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Features

o Complies with IEEE 802.3u draft
standard

o Three operating modes:
— 100BASE-T4
— 10BASE-T Full Duplex
— 10BASE-T
o Media Independent Interface (MII)
— Three-state receive port
— Serial management port
e Auto-Negotiation
e On-chip transmit wave shaper

o Receive filter and adaptive
equalization

o PMA Interface for repeater
applications

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

CYPRESS

PRELIMINARY

CY7C971

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

Loopback mode for PHY integrity
testing

e Auto-polarity correction
o Low-power CMOS

e 80-pin PQFP
Functional Description

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

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

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

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

(MAC) layer devices.
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Pin Configuration

80-Lead Plastic Quad Flatpack

(Top View)

T AUTONEG

[T ENT4
[—T VCCA
T ENFD
[T ENT

1 vces
T3 RX_D4-
T TX_D4-
T GNDS
T TX_D4+
T RX_D4+
T3 VCCS
T RX_D3-
T TX_D3-
T GNDS
T TX_D3+
T RX_D3+
T3 vces
T RX_D2-
T RX_D2+
—T vces
T3 TX_D1-
T GNDS
T TX_D1+
—T vces

A4 T
A3 1T
A2 C1T—
Al C
GNDD 1]
GNDD I
A0 CT—
GNDD T
JAM T
MODE 1]

ISODEF C1T—]

VCCD

TEST T

RESET I—]

Maximum Ratings

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

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

Power Applied ......... ... .. ... ... —=55°Cto +125°C
Supply Voltage to Ground Potential ......... -0.5Vto +7.0V
DC Voltage Applied to Outputs

inHighZState .......................... —0.5V to +7.0V
DCInput Voltage ........................ =3.0Vto +7.0V

CLKO I
CLKI 1T
GNDA |
R2 T
R1CT
VCCA 1—

7C971-2

Static Discharge Voltage ........................ >2001V
(per MIL-STD-883, Method 3015)
Latch-Up Current ................ccooivioo... >200 mA
Operating Range
Ambient
Range Temperature Vcc
Commercial 0°Cto +70°C 5V = 10%
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Pin Descriptions
Media Independent Interface (MII)

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

1.

RX_EN is not specified in the 802.3 MII standard.
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Media Dependent Interface
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Name /O Description

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

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

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

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

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

TX D3- Output TX_D3=* transmits 6T ternary symbols with a nominal period of 40 ns. In 10-Mb/s mode, TX_D3+
are not used.

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

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

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

TX D4- Output mode, TX D4= transmits 6T ternary symbols with a nominal period of 40 ns. In 10-Mb/s mode,
TX_D4=* are not used.

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

RX D4- Input RX _D4= receives 6T ternary symbols with a nominal period of 40 ns. In 10-Mb/s mode, RX_ D4+

are not used.

Physical Media Attachment Interface

Three State)

Name /o Description
MODE Input Mode. When MODE is tied HIGH, the transceiver is in normal mode. Received and tranmitted
(TTL) data will move through the PMA and the PCS sublayers. Asserting MODE LOW exposes the
100BASE-T4 PMA service interface and disables I0BASE-T. The PCS is bypassed and the binary
coded 6T serial data is presented at the MII and PMA interface pins.
D5 Input PMA Input Data. DS is an input signal to the PMA transmit sublayer when MODE is asserted
(TTL) LOW.
Q5 Output PMA Output Data. Q5 is an output signal from the PMA receive sublayer when MODE is asserted
(TTL, LOW. Q5 is high-impedence when RX_EN is HIGH.

Control and St

atus

Name /0 Description
RESET Input Reset. When RESET is asserted LOW, the PHY is placed in the reset state and the transmit and
(TTL) receive functions are disables. The MII registers are placed in their default states.
AUTONEG | Input Auto-Negotiation Enable. When asserted HIGH, Auto-Negotation capabilityis enabled by setting
(TTL) the Status Register bit 1.3. Auto-Negotation is controlled through the MII management registers.
When asserted LOW, Auto-Negotation capability is disabled. AUTONEG is sampled on the rising
edge of RESET.
ENT4 Input Enable 100BASE-T4. ENT4 enables 100BASE-T4 operation by setting the Status Register bit
(TTL) 1.15. When ENT4 is HIGH, bit 1.15 is forced HIGH, enabling 100BASE-T4 operation. When
ENT4 is LOW, bit 1.15 is forced LOW, disabling 100BASE-T4. ENT4 is latched on the rising edge
of RESET.
ENT Input Enable 10BASE-T. ENT enables 10BASE-T operation by setting the Status Register bit 1.11.
(TTL) When ENT is HIGH, bit 1.11 is forced HIGH, enabling 10BASE-T operation. When ENT4 is
LOW, bit 1.11 is forced LOW, disabling 10BASE-T. ENT is latched on the rising edge of RESET.
ENTFD Input Enable 10BASE-T Full Duplex. ENTFD enables 10BASE-T Full Duplex operation by setting the
(TTL) Status Register bit 1.12. When ENTFD is HIGH, bit 1.12is forced HIGH, enabling 10BASE-T Full
Duplex operation. When ENTFD is LOW, bit 1.12 is forced LOW, disabling 10BASE-T Full Du-
plex. ENTFD is latched on the rising edge of RESET.
ISODEF Input Isolate Default. ISODEF determines the default state of Isolate Bit 0.10 in the Control Register.
(TTL) When ISODEF is HIGH, the default value for 0.10 is 1. When ISODEF is LOW, the default value
for 0.10 is 0. ISODEEF is latched on the rising edge of RESET.
LOOP Input Loopback Enable. When asserted LOW, the transmitter bit stream is looped back to the receiver
(TTL) for diagnostic testing. When LOOP is HIGH, the Loopback function is controlled by the Loopback

bit in the control register.
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Name /o Description
JAM Input 100BASE-T4 Jam Generation. When JAM is LOW in 100BASE-T4 mode and a carrier is present,
(TTL) the PHY will enter the collision state and generate the Jam pattern. The jam condition will persist
for a minimum of 512 bit times.
TEST Input Test. This pin is used for factory testing and should be tied LOW for normal operation.
(TTL)
Address
Name /0 Description
A[4:0] Input PHY Address. These pins assign the management address to the PHY. A0 is least significant bit
(TTL) and A4 is the most significant bit. A4 is the first address bit received by the PHY in the management
frame. The address is latched on the rising edge of RESET.
LED Drivers
Name /o Description
LRX Output Receive LED Indicator. LRX is driven LOW when the transceiver is receiving. An internal 20K
(Open Drain, resistor will pull LRX HIGH when the transceiver is not receiving.
Weak Pull-Up)
LTX Output Transmit LED Indicator. LTX is driven LOW when the transceiver is transmitting. An internal
(Open Drain, 20KQ resistor will pull LTX HIGH when the transceiver is not transmitting.
Weak Pull-Up)
LINKT4 Output 100BASE-T4 Link Pass LED Indicator. LINKT4is driven LOW when the 100BASE-T4 transceiver
(Open Drain, isin the Link Pass State. An internal 20K resistor will pull LINKT4 HIGH when the transceiver
Weak Pull-Up) | is not in the 100BASE-T4 Link Pass State.
LINKT Output 10BASE-T Link Pass LED Indicator. LINKT is driven LOW when the 10BASE—T transceiverisin
(Open Drain, the Link Pass State. An internal 20K resistor will pull LINKT HIGH when the transceiver is not
Weak Pull-Up) | in the 100BASE—T Link Pass State.
LINKFD Output 10BASE-T Full Duplex Link Pass LED Indicator. LINKFD is driven LOW when 10BASE-T Full
(Open Drain, Duplex has been negotiated or chosen as the operating mode and the 10BASE-T transceiver is in
Weak Pull-Up) | the Link Pass State. Aninternal 20K resistor will pull LINTFD HIGH when the transceiver is not
in the 100BASE—T Link Pass State.
Clock
Name /o Description
CLKI Input Reference Clock Input. In MII Mode (MODE=HIGH), the 25-MHz signal is used as a timing
reference for TX_CLK and analog circuits. This pin should be connected to either to a 25-MHz
crystal ora crystal -controlled TTL-level clock source. In PMA mode (MODE = LOW), CLKlI s
an input and is used as a timing reference for the PMA interface and analog circuits.
CLKO Output Reference Clock Output. This pin connects to a 25 MHz crystal orisleft openif a TTL clock is used
with CLKI. In PMA mode, CLKO should be left open.
External Components
Name /0 Description
R1 Passive 10K *+1% External resistor.
R2 Passive 10K +1% External resistor.
Power and Ground
Name /o Description
Vcep Digital Power Positive Voltage Supply. Vcc requires a 5V+10% supply.
Vcea Analog Power Positive Voltage Supply. Vcc requires a 5V=10% supply.
Vees Serial MDI Positive Voltage Supply. Vcc requires a 5V=10% supply.
Power
GNDD Digital Ground | Ground.
GNDA Analog Ground | Ground.
GNDS Serial MDI Ground.
Ground
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10BASE-T/100BASE-T4
Transceiver Card

S14 <]

A

MDI

vy

Slawlojsuel|

7C971-3

Transmit Physical Coding Sublayer (PCS)

802.3 CY7C971
MAC Transceiver
MII
25 MHz
Figure 1. Transceiver Card Block Diagram
CY7C971 Description
100BASE-T4

The CY7C971 provides a physical layer interface (PHY) for dual
speed IEEE 802.3 100BASE-T4 and 10BASE-T CSMA/CD local
areanetworks. I00BASE-T4offersincreased performance over ex-
isting 10BASE-T networks while maintaining compatibility with
the existing Ethernet Media Access Control (MAC) specification.
The 100BASE-T4 PHY interfaces to 4 pairs of category 3, 4, or 5
cable. The 100BASE-T4 PHY is comprised of the Physical Coding
Sublayer (PCS), Physical Media Attachment (PMA), Media Inde-
pendent Interface (MII), and Media Dependent Interface (MDI).
Atypical 100BASE-T4 transceiver card application is shown in Fig-
ure 1.

Transmitter

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

The PCS takes nibble-wide data from the MII and accumulates
them into 8-bit octets in the TXD1 and TXD2 registers. The octets
are then encoded using the 8B6T ternary code according to the
802.3 standard. The encoded 8B6T code groups are then loaded in
binary form to the shift registers.

Three shift registers convert the parallel SB6T code groups to seri-
al form. When the transmitter is active, a shift register is loaded on
everyother TX_CLKcycle. The first SB6T code group of the frame
is loaded into TX_shiftl. The second group is loaded into
TX_shift2 and the third into TX_shift3. The 4th group will be
loaded into TX_shiftl. This sequence continues until all of the
8B6T code groups comprising the frame have been transmitted.

At the start of the transmit frame, TX_shift2 and TX_shift3 will be
loaded with a pad sequence aligned with first 8B6T code group in
TX_shiftl. The pad sequence aides the receiver with clock recov-
ery and pair alignment. The preamble is generated automatically
and follows the pad sequence.

' PCS
) 3 2l )
! TX_CLK > TX_shiftl Q ' TX_ D1+
1 [l 1
, 4+2 + Binary ,
TXD[3:0] 8B6T |[6x2 ® , to ,
TX_ER 4+2 I 0 | D 4+2 Encoder v , Ternary
TXEN >TXD2 ;XDl TX_CLK 9> TX I?1'ft2 2 ' TX_D3=*
TX_CLK -CLKpTX_shifiz Q g >
! ' Wave
! * Shaper
' + ) p )
D 2
L Clock TX_CLK > TX_shift3 Q4 ' TX D4=+
25 MHz iy Generation[ 1 %-CLK ' '

Figure 2. T4 Transmitter Block Diagram
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' ernary Recovery] '
' to | 6x2 '
, Binary T , Q| ’ ,
' —> : 2 2.1 : '
. RX_DZi_. Equalizer 7 ) D RX_shiftl '
' ™ ' '
' | 6x2 6 6T8B 4+2 D .
, , Decoder §XD% RXD[3:0] +
De- Q —

'RX_D3+ ™| Equalizer Ze] skew |2 p RX_shift2 RX ER
=0 > : - o RX_DV ,
' g ' oo 452 §XD% '
[ ] X 5] [
' ' (ID—— RX_CLK/2 .
] —P> . 2 2,1 . [
RX D4+ Equalizer D RX_shift3

, — —> q j>|§,: | - !
1 ] )
' Loopback ' ,
L - - - - - - gat.a - - <4 - - - - - - - - - - - - - - - - - - - - - - - - - -

7C971-5

Figure 3. T4 Receiver Block Diagram

Transmit Physical Media Attachment (PMA)

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

Receiver

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

Receive Physical Media Attachment (PMA)

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

Receive Physical Coding Sublayer (PCS)

The PCS accepts serial 8B6T symbols from the PMA, deserializes
them, and then decodes the 8B6T code groups. Three shift regis-
ters convert the serial data back to parallel form. The first SB6T
code group is shifted into RX_shift1. The second 6T symbol group
is shifted into RX_shift2 and the third into RX_shift3. The fourth
code group is then shifted into RX_shift1. This process continues
until the entire frame has been deserialized. The parallel 8B6T
data are converted to 8-bit octets and latched into registers RXD1
and RXD2 on every other RX CLK. The datais then presented at
the MII interface in nibble form. RX_DV indicates that received
data is present on the RXD[3:0] pins. RX_ER indicates that a re-
ceiver fault has occured.

Carrier Sense

The carrier sense function detects activity on the media using a
smart squelch function similiar to 1I0BASE-T. The CRS signal is as-
serted HIGH when a valid carrier is detected on the pair RX D2
according to the 10BASE-T4 draftstandard. After detectingavalid
carrier, an eop1 code group or seven consecutive zeros on RX_D2
must be detected before CRS is deasserted.

Collision Detection

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

Auto-Polarity Correction

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

10BASE-T

The CY7C971 provides a 10BASE-T physical layer interface for
compatibility with existing 10-Mb/s Ethernet networks. 10BASE-T
operationisautomaticallyselectedif Auto-Negotation established
10BASE-T as the highest common operating mode. The
10BASE-T transceiver can also be enabled manually by disabling
Auto-Negotation and clearing the Speed Selection (0.13) bitin the
MII Control Register. The LINKT pinindicateswhen 10BASE-T'is
the selected mode of operation and the 10BASE-T transceiver isin
thelink pass state. Figure 4 shows ablock diagram of the 10BASE-T
transceiver.

During 10BASE-T operation, transmit and receive data are trans-
fered over the MII interface in nibble wide groups. The TX_CLK
and RX_CLK clocks are sourced from the PHY with a 2.5-MHz
nominal clock rate. TX_EN qualifies incoming transmit data,and
RX_DV qualifies receive data. In this mode, the MII complies
with the IEEE MII specification for a 10-Mb/s interface.
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Figure 4. 10BASE-T Transmitter & Receiver Block Diagram
Full Duplex TX_CLK provides a continuous clock that is sourced from the

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

Auto-Polarity Correction

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

Media Independent Interface (MII)

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

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

PHY.

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

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

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

Access to the management facilities are provided throught the MII
with the MDC and MDIO pins. These pins provide a serial inter-
face tothe management controland statusregisters. The MDCsig-
nal is driven to the PHY from the management station (STA) as a
timing reference for transfer of information on the MDIO signal.
The MDIO signal is a bidirectional signal between the PHY and
the STA. Control information is driven by the STA to the PHY.
Status information is driven from the PHY to the STA.
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Media Dependent Interface

The Media Interface is comprised of four communications chan-
nels. A dedicated transmit channel, TX D1%, transmits
100BASE-T4 and 10BASE-T signals. RX_ D2+ is a dedicated re-
ceive channel for both 100BASE-T4 and 10BASE-T signals. The
two bidirectional channels for 100BASE-T4 are formed from
TX D3z, RX D3+ and TX_D4%, RX D4=.

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

Management

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

MII Management Interface

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

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

Control and Status Registers

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

Table 1. MII Control Register Definition[?]

Control Register (Register 0)
Bit(s) Name Setting R/W Default Description
0.15 Reset 1 = PHY Reset R/W 0 Resets the status and control regis-
0 = Normal Operation S/C ters to their default states. Reset is
self clearing.
0.14 Loopback 1 = Loopback Mode R/W 0 Loopback connects the transmit
0 = Normal Operation data path to the receive data path.
0.13 Speed Selection 1 = 100 Mby/s R/W 1 When Auto-Negotiation is disabled,
0 = 10 Mb/s Speed Select determines the speed
of the PHY.
0.12 Auto Negotiation Enable | 1 = Enable Auto-Negotation R/W 1 This bit enables the Auto-Negoti-
0 = Disable Auto-Negotiation ation function.
0.11 Power Down 1 = Power Down R/W 0 Power down shuts off the internal
0 = Normal operation PLLs and core logic.
0.10 Isolatel3] 1 = Isolate PHY from MII R/W 0,1 Isolate places the receiver MII chan-
0 = Normal Operation nel in high impedence, and the MII
transmiter channel doesnotrespond
to MII activity.
0.9 RestartAuto-Negotiation | 1 = Restart Auto-Negotiation | R/W 0 Restart Auto-Negotiation breaks
0 = Normal Operation S/C the link and restarts the Auto Ne-
gotiation process.
0.8 Duplex Mode 1 = Full Duplex R/W 0 Duplex Mode selects between full
0 = Half Duplex and half duplex operation for
10BASE-T.
0.7 Collision Test 1 = Test COL Signal R/W 0 Collision test causes the COL signal
0 = Normal Operation to be asserted when TX_EN is as-
serted.
0.6:0 Reserved 0
Notes:

2. R/W = Read/Write
SC = Self Cleaning
RO = Read Only
LH = Latched HIGH

3. Isolate default is set by the ISODEF pin.
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Table 2. MII Status Register Definition

Status Register (Register 1)
Bit(s) Name Setting R/W Default Description
1.15(4] | 100BASE-T4 1 = 100BASE-T4 Able RO 1,0 When set, this bit indicates that
0 = 100BASE-T4 Able the PHY is 100BASE-T4 capable.
1.14 100BASE-TX Full Du-| 0 = 100BASE-TX Full Duplex | RO 0 This bit is always set to zero.
plex Not Supported
1.13 100BASE-TX Half Du-| 0 = 100BASE-TX Half Duplex | RO 0 This bit is always set to zero.
plex Not Supported
1.12B1 | 10BASE-T Full Duplex | 1 = 10BASE-T Full Duplex Able [ RO 1,0 When set, this bit indicates that
0 = 10BASE-T Full Duplex Able the PHY is 10BASE-T full duplex
capable.
11101 | 10BASE-T Half Duplex 1 = 10BASE-T Half Duplex Able | RO 1,0 When set, this bit indicates that
0 = 10BASE-T Half Duplex Able the PHY is 10BASE-T half duplex
capable.
1.10:6 Reserved 0 = Default RO
1.5 Auto-Negotiation 1 = Auto-Negotiation Complete RO This bit is set when NWAY has
Complete 0 = Auto-Negotiation Incomplete completed the auto negotiation
process.
14 Remote Fault 1 = Remote Fault Condition RO 0 This bit is set when Auto Negoti-
0 = No Remote Fault Condition ation detects a remote fault.
13071 Auto Negotiation Ability | 1 = PHY is Able to Perform Auto | RO 1,0 PHY supports Auto-Negotiation.
Negotiation
1.2 Link Status 1 = Link Is Up RO 0 Link Status indicates that the
0 = Link Is Down PHY is in the Link Pass State.
1.1 Jabber Detect 1 = Jabber Condition Detected RO 0 Jabber Detect indicates that ajab-
0 = No Jabber Condition LH ber condition has been detected
Detected for 10BASE-T.
1.0 Extended Capabilities 1 = Extended Register Capable RO 1 OUI and Auto-Negotiation Ex-
tended Registers 2—7 are present.

Vendor and Product ID Registers

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

Auto-Negotation Registers

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

Auto-Negotation

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

Notes:

4. 100BASE-T4 Default is set by the ENT4 pin.

5. 10BASE-T FD Default is set by the ENTFD pin.
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Auto-Negotation advertises the capabilities of the PHY by trans-
mitting a sequence of fast link pulses (FLPs) that form a standard
16-bit code word. The advertised code word is contained in the
Auto-Negotation Advertisement register (Register 4). Auto-Ne-
gotation receives 16-bit code words and stores them in the Auto-
Negotation Partner Ability register (Register 5). Once the code
words have been sent and acknowledged, Auto-Negotation selects
the highest common operating mode as the current mode of opera-
tion. The highest common mode of operation is determined by the
Priority Resolution Table specified in the Auto-Negotation stan-
dard. When a mode of operation is selected, Auto-Negotation en-
ables the transition to the selected mode’s Link Pass state.

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

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

6. 10BASE-T HD Default is set by he ENT pin.
7. Auto-Negotiation Default is set by the AUTONEG pin.
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Table 3. MII PHY ID Register Definition
PHY Identifier (Register 2 and 3)
Bit(s) Name Setting R/W Default Description
2.15:0 OUI PHY Identifier 16 Most Significant OUI Bits RO 0028h This field contains 16 bits of the
Cypress Organizationally Unique
Identifier (OUI).
3.15:10 | OUI PHY Identifier 6 Least Significant OUI Bits RO 02h This field contains 6 bits of the
Cypress Organizationally Unique
Identifier (OUI).
3.9:4 Model Number CY7C971 Model Number RO 01h This field contains a 6-bit model
number.
3.3:0 Revision Number CY7C971 Revision Number RO - This field contains a 4-bit revision
number.
Table 4. MII Auto-Negotation Advertisement Register Definition
Auto-Negotation Advertisement Register (Register 4)
Bit(s) Name Setting R/W Default Description
4.15 Next Page 1 = Next Page tobe Transmitted | R/W 0 When set, this bit will cause the PHY
0 = No Next Page to advertise Next Page capability.
4.14 Reserved RO 0 Reserved.
4.13 Remote Fault 1 = Fault Indication R/W 0 ‘When set, this bit will cause the PHY
0 = No Fault to advertise a Remote Fault has oc-
cured.
4.12 Technology Ability Field | Reserved RO 0 Reserved.
Reserved
4.11 Technology Ability Field | Reserved RO 0 Reserved.
Reserved
4.10 Technology Ability Field | Reserved RO 0 Reserved.
Reserved
4911 | Technology Ability Field [ 1 = Advertise 100BASE-T4 R/W 1,0 | Whenset, this bit will cause the PHY
100BASE-T4 0 = Do Not Advertise to advertise 100BASE-T4 capability.
This bit may only be set if
100BASE-T4 is enabled.
4.8 Technology Ability Field | 0 = 100BASE-TX FD RO 0 This bit will always be zero.
100BASE-TX Full Not Supported 100BASE—-TX FD is not supported.
Duplex
4.7 Technology Ability Field | 0 = 100BASE-TX Not RO 0 This bit will always be zero.
100BASE-TX Supported 100BASE—-TX is not supported.
4,609 Technology Ability Field | 1 = Advertise 10BASE-T FD R/W 1,0 When set, this bit will cause the PHY
10BASE-T Full Duplex 0 = Do Not Advertise to advertise 10BASE-T FD capabili-
ty. This bit may only be set if
10BASE-T FD is enabled.
4.510] Technology Ability Field | 1 = Advertise 10BASE-T R/W 1,0 When set, this bit will cause the PHY
10BASE-T 0 = Do Not Advertise to advertise 10BASE-T capability.
This bit may only be set if I0BASE-T
is enabled.
4.4:0 Selector Field Indicates IEEE 802.3 LAN RO 01h This field is permanently set to 0001
to advertise IEEE 802.3 CSMA/CD
LAN.
Notes:

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

12
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Table 6. MII Auto-Negotation Expansion Register Definition

Auto Negotiation Expansion Register (Register 6)

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

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

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

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

Table 8. PMA Binary to Ternary Mapl11]

PMA
Q1-0,Q3-2,Q5-4
D1-0, D3—-2, D5—-4 Transmitter Receiver
00 CSO0 CS0
10 CS1 CS1
01 CS—-1 CS-1
11 CSO0 -

Notes:

11. CS0 is a waveform which conveys the ternary symbol 0.
CS1 is a waveform which conveys the ternary symbol 1.
CS—1 is a waveform which conveys the ternary symbol —1.
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The RX_DV signal indicates when the first data symbol after sosb
is present on the Q0—5 PMA interface pins. RX_DV will remain
HIGH throughout the transfer of data symbols across the PMA in-
terface. RX_DV isLOWwhen thereisnocarrier present. RX_ER
HIGH indicates a pair alignment error. The RX EN input pin en-
ables the Q0—5, RX DV, and RX_ER drivers. RX EN LOW
places the drivers in the high-impedence state.

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

Applications

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

Parameter | Description Test Conditions | Min. | Max. | Unit
TTL Pins

VoHT Output HIGH Voltage Vce = Min,, [og = —4.0 mA 2.4 A%
Vorrt Output LOW Voltage Vcce = Min,, [gp, = 4.0 mA 0.4 \%
ViaT Input HIGH Voltage 2.0 6.0 \'%
Viir Input LOW Voltage -3.0 0.8 A%
Iixt Input Load Current GND < Vi < Vcc -10 +10 uA
lozT Output Leakage Current GND < Vg < V¢, Output Disabled =50 +50 uA
IosT Output Short Circuit Current(12] Vcc = Max., Vout = GND —-350 mA
Open Drain LED Pins

VoLD Output LOW Voltage Vce = Min,, Igr, = 12.0 mA 0.4 A%
Miscellaneous

Icct V¢ Operating Supply Current Ve = Max, [oyT = 0 mA, 300 mA

100BASE-T4 transmitting
Ice Vcc Operating Supply Current Ve = Max, [gut = 0 mA, 100 mA
100BASE-T4 not transmitting
Isp Power-Down Current Max. V¢ TBD mA
Capacitancel'3!
Parameter Description Test Conditions Max. Unit

Cin Input Capacitance Ta =25°C,f =1 MHz, 5 pF
Cour Output Capacitance Vee =30V 8 pF

AC Test Loads and Waveforms

481Q 481Q ALL INPUT PULSES
5V 5V O—————A— 3.0V—
90%
OUTPU OUTPU b
e 10%
30 p 255Q 5 p izssg GND

INCLUDINE = INCLUDINE = <5ns

JIG AND JIG AND

SCOPE SCOPE

(a) (b) 7c971-9 7C971-10
Equivalent to: THEVENIN EQUIVALENT
167Q
OUTPUT O——»wwn—0Q 1.73V

Notes:

12. Tested one output at a time, output shorted for less than one second,
less than 10% duty cycle.

13. Tested initially and after any design or process changes that may affect
these parameters.
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15.

16.

17.

14. Test conditions assume signal transition time of 5 ns or less, timing ref-
erence levels of 1.5V, input pulse levels of 0 to 3.0V, and output loading
of the specified Ior /Ioy and 30-pF load capacitance.

During clock transition, clock max time could be as long as an entire
cycle.

tcrsH is measured from the rising edge of the latest arriving signal of
the three pair that meets the 100BASE-T4 squelch criterion to the ris-
ing edge of CRS. The rising and falling edges of CRS are guarenteed
to meet the fairness timing specification defined in the 100BASE-T4
standard.

tcrsLcis measured from the end of the last data symbol on RX_D2 to
the falling edge on CRS. Seven consecutive zeros must be received on
RX_D2 in order for the PMA to recognize loss of carrier.

17

18.

19.

20.

21.

22.

S CVPRESS PRELIMINARY CY7C971
Switching Characteristics Over the Operating Rangel14]
Parameter | Description | Min. | Max. | Unit

MII Timing

tTCPWHT4 TX_CLK Pulse Width HIGH (T4) 14 26 ns
tTCPWLT4 TX_CLK Pulse Width LOW (T4) 14 26 ns
tTCPWHT TX_CLK Pulse Width HIGH (T) 194 206 ns
tTCPWLT TX_CLK Pulse Width LOW (T) 194 206 ns
tTDS TXD Set Up 10 ns
tTDH TXD Hold 0 ns
tTMIIT4 Transmit Latency (T4) 110 ns
tTMIIT Transmit Latency (T) 500 ns
tTCRSHT4 Transmit Path CRS Assert (T4) 20 ns
tTCRSHT Transmit Path CRS Assert (T) 20 ns
tTCRSLT4 Transmit Path CRS Deassert (T4) 320 ns
tTCRSLT Transmit Path CRS Deassert (T) 100 ns
tRCPWHT4] RX_CLK Pulse Width HIGH 14 26 ns
tRCPwiT4 ) RX_CLK Pulse Width LOW 14 26 ns
tRCPWHTL) RX_CLK Pulse Width HIGH 194 206 ns
tRCpwLT! ) RX_CLK Pulse Width LOW 194 206 ns
tRDV RXD Valid from Clock 18 ns
tRDH RXD Hold from Clock 10 ns
tRXDVT4 RXD Valid Latency (T4) 870 ns
tRXDVT RXD Valid Latency (T) 500 ns
tRXDATAT4 RXD Latency (T4) 950 ns
tRXDATAT RXD Latency (T) 8700 ns
tRHZD RX_EN HIGH to Valid Data 15 ns
tRDHZ RX_EN LOW to High Impedance 20 ns
100BASE-T4 CRS and COL

terspl o] CRS Assert Latency for Preamble 110 140 ns
terscll’] CRS Deassert Latency for EOC 370 ns
tersLelS) CRS Deassert Latency for EOP 370 ns
tcoLmi] COL Assert Latency from TX_EN HIGH 20 ns
tcorri2Y COL Deassert Latency from TX_EN LOW 20 ns
tcorm22H COL Assert Latency from Preamble 190 ns
tcorr 224 COL Deassert Latency from EOC or EOP 370 ns

Notes:

tcrsLE is measured from the begining of the first symbol of EOP1 on
any RX_Dx MDI pair accounting for skew to the falling edge on CRS.
Detection of a properly framed EOP1 will cause the PCS to recognize
loss of carrier.

tcoLy1 is measured from the rising edge of TX_CLK while TX_EN is
HIGH to the rising edge of COL.

tcorLr is measured from the rising edge of TX_CLK while TX_EN is
LOW to the falling edge of COL.

tcoLyz is measured from the rising edge of the signal on RX_D?2 that
meets the I00BASE-T4 unsquelch criterion to the rising edge of COL.
tcoLL2 is measured from the first symbol of the EOP or EOC se-
quences to the falling edge of COL.
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Switching Characteristics Over the Operating Range (continued)

Parameter | Description | Min. | Max. | Unit
10BASE-T CRS and COL
tersaal?) CRS Assert Latency 500 ns
tersial2H CRS Deassert Latency 500 ns
Management Timing
tMCPWH MDC Pulse Width HIGH 25 ns
tMCPWL MDC Pulse Width LOW 25 ns
fm MDC Frequency 12.5 MHz
tMDS MDIO Set-Up 10 ns
tMDH MDIO Hold 0 ns
tMDO MDIO Valid from Clock 40 ns
tMDOH MDIO Hold from Clock 0 ns
tMDHZ MDC to High Impedance 40 ns
tMDLZ MDC to Low Impedance 0 20 ns
Control and Status Timing
tRL Reset Pulse Width LOW 5 us
tRs Control Input Set-Up 100 ns
PMA Interface Timing
tTPMA PMA Transmit Latency 40 ns
tTDS PMA Transmit Data Set Up 10 ns
tTDH PMA Transmit Data Hold 0 ns
tPMACRSH PMA CRS Assert Latency 110 140 ns
tPMACRSL PMA CRS Deassert Latency 650 ns
tPMADATA PMA Receiver Data Latency 800 ns
Clock Timing
tCPWH Reference Clock Pulse Width HIGH 16 24 ns
tCPWL Reference Clock Pulse Width LOW 16 24 ns
fc Reference Clock Frequency 25 — 100 ppm 25 + 100 ppm MHz

Notes:

23. tcrsyz is measured from the rising edge of the signal on RX_D2 that
meets the I0BASE-T carrier criterion to the rising edge of CRS.

24. tcrsps is measured from th eend of the last data symbol on RX_D2 to
the falling edge of CRS.
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Switching Waveforms
MII Transmit Port Data Timing[25]
tTcPwHT4, tropwiTa,
trcPwHT  trePwLT trps | troH
TX_CLK / \ %Z \ / \ 7[_\_/—
TX_EN \
tTDs
Y D ¢ G ) 1
TX_ER
le——— trmiT, >
trmir £
TX Dx= \ X
- K
le— LTCRSHT4,
tTcRSHT
CRS
tTCRsLT4,
treRsLT
7C971-11
MII Receive Port Data Timing[2% 27]
tRXDATATA,
tRXDATAT
RX Dx=+ _F PREAMBLE # X DATA \/
- /\
trRePwH | tRCPWL trDV tRDH
RX_CLK _\_/_\ /
tRXDVT4
tRxDVT /
RX_DV 7
YD D G 1 G
RX_ER
7C971-12
Notes:
27. tRXDATA is measured from the first rising edge of the preamble at thp

25. tyyis measured from the rising edge of TX_CLK to the 50% point of
the TX_Dx= outputs at the MDI pins.

26. trxpy is measured from the first rising edge of the preamble at the
MDI input pins to the rising edge of RX_DV. This includes up to 64
bits of preamble and SFD plus the latency of the receive circuitry.

" MDI input pins to the rising edge of valid data at the RXD pins. This
includes up to 64 bits of preamble and SFD plus the first 8 bits of data
and the latency of the receive circuitry.
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____“M;Q%YPRESS PRELIMINARY CY7C971
Switching Waveforms (continued)
MII Receive Port Three State Timing
tRHZD tRDHZ
RX_DV,
RX_ER ( ( ( ( RV_DV VALID ) ) ) )
RXDI[3:0]
(Q5-Q0) ( ( ( ( DATA VALID ) ) ) )
RX_EN 7[ B(
7C971-13
MII Carrier Sense and Collision (100BASE-T4)
RX Dx+ /_\_/ \NEAVARVARVALVALVALVALY/ EoC, EoP
- \ AN AN AN ANV ANV ANIVAN
tcrsLet,

le— tCRsH ) tCRsLP1
CRS

TX_CLK _/_\_/_\_/_\_/_\_7(_\_/_\_/_\_//_\_/_\_/_\_/_\_
TX_EN / \

tcoLH1

S0

tcoLLt

7C971-14
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PRELIMINARY
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¥ CYPRESS

Sw1tch1ng Waveforms (continued)
MII Carrier Sense and Collision (100BASE-T4)

TAY AVAVAVAVAVAVAVAVAVAY
_/ \

n

TX_EN
tTcRsH
CRS t
TCRSL
>
RX_Dx= VvV VvV \/V EOP, EOC
- \ AN ANIVANIFAN
< fcoLLe2
COL
7C971-15

tcoLHz

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

RXD&A)DC_HS/HS\XX><><><><><><></LW

TX_CLK / \ y
trersLr

TX_EN / \

tTcRrsH

CcoL
7C971-16

Notes:
28. Switching waveforms show CRS and COL timing for a colision that is
started and terminated by the transmit path (TX_EN HIGH).
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PRELIMINARY CY7C971

¢
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¥ CYPRESS

Switching Waveforms (continued)

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

TX_CLK _\_7
TX_EN /

CRS
tCRSHL3

\ trcrsLT

tTCRSHT
N

7C971-18

tcRsH3
N\ XX XXX/
A
coL N
7C971-17
MII Management Port tvbo t
MDHZ
tMCPWH tmps_ tmpH tmePwL tmDLZ tMDOH
Hoc B 7 [\l \
MDIO XZK WRITE )<X>( WRITE ))) (( READ ><X>( READ m-

Control and Status Pins
tRL

RESET S( 7l

trs

AUTONEG
ENT4

ENT
ENTFD

ISODEF

7C971-19

Notes:
29. Switching waveforms show CRS and COL timing for a collision that is
started and terminiated by activity on the receive path.
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CY7C971

.-5 CYPRESS

Switching Waveforms (continued)

PMA Receiver Interface (MODE = LOW)

EOPR EOC

RX_Dx= —/_\_/

<— tpMACRSH
CRS

\

\

\

JAN

e—— tPMACRSL ﬂﬁ;

«——— tpPMADATA ————

\ VY

40008000 ¢E

EOP, EOC )—

L[\

4 tRDHZ

Q[5:0] DATA |
tRHZD

RX_DV

RX_EN 4

7C971-20

PMA Transmitter Interface (MODE = LOW)

CLKI
TX_EN

D[5:0]
TX_Dx= X >

7C971-21
Reference Clock Pins
tcpwH tepwi fc
7C971-22

Document #: 38—-00415
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e
# CYPRESS

Package Diagram

PIN 1

80-Lead Plastic Quad Flatpack N80

AR AR A

@]

I —
I —
I —

——

——

LI:I:

030 Tvp. 4 T
——

I —
I —

o —

LEIE

0.65 TYP‘J e
I

I —
I —
I —

——  DIMENSIONS ARE IN MILLIMETERS
— =  LEAD COPLANARITY 0.102 MAX.

R. 020 TYP,

IR

14,00£0.10 SQ

17.20£0.25 SQ

SEATING PLAN 825 \1 /

\ I

ne—ge

R. 020 TYP.

2.00+0.05

i

=
HJ LH 0.80%0.15
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