Features

+ Complies with IEEE 802.3u standard

» Three operating modes:

— 100BASE-T4

— 10BASE-T Full Duplex

—10BASE-T

— Three-state receive port

— Serial management port

+ Auto-Negotiation

+ On-chip transmit wave shaper
* Receive filter and adaptive equalization
+ PMA Interface for repeater applications
» Jam function for hub applications

+ LED status indicators: TX, RX, Link
» Loopback mode for PHY integrity testing

+ Auto-polarity correction

+ Low-power CMOS

Media Independent Interface (MIl)

PREVIMINARY

fax id: 5002

CY7C971

100BASE-T4/10BASE-T

Fast Ethernet Transceiver (CAT 3)

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 interfac-
es.

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

The CY7C971 performs the Physical Coding Sublayer (PCS),
Physical Layer Signalling (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 Mll interface. The data is en-
coded 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 twist-
ed-pair media. Collision 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

* 80-pin PQFP PMA layer for repeater applications.
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Pin Configuration

80-Lead Plastic Quad Flatpack

(TopView)
L3
nofinn  afkPlrsbexo
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RXD2 1] O —13 RX_D4-
GNDD T —T TX_D4-
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Maximum Ratings
(Above which the useful life may be impaired. For user guide- Static Discharge Voltage ... FUTTR . >2001V
lines, not tested.) (per MIL-STD-883, Method 3015)
Storage Temperature ...............cocevien —65°C to +150°C Latch-Up Current.........cccoviiiiii >200 mA
Ambient Temperature with .
Power Applied............c.ccocoiiioieeil -55°C to +125°C Operating Range
Supply Voltage to Ground Potential................ -0.5V to +7.0V Ambient
DC Voltage Applled to Outputs Range Temperature Vee
in High Z State .. . eieiieeiinen. —0.5V t0 +7.0V Commercial 0°C to +70°C 5V £ 5%

DC Input Voltage -3.0Vio +7.0V




Pin Descriptions
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Media Independent Interface (MIl)

Name /0 Description
TXD[3:0] Input Transmit Data. TXD[3:0] are the data signals that carry the Ethernet transmit frame data from
(D[3:0]) (TTL) the MAC to the PHY on a nibble basis. TXD[3:0] are sampled on the appropriate edge of clock
when TX_EN is asserted HIGH according to Table 1. 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 or hub is presenting
(TTL) data to the 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_EN is asserted HIGH
in order to latch D[5:0] into the transmitter.
TX_CLK Output Transmit Clock. TX_CLK is a continuous clock that provides a timing reference for the transfer
(TTL, Three of TXD[3:0], TX_EN, and TX_ER from the MAC or hub. The nominal frequency of TX_CLKis
State) 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. In PMA mode, this pin becomes the D4 pin used for passing binary encoded
8B6T symbols to the PMA sublayer. TX_ER is ignored in 10BASE-T mode.
RXD[3:0] Output Receive Data. RXD[3:0] are the data signals that carry the received Ethernet frame data from
(Q[3:0]) (TTL, Three the PHY to the MAC on a nibble basis. RXD[3:0] are driven synchronous to RX_CLK. In PMA
State) mode, 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
State) the recovered data. RX_DV is first driven HIGH when RXD[3:0] contains the SFD and is held
HIGH for the duration of the frame. RX_DV makes transitions synchronous to RX_CLK. In PMA
Mode, RX_DV is driven high when Q2-3 contains the first data symbol following 100BASE-T4
SOSB.
RX_CLK Output Receive Clock. RX_CLK is a continuous clock that provides a timing reference for the transfer
(TTL, Three of RXD[3:0], RX_DV, and RX_ER signals from the PHY to the MAC or hub. When RX_DV is
State) HIGH, RX_CLK is recovered fromthe received data. When RX_DV is LOW, RX_CLK s sourced
from the PHY’s nominal frequency. Transition between nominal frequency and recovered fre-
quency is made while RX_DV is LOW. In 100-Mb/s mode, the nominal clock frequency is 25
MHz, and in 10-Mb/s the nominal frequency is 2.5 MHz.
RX_ENIT Input Receiver Output Enable. RX_EN enables the RXD[3:0], Q5, RX_ER, and RX_DV signal drivers.
(TTL) RX_EN allows the receive data signals to be bused together for multiple PHY applications.
Table 2 shows how RX_EN and ISOLATE control the receive bus.
RX_ER Output Receive Error. RX_ER is asserted HIGH to indicate to the MAC that a fault condition was
(TTL, Three detected during the frame presently beingtransferred from the PHY to the MAC. Errors detected
State) in the PCS Layer cause RX_ER to be asserted synchronously with RX_CLK.
COoL 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 con-
(TTL, Three dition on the media. CRS is asserted asynchronously and with minimum delay from the detec-
State) tion of the non-idle condition. CRS is asserted HIGH throughout the duration of a collision
condition. In PMA Mode and 10BASE-T Full Duplex Mode, TX_EN does not loopback to CRS.
MDC Input Management Data Clock. MDC is sourced from the station management entity (STA) to the
(TTL) PHY as a timing reference for the transfer of management information on the MDIO signal.
MDIO Bidirectional Management Data Input/Output. MDIO is a bidirectional signal between the PHY and the station
(TTL, Three management entity (STA) used to transfer control and status information. Control information
State) is 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 sam-
ples the data on the rising edge of MDC.
Note:

1. RX_EN is not specified in the 802.3 MIl standard.




Table 1. Sampling Clock Edge for TX_EN, TX_ER, and
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Table 2. Three-State Table

TXDr3:0] Pin RX_EN | ISOLATE

Mode Clock Edge RXD[3:0], RX_DV, Q5 n, v v

MIT T4 TX_CLK Rising RX_ER
PMA T4 CLKI Rising RX_CLK v
MIT10BT TX_CLK Falling CcOoL v
CRS v
MDIO v
TX_CLK v

Pin Descriptions (continued)

Media Dependent Interface

Three State)

Name /0 Description
TX_D1 + Differential Transmit Data. TX_D 1+ are differential line drivers used for data transmission. In 10 Mb/s mode
TX_D1 - Output TX_D1+transmit Manchester encoded data with a nominal period of 100 ns. In 100 Mb/s mode
TX_D1+ttransmit 8B6T ternary symbols with a nominal period of 40 ns. TX_D1+ also participate
in the Link Integrity function.
RX_D2 + Differential Receive Data. RX_D2+ are differential line receivers used for data reception. In 100-Mb/s mode,
RX_D2 - Input RX_D2+ receives 8B6T ternary symbols with a nominal period of 40 ns. In 10-Mb/s mode,
RX_D2+ receives Manchester encoded bits with a nominal period of 100ns. RX_D2+ also
participates in the Link Integrity function.
TX_D3 + Differential Transmit Data. TX_D3+t are differential line drivers used for data transmission. In 100-Mb/s
TX_D3 - Output mode, 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_D3z*receives 6T ternary symbols with a nominal period of 40 ns. In 10-Mb/s mode, RX_D3+t
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
Name /0 Description
MODE Input Mode. When MODE is tied HIGH, the transceiver is in MIl mode. Received and transmitted
(TTL) data will move through the PMA and the PCS sublayers. Asserting MODE LOW exposes the
100BASE-T4 PMA service interface and disables 10BASE-T. The PCS is bypassed and the
binary coded 6T serial data is presented at the MIl and PMA interface pins.
D5 Input PMA Input Data. D5 is an input signal to the PMA transmit sublayer when MODE is asserted
(TTL) LOW.
Q5 Output PMA QOutput Data. Q5 is an output signal from the PMA receive sublayer when MODE is
(TTL, asserted LOW. Q5 is high-impedance when RX_EN is HIGH.

Control and Status

Name /0 Description

RESET Input Reset. When RESET is asserted LOW, the PHY is placed in the reset state and the transmit
(TTL) and receive functions are disables. The MI| registers are placed in their default states.

AUTONEG |Input Auto-Negotiation Enable. When asserted HIGH, Auto-Negotiation capability is enabled and
(TTL) reflected in the Status Register bit 1.3. When asserted LOW, Auto-Negotiation capability is

disabled. AUTONEG is sampled on the rising edge of RESET and upon power up.
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Control and Status (continued)
Name /0 Description
ENT4 Input Enable 100BASE-T4. ENT4 HIGH enables 100BASE-T4 operation by setting the Status Reg-
(TTL) ister bit 1.15. When ENT4 is LOW, 100BASE-T4 is disabled. ENT4 is latched on the rising edge
of RESET and upon power up.
ENT Input Enable 10BASE-T. ENT HIGH enables 10BASE-T operation by setting the Status Register bit
(TTL) 1.11. When ENT4 is LOW, 10BASE-T is disabled. ENT is latched on the rising edge of RESET
and upon power up.
ENTFD Input Enable 10BASE-T Full Duplex. ENTFD HIGH enables 10BASE-T Full Duplex operation by
(TTL) setting the Status Register bit 1.12. When ENTFD is LOW, 10BASE-T Full Duplex is disabled.
ENTFD is latched on the rising edge of RESET and upon power up.
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 0.10is 1. When ISODEF is LOW, the default value
for 0.10 is 0. ISODEF is latched on the rising edge of RESET and upon power up.
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 Loop-
back bit in the control register.
JAM Input 100BASE-T4 Jam Generation. When JAM is LOW in 100BASE-T4 mode and a carrier is
(TTL) present, the PHY will enter the collision state and generate the Jam pattern. The jam condition
will persist for a minimum of 512 bit times and until carrier is removed.
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. A4 is the first address
(TTL) bit received by the PHY in the management frame. The address is latched on the rising edge
of RESET and upon power up.
LED Drivers
Name /0 Description
LRX Output Receive LED Indicator. LRX is driven LOW when the transceiver is receiving. An internal 20KQ
(Open Drain, resistor will pull LRX HIGH when the transceiver is not receiving. LTX LOW is stretched a
Weak Pull-Up)  [minimum of 25 ms.
LCTX 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. LRX LOW is stretched
Weak Pull-Up) [a minimum of 25 ms.
LINKT4 Output 100BASE-T4 Link Pass LED Indicator. LINKT4 is driven LOW when the 100BASE-T4 trans-
(Open Drain, ceiver is in the Link Pass State. An internal 20KQ resistor will pull LINKT4 HIGH when the
Woeak Pull-Up) [transceiver is not in the 100BASE-T4 Link Pass State.
LINKT Output 10BASE-T Link Pass LED Indicator. LINKT is driven LOW when the 10BASE-T transceiver is
(Open Drain, in the Link Pass State. An internal 20KQ resistor will pull LINKT HIGH when the transceiver is
Weak Pull-Up) [not in the 10BASE-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
Weak Pull-Up) [isinthe Link Pass State. An internal 20KQ resistor will pull LINTFD HIGH when the transceiver
is not in the 10BASE-T Link Pass State.
Clock
Name /0 Description
CLKI Input Reference Clock Input. In MIl Mode (MODE=HIGH), the 25-MHz signal is used as a timing
reference for TX_CLK and analog circuits. This pin should be connected to either to a 25-MHz
crystal or a crystal-controlled TTL-level clock source. In PMA mode (MODE = LOW), CLKl is
an input and is used as a timing reference for the PMA interface and analog circuits.
CLKO Output Reference Clock Output. This pin connects to a 25 MHz crystal or is left open if a TTL clock is

used with CLKI. In PMA mode, CLKO should be left open.
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External Components

Name /0 Description
R1 Passive 10K £1% External resistor connected to R2.
R2 Passive 10K £1% External resistor connected to R1.

Power and Ground

Name /0 Description
Veebd Digital Power Positive Voltage Supply. V¢ requires a 5V+5% supply.
Veea Analog Power Positive Voltage Supply. V¢ requires a 5V+5% supply.
Vees Serial MDI Positive Voltage Supply. V¢ requires a 5V+5% supply.
Power
GNDD Digital Ground |Ground.
GNDA Analog Ground |Ground.
GNDS Serial MDI Ground.
Ground
CY7C971 Description
100BASE-T4 Three shift registers convert the parallel 8B6T code groups to

The CY7C971 provides a physical layer interface (PHY) for
dual speed |IEEE 802.3 100BASE-T4 and 10BASE-T CS-
MA/CD local area networks. 100BASE-T4 offers increased
performance over existing 10BASE-T networks while main-
taining 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 Independent Interface (Mll),
and Media Dependent Interface (MDI). A typical 100BASE-T4
transceiver card application is shown in Figure 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.

Transmit Physical Coding Sublayer (PCS)

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

serial form. When the transmitter is active, a shift register is
loaded on every other TX_CLK cycle. The first 8B6T code
group of the frame is loaded into TX_shift1. The second group
is loaded into TX_shift2 and the third into TX_shift3. The 4th
group will be loaded into TX_shift1. 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_shift1. The pad sequence aides the receiver with
clock recovery and pair alignment. The preamble is generated
automatically during the first 16 TX_CLK cycles of the frame
and follows the pad sequence. The EOP sequence (eop1-5)
is also generated automatically at the end of the frame by the
PCS.

Transmit Physical Media Attachment (PMA)

The Transmit PMA converts the serial encoded 6T bits from
the transmit PCS to their corresponding ternary waveforms.
The waveshaper Digital to Analog Converter (DAC) generates
high precision raised cosine waveforms on each transmission
pair. The waveforms conform to the 100BASE-T4 output tem-
plate specification. No external filters are required. The PMA
output drivers interface to the media through external termina-
tion resistors and isolation transformers.
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10BASE-T/100BASE-T4
Transceiver Card
12
=
5
802.3 CY709_71 (6/"‘ ey
MAC Transceiver 3 &
)
Ml & MDI
25 MHz 7C971-3
Figure 1. Transceiver Card Block Diagram
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Figure 2. T4 Transmitter Block Diagram
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Figure 3. T4 Receiver Block Diagram
Receiver into registers RXD1 and RXD2 on every other RX_CLK. The

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 receives serial 8B6T symbols from the twisted-pair
interface and presents them to the PCS. The T4 receiver me-
dia interface features three adaptive equalizers. The equaliz-
ers compensate for the attenuation 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 frequency and phase of
RX_CLK with that of the received serial data. The data align-
ment block deskews the three receive channels.

Receive Physical Coding Sublayer (PCS)

The PCS accepts serial 6T symbols from the PMA, deserializ-
es them, and then decodes the 6T code groups. Three shift
registers convert the serial data back to parallel form. The first
6T 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 pro-
cess continues until the entire frame has been deserialized.
The parallel 8T data are converted to 8-bit octets and latched

data is then presented at the MIl interface in nibble form.
RX_DV indicates that received data is present on the RXD[3:0]
pins. RX_ER indicates that a receiver fault has occurred.

Carrier Sense

The carrier sense function detects activity on the media using
a smart squelch function similar to 10BASE-T. The CRS signal
is asserted HIGH when a valid carrier is detected on the pair
RX_D2 according to the 100BASE-T4 standard. After detect-
ing a valid carrier, an eop1 code group or seven consecutive
zeros on RX_D2 must be detected before CRS is deasserted.

Collision Detection

A collision is detected when the transmitter is active simulta-
neously 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_D2 and TX_D3 pair drivers turn off.

Auto-Polarity Correction

The Auto-Polarity Correction function monitors the received
signal polarity on RX_D2+ while the link is down and inverts
the received signal internally if its link is inverted. This feature
can be disabled by setting Register bit 16.7 to 0.
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Figure 4. 10BASE-T Transmitter & Receiver Block Diagram
10BASE-T selected mode of operation and the 10BASE-T transceiver is

The CY7C971 provides a 10BASE-T physical layer interface
for compatibility with existing 10-Mb/s Ethernet networks.
10BASE-T operation is automatically selected if Auto-Negoti-
ation established 10BASE-T as the highest common operating
mode. The 10BASE-T transceiver can also be enabled manu-
ally by disabling Auto-Negotiation and clearing the Speed Se-
lection (0.13) bit in the MIl Control Register. The LINKT pin
indicates when 10BASE-T is the selected mode of operation
and the 10BASE-T transceiver is in the link pass state. Figure
4 shows a block diagram of the 10BASE-T transceiver.

During 10BASE-T operation, transmit and receive data are
transferred over the MI| 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 MI| specification for a 10-Mb/s
interface.

Full Duplex

The CY7C971 supports Full Duplex operation in 10BASE-T
mode. 10BASE-T Full Duplex operation is automatically se-
lected if Auto-Negotiation established 10BASE-T Full Duplex
as the highest common operating mode. The 10BASE-T Full
Duplex operation can also be selected manually by disabling
Auto-Negotiation and clearing the Speed Selection (0.13) bit
and setting the Duplex Mode Bit (0.8) in the MIl Control Reg-
ister. 10BASE-T Full Duplex mode cannot be enabled through
Auto-Negotiation or manually unless the ENTFD pin is HIGH.
The LINKFD pin indicates when 10BASE-T Full Duplex is the

in the Link Pass State. During full duplex operation, the colli-
sion pin (COL) is LOW.

Auto-Polarity Correction

The Auto-Polarity Correction function monitors the received
signal polarity on RX_D2+ while the link is down and inverts
the received signal internally if its link is inverted. This feature
can be disabled by setting Register bit 16.7 to 0.

Media Independent Interface (Mil)

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

Data transfer is accomplished over nibble-wide dedicated
transmit and receive channels. When TX_EN is asserted
HIGH, data on TXD[3:0] channel is latched into the PHY and
passed to the PCS or PLS. If TX_ER is asserted HIGH in
100BASE-T4 mode, an 8B6T code violation word will be sent
in place of the transmit data. TX_CLK provides a continuous
clock that is sourced from the PHY.

When recovered data is available from the 100BASE-T4 PCS,
the RX_DV signal is asserted HIGH simultaneously with the
first Start of Frame Delimiter (SFD) nibble on RXD[3:0]. The
RX_DV signal remains HIGH continuously through the final
recovered nibble of the frame. If an error is detected in the
frame by the PHY, the RX_ER signal is driven HIGH synchro-
nously with RX_CLK.
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RX_CLK is a continuous clock that provides a timing reference
forthe transfer of RXD[3:0], RX_DV, and RX_ER from the PHY
to the MAC or hub. RX_CLK is sourced from the PHY. While
RX_DV is deasserted, RX_CLK will run at the PHY’s nominal
frequency. When RX_DV is asserted, the frequency and
phase of RX_CLK is recovered from the received data. During
the transition from nominal to recovered frequency, the period
of RX_CLK may extend by up to one cycle.

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

Access to the management facilities are provided through the
MII with the MDC and MDIO pins. These pins provide a serial
interface to the management control and status registers. The
MDC signal 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 be-
tween 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.

Media Dependent Interface

The Media Interface is comprised of four communications
channels. A dedicated transmit channel, TX_ D1+, transmits
100BASE-T4 and 10BASE-T signals. RX_D2+ is a dedicated
receive channel for both 100BASE-T4 and 10BASE-T signals.
The two bidirectional channels for 100BASE-T4 are formed
from TX_D3%, RX_D3+ and TX_D4+, RX_D4+.

The MDI pins interface to the medium through external termi-
nation resistors and quad 1:2 isolation transformers. No exter-
nal filters are required. The transmit drivers use class AB dif-
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ferential drivers to help reduce power consumption while
providing ample drive capability. The drivers have a common
mode control circuit to help reduce common mode emissions.

Management

The management facilities are used to control and indicate the
status of the PHY resources. The management facilities and
MIl management interface is compliant with the IEEE 802.3
MI| specification.

MIl Management Interface

The management facilities are accessed through the MIl man-
agement pins MDC and MDIO. The management facilities re-
spond to register accesses that maich the PHY address. The
PHY address is 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 RESET or on power up.

Register accesses are performed by transferring an opcode,
address, and register number to the PHY management facility.
If the address transferred matches the PHY address, the PHY
responds to the access. During a read access, 16 bits of data
from the selected register are transferred from the PHY to the
STA on the MDIO pin. During a write, 16 bits of data are trans-
ferred 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 regis-
ters. The Control register is assigned address 0 and the Status
register is assigned address 1. Table 3 shows a map of the
Control register and Table 4 shows the Status register.
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Table 3. MIl 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 Loopbackconnects thetransmitdata
0 = Normal Operation path to the receive data path.
0.13 Speed Selection 1 =100 Mb/s R/W 0, 181 |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-Negotiation R/W 0, 1141 |This bit enables the Auto-Negotia-
0 = Disable Auto-Negotiation tion 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 Isolatel®! 1 = Isolate PHY from M| R/W 0,1 Isolate places the receiver Ml chan-
0 = Normal Operation nel in high impedance, and the MI|
transmitter channel does not re-
spond to MII activity.
0.9 Restart Auto-Negotiation |1 = Restart Auto-Negotiation R/W 0 Restart Auto-Negotiation breaks the
0 = Normal Operation S/C linkand restarts the Auto Negotiation
process.
0.8 Duplex Mode 1 = Full Duplex R/W o, 1l€l 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
LL = Latched LOW

ook W

will default to 1.
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Speed selection default is set by the ENT and ENT4 pins. Speed selection will default to 1 if ENT4 is HIGH. If ENT4 is LOW and ENT is HIGH, speed selection
will default to 0.
Auto Negotiation Enable default is set by the AUTONEG pin.
Isolate default is set by the ISODEF pin.

Duplex Mode Default is set by the ENFD, ENT, and ENT4 pins. If the speed selection bit default bit is set for 10 Mb/s and ENFD = HIGH, then Duplex Mode
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Table 4. MIl Status Register Definition

Status Register (Register 1)

Bit(s) Name Setting R/W | Default Description
1.15’1  |100BASE-T4 1 = 100BASE-T4 Able RO 1,0 When set, this bit indicates that the
0 = 100BASE-T4 Unable PHY is 100BASE-T4 capable.
1.14 100BASE-TX Full 0 = 100BASE-TX Full Duplex Not RO 0 This bit is always set to zero.
Duplex Supported
1.13 100BASE-TX Half 0 = 100BASE-TX Half Duplex Not | RO 0 This bit is always set to zero.
Duplex Supported
1.1281  [10BASE-T Full Duplex 1 = 10BASE-T Full Duplex Able RO 1,0 When set, this bit indicates that the
0 = 10BASE-T Full Duplex Unable PHY is 10BASE-T full duplex ca-
pable.
1.1181 [1{0BASE-T Half Duplex 1 = 10BASE-T Half Duplex Able RO 1,0 When set, this bit indicates that the
0 = 10BASE-T Half Duplex Unable PHY is 10BASE-T half duplex ca-
pable.
1.10:6 |Reserved 0 = Default RO
15 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 LH 0 This bit is set when Auto Negotia-
0 = No Remote Fault Condition tion detects a remote fault.
131101 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 PHY
0 = Link Is Down is in the Link Pass State.
1.1 Jabber Detect 1 = Jabber Condition Detected RO 0 Jabber Detect indicates that a jab-
0 = No Jabber Condition LH ber condition has been detected
Detected for 10BASE-T.
1.0 Extended Capabilities 1 = Extended Register Capable RO 1 OUl and Auto-Negotiation Extend-
ed Registers 2-7 are present.
Notes:

7. 100BASE-T4 Default is set by the ENT4 pin.

8. 10BASE-T FD Default is set by the ENTFD pin.

9. 10BASE-T HD Default is set by the ENT pin.

10. Auto-Negotiation Default is set by the AUTONEG pin

Vendor and Model ID Registers

Vendor and Model identification codes are stored in manage-
ment |ID registers 2 and 3. These registers contain the Cypress
Semiconductor Corporation unique identifier and the
CY7C971 model and revision number. Table 5 explains the ID
registers. The OUIl assigned to Cypress is 00A050. The
CY7C971 model code is 1.

Auto-Negotiation Registers

The Auto-Negotiation process is managed through the Au-
to-Negotiation registers. Register 4 is the Auto-Negotiation
Advertisement register. This register contains the 16-bit code
word that is advertised to the remote link partner. Register 5 is
the Auto-Negotiation Link Partner Ability register for base and
next pages. This register holds the 16-bit code word that the
Auto-Negotiation function receives from the remote link part-
ner. Register 6 is the Auto-Negotiation Expansion register and
is used to monitor the negotiation process. Register 7 is the
Auto-Negotiation Next Page Transmit register. The function of
the Auto-Negotiation register bits are defined in Tables 6
through 710.
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Auto-Negotiation

The IEEE Auto-Negotiation function provides remote capabil-
ity detection and automatic speed selection. Auto-Negotiation
is fully compatible with existing T0BASE-T only devices.

Auto-Negotiation advertises the capabilities of the PHY by
transmitting a sequence of fast link pulses (FLPs) that form a
standard 16-bit code word. The advertised code word is con-
tained in the Auto-Negotiation Advertisement register (Regis-
ter 4). Auto-Negotiation receives 16-bit code words and stores
them in the Auto-Negotiation Partner Ability register (Register
5). Once the code words have been sent and acknowledged,
Auto-Negotiation selects the highest common operating mode
as the current mode of operation. The highest common mode
of operation is determined by the Priority Resolution Table
specified in the Auto-Negotiation standard. When a mode of
operation is selected, Auto-Negotiation enables the transition
to the selected mode’s Link Pass state.

The Auto-Negotiation process is controlled and monitored
through the MII management registers. Auto-Negotiation may
be disabled in the MIl control register or by asserting the
AUTONEG pin LOW.
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The Auto-Negotiation is capable of transmitting and receiving
code word pages in addition to the base pages. The next page

Table 5. MiIl PHY ID Register Definition

process is controlled through the MIl registers.

PHY Identifier (Register 2 and 3)

Model Number
Revision Number

CY7C971 Model Number (9-4)
CY7C971 Revision Number (3-0)

Bit(s) Name Setting R/W | Default Description
2.15:0 |OUI PHY Identifier 16 Most Significant OUI Bits RO 0281 h |This field contains 16 bits of the
Cypress Organizationally Unique
Identifier (OUI).
3.15:00 |OUI PHY Identifier 6 Least Significant OUI Bits RO 401X h |This field contains 6 bits of the

Cypress Organizationally Unique
Identifier (OUI), 6-bit model number,
and 4-bit revision number.

Table 6. MIl Auto-Negotiation Advertisement Register Definition

Auto-Negotiation Advertisement Register (Register 4)
Bit(s) Name Setting R/W | Default Description
4.15 Next Page 1 = Next Page to be Transmitteq R/W 0 When set, this bit will cause the PHY
0 = No Next Page to advertise Next Page capability.
414 Reserved RO Reserved.
4.13 Remote Fault 1 = Fault Indication R/W When set, this bit will cause the PHY
0 = No Fault to advertise a Remote Fault has oc-
curred.
412 Technology Ability Field |Reserved RO 0 Reserved
Reserved
411 Technology Ability Field |Reserved RO 0 Reserved
Reserved
410 Technology Ability Field |Reserved RO 0 Reserved
Reserved
49" [Technology Ability Field |1 = Advertise 100BASE-T4 R/W 1,0 |When set, this bit will cause the PHY
100BASE-T4 0 = Do Not Advertise to advertise 100BASE-T4 capability.
This bit may only be set if
100BASE-T4 is enabled.
4.8 Technology Ability Field |0 = 100BASE-TX FD RO 0 This bit will always be zero.
100BASE-TX Full Not Supported 100BASE-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.
461" [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 5131 [Technology Ability Field |1 = Advertise 10BASE-T R/W 1,0  |When set, this bit will cause the PHY
10BASE-T 0 = Do Not Advertise to advertise 10BASE-T capability.
This bit may only be set if 10BASE-T
is enabled.
4.4:0 Selector Field Indicates IEEE 802.3 LAN RO 01h This field is permanently set to 0001
to advertise IEEE 802.3 CSMA/CD
LAN.
Notes:

11. 100BASE-T4 Advertised Ability default is set by the ENT4 pin.
12. 10BASE-T FD Advertised Ability default is set by the ENTFD pin.
13. 10BASE-T Advertised Ability default is set by the ENT pin.

13
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Table 7. MIl Auto-Negotiation Link Partner Ability Register Definition

Auto-Negotiation Link Partner Ability Register (Register 5)

Bit(s) Name Setting R/W | Default Description
5.156 Remote Next Page 1 = Next Page to be Transmitted| RO 0 When set, this bit indicates the re-
0 = No Next Page mote PHY has a Next Page to send.
514 Remote Acknowledge 1 = Remote Acknowledge RO 0 When set, this bit indicates that the
0 = No Acknowledge remote PHY has acknowledged re-
ceipt of a page.
5.13 Remote Fault 1 = Fault Indication RO 0 When set, this bit indicates that a
0 = No Fault fault has occurred in the remote
PHY.
512 Technology Ability Field |[Reserved RO 0 Reserved.
Reserved
511 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 the
100BASE-T4 0 = Not 100BASE-T4 Able remote PHY has 100BASE-T4 ca-
pability.
58 Technology Ability Field (1 = 100BASE-TX FD Able RO 0 When set, this bit indicates that the
100BASE-TX Full Duplex [0 = Not 100BASE-TX FD Able remote PHY has 100BASE-TX FD
capability.
57 Technology Ability Field (1 = 100BASE-TX Able RO 0 When set, this bit indicates that the
100BASE-TX 0 = Not 100Base-TX Able remote PHY has 100BASE-TX ca-
pability.
56 Technology Ability Field (1 = 10BASE-T FD Able RO 0 When set, this bit indicates that the
10BASE-T Full Duplex 0 = Not 10BASE-T Able remote PHY has 10BASE-T FD ca-
pability.
55 Technology Ability Field |1 = 10BASE-T Able RO 0 When set, this bit indicates that the
10BASE-T 0 = Not 10BASE-T Able remote PHY has 10BASE-T capabil-
ity.
54:0 Selector Field Indicates LAN Type RO 00h This field indicates the type of LANs

being advertised by the remote PHY.

14
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Table 8. MIl Auto-Negotiation Next Page Transmit Register Definition

Auto-Negotiation Next Page Transmit Register (Register 7)

Bit(s) Name Setting R/W | Default Description
7.15 Next page 1 = More Pages Follow RwW 0 When set, this bit indicates that
0 = Last Page more pages follow. When clear, it
indicates that the last page is be-
ing sent.
7.14 Reserved RO 0
713 Message Page 1 = Message Page RwW 0 When set, this bit indicates that
0 = Unformatted Page the next page being sent is for-
matted as a message page.
712 Acknowledge 2 1 = Will Comply RO 1 When set, this bit indicates that
0 = Cannot Comply the device can comply with the re-
ceived message.
7.11 Toggle 1 = Previous Toggle Was Zero RO 0 This bit is used to ensure synchro-
0 = Previous Toggle Was One nization with the link partner dur-
ing next page exchange.
7.10:0 Message/Unformatted | Eleven-Bit Field RwW 000h [This field contains the mes-
Code Field sage/unformatted bits for the next
page.
Table 9. Auxiliary Register
Auxiliary Register (Register 16)
Bit(s) Name Setting R/W | Default Description
16.15 Auto-Polarity Status 1 = inverted RO 0 When set, this bit indicatesthat
0 = normal the polarity on pair 2 is
reversed.
16.14:8 Reserved RO 0
16.7 Auto-Polarity Control 1 = Enable Auto Polarity Correction R/W 1 When set, this bit enables Auto
0 = disabled Polarity correction on pair 2.
16.6:0 Reserved RO 0

Table 10. MIl Auto-Negotiation 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 indicatesthat
0 = No Parallel Detection Fault LH local Auto-Negotiation has de-
tected more than one valid link.
6.3 Link Partner Next Page |1 = Link Partner is Next Page Able RO 0 When set, this bit indicatesthat
Able 0 = Link Partner is Not Next Page the remote PHY supports Next
Able Page capability
6.2 Next Page Able 1 = Next Page Able RO 1 This bit indicates that local Au-
to-Negotiation supports Next
Page capability.
6.1 Page Received 1 = 3 Identical Code Words Receiveq RO 0 When set, this bit indicatesthat
0 = 3 Identical Code Words Have Not LH local Auto-Negotiation has re-
Been Received ceived three consecutive and
identical code words.
6.0 Link Partner Auto Nego- |1 = Link Partner is Auto-Negotiation RO 0 When set, this bit indicatesthat
tiation Able Able the remote PHY has Auto-Ne-
0 = Link Partner is Not Auto-Negotia- gotiation capability.
tion Able

15
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Loopback

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 MIl through the PCS and into the
PMA. The serial data is then looped back through the Receiver
PMA and PCS to the Ml interface. Loopback Mode is useful
for checking the integrity of the PHY and MAC operations.

Serial 6T data from the three PMA circuits are transferred over
the PMA interface pins in binary form. The Receiver aligns and
converts the line signals to their 6T binary representation and
drives them to the Q[5:0] pins. The transmitter latches the
three 8T symbol streams on its D[5:0] input pins on the rising
edge of CLK_|. The 6T symbols are loaded into the wave-
shaper DAC and converted to their corresponding ternary
waveforms. Table 11 shows the mapping of binary PMA sig-
nals to ternary waveforms.

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

PMA Mode

When the MODE pin is LOW, the CY7C971 is in 100BASE-T4
PMA mode. This mode of operation is intended for use in re-
peater applications. In PMA mode, the PCS is bypassed ex-
posing the PMA sublayer. Binary encoded 6T symbols are
transferred directly over the PMA interface pins. This reduces
the latency for use in class 1 and class 2 repeaters. A block
diagram of the PMA interface is shown in Figure 5. 10BASE-T
is disabled.

T4 Receiver

p CRS

— »RX_CLK

2 2 Qo

Q1

Ternary
to

Binary
2

Carrier
Detect

RX_D2 :: Equalizer

_. .
RX_D3 — Equalizer

— . 2
RX_D4 ] Equalizer j>+

2 Q2
Q3

Alenooey 300|190 pue Ble(q
Mmeyse(

2 Q4
Q5

|_RX_EN

L »RXDV
L »RXER

The RX_DYV 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 interface. RX_DV is LOW when there is no carrier
present. RX_ER HIGH indicates a pair alignment error. The
RX_EN input pin enables the Q0-5, RX_DV, and RX_ER driv-
ers. RX_EN LOW places the drivers in the high-impedance
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 CS idle symbols.

Table 11. PMA Binary to Ternary Map[1 4

PMA
Q1-0, Q3-2, Q5-4
D1-0, D3-2, D5-4 Transmitter Receiver
00 Cso Cso
10 CSs1 CSs1
01 CS-1 CS-1
11 Cso -

Notes:

14. CS80 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 termary symbol -1.

Repeater T4 Transmitter
ORRTée—o| L
ntegrity
CLKI ——
g? 2 2 TX_D1
.  Gha s
Q Binary
8 to
o Ternary
T D2 2 2
E:r R~ > TX D3
al D
Wave
Shaper
Rt 2, TX_D4
_.>
TX_EN— 1
7C971-7

Figure 5. T4 Transmitter & Receiver PMA Interface and Block Diagram (MODE=LOW)
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Resets transceiver cards, repeaters, hubs and switches. Figure 6
shows a schematic of the CY7C971 configured for a transceiv-

Table 12 explains how the different types of resets affect the er card application with an exposed Ml port
CY7C971.

Applications

The CY7C971 is a flexible physical-layer device that fits into
any Ethernet application including network interface cards,

Table 12. Reset Behavior Table

Reset Type
Function Hardware Reset or Power-on Reset | Release from Power Down or Reg 0.15 Reset
Latch configuration pins yes no
Reset MII Registers yes yes
MDIO state machine reset yes no
Internal circuits yes yes
L 4 L 4 L 4
1.5 K LEDS
Q <<
[ kS S1 ke 1 KQ
L
80
1 0o 00 Z oo EEICIRPRg O <0
B 58835 BBFESE[E[ERE Y E BEF
3 . ] > 2 XS CEEIH|E|l2o o >
240,
. I 249'A'A'A RXD3 <D( Vees |—@ 12
VA RXD2 RX_D4- :
5 | @— anop TX_D4- VWV 8
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L 200 v‘v‘v‘ RXDo TX_D4+ 'A'A' 7
B ig YW RX_DV RX_D4+ e 1%
S YW RX_CLK Voos [—@ —o
g Ho 242 AAA RX_ER RX_D3- I
=g B TX_ER TX_Ds3- ,AvAVA;‘ <1
8 12 oaa I— Veeo CY7C9o71 GNDS @22 1% j E
= M3 _VLA‘,A'A TX_CLK T D3+ V- 8
= |4 | TX_EN RX_D3+ 120 1% 0
15 |I TXDO Voes |—@ | |14 j:
16 TXD1 RX_D2- 250 o
17| TXD2 RX_D2+ } 3
18 I TXD3 Vees |—@
19 | GNOD TX_D1- MA 2
20 uo T D5 GNDS ® 129‘ 1% % ;
——W coL TX_Di+ YW
YW CRS o Vees —@ 12 1%
oo = owu g <
8, .28.8z5¢cBESs2, . 8
I2Fez6626l5s2tlroob e
25 MHz] [ 10K
+5V 5K D WA
I _|_27 pF_I_ 27 pF*
° S ¥ S ¥

3

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

* Note: Load capacitance depends on crystal manufacturer.
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Electrical Characteristics Over the Operating Range

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

TTL Pins{'®!

VouT Output HIGH Voltage Voe = Min,, loy = —4.0 mA 24 \

Vour Output LOW Voltage Voo = Min,, lg =4.0mA 0.4 \

ViuT Input HIGH Voltage 20 6.0 \

ViT Input LOW Voltage -3.0 0.8 \

T Input Load Current (excluding CLKI) |GND < V| < Ve -10 +10 pA

lixTe Input Load Current for CLKI -30 +30 mA

lozT Output Leakage Current GND < Vg < Vg, Output Disabled -50 +50 pA

losT Output Short Circuit Currentl'®] Ve = Max., Voyt = GND -350

Open Drain LED Pins

VoL Output LOW Voltage Vee = Min., g, = 12.0 mA | | 0.4 v

100BASE-T4

10BASE-T Parameters

VacTa Differential AC Squelch Threshold for 2 MHz 25 MHz
100BASE-T4

VacT Differential AC Squelch Threshold for 2 MHz 25 MHz
10BASE-T

Teop1 Transmit end of packet hold time after 200 ns
“1” for BASE-T

TeopO Transmit end of packet hold time after 200 ns
“0” for 10BASE-T

Miscellaneous

lcct V¢ Operating Supply Current Voo =Max., Igyt = 0mA, 100BASE-T4 500 mA

transmitting
lcco V¢ Operating Supply Current Voo =Max., Igyt = 0mA, 100BASE-T4 300 mA
not transmitting
Isg Power-Down Current Max. Voo loyt = 0 mA, MDC = LOW 40 mA

Capacitancel'”]

Parameter Description Test Conditions Max. Unit
CiNn Input Capacitance Ta=25°C, f =1 MHz, 5 pF
Cout Output Capacitance Voc =5.0V 8 pF

Notes:

15. TTL Ml drivers conform to |-V template in Annex 22B, of IEEE 802.3.
16. Tested one output at a time, output shorted for less than one second, less than 10% duty cycle.
17. Tested initially and after any design or process changes that may affect these parameters.

18
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AC Test Loads and Waveforms

TTLOUTPUTS

MDI TRANSMIT LOADS

ALL INPUT PULSES

y 4810 120 i 3.0V —
OUTPUT O—l—:: | 1000 GND 0%
30 pF g 2550 120 < 5ns |-_
INCLUDING -I—-_ —
élgopl‘:’NED (@) Equivalent to: THEVENIN EQUIVALENT
quivalent 10: 7C971-9
OUTPUTQ—-L?Z,Q—O 1.73V
Switching Characteristics Over the Operating Rangel'®l
Parameter | Description | Min. Max. Unit
Mil Timing
tTCPWHT4 TX_CLK Pulse Width HIGH (T4) 14 26 ns
trepwiT4 TX_CLK Pulse Width LOW (T4) 14 26 ns
tTCPWHT TX_CLK Pulse Width HIGH (T) 194 206 ns
trepwLT TX_CLK Pulse Width LOW (T) 194 206 ns
tTDST4 TXD Set Up (T4) 10 ns
tTDHT4 TXD Hold (T4) 0 ns
t1psT TXD Set Up (T) 10 ns
tTDHT TXD Hold (T) 0 ns
TMIT4 Transmit Latency (T4) 150 ns
i Transmit Latency (T) 500 ns
tTCRSHT4 Transmit Path CRS Assert (T4) 20 ns
ToRSHT Transmit Path CRS Assert (T) 800 ns
ToRsLT4 Transmit Path CRS Deassert (T4) 340 ns
TGRSLT Transmit Path CRS Deassert (T) 900 ns
trepwiTal') RX_CLK Pulse Width HIGH 16 24 ns
trepwital ) RX_CLK Pulse Width LOW 16 24 ns
trepwHT ) RX_CLK Pulse Width HIGH 194 206 ns
trepwiTl RX_CLK Pulse Width LOW 194 206 ns
trDV RXD Valid from Clock RX_CLK falling edge +7 ns
tRDH RXD Hold from Clock RX_CLK falling edge -2 ns
tRxDVT4 RXD Valid Latency (T4) 950 ns
tRxDVT RXD Valid Latency (T) 1600 ns
IRXDATAT4 RXD Latency (T4) 1030 ns
tRXDATAT RXD Latency (T) 8700 ns
truzoP) RX_EN HIGH to Valid Data 27 ns
trouz2) RX_EN LOW to High Impedance 20 ns
100BASE-T4 CRS and COL
tCRSH[21’22] CRS Assert Latency for Preamble 100 120 ns
Notes:
18. Test conditions assume signal transition time of 5 ns or less, timing reference levels of 1.5V, input pulse levels of 0 to 3.0V, and output loading of the specified

loL/lon and 30-pF load capacitance.

19.
20.
21.

During clock transition, clock max time could be as long as an entire cycle.
Applies to PMA Mode too
AcrsH is measured from the rising edge of the latest arriving signal of the three pair that meets the 100BASE-T4 squelch criterion to the rising edge of CRS.

The rising and falling edges of CRS are guaranteed to meet the faimess timing specification defined in the 100BASE-T4 standard.

22.

19

Test conditions assume 100BASE-T4 compliant waveform with zero length cable.
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Switching Characteristics Over the Operating Range!'® (continued)

Parameter Description Min. Max. Unit
tCRSLC[23’22] CRS Deassert Latency for EOC 370 ns
tCRSLE[24’22] CRS Deassert Latency for EOP 380 ns
tcoLn 12> COL Assert Latency from TX_EN HIGH 100 ns
tCOLL1[26’22] COL Deassert Latency from TX_EN LOW 260 ns
tCOLH2[27’22] COL Assert Latency from Preamble 190 ns
tCOLL2[28’22] COL Deassert Latency from EOC or EOP 370 ns
10BASE-T CRS and COL
tCRSHS[zg’ 30] CRS Assert Latency 1200 ns
tCRSLS[SO’ 31l CRS Deassert Latency 1200 ns
tooLnstY! COL Assert from TX_CLK falling edge and TX_EN HIGH 800 ns
tcoL st COL Deassert from TX_CLK falling edge and TX_EN LOW 800 ns
tCOLL4[30] COL Assert from Preamble 1200 ns
tCOLL4[30] COL Deassert from EOP 1200 ns
Management Timing
tMcPWH MDC Pulse Width HIGH 25 ns
tMePwL MDC Pulse Width LOW 25 ns
fm MDC Frequency 12.5 MHz
tMDs MDIO Set-Up 10 ns
tMDH MDIO Hold 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 1000 ns
tRs Control Input Set-Up 100 ns
PMA Interface Timing
tTPMmA PMA Transmit Latency 80 ns
t1ps PMA Transmit Data Set Up 0 ns
tTpH PMA Transmit Data Hold 12 ns
tPMACRSH[ZZ] PMA CRS Assert Latency 100 120 ns
tpMACRSL[ZZ] PMA CRS Deassert Latency 650 ns
tPMADATA PMA Receiver Data Latency 800 ns
Clock Timing
tcpwH Reference Clock Pulse Width HIGH 16 24 ns
topwL Reference Clock Pulse Width LOW 16 24 ns
fe Reference Clock Frequency 25 —-100 ppm 25 + 100 ppm MHz
Notes:

23. 1icRsLc is 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.
24. icRsLe is measured from the beginning 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.
25. tcoLny Is measured from the rising edge of TX_CLK while TX_EN is HIGH to the rising edge of COL.
26. tcoLLq is measured from the rising edge of TX_CLK while TX_EN is LOW to the falling edge of COL.
27. 1tcoLHz Is measured from the rising edge of the signal on RX_D2 that meets the 100BASE-T4 unsquelch criterion to the rising edge of COL.

28. 1tcoLLe is measured from the first symbol of the EOP or EOC sequences to the falling edge of COL.

29. 1icprsHa is measured from the rising edge of the signal on RX_D2 that meets the 10BASE-T carrier criterion to the rising edge of CRS.
30. Test conditions assume 10BASE-T compliant signal with zero length cable.
31. tcRrsis is measured from the end of the last data symbol on RX_D2 to the falling edge of CRS.
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FREUIMINARY CY7C971

Switching Waveforms

MII Transmit Port Data Timing for 10BASE-T[3?
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t 1
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7C971-11

MII Transmit Port Data Timing for 100BASE-T4[3']

trcPwHT4  ttoPWLT4
tTDsT4 1TDHT4

\

tDsT4
XD D
TX_ER
«—————————— ttmiT4 >

4
TX_Dx X
K

[*— {TCRSHT4

CRS

tTCRSLT4

7C971-10
Notes:
32. tyy is measured from the rising edge of TX_CLK to the 50% point of the TX_Dx+ outputs at the MDI pins.
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FREUIMINARY

CY7C971

Switching Waveforms (continued)

MIl Receive Port Data Timing for Base-T4 and 10Base-T/33. 34]

tRXDATAT4,
tRXDATAT
RX_Dx _F PREAMBLE # X DATA X
tRcPwH |, tRCPWL
RX_CLK / \ / \ / \ /
tRxDVT4
B TRXDVT
RX_DV /
s DX YO0 . G
RX_ER
-
tROH  tRDV 7C971-12
MIl ReceivePortThree StateTiming
RHZD tRDHZ
RX_DV o4 20
RX_ER 1 .. RV_DV WALID 0.6
RXD[3:0] /
(Q5-Q0) \ DATA VALID
RX_EN / \
7 \\
7C971-13
MIl Carrier Sense andCollision (100BASE-T4)
RX Dx Y V V VNV EOC, EOP
- NANAANANANANNN .
CRSLCH,
le—— fcRSH ) {cRSLP1
CRS

A\ \/ 4

COL

tcoLH1

\/\/\/\

tcoLL1

7C971-14

Notes:

33. 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.

34. tgxpara is measured from the first rising edge of the preamble at the MDI input pins to the rising edge of valid data at the RXD pins. This includes up to 64 bits
of preamble and SFD plus the first 8 bits of data and the latency of the receive circuitry.
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FREUIMINARY CY7C971

Switching Waveforms (continued)

MIl Carrier Sense and Collision (100BASE- T4)
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tcoLue 7C971-15

MII Carrier Sense and Collision (10 BASE-T)[3°!

_)DC_RQ\XXXXXXXXX/LW

tcoLLs
TX_EN / \

tcoLHs
j———

coL N

7C971-16

Note:
35. Switching waveforms show CRS and COL timing for a collision that is started and terminated by the transmit path (TX_EN HIGH).
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FREUIMINARY CY7C971

Switching Waveform (continued)

MII Carrier Sense and Collision (10BASE-T)[%¢!

TX_CLK \ / \

TX_EN / \ trersyr
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7C971-17
MIl Management Port
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tMDHZ
tMCPWH tmvDs  tMDH tmePwL tMDLZ tMDOH

e £ |\ \
oo XXX Cware XXX Cware p———L nero XXX nero )t

7C971-18

Note:
36. Switching waveforms show CRS and COL timing for a collision that is started and terminated by activity on the receive path.
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FREUIMINARY CY7C971

Switching Waveforms (continued)
Control and Status Pins

tRL
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7C971-19

PMA Receive Interface (MODE = LOW)
RX_Dx —/_\_/ —V VvV V VvV N N\ EOR EOC
- NANANNNNN

l«———  tPMACRSL
<— tpPMACRSH
CRS

SRt AVAVATAVAVAVAVAWAVAVAVAVAVAVAVAVAVAVAVAVAVA!

le———————  tpMADATA ——————>»

o [ tRDV

a0l 30080008800

tRHZD L

RX_DV \

1
RX_EN 7[ 4 RDHZ

7C971-20
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FREUIMINARY CY7C971

Switching Waveforms (continued)

PMA Transmitter Interface (MODE = LOW)
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7C971-22

Document #: 38-00415-A
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Package Diagram
80-Lead Plastic Quad Flatpack N80
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