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FEATURES

Single-Chip Quad IEEE 802.3-com pliant Ethernet
Interface

3V and 5V Operation
Full and Half Duple x Operation

Auto-Negoti ation wi th Manual Override Capabi lity

Four 10BASE-T Ports with Integrated Ac tive Ana-
log Filters

m Automatic Polarity Detection and Correction

Integrated Manche ster Encoder/Decoder s
(ENDEC)

Link Status LED Driver for Each Port

Per Port Contr ol - Manual Duplex select (Half or
Full), Auto-Neg otiati on select, Loopba ck select

Per Port Status - Collision detect, Carrier detect,
Jabber indic ation, Link status , Duple x status ,
Auto-Negoti ation sta tus

ORDERING INFORMATION
CS8904-CM5 0 to 70 °C
CS8904-CM30to 70 °C

100-pin MQFP, 5.0 V
100-pin MQFP, 3.3 V
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Crystal LAN ™ Quad
Ethernet Transce iver

DESCRIPTION

The CS8904 combines four 10BASE-T Ethernet EN-
DECs and transceivers into a single low-cost device.
Complete on-chip 10BASE-T Transceivers and filters
eliminate external components, saving valuable board
space and reducing cost. The CS8904 offers maximum
design flexibility by providing individual control and sta-
tus lines for each of the four interface ports.

The CS8904 supports full-duplex operation, allowing si-
multaneous transmission and reception on all ports.
Auto-negotiation allows the automatic selection of ei-
ther half or full duplex operation on a per-port basis.

The CS8904 is ideally suited for cost-sensitive Ethernet
switch designs. With the CS8904, engineers can design
a four-port Ethernet Transceiver circuit that occupies

CDK®8904-5 Developer’s Kit, 5.0 V .
P less than 1.0 square inch (6.5 sg. cm) of space, exclu-
sive of transformers and RJ-45 connectors.
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CS&®04
Crystal LAN™ Quad Bhernet Transceiver

1.0 INTRODUCTION
1.1 General Description

The C8904 isa true singé-chip quad Ethewet
interface solution, incoporating d analog ad
digital circuitry needed for a corplete Ethenet
front end circuitlt includes high-pdormane m-
chip filtering, eiminating the need for extemnal
filters. In adition, the CS8904 fpotts the latest
IEEE Bhernet feature including full duplex ad
Auto-Negotiation.

——= CIRRUS LOGIC
The CS8904 incorpoates bur indepadent

Manchester enmder/decders (ENIEC), clock

recovery ciralits, VBASE-T transcievers, andink

status LED circuits. The 10BSE-T transcévers

include divers, recavers, aad high-perbrmance
on-chip analog filters, allowindirectconnections
to low-cost solation transformers. The 68904’s
superor EMI chaaderistics ae a result of the

high-qudity receve and trangnit filters which

eliminate theneed for extenalfilter packs and hip

to makeFCCPart 15Class Bcomplianceessier to
achieve. Each of the four transwers supporhdf

and full dupéx opeation and include IEEE
compliant Aub-Negotiation capability.
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Figurel. Ethernet Switching Hub Application of CS8904

CIRRUS LOGIC ADVANCED PRODUCT DATABOOK
DS191PP2

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/6109782/cs8904.html

!

CIRRUS LOCGIC

CS89@
CrystalLAN™ Quad Ehernet Transceier

Each of he CS89@! interface ports suppot 100,
120, andl50 Q shielded and unshieldkecables, ad
automatt receve reverse-polaity detection ad
correcion.

1.2 Sstem Applications

The C38904 is designedf use in Etharet swith,

hub,and router systnsand h ATM switches with

Ethernet supportOffering the latest fetres of he

IEEE 802.3 spatication (ISO/IEC 8802-3:19®),

the CS8904 @n be easly interfaced to custom
digital systemASICs. Inputsto the CS8904from

the digital system ASIC are: transmit data, transmit

enable duplex  séection,
selection,and loopbak sdection (loopb&k from
digital system ASIC through @904 to digital
sydem ASIC),and mode seletton. Mode sdection
allows te CS8904 to oper with a varety of
compatibé Etherné controllers.

Outpus of the CS890 to the digiél system ASIC
are transmi clock, receiveclock, recave data, ad

five status lines: dlision detet, carier detet,

jabber indcdion, duplex (half /full), and auto-

negotiaion (ative / inactive).

auto-negotiation

The Link Status LED indicakes that there is an
operdiond link with the remote navork device

1.3 Key Featues and Benefis

1.3.1 Low Cost, Low Noise, More Features

High-peformane onchip 10BASE-T filters
allow designes o use simple isolation trans-
formersinstead of more costly filter/transform-
er pakages.

The C8904 isdesignal to be used on a 4-laye
circuit board instad of a moreexpersivemulti-
layerboard, saving boat manufaduring costs

The C8904 has ben designed fovery low
noise emisson. As a esult FCC testng and
qualification time is reduced consideraly.

Half and full duplex operaon meke the
CS8904 ideal foruse in 10BASE-T Ethemet
switch desigs andn ATM switch g/stems that
require10BASE-T Ethernet ports.

Auto-Ngyotiaion cgability that is fully com-
pliant with the latest IEEE Ethenet specifica-
tion (SOIEC 88023:1995(u)) provides the
newest Ethenet faatures to system designers.
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Figure 2. Typical Connection Diagram
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2.0 PIN DESCRIPTION

CD1
COLL1
JABBERL1
LINKLED1
RxDATA1
RCLK1
DUPLEX1
MODE1
MODEO
DSuUB
DVDDO
DVSS0
DUPLEXO
RCLKO
RxDATAO
LINKLEDO
JABBERO
COLLO
CDO
AUTONEGO

DS191PP2

o - N
% gfjﬁj%‘ﬂ — |- N N OJ%EESjg
[a1] — — o N
okzooa  ,00 HhoWrWAH ,0na , ,a00nlk
C3858584498:4808080843804485583
R O R R R R RRlexSRRFrFReze 23281
QOO MNOILTMHOANAODONOOTNOANATAODOMN O MAN A
ONNNMNMNMMMMMMMOOOOOOOOOCOLLLLWOLWLWLWLWLWLW
81 50——
83 48 ——
85 46—
86 45——
87 44—
89 CS8904 Pry
go 100-Pin 4(1):
1 4:|
92 MQFP 39—
93 38——
94 (Q) 37—
95 36 ——
96 3B——=
97 34—
98 33—
99 32—
100 31—
O
Od NMSTUOLOMNMNODOO A NN O~ OO
A NMNMTOOMNMNOOOO A A A A A A dcrd AN NNNNNNNNANM
ooooo+éoo+éoooommm+&)mm+o;,mmmmmm
— o am o (9] N m ) ™ o |
SEPEAR A Rt gL T
S@ao9 zi FEzZ EF &z Soags3
< X2 E2 X X
FFAHn DDI—I—D
=< < <

Figure 3. CS8904 Pin Diagram
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2.1 Controller Interface

DUPSEL[0:3] - Duplex Select. Input, Pins 3, 77, 53, and 27.
When AUTOSEL is low sdting this pn high will force the port into full duplex operaion and
seting this pin low will force the port into half duplex opdiran. When AUTOSEL is high,
seting this pin high indicates hat full and half duplex capabiliy shouldbe advertisedand
seting this pn low indicaes tat only haf dudex capadity should be adveised

AUTOSEL[0:3] - Auto-Negotiation Select. Input, Pins 4, 76, 54, and 26.
Setting this pin high will cause the portto Auto-Negotiate, automaically selecting half or full

duplex opeation. When low Auto-Negotiation is dsablal and the duple of the pot is
controlled by the DUPEL pin.
LOOP[0:3] - Port Loopback Enable. Input, Pins 5, 75, 55, and 25.
Port Loopback Enalet Setting this pin high will cause the input data d¢ime TXDATA pin for

this port to @pea onthe RXDATA pin for this port. Tx+and Tx- will renain idle and axy dat
received a Rx+ and Rx- will be gnored. Settingthis pin low will resultin normaloperaiton of

the port.
TXENBL[0:3] - Transmit Enable. Input, Pins 2, 78, 52, and 28.
Transmi Enéble: When this pin isassertedthe input data for this port, pesent on the TxBTA
pin, is input to he CBV904 using th transmit clock, TXCLK. When thigin is deasserted, Tx+
and Tx- output pigare idle.
TxDATAJO:3] - Transmit Data. Input, Pins 1, 79, 51, and 29.
The data tdbe transmited ispresented onhts pin using NRZ enading and synchonized by
the transmitclock, TXCLK. Data is ecepted when TXENBL is high.
TXCLK - Transmit Clock. Output with 4 mA drive, Pin 42.
Common traasmit clock for all four ports. KENBL is usedto control the sampling of TXDATA

using TXCLK.
COLL[0:3] - Collision Detect Status. Output with 4 mA drive, Pins 98, 82, 48, and 32.

This output pin will asset to indicae that a collisia has leen detected onthis port and

deassds when the cdision is no longer preset. When @erating in full dupgex mode,

collisions will not ocur and COLL will not ransition.

CD[0:3] - Carrier Detect Status. Output with 4 mA drive, Pins 99, 81, 49, and 31.
This output pin $ assated while reeve data is avidable on he RXDATA pin for thisport.

DUPLEX]O0:3] - Duplex Status. Output with 4 mA drive, Pins 93, 87, 43, and 37.
This outputremains high when the portis operdéing full duplex, and remain®w when the port

Is opeaating half duplex.
CIRRUS LOGIC ADVANCED PRODUCT DATABOOK
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AUTONEG]IO0:3] - Auto-Negotiation Status. Output with 4 mA drive, Pins 100, 80, 50, and 30.

This outputremains high when Auto-Negotiationhas taken placeuaessfully and renains low
when Auto-Negotiatiorhas failed or is disabledfor this port. See Section 4.3.2 (Control and
Status Inbrmation) for moreinformation.

i

RxDATA[O0:3] - Received Data. Output with 4 mA drive, Pins 95, 85, 45, and 35.

The data recaved for this pott is outputon this pin This data is NRZ enmded ad is
synchronizd using the reeive dock, RXCLK. The CD pin s assated whe recave data is
preset on the RxDAA pin.

JABBER][O0:3] - Jabber. Output with 4 mA drive, Pins 97, 83, 47, and 33.
This output pin wil asset to indicate that a jabbeconditon ha been diected r this port.

RxCLK][O0:3] - Recovered Receive Clock. Output with 4 mA drive, Pins 94, 86, 44, and 36.
The reeovered receive clock for the port isoutput on ths pin.

2.2 10BASE-T Interface

TX+[0:3], TX-[0:3] - I0BASE-T Transmit Pair. Output, Pins 10, 69, 60, 19, 11, 70, 61, and 20.
Differential output paithat drives 10 Mb/s Marttesterencodal datato the 10BASE-T twisted-
pair segment.

RX+[0:3], RX-[0:3] - 10BASE-T Receive Pair. Input, Pins 6, 73, 56, 23, 7, 74, 57, and 24.
Differential input pair that recaves 10 Mb/s Mandesterencodel dda from the 10BASE-T
twistedpair segment.

2.3 LED Pins

LINKLEDIO:3] - Link Status LED. Open Drain Output with 10 mA drive, Pins 96, 84, 46, and 34.

This activelow outputgoes low ad ramains continuously low br a fundioning 10BAE-T
link. Refer to Sedion 4.3.2(Control andStatusinformation) for nore informationon usng the
LINKLED pin.

2. Pin

-~

XTAL1, XTALZ2 - Crystal. Input, Output, Pins 38 and 39.

A 20 MHz crystal should beonneted acoss theseins. Atematively, a 20 MHz signd may
be conneted to XTAL1; XTAL?Z is left open.

RESET - Reset. Input with Internal Weak Pullup, Pin 66.
Setting this pin low for at least 500 ns wilreset the C8904.

CIRRUS LOGIC ADVANCED PRODUCT DATABOOK
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MODE[0:2] - Mode Select. Input, Pins 89, 88, and 64.
Seleds thecontroller compaibility mode. &e Table 1.

RES - Reference Resistor. Input, Pin 16.
A 4.99 KQ £1% resistershaild be conneted betwea this input and ground.

AVDD - Analog Power. Power, Pin 14.
Provides power to the anl@g circuits of the C804.

AV SS0, AVSS1 - Analog Ground. Ground, Pins 15 and 65.
Provides a ground réerence (0 V) to the aalog circuits of the CS#4.

DVvDDO, DVDDL1 - Digital Power. Power, Pins 91 and 40.
Provides power to the dig#l circuits of the C8904.

DVSS0, DVSSL - Digital Ground. Ground, Pins 92 and 41.
Provides a ground réerence (0 V) to the digital circuits of the CS84.

TVDDI0:3] - Transmitter Analog Power. Power, Pins 13, 67, 63, and 17.
Providespower to the tramitter analog circuits of the GS04.

TVSY[0:3] - Digital Ground. Ground, Pins 12, 68, 62, and 18.
Providesa ground refance (0 V) to the transitter analog circus of the CS894.

RVDD[0:3] - Receiver Analog Power. Power, Pins 8, 72, 58, and 22.
Provides power to the redver andog drcuits of the C8904.

RVSY[0:3] - Receiver Analog Ground. Ground, Pins 9, 71, 59, and 21.
Provides a ground réerence (0 V) to the reever andog circuits of the C8904.

DSUB - Ground. Ground, Pin 90.
Provides ground b the substri layer of the C8904.
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Mode MODE2 | MODE1 | MODEO
Controller Compatibi lity Selected Pin Pin Pin
Advanced Micro Devices AM7990, Motorola 68BEN360, or Mode 1 1 0 0
compatible controllers
Intel 82586, Intel 82596, or compatible controllers Mode 2 1 0 1
Fujitsu MB86950, Fujitsu MB86960, or compatible controllers Mode 3 1 1 0
National Semiconductor 8390, Texas Instruments TMS380C26, or Mode 4 1 1 1
compatible controllers
Seeq 8005 or compatible controller Mode 5 0 1 1
Reserved; Operation Undefined 0 1 0
Reserved; Operation Undefined 0 0 1
Reserved; Operation Undefined 0 0 0
Table 1. Mode Selection Summary

Parameter Mode 1 Mode 2 Mode 3 Mode 4 Mode 5
Mode Bits (MODE2, MODE1, MODEOQ) 100 101 110 111 011
Controller Compatibility AMD Intel Fujitsu National SEEQ

Motorola TI
Edge of TXCLK where TxDATA is sampled Rising Falling Falling Rising Rising
Polarity of Active TXENBL High Low High High High
Polarity of Active LOOP High Low High High High
Polarity of Active COLL High Low Low High High
Edge of RXCLK where RxDATA is clocked. Rising Falling Falling Rising Rising
Polarity of Active CD High Low High High High
Level of RXDATA when CD is deasserted High High Low Low Low
RxCLK after CD is deasserted 5 cycles 5 cycles Continuous 5 cycles Continuous
Table 2. M ode Operation Comparison
CIRRUS LOGIC ADVANCED PRODUCT DATABOOK
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3.0 THEORY OF OPERATION
3.1 Overiew

The CS804 provides fourindependet ports for a
multi-port Ethenetsystem logic device. In termsof
the IEEE 802.3 spefication, te CS8904
combines theunctionsof the Physical Signaling
subdayer (PLS) and the 10BAE&-T Medium
Attachment Unit (MAU) for four indepedent
interface nto a singédevice. Typcdly, the sysém
logic device provides multiple Media Access
Control (MAC) interfaces, which connect ¢ the
CS8904. For simptity, a single portinterface of
this system logic device is referred to & a digita
controller throughout tkidaasheet.

A synchronous biserial strean of daa is receved
and transntted betveenthe C8904 and the digital
controller. Digital information tha is seat to he
CS8904 from the digital ontroller is Manchester
encode and tansmited over he 10BASE-T
wiring system. Dta recaved from the l10BASE-T
wiring sysem is convertedto seial datawhich is
sent as ait-seral stream, #ong with the tock
recoveral from the data, tothe Ethemnet system
logic. Additionally, status andomtrol information

Is exdhanged betwen the CG58904andtheEthemnet
digital controller. All ports opeateindependently,
allowing fedures such as duplexIsetion, Auto-
Negotiation, and loopb&do opeaateon a perport
basis.

TheCS8904 asoincorporaes full |EEE-compliant
transmit and redve filtering interndly. No
extenal filters are required and simg@ isolation
transfomers may be used with the 10BES
ports.

3.2 Encode/Decode (ENDEC)

The CS89045 integréed ercoderfdecode
(ENDEC) agrcuit is compliant with the relevant
portiors of clause 7 of the Ehernet standed
(ISO/IEC 8802-3, 1996).t3 pimary functions
include peforming Manchster en®ding of
transmit daa, informing the corroller when viid
recave daa is present (Carier Detedion), and
recoveringthe clockandNRZ datafrom incoming
Manchester-encoded d&.

Figure 4 provides a bldcdiagram ofthe ENDEC
and illustraes how it intafaces to the digitd
controller aad 10BASE-T transceive.

i ENDEC &
.................................. E Carrier i
<t ]
cb ! Detector !
: i H
RXCLK &+ Docoder i RX i 10BASE-T
™ gpLL [+ Transceiver :
RXDATA i« : : :
System ; ;
ASI TXCLK ; boTX :
TXDATA —> Encoder : >
TXENBL > ; :
H ) )

Figure4. ENDEC
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3.2.1 Encoder

The enoder onverts NRZ data &ém the digital
controller anda 10 MHz Transmit Clock sgnd into
a serid strean of Manchesterdaa. The Transmit
Clock is produed by an on+aip osdllator arcuit
that is diven by eitheran extenal 20MHz quatz
crystal ora TTL-level CMOS clockinput. The
encodel sgnd is routed to the 10BAE-T
trarscever.

3.2.2 Carrier Detection

The internd Carrier Detedion circuit informs the
digital contrdler that vdid receve dda is preset

by asserting lhe Carrier Detect (CD) signal as soon

it detects avalid Ethenet preamble. Durng normal
packe reception, Carrier Detect remans asseded
while the frame is being reeived, andis de
asseted after the last low-to-high tansition of he
End-offrame EOF) sguence Wheneve the
recaver is idle (no re@ve adivity), Carier Deted
remains dessseted.

Auto-Negotiation and Link
Control and Status

10BASE-T Transceiver

CIRRUS LOGIC

3.2.3 Clock and Data Recovery

~——m

When the redver is idle the phase-lok loop
(PLL) is locked to theinternd clock signd. The
assetion of the Carier Sense sgnd interrupts he
PLL. When it restats, it locks on theincoming
dai. The recve clock is then conpared b the
incoming dda at the bit cé centerand any phse
differenceis corrected. The BL remains locked as
long asthe ree@iver inputsignalis valid. Once le
PLL haslocked on theincoming daa, theENDEC
convets the Mantiester datdo NRZ and passes
the deoded d#a andthe recoverd clok to the
digital controll er for further pocessing.

3.3 10BASE-T Transeiva

The CS8904 indudes integréd 10BASE-T
transceives thd are wmpliant with the relevant
portions of clause 14 ofthe Ethernet standed
(ISO/IEC 8802-3:1996). It hcludes all analog and
digital circuitry neeled b interface the G8904
directly to a smple isoldion transforme (see
Figure 2 for a onnection diagran). FHgure 5
provides a block diagm of one of the 10BAS-T
transcevers.

and Link Pulse

Auto-Negotiation

seeegrieeeesesesesans

RX RX . Rx+
Comparator | | RX Filters Ry
ENDEC
iTX TX Pre- _ _ Tt
: Distortion TX Filters TX Drivers Ny

Filter Tuning

Figure5. 10BASE-T Transceiver
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3.3.1 10BASE-T Filters

Each of the CS39045 10BASE-T trasceives
include integrated low-pass traasmit and receive
filters, elminaing theneed fa externd filtersor a
filt er/transfomer hybrid. On-chp filters areactive
(gmic) implementaions of fifth-orde Butterworth
low-pass fiters. Internal wning circuitskeep he
gm/c rdio tightly controlled, even when lage
temperdure, supply, and @ process variations
occur. The nommnal 3 dB cutoff frequency ofthe

filters is16 MHz, andthe nominal attenuation at 30

MHz (3rd harmonic) is -27 dB.
3.3.2 Transmitter

During transmissin, Mancheste enmded d#a
from the ENDEC is fal into thetransmitters pre-
distortion cirait where initial wave shaing and
pre-equalizéion is periormed. The output of the
pre-distortion crcuit is fed into the transnt fil ter
where find wave shaing ocaurs and unwanted
noise is ranoved. The signd then passedo the
differential driver where it is amplified and driven
out of the Tx+/Tx- pins.

In the absene of ransnit packet, the transnitter
geneates Normal Link Pulses (NLB inaccomance
with clause 14.2.1.1 of the Etherne standad
(ISO/IEC 8802-3:1996).

If no link puses or Ethenet frames & being
recaved onthe re@iver, thelOBASE-T transmiter
isinternally forced D an inative stée.

3.3.3 Receaiver

The 10BAE-T receive sedion consistsof the
receaive filter, squdch circuit, polarity deedionand
correction cirait, andlink pulse detetor.

3.3.3.1 Squelt Grcuit

The 10BASE-Tsquelch acuit ddermines wha
valid datais present orthe Rx+/Rx- pair.Incoming
signak passinghrough the receive filter arested
by the squelch ocuit. Any signal with amplitde

less than the sqleh threshold (#her posiive or
negative, dpending on paity) is rejeced.

3.3.3.2 AuteNegotiation and Link &lses

The CS904 supports Auto-Negotiation,het
mechanism that dlows the two devices on either
end of a 10BASE-T Ink segment @ share
information ad autonaticdly configure both
devices for maximum perbrmance The (S8904
Auto-Negotiation capability is fully conpliant with
the releant portons of ¢ause 28 of the Ethest
standard (SO/IEC 88023:1995(1)).

Auto-Negotiaion encgosuldes informaton within
a bust of closdy spacd link integrity test pulses,
referred to as a FLink Puke (ALP) Burst The
FLP Burst consistof a seiesof link integiity pulses
which form an altevating clock / daa sequence
Extradion of the data bétfromthe AP Burst yields
aLink Code Word whichidentfies thecgpabiity of
the remoe device. To reman interopaable with
existng 10Basel devices, te CS8904 also
supportsthe reception of10Base-T compliant link
integrity test pulse, refared to as Norml Link
Puses(NLP).

When onfigured for Auto-Negotiation, e
CS8904 will detectand automaticst operate full-
duplex if the deviceon the otha end of the link
segment alsosupports full-duplex and Auto-
Negotiation. f the remote device supportsAuto-
Negotiation, but only advertises half dupk
capaility, the CS8904 will operge half dupkx.
Once  Auto-Negotiation has ompleted
succeskllly, the CS8904 will send Namal Link
Pulses.The C8904Normal Link Pulse opation
is fully compliant with clause 14.2.1.1 ofthe
Etherne speification (ISO/IEC 8802-3:1996).

The C38904 supportpaallel detetion. Devies
that respond to th&€S89045 attempt toAuto-
Negotiate wih Normal Link Pulses cause he
CS8904 to espond with NormbLink Pulses ad to
operde as dlOBASE-T h#f-duplex device
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If the remote device suppots Auto-Negotiation,
but does nosharea mmpadible sd of cgabiities
with the C8904, then the G®04 will indicate

that the Auto-Negotiation was unsiccesful and

that the link is faled tirough the Auto-Ngotiaion

output and the Link Sdtus LED output Auto-

negotiaton may also fail ifte CS8904s unable to
exchange a Link Code Word wih the remote

device

When Auto-Negotiation $ disabled, theCS8904
sendsNormal Link Pulses b the remote Ethemnet
device

3.3.3.3 Rceive Polarity Detetion and Caoedion

The CS8904checks tle polaiity of the receve hdf
of thetwisted par cable and atomatically correds
a reversa.

To deect a reversal par, the redaver examines
received link pulses and the End-of-Fne (EOF)
sequene of ncoming pad&ets.If it deteds at kast
one reversed link pudeand at East four fames im
row with negaive polarity afte the EOF, the
reeive pair is considerk reversed. Any daa
received befoe the correction of he reversal is
ignored.

3.3.4 Collision Detection

If half duplex operfion is sdected, the G8904
dete¢s a 10BASE-T ollision wheneer the
receiver andtrarsmitter ae adive smultaneously.
When acollision is preent,the collision detection
circuit informs thedigitd controller by asseting
the collsion sgnd. If full duplex opestion is
sdected, he allision deedion drcuit is dsabkd.
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4.0 FUNCTIONAL DESCRIPTION
4.1 Reset and Calibration
4.1.1 Reset Operation

Three different conditions causethe CS8904 to
reset its internal circuits:

Power-Up Reset: When poweris applied, the
CS8904 naintains reset unil the voltage at he
suply pins readhes approximately 2.5/. The
CS8904comesout ofreset once Vcds greder than
approximately 2.5 \and the ciystd oscill ator has
stahlized

Power-Down Resd: If the supply votage drops
below appoximately 2.5V, thereis a chip-wide

rese. The C8904 remainsn a reséstate unt the

power supply returns to a ldvegreater than

approximately 2.5 \and the ciystd oscill ator has

stahlized

External Resd: There is a chip-wide resd
whenever theRESET pin is héd low for at kast
500 ns

4.1.2 Allowing Time for Reset

After a rese, the C8904 resets all intemal
circuitry and cdibrates all on-tip analog ¢rcuitry.
The timerequirel for thereset ad calibradion is
typicdly 36 ms. Duringthis timg the TxCLK
signalis hdd low. When the resetard cdibration
operdions a&e complete, the TXCLK signal
operdes as normal, acill atingat afrequeng of 10
MHz.

4.2 ModeControl

The CS8904 s designed tmpeaate witha number
of industry sandard Ethemet contollers and
compaible devices. It is @mpdible with
controllers fom Advancel Micro Devices (AMD),
Intel, Fujitsu, Seeq, Ntional Semiconduot and
Texas Instruments.

The MODE2, MODE1, and MODEO pins allow
five different @mpaibility modes tobe endled for
the CS8904. Mbde slection afects the control
signd timing and polaities ofthe four pots of the
CS8904. Thle 1 summarizes the various modes
and the MODE2, MODE1, and MODEOQO pin
settngs reuired to selecthem.

4.3 ntroller Interface

The CS8904 povides fourindependent intefaces
for thedigital controllers. In aldition to providing
a medanism to transfe synchronous setiadaa
betwea the CS8904 and the contr@i, eath
interface also provides control and status
information for the pdr

4.3.1 Transmit and Receive Interface
4.3.1.1 Normal Tnasmission

The CS8904 reeivesserial data from the ontroll er

onthe TxDATA pin. This data issyndironized by
the transmit clock present orthe TXCLK pin. Only

one transmitclock sgnd is povided from the

CS8904, thusthe TXCLK signal issharel by the

four interface ports. The controllercauss a
transiton to occur on the TXENBL pin, indicating
the stat and compldion of the daa to be
transmited. When a port is opeating half duplex,

the ransmited datas looped back tothecontroll er

during transmission on the RXDATA pin,

synchronize by the reeive clock present onhie

RXCLK pin. This isreferred to as MU loopbadk

to distnguish itfrom the Port Loopbackapabiity

descrbed in Section 4.3.2 (Control and Status
Information) bdow.

4.3.1.2 dbber hdicaion

If the seiial data providedy the controller o the
CS8904 continues fogreder than 100 ms,he
CS8904 will terminate thetransmssion of data to
the neéwork, disdle the MAU loopbak of
transmited data on the RxDATA pin, and indita
this conditon by raising the JABEER pin. The
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CS8904 will keep thetransmiter disabled until
TXENBL has ber deasseted and TxDATA has
been idle ér at least 420 ms.

4.3.1.3 Q@llision Indicatbn

When opesgting hdf duplex, the recetion of dda
from the néwork during thenormd transmssion
of dat indicates acoallision has ocarred. If this
condition is detected, the CS8904 wil cause he
COLL pin to be r&sed. Following tha, when the
CS8904 detets a trasition on the TXEBL pin or
the temination ofthe ddarecaved onthe Rx+Rx-
pins, the the CB904will cause theCOLL pin to
deassed. Normdly, the COLL signalis used bythe
controller to, among otherthings, intiate a jam
sequene. (An amitrary sea of bits of sufficient
nunber to assurdhat all communicating stations
deted acollision.)

Note hat, by definition, collisons cannot occur
when opedting full duplex.

4.3.1.4 Normal Regdion

Received data is provide to the controlleron the
RxXDATA pin. The data is synleronized by the
clock reoverad fromthe Manchster encode daa
received from the 10BASE-T Ethenet ndwork.
The receive clock is output onhe RXCLK pin. The
CS8904 indic&es thebeginning ad ending of the
receptionof valid data ly causing atranstion of the
CD pin.

4.3.2 Control and Satus Information

Control andstatus gnds are provided toselect
and monibr the opeational daracteristics ofeadh
port.

~——m

4.3.2.1 AuteNegotiation and Duplex Selgon

Auto-Negotiation allows the @G%804 to
communcae with the remote Ethenet device to
selectthe highest common duplex capigli that
the two devies shae. The C8904 is fully
compliant with therdevant portionsof sedion 28
of the Etherne standad (ISO/IEC 8802-
3:1995()). Auto-Neyotiation may be configuce
differently for each individwa port of the C8904.

Setting the AUTOSEL pin high indic&es thatthe
port will attempt to Auto-Neyotiate duplkex
seletion with the remote ad of thelink. The
cgpability that will be advertisa for this port is
detemined by the DUP&EL pin. Setting the
DUPEEL pin high indicats that half or full dupdx
cgpability may be negotiated. Sety the DUPSEL
pin low indicates that only half duplecapadility
may be ngatiated.

Setting the AUTOSELpin low indicates that Auto-
Negotiationon the port igdisabled. The DBSEL
pin then detemines the duplex opeteon of he
port. If the DUPSEL pin is set high, then tpert
will only opeate full duplex, otherwise if the
DUP&EL is set low, hen the port will only operse
half duplex.

In either casgthe outcome of dupk sdection is
available for the controller on the DUPLEX and
AUTONEG pins. TheDUPLEX pin indicates that
the port s operting hdf duplex if the outputs low
and indicate tha the port is opeating full dupkx
if the output ishigh. The AUTONEG pin ndicaes
whethertheduplex seletion occurred as a result of
a sucessful ngotation, & a result of explicit
seledion usingthe DUPEL pin, oras theresul of
a faled atempt © Auto-Negotate. Table 3
illustrates the posible ouputs d the AUTONEG
and DUPLEX pins and theiespetive meanings.
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DUPSEL | AUTOSEL | DUPLEX |AUTONEG Result Indica ted
Low Low Low Low Forced Half Duplex Operation
High Low High Low Forced Full Duplex Operation
Low High Low High Successful Auto-Negotiation; Half Duplex Operation Selected
High High High High Successful Auto-Negotiation; Full Duplex Operation Selected
High High Low High Successful Auto-Negotiation; Half Duplex Operation Selected
X High Low Low Unsuccessful Auto-Negotiation; Link Not Operational Selected

Table 3. Auto-Negotiation and Duplex Selection

4.3.2.2 Change® Duplex and Auto-Negotiation
Selections

The dupéx and Auto-Negotiation seletion may be
change, even dter an Auto-Negotiation sguence
has atablisheda good link beveen aport onthe
CS8904andaremote Ethernedevice The CS8904
allows thesysem designerto dynanicdly alter
these seletions at any the. TheCS89@ will

immediatéy reconfigure the port to thespedfied

duplex and Auto-Negotiation opeation, re-
negotiathg with the remote Etherne devie if

appropride. Table 4 summares the opeation of

Auto-Negotiation as a seilt of vatious transitions
of the DUP&L or AUTSEL pins.

DUPLEX AUTOSEL Re-Negotiation
Transition Low No
Transition High Yes

X Low to High Yes

X High to Low No

Table 4. Auto-Negotiation Operation

4.3.2.3 Link Status Informion

The UNKLED pin providesan LED output to
indicate that a link has been suassfuly

established with the remote Etherne device. This
may occur as a result of normal 10BA%E-T

operdion or as a mult of a sucessful Aub-

Negotiation. Ths LED output is cgable of sinking
10 mA to dive anLED directly through aseres
resistor.The outputvoltageof each phn isless han

0.4 V when thepinis low. Fgure 6shows aypica

LED circuit.

+5V

LINKSTAT

Figure6. LED Connection Diagram

The LINKLED pin can be used by theoatroller to
detemine if a port has gablished avalid link with
the ranote 10BASE-T device This pin wil be
driven low when a vdid link has been established.
Detailed information regdingthe duplex selded
and whéher the seletion was aresult of Auto-
Negotiaion is avalable from the DUPLEX and
AUTONEG pins, as decribed ealier in this
section. f thecgpabilitiesseleded bythe controll er
for a pot arenotconpatible with a remote Ethemet
device then a vad link will not be establised and
the LINKLED will beheld high

4.3.2.4 Brt Loopbak

The CS8904 allows each individual portto be
placeal in a loopbacknode Note that this feare is
different from MAU loopba&, which is he
loopback that ocars during be normal
transmision of data whe opeating half dupdx.
The PortLoopback feature povides a mechanism
to perform netwdt fault isolation andproblem
anaysis in an Ethernet system device Port
Loopback mayaso be ugd as a neansto disable
(pattition) aport from the external network. 8tting
the LOOP pin lgh enables thideature
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Port Loopbackcauses the 10BSE-T transnitter to
be ided and bhe 10BASE-T receiver to be
disoonnectd. In addition, dda received from the
controller onthe TXDATA pin isloopel bak on
the RXDATA pin to the controller. Bdt CD and
RXCLOCK are provided to synchonize the
transfer to thecontroller. Notetha sincetheport is
isolated from the externd Ethenet ndwork,
collisions will not ocar.

4.4 Bxternal dock GCscill ator

A 20-MHz quatz crystal or ®10S clock inputis
required by the CS3904. Ifa CMOS clock input is
used, it shou be conneted theto XTAL1 pin,
with the XTAL2 pin left open. The ¢tock signal
shoutl be 20MHz +0.01% with a duy cyde
betwea 45% and 55%. The spécationsfor the
crystd aredescibed in theExtand Clock setion
of the DC CHARACERISTICSTable.

Schematic & Layout Review Service
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5.0 SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS (Avgs, DVgs = 0 V; all voltages with respect to 0 V.)

Parameter Symbol Min Max Unit
Power Supply Vbop -0.3 6.0 \%
Input Current Except Supply Pins - +10.0 mA
Input Voltage -0.3 Vpp +0.3 \
Ambient Temperature Power Applied -55 +125 °C
Storage Temperature -65 +150 °C

WARNING: Operation at or beyond these limits may result in permanent damage to the device.
Normal operation is not guaranteed at these extremes.

RECOMMENDED OPERATING CONDITIONS (vgg = 0 V; all voltages with respect to 0 V.)

Parameter Symbol Min Max Unit
Power Supply CM5 Vbop 4.75 5.25 Y
CM3|  vpp 3.00 3.6 \Y
Operating Ambient Temperature Ta 0 70 °C
DC CHARACTERISTICS (over Recommended Operating Conditions.)
Parameter Symbol ‘ Mi n ‘ Typ ‘ Max ‘ Unit
Power Supply
Power Supply Current While Active All Ports Active Ibp - - 340 mA
Power Supply Current While Idle No Ports Active| IppipLE - - 200 mA
Power Dissipated While Active - 1.37 - W
Transmit and Receive Clocks
TxCLK and RxCLK Output Rise and Fall Time (Note 1) tr, tg
CMOS - - 5 ns
TTL - - 4 ns
External Clock
XTAL1 Input Low Voltage VixL -0.3 - 0.8 \Y
XTAL1 Input High Voltage VixH 2.0 - Vpp + \
0.5
XTAL1 Input Low Current lixL -40 - - HA
XTAL1 Input High Current lixH - - 40 MA
XTALL1 Input Cycle Time tixc 49.995 - 50.005 ns
XTAL1 Input Low Time Vix <10V tixL 22.5 - 27.5 ns
XTAL1L Input High Time Vix>10V tixH 22.5 - 27.5 ns

Notes: 1. C pap = 50 pF; Measurement at 20% and 80% points.

I tixc I |<— t|X|_—>|<— tIXH_’I

XTAL1
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DIGITAL INPUT/OUTPUT CHARACTERISTICS (0Over Recommended Operating Conditions.)

Parameter Symbol Min Max Unit
Output Low Voltage loL =8 mA (Note 2) VoL - 0.4 \
IOL =4 mA (NOte 3) - 0.4 V
Output High Voltage lon = -2 MA (Note 3) Von 2.4 - \%
Output Leakage Current 0 < Vot < Ve (Note 2) I -10 10 HA
Input Low Voltage Input VL - 0.8 \Y
Input with Internal Weak Pullup - 0.8 \%
Input High Voltage Input ViH 2.0 - \%
Input with Internal Weak Pullup 2.0 - \%
Input Leakage Current 0 <V,y<Vce Input I -10 10 HA
Input with Internal Weak Pullup loL -20 10 HA
Notes: 2. Open Drain Output with 10 mA drive.
3. Open Drain Output with 4 mA drive.
CIRRUS LOGIC ADVANCED PRODUCT DATABOOK
DS191PP2 21

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/6109782/cs8904.html

e CS89@

CrystalLAN™ Quad Ehernet Transceier

CIRRUS LOGIC

SWITCHING CHARACTERISTICS - MODE 1 (Tp=25°C; Vpp =5 V; Note 4.)

Parameter | Symbol | Min | Max | Unit
Receive Timing - Start of Frame
RX+/RX- active to RxDATA active tbaTA - 1200 ns
RX+/RX- active to CD active tcp - 620 ns
Receive data setup from RXCLK trRDs 35 - ns
Receive data hold from RxCLK tRDH 50 - ns
Receive Timing - E nd of Fr ame
RxCLK hold after CD off trcH 5 - bit times
RxDATA throughput delay trD - 250 ns
CD turn off delay tcporr - 400 ns
Transmit Timing
TXENBL setup from TxCLK tEHCH 10 - ns
TXENBL hold after TxCLK tcHEL 10 - ns
TXDATA setup from TXCLK tbscH 10 - ns
TXDATA hold after TXCLK tcHDU 10 - ns
Transmit startup delay tstup - 400 ns
Transmit throughput delay trpp - 400 ns
Loopback Timing
LOOP setup from TXENBL tkHEH 10 - ns
LOOP hold after TXENBL teHEL 10 - ns
CD startup delay after TXENBL tcaEA 80 - ns

Notes: 4. COLL asserts active-high in Mode 1.
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CIRRUS LOGIC CrystalLAN™ Quad Ehernet Transceier
SWITCHING CHARACTERISTICS - MODE 2 (Tp=25°C; Vpp =5 V; Note 5.)
Parameter | Symbol | Min | Max | Unit
Receive Timing - Start of Frame
RX+/RX- active to RxDATA active tbaTA - 1300 ns
RX+/RX- active to CD active tcp - 800 ns
Receive data setup from RXCLK trRDs 35 - ns
Receive data hold from RxCLK tRDH 50 - ns
Receive Timing - E nd of Fr ame
RxCLK hold after CD off trcH 5 - bit times
RxDATA throughput delay trD - 250 ns
CD turn off delay tcporr - 400 ns
Transmit Timing
TXENBL setup from TxCLK tEHCH 10 - ns
TXENBL hold after TxCLK tcHEL 10 - ns
TXDATA setup from TXCLK tbscH 10 - ns
TXDATA hold after TXCLK tcHDU 10 - ns
Transmit startup delay tstup - 400 ns
Transmit throughput delay trpp - 400 ns
Loopback Timing
LOOP setup from TXENBL tkHEH 10 - ns
LOOP hold after TXENBL teHEL 10 - ns
CD startup delay after TXENBL tcaEA 255 - ns
Notes: 5. COLL asserts active-low in Mode 2.
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CrystalLAN™ Quad Ehernet Transceier

CIRRUS LOGIC

SWITCHING CHARACTERISTICS - MODE 3 (Tp=25°C; Vpp =5 V; Note 6.)

Parameter | Symbol | Min | Max | Unit
Receive Timing - Start of Frame
RX+/RX- active to RxDATA active tbaTA - 1200 ns
RX+/RX- active to CD active tcp - 800 ns
Receive data setup from RXCLK trRDs 35 - ns
Receive data hold from RxCLK tRDH 50 - ns
RxCLK shutoff delay from CD active tsws -110 - ns
Receive Timing - E nd of Fr ame
RxDATA throughput delay trp - 250 ns
CD turn off delay tcporr - 400 ns
RxCLK switching delay after CD off tswe - 100 ns
Transmit Timing
TXENBL setup from TxCLK tEHCH 10 - ns
TXENBL hold after TXCLK tcHEL 10 - ns
TXDATA setup from TXCLK tbscH 10 - ns
TxDATA hold after TxCLK tcHDUu 10 - ns
Transmit startup delay tstup - 400 ns
Transmit throughput delay trpp - 400 ns
Loopback Timing
LOOP setup from TXENBL tkHEH 10 - ns
LOOP hold after TXENBL teHEL 10 - ns
CD startup delay after TXENBL tcaEA 255 - ns

Notes: 6. COLL asserts active-low in Mode 3.
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CS89&

CrystalLAN™ Quad Ehernet Transceier

CIRRUS LOCGIC

SWITCHING CHARACTERISTICS - MODE 4 (T5=25°C; Vpp =5 V; Note 7.)

Parameter | Symbol | Min | Max | Unit
Receive Timing - Start of Frame
RX+/RX- active to RxDATA active tbaTA - 1200 ns
RX+/RX- active to CD active tcp - 600 ns
Receive data setup from RXCLK trRDs 35 - ns
Receive data hold from RxCLK tRDH 50 - ns
Receive Timing - E nd of Fr ame
RxCLK hold after CD off trcH 5 - bit times
RxDATA throughput delay trD - 250 ns
CD turn off delay tcporr - 400 ns
Transmit Timing
TXENBL setup from TxCLK tEHCH 10 - ns
TXENBL hold after TxCLK tcHEL 10 - ns
TXDATA setup from TXCLK tbscH 10 - ns
TXDATA hold after TXCLK tcHDU 10 - ns
Transmit startup delay tstup - 500 ns
Transmit throughput delay treD - 500 ns
Loopback Timing
LOOP setup from TXENBL tkHEH 10 - ns
LOOP hold after TXENBL teHEL 10 - ns
CD startup delay after TXENBL tcaEA 255 - ns
Notes: 7. COLL asserts active-high in Mode 4.
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CrystalLAN™ Quad Ehernet Transceier

CIRRUS LOGIC

SWITCHING CHARACTERISTICS - MODE 5 (T, =25°C; Vpp =5 V; Note 8.)

Parameter | Symbol | Min | Max | Unit
Receive Timing - Start of Frame
RX+/RX- active to RxDATA active tbaTA - 1200 ns
RX+/RX- active to CD active tcp - 800 ns
Receive data setup from RXCLK trRDs 35 - ns
Receive data hold from RxCLK tRDH 50 - ns
RxCLK shutoff delay from CD active tsws -110 - ns
Receive Timing - E nd of Fr ame
RxDATA throughput delay trp - 250 ns
CD turn off delay tcporr - 400 ns
RxCLK switching delay after CD off tswe - 100 ns
Transmit Timing
TXENBL setup from TxCLK tEHCH 10 - ns
TXENBL hold after TXCLK tcHEL 10 - ns
TXDATA setup from TXCLK tbscH 10 - ns
TxDATA hold after TxCLK tcHDUu 10 - ns
Transmit startup delay tstup - 400 ns
Transmit throughput delay trpp - 400 ns
Loopback Timing
LOOP setup from TXENBL tkHEH 10 - ns
LOOP hold after TXENBL teHEL 10 - ns
CD startup delay after TXENBL tcaEA 255 - ns

Notes: 8. COLL asserts active-low in Mode 5.
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CrystalLAN™ Quad Ehernet Transceier
CIRRUS LOGIC Y 2
10BASE-T CHARACTERISTICS (over Recommended Operating Conditions;

Received Jitter tested at +12.0 ns.)

Parameter Symbol | Mi n | Typ | Max | Unit
Transmit
Tx pair Jitter into 100 Q Load trTx1 - - 8 ns
Tx Pair Return to < 50 mV after Last Positive Transition trTx2 - - 4.5 ns
Tx Pair High Hold Time after Last Positive Transition trrx3 250 - - ns
Interface
Transmitter Differential Output Voltage Peak Vobp 2.2 - 2.8 \
Receiver Squelch Level Peak Viso 300 - 525 mV
Link Integr ity
First Transmitted Link Pulse after Last Transmitted Packet tin 8 16 24 ms
Time Between Transmitted Link Pulses tin2 8 16 24 ms
Width of Transmitted Link Pulses tN3 60 100 200 ns
Minimum Received Link Pulse Separation tLNa 2 - 7 ms
Maximum Received Link Pulse Separation tNs 25 - 150 ms
Last Receive Activity to Link Fail (Link Loss Timer) tLNG 30 - 150 ms

CRYSTAL OSCILLAT OR REQUIREMENTS

Parameter Min Typ Max Unit
Parallel Resonant Frequency - 20 - MHz
Resonant Frequency Error C_ =18 pF -50 - +50 ppm
Resonant Frequency Change over Operating Temperature -40 - +40 ppm
Crystal Capacitance - - 18 pF
Motional Crystal Capacitance - 0.022 - pF
Series Resistance - - 35 Q
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CS3®804

Crystal LAN™ Quad Bhernet Transceiver

6.0 PACKAGE DIMENSIONS

i

~——m

Terminal

Detail 1 \

100 Lead MQFP
MILLIMETERS INCHES

DIM MIN NOM. MAX MIN NOM. MAX
A 3.40 0.134
A1 0.25 0.010
A2 2.55 2.80 3.05 0.100 0.110 0.120
D 22.95 23.20 23.45 | 0.904 0.913 0.923
D, 19.90 20.00 20.10 0.783 0.787 0.791
Dg 18.72 18.85 18.98 | 0.737 | 0.742 0.747
E 16.95 17.20 17.45 | 0.667 0.677 0.687
Eq 13.90 14.00 14.10 | 0.547 0.551 0.555
Es 12.22 12.35 12.48 | 0.481 0.486 0.491
L 0.65 0.80 0.95 0.026 0.031 0.037
N 100 100
e 0.52 0.65 0.78 | 0.0206 | 0.0256 | 0.0306
B 0.22 0.30 0.38 0.009 0.012 0.015
Np 30 30
Ng 20 20
] 0° I o° I
X 1.45 1.60 1.75 0.057 0.063 0.069

y 4 yYr1J <2 J /4

Irsf < L V¥ /1
NN A e N AN
A Cirrus Logic Company
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