Input. This line receiver port connects the receive differential serial input data stream to the
internal Receive PLL. This PLL will recover the embeded clock (RCLK+) and data (RSER +) infor-
mation for one of two data rates depending on the state of the MODE pin. These inputs can receive very
low amplitude signals and are compatible with all PECL signaling levels. If the RIN+ inputs are not
being used, connect RIN+ to V¢ and RIN— to Vgs.

Receive Output. These ECL 100K outputs (+5V referenced) represent the buffered version of the
input data stream (RIN+). This output pair can be used for Receiver input data equalization in copper
based systems, reducing the system impact of data dependent jitter. All PECL outputs can be powered
down by connecting both outputs to V¢ or leaving them both unconnected.

Recovered Serial Data. These ECL 100K outputs (+5V referenced) represent the recovered data from
the input data stream (RIN=). This recovered data is aligned with the recovered clock (RCLK +) with
a sampling window compatible with most data processing devices.

Recovered Clock. These ECL 100K outputs (+5V referenced) represent the recovered clock from the
input data stream (RIN=+). This recovered clock is used to sample the recovered data (RSER+) and
has timing compatible with most data processing devices. If both the RSER + and the RCLK + are tied
to Vcc or left unconnected, the entire Receive PLL will be powered down.

Carrier Detect. This input controls the recovery function of the Receive PLL and can be driven by the
carrier detect output from optical modules or from external transition detection circuitry. When thisin-
put is at an ECL HIGH, the input data stream (RIN ) is recovered normally by the Receive PLL.
When this input is at an ECL LOW, the Receive PLL no longer aligns to RIN %, but instead aligns with
the REFCLK X 8 frequency. Also, the Link Fault Indicator (LFI) will transition LOW, and the recov-
ered data outputs (RSER) will remain LOW regardless of the signal level on the Receive data-stream
inputs (RIN). When the CD input is at a TTL LOW, the internal transitions detection circuitry is dis-
abled.

Link Fault Indicator. This output indicates the status of the input data stream (RIN+). It is controlled
by three functions; the Carrier Detect (CD) input, the internal Transition Detector, and the Out of Lock
(OOL) detector. The Transition Detector determines if RIN = contains enough transitions to be accu-
rately recovered by the Receive PLL. The Out of Lock detector determines if RIN + is within the fre-
quency range of the Receive PLL. When CD is HIGH and RIN + has sufficient transitions and is within
the frequency range of the Receive PLL, the LFI output will be HIGH. If CD is at an ECL LOW or
RIN= does not contain sufficient transitions or RIN=* is outside the frequency range of the Receive
PLL then the LFI output will be LOW. If CD is at a TTL LOW then the LFI output will only transition
LOW when the frequency of RIN+ is outside the range of the Receive PLL.

Transmit Serial Data. This line receiver port connects the transmit differential serial input data stream
to the TOUT transmit buffers. Depending on the state of the LOOP pin, this input port can also be set
up to supply the serial input data stream to the Receive PLL. These inputs can receive very low ampli-
tude signals and are compatible with all PECL signalling levels. If the TSER=* inputs are not being
used, connect TSER+ to V¢ and TSER— to Vss.

Transmit Output. These ECL 100K outputs (+5V referenced) represent the buffered version of the
Transmit datastream (TSER +). This Transmit pathisused to take weak input signals and rebuffer them
to drive low impedance copper media.

Reference Clock. This input is the clock frequency reference for the clock and data recovery Receive
PLL. REFCLK is multiplied internally by eight and sets the approximate center frequency for the inter-
nal Receive PLL to track the incoming bit stream. This input is also multiplied by eight by the frequency
multiplier Transmit PLL to produce the bit rate Transmit Clock (TCLK*). REFCLK can be connected
to either a differential PECL or single-ended TTL frequency source. When either REFCLK+ or
REFCLK - is at a TTL LOW, the opposite REFCLK signal becomes a TTL level input.

Transmit Clock. These ECL 100K outputs (+5V referenced) provide the bit rate frequency source for
external Transmit data processing devices. This output is synthesized by the Transmit PLL and is derived
by multiplying the REFCLK frequency by eight. When this output is turned off, the entire Transmit
PLL is powered down. All PECL outputs can be powered down by connecting both outputs to Vcc or
leaving them both unconnected.
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Pin Descriptions
Name 1/0
RIN=+ Differential
In
ROUT= ECL Out
RSER=+ ECL Out
RCLK+ ECL Out
CD TTL/ECLIn
LFI TTL Out
TSER=% Differential
In
TOUT= ECL Out
REFCLK* | Diff/TTL In
TCLK+ ECL Out
LOOP TTL In

Loop Back Select. This input isused to select the input data stream source that the Receive PLL uses for
clock and data recovery. When the LOOP input is HIGH, the Receive input data stream (RINx) is
used for clock and data recovery. When LOOP is LOW), the Transmit input data stream (TSER %) is
used by the Receive PLL for clock and data recovery.
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Pin Descriptions (continued)

Name 1/0 Description

MODE 3-Level In Frequency Mode Select. This three-level input selects the frequency range for the clock and data recov-
ery Receive PLL and the frequency multiplier Transmit PLL. When this input is held HIGH the two
PLLs operate at the SONET (SDH) STS—3 (STM —1) line rate of 155.52 MHz. When this input is held
LOW the two PLLs operate at the SONET STS —1 line rate of 51.84 MHz. The REFCLK + frequency
in both operating modes is 1/8 the PLL operating frequency. When the MODE input is left floating or
held at Vc/2 the TSER + inputs substitute for the internal PLL VCO for use in factory testing.

Vee Power.

Vss Ground.

Description Receive Functions

The CY7B951 Local Area Network ATM Transceiver is used in
SONET/SDH and ATM applications to recover clock and data in-
formation from a 155.52-MHz or 51.84-MHz NRZ (Non Return
to Zero) or NRZI (Non Return to Zero Invert on ones) serial
data stream. This device also provides a bit-rate Transmit clock,
from a byte rate source through the use of a frequency multiplier
PLL, and differential data buffering for the Transmit side of the
system (see Figure I).

Operating Frequency

The CY7B951 operates at either of two frequency ranges. The
MODE input selects which of the two frequency ranges the Trans-
mit frequency multiplier PLL and the Receive clock and data re-
covery PLL will operate. The MODE input has three different
functional selections. When MODE is connected to V¢, the
highest operating range of the device is selected. A 19.44-MHz
+1% source must drive the REFCLK input and the two PLLs will
multiply this rate by 8 to provide output clocks that operate at
155.52 MHz +1%. When the MODE input is connected to
ground (GND), the lowest operating range of the device is se-
lected. A 6.48-MHz +1% source must drive the REFCLK inputs
and the two PLLs will multiply this rate by 8 to provide output
clocks that operate at 51.84 MHz +1%. When the MODE input
is left unconnected or forced to approximately Vcc/2, the device
enters Test mode.

Transmit Functions

The transmit section of the CY7B951 contains a PLL that takes a
REFCLK input and multiplies it by 8 (REFCLK x 8) to produce a
PECL (Pseudo ECL) differential output clock (TCLK=). The
transmitter has two operating ranges that are selectable with the
three-level MODE pin as explained above. The CY7B951 Trans-
mit frequency multiplier PLL allows low-cost byte rate clock
sources to be used to time the upstream serial data transmitter as
shown in Figure 1.

The REFCLK+ input can be configured three ways. When both
REFCLK+ and REFCLK- are connected to a differential
100K-compatible PECL source, the REFCLK input will behave
as a differential PECL input. When either the REFCLK~ or the
REFCLK + input is at a TTL LOW, the other REFCLK input be-
comes a TTL-level input allowing it to be connected to a low-cost
TTL crystal oscillator. The REFCLK input structure, therefore,
can be used as a differential PECL input, a single TTL input, or as
a dual TTL clock multiplexing input.

The Transmit PECL differential input pair (TSER ) is buffered
by the CY7B951 yielding the differential data outputs (TOUT=).
These outputs can be used to directly drive transmission media
such as Printed Circuit Board (PCB) traces, optical drivers,
twisted pair, or coaxial cable.

The primary function of the receiver is to recover clock (RCLK *)
and data (RSER =) from the incoming differential PECL data
stream (RIN=) without the need for external buffering. These
built-in line receiver inputs, as well as the TSER+ inputs men-
tioned above, have a wide common-mode range (2.5V) and the
ability to receive signals with aslittle as 50 mV differential voltage.
They are compatible with all PECL signals and any copper media.

The clock recovery function is performed using an embedded
PLL. The recovered clock is not only passed to the RCLK + out-
puts, but also used internally to sample the input serial stream in
order to recover the data pattern. The Receive PLL uses the
REFCLK input as a byte-rate reference. This input is multiplied
by 8 (REFCLK X 8) and is used to improve PLL lock time and to
provide a center frequency for operation in the absence of input
data stream transitions. The receiver can recover clock and data
in two different frequency ranges depending on the state of the
three-level MODE pin as explained earlier. To insure accurate
data and clock recovery, REFCLK X 8 must be within 1000 ppm
of the transmit bit rate. The standards, however, specify that the
REFCLK x 8 frequency accuracy be within 20—100 ppm.

The differential input serial data (RIN =) is not only used by the
PLL to recover the clock and data, but it is also buffered and pres-
ented as the PECL differential output pair ROUT*. This output
pair can be used as part of the transmission line interface circuit for
base line wander compensation, improving system performance by
providing reduced input jitter and increased data eye opening.

Carrier Detect (CD) and Link Fault Indicator (LFI) Functions

The Link Fault Indicator (LFI) output is a TTL-level output that
indicates the status of the receiver. This output can be used by an
external controller for Loss of Signal (LOS), Loss of Frame
(LOF), or Out of Frame (OOF) indications. LFI is controlled by
the Carrier Detect input, the internal Transitions Detector, and
the PLL Out of Lock (OOL) circuitry.

The CD input may be driven by external circuitry that is monitor-
ing the incoming data stream. Optical modules have CD outputs
that indicate the presence of light on the optical fiber and some
copper based systems use external threshold detection circuitry to
monitor the incoming data stream. The CD input is a 100K
PECL compatible signal that should be held HIGH when the in-
coming data stream is valid. When CD is pulled to a PECL LOW
(<2.5V Max.), the LFI output will transition LOW and the Re-
ceiver PLL will align itself with the REFCLK X 8 frequency and
the recovered data outputs (RSER) will remain LOW regardless
of the signal level on the Receive data-stream inputs (RIN).

In addition, the CY7B951 has a built-in transitions detector that
also checks the quality of the incoming data stream. The absence
of data transition can be caused by a broken transmission media, a
broken transmitter, or a problem with the transmit or receive me-
dia coupling. The CY7B951 will detect a quiet link by counting
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Figure 2. CY7B951 to PMC—Sierra PM5345 SUNI Connection Diagram

the number of bit times that have passed without a data transition.
A bit time is defined as the period of RCLK+. When 512 bit
times have passed without a data transition on RIN+, TFI will
transition LOW. The receiver will assume that the serial data
stream is invalid and, instead of allowing the RCLK* frequency
to wander in the absence of data, the PLL will lock to the
REFCLK*8 frequency. This will insure that RCLK = is as close
to the correct link operating frequency as the REFCLK accuracy.
LFI will be driven HIGH again and the receiver will recover clock
and data from the incoming data stream when the transition
detection circuitry determines that at least 64 transitions have
been detected within 512 bit-times.

The Transition Detector can be turned off by pulling the CD input
toa TTL LOW (<0.8V). When CD is pulled to a TTL LOW the
LFI will only be driven LOW if the incoming data stream fre-
quency is not within 1000 ppm of the REFCLKX8 frequency.
LFI LOW in this case will only indicate that the Receiver PLL is
Out of Lock (OOL). When this pin is left unconnected, an inter-
nal pull-down resistor will pull this input to Ground.

Loop Back Testing

The TTL level LOOP pin is used to perform loop-back testing.
When LOOP is asserted (held LOW) the Transmitter serial input
(TSER ) isused by the Receiver PLL for clock and data recovery.
This allows in-system testing to be performed on the entire device
except for the differential Transmit drivers (TOUT %) and the dif-
ferential Receiver inputs (RIN+). For example, an ATM control-
ler can present ATM cells to the input of the ATM cell processor
and check to see that these same cells are received. When the
LOOP input is deasserted (held HIGH) the Receive PLL is once
again connected to the Receiver serial inputs (RIN).

The LOOP feature can also be used in applications where clock
and data recovery are to be performed from either of two data
streams. In these systems the LOOP pin is used to select whether
the TSER  or the RIN* inputs are used by the Receive PLL for
clock and data recovery.

Power Down Modes

There are several power-down features on the CY7B951. Any of
the differential output drivers can be powered down by either ty-
ing both outputs to V¢ or by simply leaving them unconnected
where internal pull-up resistors will force these outputs to Vcc.
This will save approximately 4 mA per output pair in addition to
the associated output current. If the TOUT=+ or ROUT+ out-
puts are tied to Vcc or left unconnected, the Transmit buffer or

Receive buffer path respectively will be turned off. If the TCLK=+
outputs are tied to Vcc or left unconnected, the entire Transmit
PLL will be powered down.

By leaving both the RCLK+ and RSER + outputs unconnected
or tied to Ve, the entire Receive PLL is turned off. Even though
the Receive PLL may be turned off, the Link Fault Indicator
(LFT) will still reflect the state of the Carrier Detect (CD) input.
This feature can be used for aggressive power management.

Applications

The CY7B951 can be used in Local Area Network ATM applica-
tions. The operating frequency of the CY7B951 is centered
around the SONET/SDH STS—1 rate of 51.84 MHz and the
SONET/SDH STS—3/STM—1 rate of 155.52 MHz. This device
can also be used in data mover and Local Area Network (LAN)
applications that operate at these frequencies.

The CY7B951 can provide clock and data recovery as well as out-
put buffering for physical layer protocol engines such as the SO-
NET/SDH and ATM processing application shown in Figures I
and 2

Figure 1 shows the CY7B951 in an ATM system that uses the
PMC-Sierra PM5345 SUNI, or the IgT WAC-013, or the
Brooktree BT8222 device. Assuming that PM5345 SUNTI is used,
the CY7B951 will recover clock and data from the input serial
data stream and pass it to the PM5345 SUNI. The SUNI device
will perform serial to parallel conversion, SONET/SDH overhead
processing and ATM cell processing and then pass ATM cells to
an ATM packet reassembly engine. On the Transmit side, a seg-
mentation engine will divide long packets of data such as Ethernet
packets into 53 byte cells and pass them to the SUNI. The SUNI
device will then perform ATM cell processing, such as header gen-
eration, SONET/SDH overhead processing and parallel to serial
conversion. This serial data will then be passed to the CY7B951
which will buffer this data stream and pass it along to the trans-
mission media.

The CY7B951 provides the necessary clock and data recovery
function to the PM5345. These differential PECL clock and data
signals interface directly with the RXD =+ and RXC= inputs of the
SUNI device as show in Figure 2. In addition, the CY7B951 pro-
vides transmit data output buffering for direct drive of cable
transmission media. Lastly, the CY7B951 provides a bit rate ref-
erence clock to the SUNI transmitter by multiplying a local clock
by eight allowing an inexpensive crystal oscillator to be used for
the local reference.
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Maximum Ratings Static Discharge Voltage ........................ >2001V
(Above which the useful life may be impaired. For user guide- (per MIL-STD-883, Method 3015)
lines, not tested.) Latch-Up Current ............coiviiiieennnn.. >200 mA
Storage Temperature . . e —65°C to +150°C Operating Range
Ambient Temperature with -
Power Applied ...........coiiiiiia... —55°Cto +125°C Ambient i
Supply Voltage to Ground Potential ... ...... —0.5V to +7.0V Range: Temperature Vec
DC Input VOltage .. ......o.ouenenenennn.. ~05Vto +7.0v | Commercial 0°Cto +70°C 5V = 10%
Output Current into TTL Outputs (LOW) ........... 30 mA Industrial —40°Cto +85°C 5V +10%
Output Current into ECL Outputs (HIGH) ........ —50 mA
Notes:

1. Ta is the “instant on” case temperature.
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Electrical Characteristics Over the Operating Range

ParameterT Description I Test Condition [ Min. Max. ]TJnit
TTL Compatible Input Pins (LOOP, REFCLK+, REFCLK—)
Viur Input HIGH Voltage 2.0 Vce v
Vi Input LOW Voltage -0.5 0.8 v
It Input HIGH Current REFCLK Vin=Vcc +0.5 +200 wA
LOOP Vin=Vce -10 +10 A
Inr Input LOW Current REFCLK ViN=0.0V =50 +50 HA
LOOP Vin=0.0V -500 A
TTL Compatible Output Pins (LFI)
Vour Output HIGH Voltage Iog=—-2mA 24 v
Vorr Output LOW Voltage IoL=4 mA 0.45 \%
TosT Output Short Circuit Current Vour=0viZ —-15 —90 mA
ECL Compatible Input Pins (REFCLK + CD, TSER+, RINZ)
Iiue ECL Input HIGH Current REFCLK/CD VIN=VIHE(MAX) +250 UA
TSER/RIN ViN=VIHEMAX) +750 A
I gl ECL Input LOW Current REFCLK/CD | ViN=ViLEMIN) +0.5 pA
TSER/RIN VIN=VILEMIN) -200 nA
VIDIFF Input Differential Voltage TSER/RIN 50 1200 mV
REFCLK 100 1200 mV
VIHE Input High Voltage TSER/RIN Vce v
REFCLK 3.0 Vce \%
CD Ve — 1.165 Vece v
VILE Input LOW Voltage TSER/RIN 2.0 v
REFCLK 2.5 v
CD (ECL) 2.5 Vcc — 1475 \%
CD (Disable) -0.5 0.8 v
ECL Compatible Output Pins (ROUT+,RCLK *,RSER+,TOUT+,TCLK*)
VOHE ECL Output HIGH Voltage Commercial Ve — 1.03 Vee - 0.83 \%
Industriall*] Vee - 1.08 Vcce - 0.83
VOLE ECL Output LOW Voltage T>0°C Vee — 1.86 Vee - 1.62 A%
VODIFF Output Differential Voltage 0.6 v
Three-Level Input Pins (MODE)
VIHH Three-Level Input HIGH Vce - 0.75 Vcc \%
ViMMm Three-Level Input MID Ved2 - 05 Ved2 + 0.5 A\
Vi Three-Level Input LOW 0.0 0.75 \'
Operating Current(>]
Iccs Static Operating Current 30 mA
Iccr Receiver Operating Current 50 mA
Iccr Transmitter Operating Current 13 mA
Icce ECL Pair Operating Current 7.0 mA
Ices Additional Current at 51.84 MHz 7.0 mA
Icco Additional Current LFI=LOW 3 mA
Capacitancels]
Parameter Description Test Conditions Max. Unit
Civ Input Capacitance Ta = 25°C, fp = 1 MHz, Ve = 5.0V 10 pF
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AC Test Loads and Waveforms

5V
OUTPUT R1 Voo - 2
R1 = 910Q - - W—o R, = 50Q
C|_ R
R2 = 510Q CL L CL < 5pF
CL <30 pF R2 (Includes fixture and
(Includes fixture and L probe capacitance)
probe capacitance) = = -
(a) TTL AC Test Load!”) (b) ECL AC Test Load!”] reesr
3.0v ViHe
3.0V ViHe
2.0V 2.0V 80% 80%
1.0V 1.0V 20% 20%
GND ViLe
ViLe
<1ns <1ns <1ns <1ns
789515 7B951-6
(¢) TTL Input Test Waveform (d) ECL Input Test Waveform
Switching Characteristics Over the Operating Range
Parameter Description Min. Max. Unit
fREF Reference Frequency MODE=LOW 6.41 6.55 MHz
MODE=HIGH 19.24 19.64 MHz
fp Bit Timel3! MODE=LOW 19.5 19.1 ns
MODE=HIGH 6.50 6.40 ns
tpE Receiver Static Phase Errorl®] MODE=LOW 100 ps
MODE=HIGH 200 ps
topc Output Duty Cycle (TCLK+, RCLK=+)l0] 48 52 %
tRF Output Rise/Fall Timel¢] 0.4 1.2 ns
tLOCK PLL Lock Time (RIN transition density 25%)[9 100 us
tRPWH REFCLK Pulse Width HIGH 10 ns
tRPWL REFCLK Pulse Width LOW 10 ns
tpv Data Valid 3 ns
tpy Data Hold 1 ns
tpp Propagation Delay (RIN to ROUT, TSER to TOUT)[0] 10 ns
Notes:

Tested one output at a time, output shorted for less than one second,

less than 10% duty cycle.

Input currents are always positive at all voltages above Vcc/2.

Specified only for temperatures below 0°C.

5. Total Receiver operating current (assuming that the Transmitter is not
activated) can be found by adding Iccs + Iccr + x * Iccg; where x is
2if the ROUT % outputs are not activated and 3 if they are activated.
Total Transmitter operating current (assuming that the Receiver is not
activated) can be found by adding Iccs + Iccr + x * Iccg; where x is
1if the TOUT= outputs are not activated and 2 if they are activated.
Total device power (assuming that the Transmitter and the Receiver
are activated) can be found by adding Iccs + Iccr + IccT + x * IccE;
where x represents the number of ECL output pairs activated.

P w

6.
7.

8.
9.

10.

Tested initially and after any design or process changes that may affect
these parameters.

Cypress uses constant current (ATE) load configurations and forcing
functions. This figure is for reference only.

fg is calculated as 1/(fRgrX8).

tLock is the time needed for transitioning from lock to REFCLK X8
to lock to data.

The ECL switching threshold is the differential zero crossing (i.e., the
place where + and — signals cross).
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Switching Waveforms for the CY7B951 SONET/SDH Serial Transceiver

- tRPWL tRPWH
REFCLK
7B951-8
TSER+
(RIN=)
<—— tpp
TOUT=
(ROUT=)
7B951-9
| tooc 4 topc
RCLK+ \
I tov toH
RSERx
78951-10
tg/2 — tpg tg/2 — tpg »
RIN+
7B951-11
Ordering Information
Speed Package Operating
(ns) Ordering Code Name Package Type Range
25 CY7B951-SC S13 24-Lead (300-Mil) Molded SOIC Commercial
CY7B951~-SI S13 24-Lead (300-Mil) Molded SOIC Industrial

Document #: 38—00358—D



PRELIMINARY

CY7B952

SST™

SONET/SDH Serial Transceiver

+1% frequency agility

Line Receiver Inputs: No external
buffering required

Features

o Fully compliant with Bellcore and
CCITT (ITU) specifications on:
— Jitter Generation (<0.01 UI) o Differential output buffering
— Jitter Transfer (<130 kHz) 100K ECL compatible I/O
— Jitter Tolerance ® No output clock “drift” without data

e SONET/SDH and ATM Compliant transitions

e Compatible with PMC—Sierra Link Status Indication

PM5343 Loop-back testing

Clock and data recovery from 51.84- Single +5V supply

or 155.52-MHz datastream 24-pin SOIC

3542?1;%515 (c){;)r?clz multiplication from Compatible with fiber-optic modules

51.84-MHz clock multiplication from o No external PLL components
6.48-MHz source

o Power-down options to minimize
power or crosstalk

o Low operating current: <65 mA
e 0.8u BiCMOS
Functional Description

The SONET/SDH Serial Transceiver -

(SST) is used in Wide Area Network

(WAN) SONET/SDH and ATM applica-

tions to recover clock and data informa-

tion from a 155.52-MHz or 51.84-MHz

NRZ or NRZI serial data stream and to

provide differential data buffering for the
,  Transmit side of the system.

coaxial cable, and twisted pair media

Logic Block Diagram Pin Configuration
LOOP(t
o] MODE SOIC
Top View
ROUT+~———¢ ROUT+ o 24T RCLK-
ROUT- ROUT- ]2 233 RCLK+
RIN+ £=x]s 22T RSER-
N
AN- 2 ARGtk RIN- T4 21T RSER+
v PLL 5 RSER+ MODE s 20T F
M RSER— Voo X6 cyreose WE Voo
cD ~ ~ i CD M~ 18 Vss
- v ® L[OOP —Ms 7 vee
RECEIVE _| REFCLK— g 9 1®fT TCLK-
r 1 — 7T __'FR;I-\I;MIT REFCLK+ 10 15 TOLK+
TOUT- 31 14T TSER+
TOUT+ C=X12 13 ) TSER-
TOUT+ <’i <’] TSER+
TOUT- N N TSER- 7B952-2
PLL
L S TCLK+
V TCLK-
7B952—1
REFCLK+ REFCLK—
SST
Clock/Data _ SONET/SDH SONET/SDH
@ Recovery h §->P ONET} /
L ] — — — Transport Path
Line Overhead Overhead
ﬂ:':h_ Driver 4 P->S | Transceiver 4 Transceiver
Cypress PMC-Sierra PMC-Sierra 7B952-3
CY7B952 PM5343 STXC PM5344 SPTX

Figure 1. SONET/SDH Overhead Processing Ap

SST is a trademark of Cypress Semiconductor Corporation
SUNI is a trademark of PMC~Sierra, Incorporated

plication
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Description

Receive Input. This line receiver port connects the receive differential serial input data stream to the
internal Receive PLL. This PLL will recover the embedd clock (RCLK +) and data (RSER +) informa-
tion for one of two data rates depending on the state of the MODE pin. These inputs can receive very
low amplitude signals and are compatible with all PECL signalling levels. If the RIN= inputs are not
being used, connect RIN+ to Vc and RIN- to Vgs.

Receive Output. These ECL 100K outputs (+5V referenced) represent the buffered version of the
input data stream (RINx). This output pair can be used for Receiver input data equalization in copper
based systems, reducing the system impact of data dependent jitter. All PECL outputs can be powered
down by connecting both outputs to V¢ or leaving them both unconnected.

Recovered Serial Data. These ECL 100K outputs (+5V referenced) represent the recovered data from
the input data stream (RIN+). This recovered data is aligned with the recovered clock (RCLK +) with
a sampling window compatible with most data processing devices.

Recovered Clock. These ECL 100K outputs (+5V referenced) represent the recovered clock from the
input data stream (RIN=). This recovered clock is used to sample the recovered data (RSER +) and
has timing compatible with most data processing devices. If both the RSER+ and the RCLK + are tied
to Ve or left unconnected, the entire Receive PLL will be powered down.

Carrier Detect. This input controls the recovery function of the Receive PLL and can be driven by the
carrier detect output from optical modules or from external transition detection circuitry. When this in-
put is at an ECL HIGH, the input data stream (RIN*) is recovered normally by the Receive PLL.
When this input is at an ECL LOW, the Receive PLL no longer aligns to RIN =+, but instead aligns with
the REFCLK x 8 frequency. Also, the Link Fault Indicator (LFI) will transition LOW, and the recov-
ered data outputs (RSER) will remain LOW regardless of the signal level on the Receive data-stream
inputs (RIN). When the CD input is at a TTL LOW, the internal transitions detection circuitry is dis-
abled.

Link Fault Indicator. This output indicates the status of the input data stream (RIN=). Itis controlled
by three functions; the Carrier Detect (CD) input, the internal Transition Detector, and the Out of Lock
(OOL) detector. The Transition Detector determines if RIN+ contains enough transitions to be accu-
rately recovered by the Receive PLL. The Out of Lock detector determines if RIN=+ is within the fre-
quency range of the Receive PLL. When CD is HIGH and RIN + has sufficient transitions and is within
the frequency range of the Receive PLL, the LFI output will be HIGH. If CD is at an ECL LOW or
RIN+ does not contain sufficient transitions or RIN=* is outside the frequency range of the Receive |-
PLL then the LFI output willbe LOW. If CD is at a TTL LOW then the LFI output will only transition
LOW when the frequency of RIN= is outside the range of the Receive PLL.

Transmit Serial Data. This line receiver port connects the transmit differential serial input data stream
to the TOUT transmit buffers. Depending on the state of the LOOP pin, this input port can also be set
up to supply the serial input data stream to the Receive PLL. These inputs can receive very low ampli-
tude signals and are compatible with all PECL signalling levels. If the TSER = inputs are not being
used, connect TSER+ to Vcc and TSER— to Vgg.

Transmit Output. These ECL 100K outputs (+5V referenced) represent the buffered version of the
Transmit datastream (TSER +). This Transmit path isused to take weak input signals and rebuffer them
to drive low impedance copper media.

Reference Clock. This input is the clock frequency reference for the clock and data recovery Receive
PLL. REFCLK is multiplied internally by eight and sets the approximate center frequency for the inter-
nal Receive PLL to track the incoming bit stream. This input is also multiplied by eight by the frequency
multiplier Transmit PLL to produce the bit rate Transmit Clock (TCLK+). REFCLK canbe connected
to either a differential PECL or single-ended TTL frequency source. When either REFCLK+ or
REFCLK - is at a TTL LOW, the opposite REFCLK signal becomes a TTL level input.

Transmit Clock. These ECL 100K outputs (+5V referenced) provide the bit rate frequency source for
external Transmit data processing devices. This output is synthesized by the Transmit PLL and is derived
by multiplying the REFCLK frequency by eight. When this output is turned off, the entire Transmit
PLL is powered down. All PECL outputs can be powered down by connecting both outputs to Vcc or
leaving them both unconnected.

Pin Descriptions
Name /o

RIN=+ Differential
In

ROUT= ECL Out

RSER=* ECL Out

RCLK+ ECL Out

CD TTL/ECLIn

LFI TTL Out

TSER+ Differential
In

TOUT=+ ECL Out

REFCLK* | Diff/TTL In

TCLK=+ ECL Out

LOOP TTL In

Loop Back Select. Thisinputisused to select the input data stream source that the Receive PLL uses for
clock and data recovery. When the LOOP input is HIGH, the Receive input data stream (RIN+) is
used for clock and data recovery. When LOOP is LOW, the Transmit input data stream (TSER *) is
used by the Receive PLL for clock and data recovery.
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Pin Descriptions (continued)

Name I/0 Description

MODE 3-Level In Frequency Mode Select. This three-level input selects the frequency range for the clock and data recov-
ery Receive PLL and the frequency multiplier Transmit PLL. When this input is held HIGH the two
PLLs operate at the SONET (SDH) STS—3 (STM—1) line rate of 155.52 MHz. When this input is held
LOW the two PLLs operate at the SONET STS—1 line rate of 51.84 MHz. The REFCLK + frequency
in both operating modes is 1/8 the PLL operating frequency. When the MODE input is left floating or
held at Vc/2 the TSER + inputs substitute for the internal PLL VCO for use in factory testing.

Vee Power.

Vss Ground.

Description Receive Functions

The CY7B952 Serial SONET/SDH Transceiver (SST) is used in
SONET/SDH and ATM applications to recover clock and data in-
formation from a 155.52-MHz or 51.84-MHz NRZ (Non Return
to Zero) or NRZI (Non Return to Zero Invert on ones) serial
data stream. This device also provides a bit-rate Transmit clock,
from a byte rate source through the use of a frequency multiplier
PLL, and differential data buffering for the Transmit side of the
system. This device is fully compliant with all relevant SONET/
SDH specifications including Bellcore TR —NWT-00253, ANSI
T1X1.6/91-022, and CCITT G958.

Operating Frequency

The SST operates at either of two frequency ranges. The MODE
input selects which of the two frequency ranges the Transmit fre-
quency multiplier PLL and the Receive clock and data recovery
PLL will operate. The MODE input has three different function-
al selections. When MODE is connected to Vcc, the highest op-
erating range of the device is selected. A 19.44-MHz +1% source
must drive the REFCLK input and the two PLLs will multiply this
rate by 8 to provide output clocks that operate at 155.52 MHz
+1%. When the MODE input is connected to ground (GND),
the lowest operating range of the device is selected. A 6.48-MHz
+1% source must drive the REFCLK inputs and the two PLLs
will multiply this rate by 8 to provide output clocks that operate at
51.84 MHz +1%. When the MODE input is left unconnected or
forced to approximately Vc/2, the device enters Test mode.

Transmit Functions

The transmit section of the SST contains a PLL that takes a
REFCLK input and multiplies it by 8 (REFCLK X 8) to produce a
PECL (Pseudo ECL) differential output clock (TCLK=*). The
transmitter has two operating ranges that are selectable with the
three-level MODE pin as explained above. The SST Transmit fre-
quency multiplier PLL allows low-cost byte rate clock sources to
be used to time the upstream serial data transmitter

The REFCLK+ input can be configured three ways. When both
REFCLK+ and REFCLK~— are connected to a differential
100K-compatible PECL source, the REFCLK input will behave
as a differential PECL input. When either the REFCLK — or the
REFCLK+ inputis at a TTL LOW, the other REFCLK input be-
comes a TTL-level input allowing it to be connected to a low-cost
TTL crystal oscillator. The REFCLK input structure, therefore,
can be used as a differential PECL input, a single TTL input, or as
a dual TTL clock multiplexing input.

The Transmit PECL differential input pair (TSER +) is buffered
by the SST yielding the differential data outputs (TOUT=).
These outputs can be used to directly drive transmission media
such as Printed Circuit Board (PCB) traces, optical drivers,
twisted pair, or coaxial cable.

The primary function of the receiver is to recover clock (RCLK )
and data (RSER=) from the incoming differential PECL data
stream (RIN=) without the need for external buffering. These
built-in line receiver inputs, as well as the TSER + inputs men-
tioned above, have a wide common-mode range (2.5V) and the
ability to receive signals with as little as 50 mV differential voltage.
They are compatible with all PECL signals and any copper media.

The clock recovery function is performed using an embedded
PLL. The recovered clock is not only passed to the RCLK* out-
puts, but also used internally to sample the input serial stream in
order to recover the data pattern. The Receive PLL uses the
REFCLK input as a byte-rate reference. This input is multiplied
by 8 (REFCLK X 8) and is used to improve PLL lock time and to
provide a center frequency for operation in the absence of input
data stream transitions. The receiver can recover clock and data
in two different frequency ranges depending on the state of the
three-level MODE pin as explained earlier. To insure accurate
data and clock recovery, REFCLK X 8 must be within 1000 ppm
of the transmit bit rate. The standards, however, specify that the
REFCLK X 8 frequency accuracy be within 20—100 ppm.

The differential input serial data (RIN=) is not only used by the
PLL to recover the clock and data, but it is also buffered and pres-
ented as the PECL differential output pair ROUT +. This output
pair canbe used as part of the transmission line interface circuit for
base line wander compensation, improvingsystem performance by
providing reduced input jitter and increased data eye opening.

The Receive PLL is fully compliant with the Bellcore jitter genera-
tion, jitter transfer, and jitter tolerance specifications.

Carrier Detect (CD) and Link Fault Indicator (LFI) Functions

The Link Fault Indicator (CFI) output is a TTL-level output that
indicates the status of the receiver. This output can be used by an
external controller for Loss of Signal (LOS), Loss of Frame
(LOF), or Out of Frame (OOF) indications. LFI is controlled by
the Carrier Detect input, the internal Transitions Detector, and
the PLL Out of Lock (OOL) circuitry.

The CD input may be driven by external circuitry that is monitor-
ing the incoming data stream. Optical modules have CD outputs
that indicate the presence of light on the optical fiber and some
copper based systems use external threshold detection circuitry to
monitor the incoming data stream. The CD input is a 100K
PECL compatible signal that should be held HIGH when the in-
coming data stream is valid. When CD is pulled to a PECL LOW
(<2.5V Max.), the LFI output will transition LOW and the Re-
ceiver PLL will align itself with the REFCLK x 8 frequency and
the recovered data outputs (RSER) will remain LOW regardless
of the signal level on the Receive data-stream inputs (RIN).

In addition, the SST has a built-in transitions detector that also
checks the quality of the incoming data stream. The absence of
data transition can be caused by a broken transmission media, a
broken transmitter, or a problem with the transmit or receive me-

3-11
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dia coupling. The SST will detect a quiet link by counting the
number of bit times that have passed without a data transition. A
bit time is defined as the period of RCLK+. When 512 bit times
have passed without a data transition on RIN+, LFI will transi-
tion LOW. The receiver will assume that the serial data stream is
invalid and, instead of allowing the RCLK + frequency to wander
in the absence of data, the PLL will lock to the REFCLK*8 fre-
quency. This will insure that RCLK+ is as close to the correct
link operating frequency as the REFCLK accuracy. LFI will be
driven HIGH again and the receiver will recover clock and data
from the incoming data stream when the transition detection cir-
cuitry determines that at least 64 transitions have been detected
within 512 bit-times.

The Transition Detector can be turned off by pulling the CD input
toa TTLLOW (<0.8V). When CD is pulled toa TTLLOW the
LFI will only be driven LOW if the incoming data stream fre-
quency is not within 1000 ppm of the REFCLK x 8 frequency.
LFI LOW in this case will only indicate that the Receiver PLL is
Out of Lock (OOL). When this pin is left unconnected, an inter-
nal pull-down resistor will pull this input to Ground.

Loop Back Testing

The TTL level LOOP pin is used to perform loop-back testing.
When LOOP is asserted (held LOW) the Transmitter serial input
(TSER x) isused by the Receiver PLL for clock and data recovery.
This allows in-system testing to be performed on the entire device
except for the differential Transmit drivers (TOUT=) and the dif-
ferential Receiver inputs (RIN+). For example, an ATM control-
ler can present ATM cells to the input of the ATM cell processor
and check to see that these same cells are received. When the
LOOP input is deasserted (held HIGH) the Receive PLL is once
again connected to the Receiver serial inputs (RIN=).

The LOOP feature can also be used in applications where clock
and data recovery are to be performed from either of two data
streams. In these systems the LOOP pin is used to select whether
the TSER + or the RIN+ inputs are used by the Receive PLL for
clock and data recovery.

Power Down Modes

There are several power-down features on the SST. Any of the
differential output drivers can be powered down by either tying

Maximum Ratings
(Above which the useful life may be impaired. For user guidelines,
not tested.)

Storage Temperature ................... -65°Cto +150°C

Ambient Temperature with

Power Applied .............. ...l —55°Cto +125°C
Supply Voltage to Ground Potential ......... -0.5V to +7.0V
DClInput Voltage ............ccooovvnnnnn. —0.5V to +7.0V
Output Current into TTL Outputs (LOW) ........... 30 mA
Output Current into ECL Outputs (HIGH) ........ =50 mA

Notes:
1. Ta is the “instant on” case temperature.

both outputs to Vcc or by simply leaving them unconnected
where internal pull-up resistors will force these outputs to Vcc.
This will save approximately 4 mA per output pair in addition to
the associated output current. If the TOUT* or ROUT= out-
puts are tied to V¢ or left unconnected, the Transmit buffer or
Receive buffer path respectively will be turned off. If the TCLK+
outputs are tied to V¢ or left unconnected, the entire Transmit
PLL will be powered down.

By leaving both the RCLK+ and RSER+ outputs unconnected
or tied to V¢, the entire Receive PLL is turned off. Even though
the Receive PLL may be turned off, the Link Fault Indicator
(LFT) will still reflect the state of the Carrier Detect (CD) input.
This feature can be used for aggressive power management.

Applications

The SST can provide clock and data recovery as well as output
buffering for physical layer protocol engines such as those used in
WAN SONET/SDH and ATM applications. The operating fre-
quency of the 7B952 is centered around the SONET/SDH STS—1
rate of 51.84 MHz and the SONET/SDH STS—3/STM—1 rate of
155.52 MHz. This device can also be used in data mover, Local
Area Network (LAN) applications that operate at these frequen-
cies.

In an ATM system, the SST is used to recover clock and data
from an input SONET/SDH serial data stream for subsequent
chips to do serial to parallel conversion, SONET/SDH overhead
processing, ATM cell processing, and switching. On the Transmit
side, ATM cells coming out of a switching matrix goes through
ATM cell processing, SONET/SDH overhead processing and par-
allel to serial conversion before passing to the SST which buffers
the data stream and drive the transmission media.

In a more generic telecommunications system (Figure 1), the SST
is used to provide clock and data recovery for a pure SONET/
SDH system such as a SONET/SDH switch. The SST provides
the recovered clock and data to a serial to parallel converter and
SONET/SDH Transport Overhead Processor such as the PMC—
Sierra PM5343 STXC. The parallel data is then passed to a SO-
NET/SDH Path Overhead Processor such as the PMC—Sierra
PM5344 SPTX.

Static Discharge Voltage ........................ >2001V
(per MIL-STD-883, Method 3015)
Latch-Up Current ................ooiiiiinnn. >200 mA
Operating Range
Ambient
Range Temperaturel!] Vee
Commercial 0°Cto +70°C SV = 10%
Industrial —40°Cto +85°C 5V £ 10%
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Electrical Characteristics Over the Operating Range

Parameter | Description | Test Condition | Min. Max. | Unit

TTL Compatible Input Pins (LOOP, REFCLK +, REFCLK —)

Viur Input HIGH Voltage 2.0 Ve \%

vir Input LOW Voltage -0.5 0.8 v

IiuT Input HIGH Current REFCLK Vin=Vcc +0.5 +200 nA
LOOP Vin=Vcc -10 +10 A

It Input LOW Current REFCLK Vin=0.0V -50 +50 A
LOOP Vin=0.0V -500 nA

TTL Compatible Output Pins (LFT)

Vour Output HIGH Voltage Iog=—-2mA 2.4 \%

Vorr Output LOW Voltage IoL=4 mA 0.45 v

IosT Output Short Circuit Current Vour=0Vvl2 -15 -90 mA

ECL Compatible Input Pins (REFCLK+, CD, TSER+, RIN+)

Iiye ECL Input HIGH Current REFCLK/CD | ViN=VIHEMAX) +250 A
TSER/RIN VIN=VIHE(MAX) +750 RA

I el ECL Input LOW Current REFCLK/CD | ViN=ViLEMIN) +0.5 HA
TSER/RIN VIN=VILE(MIN) —200 RA

VIDIFF Input Differential Voltage TSER/RIN 50 1200 mV
REFCLK 100 1200 mV

VIHE Input High Voltage TSER/RIN Vce \'
REFCLK 3.0 Vce v
CD Ve — 1.165 Vce \'

VIiLE Input LOW Voltage TSER/RIN 2.0 \%
REFCLK 2.5 \%
CD (ECL) 2.5 Vee = 1475 v
CD (Disable) -0.5 0.8 \%

ECL Compatible Output Pins (ROUT+, RCLK*, RSER*, TOUT%, TCLK*)

VOHE ECL Output HIGH Voltage Commercial Vce - 1.03 Vee - 0.83 \%

Industriall4] Vee — 1.08 Ve — 0.83

VoLE ECL Output LOW Voltage T>0°C Ve — 1.86 Vee - 1.62 \Y

VODIFF Output Differential Voltage 0.6 \%

Three-Level Input Pins (MODE)

VIHH Three-Level Input HIGH Vce = 0.75 Vce \%

ViMMm Three-Level Input MID Veo2 =05 Veo2 + 0.5 \%

VL Three-Level Input LOW 0.0 0.75 \%

Operating Current(°]

Iccs Static Operating Current 30 mA

Iccr Receiver Operating Current 50 mA

Icct Transmitter Operating Current 13 mA

Icce ECL Pair Operating Current 7.0 mA

Iccs Additional Current at 51.84 MHz 7.0 mA

Icco Additional Current LFI=LOW 3 mA

Capacitancel%
Parameter Description Test Conditions Max. Unit
CiN Input Capacitance Ta = 25°C, fp = 1 MHz, V¢ = 5.0V 10 pF
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AC Test Loads and Waveforms
5V
OUTPUT R1 Vee - 2
R1 =910Q C R = 50Q
R2 = 510Q CL L R CL<5pF
Cp < 30pF R2 (Includes fixture and
(Includes fixture and L probe capacitance)
probe capacitance) = = -
(a) TTL AC Test Load!”] (b) ECL AC Test Load!”) 7B952-6
3.0V ViHE
3.0V ViHE
2.0v 2.0v 80% 80%
1.0V 1.0V 20% 20%
GND ViLe
ViLe
<1ins <1ns <1ns <1ns
7B952—4 7B952-5
(c) TTL Input Test Waveform (d) ECL Input Test Waveform
Switching Characteristics Over the Operating Range
Parameter Description Min. Max. Unit
fREF Reference Frequency MODE=LOW 6.41 6.55 MHz
MODE=HIGH 19.24 19.64 MHz
fp Bit Timel®] MODE=LOW 19.5 19.1 ns
MODE=HIGH 6.50 6.40 ns
tpE Receiver Static Phase Errorl6] MODE=LOW 100 ps
MODE=HIGH 200 ps
topc Output Duty Cycle (TCLK=*, RCLK+)!®] 48 52 %
tRF Output Rise/Fall Timel6] 0.4 12 ns
tLOCK PLL Lock Time (RIN transition density 25%) 0.5 ms
tRPWH REFCLK Pulse Width HIGH 10 ns
tRPWL REFCLK Pulse Width LOW 10 ns
tpv Data Valid 3 ns
tpH Data Hold ns
tpD Propagation Delay (RIN to ROUT, TSER to TOUT)’! 10 ns
Jitter Generation Jitter Generation of RX PLL 0.01 Ulrms
f_348 —3 dB Gain Bandwidth of RX PLL @ 155 MHz 130 kHz
(Jitter Transfer Bandwidth) @ 52 MiLz 75 iz
Gpeak Maximum Peaking of RX PLL 0.1 dB
Notes:
2. Tested one output at a time, output shorted for less than one second, Total device power (assuming that the Transmitter and the Receiver

less than 10% duty cycle.

Input currents are always positive at all voltages above V¢c/2.

4. Specified only for temperatures below 0°C.

Total Receiver operating current (assuming that the Transmitter is not
activated) can be found by adding Iccs + Iccr + x * Iccg; where x is
2if the ROUT outputs are not activated and 3 if they are activated.
Total Transmitter operating current (assuming that the Receiver is not
activated) can be found by adding Iccs + IccT + x * Iccg; where x is
1if the TOUT= outputs are not activated and 2 if they are activated.

i

b

are activated) can be found by adding Iccs + Iccr + Iccr + X * Iccgs
where x represents the number of ECL output pairs activated.

6. Tested initially and after any design or process changes that may affect
these parameters.

7. Cypress uses constant current (ATE) load configurations and forcing
functions. This figure is for reference only.

fp is calculated a 1/(fRepxs)-
The ECL switching threshold is the differential zero crossing (i.e., the
place where + and — signals cross).

© %
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Switching Waveforms for the CY7B952 SONET/SDH Serial Transceiver

| le

trRPwL tRPWH l

REFCLK
7B951-7

TSER+
(RIN=)

«—— tpp

TOUT=

(ROUT=)
7B951-8

| tooc } topc

RCLK+ \

le tpv tpH

RSER+

7B951-9

tg/2 — tpg tg/2 — tpe

RINx

7B951-10

Ordering Information

Speed Package Operating
(ns) Ordering Code Name Package Type Range

25 CY7B952-SC S13 24-Lead (300-Mil) Molded SOIC Commercial
CY7B952-S1 S13 24-Lead (300-Mil) Molded SOIC Industrial

Document #: 38—-00502



Features
o WAN and LAN ATM physical layer
device

Provides complete physical layer
transport of ATM cells at

—STS-3¢/ STM-1 rate of 155.52MHz
—STS~1 rate of 51.84MHz

Compliant with ATM Forum User
Network Interface 3.1 specification

UTOPIA ATM interface

ATM cell processing including
—HEC generation/verification
—Cell scrambling/descrambling
—Rate adaption/idle cell filtering
—ULocal Flow Control

[ ]

This is an abbreviated version of this data-

sheet. For the complete version, please contact

your Cypress Marketing Representative.

ADVANCED INFORMATION

CY7C955

ATM-SONET/SDH Transceiver

—Cell alignment Alarm indications including
SONET frame processing including —Loss Of Signal
—Compliant with, Bellcore GR—253, —Out Of Frame, Loss Of Frame

TI.105 1.432, and G.709
—Frame generation/recovery

—Line Far End Receive Failure
—Line Alarm Indication Signal

—SONET scrambling/descrambling —B1 Parity Error
—Frequency justification/pointer —Loss Of Cell Alignment
processing —Loss Of Receive Data
o Complete line interface o Controller interface for internal
—Clock and data recovery interrupt and configuration registers

—Transmit timing derived from
receiver or byte—rate source

—No external PLL components
—SONET compliant PLL
—100K ECL compatible I/O

—Error monitoring

—Status indication

—Device configuration
o 0.65u low-power CMOS

gx B
S M ]
|91 X
30is ot 58 see
EEP‘&EE—' I3l alel Il [-‘éé
IYyyyt 1Yy 11 1YY
Transmit Tr i Tr: i Tr Transmit . = -
UTOPIA I/F ATM Cell Path Line Section Transmit L, %%2:;_
Transmit FIFO Processor Overhead Overhead Overhead Clock ¢ TRCLK+/—
4 Cell by 8 bit Pr Pr Pr Multiplier &
Transmit
D[7:0] < Buffer
A[7:0] >+ Conﬁgurati?n and'Status
ALE — | Controller Register File Rate
RDB | [Interface Selecti
WRB > -
CSB Error Monitoring
INTB | SONET/SDH
RSTB > Clock -
VCLK > Receive Receive Receive Receive Receive Rec‘:)cv e : ﬁlﬁgﬂéd_
RALM || UTOPIA VF ATM Cell Path Line Section Y |k RxDs
Receive FIFO Processor Overhead Overhead Overhead > RXDO+/-
4 Cell by 8 bit Processor Processor Processor
PILLALY IR [} 1
)
= I~
E2 «Z
>] = Q
H g £
£ ERgRER g & ;:E 2
7C955-1
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Interfacing with the SST ™

This application note describes how to interface the
CY7B951 SONET/SDH Serial Transceiver (SST™)
with other physical-layer devices. The SST per-
forms clock and data recovery from a SONET/SDH
(Synchronous Optical NETwork/Synchronous Digi-
tal Hierarchy) 51.84 Mb/s or 155.52 Mby/s interface
and can be used in a variety of SONET and ATM ap-
plications. The application note will begin with a
brief introduction to the SST. Next, interface exam-
ples will be given that illustrate how to connect the
SST to three different ATM controller devices; the
first from PMC-Sierra called the PM5345 SUNI, the
second, also from PMC-Sierra, called the S/UNI-
LITE, and the third from Integrated Telecom
Technologies (IgT) called the WAC-013.

Introduction

The CY7B951 SST is used in SONET/SDH applica-
tions to recover clock and data information from a
155.52-MHz or 51.84-MHz NRZ (Non Return to
Zero) or NRZI (Non Return to Zero Invert on
ones) serial data stream. This device also provides
a bit-rate Transmit Clock, from a byte-rate source
through the use of a frequency multiplier Phase-
Locked Loop (PLL), and differential data buffering
for the Transmit side of the system (see Figure I).
The pinout is shown in Figure 2.

Operating Frequency

The SST operates at either of two frequency ranges.
The MODE input selects which of the two frequen-
cy ranges the Transmit frequency multiplier PLL
and the Receive clock and data recovery PLL will
operate. When MODE is connected to V¢, the
highest operating range of the device is selected. A
19.44-MHz +1% source must drive the REFCLK

input and the transmit PLL will multiply this rate by
8 to provide an output clock that operates at 155.52
MHz +1%. When the MODE input is connected to
ground (GND), the lowest operating range of the

LOoP(Y] MODE
ROUT#—j:—
ROUT —+—
RIN+ N RCLK+
RIN- ].Z 2 RCLK—
— PLL — RSER+
B — RSER—
cD D> > CFI@)
1] ___ _| | RECEIVE]
TRANSMIT
TOUT+ 1 TSER+
TOUT- ¢ N\ TSER-
— "L — TCLK+
11.%8 | — TCLK—
REFCLK+ REFCLK—

Figure 1. SST Block Diagram

SOIC

Top View

ROUT+ x4 o 24T RCLK—
ROUT- ]2 23T RCLK+
RIN+ {3 22T RSER-
RIN- T]4 21fT) RSER+

MODE x5 203 7

VCC M6 cyrees1 193 voo

CD /M- 183 vss

L[OOP s 173 vCe
REFCLK- M9 18 TCLK—
REFCLK+ C=xj10 1S TCLK+
TOUT- =Xt 14— TSER+
TOUT+ 12 13T TSER-

Figure 2. SST Pinout
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Interfacing with the SST

device is selected. A 6.48-MHz +1% source must
drive the REFCLK inputs and the transmit PLL will
multiply this rate by 8 to provide an output clock that
operates at 51.84 MHz +1%. In addition, when the
MODE input is left unconnected or forced to
approximately Vc/2, the device enters Test Mode.

Transmit Functions

The Transmit section of the SST contains a PLL that
takes a REFCLK input and multiplies it by 8
(REFCLK*8) to produce a PECL (Pseudo ECL or
Positive ECL) differential output clock (TCLK%).
The Transmitter has two operating ranges that are
selectable with the three-level MODE pin, as ex-
plained above. The SST Transmit frequency multi-
plier PLL allows low-cost byte-rate clock sources to
be used to time the upstream serial data transmitter.

The REFCLK# inputs can be configured in three
different ways. When both REFCLK+ and
REFCLK- are connected to a differential 100K
compatible PECL source, the REFCLK input will
behave as a differential PECL input. When either
the REFCLK~ or the REFCLK + inputis ata TTL
LOW, the other REFCLK input becomes a TTL-
level input allowing it to be connected to a low-cost
TTL crystal oscillator. The REFCLK input struc-
ture, therefore, can be used as a differential PECL
input, a single TTL input, or as a dual TTL clock
multiplexing input.

The Transmit PECL differential input pair
(TSER=) is buffered by the SST yielding the differ-
ential data outputs (TOUT=). These outputs can
be used to directly drive transmission media such as
Printed Circuit Board (PCB) traces, optical fiber
drivers, twisted pair, or coaxial cable.

Receive Functions

The primary function of the Receiver is to generate
recovered clock (RCLK+) and data (RSER ) sig-
nals from the incoming differential PECL data
stream (RIN). These built-in line receiver inputs,
as well as the TSER + inputs mentioned above, have
awide common-mode range (2-5V) and the ability
to receive signals with as little as 50 mV differential
voltage. They are compatible with all PECL signals

and any copper media (such as coaxial cable or
twisted pair).

The clock recovery function is performed using an
embedded PLL. The recovered clock is not only
passed to the RCLK+ outputs, but also used inter-
nally to sample the input serial stream in order to re-
cover the data pattern. The Receive PLL uses the
REFCLK input as a byte-rate reference. This input
is multiplied by 8 (REFCLK*8) and is used as a bit-
rate reference in comparison to the recovered clock
to improve PLL lock time, and to provide a center
frequency for operation in the absence of input data
stream transitions. The Receiver can recover clock
and data in two different frequency ranges depend-
ing on the state of the three-level MODE pin, as ex-
plained earlier. To ensure accurate data and clock
recovery, REFCLK*8 must be within 1000 ppm of
the transmit bit rate. The standards, however, speci-
fy that the REFCLK*8 frequency accuracy be within
20-100 ppm.

The differential input serial data (RIN+) is not only
used by the PLL to recover the clock and data, but
it is also buffered and presented as the PECL differ-
ential output pair ROUT . This output pair can be
used as part of the transmission line interface circuit
for base-line wander compensation, improving sys-
tem performance by providing reduced input jitter
and increased data eye opening.

Carrier Detect (CD) and Link Fault Indicator
(LFI) Functions

The Link Fault Indicator (LFI) output is a TTL-
level output that indicates the status of the Receiver.
This output can be used by an external controller for
Loss of Signal (LOS), Loss of Frame (LOF), or Out
of Frame (OOF) indications. LFI is controlled by
the Carrier Detect (CD) input, the internal Transi-
tions Detector, and the PLL Out of Lock (OOL) cir-
cuitry.

The CD input may be driven by external circuitry
that is monitoring the incoming data stream. Opti-
cal modules have CD outputs that indicate the pres-
ence of light on the optical fiber and some copper-
based systems use external threshold detection
circuitry to monitor the incoming data stream. The
CD input is a 100K PECL-compatible signal that
should be held HIGH when the incoming data
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stream is valid. When CD is pulled to a PECL LOW,
the LFI output will transition LOW, the Receiver
PLL will align itself with the REFCLK*8 frequency,
and the recovered data outputs (RSER) will remain
LOW regardless of the signal level on the Receive
data stream inputs (RIN).

In addition, the SST has a built-in transitions detec-
tor that also checks the quality of the incoming data
stream. The absence of data transitions can be
caused by a break in the transmission media, a prob-
lem at the transmitter end of the media, or a prob-
lem with the transmit or receive media coupling
hardware. The SST will detect a quiet link by count-
ing the number of bit times that have passed without
a data transition. A bit time is defined as the period
of RCLK=*. When 512 bit times have passed with-
out a data transition on RIN=+, LFI will transition
LOW. The Receiver will assume that the serial data
stream is invalid and, instead of allowing the
RCLK = frequency to wander in the absence of data,
the PLL will lock to the REFCLK*8 frequency.
This will insure that RCLK + is as close to the cor-
rect link operating frequency as the REFCLK accu-
racy. LFI will be driven HIGH again and the Re-
ceiver will recover clock and data from the incoming
data stream when the transition detection circuitry
determines that at least 64 transitions have been de-
tected within 512 bit times.

The Transition Detector can be turned off by pulling
the CD input to a TTL LOW (<0.8V). When CD
is pulled to a TTL LOW, the LFI will only be driven
LOW if the incoming data stream frequency is not
within 1000 ppm of the REFCLK*8 frequency. LFI
LOW in this case will only indicate that the Receiver
PLLis Out of Lock (OOL). When LF is left uncon-
nected, an internal pull-down resistor will pull this
input to ground.

Loop Back Testing

The TTL level LOOP pin is used to perform loop-
back testing. When LOOP is asserted (held LOW)
the Transmitter serial inputs (TSER +) are used by
the Receiver PLL for clock and data recovery. This
allows in-system testing to be performed on the en-
tire device except for the differential Transmit driv-
ers (TOUT=) and the differential Receiver inputs

(RIN=). For example, an ATM controller can pres-
ent ATM cells to the input of the ATM cell processor
and check to see that these same cells are received.
When the LOOP input is deasserted (held HIGH)
the Receive PLL is once again connected to the Re-
ceiver serial inputs (RIN+).

The LOOP feature can also be used in applications
where clock and data recovery are to be performed
from either of two data streams. In these systems
the LOOP pin is used to select whether the TSER+
or the RIN+ inputs are used by the Receive PLL for
clock and data recovery.

Power-Down Modes

There are several power-down features on the SST.
Any of the differential output drivers can be pow-
ered down by either tying both outputs to Vcc or by
simply leaving them unconnected where internal
pull-up resistors will force these outputs to Vcc.
This will save approximately 4 mA per output pair
in addition to the associated output current. If the
TOUT= or ROUT= outputs are tied to Vcc or left
unconnected, the Transmit buffer or Receive buffer
path respectively will be turned off. If the TCLK+
outputs are tied to V¢ or left unconnected the en-
tire Transmit PLL will be powered down.

By leaving both the RCLK+ and RSER =+ outputs
unconnected or tied to V¢ the entire Receive PLL
is turned off. Even though the Receive PLL may be
turned off, the (LFI will still reflect the state of the
CD input. This feature can be used for aggressive
power management.

Interfacing with the PM5345 (SUNI)

The PM5345 is used in ATM applications for
SONET frame processing, ATM cell processing,
and error monitoring. The PMC-Sierra SUNI de-
vice requires Receive serial data aligned with a bit-
rate clock. These signals need to be supplied
through the RXD =+ and RXC= inputs respectively.
A 155.52-MHz PECL Transmit clock (TXC=) is re-
quired to provide PM5345 transmit side clocking.
For copper-based systems, the TXD =+ outputs must
be buffered in order to drive transmission lines with
low impedances. Lastly, a LOS detection is re-
quired from the clock and data recovery engine to
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aid in the determination of the LOS, LOF, and OOF
error conditions reported by the SUNI device. This
signal is brought in through the SUNI GPIN (Gen-
eral Purpose Input). Before the introduction of the
SST, clock and data recovery devices were inter-
faced to the PMC-SUNI as shown in Figure 3.

Figure 4 shows the SST signal connections with the
PMC-Sierra PM5345 SUNL The SST, together with
the PM5345, provides a complete Physical layer in-
terface. The Receive section of the SST provides se-
rial SONET/SDH data at 155.52 Mb/s to the receive
section of the PM5345 (RXC= and RXD=). The
Transmit section of the SST provides the transmit

side 155.52-MHz clock that is used by the PM5345
TXCIz input by multiplying a 19.44-MHz oscillator
by eight. This function eliminates the need for an
expensive 155.52-MHz oscillator to be used in the
system. The SST buffers the TXD= output signals
from the SUNI device for driving copper-based sys-
tems or for improved operation in fiber-based sys-
tems.

The LFI output is used to drive the GPIN input.
This LFI output will transition LOW when any of
the following occur: the CD (Carrier Detect) input
transitions LOW, the frequency of the incoming
data is outside of the lock range of the Receive PLL,

Noise input source to PLL

Additional Component .
and Board Space gcl)%:rr |__| Nine power and grounds
o116 No Lock to GPIN
> Clock and Local Function ». BXC+
“ Differential > Data > RXC- " pm5345
Line Driver/ Recovery p| X0+ SUNI
Receiver < s
[ oo e < — -
Difficult layout >
TXCl+
. No Transmit P TxCI-
No built-in line  frequency multiplication

receiver or driver 155.52
osc
No loop-back
testing capability Expensive Oscillator

Figure 3. Typical SUNI interface without the Use of the SST

SST
ROUT+ 21 CFI@®) p| GPIN
"o g% mp B e
[ vedgiare [l BINe S5 P RXC- pMs5345
P rxp+ SUNI
cD RSER- ~ RXD—
| TSER+ |« XD+
II Media I/F TouT+ < TSER- gt TXD-
TOUT- D
i ToLK+ <
i ‘ P TXCI-
19.44
0sC

Figure 4. SST to PMC-Sierra PM5345 SUNI Connection Diagram
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or there have been no transitions in the incoming
data stream for the last 512 bit times. Additionally,
when the CD input is forced LOW by an output from
a source such as the signal detect of an optical mod-
ule or an external transition detection circuitry for
copper-based systems, the SST will force the
RSER=* outputs LOW. This will aid the SUNI de-
vice in the determination of the LOS state and mini-
mize the length of time needed to determine an er-
ror condition.

Figure 5 shows an electrical interface of the SST to
the PMC-SUNI device. Each SST PECL output is
AC coupled into the SUNI inputs with a .01-uF ca-
pacitor, and is loaded with an 80Q pull-up resistor
and a 130Q pull-down resistor. This scheme allows
the SUNI device to self-bias (since the SUNI has a

bias circuit built into each PECL input) its inputs
and also provides the SST outputs with 5092 ter-
minations to approximately Vcc — 2V. The ter-
mination resistors are bypassed with .01-uF capaci-
tors to provide high-speed switching current. For
PCB trace impedances higher than 502, the termi-
nating resistors should be scaled accordingly. For
example, a 1009 transmission line would require a
pull-up resistor of 1602 and a pull-down resistor of
260Q2 Terminations for the SST outputs (TCLK,
RCLK, RSER) should be placed as close to the
SUNI as possible.

The TXD= outputs require different termination
resistors values. The ideal biasing voltage for
TXD=+ is 4.2V. This bias is achieved by connecting
a 62Q pull up to TAVD and a 330%2 pull down to
GND at the end of the termination line connecting

SST TAVD VDD PMC-SUNI
o |
TSER
E { VT
) Al
TSER Et_g ¢ 1 vi2
—+ >
330Q62Q 5=500 TXD+
- 5 _
TSER 33002 62C o1 pF| XD
TCLK+ FO——————— > |1 TCI+
Z0=50Q
TOLK- | TXCI-
RCLK+ IH rxcs
Z0=50Q
RCLK- FO__ > {H Rxc-
RSER+ TR
Z0=50Q
RSER- FO___—— e — TP TP |H rxp-
1 23 33 33 33 338
, [EaiRalkalRalk FPOS MLT
.01 uF = ] B el = - 5__ ML
oD 31315153
| : . J R
i GPIN

Figure 5. High Performance SST to PMC SUNI Interface
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TXD= and TSER*. These resistor values are cal-
culated based on Zy = 50Q2. For PCB trace imped-
ances higher than 50Q, the terminating resistors
should be scaled accordingly. For example, a 100Q
transmission line would require a pull-up resistor of
120Q and a pull-down resistor of 636Q2. In addition,
the VT2 resistor should also be scaled from 628Q to
1260Q2 when using 1002 trace impedances. In gen-
eral, Rymy = 12.564 * Z,.

Interfacing with the PM5346
(S/UNI-LITE)

The PM5346 is another PMC-Sierra product used in
ATM systems for clock and data recovery, SONET
frame processing, ATM cell processing, and error
monitoring. Its small package size makes it more

desirable than the PM5345 in cases where not all of
the SONET frame processing functions of the
PM5345 are needed. For performance reasons, the
PLL of S/UNI-LITE can be bypassed and the SST
can be used to perform clock and data recovery
functions for the S/UNI-LITE.

Figure 6 shows how to interface the SST to the
S/UNI-LITE. When RBYP is tied HIGH, the inter-
nal PLL of the S/UNI-LITE is disabled and
RRCLK* is used to sample RXD +. In this configu-
ration, the SST is used to supply the bit-aligned
RRCLK. This is achieved by connecting RCLK = to
RRCLK#* and RSER + to RXD = using four equal-
length traces. Each of these traces has an 80€2 pull-
up to RVDD and a 1309 pull-down to GND. These
termination resistors are bypassed with .01-uF ca-
pacitors to satisfy the high-speed switching current

TAVD PMC
S VD S/UNI-LITE
TBYP
I ¥ RBYP
2! g L .01 uF
TSER+ 3 Kl
S _ w—] HTXD+
Z0=50Q 237Q
TSER- © I HTxD-
67Q192Q
TCLK+ FQ—————— | HTRCLK+
Z0=50Q
TCLK- {HTRCLK—
RCLK+ | H RRCLK+
Z0=500Q
RCLK- -O————— | H RRCLK—
RSER+ { |_ RXD+
Z0=50Q 130080
RSER- 1t — —H—— HRXD-
$3 33 $3 33130k 2 80Q
11811 13
.01 uF = |==| |77 == |5
VDD SRR
' — o2 S
FI ALOS-—

Figure 6. High Performance SST to PMC S/UNI-LITE Interface
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requirements. A .01-uF DC-blocking capacitor is
used in series with the transmission line to allow the
S/UNI-LITE to self-bias its inputs (since the S/UNI-
LITE, like the SUNI, also has bias circuits built into
each PECL input). All these passive components
are placed close to the S/UNI-LITE.

In the same way, the transmit side PLL of the
S/UNI-LITE can also be disabled. When TBYP is
tied HIGH, the clock multiplication function of the
S/UNI-LITE is disabled and the 155.52-MHz or
51.84-MHz clock received from either RRCLK+ or
TRCLK = is used for clocking the transmit portion
of the S/UNI-LITE. If the LOOPT bit of the Master
Control register of the S/UNI-LITE is 1, RRCLK
will be used and when the LOOPT bitis 0, TRCLK +
will be used. TRCLK+ is supplied by TCLK =+ of the
SST. The termination/biasing circuit used for this
TRCLK connection is the same as that used in the
RXD= and RRCLK+ connections described pre-
viously. These termination/biasing circuits should
also be placed as close to the S/UNI-LITE as
possible.

For the TXD=* to TSER* connections, a 237Q2
source resistor in series with a .01-uF capacitor
placed closed to the S/UNI-LITE side is used with
a 67Q pull-up to TAVD and a 192Q pull-down to
GND placed close to the SST side to provide the
necessary termination and biasing.

Interfacing with the IgT WAC-013.

The Integrated Telecom Technology (IgT)
WAC-013 provides SONET frame processing, ATM
cell processing, and error monitoring. The IgT de-
vice requires differential PECL Receive data
(RS_SER_DATA) aligned with a differential PECL
bit-rate clock (RS_SER_CLK). These signals rep-
resent the recovered clock and data from a SONET/
SDH STS-3/STM-1 data stream of 155.52 Mb/s or a
SONET STS-1 data stream of 51.84 Mb/s. The
WAC-013 also requires a bit-rate transmit-clock
(TS_SER_CLK) for Transmit Side clocking. The
transmit data (TS_SER_DATA) should also be
buffered for driving low-impedance transmission
lines or copper transmission media. Prior to the
introduction of the SST, clock and data recovery de-
vices were connected to the WAC-013 as shown in
Figure 7.

Figure 8 shows the SST signal connections with the
IgT WAC-013. The SST, together with the
WAC-013, provides a complete physical-layer inter-
face. The Receive section of the SST provides serial
SONET/SDH data at 155.52 Mb/s or 51.84 Mb/s
(depending on the state of the SST MODE pin) to
the Receive section of the IgT RS_SER_DATA and
RS_SER_CLK inputs. The Transmit section of the
SST provides the bit-rate clock (TS_SER_CLK)
and Transmit buffering of the TS_SER_DATA out-
puts. The SST multiples a 19.44-MHz reference

Noise input source to PLL

Additional Component .
and Board Space /"D'/(I)QJM/Z”I_I |_| Nine power and grounds
10H116 ——»  Clock and : RS_SER_CLK+
i — RS_SER_CLK—
“ Differential Data s s R‘DATA
Line Driver/ Recovery —> ns“sgg_l:»ATAJ—r
Receiver | TS_SER_DATA+
“ — — TS_SER_DATA-
Difficult layout >
> TS_SER_CLK+
No builtin fine 0 Transmit e
3 licati
receiver or driver frequency multiplication 155.52 WAC-013
No loop-back ose
testing capability Expensive Oscillator

Figure 7. Typical WAC-013 interface without the Use of the SST
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SST
ROUT+ S 53]
ROUT- 5O  ROLK+ B RS_SER_CLK+
i RIN+ 9=  RCLK P RS SER CLK-
Media I/F RINS RSERA -SER
RSER ] P> RS SER DATA+
CD P> RS_SER DATA-
| TSER+ |« TS_SER_DATA+
II Media I/F TOUT+ TSER- g TS SER DATA-
TouT- © TOLK
i et | T5_SER_CLK+
i P> TS_SER CLK-
19.44 -01
o WAC-013
0sC

Figure 8. SST to IgT WAC-013 Connection Diagram

clock (6.48-MHz for STS-1 applications) by eight to
produce the 155.52-MHz (51.84-MHz) transmit
clock. This frequency multiplication function elimi-
nates the need for an expensive 155.52-MHz crystal
oscillator.

Figure 9 shows the electrical interface of the SST to
the WAC-013. The outputs are loaded and termi-
nated with 80€2 pull-up resistors and 13092 pull-
down resistors at the load. This provides a 50Q ter-
mination to Vcc—2V. These resistors are also
bypassed with a .01-uF capacitor to provide high-
speed switching current. For PCB trace impedances
higher than 5092, the terminating resistors should be
scaled accordingly. For example, a 100Q2 transmis-
sion line would require a pull-up resistor of 1602
and a pull-down resistor of 260Q2.

Conclusion

The interface examples shown in this note demon-
strate how to connect the SST to the PMC-Sierra
PM5345 SUNI, the PMC-Sierra PM5346 S/UNI-
LITE, and the IgT WAC-013. Together these de-
vices provide a complete physical-layer solution for
ATM applications over SONET/SDH at 155.52

- Mb/s and 51.84 Mb/s. The SST greatly simplifies the

physical-layer implementation with its ability to
generate a Loss of Signal indication, its capability to
lock to the local reference clock during error condi-
tions, and its capacity to buffer the transmit data
stream for driving low-impedance transmission
lines. The SST also reduces the cost of physical-layer
implementations by eliminating the need for a
155.52-MHz crystal oscillator with its ability to multi-
ply a byte-rate clock to provide the bit-rate transmit
source. Cypress’s expertise in PLL-based clock and
data recovery as well as the added features of the
SST provide designers with the capacity to create
simple, low cost, and robust ATM physical-layer
designs.
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Figure 9. High Performance SST to WAC-013 Interface

SST is a trademark of Cypress Semiconductor Corporation.
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Features

o Fibre Channel compliant

IBM ESCON® compliant

ATM compliant

8B/10B-coded or 10-bit unencoded
160- to 330-Mbps data rate

TTL synchronous 1/O

No external PLL components
Triple PECL 100K serial outputs
Dual PECL 100K serial inputs

Low power: 350 mW (Tx),
650 mW (Rx)

Compatible with fiber optic modules,
coaxial cable, and twisted pair media

Built-In Self-Test

Single +5V supply
28-pin SOIC/PLCC/LCC
0.8u BiCMOS

CYPRESS

CY7B923
CY7B933

Functional Description

The CY7B923 HOTLink™ Transmitter
and CY7B933 HOTLink Receiver are
point-to-point communications building
blocks that transfer data over high-speed
serial links (fiber, coax, and twisted pair) at
160 to 330 Mbits/second. Figure I illus-
trates typical connections to host systems
or controllers.

Eight bits of user data or protocol informa-
tion are loaded into the HOTLink trans-
mitter and are encoded. Serial data is
shifted out of the three differential positive
ECL (PECL) serial ports at the bit rate
(which is 10 times the byte rate).

The HOTLink receiver accepts the serial
bitstream atits differential line receiverin-
puts and, using a completely integrated
PLL Clock Synchronizer, recovers the tim-
ing information necessary for data recon-
struction. The bit stream is deserialized,

HOTLink®
Transmitter/Receiver

decoded, and checked for transmission er-
rors. Recovered bytes are presented in
parallel to the receiving host along with a
byte rate clock.

The 8B/10B encoder/decoder can be
disabled in systems that already encode or
scramble the transmitted data. I/O signals
are available to create a seamless interface
with both asynchronous FIFOs (i.e.,
CY7C42X) and clocked FIFOs (i.e.,
CY7C44X). A Built-In Self-Test pattern
generator and checker allows testing of the
transmitter, receiver, and the connecting
link as a part of a system diagnostic check.

HOTLink devices are ideal for a variety of
applications where a parallel interface can
be replaced with a high-speed point-to-
point serial link. Applications include in-
terconnecting workstations, servers, mass
storage, and video transmission equip-
ment.

CY7B923 Transmitter Logic Block Diagram

SC/D (Da)

CY7B933 Receiver Logic Block Diagram

Figure 1. HOTLink System Connections

HOTLink is a trademark of Cypress Semiconductor Corporation.

ESCON is a registered trademark of IBM.
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CY7B923 Transmitter Pin Configurations

SOIC
Top View
OutB— 11 o 28T OutB+
OutC- X2 271 OutA+
OutC+ 13 26E OutA—
Voon T4 25 FOTO
BISTEN s 24T ENN
GND —Ms 23 ENA
MODE -7 smgps 223 Veeq
RP s 21 [T CKW
=21 20T GND
SVS (D) Mo 19T SC/D (D)
(Dn) D7 11 181 Do (Dp)
(Dg) Dg 1312 7= D1 (Do)
(DY) Ds 13 16— D> (Dg)
(D) Ds =414 15— Dg (D)
B923-5
PLCC/LCC
Top View
Ll ++ 10
QBALS
33 333
OO0 000
2l 282726
25 FOTO
241 ENN
231 ENA
78923 228 Veeq
21 E Cl
2011 GND
112131415 16 1718191 SC/D (Dy)
©OW < ON ~ O
[aYaYaYaYaYafa) B923-4

Maximum Ratings
(Above which the useful life may be impaired. For user guidelines,
not tested.)

Storage Temperature

Ambient Temperature with

Power Applied ................ ... ... —55°Cto +125°C
Supply Voltage to Ground Potential ......... —=0.5Vto +7.0V
DClInput Voltage ........................ —=0.5V to +7.0V
Output Current into TTL Outputs (LOW) ........... 30 mA
Output Current into PECL outputs (HIGH) ....... —50 mA
Static Discharge Voltage ........................ >4001V
(per MIL-STD—883, Method 3015)

Latch-Up Current ..................coouae. >200 mA

CY7B933 Receiver Pin Configurations

SOIC
Top View
INA— 1 28T INB (INB+)
INA+ g 2 ° 27 =3 Sl (INB-)
A/B 3 26 11 MODE
BISTEN 4 2513 REFCLK
RF CIOs 241 VCCQ
GND CI3s 231 S0
RDY 4~ 78933 22 T3 CKR
GND s 21 [ Voeq
Veen =9 203 GND
RVS (Q) =] 0 19 [T SC/D (Qa)
(Qn) Q7 =411 1813 Qo (Qp)
(Qg) Qs =12 17 Q1 (Qo)
Q) Qs 18 1613 Q2 (Qq)
(Q) Q4 14 153 Q3 (Qe)
B923-7
PLCC/LCC
Top View
T
z . Zow
hos<ns
NIZZZH=
RFs H 25[1 REFCLK
GND Qs 241 Voeq
ROYL7 e 2P SO
GND Y8 2211 CKR
Veen 4o 2100 Veeq
RVS (@) 201 GND
(Qp) Q7 1 SC/D (Qa)

[e]Jejeje]s)e]e]
Operating Range
Ambient
Range Temperature Vee
Commercial 0°Cto +70°C 5V + 10%
Industrial —40°Cto +85°C 5V = 10%
Military —55°Cto +125°C 5V = 10%
Case Temperature
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Pin Descriptions
CY7B923 HOTLink Transmitter

CY7B923
CY7B933

Name

1/0

Description

TTL In

Parallel Data Input. Data is clocked into the Transmitter on the rising edge of CKW if ENA is LOW (or
on the next rising CKW with ENN LOW). If ENA and ENN are HIGH, a Null character (K28.5) is sent.
When MODE is HIGH, Dy |, 7 become Dy, .1 respectively.

TTL In

Special Character/Data Select. A HIGH on SC/D when CKW rises causes the transmitter to encode the
patternon Dy_7as acontrol code (Special Character), while a LOW causes the data to be coded using the
8B/10B data alphabet. When MODE is HIGH, SC/D (D,) acts as D, input. SC/D has the same timing
as Dy—7.

TTL In

Send Violation Symbol. If SVS is HIGH when CKW rises, a Violation symbol is encoded and sent while
the dataon the parallel inputs is ignored. If SVS is LOW, the state of Dy—7 and SC/D determines the code
sent. Innormal or test mode, this pin overrides the BIST generator and forces the transmission of a Viola-
tion code. When MODE is HIGH (placing the transmitter in unencoded mode), SVS (Dj) acts as the D;
input. SVS has the same timing as Dy _7.

TTL In

Enable Parallel Data. If ENA is LOW on the rising edge of CKW, the data is loaded, encoded, and sent.
If ENA and ENN are HIGH, the data inputs are ignored and the Transmitter will insert a Null character
(K28.5) to fill the space between user data. ENA may be held HIGH/LOW continuously or it may be
pulsed with each data byte to be sent. If ENA is being used for data control, ENN will normally be
strapped HIGH, but can be used for BIST function control.

TTL In

Enable Next Parallel Data. If ENN is LOW, the data appearing on D(_7 at the next rising edge of CKW
isloaded, encoded, and sent. If ENA and ENN are HIGH, the data appearing on Dy_7 at the next rising
edge of CKW will be ignored and the Transmitter will insert a Null character to fill the space between user
data. ENN may be held HIGH/LOW continuously or it may be pulsed with each data byte sent. If ENN
is being used for data control, ENA will normally be strapped HIGH, but can be used for BIST function
control.

CKW

TTL In

Clock Write. CKW is both the clock frequency reference for the multiplying PLL that generates the high-
speed transmit clock, and the byte rate write signal that synchronizes the parallel data input. CKW must
be connected to a crystal controlled time base that runs within the specified frequency range of the Trans-
mitter and Receiver.

FOTO

TTL In

Fiber Optic Transmitter Off. FOTO determines the function of two of the three PECL transmitter output
pairs. If FOTO is LOW, the data encoded by the Transmitter will appear at the outputs continuously. If
FOTO is HIGH, OUTA* and OUTB=* are forced to their “logic zero” state (OUT+ = LOW and OUT—
= HIGH), causing a fiber optic transmit module to extinguish its light output. OUTC is unaffected by the
level on FOTO, and can be used as a loop-back signal source for board-level diagnostic testing.

OUT Ax
OUT Bx
OUT Cx

PECL
Out

Differential Serial Data Outputs. These PECL 100K outputs (+5V referenced) are capable of driving
terminated transmission lines or commercial fiber optic transmitter modules. Unused pairs of outputs
can be wired to Ve to reduce power if the output is not required. OUTA + and OUTB= are controlled
by the level on FOTO, and will remain at their “logical zero” states when FOTO is asserted. OUTC= is
unaffected by the level on FOTO. (OUTA+ and OUTB+ are used as a differential test clock input while
in Test mode, i.e., MODE=UNCONNECTED or forced to Vc¢/2.)

MODE

3-Level
In

Encoder Mode Select. The level on MODE determines the encoding method to be used. Whenwired to
GND, MODE selects 8B/10B encoding. Whenwired to V¢, data inputs bypass the encoder and the bit
patternon D, goes directly to the shifter. When left floating (internal resistors hold the input at Vc/2)
the internal blt-clock generator is disabled and OUTA +/OUTB+ become the differential bit clock to be
used for factory test. In typical applications MODE is wired to Vcc or GND.

BISTEN

TTL In

Built-In Self-Test Enable. When BISTEN is LOW and ENA and ENN are HIGH, the transmitter sends
an alternating 1—0 pattern (D10.2 or D21.5). When either ENA or ENN is set LOW and BISTEN is
LOW, the transmitter begins a repeating test sequence that allows the Transmitter and Receiver to work
together to test the function of the entire link. In normal use this input is held HIGH or wired to V¢c.
The BIST generator is a free-running pattern generator that need not be initialized, but if required, the
BIST sequence can be initialized by momentarily asserting SVS while BISTEN is LOW. BISTEN has the
same timing as Dg—7.

TTL Out

Read Pulse. RP is a 60% LOW duty-cycle byte-rate pulse train suitable for the read pulse in CY7C42X
FIFOs. The frequency on RP is the same as CKW when enabled by ENA, and duty cycle is independent
of the CKW duty cycle. Pulse widths are set by logic internal to the transmitter. In BIST mode, RP will
remain HIGH for all but the last byte of a test loop. RP will pulse LOW one byte time per BIST loop.

Veen

Power for output drivers.

Veco

Power for internal circuitry.

GND

Ground.




¢

”lu

"—_—"%YPRESS

CY7B923
CY7B933

CY7B933 HOTLink Receiver

Name

1/0

Description

Qp-7
(Qp-1)

TTL Out

Qp-7 Parallel Data Output. Qp_7 contain the most recently received data. These outputs change syn-
chronously with CKR. When MODE is HIGH, Qq, 1, .. 7 become Qy, ¢ .1, respectively.

SC/D (Qa)

TTL Out

Special Character/Data Select. SC/D indicates the context of received data. HIGH indicates a Control
(Special Character) code, LOW indicates a Data character. When MODE is HIGH (placing the receiver
in Unencoded mode), SC/D acts as the Q, output. SC/D has the same timing as Qp—7.

RVS (Q)

TTL Out

Received Violation Symbol. AHIGH on RVSindicates that a code rule violation hasbeen detected in the
received data stream. A LOW shows that no error has been detected. In BIST mode, a LOW on RVS
indicates correct operation of the Transmitter, Receiver, and link on a byte-by-byte basis. When MODE
is HIGH (placing the receiver in Unedcoded mode), RVS acts as the Q; output. RVS has the same timing
as Qp-7.

RDY

TTL Out

Data Output Ready. ALOW pulse on RDY indicates that new data has been received and is ready to be
delivered. A missing pulse on RDY shows that the received data is the Null character (normally inserted
by the transmitter as a pad between data inputs). In BIST mode RDY will remain LOW for all but the last
byte of a test loop and will pulse HIGH one byte time per BIST loop.

TTL Out

Clock Read. This byte rate clock output is phase and frequency aligned to the incoming serial data
stream. RDY, Qg—7, SC/D, and RVS all switch synchronously with the rising edge of this output.

PECL in

Serial Data Input Select. This PECL 100K (+5V referenced) input selects INA or INB as the active data
input. If A/Bis HIGH, INA is connected to the shifter and signals connected to INA will be decoded. If
A/B is LOW INB is selected.

INAx

Diff In

Serial Data Input A. The differential signal at the receiver end of the communication link may be con-
nected to the differential input pairs INA+ or INB. Either the INA pair or the INB pair can be used as
the main data input and the other can be used as a loopback channel or as an alternative data input se-
lected by the state of A/B.

INB
(INB+)

PECL in
(Diff In )

Serial Data Input B. This pin s either a single-ended PECL data receiver (INB) or half of the INB of the
differential pair. If SO is wired to V¢, then INB=+ can be used as differential line receiver interchange-
ably with INA=. If SO is normally connected and loaded, INB becomes a single-ended PECL 100K
(+5V referenced) serial data input. INB is used as the test clock while in Test mode.

SI
(INB-)

PECL in
(Diff In)

Status Input. This pin is either a single-ended PECL status monitor input (SI) or half of the INB of the
differential pair. If SO is wired to Vc, then INB= can be used as differential line receiver interchange-
ably with INA+. If SO is normally connected and loaded, SI becomes a single-ended PECL 100K (+5V
referenced) status monitor input, which is translated into a TTL-level signal at the SO pin.

SO

TTL Out

Status Out. SO is the TTL-translated output of SI. It is typically used to translate the Carrier Detect
outputfromafiber-opticreceiver connected to SI. When this pin is normally connected andloaded (with-
out any external pull-up resistor), SO will assume the same logical level as SI and INB will become a
single-ended PECL serial data input. If the status monitor translation is not desired, then SO may be
wired to Vcc and the INB+ pair may be used as a differential serial data input.

RF

TTL In

Reframe Enable. RF controls the Framer logic in the Receiver. When RF is held HIGH, each SYNC
(K28.5) symbol detected in the shifter will frame the data that follows. If is HIGH for 2,048 consecutive
bytes, the internal framer switches to double-byte mode. When RF is held LOW, the reframing logic is
disabled. The incoming data stream is then continuously deserialized and decoded using byte boundaries
set by the internal byte counter. Bit errors in the data stream will not cause alias SYNC characters to
reframe the data erroneously.

REFCLK

TTL In

Reference Clock. REFCLK is the clock frequency reference for the clock/data synchronizing PLL.
REFCLK sets the approximate center frequency for the internal PLL to track the incoming bit stream.
REFCLK must be connected to a crystal-controlled time base that runs within the frequency limits of the
Tx/Rx pair, and the frequency must be the same as the transmitter CKW frequency (within CKW+0.1%)

MODE

3-Level In

Decoder Mode Select. The level on the MODE pin determines the decoding method to be used. When
wired to GND, MODE selects 8B/10B decoding. When wired to Vc, registered shifter contents bypass
the decoder and are sent to Q,—; directly. When left floating (internal resistors hold the MODE pin at
Vc/2) the internal bit clock generator is disabled and INB becomes the bit rate test clock to be used for
factory test. In typical applications, MODE is wired to Vcc or GND.

BISTEN

TTL In

Built-In Self-Test Enable. When BISTEN is LOW the Receiver awaits a D0.0 (sent once per BIST loop)
character and begins acontinuous test sequence that tests the functionality of the Transmitter, the Receiv-
er, and the link connecting them. In BIST mode the status of the test can be monitored w1th RDY and
RVS outputs. In normal use BISTEN is held HIGH or wired to V. BISTEN has the same timing as
Qq-7.

Veen

Power for output drivers.

Vcea

Power for internal circuitry.

GND

Ground.
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CY7B923 HOTLink Transmitter Block Diagram
Description

Input Register

The Input register holds the data to be processed by the HOTLink
transmitter and allows the input timing to be made consistent with
standard FIFOs. The Input register is clocked by CKW and loaded
with information on the Dg_7, SC/D, and SVS pins. Two enable
inputs (ENA and ENN) allow the user to choose when data is
loaded in the register. Asserting ENA (Enable, active LOW)
causes the inputs to be loaded in the register on the rising edge of
CKW. If ENN (Enable Next, active LOW) is asserted when CKW
rises, the data present on the inputs on the next rising edge of CKW
will be loaded into the Input register. If neither ENA nor ENN are
asserted LOW on the rising edge of CKW, then a SYNC (K28.5)
character is sent. These two inputs allow proper timing and func-
tion for compatibility with either asynchronous FIFOs or clocked
FIFOs without external logic, as shown in Figure 5.

In BIST mode, the Input register becomes the signature pattern
generator by logically converting the parallel Input register into a
Linear Feedback Shift Register (LFSR). When enabled, this
LFSR will generate a 511-byte sequence that includes all Data and
Special Character codes, including the explicit violation symbols.
This pattern provides a predictable but pseudo-random sequence
that can be matched to an identical LFSR in the Receiver.

Encoder

The Encoder transforms the input data held by the Input register
into aform more suitable for transmission on aserial interface link.
The code used is specified by ANSI X3.230 (Fibre Channel) and
the IBM ESCON channel (code tables are at the end of this data-
sheet). The eight Dg_7 data inputs are converted to either a Data
symbol or a Special Character, depending upon the state of the
SC/D input. If SC/D is HIGH, the data inputs represent a control
code and are encoded using the Special Character code table. If
SC/D is LOW, the data inputs are converted using the Data code
table. If a byte time passes with the inputs disabled, the Encoder
will output a Special Character Comma K28.5 (or SYNC) that will
maintain link synchronization. SVS input forces the transmission
of a specified Violation symbol to allow the user to check error
handling system logic in the controller or for proprietary applica-
tions.

The 8B/10B coding function of the Encoder can be bypassed for
systems that include an external coder or scrambler function as
part of the controller. This bypass is controlled by setting the
MODE select pin HIGH. When in bypass mode, D,_; (note that
bit order is specified in the Fibre Channel 8B/10B code) become
the ten inputs to the Shifter, with D, being the first bit to be shifted
out.

Shifter

The Shifter accepts parallel data from the Encoder once each byte
time and shifts it to the serial interface output buffers using a PLL
multiplied bit clock that runs at ten (10) times the byte clock rate.
Timing for the parallel transfer is controlled by the counter in-
cludedin the Clock Generator and is not affected bysignallevels or
timing at the input pins.

OutA, OutB, OutC

The serialinterface PECL output buffers (ECL100K referencedto
+5v) are the drivers for the serial media. They are all connected to
the Shifter and contain the same serial data. Two of the output
pairs (OUTA+ and OUTB=) are controllable by the FOTO input
and can be disabled by the system controller to force a logical zero
(i.e., “light off”) at the outputs. The third output pair (OUTC=)is

not affected by FOTO and will supply a continuous data stream
suitable for loop-back testing of the subsystem.

OUTA+ and OUTB % will respond to FOTO input changes within
afewbit times. However, since FOTO is not synchronized with the
transmitter data stream, the outputs will be forced off or turned on
at arbitrary points in a transmitted byte. This function is intended
to augment an external laser safety controller and as an aid for Re-
ceiver PLL testing.

In wire-based systems, control of the outputs may not be required,
and FOTO can be strapped LOW. The three outputs are intended
toadd system and architectural flexibility by offering identical seri-
al bit streams with separate interfaces for redundant connections
or for multiple destinations. Unneeded outputs can be wired to
Vcc to disable and power down the unused output circuitry.

Clock Generator

The clock generator is an embedded phase-lockedloop (PLL) that
takes a byte-rate reference clock (CKW) and multiplies it by ten
(10) to create a bit rate clock for driving the serial shifter. The byte
rate reference comes from CKW), the rising edge of which clocks
datainto the Inputregister. This clock must be a crystal referenced
pulse stream that has a frequency between the minimum and maxi-
mum specified for the HOTLink Transmitter/Receiver pair. Sig-
nals controlled by this block form the bit clock and the timing sig-
nals that control internal data transfers between the Input register
and the Shifter.

The read pulse (RP) is derived from the feedback counter used in
the PLL multiplier. It is a byte-rate pulse stream with the proper
phase and pulse widths to allow transfer of data from an asynchro-
nous FIFO. Pulse width is independent of CKW duty cycle, since
proper phase and duty cycle is maintained by the PLL. The RP
pulse stream will insure correct data transfers between asynchro-
nous FIFOs and the transmitter input latch with no external logic.

Test Logic

Test logic includes the initialization and control for the Built-In
Self-Test (BIST) generator, the multiplexer for Test mode clock dis-
tribution, and control logic to properly select the data encoding.
Test logic is discussed in more detail in the CY7B923 HOTLink
Transmitter Operating Mode Description.

CY7B933 HOTLink Receiver Block Diagram
Description

Serial Data Inputs

Two pairs of differential line receivers are the inputs for the serial
data stream. INA= or INB= can be selected with the A/B input.
INA is selected with A/B HIGH and INB= is selected with A/B
LOW. The threshold of A/B is compatible with the ECL 100K sig-
nals from PECL fiber optic interface modules. TTL logic elements
can be used to select the A or B inputs by adding a resistor pull-up
to the TTL driver connected to A/B. The differential threshold of
INA+ and INB+ will accommodate wire interconnect with filter-
ing losses or transmission line attenuation greater than 20 db
(Vpir > 50mv) or can be directly connected to fiber optic interface
modules (any ECL logic family, not limited to ECL 100K). The
common mode tolerance will accommodate a wide range of signal
termination voltages. The highest HIGH input that can be toler-
ated is VN = Vg, and the lowest LOW input that can be inter-
preted correctly is Viy = GND+2.0V.

PECL-TTL Translator

The function of the INB(INB+) input and the SI(INB—) input is
defined by the connections on the SO output pin. If the PECL/
TTL translator function is not required, the SO output is wired to
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V. A sensor circuit will detect this connection and cause the in-
puts to become INB=+ (a differential line-receiver serial-data in-
put). If the PECL/TTL translator function is required, the SO out-
putisconnected toitsnormal TTL load (typically one ormore TTL
inputs, but no pull-up resistor) and the INB+ input becomes INB
(single-ended ECL 100K, serial data input) and the INB— input
becomes SI (single-ended, ECL 100K status input).

This positive-referenced PECL-to-TTL translator is provided to
eliminate external logic between an PECL fiber-optic interface
module “carrier detect” output and the TTL input in the control
logic. The input threshold is compatible with ECL 100K levels
(+5V referenced). It can also be used as part of the link status in-
dication logic for wire connected systems.

Clock Synchronization

The Clock Synchronization function is performed by anembedded
phase-lockedloop (PLL) that tracks the frequency of the incoming
bit stream and aligns the phase of its internal bit rate clock to the
serial data transitions. This block contains the logic to transfer the
data from the Shifter to the Decode register once every byte. The
counter that controls this transfer is initialized by the Framer logic.
CKR is abuffered output derived from the bit counter used to con-
trol the Decode register and the output register transfers.

Clock output logic is designed so that when reframing causes the
counter sequence to be interrupted, the period and pulse width of
CKRwillneverbe less than normal. Reframing may stretch the pe-
riod of CKR by up to 90%;, and either CKR Pulse Width HIGH or
Pulse Width LOW may be stretched, depending on when reframe
occurs.

The REFCLK input provides a byte-rate reference frequency to
improve PLL acquisition time and limit unlocked frequency excur-
sions of the CKR when no data is present at the serial inputs. The
frequency of REFCLK is required to be within =0.1% of the fre-
quency of the clock that drives the transmitter CKW pin.

Framer

Framer logic checks the incoming bit stream for the pattern that
defines the byte boundaries. This combinatorial logic filter looks
for the X3.230 symbol defined as a Special Character Comma
(K28.5). When it is found, the free-running bit counter in the
Clock Synchronization block is synchronously reset to its initial
state, thus framing the data correctly on the correct byte bound-
aries.

Random errors that occur in the serial data can corrupt some data
patterns into a bit pattern identical to a K28.5, and thus cause an
erroneous data-framing error. The RF input prevents this by in-
hibiting reframing during times when normal message data is pres-
ent. When RFisheld LOW, the HOTLink receiver will deserialize
the incoming data without trying to reframe the data to incoming
patterns. When RF rises, RDY will be inhibited until a K28.5 has
been detected, after which RDY will resume its normal function.
‘While RFis HIGH, itis possible that an error could cause misfram-
ing, after which all data will be corrupted. Likewise, a K28.7 fol-
lowed by D11.x, D20.x, or an SVS (C0.7) followed by D11.x will
create alias K28.5 characters and cause erroneous framing. These
sequences must be avoided while RF is HIGH.

If RF remains HIGH for greater than 2048 bytes, the framer con-
verts to double-byte framing, requiring two K28.5 characters
aligned on the same byte boundary within 5 bytes in order to re-

frame. Double-byte framing greatly reduces the possibility of erro-
neously reframing to an aliased K28.5 character.

Shifter

The Shifter accepts serial inputs from the Serial Datainputs one bit
at a time, as clocked by the Clock Synchronization logic. Data is
transferred to the Framer on each bit, and to the Decode register
once per byte.

Decode Register

The Decode register accepts data from the Shifter once per byte as
determined by the logic in the Clock Synchronization block. It is
presented to the Decoder and held until it is transferred to the out-
put latch.

Decoder

Parallel data is transformed from ANSI-specified X3.230 8B/10B
codes back to “raw data” in the Decoder. This block uses the stan-
dard decoder patterns shownin the Valid Data Charactersand Val-
id Special Character Codes and Sequences sections of this data-
sheet. Data patterns are signaled by a LOW on the SC/D output
and Special Character patterns are signaled by a HIGH on the
SC/D output. Unused patterns or disparity errors are signaled as
errors by a HIGH on the RVS output and by specific Special Char-
acter codes.

Output Register

The Output register holds the recovered data (Qo—7, SC/D, and
RVS) and aligns it with the recovered byte clock (CKR). This syn-
chronization insures proper timing to match a FIFO interface or
other logic that requires glitch free and specified output behavior.
Outputs change synchronously with the rising edge of CKR.

In BIST mode, this register becomes the signature pattern genera-
tor and checker by logically converting itself into a Linear Feed-
back Shift Register (LFSR) pattern generator. When enabled, this
LFSR will generate a 511-byte sequence that includes all Data and
Special Character codes, including the explicit violation symbols.
This pattern provides a predictable but pseudo-random sequence
that can be matched to an identical LFSR in the Transmitter.
When synchronized, it checks each byte in the Decoder with each
byte generated by the LFSR and shows errors at RVS. Patterns
generated by the LFSR are compared after being buffered to the
output pins and then fed back to the comparators, allowing test of
the entire receive function.

In BIST mode, the LFSR isinitialized by the first occurrence of the
transmitter BIST loop start code D0.0 (D0.0 is sent only once per
BIST loop). Once the BIST loop has been started, RVS will be
HIGH for pattern mismatches between the received sequence and
theinternally generated sequence. Code ruleviolationsor running
disparity errors that occur as part of the BIST loop will not cause an
error indication. RDY will pulse HIGH once per BIST loop and
can be used to check test pattern progress. The receiver BIST gen-
erator can be reinitialized by leaving and re-entering BIST mode.
Test Logic

Test logic includes the initialization and control for the Built-In
Self-Test (BIST) generator, the multiplexer for Test mode clock dis-
tribution, and control logic for the decoder. Test logic is discussed
in more detail in the CY7B933 HOTLink Receiver Operating
Mode Description.
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CY7B923/CY7B933 Electrical Characteristics Over the Operating Rangel!]
Parameter | Description Test Conditions | Min. | Max. | Unit
TTL OUTs, CY7B923: RP; CY7B933: Qq-7, SC/D, RVS, RDY, CKR, SO
Vour Output HIGH Voltage Iog = —2mA 2.4 \%
Vorr Output LOW Voltage IoL =4mA 0.45 \%
IosT Output Short Circuit Current Vour =0VIZ -15 -90 mA
TTL INs, CY7B923: Dy-7, SC/D, SVS, ENA, ENN, CKW, FOTO, BISTEN; CY7B933: RE, REFCLK, BISTEN
Vit Input HIGH Voltage Com’l & Mil 2.0 Vce \%
Mil (CKW and FOTO, only) . 22 Vce \%
Vit Input LOW Voltage -05 0.8 A%
Iyt Input HIGH Current VINn = Vce -10 +10 uA
I Input LOW Current Vin = 0.0V - 500 HA
Transmitter PECL-Compatible Output Pins: OUTA+, OUTA—, OUTB+, OUTB—, OUTC+, OUTC—
VOHE Output HIGH Voltage Load = 50 Q to | Com’l Vee—1.03 Vce—0.83 \'%
(Ve referenced) Vee =2V I Voe—105 | Vec—083 | V
VoLE Output LOW Voltage Load = 50 Q to | Com’l Vee—1.86 Vee—-1.62 \'%
(Vcc referenced) Vee -2V Mil Voo—1.96 Voo—1.62 v
VobIF Output Differential Voltage Load = 50 ohms to V¢c — 2V 0.6 \%
|(OUT+) — (OUT-)|
Receiver PECL-Compatible Input Pins: A/B, SI, INB
VIHE Input HIGH Voltage Com’l Vcee—1.165 Vce \%
Mil Vee—1.14 Vce \'%
VIiLE Input LOW Voltage Com’l 2.0 Vcc—1.475 \%
Mil 2.0 Vee—1.50 v
TIigel! Input HIGH Current VN = VIHE Max. +500 uA
I gl Input LOW Current ViN = ViLE Min. +0.5 uA
[ Differential Line Receiver Input Pins: INA+, INA—, INB+, INB—
VDIFF Input Differential Voltage 50 mV
[(N+) — (IN-)]
VIHH Highest Input HIGH Voltage Vce \Y
VL Lowest Input LOW Voltage 2.0 \%
Ity Input HIGH Current VN = Vigg Max. 750 UA
I Input LOW Current VN = VL Min. —200 uA
Miscellaneous Typ. Max.
IccerP! Transmitter Power Supply Freq. = Max. Com’l 65 85 mA
Current Mil 75 95 mA
Iccrlo] Receiver Power Supply Current | Freq. = Max. | Com’l 120 155 mA
Mil 135 160 mA
Notes:
1. See the last page of this specification for Group A subgroup testing Maximum Iccr is measured with Voc = Max., RF = LOW, and out-
information. puts unloaded. Typical Iccr is measured with Voc = 5.0V, Ty =
2. Tested one output at a time, output shorted for less than one second, 25°C,RF = LOW, BISTEN = LOW, and outputs unloaded. IccR in-
less than 10% duty cycle. cludes current into Vccq (pins 21 and 24). Current into Ve (pin 9)
3. Applies to A/B only. is determined by the total TTL output buffer quiescent current plus
4. Input currents are always positive at all voltages above Vec/2. the sum of all the load currents for each output pin. The total buffer
5. Maximum Iccr is measared with Ve = Max,, one PECL output pair quiescent current is 10mA max., and max. TTL load current for each

loaded with 50 ohms to Vcc — 2.0V, and other PECL outputs tied to
Vcc. Typical Icct is measured with Ve = 5.0V, T4 = 25°C, one out-
put pair loaded with 50 ohms to Vcc — 2.0V, others tied to Vc, BIS-
TEN = LOW. Iccr includes current into Vg (pin 9 and pin 22)
only. Current into Ve is determined by PECL load currents, typi-
cally 30 mA with 50 ohms to Ve — 2.0V. Each additional enabled
PECL pair adds 5 mA to Icct and an additional load current to Veen
as described. When calculating the contribution of PECL load cur-
rents to chip power dissipation, the output load current should be
multiplied by 1V instead of Vcc.

output pin can be calculated as follows:

1 095 + (Vooy — 5)*03 v,
R e
Where Rp=equivalent load resistance, Cy =capacitive load, and
Fpin=frequency in MHz of data on pin. A derating factor of 1.1 has
been included to account for worst process corner and temperature
condition.
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Capacitancel’]
Parameter Description Test Conditions Max. Unit
Cin Input Capacitance Ta = 25°C, fy = 1 MHz, V¢ = 5.0V 10 pF
AC Test Loads and Waveforms
5V
OUTPUT R1 Voo - 2
R1 =910Q c R = 50Q
R2 = 510Q CL L RL CL < 5pF
Cp <30 pF R2 (Includes fixture and
(Includes fixture and L probe capacitance)
probe capacitance) = = -
(a) TTL AC Test Load[8] (b) PECL AC Test Load(®] Be238
3.0V ViHe
3.0v ViHe
2.0V 2.0V 80% 80%
1.0V 1.0V 20% 20%
GND ViLe
ViLe
<1ns <1ns <1ins <1ns
B923-10
(c) TTL Input Test Waveform B923-9 (d) PECL Input Test Waveform
Transmitter Switching Characteristics Over the Operating Rangel!l
7B923
Parameter Description Min. Max. Unit
tCKw Write Clock Cycle 30.3 62.5 ns
tg Bit Timel°] 3.03 6.25 ns
tcPwH CKW Pulse Width HIGH 6.5 ns
tcpwL CKW Pulse Width LOW 6.5 ns
tsp Data Set-Up Timel10] 5 ns
tHD Data Hold Timel10] 0 ns
tSENP Enable Set-Up Time (to insure correct RP)[11] 6tg + 8 ns
tHENP Enable Hold Time (to insure correct RP)[11] 0 ns
tPDR Read Pulse Rise Alignment[12] —4 2 ns
tpPWH Read Pulse HIGHI12] 4tg—3 ns
tpDF Read Pulse Fall Alignmentl12] 6tg—3 ns
tRISE PECL Output Rise Time 20—80% (PECL Test Load)!’] 12 ns
tFALL PECL Output Fall Time 80—20% (PECL Test Load)[’] 1.2 ns
tpy Deterministic Jitter (peak-peak)l” 13] 35 ps
try Random Jitter (peak-peak)!”- 14] 175 ps
Random Jitter (o)7- 14 20 ps
Notes: .
7. Tested initially and after any design or process changes that may affect ~ 11. tggnp and typnp timing insures correct RP function and correct data
these parameters, but not 100% tested. load on the rising edge of C
8. Cypress uses constant current (ATE) load configurations and forcing ~ 12. Loading on RP is the standard TTL test load shown in part (a) of AC
functions. This figure is for reference only. Test Loads and Waveforms except Cy, = 15 pE
9. Transmitter tg is calculated as tcxw/10. The byte rate is one tenthof ~ 13. While sending continuous K28.5s, Rp unloaded, outputs loaded to
the bit rate. 50Q to Vce—2.0V, over the operating range.
10. Data includes Dg_7, SC/D, SVS, ENA, ENN, and BISTEN. tgpand  14. While sending continuous K28.7s, after 100,000 samples measured at
typ minimum timing assures correct data load onrising edge of CKW, the cross point of differential outputs, time referenced to CKW input,
but not RP function or timing. over the operating range.
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Receiver Switching Characteristics Over the Operating Rangel!l

7B933
Parameter Description Min. Max. Unit
tCKR Read Clock Period (No Serial Data Input), REFCLK as Referencel!5] -1 +1 %
tg Bit Timel16] 3.03 6.25 ns
tCPRH Read Clock Pulse HIGH Stg=3 ns
tCPRL Read Clock Pulse LOW S5tg—3 ns
tRH RDY Hold Time tg—3 ns
tpRF RDY Pulse Fall to CKR Rise 5tg—3 ns
tpPRH RDY Pulse Width HIGH 4tp—3 ns
ta Data Access Timel!7. 18] 2tg—2 2tg+4 ns
tROH Data Hold Timell7 18] tg—3 ns
ty Data Hold Time from CKR Rise [17: 18] 2tp—3 ns
tokx REFCLK Clock Period Referenced to CKW of Transmitter[1%] -0.1 +0.1 %
tepxH REFCLK Clock Pulse HIGH 6.5 ns
tcpxL REFCLK Clock Pulse LOW 6.5 ns
tps Propagation Delay SI to SO (note PECL and TTL thresholds)[20] 20 ns
tsa Static Alignment(7: 21] 100 ps
tEFW Error Free Windowl7> 221 0.9tg
Notes:
15. The period of tcgr will match the period of the transmitter CKW REFCLK must be within 0.1% of the transmitter CKW frequency, ne-
when the receiver is receiving serial data. When data is interrupted, cessitating a +500-PPM crystal.
CKR may drift to one of the range limits above. 20. The PECL switching threshold is the midpoint between the PECL—
16. Receiver tg is calculated as tcggr/10 if no data is being received, or Von, and Vo specification (approximately Voc — 1.35V). The TTL
tckw/10 if data is being received. See note 9. switching threshold is 1.5V.
17. Data includes Qg—7, SC/D, and RVS. 21. Static alignment is a measure of the alignment of the Receiver sam-
18. ta, tron, and ty specifications are only valid if all outputs (CKR, pling point to the center of a bit. Static alignment is measured by slid-
RDY, Qq-7, SC/D, and RVS) are loaded with similar DC and AC ing one bit edge in 3,000 nominal transitions until a byte error occurs.
loads. 22. Error Free Window is a measure of the time window between bit cen-
19. REFCLK has no phase or frequency relationship with CKR and only ters where a transition may occur without causing a bit sampling error.
acts as a centering reference to reduce clock synchronization time. EFW is measured over the operating range, input jitter < 50% Dj.
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Switching Waveforms for the CY7B923 HOTLink Transmitter
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Switching Waveforms for the CY7B933 HOTLink Receiver
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Figure 2. CY7B923 Transmitter Data Pipeline

HOTLink CY7B923 Transmitter and CY7B933
Receiver Operation

The CY7B923 Transmitter operating with the CY7B933 Receiver
formageneral purpose datacommunications subsystem capable of
transporting user data at up to 33Mbytes per second over several
types of serial interface media. Figure 2 illustrates the flow of data
through the HOTLink CY7B923 transmitter pipeline. Data is
latched into the transmitter on the rising edge of CKW when
enabled by ENA or ENN. RP is asserted LOW with a 60%
LOW/40% HIGH duty cycle when ENA is LOW. RP may be used
as a read strobe for accessing data stored in a FIFO. The parallel
data flows through the encoder and is then shifted out of the
OUTx+ PECL drivers. The bit-rate clock is generated internally
from a multiply-by-ten PLL clock generator. The latency through
the transmitter is approximately 21tg — 10 ns over the operating
range. A more complete description is found in the section
CY7B923 HOTLink Transmitter Operating Mode Description.

Figure 3 illustrates the data flow through the HOTLink CY7B933
receiver pipeline. Serial data is sampled by the receiver on the
INx+inputs. The receiver PLL1locks onto the serial bit stream and
generates an internal bit rate clock. The bit stream is deserialized,

SERIAL DATA IN

RECEIVER LATENCY = 24tg + 10ns ———————p

decoded and then presented at the parallel output pins. Abyterate
clock (bit clock = 10) sycnchronous with the parallel data is
presented at the CKR pin. The RDY pin will be asserted to LOW
to indicate that data or control characters are present on the out-
puts. RDY will not be asserted LOW in a field of K28.5s except for
any single K28.5 or the last one in a continuous series of K28.5’s.
The latency through the receiver is approximately 24tg + 10 ns
over the operating range. A more complete description of the re-
ceiver is in the section CY7B933 HOTLink Receiver Operating
Mode Description.

The HOTLink Receiver has a built—in byte framer that
synchronizes the Receiver pipelinewithincomming SYNC (K28.5)
characters. Figure 4 illustrates the HOTLink CY7B933 Receiver
framing operation. The Framer is enabled when the RF pin is
asserted HIGH. RF is latched into the receiver on the falling edge
of CKR. The framer looks for K28.5 characters embedded in the
serial data stream. When a K28.5 is found, the framer sets the
parallel byte boundary for subsequent data to the the K28.5
boundary. While the framer is enabled, the RDY pin indicates the
status of the framing operation.
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Figure 3. CY7B933 Receiver Data Pipeline in Encoded Mode
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Figure 4. CY7B933 Framing Operation in Encoded Mode

Whenthe RF pinisasserted HIGH, RDY leaves it normal mode of
operation andis asserted HIGH while the framer searches the data
stream for a K28.5 character. After the framer has synchronized to
a K28.5 character, the Receiver will assert the RDY pin LOW
when the K28.5 character is present at the parallel output. The
RDY pin will then resume its normal operation as dictated by the
MODE and BISTEN pins.

The normal operation of the RDY pin in encoded mode is to signal
when parallel data is present at the output pins by pulsing LOW
with a 60% LOW/40% HIGH duty cycle. RDY does not pulse
LOW in a field of K28.5 characters; however, RDY does pulse
LOW for the last K28.5 character in the field or for any single
K28.5. Inunencoded mode, the normal operation of the RDY pin
is to signal when any K28.5 is at the parallel output pins.

The Transmitter and Receiver parallel interface timing and
functionality can be made to match the timing and functionality of
either an asynchronous FIFO or a clocked FIFO by appropriately
connecting signals (See Figure 5). Proper operation of the FIFO
interface depends upon various FIFO-specific access and response
spe