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AUDIO

PRODUCT OVERVIEW

Consumer and Professional Audio Products

Crystal Semiconductor pioneered and brought
delta-sigma conversion technology to production
in a variety of digital audio A/D and D/A con-
verter products. These products span the full
range of price-performance requirements, from
professional (e.g., 2107 dB ICs, the CS5390
ADC and CS4303 DAC) to consumer (e.g., 8-
pin, 16-bit, stereo DAC, the CS4330).

Products: For data sheets, call (512) 445-7222

Volume Control

CS3310 - Stereo, digital volume control (110
dB SNR)

DAC
CS4225 - Digital audio conversion system
CS4303 - 107 dB, stereo, 18-bit DAC
CS4328 - Stereo, 18-bit, delta-sigma DAC

CS4330/1/3 - stereo, delta-sigma DAC, single
+5V

ADC

CS5330/1 - 96 dB, single +5V, stereo, 18-bit
ADC (lowest power: 100 mW)

CS5336/8/9 - 95 dB, stereo, 16-bit, ADC
CS5349 - 90 dB, single +5V, stereo, 16-bit ADC

CS5389 - 107 dB, stereo, 18-bit delta-sigma
ADC

CS5390 - 110 dB, stereo, 20-bit delta-sigma
ADC

Digital Interface

CS8401A/2A - Digital audio interface
transmitter (supports AES/EBU, IEC958,
S/PDIF, EIAJ CP-340 formats)

CS8411/12 - Digital audio interface receiver
(supports AES/EBU, IEC958, S/PDIF,
EIAJ CP-340 formats)

CS8425 - *A-LAN’ Audio Local Area Network
transceiver (I2C bus, parallel interface, or
stand-alone transceiver)

Multimedia Audio Products

Crystal Semiconductor’s pioneering work in
mixed-signal integration has brought low-cost,
stereo, 16-bit A/D and D/A conversion to the
world of computer multimedia. Crystal’s 16-bit
solutions have been established as the industry
standard, and cost less than traditional 8-bit al-
ternatives.

Crystal’s multimedia codecs achieve new levels
of integration by combining CD-quality 16-bit
converters, anti-aliasing filters, smoothing filters,
and programmable gain and volume control on a
single chip. The core converters are based on
Crystal’s proprietary delta-sigma techniques.

Both the CS4248 and the CS4231 integrate the
PC ISA bus interface on-chip, as well as analog
and digital mixers. The CS4231 includes a vari-
ety of enhanced features such as added mixing
and on-chip ADPCM compression.

Products: For data sheets, call (512) 445-7222

Audio Codec

CS4215-Multimedia codec, stereo 16-bit A/D
and D/A, microphone gain, headphone
driver, A-law/m-law option.

CS4216 -Multimedia codec, stereo 16-bit A/D
and D/A programmable input gain and
output volume control

CS4231/31A - Parallel (ISA/EISA) interface
multimedia codec, stereo, 16-bit A/D and
D/As,ADPCM, MPC mixer, on-chip
FIFOs, full-duplex operation, 16-mA bus
driver; pin-compatible upgrade to CS4248.

CS4248 - Parallel (ISA/EISA) interface
multimedia codec,stereo, 16-bit A/D and
D/As, on-chip FIFOs, analog- and
digital-mixing capability

DSP Audio

CS4920 - Audio decompression with integrated
stereo DAC and clock manager




AUDIO

PRODUCT OVERVIEW

Music Synthesis Products

Crystal Semiconductor offers two high-perform-
ance wavetable music synthesizer products.
These digital signal processor (DSP)-based de-
vices offer sound-generation capabilities
typically found only in professional-quality key-
boards and electric pianos. The CS8905 and
CS9203 are ideal for applications such as music
keyboards, karaoke equipment, arcade games,
MIDI sound modules and personal computer
(PC) add-in boards.

Several complete system solutions are available
from Crystal. First, the CS8905 may be used as
a General MIDI-compatible synthesizer (16-note
polyphony, 16-part multitimbral) with a 1-Mbyte
wavetable sample set, suitable for cost-sensitive
applications such as PC add-in boards. A high-
polyphony, multi-timbral version may be
implemented using the CS9203; this solution
performs General MIDI-compliant music synthe-
sis (24-note polyphony, 16 timbres), with either
2 or 4 Mbytes of wavetable sample data supplied
under license by Crystal. The CS8905 can op-
tionally be used with the CS9203 as a
programmable effects processor, performing Ro-
1and® Sound Canvas (GS)-compatible reverb
and chorus.

Products: For data sheets, call (512) 445-7222

CS8905 - Programmable Music Processor
CS9203 - Advanced Music Synthesizer

CRD9203R - CS8905/9203-Based System
Solution




COMMUNICATION

PRODUCT OVERVIEW

TI1/E1 Products

Crystal Semiconductor offers a broad family of
low-power CMOS PCM line interface circuits,
with each device optimized for a unique system
application. The CS61535A, CS61574A,
CS61575 and CS61584 are recommended for
use in new designs.

Crystal Semiconductor’s leadership continues
with the-best in-class: transmission-line imped-
ance matching, short-circuit current limiting,
pulse shapes, jitter attenuation, jitter tolerance
and low power consumption. Our CS2180B T1
Transceiver is a perfect companion to our T1
line interface ICs. This device handles encoding
and decoding of all T1 frame formats (D4,
SLC96, TIDM, and ESF).

Products: Datasheets are in this databook

CS2180A/B - T1 framers

CS61304A - T1/E1 Line Interface. Enhanced,
drop-in replacement for LXT304.

CS61305A - T1/E1 Line Interface. Enhanced,
drop-in replacement for LXT305.

CS6152 - Low-power T1 Analog Line Interface
for use with external clock recovery circuits

CS61534 - T1/E1 Line Interface Unit

CS61535/35A - Low-power T1/E1 Line
Interface with transmit-path jitter
attenuation.

CS61544 - T1 Line Interface unit
CS61574 - T1/E1 Line Interface unit

CS61574A/75 - Low-power T1/E1 Line
Interface with receive-path jitter
attenuation.

CS61577 - T1/E1 Line Interface. Enhanced,
drop-in replacement for CS61574.

CS6158/58A - T1/E1 Line Interface

CS61584 - Low-power, highly-programmable,
dual-channel, 3.3V & 5V, T1/El Line
Interface

DTMF Receiver

The CS8870 DTMF receiver is compatible with
industry-standard 8870 devices.

Product: Datasheet is in this data book

CS8870 - DTMF Receiver with adjustable
receive sensitivity and detection/release
times.
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PRODUCT OVERVIEW

LAN Products

Crystal Semiconductor offers a complete Eth-
ernet hardware solution, consisting of the
CS8900 ISA-bus, 10BaseT controller (with AUI
port), and the CS83C92C coaxial-cable trans-
ceiver.

The CS8900 is a low-cost Ethernet LAN Con-
troller optimized for ISA Personal computers. Its
highly-integrated design eliminates the need for
costly external components required by other
Ethernet controllers. The CS8900 includes on-
chip RAM, 10Base-T transmit and receive
filters, and a no-glue ISA-Bus interface with 24
mA drivers.

The CS8900’s patented PacketPageTM architec-
ture automatically adapts to changing network
traffic patterns and available system resources.
the result is increased system efficiency and
minimized CPU overhead.

Crystal is the first company to bring the benefits
of low-power CMOS technology to Eth-
ernet/Cheapernet transceivers. The CS83C92C
uses up to 40 percent less power than the
DP8392A and DP8392B. This translates into in-
creased reliability and compatibility with
surface-mount technology. The CS83C92C is the
first Ethernet transceiver that is fully compliant
with ISO/IEEE 802.3.

Products: Datasheets are in this databook.

CS8900 -ISA-bus Ethernet Network Interface
Controller

CS83C92A/C - IEEE 802.3-compatible CMOS
coaxial transceiver interface

Voiceband & Baseband Products

Crystal Semiconductor offers a broad variety of
technology for processing voiceband and radio
baseband signals. The CS645x series of products
are representative of Crystal’s ability to apply its
delta-sigma converter technology to specific
communication applications. Crystal will de-
velop custom codec circuits for high-volume
applications.

The CS6450 supports CDPD and TDMA cellular
phones, and provides a baseband interface be-
tween a DSP and a radio module.

The CS6453 supports high-performance mo-
dems, and provides a voiceband interface
between a DSP and a direct access arrangement.

Products: Datasheets are in this databook.

CS6450 - 1&Q Baseband codec for
AMPS/TDMA/CDPD applications

CS6453 - Low-cost, single-channel, alternating
voice/data codec for V.34/V.17 modem
applications

1-6



COMMUNICATION

PRODUCT OVERVIEW

Personal Communication

Crystal Semiconductor is a leading supplier of
mixed-signal technology to the new and emerg-
ing Personal Digital Assistant and personal
communications marketplaces, offering both
standard off-the-shelf, and custom/customer spe-
cific integrated circuits.

Crystal’s first standard product is the CS8130
Multi-Standard Infrared Transceiver. The
CS8130 adds an IR port to a standard UART,
and implements the IrDA physical-layer. Other
standards supported are HP-SIR, ASK and TV
remote. The computer data port is standard
UART TxD and RxD compatible, and operates
from 1200 to 115200 baud. The CS8130 uses an
external PIN diode and transmit LED.

Crystal’s technology portfolio includes all of the
building blocks required for PDA mixed-signal
controllers. These technologies include audio
codecs, radio baseband codecs, screen digitizers,
clock generators, phase-lock loops, and DC-
measurement ADCs. Crystal will design custom
PDA controllers for high-volume opportunities.

Products: Datasheets are in this databook.

CS8130 -Multi-Standard infrared transceiver for
IrDA, HPSIR, ASK and TV-remote
applications.

Echo Cancellation

The CS6400 and CS6401 are voiceband echo
cancellation products which can be used in full-
duplex speakerphones, cellular phones, base
stations, personal digital assistants, video-tele-
conferencing and long-distance telephone lines.
These circuit contain embedded, low-cost, appli-
cation-specific DSPs, and can cancel up to 64
ms of acoustic or network echo.

Products: Datasheets are in this databook.

CS6400 - Low-cost, echo-canceling codec with
integrated DSP, linear codec, and program
ROM.

CS6401 - Programmable echo-canceller, with
external program ROM.




DATA ACQUISTION

General Purpose A/D Converters

Crystal’s general-purpose ADCs are more accu-
rate and stable than any previously available.
Traditional data converters required regular
equipment calibration by service technicians to
adjust for drift in analog components. Integrated
digital correction architectures make Crystal’s
SMARTAnalog products self-calibrating, dra-
matically reducing maintenance requirements.
For example, the CS5030 has a Total Unadjusted
Error of 1 LSB and a reference tempco of
1ppm/°C over the -55° C to 125°C temperature
range.

Products: For data sheets, call (512) 445-7222

CS5012A/4/6 - 12/14/16-bit, self-calibrating
A/D converters

CS5030/1 - 12-bit, 500 kHz absolute-accurate
A/D converters

CS5032- 12-bit, 500 kHz A/D converter

CS5101A/2A - 16-bit, 100/20-kHz sampling
A/D converters

CS5317 - 16-bit, 20 kHz oversampling A/D
converter

CS5412 - 12-bit, 1 MHz A/D converter
CS5480 - 10-bit, 40 MHz A/D converter
CS5490 - 12-bit, 20 MHz A/D converter

CS7870/5 - 12-bit, 100 kHz sampling A/D
converters

PRODUCT OVERVIEW

Measurement A/D Converters

Low-frequency measurement devices based on
’delta-sigma’ architectures are a new type of
ADCs pioneered by Crystal. These
SMARTAnalog devices combine data conversion
with on-chip digital signal processing to perform
sophisticated filtering of the analog input. The
result is a single device that replaces a signifi-
cant amount of expensive discrete analog glue
circuitry used for signal conditioning. Manufac-
turers of industrial data-acquisition systems are
saving money by using a separate measurement
ADC for each analog input channel. Previously,
such systems would have used a single very-
high-speed ADC centralized to process many
input channels.

Products: For data sheets, call (512) 445-7222

CS5321 - High-dynamic-range delta-sigma
modulator

CS5322/23 - 24-bit variable bandwidth A/D
converter chipset

CS5324 - 120 dB A/D converter

CS5501/3 - 16/20-bit, measurement A/D
converter

CS5504 - 20-bit, two-channel A/D converter
CS5505/6/7/8 - 16/20-bit, A/D converters
CS5509 - 16-bit, low-cost A/D converter

CS5516/20 - 16/20-bit, bridge transducer A/D
converter

1-8
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COMPANY INFORMATION

Crystal’s proprietary SMART Analog™ design technique, incorporating analog and digital circuitry in
monolithic CMOS devices, represents a powerful new technology in the semiconductor industry. This
innovative approach to design eliminates many of the sources of inconsistent performance in traditional
analog circuitry.

Maximum system performance is built-in from initial research on end-user requirements through product
definition. Product quality and reliability is designed into the device architecture and is further assured
through rigorous standards for fabrication, assembly and testing. Crystal’s part numbering scheme is as
follows:

CSLXXXX - TPNNH/R

DEVICE REVISION: DOES NOT APPEAR HERE ON PACKAGE MARK.
REVISION IS COVERED IN DATE CODE STAMP.
USED ONLY FOR ORDERING/TRACKING.

SPECIAL HANDLING, ALPHA ONLY A-COMMERCIAL HIGH-REL (160 HOUR
BURN-IN AT 125 °C OR EQUIVALENT)
B-MILITARY 883B PROCESSING

ELECTRICAL OR SPEED SPECIFICATION. (OPTIONAL) UP TO 2
NUMBERIC DIGITS. NO ALPHA CHARACTERS. SEE DATA SHEET

PACKAGE CODE -REQUIRED, ALPHA CHARACTER ONLY, NO NUMERICS

P = PLASTIC DIP §=0.3"S0IC

C = CERAMIC SIDEBRAZE E = CERAMIC LCC

D = CERDIP J = J-LEAD CERAMIC CHIP CARRIER

L= PLASTIC LEADED CHIP CARRIER, J-LEAD G = GULLWING CERAMIC CHIP CARRIER
U = UNPACKAGED DIE Q =PLASTIC QUAD FLATPACK

TEMPERATURE SPECIFICATION - REQUIRED, ALPHA CHARACTER ONLY
SIGNAL CONDITIONING/COMMUNICATION:

C=0°Cto70°C

| =-40°Cto 85°C

M=-55°Cto125°C

TEMPERATURE/ACCURACY - REQUIRED, ALPHA CHARACTER ONLY

DATA ACQUISITION:
TEMPERATURE ACCURACY

GOOD BETTER BEST
0°Cto70°C J K L
-40°Cto°85C A B Cc
-65°Ct0°125C ) T U

UP TO FOUR ALPHANUMERIC DIGITS COMPRISE REMAINDER OF BASIC PART NUMBER

CRYSTAL PRODUCT LINE (PROPRIETARY PARTS; SECOND-SOURCE PARTS HAVE EXCEPTIONS):
3 = DATA ACQ. SUPPORT CIRCUITS

42 = CODECS

43 = D/A CONVERTERS

5 = A/D CONVERTERS

6 = TELECOMMUNICATIONS

7 = SIGNAL CONDITIONING

8 = DATA COMMUNICATIONS

CRYSTAL SEMICONDUCTOR

"CS" = ALL CRYSTAL PRODUCTS EXCEPT FOR

“CXT" = QUARTZ CRYSTALS

"CDB" = EVALUATION BOARDS

"CX" = CUSTOM PRODUCTS

"CRD" = REFERENCE DESIGNS REV6
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In addition to the part number, all Crystal parts have a second line of marking, which can be decoded as
follows:

(FAT)LLRYYWW(RF)

l\FOUNDRY DESIGNATOR - SECOND DIE (DUAL DIE PKGS ONLY)
DEVICE REVISION LEVEL - SECOND DIE (DUAL DIE PKGS ONLY)
ASSEMBLY DATE CODE
DEVICE REVISION LEVEL
LOT IDENTIFICATION

— TEST SITE DESIGNATOR

— ASSEMBLY SITE DESIGNATOR NOT USED ON SMALL PACKAGES

— FOUNDRY DESIGNATOR

LOT CODE IDENTIFIER - TWO DIGIT ALPHA CHARACTER.
IDENTIFIER SEQUENCE WILL BEGIN WITH
AA, AB, AC, ETC. EACH LOT WILL RECEIVE
A UNIQUE IDENTIFIER REGARDLESS OF
DEVICE OR START DATE. SEQUENCE
BEGINS AGAIN WITH AA WHEN ZZ HAS
BEEN UTILIZED.

COMPANY BACKGROUND

Crystal Semiconductor Corporation was founded in 1984 with the goal of supplying the industry with
high-performance, mixed analog/digital CMOS circuits. In 1991, Crystal became a wholly owned sub-
sidiary of Cirrus Logic.

To meet its objectives, Crystal recruited a staff of renowned CMOS analog design engineers, a scarce
resource in the industry, and teamed them with designers trained in system architecture development.

By coupling this design staff with highly qualified application and test engineers and seasoned manage-
ment, Crystal has achieved several industry firsts. Systems designers now benefit from the performance
and cost savings of Crystal breakthroughs such as self-calibrating ADCs, monolithic T1 interfaces and the
industry’s first implementations of "delta sigma" oversampling A-to-D converters.

Headquartered in Austin, Texas, Crystal sells its products worldwide through a network of manufacturer’s
representatives. Crystal’s entire marketing and sales organization is committed to providing quality prod-
ucts and reliable, rapid service.

1-10



r g Y i1l 4 4 /14
I __4 o Wiy /|
NN AyA N NNy

QUALITY AND RELIABILITY INFORMATION

QUALITY AND RELIABILITY INFORMATION

Crystal Semiconductor is committed at every
level of the company to the highest possible
standards of quality and reliability in its products.
This commitment is evident in all phases of op-
erations: initial product definition, design, fabri-
cation, assembly, test, qualification and customer
service. Product quality and reliability are active
concemns of each Crystal employee. Quality is in-
grained in every operation throughout the product
life cycle. Some of the key operations are dis-
cussed below.

In Product Definition

To ensure maximum system performance,
Crystal works with users to identify and quantify
the parameters, including quality and reliability
issues, that best serve customer needs. Quality
and reliability become part of the design goals,
along with electrical performance and cost.

In Design

Conservative CMOS design rules are the basis
for all current Crystal products. In addition, ex-
tensive use is made of proven standard cells to
drastically reduce the possibility of design errors.

Each pin in every SMART Analog product is de-
signed to meet ESD levels of at least 2500V
when tested per MIL STD 883, Method 3015.
Each pin is also designed to withstand more than
200mA of DC latch current.

Crystal SMART Analog design architectures pro-
vide quality and reliability comparable to leading
digital devices and memories. This is far superior
to traditional analog ICs and hybrids. On-chip
digital error correction provides stable perform-
ance over time and temperature by taking advan-
tage of digital controls that are insensitive to
parametric analog problems such as leakages and
shifts in threshold voltage. Using Crystal devices,
designers have fewer error sources to consider.

The result is a less complicated, more reliable
system.

In Fabrication and Assembly

Crystal ensures reliable delivery of quality parts
by accessing established foundries in multiple lo-
cations worldwide. Each fabrication facility is
qualified by Crystal. Assembly is performed both
domestically and offshore under carefully docu-
mented and well-controlled conditions.

Wafer fabrication and assembly processes
undergo in-line quality inspections. Wafers are in-
spected optically to guidelines based on MIL
STD 883, Method 2010, Class B. Each die is
electrically tested using proprietary test circuits
that verify key parameters. Following assembly,
packages are subjected to a variety of mechanical
inspections to verify integrity and insure high
quality. (For example, x-ray inspection to 3.0 per-
cent LTPD is one of the standard production
tests.)

In Test

In a break from traditional analog components,
Crystal’s SMART Analog products include basic
test capabilities designed into each chip. Crystal’s
in-process quality assurance program uses this
designed-in testability to monitor and track the
performance and quality of these complex cir-
cuits. Finished packaged components are tested
100 percent electrically, over temperature where
critical parameters are involved. With these ex-
tensive quality programs, Crystal guarantees out-
going electrical quality levels on all data sheet
specifications to a 0.065 percent AQL level over
the full specified temperature range.

Throughout the assembly and test phases, trace-
ability to the original wafer lot is carefully main-
tained.

Q&R1




QUALITY AND RELIABILITY INFORMATION

In Product Qualification

Before any Crystal product is released to produc-
tion and shipped in volume, it must undergo a
thorough qualification program. Crystal has sepa-
rate qualification criteria to address both long-
term reliability and infant mortality so that the
sources of failure are identified and eliminated.
Crystal uses military specifications as the guide-
lines for reliability tests, methods and procedures.
(See Qualification Criteria Table)

To ensure reliability of the design and processes,
full qualification requires that three non-consecu-
tive lots are used during the qualification pro-
gram. Fabrication and assembly facilities are
audited every six months and routinely moni-
tored. Any major design or process changes are
re-qualified.

These steps guarantee that Crystal products main-
tain the high standards of reliability designed-in
from the start.

In Customer Service

Compliance with purchasing requirements is en-
sured through the use of Crystal’s computerized
system "Compass" (Crystal On-line Marketing,
Production, and Sales System). This processing
system ensures that all orders are entered cor-
rectly, scheduled properly, produced according to
schedule, and shipped with zero discrepancies.

All -systems and procedures at Crystal
Semiconductor are aimed at continuously
improving the quality and reliability of our prod-
ucts and services to meet the needs of our cus-
tomers.

Crystal’s philosophy on quality is to anticipate
problems and develop systems and controls to
alleviate possible problems. It is a well stated fact
by Juran and Deming, two of the nation’s fore-
most experts on quality, that 85% of all quality
problems are system related and 15% are worker

related. Therefore, Crystal devotes its major qual-
ity efforts toward preventing system related qual-
ity problems.

Crystal has a very aggressive audit program in
place. Monthly internal audits are performed to
insure compliance to the extensive documentation
of instructions and criteria for testing and inspec-
tion. Semi-annual vendor audits are performed on
the assembly and fabrication foundries. Vendor
audits insure the adequacy and compliance of
specifications, product flow, training, process
controls and cleanliness. All internal and external
audits have provisions for ratings and a system
for corrective action requirements. These frequent
audits by assembly, fabrication and quality engi-
neers maximize system quality compliance.

As an added measure of continued high quality
from assembly and -fabrication foundries, thor-
ough incoming inspections are performed. Wafer
level optical inspection is based upon guidelines
of MIL STD 883, METHOD 2010, Class B. Test
die are electrically tested to verify compliance to
key process parameters based upon design rule
specifications. These electrical parameters include
threshold voltages, breakdown voltages, material
resistance, and contact resistance. Assembly
packaging inspection includes external visual,
marking permanency, solderability, x-ray, her-
meticity, die shear, wirepull and internal visual.

Preventive measures are very much in force in
the final test area. Equipment calibration and pre-
ventive maintenance procedures are strictly ad-
hered to. Handling procedures for Electrostatic
Discharge are in place throughout the test areas.
Non-conforming material is segregated until dis-
position by a material review board. There are
controlled procedures for releasing new test pro-
grams and new test equipment to the production
environment. In summary, Crystal Semiconductor
is committed to meet the quality requirements of
its customers.

1-12
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lification Criteria Tabl

Quality Performance

Outgoing Quality (elec./vis-mech/ship.)
Fault Coverage (Digital)

Datasheet Test Coverage (Digital)
Datasheet Test Coverage (Analog)
ESD - Human Body Model

ESD - Machine Model

Latchup - Power Supply1

Latchup - 1o’

Reliability Perf
Infant Mortality (48hrs @ 125°C or equiv.)?
Early Life (168hrs@125°C or 1yr. equiv.)3

Operating Life (1000hrs@125°C or 10yr, equiv.)3 :

Moisture Performance
Moisture Resistance - THB (plastic pkgs)
Autoclave (plastic pkgs)

Mechanical Performance

Temp Cycle (plastic pkgs)

Thermal Shock (plastic pkgs)

Temp Cycle w/ Hermeticity (hermetic pkgs)
Thermal Shock w/ Hermeticity (hermetic pkgs)
Soak &VPR (surface mount plastic pkgs)
Xray

Dimensions

Solderability

Lead Integrity & Lead Pull

Mark Permanency

Product Integrity

Design Rule and LVS Checks
Design for Reliability & Packaging
Product Characterization

Test guardbands

Construction Analysi
Wafer cross section & topo
SEM metallization
Package

Notes: 1. at High Temperatures (exc. Lev.lV)
2. Point Estimate

3. 55°C, 0.7eV, 60%UCL

4

5

. #fails/n

QUALITY AND RELIABILITY INFORMATION
e s e S

. LTPD and AQL criteria in table above apply to each lot tested.
CUM LTPD and AQL numbers are also required for Level |I:
Individ .

5% LTPD
3% LTPD
2.5% AQL

World
,,,,,,,,,,,,,,,,, Production Production  Class
..... Method KNI Level |
: Crystal Spec. | 2500 1500 500
: n/a n/a 95%
Datasheet 100% 100% 100%
Datasheet 100% 100% 100%
MIL 3015 1500 2000 4000
MIL3015 - - 300
JEDEC 17 | Vcc+1V  Vee+50%  Vee+50%
. JEDEC17 | 450 100 4200
MIL 1005 - - 1000
MIL 1005 1/167* 500 300
. MIL 1005 500 300 100
. JEDEC 22B | 500/5% 1k/5% 1k/3%
- JEDEC 22B | 96/5% 144/5%  144/3%
MiL 1010 500/5% 1k/5% 1k/3%
- MiL1011 200/5%  500/5% 1k/3%
- MIL1010/14 | 500/5% 1k/5% 1k/3%
© MIL1011/14 | 200/5%  500/5% 1k/3%
: Crystal Spec. 3/5% 3/3% 31%
: Crystal Spec. | 2.50% 2.50% 0.65%
. MiL2016 2.50% 2.50% 0.65%
MIL 2003 2.50% 2.50% 0.65%
MiL 2004 2.50% 2.50% 0.65%
© o MIL2015 | 2.50% 2.50% 0.65%
: Crystal Spec. yes yes yes
- Crystal Spec. yes yes yes
: Crystal Spec. | limited full statistical
- Crystal Spec. | some 100% 100%
- Crystal Spec. yes yes yes
MIL 2018 yes yes yes
: Crystal Spec. yes yes yes
3% LTPD
1% LTPD
1.0% AQL

6. Individual product performance may be obtained by contacting a Crystal Sales Representative.

Units

DPM
%
(yo
%

<< <

mA

DPM
FITS
FITS

hrs/%LTPD per lot®
hrs/%LTPD per lot®

#cy/%LTPD per lot®
#cy/%LTPD per lot®
#cy/%LTPD per lot®
#cy/%LTPD per lot®
#cy/%LTPD per lot®
%AQL per lot®
%AQL per lot®
%AQL per lot®
%AQL per lot®
%AQL per lot®

Q&R1
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ETHERNET/CHEAPERNET IC’s

INTRODUCTION

Crystal Semiconductor offers a complete Eth=
ernet hardware solution, consisting of the
CS8900 ISA-bus, 10BASE-T controller (with
AUI port), and the CS83C92C coaxial-cable
transceiver.

CS8900 Ethernet Controller

The CS8900 is a low-cost Ethernet LAN Con-
troller optimized for ISA PC motherboards. Its
highly-integrated design results in the industry’s
smallest-footprint solution. The small footprint
results from the 14mm by 14mm 100-pin TQFP
package, and through the elimination of external
components. The CS8900 includes on-chip
RAM, 10BASE-T transmit and receive filters,
and a no-glue ISA-Bus interface with 24 mA
drivers. In addition to saving cost and board
space, the internal filters simplify the task of
achieving FCC Part 15 Class B certification.

Crystal provides a complete -set of certified
CS8900 drivers for all major operating systems
and network operating systems. Motherboard ap-
plications are further supported by the following
leadership performance-oriented features: ad-
vanced power mana%ewment, full-duplex opera-
tion, Stream Transfer  ~, and DMA-auto-switch.
The CS8900’s patented PacketPageTM architec-
ture automatically adapts to changing network
traffic patterns and available system resources.
The result is increased system efficiency and
minimized CPU overhead.

CONTENTS

CS83C92A/C Coaxial Transceiver Interface

CS8900 Highly-Integrated ISA Ethernet Controller

CS83C92 Ethernet Transceiver

~ Crystal is the first company to bring the benefits

of low-power CMOS technology to Eth-
ernet/Cheapernet transceivers. The CS83C92C
uses up to 40 percent less power than the
DP8392A and DP8392B. This translates into in-
creased reliability and compatibility with sur-
face-mount technology. The CS83C92C is the
first Ethernet transceiver that is fully compliant
with ISO/IEEE 802.3.

2-17
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Semiconductor Corporation CS83C92C

Coaxial Transceiver Interface
Features General Description

. . The CS83C92 Ethernet Transceiver interfaces an Eth-
® Implemented in High Voltage, Low ernet or Cheapernet Local Area Network (LAN) to a
Power CMOS LAN Adapter board, and may be located up to 50 me-

° Compatible with National’s DP8392A ters from the station equipment. The Transceiver
operates with the Crystal LAN components CS8005

® CS83C92C is Compliant With Ethernet Data Link Controller and the CS8023A Man-
ISO/IEEE 802.3 10Base5 (Ethernet) chester Code Converter. The CS83C92A is fully
and 10Base2 (Cheapernet) compatible with the DP8392A but the CS83C92A is
® All Transceiver Functions Integrated built in CMOS technology (hence the 83"C"92). The
Except Signal and Power lsolation CS83C92C is a higher performance grade which is

. . . compliant with IEEE 802.3 specifications.
® Squelch Circuitry Rejects Noise
For Ethernet applications, the CS83C92 is mounted on

® CD Heartbeat Ex?emal_ly Selectable the COAX cable, and connects to the station equip-
AlIOWing Operation with IEEE 802.3 ment via an AUl cable. In a Cheapernet network, the
Compatlble Repeaters CS83C92 is usually mounted on the LAN adapter card
® Receive & Transmit Mode Collision in the station equipment where it connects to the thin
Detection COAX through a BNC connector.
H i ORDERING INFORMATION:
¢ Slt:aLngca:rd 16-pin DIP Package & 28 pin | cogacopn.cp  PDIP | CSE3CO2C.CP PDIP

CS83C92A-CL  PLCC CS83C92C-CL PLCC

corx DIFFERENTIAL

o RECEIVER LINE DRIVER
EQUALIZER

A | AND AMPLIFIER

BX+ pecenve

Rx. PAR

IDLE

DETECTION

RECEIVER ENABLE
SQUELCH

DATA
BUFFER

RXI

COLLISION

RR+

FILTER
cDs L aias 1«

REFERENCE
BUFFER

RR-
COLLISON TEST
GENERATOR

JABBER
TIMER

HBE

10 MHz
OSCILLATOR

DIFFERENTIAL

D¢ coLLision
™0 lc

b PAR

|

l |
\ LOWPASS
|

P

|

|

|

|

\

|

TRANSMITTER LINE DRIVER

4 GND
| TX+ T
RANSMIT
TRANSMITTER

J x. PAR ‘

VEE DTE INTERFACE |

!
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ABSOLUTE MAXIMUM RATINGS

Parameter Symbol " Min Max Units
DC Supply (referenced to ground) VEE - -12.0 Vv
Package Power Rating at 25°C (Note 1) Pp - 3.5 W
Input Voltage (All pins except RXI) ViN GND +0.3| VEE-0.3 v
Input Voltage on RXI VIN GND + 0.3 -12 \"
I/O Current (RXI, RR+, TX+, TX-, CDS, HBE) lout - +10 mA
(TXO) - +10/-100 mA
(Note 2) (CD+, CD-, RX+, RX-) - +40/-10 mA
Ambient Operating Temperature TA 0 70 °C
Storage Temperature Tstg -65 150 °C
ESD Protection (All pins) 1000 - \'

WARNING: Operation at or beyond these limits may result in permanent damage to the device.
Normal operation is not guaranteed at these extremes.
Notes: 1. Plastic DIP package only, package is PC board mounted. Derate at the rate of 28.6 mW/°C.
2. Transient currents of up to 200mA will not cause SCR latch-up.

CS83C92A ELECTRICAL CHARACTERISTICS (1A = 0° to 70°C, VEE = -9.0V +5%,
GND = 0V, CD+, RX+ pull downs = 510Q)

Parameter Symbol Min Typ Max Units
Recommended Supply Voltage VEE - -9.0 - \
Supply Current (VEe to GND) Nontransmitting| ~ Ieg - -55 -70 mA

. Transmitting - -100 -120 mA
Receiver Input Bias Current (RXI) IRxI -2 - +25 A
Transmitter Output DC Current (TXO) Itbc 37 41 45 mA
Transmitter Output AC Current (TXO) Itac +28 - IToc mA
Collision Threshold (Receive Mode) Vep -1.45 -1.53 -1.58 \
Differential Output Voltage (RX+, CD+) (Note 3) Vobp +475 - +1200 mV
DC Common Mode Output Voltage (RXt, CD+) (Note 4) Voc - -2.0 - \Y
Idle State Differential Offset Voltage (RX+, CDt) VoB - - +40 mV
Transmitter Squelch Threshold (TX1) (Note 5) VT1s -175 -225 -300 mV
RXI Capacitance Cx - 1.2 - pF
Shunt Resistance - Nontransmitting (RXI) RRxi 100 - - kQ
Shunt Resistance - Transmitting Rtxo 10 - - kQ

Notes: 3. Improved Spec. as required to meet ISO/IEEE 802.3 specifications.
4. Voc has no impact on system performance since twisted pairs are transformer isolated.

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

2-4 DS79F3
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CS83C92C ELECTRICAL CHARACTERISTICS (1A = 0° to 70°C, VEE = -9.0V 5%,
GND = 0V, CD+, RXt pull downs = 510Q)

Parameter Symbol Min Typ Max Units
Recommended Supply Voltage VEE - -9.0 - \
Supply Current (Vee to GND) Nontransmitting (=3 - -55 -65 mA

Transmitting - -100 -120 mA
Receiver Input Bias Current (RXI) IRxI -2 - +25 A
Transmitter Output DC Current (TXO) Itbc 37 41 45 mA
Transmitter Output AC Current (TXO) Itac +28 - Itoc mA
Collision Threshold (Receive Mode) Vcbp -1.45 -1.53 -1.58 \
Differential Output Voltage (RX+, CDz) (Note 3) Vob +550 - +1200 mV
DC Common Mode Output Voltage (RX+, CD+) (Note 4) Voc - -2.0 - \Y
Idle State Differential Offset Voltage (RX+, CD+) Vos - - +40 mV
Transmitter Squelch Threshold (TX+) (Note 5) VTs -175 -225 -300 mV
Tap Capacitance (Note 6) Cx - 1.2 4 pF
Shunt Resistance - Nontransmitting (RXI) RRxI 100 - - kQ
Shunt Resistance - Transmitting RTxo 10 - - kQ
Current Sink Limit (-10 V on coax) (Notes 3, 6) It10 - - +250 mA
Harmonic Content Relative to Fundamental (Note 7)
2nd and 3rd Harmonics -20 - - - dB
4th and 5th Harmonics -30 - - - dB
6th and 7th Harmonics -40 - - - dB

Notes: 3. Improved Spec. as required to meet ISO/IEEE 802.3 specifications.
4. Voc has no impact on system performance since twisted pairs are transformer isolated.
5. For a minimum pulse width of > 40 ns.
6. Measured with external diode in place (between coax center conductor and TXO pin). The maximum
diode capacitance is 1pF. Tap capacitance guaranteed by characterization.
7. Guaranteed through characterization, and production measurement of rise and fall times.

DS79F3 2-5 !
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RECOMMENDED OPERATING CONDITIONS

Parameter Min Typ Max Units
DC Supply Voltage, VEE (GND = 0V) 8.55 - 9.45 Vv
Operating Temperature 0 - 70 °C
RRz Resistor 990 - 1010 Q
CS83C92A SWITCHING CHARACTERISTICS (Ta = 0° to 70°C, VEE = -9.0 V 5%,
GND = 0V, CD+, RXt pull downs = 510Q)
Parameter Symbol Min Typ Max Units
Receiver Startup Delay (RXI to RXt) tRoN - 4 5 bits
Receiver Propagation Delay (RXI to RXt) tRd - 15 50 ns
Differential Outputs Rise Time (RXt, CD#) tRr - 7 ns
Differential Outputs Fall Time (RX+, CDt) tRf - ns
Receiver and Cable Total Jitter tRJ - +2 - ns
Transmitter Start-up Delay trsT - 1 - bits
Transmitter Propagation Delay tTd - 25 50 ns
Transmitter Rise Time - 10% to 90% (TXO) tTr 20 25 30 ns
Transmitter Fall Time - 10% to 90% (TXO) Tt 20 25 30 ns
ttr and t1f Mismatch t™™ - 0.5 - ns
Transmitter Skew (TXO) ) (Note 8) trs - +0.5 - ns
Transmit Turn-on Pulse Width at VTs (TX:) (Note 9) tron - 20 40 ns -
Transmit Turn-off Pulse Width above VTs (TX%) tToFF - 250 - ns
Collision Turn-on Delay tcoN - 7 - bits
Collision Turn-off Delay tcorF - - 20 bits
Collision Frequency (CD%) fcp 8.0 - 12.5 MHz
Collision Pulse Width (CDz) tcp 35 - 70 ns
CD Heartbeat Delay (TX+ to CD+) tHON 0.6 - 1.6 us
CD Heartbeat Duration (CDz) tHw 0.5 1.0 15 us
Jabber Activation Delay (TX+ to TXO and CD#) tA 20 29 60 ms
Jabber Reset Timeout (TX+ to TXO and CD+) R 250 500 750 ms

Notes: 8. Difference in propagation delay in outputing a positive edge as opposed to a negative edge.

9. For minimum pulse amplitude of > -300mV.
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CS83C92C SWITCHING CHARACTERISTICS (Ta = 0° to 70°C, VEE = -9.0 V 5%,
GND = 0V, CD+, RX+ pull downs = 510Q)

Parameter Symbol Min Typ Max Units
Receiver Startup Delay (RXI to RX%) tRON - 4 5 bits
Receiver Propagation Delay (RXI to RX+) tRd - 15 50 ns
Differential Outputs Rise Time (RX+, CD+) (Note 3) tRr - 4 7 ns
Differential Outputs Fall Time (RX+, CD1) (Note 3) trf - 4 7 ns
Receiver and Cable Total Jitter (Note 10) tRJ - +2 +6 ns
Transmitter Start-up Delay (Note 3) trsT - 1 2 bits
Transmitter Propagation Delay trd 5 25 50 ns
Transmitter Rise Time - 10% to 90% (TXO) (Note 3) trr 20 25 30 ns
Transmitter Fall Time - 10% to 90% (TXO) (Note 3) tre 20 25 30 ns
ttr and tTf Mismatch (Note 3) tT™ - 0.5 2.0 ns
Transmitter Skew (TXO) (Note 8, 10) trs - +0.5 +2 ns
Transmit Turn-on Pulse Width at Vs (TX4) (Note 9) tTton 15 20 40 ns
Transmit Turn-off Pulse Width above V1s (TXt) (Note 11) | tToFF 200 - - ns
Collision Turn-on Delay (Note 3) | tcon - 7 13 bits
Collision Turn-off Delay tcorF - - 20 bits
Collision Frequency (CDz) fcp 8.5 - 11.5 MHz
Collision Pulse Width (CDx) tcp 40 - 60 %
CD Heartbeat Delay (TX+ to CD%) tHON 0.6 - 1.6 us
CD Heartbeat Duration (CD+) tHw 0.5 1.0 15 us
Jabber Activation Delay (TX+ to TXO and CD+) tua 20 29 60 ms
Jabber Reset Timeout (TX+ to TXO and CDz) R 250 500 750 ms

Notes: 10. Maximum spec guranteed by design and characterization.
11. Represents 802.3 requirement for IDL condition. CS83C92 will recognize IDL condition in the
range of 130ns to 200ns.

DS79F3 2-7 ‘



r 4 Yy i1r 2 42 /4
N 4 . vy /i

ENNaY ey N NN CS83C92A/CS83C92C
= L
TORXI

RX+ "Y ro " + I‘_tmso"/ //
o) /_\%F‘\ﬁ%/; \ ]
tre

Figure 1. Receiver Timing

TX+
TX-
TXO
OUTPUT
tn tr
Figure 2. Transmitter Timing
INPUT oV .
TORXI N —Vep (max) Vep (min) |~ i
J— {
ATV — |— —-68v '
tCON > le1sf cD -»| klcp teorr

@ — iR —

Figure 3. Collision Timing and Test Ciruit

TX+

TX- |

r——* tHon > thw **‘—"[
|

CD+ \

CD-

Figure 4. Heartbeat Timing

2.8 " DS79F3



i AT
et — |

e [MIIIOOOL |

o I

Figure 5. Jabber Timing

39 Q

X0 RECEIVER (Rxz)
TRANSMITTER & 50 uH*
OUTPUT 25  COLLISION (CDs) "
OUTPUTS . .
39 Q
— 510 Q 510 Q
*50 wH inductor for test
purposes. Pulse transformers

VEE with higher primary
inductance are recommended.

Figure 6. Test Loads

DS79F3 29



ANY D N N A A N
N e W N Ews
L Z 07 J B N// 4

CS83C92A/CS83C92C

e P e

THEORY OF OPERATION

The CS83C92 interfaces the LAN station
equipment to an Ethernet or Cheapernet
COAX cable. The CS83C92 transmitter pro-
vides the current drive and pulse shaping
required to drive signals onto the COAX, as well
as squelch for signals received from the transmit
pair, TX+. The receiver section provides equaliza-
tion and squelch for signals on the COAX.
Collisions are continually monitored and indicated
by a 10MHz clock output on the CDz pair. The
device also has a jabber timer which disables the
transmitter and signals the DTE if packets longer
than the legal length are transmitted.

In an Ethernet LAN, the CS83C92 mounts on the
COAX cable, and connects to the station equip-
ment through a transceiver drop cable (AUI cable).
The transceiver drop cable can be up to 50 meters
long. For Cheapernet applications, the CS83C92 is
usually located in the station equipment, and con-
nects to the Cheapernet COAX (such as RG58)
through a BNC connector.

Transmitter

The transmitter accepts differential signals at the
TX= inputs from the Manchester Code Converter,
and drives these signals onto the network from the
TXO output at the signal levels required by IEEE
802.3.

The TXO pin is open drain, and is pulled up to
ground by the COAX termination resistors. The
rise and fall times of the output pulses are inter-
nally conditioned to achieve slew rates of 25ns to
reduce harmonics in the transmitted signal. Output
drive current levels are set by a bandgap voltage
reference and an external 1k€2 1% resistor con-
nected between the RRt pins. When not
transmitting, the TXO output is disabled to prevent
noise on the network. An external 1N916 diode
must be added to reduce loading and capacitance
(in both powered and unpowered conditions) to

comply with ISO and IEEE specifications. With
the diode in place, the tap capacitance contrib-
uted by the CS83C92 is typically less than 3 pF.

The transmit squelch circuit blocks signals input
from TX=+ with pulse widths of less than 15ns or
amplitudes of less than -175mV. The squelch cir-
cuit turns the transmitter off if the signal stays more
positive than -175mV for more than 200ns (end of
packet detection).

The TX= pins are transformer coupled to the Man-
chester Code Converter. In Ethernet applications
where a transceiver drop cable (or Access Unit In-
terface, AUI) is used, a 78Q resistor should be
placed across the end of the cable, near the trans-
former. This resistor may be eliminated for
Cheapernet applications where no AUI cable is
used.

Receiver

The receiver input, RXI, connects to the COAX
center conductor. The CS83C92 amplifies and
equalizes the input signal and passes signals which
exceed the receiver squelch level to the Receiver
Pair, RX+. Up to five bits may be received at RXI
and not transmitted on the RX= pair. The sixth bit
will be transmitted, but may have code violations.
The seventh and subsequent bits will be transmitted
according to specificaton.

The receiver squelch circuit prevents false trig-
gering of the receiver due to noise on the
COAX. Signals input to the RXI pin that cause
the output of an internal low-pass filter to exceed
-140mVpc (typical) will exceed the DC squelch
level, and be passed through to the RX+ pair.
Should the positive pulse width exceed
200ns (typical) the receiver will turn off (end of
packet detection). The receiver will stay off if
the output of the low-pass filter rises above the
squelch threshold within 1us.

2-10
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RX+ comprise a differential line driver which in-
terfaces to the Manchester Code Converter via an
isolation transformer. RX+ go to a differential
zero state when idle to prevent DC current from
saturating the isolation transformer.

For Ethernet applications, the RX#+ pins are tied
to the VEE supply through 500 or 510€2 resis-
tors. In Cheapernet applications, the CS83C92 is
generally located on the same card as the Man-
chester Code Conveter, and 15002 pull-down
resistors may be used to reduce power consump-
tion.

Collison Detection

The collison detector monitors the COAX center
conductor and senses the voltage conditions in-
dicative of a collison. A collison can be detected
when two or more stations are concurrently
transmitting, whether or not the local transmitter
is activated. The detector signals a collison by
sending a 10MHz clock signal out on the Col-
lison Pair, CD%, to the Manchester Code
Converter.

The CDS pin provides a coaxial ground refer-
ence voltage for the collision detector. This pin
should be connected to the shield of the COAX,
rather than power supply ground, to prevent in-
accuracies due to ground drops. A collison is
detected when the output voltage of the receiver
low-pass filter exceeds the collison voltage
threshold, Vcp.

The 10MHz clock is internally generated, and
used for collison indication and the heartbeat
test. This oscillator requires no external compo-
nents.

If enabled (HBE high), the Heartbeat Test will
cause transmission of the 10MHz clock on the
CD+ pair for 1.0us, 1.1us after the end of each
transmission if: both the transmitter and receiver

were enabled; there was not a collision detected;
jabber has not occured.

For Ethernet applications, the CDz pins are tied
to the VEE supply through 500€2 or 510Q resis-
tors. In Cheapernet applications, the CS83C92 is
generally located on the same card as the Man-
chester Code Converter, and the use of 1500Q
pull-down resistors will reduce power consump-
tion.

Jabber Timer

The Jabber Timer monitors the operation of the
transmitter using an internal oscillator as a time
base. If the transmitter operates continuously for
more than 29ms, the jabber timer disables the
transmitter and enables the Collison Detector
outputs. The Jabber Timer continues to monitor
the transmitter squelch output. After the Man-
chester Code Converter has been silent for
750ms, the output on CD# is terminated, and the
transmitter is reenabled for the next valid packet.

P. C. Board Layout

The CS83C92 is built in CMOS technology. It
consumes and dissipates far less power than
equivalent bipolar circuits. Still, heat dissipation
and device reliability will be improved if the
VEE pins are connected to a copper plane on the
PC board. However, the application demands
that the CS83C92 handle significant currents in
the process of driving signals onto the cable.
Soldering all of the VEE pins onto a copper
plane is required to provide a surface area which
aids in heat dissipations.

For Ethernet applications, the isolation trans-
formers, the DC to DC converter, and the
transceiver are located in the Transceiver assem-
bly, attached to the COAX. For Cheapernet
applications, these components are usually
mounted on the same board as the Ethernet Con-
troller (CS8900). The 78Q and 39.2Q load

DS79F3
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Figure 7. CS83C92 System Connection Diagram

resistors terminate the AUI cable, and are not re-
quired in systems where the AUI cable is not
used (where the distance between the CS8900
and Transceiver is short).

For the PLCC package, it is recommended that a
small printed circuit board VEE plane be con-
nected to pins 5-11, and a second one be
connected to pins 20-25. To reduce the thermal
resistance, the area of the plane on each set of
pins should be >0.19 square inches (approx.
0.5" x 0.375"). Figure 8 illustrates a recom-
mended component side layout for these planes.

NETWORK

CABLE
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Call Applications Engineering.
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PIN DESCRIPTIONS

CS83C92
Collison Detect Output + CD+ (1~ 16]] CDS Collison Detect Sense
Collison Detect Output - CD- [|2 15[] TXO Transmitter Output
Receive Data Output + RX+ [|3 141 RXI Receive Input
Negative Power Supply VEE [4 18] VEE Negative Power Supply
Negative Power Supply VEE [|5 12]] RR- External Resistor -
Receive Data Output - RX- [l6 110 RR+ External Resistor +
Transmit Data Input+ X+ [|7 10[] GND Ground
Transmit Data Input - TX- [|8 9] HBE Heartbeat Enable

m\ Ve

VEE
54 32 1 28272625 VEE
Ue 2403
VEE —~1° ~ah~— VEE
VEE —lg wp 22— VEE
{ 21
E—1° ~— VEE
VE E1o 20]
VEE 011 VEE
1213141516 17 18

=)

VEE RR-
R+
GND
GND
HBE
Power Supplies

VEE - Negative Power Supply

The -9V supply is connected to these pins. A 0.1uF decoupling capacitor should be connected
between this pin and GND. All of the VEE pins should be soldered to a copper VEE plane.

GND - Ground
Power supply ground; connects to COAX shield.

2-14 DS79F3
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Inputs

TX+, TX- - Transmit Inputs
Balanced differential line receiver which accepts the signal from the Manchester Code
Converter. Signals exceeding transmitter squelch limits are output at TXO with the proper pulse

shape. The common mode voltage on TX* is internally set and must not be externally
established.

RXI - Network Receiver Input
Connects to the COAX center conductor. Signals meeting receiver squelch limits are recovered
and output on RX+. RXIT also detects the collison voltage level.

Outputs
TXO - Network Transmitter Qutput

TXO connects to the coax center conductor, and drives signals which meet TXt squelch
requirements onto the coax. An external IN916 diode, or equivalent, must be placed between
the TXO pin and the coax center conductor to reduce capacitance and inhibit current flow at the
TXO pin when the voltage on the coax center conductor is more negative than the power
supply voltage applied to the CS83C92.

CD+, CD- - Collison Outputs
A balanced differential output which drives an internally generated 10MHz signal to the station
equipment when a collison is detected, when excessive transmission occurs, or during a CD
heartbeat condition. These outputs are open source: when driving a 78Q transmission line, these
pins should be pulled to VEE with 500Q or 510€2 resistors; for Cheapernet applications, where
the CS83C92 is not driving a 78C2 load, use of 1.5k€ resistors will save power.

RX+, RX- - Receive Data Outputs
A balanced differential output which drives the data recovered from the network to the MCC.
These outputs are open source: when driving a 782 transmission line, these pins should be
pulled to VEE with 500Q or 510Q resistors; for Cheapernet applications, where the CS83C92
is not driving a 78Q load, use of 1.5kQ resistors will save power.

Control

HBE - Heartbeat Enable
When the HBE pin is connected to ground, the Collision Detect Heartbeat test is enabled.
Connecting the HBE pin to VEE disables the Collision Detect test.

RR+, RR- - External Resistor
A 1kQ, 1% resistor should be connected across these pins to set internal operating current
levels.

CDS - Collision Detect Sense
The CDS pin connects directly to the COAX shield, providing a reference for the collision
detection voltage level.

DS79F3 2-15
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Miscellaneous

NC - No Connect (PLCC only).
This pin should be left floating.
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CS8900

Highly-Integrated ISA Ethernet Controller

Features

e Single-Chip IEEE 802.3 Ethernet Controller with
Direct ISA-Bus Interface

e Efficient PacketPage™ Architecture Operates in 1/O
and Memory Space, and as DMA Slave
Full Duplex Operation
On-Chip RAM Buffers Transmit & Receive Frames
10BASE-T Port with Analog Filters, Provides:
- Automatic Polarity Detection and Correction

e AUl Port for 10BASE2, 10BASE5 and 10BASE-F
Programmable Transmit Features:
- Automatic Re-transmition on Collision
- Automatic Padding and CRC Generation

e Programmable Receive Features:
- StreamTransfer™ for Reduced CPU Overhead
- Auto-Switch Between DMA and On-Chip Memory
- Early Interrupts for Frame Pre-Processing
- Automatic Rejection of Erroneous Packets

Description

The CS8900 is a low-cost Ethernet LAN Controller op-
timized for Industry Standard Architecture (ISA) Per-
sonal Computers. Its highly-integrated design elimi-
nates the need for costly external components required
by other Ethernet controllers. The CS8900 includes
on-chip RAM, 10BASE-T transmit and receive filters,
and a direct ISA-Bus interface with 24 mA Drivers.

In addition to high integration, the CS8900 offers a
broad range of performance features and configuration
options. Its unique PacketPage architecture automat-
ically adapts to changing network traffic patterns and
available system resources. The result is increased
system efficiency and minimized CPU overhead.

The CS8900 is available in a thin 100-pin TQFP pack-
age ideally suited for small form-factor, cost-sensitive
Ethernet applications, such as desktop and portable
motherboards and adapters. With the CS8900, system
engineers can design a complete Ethernet circuit that

* EEPROM Support for Jumperless Configuration occupies less than 1.5 square inches (10 sq cm) of
e Boot PROM Support for Diskless Systems board space.
e Boundary Scan and Loopback Test ORDERING INFORMATION:
e LED Drivers for Link Status and LAN Activity CS8900-CQ Oto 70°C 100-pin TQFP
e Standby and Suspend Sleep Modes CDB8900 Evaluation Kit
20 MHz
XTAL

L

CS8900 ISA Ethernet Controller
LED Clock| [ 10BASE-T =
Control RX Fil & <): <:
EEPROM ltfars
Control RAM Receiver
RJ-45 | 10BASE-T
10BASE-T
TX Filters & :9%“;;5
1 ISA Encoder/ Transmitter ==
S <}:_‘J> Decoder
A Bus &
Logic PLL AUl éig ./.
e T ? Trar:Lr;itter 2 > :s A"aﬁ?:i? ent
02. .
Memoy 11 MaC [ Taoung catvon | [CHE—1%@| nertace
Manager | | .o | [Boundary| | oo AUl o® (U
Scan Manager| . <:§H§<‘I: o®
Test Logic Receiver Plic] (J

Preliminary Product Information

This document contains information for a new product. Crystal
Semiconductor reserves the right to modify this product without notice.

Crystal Semiconductor Corporation
P.O. Box 17847, Austin, TX 78760
(512) 445-7222 Fax: (512) 445-7581

Copyright © Crystal Semiconductor Coi tion 1994 October '94
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1.0 INTRODUCTION
1.1 General Description

The CS8900 is a true single-chip Ethernet solu-
tion, incorporating all of the analog and digital
circuitry needed for a complete Ethernet circuit.
Major functional blocks include: a direct ISA-
bus interface; an 802.3 MAC engine; integrated
buffer memory; a serial EEPROM interface; and
a complete analog front end with both 10BASE-
T and AUL

Direct ISA-Bus Interface

Included in the CS8900 is a direct ISA-bus inter-
face with full 24 mA drive capability. Its
configuration options include a choice of four in-
terrupts and three DMA channels (one of each
selected during initialization). It provides O-
wait-state performance for most operations on
ISA buses running at up to 11 MHz.

Integrated Memory

The CS8900 incorporates a 4-Kbyte page of on-
chip memory, eliminating the cost and board
area associated with external memory chips.
Unlike most other Ethernet controllers, the
CS8900 buffers entire transmit and receive
frames on chip, eliminating the need for com-
plex, inefficient memory management schemes.
In addition, the CS8900 operates in either Mem-
ory space, I/O space, or with external DMA
controllers, providing maximum design flexibil-

1ty.
802.3 Ethernet MAC Engine

The CS8900’s Ethernet Media Access Control
(MAC) engine is fully compliant with the IEEE
802.3 Ethernet standard (ISO/IEC 8802-3, 1993).
It handles all aspects of Ethernet frame transmis-
sion and reception, including: collision detection,
preamble generation and detection, and CRC
generation and test. Programmable MAC fea-

tures include automatic re-transmission on colli-
sion, and automatic padding of transmitted
frames.

EEPROM Interface

The CS8900 provides a simple and efficient se-
rial EEPROM interface that allows configuration
information to be stored in an optional
EEPROM, and then loaded automatically at
power-up. This eliminates the need for costly
and cumbersome switches and jumpers.

Complete Analog Front End

The CS8900’s analog front end incorporates a
Manchester encoder/decoder, clock recovery cir-
cuit, 10BASE-T transceiver, and complete
Attachment Unit Interface (AUI). It provides
manual and automatic selection of either
10BASE-T or AUI, and offers three on-chip
LED drivers for link status, bus status, and line
activity.

The 10BASE-T transceiver includes drivers, re-
ceivers, and analog filters, allowing direct
connection to low-cost isolation transformers. It
supports 100, 120, and 150 Q shielded and un-
shielded cables, extended cable lengths, and
automatic receive polarity reversal detection and
correction.

The AUI port provides a direct interface to
10BASE-2, 10BASE-5 and 10BASE-FL net-
works, and is capable of driving a full 50-meter
AUI cable.

1.2 System Applications

The CS8900 is designed to work well in either
motherboard or adapter applications.

Motherboard LANs

The CS8900 requires the minimum number of
external components needed for a full Ethernet

DS150PP1
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Figure 1.1. Complete Ethernet Motherboard Solution

node. Its small-footprint package and high level
of integration allow System Engineers to design
a complete Ethernet circuit that occupies as little
as 1.5 square inches of PCB area (Figure 1). In
addition, the CS8900’s power-saving features
and CMOS design make it a perfect fit for
power-sensitive portable and desktop PCs.
Motherboard design options include:

e An EEPROM can be used to store node-spe-
cific information, such as the Ethernet
Individual Address and node configuration.

e The 20 MHz crystal oscillator may be re-
placed by a 20 MHz clock signal.

Ethernet Adapter Cards

_The CS8900’s highly efficient PacketPage archi-
tecture, with StreamTransfer ™ and Auto-Switch

DMA options, make it an excellent choice for
high-performance, low-cost ISA adapter cards
(Figure 2). The CS8900’s wide range of con-
figuration options and performance features
allow engineers to design Ethernet solutions that
meets their particular system requirements.
Adapter card design options include:

e A Boot PROM can be added to support disk-
less applications.

e The 10BASE-T transmitter and receiver im-
pedance can be adjusted to support 100, 120,
or 150 Q twisted pair cables.

e An external Latchable-Address-bus decode
circuit can be added to operate the CS8900
in Upper-Memory space.

EEPROM

20 MHz
XTAL

RJ-45 jl 10BASE-T

L

‘245 |«
Boot PROM LA
Decode

I

[

Attachment
Unit
Interface

(AUI)

Figure 1.2. Full-Featured ISA Adapter Solution
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e On-chip LED ports can be used for either
optional LEDs, or as programmable outputs.

1.3 Key Features and Benefits
Very Low Cost

The CS8900 is designed to provide the lowest-
cost Ethernet solutions available for ISA desktop
motherboards, portable motherboards, and
adapter cards. Cost-saving features include:

e Integrated RAM eliminates the need for ex-
pensive external memory chips.

e On-chip 10BASE-T filters allow designers to
use simple isolation transformers instead of
more costly filter/transformer packages.

e The serial EEPROM port, used for configu-
ration and initialization, eliminates the need
for expensive switches and jumpers.

e The CS8900 is designed to be used on a 2-
layer circuit board instead of a more
expensive multi-layer board.

e The 8900-based solution offers the smallest
footprint available, saving valuable printed
circuit board area.

e A set of certified software drivers is available
at no charge, eliminating the need for costly
software development.

High Performance

The CS8900 is a full 16-bit Ethernet controller
designed to provide optimal system performance
by minimizing time on the ISA bus and CPU
overhead per frame. It offers equal or superior
performance for less money when compared to
other Ethernet controllers. The CS8900’s Pack-
etPage architecture allows software to select
whichever access method is best suited to each
particular CPU/ISA-bus configuration. When

compared to older I/O-space designs, PacketPage
is faster, simpler and more efficient.

To boost performance further, the CS8900 in-
clude several key features that increase
throughput and lower CPU overhead, including:

e StreamTransfer cuts up to 87% of interrupts
to the host CPU during large block transfers.

e Auto-Switch DMA allows the CS8900 to
maximize throughput while minimizing
missed frames.

e Early interrupts allow the host to preprocess
incoming frames.

e On-chip buffering of full frames cuts the
amount of host bandwidth needed to manage
Ethernet traffic.

Low Power and Low Noise

For low power needs, the CS8900 offers three
power-down options: Hardware Standby, Hard-
ware Suspend, and Software Suspend. In
Standby mode, the chip is powered down with
the exception of the 10BASE-T receiver, which
is enabled to listen for link activity. In either
Hardware or Software Suspend mode, the re-
ceiver is disabled and power consumption drops
to the micro-Amp range.

In addition, the CS8900 has been designed for
very low noise emission, thus shortening the
time required for EMI testing and qualification.

Complete Support

The CS8900 comes with a suite of software driv-
ers for immediate use with most industry
standard network operating systems. In addition,
complete evaluation kits and manufacturing
packages are available, significantly reducing the
cost and time required to produce new Ethernet
products.
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1.4 Typical Connection Diagram
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Figure 1.3. Typical Connection Diagram
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2.0 PIN DESCRIPTION

2.1 Pin Diagram
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2.2 Pin Description

ISA Bus Interface

SA0-SA11 37-48 | System Address Bus: Lower 20 bits of the 24-bit System Address Bus
SA12-SA16 50-54 used to decode accesses to CS8900 I/O and Memory space, and attached
SA17-SA19 58-60 Boot PROM. SA0-SA15 are used for I/O Read and Write operations.

SA0-SA19 are used in conjunction with external decode logic for Memory
Read and Write operations.

SD0-SD3 65-68 B24 |System Data Bus: Bi-directional 16-bit System Data Bus used to transfer
SD4-SD7 71-74 i data between the CS8900 and the host.

SD8-SD11 27-24
SD12-SD15 21-18

RESET 75 I Reset: Active-high asynchronous input used to reset the CS8900. Must
be stable for at least 400ns before the CS8900 recognizes the signal as a
valid reset. ]

AEN 63 | Address Enable: When TESTSEL is high, this active-high input indicates

to the CS8900 that the system DMA controller has control of the ISA bus.
When AEN is high, the CS8900 will not perform slave /O space
operations. When TESTSEL is low, this pin becomes the shift clock input
for the Boundary Scan Test.

MEMR 29 | Memory Read: Active-low input indicates that the host is executing a
Memory Read operation.

MEMW 28 | Memory Write: Active-low input indicates that the host is executing a
Memory Write operation.

MEMCS16 34 OD24 |Memory Chip Select 16-bit: Open-drain, active-low output generated by

the CS8900 when it recognizes an address on the ISA bus that
corresponds to its assigned Memory space (CS8900 must be in Memory
Mode with the MemoryE bit (Register 17, BusCTL, Bit A) set for
MEMCS16 to go active).

REFRESH 49 | Refresh: Active-low input indicates to the CS8900 that a DRAM refresh
cycle is in progress. When REFRESH is low, MEMR, MEMW, IOR, 10W,
DMACKO, DMACK1, and DMACK?2 are ignored.

IOR 61 | |I/O Read: When IOR is low and a valid address is detected, the CS8900
outputs the contents of the selected 16-bit I/O register onto the System
Data Bus. IOR is ignored if REFRESH is low.

IOW 62 I |VO Write: When IOW is low and a valid address is detected, the CS8900
writes the data on the System Data Bus into the selected 16-bit |/O
register. IOW is ignored if REFRESH is low.

I0CS16 33 OD24 |I/O Chip Select 16-bit: Open-drain, active-low output generated by the
CS8900 when it recognizes an address on the ISA bus that corresponds to
its assigned 1/0O space.

Pin Types:
dl = Differential Input Pair I = Input G = Ground
dO = Differential Output Pair O = Output ts = Tri-State
B = Bi-Directional with Tri-State Output P = = = Internal Weak Pullup

Power . w
OD = Open Drain Output i

Digital outputs are followed by drive in mA (Example: OD24 = Open Drain Output with 24 mA drive).
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ISA Bus Interface (continued)

10C 64 0OD24 /O Channel Ready: When driven low, this open-drain, active-high output
extends I/O Read and Memory Read cycles to the CSBQOO This output is
functional when the IOCHRDYE bit in the Bus Control register (Register
17) is clear. This pin is always high when the IOCHRDYE bit is set.

SBHE 36 | |System Bus High Enable: Active-low input indicates a data transfer on
the high byte of the System Data Bus (SD8-SD15).

INTRQO 32 024ts (Interrupt Request: Active-high output indicates the presence of an

INTRQ1 31 interrupt event. Interrupt Request goes low once the Interrupt Status

INTRQ2 30 Queue (I1SQ) is read as all 0’s. Only one Interrupt Request output is used

INTRQ3 35 (selected during configuration). The remaining three Interrupt Request
outputs are placed in a high-impedance state. (See sections 3.2 and 4.8.)

DMARQO 15 024ts |DMA Request: Active-high, tri-stateable output used by the CS8900 to

DMARQ1 13 request a DMA transfer. Only one DMA Request output is used (selected

DMARQ2 11 during configuration). The remaining two DMA Request outputs are placed
in a high-impedance state.

DMACKO 16 | |DMA Acknowledge: Active-low input indicates acknowledgment by the

DMACK1 14 host of the corresponding DMA Request output.

DMACK2 12

CHIPSEL 7 | |Chip Select: Active-low input generated by external Latchable Address
bus decode logic when a valid memory address is present on the ISA bus.
If Memory Mode operation is not needed, CHIPSEL should be tied low.

EEPROM and Boot PROM Interface

EESK 4 O4 |EEPROM Serial Clock: Serial clock used to clock data into or out of the
EEPROM.

EECS 3 04 |EEPROM Chip Select: Active-high output used to select the EEPROM.

EEDataln 6 Iw |[EEPROM Data In: Serial input used to receive data from the EEPROM.

Connects to the DO pin on the EEPROM. EEDataln is also used to sense
the presence of the EEPROM.

ELCS 2 B4w |External Logic Chip Select: Bi-directional signal used to configure
external Latchable Address (LA) decode logic. If external LA decode logic
is not needed, ELCS should be tied low.

EEDataOut 5 O4 |EEPROM Data Out: Serial output used to send data to the EEPROM.
Connects to the DI pin on the EEPROM. When TESTSEL is low, this pin
becomes the output for the Boundary Scan Test.

CSOouUT 17 04 |Chip Select for External Boot PROM: Active-low output used to select
an external Boot PROM when the CS8900 decodes a valid Boot PROM
memory address.

Pin Types:
dl = Differential Input Pair I = Input G = Ground
dO = Differential Output Pair O = Output ts = Tri-State
B = Bi-Directional with Tri-State Output P = Power w = Internal Weak Pullup

OD = Open Drain Output

Digital outputs are followed by drive in mA (Example: OD24 = Open Drain Output with 24 mA drive).
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10BASE-T Interface
TXD+ 87 dO |10BASE-T Transmit: Differential output pair drives 10 Mb/s
TXD- 88 Manchester-encoded data to the 10BASE-T transmit pair.
RXD+ 91 dl  |10BASE-T Receive: Differential input pair receives 10 Mb/s
RXD- 92 Manchester-encoded data from the 10BASE-T receive pair.

Attachment Unit Interface (AUI)

DO+ 83 dO |AUI Data Out: Differential output pair drives 10 Mb/s
DO- 84 Manchester-encoded data to the AUI transmit pair.
DI+ 79 dl. |AUI Data In: Differential input pair receives 10 Mb/s Manchester-encoded
DI- 80 data from the AUI receive pair. _
Cl+ 81 dl |AUI Collision In: Differential input pair connects to the AUI collision pair.
Cl- 82 A collision is indicated by the presence of a 10 MHz +/-15% signal with

: duty cycle no worse than 60/40.

Pin Types:
dl = Differential Input Pair I = Input G = Ground
dO = Differential Output Pair O = Output ts = Tri-State
B = Bi-Directional with Tri-State Output P = Power . w = Internal Weak Pullup

OD = Open Drain Output

Digital outputs are followed by drive in mA (Example: OD24 = Open Drain Output with 24 mA drive).
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Crystal: A 20 MHz crystal should be connected across these pins. If a
XTAL2 98 crystal is not used, a 20 MHz signal should be connected to XTAL1 and
XTAL2 should be left open. (See section 9.0 and 13.0.)
HWSLEEP 77 I |Hardware Sleep: Active-low input used to enable the two hardware sleep
modes: Hardware Suspend and Hardware Standby. (See section 3.7.)
LINKLED 99 OD10 [Link Good LED or Host Controlled Output 0: When the HCEO bit of the
or Self Control register (Register 15) is clear, this active-low output is low
HCO when the CS8900 detects the presence of valid link pulses. When the
HCEO bit is set, the host may drive this pin low by setting the HCBO in the
Self Control register.
BSTATUS 78 OD10 |Bus Status or Host Controlled Output 1: When the HCE1 bit of the Self
or Control register (Register 15) is clear, this active-low output is low when
HCA receive activity causes an ISA bus access. When the HCE1 bit is set, the
host may drive this pin low by setting the HCB1 in the Self Control register.
LANLED 100 OD10 |LAN Activity LED: During normal operation, this active-low output goes
low for 6 ms whenever there is a receive packet, a transmit packet, or a
collision. During Hardware Standby mode, this output is driven low when
the receiver detects network activity.
TESTSEL 76 | |Test Enable: Active-low input used to put the CS8900 in Boundary Scan
Test mode. For normal operation, this pin should be high.
RES 93 I |Reference Resistor: This input should be connected to a 4.99 KQ +/-1%
resistor needed for biasing of internal analog circuits.
DVDD1 9 P |Digital Power: Provides 5V +/- 5% power to the digital circuits of the
DVDD2 22 CS8900.
DVDD3 56
DVDD4 69
DVSS1 8 G |Digital Ground: Provides ground reference (0 V) to the digital circuits of
DVSS1A 10 the CS8900.
DvVsS2 23
DVSS3 55
DVSS3A 57
DVSS4 70
AVDD1 90 P |Analog Power: Provides 5V +/- 5% power to the analog circuits of the
AVDD2 85 CS8900.
AVDD3 95
AVSSO0 1 G |Analog Ground: Provide ground reference (0 V) to the analog circuits of
AVSS1 89 the CS8900.
AVSS2 86
AVSS3 94
AVSS4 96
Pin Types:
dl = Differential Input Pair I = Input G = Ground
dO = Differential Output Pair O = Output ts = Tri-State
B = Bi-Directional with Tri-State Output P = Power w = Internal Weak Pullup

OD = Open Drain Output

Digital outputs are followed by drive in mA (Example: OD24 = Open Drain Output with 24 mA drive).
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3.0 FUNCTIONAL DESCRIPTION

3.1 Overview

During normal operation, the CS8900 performs
two basic functions: Ethernet packet transmis-
sion and reception. Before transmission or
reception is possible, the CS8900 must be con-
figured.

Configuration

The CS8900 must be configured for packet
transmission and reception at power-up or reset.
Various parameters must be written into its inter-
nal Configuration and Control registers, such as:
Memory Base Address; Ethernet Physical Ad-
dress; what frame types to receive; and, which
media interface to use. Configuration data can
either be written to the CS8900 by the host
(across the ISA bus), or loaded automatically
from an external EEPROM. Operation can begin
after configuration is complete.

Sections 3.3 and 3.4 describe the configuration
process in detail. Section 4.5 provides a detailed
description of the bits in the Configuration and
Control Registers.

Packet Transmission

Packet transmission occurs in two phases. The
first phase consists of the host moving the Eth-
ernet frame into the CS8900’s buffer memory. It
begins with the host issuing a Transmit Com-
mand, informing the CS8900 that a frame is to
be transmitted and telling it when (i.e. after 5,
381, or 1021 bytes or the full frame has been
transffered to the CS8900) and how the frame
should be sent (i.e. with or without CRC, with or
without pad bits, etc.). The Host follows the
Transmit Command with the Transmit Length,
indicating how much buffer space is required.
Once buffer space is available, the host writes
the Ethernet frame into the CS8900’s internal

memory, either as a Memory or I/O space opera-
tion. ‘

The second phase of transmission consists of the
CS8900 converting the frame into an Ethernet
packet, and then transmitting it onto the network.
The process starts with the CS8900 transmitting
the preamble and Start-of-Frame delimitter as
soon as the proper number of bytes has been
transfered into its transmit buffer (5, 381, 1021
bytes or full frame, depending on configuration).
This is followed by the Destination Address,
Source Address, Length field and LLC data (all
supplied by the host). If the frame is less than
64 bytes, including CRC, the CS8900 adds pad
bits if configured to do so. As a final step, the
CS8900 appends the proper 32-bit CRC value.

Section 5.5 provides a detailed decription of
packet transmission.

Packet Reception

Like packet transmission, reception occurs in
two phases. The first phase consists of the
CS8900 receiving an Ethernet packet and storing
it in on-chip memory. Packet reception begins
with the receive frame passing through the ana-
log front end and Manchester decoder where
Manchester data is convered to NRZ data. Next,
the preamble and Start-of-Frame delimiter are
stripped off and the frame is sent through the ad-
dress filter. If the frame’s Destination Address
matches the criteria programmed into the address
filter, the packet is stored in the CS8900’s inter-
nal memory. The CS8900 then checks the CRC,
and, depending on the configuration, informs the
processor that a frame has been received.

The second phase consists of the host transfer-
ring the receive frame across the ISA bus and
into host memory. Receive frames can be trans-
fered either as Memory space operations, I/O
space operations, or as DMA operations using
host DMA. In addition, the CS8900 provides
the capability to switch between Memory or I/O
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operation and DMA operation by using Auto-
Switch DMA and StreamTransfer.

Sections 5.1 through 5.4 provide a detailed de-
scrition of packet reception.

3.2 ISA Bus Interface

The CS8900 provides a direct interface to ISA
buses running at clock rates from 8 to 11 MHz.
Its on-chip bus drivers are capable of delivering
24 mA of drive current, allowing the CS8900 to
drive the ISA bus directly, without added exter-
nal "glue logic".

The CS8900 is optimized for 16-bit data trans-
fers, operating in either Memory space, I/O
space or as a DMA slave.

Note: ISA-bus operation below 8 MHz should
use the CS8900’s Receive DMA mode to mini-
mize missed frames. See Section 5.1 for a
description of Receive DMA operation.

Memory Mode Operation

When configured for Memory Mode operation,
the CS8900’s internal' RAM is mapped into a
contiguous 4-Kbyte block of host memory, pro-
viding the host with direct access to the
CS8900’s internal registers and frame buffers.
The host initiates Read operations by driving the
MEMR pin low and Write operations by dirving
the MEMW pin low.

For additional information about Memory Mode,
see section 4.6.

1I/0 Mode Operation
When configured for I/O Mode operation, the

CS8900 is accessed through eight, 16-bit I/O
ports that are mapped into 16 contiguous I/O lo-

cations in the host system’s I/O space. I/O
Mode is the default configuration for the
CS8900 and is always enabled.

For an I/O Read or Write operation, the AEN pin
must be low, and the 16-bit /O address on the
ISA System Address bus (SAO - SA15) must
match the address space of the CS8900. For a
Read, IOR must be low, and for a Write, IOW
must be low.

For additional information about I/O Mode, see
section 4.7.

Interrupt Request Signals

The CS8900 has four interrupt request output
pins that can be connected directly to any four of
the ISA bus Interrupt Request signals. Only one
interrupt output is used at a time. It is selected
during initialization by writing the interrupt
number (0 to 3) into PacketPage Memory base +
0022h. Unused interrupt request pins are placed
in a high-impedance state. The selected interrupt
request pin goes high when an enabled interrupt
is triggered. The pin goes low after the Interrupt
Status Queue (ISQ) is read as all 0’s (see section
4.8 for a description of the ISQ).

Table 3.1 presents one possible way of connect-
ing the interrupt iequest pins to the ISA bus that
utilizes commonly available interrupts and facili-
tates board layout.

CS8900 Interrupt | ISA Bus PacketPage
Request Pin Interrupt base + 0022h
INTRQ3 (Pin 35) IRQ5 0003h
INTRQO (Pin 32) IRQ10 0000h
INTRQ1 (Pin 31) IRQ11 0001h
INTRQ2 (Pin 30) IRQ12 0002h

Table 3.1. Interrupt Assignments

DS150PP1
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DMA Signals

The CS8900 interfaces directly to the host DMA
controller to providle DMA transfers of receive
frames from CS8900 memory to host memory.
The CS8900 has three pairs of DMA pins that
can be connected directly to the three 16-bit
DMA channels of the ISA bus. Only one DMA
channel is used at a time. It is selected during
initialization by writing the number of the de-
sired channel (0, 1 or 2) into PacketPage
Memory base + 002Ch. Unused DMA pins are
placed in a high-impedance state. The selected
DMA request pin goes high when the CS8900
has receive frames to transfer to the host mem-
ory via DMA. If the DMABurst bit (register 17,
BusCTL, Bit B) is set, the pin goes low after the
DMA operation is complete. If the DMABurst
bit is clear, the pin goes low 32 us after the start
of a DMA transfer.

The DMA pin pairs are arranged on the CS8900
to facilitate board layout. Crystal recommends
the configuration in table 3.2 when connecting

these pins to the ISA bus.
CS8900 DMA ISA DMA PacketPage
Signal (Pin #) Signal base + 0024h
DMARQO (Pin 15) | DRQ5 0000h
DMACKO (Pin 16) | DACK5
DMARQ1 (Pin 13) | DRQ6 0001h
DMACK1 (Pin 14) | DACK®6
DMARQ2 (Pin 11) | DRQ7 0002h
DMACK2 (Pin 12) | DACK?7

Table 3.2. DMA Assignments
For a description of DMA mode, see section 5.2.
3.3 Reset and Initialization
Reset

Seven different conditions cause the CS8900 to
reset its internal registers and circuits.

External Reset, or ISA Reset: There is a chip-
wide reset whenever the RESET pin is high for
at least 400 ns. During a chip-wide reset, all cir-
cuitry and registers in the CS8900 are reset.

Power-Up Reset: When power is applied, the
CS8900 maintains reset until the voltage at the
supply pins reaches approximately 2.5 V. The
CS8900 comes out of reset once Vcc is greater
than approximately 2.5 V and the crystal oscilla-
tor has stabilized.

Power-Down Reset: If the supply voltage drops
below approximately 2.5 V, there is a chip-wide
reset. The CS8900 comes out of reset once the
power supply returns to a level greater than ap-
proximately 2.5 V and the crystal oscillator has
stabilized.

EEPROM Reset: There is a chip-wide reset if an
EEPROM checksum error is detected (see sec-
tion 3.4).

Software Initiated Reset: There is a chip-wide
reset whenever the RESET bit (Register 15,
SelfCTL, Bit 6) is set.

Hardware (HW) Standby or Suspend: The
CS8900 goes though a chip-wide reset whenever
it enters or exits either HW Standby mode or
HW Suspend mode (see section 3.7 for more in-
formation about HW Standby and Suspend).

Software (SW) Suspend: Whenever the CS8900
enters SW Suspend mode, all registers and cir-
cuits are reset except for the ISA I/O Base
Address register (located at PacketPage base +
0020h) and the SelfCTL register (Register 15).
Upon exit, there is a chip-wide reset.
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Initialization

After each reset (except EEPROM Reset), the
CS8900 checks the sense of the EEDataln pin to
see if an external EEPROM is present. If
EEDataln is high, an EEPROM is present and
the CS8900 automatically loads the configura-
tion data stored in the EEPROM into its internal
registers (see next section). If EEDataln is low,
an EEPROM is not present and the CS8900
comes out of reset with the default configuration
shown in table 3.3.

3.4 Configuration with EEPROM

A low-cost serial EEPROM can be used to store
configuration information that is loaded into the
CS8900 after each reset (except EEPROM reset).
The use of an EEPROM is optional and is not
needed for all applications (e.g. motherboard de-
signs).

The CS8900 operates with any of six standard
EEPROM’s shown in table 3.4.

* 1/O base address is unefected by Software
Suspend mode.

Table 3.3. Default Configuration

EEPROM Type Size (16-bit words)
PacketPage | Register Register 'C46 (non-sequential) 64
Address Contents Description 'CS46 (sequential) 64
0020h 0300h /O Base Address 'C56 (non-sequential) 128
0022h 0000h Interrupt Number 'CS56 (sequential) 128
0024h 0000h DMA Channel 'C66 (non-sequential) 256
0026h 0000h DMA ngl"fts(éi Frame 'CS66 (sequential) 256
0028h 0000h DMA Frame Count Table 3.4. Supported EEPROM Types
002Ah 0000h DMA Byte Count
002Ch 0000 0000h | Memory Base Address The interface to the EEPROM consists of four
0030h | 0000 0000h | Boot PROM Base signals shown in table 3.5.
Address
0034h 0000 0000h | Boot PROM Address CS8900 Pin | CS8900 Function EEPROM
Mask (Pin #) Pin
0102h 0003h Register 3 - RXCFG EECS EEPROM Chip Chip Select
0104h 0005h Register 5 - RXCTL (Pin 3) Select
; N EESK 1 MHz EEPROM Clock
g: gg: gggga :egils:er; _:Xg;GD (Pin 4) Serial Clock output
e R L EEDataOut | EEPROM Data Out | Data In
010Ah 000Bh Reglster B - BufCFG (Pin 5) (data to EEPROM)
010Ch 000Dh Reserved EEDataln | EEPROM Dataln | Data Out
010Eh 000Fh Reserved (Pin 6) (data from EEPROM)
0110h 0011h _Reserved Table 3.5. EEPROM Interface
0112h 0013h Register 13 - LineCTL
0114h 0015h " Register 15 - SelfCTL
0116h 0017h Register 17 - BusCTL EEPROM Readout
0118h 0019h Register 19 - TestCTL

After reset, if the EEDataln pin is high, the
CS8900 reads the first word of EEPROM data

by:

1. asserting EECS;

DS150PP1
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2. clocking out a Read-Register-00h command
on EEDataOut (EESK provides a 1 MHz serial
clock signal); and

3. clocking the data in on EEDataln.

The first word of data in the EEPROM deter-
mines: if the data in the EEPROM is valid; what
type of EEPROM it is; and, how many bytes of
configuration data are stored in the EEPROM.

Checking for Valid EEPROM data: The pres-
ence of valid EEPROM data is indicated by a
readout of either a binary 101X-XXX0 or 101X-
XXX1 as the low byte of the first word (X = do
not care). Any other readout value terminates in-
itialization from the EEPROM. If an EEPROM
is attached but is not to be used for configura-
tion, Crystal recommends that the low byte of
the first word be programmed with O0h.

Note: The LSB of 0 (101X-XXX0) indicates a
sequential EEPROM (i.e. once the EEPROM is
given an address, successive readouts are from
sequential addresses without giving the
EEPROM a new address). The LSB of 1 (101X-
XXX1) indicates a non-sequential EEPROM (i.e.
requires an address before each readout). The
CS8900 works equally well with either a sequen-
tial or non-sequential EEPROM.

Determining EEPROM Type: The CS8900 de-
termines the EEPROM type by checking the
sense of EEDataln on the tenth rising edge of
EESK. If EEDataln is low, the EEPROM is a
’C46 or 'CS46. If EEDataln is high, the
EEPROM is a ’C56, *CS56, 'C66, or "CS66.

Determining Number of Bytes to be read from
the EEPROM: The high byte of the first word
stored in the EEPROM is known as the Link
Byte. It indicates how many bytes in the
EEPROM are to be used for configuration. The
Link Byte does not include the first two bytes
stored in the EEPROM (the two bytes at

EEPROM address 00h). Link Byte values of
00h, O1h, and 02h are not allowed.

EEPROM Memory Organization

Configuration data stored in the EEPROM is or-
ganized as a contiguous block of 16-bit words.
The first word (described above) is used to de-
termine the type of EEPROM and the number of
bytes of configuration data it contains. The re-
maining words are organized into one or more
groups of words. The first word in each group
indicates the number of words in that group, as
well as where in PacketPage memory space the
remaining words in the group are to be loaded.
Figure 3.1 show the format of the first word in

each group.

FEDCBA98765 43210

e

9-bit PacketPage Address

First Word of a Group of Words
N

Number of Words
in Group

Figure 3.1. First Word in Group

Number of words in each group: The number of
words in each group, including the first word in
the group, is 2 greater than the value stored in
bits F through C (e.g. if bits F through C contain
0001, there are three words in the group).

9-bit PacketPage Address: The 9-bit PacketPage
Address defines the starting location in the
CS8900’s internal memory space where the
group of words is to be stored (Bits B though 9
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are forced to O, restricting the address range to
the first 512 bytes of PacketPage memory
space).

Loading Configuration Data

After the CS8900 reads the first word in the
group, it transfers the remaining words in the
group into its internal registers. The low byte of
the first word transferred is stored at the address
indicated by the 9-bit PacketPage address. The
remaining bytes in the group are stored in suc-
cessive PacketPage memory locations.

EEPROM Checksum

Once the CS8900 has processed all of the con-
figuration data stored in the EEPROM, it
performs a checksum calculation to verify that
the configuration is valid. To do this, it sums,
without carry, all of the bytes of configuration
data in the EEPROM, from address 00h through
the Checksum Value. If the resulting total is 0,
the readout is valid. If the total is not O, the
readout is not valid and the CS8900 initiates a
partial reset to restore the default configuration.

The Checksum Value (stored in the low byte po-
sition of the last word in the data block) is the
2’s complement of the addition, without carry, of
all the bytes preceding it, including the first
word at address 00h. The EEPROM address of
the Checksum Value is determined by dividing
the value stored in the Link Byte by 2 (to con-
vert the byte count to the word count).

EEPROM Readout Completion

Once the readout of the EEPROM is complete,
the INITD bit (Register 16, SelfST, bit 7) is set.
The EEPROMOK bit (Register 16, SelfST, bit
A) is set if the readout and checksum are correct,
and is clear if the default configuration is used
(see table 3.3 for default configuration).

EEPROM Example

Table 3.6 on the following page shows a simple
example of how configuration data is stored in
the EEPROM. The example is for a *C46
EEPROM, with "little endian" byte ordering.

DS150PP1

2-33




N 4 J
NNy N NNy
S O S T A SR

Preliminary CS8900

Word Address Value J Description
FIRST WORD in DATA BLOCK
00h A120h The low byte, A1h, indicates a ’'C46 EEPROM is attached. The high
byte, 20h, indicates the number of bytes to be used in this block of
configuration data.
FIRST GROUP of WORDS
01h 2020h Three words to be loaded, beginning at 0020h in PacketPage memory.
02h 0300h I/O Base Address
03h .0003h Interrupt Number
04h 0001h DMA Channel Number
SECOND GROUP of WORDS
05h 502Ch | Six words to be loaded, beginning at 002Ch in PacketPage memory.
06h E000h Memory Base Address - low word
07h 000Fh Memory Base Address - high word
08h 0000h Boot PROM Base Address - low word
0Sh 000Dh Boot PROM Base Address - high word
0Ah C000h Boot PROM Address Mask - low word
0Bh 000Fh Boot PROM Address Mask high word
THIRD GROUP of WORDS
0Ch 2158h Three words to be loaded, beginning at 0158h in PacketPage memory.
0Dh 0010h Individual Address - low word
OEh 0000h Individual Address - middle word
OFh 0000h Individual Address - high word
CHECKSUM Value
10h 2900h The high byte, 29h, is the Checksum Value. In this example, the
checksum includes word addresses 00h through OFh. The
hexadecimal sum of the bytes is D7h, resulting in a 2's complement
of 29h. The low byte, 00h, provides a pad to the word boundary.
11h FFFFh End of data blocks*.

*FFFFh is a special code indicating that there are no more words in the EEPROM.

Table 3.6. EEPROM Example
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3.5 Programming the EEPROM EEPROM Commands

After initialization, the host can access the The seven commands used to access the
EEPROM through the CS8900 by writing one of EEPROM are: Read, Write, Erase, Erase/Write
seven commands to the EEPROM Command Enable, Erase/Write Disable, Erase-All, and
register (PacketPage base + 0040h). Figure 3.2 Write-All. They are described in table 3.7.

shows the format of the EEPROM commands.

AD7 - ADO used with 'C56,
'CS58, 'C66 and 'CS66

A

F E D C B A 9 8/ ﬁ

7 6 5 4 3 2 1 0

1 X 1 X FX FX ' X ‘ELSELjOB1'OBOIAD7ED6TAD5WAD4\AD3‘AD2lAD1‘ADO}

Y
AD5 - ADO used with
'C46 and 'CS46

Bit Name Description
[F:B] Reserved
[A] ELSEL |External Logic Select: When clear, the EECS pin is used to select the EEPROM.
When set, the ELCS pin is used to select the external LA decode circuit.
[9:8] OB1, OB0 |Opcode: Indicates what command is being executed (see next section).
[7:0] AD7 to ADO |[EEPROM Address: Address of EEPROM word being accessed.

Figure 3.2. EEPROM Command Format

Command Opcode | EEPROM Address | Data EEPROM Execution
(bits 9,8) (bits 7 to 0) Type Time
Read Register 1,0 word address yes all 25 ps
Write Register 0,1 word address yes all 10 ms
Erase Register 1,1 word address no all : 10 ms
Erase/Write Enable 0,0 XX11-XXXX no 'CS46, 'C46 9 us
1IXX-XXXX no 'CS56, 'C56, 'CS66, 'C66 9 us
Erase/Write Disable 0,0 XX00-XXXX no 'CS46, 'C46 9 us
0,0 00XX-XXXX no | 'CS56,'C56, 'CS66, 'C66 9 us
Erase-All Registers 0,0 XX10-XXXX no 'CS46, 'C46 10 ms
' 0,0 1OXX-XXXX no 'CS56, 'C56, 'CS66, 'C66 10 ms
Write-All Registers 0,0 ©XX01-XXXX yes 'CS46, 'C46 10 ms
00 01XX-XXXX yes | 'CS56, 'C56, 'CS66, 'C66 10 ms

Table 3.7. EEPROM Commands
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EEPROM Command Execution

During the execution of a command, the two
Opcode bits, followed by six bits of address (for
a "C46 or CS46) or eighth bits.of address (for a
’C56, "CS56, *C66 or 'CS66), are shifted out of
the CS8900, into the EEPROM. If the command
is a Write, the data in the EEPROM Data regis-
ter (PacketPage base + 0042h) follows. If the
command is a Read, the data in the specified
EEPROM location is written into the EEPROM
Data register. If the command is an Erase or
Erase-All, no data is transferred to or from the
EEPROM Data register. Before issuing any com-
mand, the host must wait for the SI-BUSY bit
(Register 16, SelfST, bit 8) to clear. After each
command has been issued, the host must wait
again for SI-BUSY to clear.

Enabling Access to the EEPROM

The Erase/Write Enable command provides pro-
tection from accidental writes to the EEPROM.
The host must write an Erase/Write Enable com-
mand before it attempts to write to or erase any
EEPROM memory location. Once the host has
finished altering the contents of the EEPROM, it
must write an Erase/Write Disable command to
prevent unwanted modification of the EEPROM.

Writing and Erasing the EEPROM

To write data to the EEPROM, the host must
execute the following series of commands:

Issue an Erase/Write Enable command.

Issue an Erase command.

Load the data into the EEPROM Data register.

Issue a Write command.

SO

Issue an Erase/Write Disable command.

During the Erase command, the CS8900 writes
FFh to the specified EEPROM location. During

the Erase-All command, the CS8900 writes FFh
to all locations. During the Write and Write-All
commands, the CS8900 writes only the "0" bits
(i.e. those bits whose value is to be 0). As such,
the host must issue an Erase command before
writing a new value to the EERPOM.

Storing Additional Data in the EEPROM

If there is sufficient room, the user may store ad-
ditional data in the EEPROM (up to address
7Fh, depending on EEPROM size). However,
the first block of data in the EEPROM is always
used for the CS8900, and address space 80h to
AFh is reserved.

3.6 Boot PROM Operation

The CS8900 supports an optional Boot PROM
used to store code for remote booting from a
network server.

Accessing the Boot PROM

To retrieve the data stored in the Boot PROM,
the host issues a Read command to the Boot
PROM'’s memory space, either as a Memory or
I/O space access. The CS8900 decodes the com-
mand and drives the CSOUT pin low, causing
the data stored in the Boot PROM to be shifted
into the bus transceiver. The bus transceiver then
drives the data out onto the ISA bus.

Configuring the CS8900 for Boot PROM
Operation

Figure 3.3 show how the CS8900 should be con-
nected to the Boot PROM and °245 driver. To
configure the CS8900’s internal registers for
Boot PROM operation, the Boot PROM Base
Address must be loaded into the Boot PROM
Base Address register (PacketPage base + 0030h)
and the Boot PROM Address Mask must be
loaded into the BootPROM Address Mask regis-
ter (PacketPage base + 0034h). The Boot PROM
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Base Address provides the starting location in
host memory where the Boot PROM is mapped.
The Boot PROM Address Mask indicates the
size of the attached Boot PROM and is limited
to 4 Kbyte increments. The lower 12 bits of the
Address Mask are ignored and should be 000h.

€S8900
csouT
(Pin 17)
27C256 7415245
20— 19 —
CE OE
2 B8 DIR
Al
SA(0:14)

:> ISA
B_‘ . lspo:7) B?JS
) R
B8

Figure 3.3. Boot PROM Connection Diagram

In the EEPROM example shown in table 3.6, the
Boot PROM starting address is DOO0Oh and the
Address Mask is FCO00h. This configuration de-
scribes a 16 Kbyte (128 Kbit) PROM mapped
into host memory from DO00Oh to D3FFFh.

3.7 Low-Power Modes

For power-sensitive applications, the CS8900
supports three low-power modes: Hardware
Standby, Hardware Suspend, and Software Sus-
pend. All three low-power modes are controlled
through the SelfCTL register (Register 15).

Hardware Standby
Hardware (HW) Standby is designed for use in

systems, such as portable PC’s, that may be tem-
porarily disconnected from the 10BASE-T cable.

It allows the system to conserve power while the
LAN is not in use, and then automatically re-
store Ethernet operation once the cable is
reconnected.

In HW Standby mode, all analog and digital cir-
cuitry in the CS8900 is turned off, except for the
10BASE-T receiver which remains active to lis-
ten for link activity. If link activity is detected,
the LANLED pin is driven low, providing an in-
dication to the host that the network connection
is active. The host can then activate the CS8900
by de-asserting the HWSLEEP pin. During this
mode, all ISA bus accesses are ignored.

To enter HW Standby mode, the HWSLEEP pin
must be low and the HWSleepE bit (Register 15,
SelfCTL, Bit 9) and the HWstandbyE bit (Regis-
ter 15, SelfCTL, Bit A) must be set. When the
CS8900 enters HW Standby, all registers and cir-
cuits are reset except for the Self CTL register.
Upon exit from HW Standby, the CS8900 per-
forms a complete reset, and then goes through
normal initialization.

Hardware Suspend

During Hardware Suspend mode, the CS8900
uses the least amount of current of the three low-
power modes. All internal circuits are turned off
and the CS8900’s core is electronically isolated
from the rest of the system. Accesses from the
ISA bus and Ethernet activity are both ignored.

HW Suspend mode is entered by driving the
HWSLEEP pin low and setting the HWSleepE
bit (Register 15, SelfCTL, bit 9) while the
HWstandbyE bit (Register 15, SelfCTL, bit A) is
clear. To exit from this mode, the HWSLEEP pin
must be driven high. Upon exit, the CS8900 per-
forms a complete reset, and then goes through a
normal initialization procedure.

DS150PP1
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Software Suspend

Software (SW) Suspend mode can be used to
conserve power in applications, like adapter
cards, that do not have power management cir-
cuitry available.. During this mode, all internal
circuits are shut off except the I/O Base Address
register (PacketPage base + 0020h) and the
SelfCTR register (Register 15).

To enter SW Suspend mode, the host must set
the SWSuspend bit (Register 15, SelfCTL, bit
8). To exit SW Suspend, the host must write to
the CS8900’s assigned I/O space (the Write is
only used to wake the CS8900, the Write itself is
ignored). Upon exit, the CS8900 performs a
complete reset, and then goes through a normal
initialization procedure.

Any harware reset takes the chip out of any
sleep mode.

Table 3.8 describes the how to enter and exit the
three low-power modes.

3.8 LED Outputs

The CS8900 provides three output pins that can
be used to control LEDs or external logic.

LANLED: LANLED goes low whenever the
CS8900 transmits or receives a frame, or when it
detects a collision. LANLED remains low until
there has been no activity for 6 ms (i.e. each
transmission, reception, or collision produces a
pulse lasting a minimum of 6 ms).

LINKLED or HCO: LINKLED or HCO can be
controlled by either the CS8900 or the host.
When controlled by the CS8900, LINKLED is
low whenever the CS8900 receives valid
10BASE-T link pulses. To configure this pin for
CS8900 control, the HCOE bit (Register 15,
SelfCTL, Bit C) must be clear. When controlled
by the host, LINKLED is low whenever the
HCBO bit (Register 15, SelfCTL, Bit E) is set.
To configure it for host control, the HCOE bit
must be set. Table 3,9 summarizes this operation.

CS8900 Configuration ' CS8900 Operation
HWSLEEP | HWstandbyE HWSleepE SWSuspend Link Activity
(Pin 77)  |(SelfCTL, Bit A)| (SelfCTL, Bit 9) | (SelfCTL, Bit 8)
Low 1 1 N/A Not Present HW Standby mode:
10BASE-T receiver listens
for link activity
Low 1 1 N/A Present HW_Standby mode:
LANLED low
Low 0 1 N/A N/A HW Suspend mode
Low to High | N/A 1 0 N/A CS8900 resets and goes
' through Initialization
High N/A N/A 0 N/A Not in low-power mode
High N/A N/A 1 N/A SW Suspend mode
Low N/A 0 1 N/A SW Suspend mode
Low N/A 0 0 N/A Not in low-power mode

Note: Both HW Standby and HW Suspend take precedence over SW Suspend.

Table 3.8. Low-Power Mode Operation
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HCOE | HCBO Pin Function
(Bit C) | (Bit E)

0 N/A  |Pin configured as LINKLED:
Output is low when valid
10BASE-T link pulses are
detected. Output is high if valid
link pulses are not detected

1 0 Pin configured as HCO:
Output is high

1 1 Pin configured as HCO:
Output is low

Table 3.9. LINKLED/HCO Pin Operation

BSTATUS or HCI1: BSTATUS or HCI can be
controlled by either the CS8900 or the host.
When controlled by the CS8900, BSTATUS is
low whenever the host reads the RxEvent regis-
ter (PacketPage base + 0124h), signaling the
transfer of a receive frame across the ISA bus.
To configure this pin for CS8900 control, the
HCIE bit (Register 15, SelfCTL, Bit D) must be
clear. When controlled by the host, BSTATUS is
low whenever the HCB1 bit (Register 15,
SelfCTL, Bit F) is set. To configure it for host
control, HC1E must be set. Table 3.10 summa-
rizes this operation.

HC1E | HCB1
(Bit D) | (Bit F)
0 N/A

Pin Function

Pin configured as BSTATUS:
Output is low when a receive
frame begins transfer across the
ISA bus. Output is high
otherwise.

Pin configured as HC1:

Output is high

Pin configured as HC1:

Output is low

Table 3.10. BSTATUS/HC1 Pin Operation

LED Connection

Each LED output is capable of sinking 10 mA to
drive an LED directly through a series resistor.
The output voltage of each pin is less than 0.4 V
when the pin is low. Figure 3.4 shows a typical
LED circuit.

P
UNKLED | > M

Figure 3.4. LED Connection Diagram

3.9 Media Access Control
Overview

The CS8900’s Ethernet Media Access Control
(MAC) engine is fully compliant with the IEEE
802.3 Ethernet standard (ISO/IEC 8802-3, 1993).
It handles all aspects of Ethernet frame transmis-
sion and reception, including: collision detection,
preamble generation and detection, and CRC
generation and test. Programmable MAC fea-
tures include automatic retransmission on
collision, and padding of transmitted frames.

Figure 3.5 shows how the MAC engine inter-
faces to other CS8900 functions. On the host
side, it interfaces to the CS8900’s internal
data/address/control bus. On the network side, it
interfaces to the internal Manchester encoder/de-
coder (ENDEC). The primary functions of the
MAC are: frame encapsulation and decapsula-
tion; error detection and handeling; and, media
access management.
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Engine PLL

Figure 3.5. MAC Interface
Frame Encapsulation and Decapsulation

The CS8900’s MAC engine automatically assem-
bles transmit packets and disassembles receive
packets. It also determines if transmit and re-
ceive frames are of legal minimum size.

Transmission: Once the proper number of bytes
have been transferred to the: CS8900’s memory
(either 5, 381, 1021 bytes, or full frame), and
providing that access to the network is permitted,
the MAC automatically transmits the 7-byte pre-
amble (1010101b...), followed by the
Start-of-Frame Delimiter (SFD, 10101011b), and
then the serialized frame data. It then transmits
the Frame Check Sequence (FCS). The data af-
ter the SFD and before the FCS (Destination
Address, Source Address, Length, and data field)
is supplied by the host. FCS generation by the
CS8900 may be disabled by setting the In-
hibitCRC bit (Register 9, TxCMD, bit C).

Figure 3.6 shows the Ethernet frame format.

Reception: The MAC receives the incoming
packet as a serial stream of NRZ data from the
Manchester encoded/decoder. It disregards the
first 8 bits of data and then begins checking for
the SFD. Once the SFD is detected, the MAC
assumes all subsequent bits are frame data. It
reads the DA and compares it to the criteria pro-
grammed into the address filter (see section 4.9
for a description of Address Filtering). If the
DA passes the address filter, the frame is loaded
into the CS8900’s memory. If the BufferCRC
bit (Register 3, RxCFG, bit B) is set, the re-
ceived FCS is also loaded into memory. Once
the entire packet has been received, the MAC
validates the FCS. If an error is detected, the
CRCerror bit (Register 4, RxEvent, Bit C) is set.

Enforcing Minimum Frame Size: The MAC
provides minimum frame size enforcement of
both transmit and receive packets. When the
TxPadDis bit (Register 9, TxCMD, Bit D) is
clear, transmit frames will be padded with addi-
tional bits to ensure that the receiving station
receives a legal frame (64 bytes, including
CRC). When TxPadDis is set, the CS8900 will
not add pad bits and will transmit frames less
that 64 bytes. If a frame is received that is less
than 64 bytes (including CRC), the Runt bit
(Register 4, RxEvent, Bit D) will be set indicat-
ing the arrival of an illegal frame.

Packet
Frame
up to 7 bytes 1 byte 6 bytes 6 bytes 2 bytes 4 bytes
alternating 1s / 0s | SFD DA \ SA ) Length Field ‘ LLC data ‘ Pad ‘ FCS

preamble

Direction of Transmission

SFD = Start of Frame Delimiter
DA = Destination Address
SA = Source Address

Figure 3.6.

frame length
min 64 bytes
max 1518 bytes

LLC = Logical Link Control
FCS = Frame Check Sequence (also
called Cyclic Redundancy Check, or CRC)

Ethernet Frame Format
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Transmit Error Detection and Handling

The MAC engine monitors Ethernet activity and
reports and recovers from a number of error con-
ditions. For transmission, the MAC reports the
following errors in the TxEvent register (Regis-
ter 8) and BufEvent register (Register C):

Loss of Carrier: Whenever the CS8900 is trans-
mitting on the AUI port, it expects to see its own
transmission "looped back" to its receiver. If it
is unable to monitor its transmission after the
end of the preamble, the MAC reports a loss-of-
carrier error by setting the Loss-of-CRS bit
(Register 8, TxEvent, Bit 6). If the Loss-of-
CRSiE bit (Register 7, TxCFG, Bit 6) is set, the
host will be interrupted.

SQE Error: After the end of transmission on the
AUI port, the MAC expects to see a collision
within 64 bit times. If no collision is detected,
the SQEerror bit (Register 8, TxEvent, Bit 7) is
set. If the SQEerroriE bit is set (Register 7,
TxCFG, Bit 7), the host is interrupted. An SQE
error may indicate a fault on the AUI cable or a
faulty transceiver (it is assumed that the attached
transceiver supports this function).

Out-of-Window (Late) Collision: If a collision is
detected after the first 512 bits have been trans-
mitted, the MAC reports a late collision by
setting the Out-of-window bit (Register 8,
TxEvent, Bit 9). The MAC then forces a bad
CRC and terminates the transmission. If the
Out-of-windowiE bit (Register 7, TxCFG, Bit 9)
is set, the host is interrupted. A late collision
may indicate an illegal network configuration.

Jabber Error: If a transmission continues longer
than about 26 ms, the MAC disables the trans-
mitter and sets the Jabber bit (Register 8§,
TxEvent, Bit A). The output of the transmitter
returns to idle and remains there until the host
issues a new Transmit Command. If the Jab-
beriE bit (Register 7, TXCFG, Bit A) is set, the
host is interrupted. A Jabber condition inticates

that there may be something wrong with the
CS8900 transmit function To prevent possible
network faults, the host should clear the transmit
buffer. Possible options include:

e Reset the chip with either software or hard-
ware reset (see section 3.3).

e Issue a Force Transmit Command by setting
the Force bit (Register 9, TXxCMD, bit 8).

e Issue a Transmit Command with the
TxLength field set to zero.

Transmit Collision: The MAC counts the num-
ber of times an individual packet must be
re-transmitted due to network collisions. The
collision count is stored in bits B through E of
the TxEvent register (Register 8). If the packet
collides 16 times, transmission of that packet is
terminated and the 16coll bit (Register 8,
TxEvent, Bit F) is set. If the 16colliE bit (Reg-
ister 7, TxCFG, Bit F) is set, the host will be
interrupted on the 16th collision. A running
count of transmit collisions is recorded in the
TxCOL register (Register 12).

Transmit Underrun: If the CS8900 starts trans-
mission of a packet but runs out of data before
reaching the end of frame, the TxUnderrun bit
(Register C, BufEvent, Bit 9) is set. The MAC
then forces a bad CRC and terminates the trans-
mission. If the TxUnderruniE bit (Register B,
BufCFG, Bit 9) is set, the host is interrupted.

Receive Error Detection and Handling

The following receive errors are reported in the
RxEvent register (Register 4):

CRC Error: If a frame is received with a bad
CRC, the CRCerror bit (Register 4, RxEvent, Bit
C) is set. If the CRCerrorA bit (Register 5,
RxCTL, Bit C) is set, the frame will be buffered
by CS8900. If the CRCerroriE bit (Register 3,
RxCFG. Bit C) is set, the host is interrupted.
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Runt Frame: If a frame is received that is
shorter than 64 bytes, the Runt bit (Register 4,
RxEvent, Bit D) is set. If the RuntA bit (Regis-
ter 5, RxCTL, Bit D) is set, the frame will still
be buffered by CS8900. If the RuntiE bit (Reg-
ister 3, RxCFG. Bit D) is set, the host is
interrupted.

Extra Data: If a frame is received that is longer
than 1518 bytes, the Extradata bit (Register 4,
RxEvent, Bit E) is set. If the ExtradataA bit
(Register 5, RxCTL, Bit E) is set, the first 1518
bytes of the frame will still be buffered by
CS8900. If the ExtradataiE bit (Register 3,
RxCFG. Bit E) is set, the host is interrupted.

Dribble Bits and Alignment Error: Under nor-
mal operating conditions, the MAC may detect
up to 7 additional bits after the last full byte of a
receive packet. These bits, known as dribble bits,
are ignored. If dribble bits are detected, the Drib-
blebit bit (Register 4, RxEvent, Bit 7) is set. If
both the Dribblebit bit and CRCerror bit (Regis-
ter 4, RxEvent, Bit C) are set at the same time,
an alignment error has occurred.

Media Access Management

The Ethernet network topology is a single shared
medium with several attached stations. The Eth-
ernet protocol is designed to allow each station
equal access to the network at any given time.
Any node can attempt to gain access to the net-
work by first completing a deferral process
(described below) after the last network activity,
and then transmitting a packet that will be re-
ceived by all other stations. If two nodes
transmit simultaneously, a collision occurs and
the colliding packets are corrupted. Two pri-
mary tasks of the MAC are to avoid network
collisions, and then recover from them when
they occur. In addition, when the CS8900 is us-
ing the AUI, the MAC must support the SQE
Test funtion described in section 7.2.4.6 of the
Ethernet standard.

Collision Avoidance: The MAC continually
monitors network traffic by checking for the
presence of carrier activity (carrier activity is in-
dicated by the assertion of the internal Carrier
Sense signal generated by the ENDEC). If car-
rier activity is detected, the network is assumed
busy and the MAC must wait until the current
packet is finished before attempting transmis-
sion. The CS8900 support two schemes for
determining when to initiate transmission: Two-
Part Deferral, and Simple Deferral. Selection of
the deferral scheme is determined by the 2-part-
DefDis bit (Register 13, LineCTL, Bit D). If the
2-partDefDis bit is clear, the MAC uses a two-
part deferral process defined in section 4.2.3.2.1
of the Ethernet standard (ISO/IEC 8802-3,
1993). If the 2-partDefDis bit is set, the MAC
uses a simplified deferral scheme. Both schemes
are described below:

o Two-Part Deferral: In the two-part deferral
process, the 9.6 us Inter Packet Gap (IPG)
timer is started whenever the internal Carrier
Sense signal is de-asserted. If activity is de-
tected during the first 6.4 pus of the IPG
timer, the timer is reset and then restarted
once the activity has stopped. If there is no
activity during the first 6.4 ps of the IPG
timer, the IPG timer is allowed to time out
(even if network activity is detected during
the final 3.2 ps). The MAC then begins
transmission if a transmit packet is ready and
if it is not in Backoff (Backoff is described
later in this section). If no transmit packet is
pending, the MAC continues to monitor the
network. If activity is detected before a
transmit frame is ready, the MAC defers to
the transmitting station and resumes monitor-
ing the network.

The two-part deferral scheme was developed
to prevent the posibility of the IPG being
shortened due to a temporary loss of carrier.
Figure 3.7 diagrams the two-part deferral
process.
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Figure 3.7. Two-Part Deferral

Simple Deferral: In the simple deferral
scheme, the IPG timer is started whenever
Carrier Sense is de-asserted. Once the IPG
timer is finished (after 9.6 ps), if a transmit
frame is pending and if the MAC is not in
Backoff, transmission begins (even if net-
work activity is detected during the 9.6 us
IPG). If no transmit packet is pending, the
MAC continues to monitor the network. If
activity is detected before a transmit frame is
ready, the MAC defers to the transmitting
station and resumes monitoring the network.

Preliminary

CS8900

Figure 3.8 diagrams the simple deferral proc-

€ss.
Start Monitoring
Network Activity

Transmit
Frame

Figure 3.8. Simple Deferral

Collision Resolution: If a collision is detected
while the CS8900 is transmitting, the MAC re-
sponds in one of three ways depending on
whether it is a normal collision (within the first
512 bits of transmission) or a late collision (after
the first 512 bits of transmission):

Normal Collisions: If a collision is detected
before the end of the preamble and SFD, the
MAC finishes the preable and SFD, transmits
the jam sequence (32-bit pattern of all 0’s),
and then initiates Backoff. If a collision is
detected after the transmission of the pream-
ble and SFD but before 512 bit times, the
MAC immediately terminates transmission,
transmits the jam sequence, and then initiates
Backoff. In either case, if the Onecoll bit
(Register 9, TxCMD, Bit 9) is clear, the
MAC will attempt to transmit a packet a total
of 16 times (the initial attempt plus 15 re-
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JITTER PERFORMANCE: 61575 & 61574A
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Figure 1 - Jitter Attenuator Block Diagram

to the average frequency of the recovered signal.
Logic determines the phase relationship between
the read and write pointers and decides how to
adjust the load capacitance of the crystal. Thus
the jitter attenuator behaves as a first-order phase
lock loop. Signal jitter is absorbed in the FIFO.

The FIFO in the jitter attenuator is designed to
neither overflow nor underflow. If the jitter am-
plitude becomes very large, the read and write
pointers may get very close together. Should
they attempt to cross, the oscillator’s divide by
four circuit adjusts by performing a divide by
3.5 or divide by 4.5 to prevent the FIFO over-
flow or underflow. This is a coarse adjustment
of the outgoing clock. During this activity, data
will never be lost, but jitter gain occurs.

The jitter attenuator of the CS61575 contains a
192-bit FIFO, and will tolerate 138 Uls at 1 Hz
and 28 Uls at 300 Hz as required by 62411 (Fig-
ure 2), while attenuating the jitter. The jitter at-
tenuators of the CS61574A and CS61574 con-
tain a 32-bit FIFO, and will typically tolerate 23
Uls (at a frequency in the attenuation range) be-
fore the overflow or underflow mechanism takes
effect increasing output jitter to prevent data
loss.

PERFORMANCE IMPLICATIONS OF
ATTENUATOR DESIGN

As shown in Figure 2, the CS61575, CS61574A
and CS61574 all tolerate the input jitter defined
by AT&T 62411. (Note that all other recent
standards require a maximum tolerance of 10
Uls). However, when the input amplitude ex-
ceeds 23 Uls, the CS61575 continues to provide
a continuous jitter transfer function. As shown in
Figure 2, when more than 23 Uls are input to the
CS61574A, CS61574 or similar devices (such as
the LXT300), the divide by 3.5 or 4.5 mecha-
nism produces jitter gain.

If the CS61574 has discontinuities in the transfer
function, then how can it be that systems using
the CS61574 have routinely passed 624117

One answer is that most sophisticated systems
contain a system synchronizer (PLL) and one
frame buffer (FIFO) per trunk (Figure 3). In fact,
all systems which meet Stratum 4 (Type 1), Stra-
tum 3 or Stratum 2 requirements will have a
synchronizer. The synchronizer/FIFO can pro-
vide attenuation which is incremental to that pro-
vided by the CS61574A or CS61574 on the
trunk card.
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