3.3V ATM PHY IDT77V106L25
for 25.6 and 51.2 Mbps
®

FEATURES: DESCRIPTION:

» Performs the PHY-Transmission Convergence (TC) and The IDT77V106L25is amember of IDT’s family of products supporting
Physical Media Dependent (PMD) Sublayer functions of the | Asynchronous Transfer Mode (ATM) data communications and networking.
PhyS|c.aI Layer The IDT77V106L25 implements the physical layer for 25.6 Mbps ATM,

* ComP'.'a“F to ATM Forum (af-phy-_040.p 00) and TU-T 1.432.5 connecting aserial copper link (UTP Category 3and 5)toan ATM layer device
specifications for 25.6Mbps physical interface )

suchasaSAR oraswitch ASIC. The IDT77V106L25 also operates at 51.2

* Also operates at 51.2Mbps data rate Mbps and is well suited to back-plane driving applications. The 77V106L.25

« 8-bit UTOPIA Level 1 Interface opsandiswelsuied fo back-plane Sving applcations.

. . utilizes an 8-hit UTOPIA interface on the cell side.

o 3-Cell Transmit & Receive FIFOs . . .

. o . I The IDT77V106L25 is fabricated using IDT's state-of-the-art CMOS
¢ Receiver Auto-Synchronization and Good Signal Indication L , , )
technology, providing the highest levels of integration, performance and

* LED Interface for status signalling reliability, with the low-power consumption characteristics of CMOS
« Supports UTP Category 3 and 5 physical media Y P P '

o Interfaces to standard magnetics

o Low-Power CMOS

¢ 3.3V supply with 5V tolerant inputs

o 64-lead TQFP Package (10 x 10 mm)

o Commercial and Industrial Temperature Ranges

APPLICATIONS:
o Up to 51.2Mbps backplane transmission
o Rack-to-rack short links
o ATM Switches
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IDT77V106L25

77V106L25 OVERVIEW

The 77V106L25 is a physical layer interface chip for 25.6Mbps ATM
network communications as defined by ATM Forum document af-phy-040.000
and ITU-T 1.432.5. The physical layer is divided into a Physical Media
Dependentsublayer (PMD) and Transmission Convergence (TC) sublayer.
The PMD sub layerincludes the functions for the transmitter, receiver and clock
recovery for operation across 100 meters of category 3 and 5 unshielded
twisted pair (UTP) cable. Thisisreferredto asthe Line Side Interface. The TC
sub layer definestheline coding, scrambling, data framing and synchronization.

Onthe cell side, the 77V106L25 connectsto an ATM layer device (such
as a switch core or SAR) through an 8-bit Utopia Level 1 interface.

The 77V106L25is based onthe 77105 and maintains significant register
compatibility withit, butitalso has additional register features.
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Accesstothese statusand control registersis through the utility bus. This
is an 8-hit muxed address and data bus, controlled by a conventional
asynchronous read/write handshake.

Additional pins permitinsertion and extraction of an 8kHz timing marker,
and provide LED indication of receive and transmit status.

OPERATION AT 51.2 Mbps

Inadditionto operation atthe standard rate of 25.6 Mbps, the 77V106L.25
isalso specified to operate at51.2 Mbps. Exceptforthe doubled bitrate, all other
aspects of operation are identical to the 25.6 Mbps mode.

Therate is determined by the frequency of the clock applied tothe OSC
input pin. OSCis 32 MHz for the 25.6 Mbps line rate, and 64 MHz forthe 51.2
Mbps line rate.

See Figure 16 forrecommended line magnetics. Magnetics for51.2 Mbps
operation have a higher bandwidth than magnetics optimized for 25.6 Mbps.
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Figure 1. Pin Assignments
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TABLE 1 — SIGNAL DESCRIPTION (PART 1 OF 2)

Line Side Signals

Signal Name Pin Number I/0 | Signal Description

RXD+, RXD- 58,57 In Positive and negative receive differential input pair.

TXD+, TXD- 62,61 Out | Positive and negative transmitdifferential output pair.
Utility Bus Signals

Signal Name Pin Number I/0 | Signal Description

AD[T:Q] 48, 47, 46, In/ | Utilitybusaddress/databus. The addressinputis sampled onthe falling edge of ALE. Datais output onthig
45,43, 42, Out | buswhenareadis performed. Input data is sampled at the completion of a write operation.
41, 40.

ALE 39 In Utility bus address latch enable. Asynchronousinput. Anaddress onthe AD busis sampled on the falling
edge of ALE. ALE must be low when the AD bus is being used for data.

Cs 38 In Utility bus asynchronous chip select. CS mustbe asserted to read or write aninternal register. Itmay remain
asserted atalltimesifdesired.

RD 37 In Utility bus read enable. Active low asynchronousinput. After latching anaddress, aread is performed by
deasserting WR and asserting RD and CS.

WR 36 In Utility bus write enable. Active low asynchronous input. After latching an address, a write is performed by
deasserting RD, placing data onthe AD bus, and asserting WR and CS. Datais sampled when WR or CS
isdeasserted.

Utopia Bus Signals
Signal Name Pin Number I/0 | Signal Description
RXCLAV 20 Out | UtopiaReceive Cell Available."1"indicatesthatthe receive FIFO contains acomplete cell. "0"indicates tha
itdoesnot.
RXCLK 18 In Utopia Receive Clock. This is a free running clock input.
RXDATA[7:0] 24,25, 26, Out | UtopiaReceive Data. Whenone ofthe four portsis selected, the 77V106L25 transfers received cells to an
27,29, 30 ATM device across the bus. Also see RXPARITY.
31,32,
RXEN 19 In Utopia Receive Enable. Driven by an ATM device toindicate its ability to receive data across the RXDATA
bus.
RXPARITY 23 Out | Utopia Receive Data Parity. Odd parity over RXDATA[7:0].
RXSOC 21 Out | UtopiaReceive Startof Cell. Asserted coincidentwith the firstword of data for each cell on RXDATA.
TXCLAV 16 Out | UtopiaTransmitCell Available."1"indicatesthatthe transmit FIFO hasroom available for atleast one complete
cell."0"indicates thatit does not.
TXCLK 17 In Utopia Transmit Clock. Thisis a free running clock input.
TXDATA[7:0] 11,10,9,8 In Utopia Transmit Data. An ATM device transfer cell across this busto the 77V106L25 for transmission. Alsg
7,6,5,4 see TXPARITY.
TXEN 13 In Utopia Transmit Enable. Driven by an ATM device toindicate itis transmitting data across the TXDATA bus
TXPARITY 12 In Utopia Transmit Data Parity. Odd parity across TXDATA[7:0]. Parity is checked and errors are indicated
inthe Interrupt Status Registers, as enabled in the Master Control Register. No other actionistakeninthe
even of an error. Tie high or low if unused.
TXSOC 14 In Utopia Transmit Start of Cell. Asserted coincident with the firstword the first word of data for each cell on
TXDATA.
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TABLE 1 — SIGNAL DESCRIPTION (PART 2 OF 2)

Miscellaneous Signals
Signal Name Pin Number I/0 | Signal Description
INT 34 Out | Interrupt INT is an open-drain output, driven low to indicate an interrupt. Once low, INT remains low unti
theinterrupt status inthe appropriate interrupt Status Registeris read. Interrupt sources are programmable
viathe interrupt Mast Registers.
0sC 52 In TTLline rate clock source, driven by a 100 ppm oscillator. 32MHz for 25.63 Mbps; 65 MHz for 51.2 Mbps
RST 35 In Reset. Active lowasynchronousinputresetsall controllogic, counters and FIFOs. Aresetmustbe performed
after power up prior to normal operation of the part.
RXLED 33 Out | Receive LEDdriver. Drivenlow for 223 cycles of OSC, beginning with RXSOC whenagood (non-nulland
non-errored) cell is received. Drives 8 mA both high and low.
RXREF 1 Out | Receive Reference. Active low. RXREF pulses low for a programmable number of clock cycles when an
X_8command byteisreceived.
SE 49 In Reserved signal. Thisinput must be connected to logic low.
SM 64 In Reserved signal. Thisinput must be connected to logic low.
TXLED 3 Out | TransmitLED driver. Goes low for 223 cycles of OSC, beginning with TXSOC when a cell is received fo
transmission. 8 mA drive current both high and low.
TXREF 2 In Transmit Reference. Atthefalling edge of TXREF, an X_8 command byte isinserted into the transmit datg
stream. Typical applicationis WAN timing.
Power Supply Signals
Signal Name Pin Number I/0 | Signal Description
AGND 50, 53, 55 — | Analogground. AGND isground the analog portion of the ship, which sources amore constant current than
the digital portion.
AVDO 51, 54, 56 — | Analogpowersupply. AVDO supplies power to the analog portion of the chip, which draws amore constan{
59 currentthan the digital portion. 3.3+0.34V
GND 22,44, 60 — | Digital Ground.
VDD 15, 28,63 — Digital power supply. 3.3+0.3V
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Functional Description
Transmission Convergence (TC) Sub Layer
Introduction

The TC sub layer defines the line coding, scrambling, data framing and
synchronization. Under control of a switch interface or Segmentation and
Reassembly (SAR) unit, the 25.6Mbps ATM PHY accepts a53-byte ATM cell,
scramblesthe data, appends acommand byte to the beginning of the cell, and
encodesthe entire 53 bytes before transmission. These data transformations
ensure thatthe signal is evenly distributed across the frequency spectrum. In
addition, the serialized bit stream is NRZI coded. An 8kHz timing sync pulse
may be used forisochronous communications.

Data Structure and Framing

Each 53-byte ATM cell is preceded with a command byte. This byte is
distinguished by an escape symbol followed by one of 17 encoded symbols.
Together, this byte forms one of seventeen possible command bytes. Three
command bytes are defined:

1. X_X(read: ‘escape’symbolfollowed by another ‘escape’): Start-of-
cellwithscrambler/descrambler reset.

2. X_4(‘escape’followed by ‘4’): Start-of-cell without scrambler/

descramblerreset.

3. X_8(‘escape’followed by ‘8'): 8kHz timing marker. This command
byte is generated when the 8kHz sync pulse is detected, and has
priority over all line activity (data or command bytes). Itistransmitted
immediately whenthe sync pulse is detected. Whenthis occurs
duringacelltransmission, the datatransferistemporarily interrupted
onanoctetboundary, andthe X_8 command byteisinserted. This
conditionisthe only allowed interruptin an otherwise contiguous
transfer.

Belowisanillustration of the cell structure and command byte usage:
{X_X} {53-byte ATM cell} {X_4} {53-byte ATM {X_8} cell}...

Inthe above example, the first ATM cellis preceded by the X_X start-of-
cellcommand byte which resets both the transmitter-scrambler and receiver-
descrambler pseudo-random nibble generators (PRNG) to their initial states.
The following cellillustrates the insertion of a start-of-cell command without
scrambler/descrambler reset. During this cell's transmission, an 8kHz timing
sync pulse triggersinsertion ofthe X_8 8kHz timing marker command byte.

Transmission Description

Referto Figure 2. Celltransmission begins withthe PHY-ATM Interface.
An ATM layer device transfers a cell into the 77V106L25 across the Utopia
transmitbus. This cellenters a 3-cell deep transmit FIFO. Once acomplete cell
isinthe FIFO, transmission begins by passing the cell, four bits (MSB first) at
atimetothe ‘Scrambler'.

The ‘Scrambler'takes eachnibble of dataand exclusive-ORs themagainst
the 4 high order bits (X(t), X(t-1), X(t-3)) of a 10 bit pseudo-random nibble
generator (PRING). Its function is to provide the appropriate frequency
distribution for the signal acrossthe line.

The PRNG is clocked every time a nibble is processed, regardless of
whetherthe processed nibble is part of a data or command byte. Note however
thatonly data nibbles are scrambled. The entire command byte (X_C)isNOT
scrambled before it's encoded (see diagram for
illustration).

The PRNG is based upon the following polynomial:
X0+X7+1

With this polynomial, the four output data bits (D3, D2, D1, DO) will be
generated from the following equations:

D3 =d3 xor X(
D2 = d2 xor X(
D1 =d1 xor X(
DO = dO xor X(t)

t-3)
t-2)
t-1)

Thefollowing nibble is scrambled with X(t+4), X(t+3), X(t+2), and X(t+1).

Ascramblerlock between the transmitter and receiver occurs eachtime
anX_Xcommandissent. An X_X commandis initiated only atthe beginning
ofacelltransferafterthe PRNG has cycled through all of its states (20- 1 =1023
states). The first valid ATM data cell transmitted after power on will also be
accompaniedwithan X_X command byte. Eachtime an X_X command byte
is sent, the first nibble after the last escape (X) nibble is XOR'd with 1111b
(PRNG = 3FFx).

Because a timing marker command (X_8) may occur at any time, the
possibility of areset PRNG start-of-cell commandandatiming marker command
occurring consecutively does exist (e.g. X_X_X_8).Inthiscase, the detection
ofthe last two consecutive escape (X) nibbles will cause the PRNG toresetto
itsinitial 3FFx state. Therefore, the PRNG is clocked only after the first nibble
of the second consecutive escape pair.

Oncethe data nibbles have been scrambled using the PRNG, the nibbles
are further encoded using a4b/5b process. The 4b/5b scheme ensures that
an appropriate number of signal transitions occur on the line. A total of
seventeen 5-bit symbols are usedtorepresent the sixteen 4-hit data nibbles
and the one escape (X) nibble. The table below lists the 4-bit data with their
corresponding 5-bit symbols:

Data  Symbol Data Symbol
0000 10101 0001 01001
0100 00111 0101 01101
1000 10010 1001 11001
1100 10111 1101 11101
Data  Symbol Data Symbol
0010 01010 0011 01011
0110 01110 0111 01111
1010 11010 1011 11011
1110 11110 1111 11111

3505 drw 05a

ESC(X) = 00010
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Thisencode/decode implementationhas several very desirable properties.
Amongthemisthe factthatthe output databits can be represented by a set of
relatively simple symbols;

Runlengthislimitedto <=5;

Disparity never exceeds +/- 1.

On the receiver, the decoder determines from the received symbols
whether atiming marker command (X_8) or a start-of-cellcommandwas sent
(X_XorX_4).Ifastart-of-cellcommandis detected, the next 53 bytes received
are decoded and forwarded to the descrambler. (See the TC Receive Block
Diagram).

The outputofthe 4b/5b encoder provides serial datatothe NRZIencoder.
The NRZI code transitions the wire voltage each time a ‘1’ bit is sent. This,
togetherwith the previous encoding schemes guarantees thatlong runlengths
of either ‘0" or ‘1's are prevented. Each symbol is shifted out with its most
significant bit sentfirst.

When no cells are available to transmit, the 77V106L25 keeps the line
active by continuing to transmitvalid symbols. Butit does not transmit another
start-of-cellcommand untilithas another cellfor transmission. The 77V106L25
never generatesidle cells.

Transmit HEC Byte Calculation/Insertion

Byte #5 of each ATM cell, the HEC (Header Error Control) is calculated
automatically across the first 4 bytes of the cell header, depending upon the
setting of bit5 ofthe LED Driverand HEC Status/Control Register (0x03). This
byteisthen eitherinserted as areplacement of the fifth byte transferred to the
PHY by the external system, or the cell is transmitted as received. A third
operating mode provides for insertion of “Bad” HEC codes which may aid in
communication diagnostics. These modes are controlled by the LED Driver
and HEC Status/Control Registers.

Receiver Description

Thereceiver side ofthe TC sublayer operates like the transmitter, butin
reverse. The datais NRZI decoded before each symbolis reassembled. The
symbols are then sentto the 5b/4b decoder, followed by the Command Byte
Interpreter, De-Scrambler, and finally through a FIFO tothe UTOPIAinterface
to an ATM Layer device.

ATM Cell Format

Bit 7 Bit0
Header Byte 1
Header Byte 2
Header Byte 3
Header Byte 4

UDF

Payload Byte 1

.
.

Payload Byte 48

3505 drw 52

UDF = User Defined Field (or HEC)

Notethatalthoughthe IDT77V106L25 can detectsymbolandHEC errors,
itdoes notattemptto correctthem

Good Signal Bit: Upon resetting the device or reestablishing a serial link,
logicinfront of the 4b/5h decoder uses feedback from the 4b/ 5b decoder to
determineifitis not properly “framed” on the 5-bit symbols being received. If
not properly framed, itwill shiftits framing, one bitatatime, untilitachieves proper
symbol framing. Receipt ofan Escape (X) symbol will also force proper symbol
framing.

The IDT77V106L25 monitors line conditions and can provide aninterrupt
ifthe lineis deemed ‘bad’. The Interrupt Status Register contains a Good Signal
Bit (bit 6, set to 0 = Bad signalinitially) which shows the status of the line per
the following algorithm:

To declare ‘Good Signal’ (from “Bad” to “Good”)

Thereis an up-down counter that counts from 7 to 0 andis initially setto
7.Whenthe clockticks for 1,024 cycles (32MHz clock, 1,024 cycles =204.8
symbols) and no “bad symbol” has beenreceived, the counter decreases by
one. However, if at least one “bad symbol” is detected during these 1,024
clocks, the counterisincreased by one, to amaximum of 7. The Good Signal
Bitis setto 1 when this counter reaches 0. The Good Signal Bit could be set
to 1 as quickly as 1,433 symbols (204.8 x 7) if no bad symbols have been
received

To declare ‘Bad Signal’ (from “Good” to “Bad”)

The same up-down counter counts from 0 to 7 (being at 0 to provide a
“Good" status). When the clock ticks for 1,024 cycles (32MHz clock, 1,024
cycles =204.8 symbols) and there is at least one “bad symbol”, the counter
increases by one. Ifitdetects all “good symbols” and no “bad symbols”inthe
nexttime period, the counter decreases by one. The “Bad Signal”is declared
whenthe counterreaches 7. The Good Signal Bit could be setto 0 as quickly
as 1,433 symbols (204.8 x 7) if at least one “bad symbol”is detected in each
of seven consecutive groups of 204.8 symbols.

8kHz Timing Marker

The 8kHztiming marker, described earlier, is acompletely optional feature
whichis essential for some applications requiring synchronization for voice or
video, and unnecessary for other applications. When unused, TXREF should
betied high. Also note thatitis not limited to 8kHz, should adifferentfrequency
be desired. When looped, areceived X_8 command byte causes one to be
generated onthe transmitside.
Areceived X_8 command byte causes the 77V106L25 to issue a negative
pulse on RXREF.
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PHY-ATM INTERFACE

UTOPIALevel lisaPhysical (PHY) Layerto ATM Layer interface standardized by the ATM Forum. Itis used for transferring ATM cells and has separate
transmitand receive channels and specific handshaking protocols. Itis defined in ATM Forum documents af-phy-0017 and af-phy-0039.

There isasingle 8-bit data bus in the transmit (ATM-to-PHY) direction, and a single 8-bit data bus in the receive (PHY-to-ATM) direction. In addition to
the data bus, each direction also includes asingle optional parity bit and several handshaking signals. Please note that the transmit bus and the receive bus
operate completely independently.

RX +

RX—

NRzI
Decoding

Yy

32.0MHz
Clock
Synthesizer
& PLL

t

osc

The Utopia signals are summarized below:

PRNG
RXRef Scramble
RXRef Reset . Nibble
4 'y
Next
\/
Command
Byte
5b/4p Detection, De-
> Decoding Y . Removal, _ Scrambler
& Decode
Start of Cell |
\/
3 Cells
UTOPIA
PHY-ATM
Interface ¢ Interface
Control -
RECV

Figure 3. Receive Block Diagram

TXDATA[7:0] ATM to PHY
TXPARITY ATM to PHY
TXSOC ATM to PHY
TXEN ATM to PHY
TXCLAV PHY to ATM
TXCLK ATM to PHY
RXDATA[7:0] PHY to ATM
RXPARITY PHY to ATM
RXSOC PHY to ATM
RXEN ATM to PHY
RXCLAV PHY to ATM
RXCLK ATM to PHY

3505 drw 06

Transmitand receive both utilize free running clocks, which are inputs to the 77V106. All utopia signals are timed to these clocks.
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Inthe transmitdirection, the PHY firstasserts TXCLAV (transmit cell available) toindicate thatithas roominits transmit FIFO to accept at least one 53-byte
ATM cell. Whenthe ATM layer device is ready to begin passing the cell itasserts TXEN (transmit enable) and TXSOC (start of cell), coincident with the first
byte of the cellon TXDATA. TXEN can remain asserted for the duration of the cell transfer, orthe ATM device may deassert TXEN atany time once the cell
transfer has begun; data is transferred only when TXEN is asserted.

Inthe receive direction, RXEN indicates when the ATM device is prepared toreceive data. As with transmit, it may be asserted or deasserted at any time.

Note that this Utopia interface can be operated in either cell-mode or in byte-mode as determined by bit 1 in the Master Control Register. In cell-mode,
whichisthe default, the 77V106L25 does notassert TXCLAV untilithas enoughroominit'stransmit FIFO to accept a complete cell, and doesn'tassert RXCLAV
untilit has a complete cellinthe receive FIFO. It will not deassert TXCLAV or RXCLAV until at or near the end of the transfer of a cell.

In byte-mode, the phy can assert TXCLAV before ithas room foracomplete cell. Itwillmodulate TXCLAV to prevent the FIFO from overflowing. Likewise,
itmay assert RXCLAV before a complete cell has been received, and will modulate RXCLAV to prevent the FIFO from underflowing. There is generally little
advantage to the byte-mode, so most users will leave the 77V106L25 in the default cell-mode.

Inbothtransmitand receive, TXSOC and RXSOC (start of cell) is asserted for one clock, coincident with the first byte of each cell. Odd parity is utilized
across each 8-bit data field, which means that for an all-zero pattern. the corresponding parity bit is one.

The following figures show examples of the Utopia Level 1 handshake.
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|
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Figure 5. Utopia Transmit Handshake - Back to Back Cells and TXEN Suspended Transmission
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Figure 9. Utopia Receive Handshake - RXCLAVE Deassertion
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CONTROL AND STATUS INTERFACE
Utility Bus

The Utility Bus is a byte-wide interface that provides access to the registers within the IDT77V106. These registers are used to select desired operating
characteristics and functions, and to communicate status to external systems.

The Utility Busis implemented using amultiplexed address and data bus (AD[7:0]) where the register addressiis latched via the Address Latch Enable
(ALE) signal.

The Utility Businterface is comprised of the following pins:

AD[7:0], ALE, CS, RD, WR

Read Operation
Refertothe Utility Bus timing waveforms. Aregister read is performed as follows:
1. Initial condition:
— RD, WR, CSnot asserted (logic 1)
— ALE not asserted (logic 0)
2. Setupregisteraddress:
— place desired register address on AD[7:0]
— setALEtologic 1;
— latchthis address by setting ALE to logic 0.
3. Readregister data:
— Remove register address data from AD[7:0]
— assert CShy setting to logic 0;
— assert RDby setting to logic 0
— waitminimum pulse width time (see AC specifications)

Write Operation
Aregister write is performed as described below:

1 Initial condition:
— RD, WR, CSnot asserted (logic 1)
— ALE not asserted (logic 0)

2. Setupregisteraddress:

— place desired register address on AD[7:0]
— setALEtologic 1;
— latch this address by setting ALE to logic 0.
3. Write data:
— place dataon AD[7:0]
— assert CShy setting to logic 0;
— assert IWR (logic 0) for minimum time (according to timing specification); reset iWR or CSto logic 1 to complete register write cycle.

Interrupt Operations

Avariety of selectable interrupt and signalling conditions are provided. They are useful both during ‘normal’ operation, and as diagnostic aids. Refer to
the Status and Control Register List section.

Overallinterrupt controlis provided via bit 0 of the Master Control Register. Whenthis bitis cleared (setto 0), interrupt signalling is prevented. The Interrupt
Mask Register allows individual masking of different interrupt sources. Additional interrupt signal control is provided by bit 5 of the Master Control Register.
Whenthis bitis set (=1), receive cell errors will be flagged via interrupt signalling and all other interrupt conditions are masked. These errorsinclude:

o Badreceive HEC

« Short (fewer than 53 bytes) cells
« Received cell symbol error

Normal interrupt operations are performed by setting bit 0 and clearing bit 5in the Master Control Register. INT (pin 34) will go to a low state when an
interrupt condition is detected. The external system should theninterrogate the 77V106L25 to determine which one (or more) conditions caused this flag, and
resetthe interruptfor further occurrences. Thisis accomplished by reading the Interrupt Status Register. Decoding the bits in this byte will tell which error condition

caused the interrupt. Reading this register also:
«clearsthe (sticky) interrupt status bitsin the registers that are read
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o resetsINT
Thisleaves the interrupt system ready to signal an alarm for further problems.

LED CONTROL AND SIGNALING
The LED outputs provide bi-directional LED drive capability of 8 mA. As an example, the RXLED outputs are described in the truth table:

State Pin Voltage
Cells being received Low
Cells notbeing received High

Asillustratedin Figure 11, this could be connected to provide for a two-LED condition indicator. These could also be different colors to provide simple
status indication at a glance. (The minimum value for R should be 330Q).

.

- —

e x ) w

|
|

RXDATA[7:0], High-Z [ w1 e { msl X el
RXPARITY | |
| |
‘ High-Z |

RXSOC } / \ —
| |
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Figure 10. Utopia Receive Handshake - RXCLAV Suspended Transfer (Octet Mode Only)

TxLED Truth Table
State Pin Voltage
Cellsbeing transmitted Low
Cellsnotbeing transmitted High
Diagnostic Functions
3.3V

RE//(Indicates: Cells

—— being received or

transmitted)
RXLED

TXLED ] //

(Indicates: Cells are
not being received or
R transmitted)
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Figure 11. LED Indicator

Loopback
There are two loopback modes supported by the 77V106. The loopback mode is controlled via bits 1 and 0 of the Diagnostic Control Register.
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Bit 1 Bit 2 Mode
0 0 Normal operating mode
1 0 PHY Loopback
1 1 Line Loopback

Normal Mode

Figure 12 shows normal operating conditions: datato be transmittedis transferred tothe TC, where itis queued and formatted for transmission by the PMD.
Receive datafromthe PMD is decoded along with its clock for transfer to the receiving "upstream system".
PHY Loopback

As Figure 13illustrates below, this loopback mode provides a connection withinthe PHY from the transmit PHY-ATM interface tothe PHY-ATM receive
interface. Note that while this mode is operating, no datais forwarded to or received from the line interface.
Line Loopback

Figure 14 mightalso be called "remote loopback" since it provides forameansto test the overall system, including the line. Since this mode will probably
be entered under direction from another system (ataremote location), receive data s also decoded and transferred to the upstream systemto allow it to listen
commands. Acommon example would be command asking the upstream systemto directthe TC to leave this loopback state and resume normal operations.

| |
—A - > _l_>>
ATM Layer Utopia [ TC subl PMD subl [ Line
Device _Interface | SLlleviar P sublayer| Interface
- 7 - <I—
|
__________________________ 77v1054 drw 33
Figure 12. Normal Mode
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| |

: - :

ATM Layer  Utopia - | | Line
Device  |Interface , | e vl B PMD sublayer | Interface
|
| |
- e e e - -
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Figure 13. PHY Loopback
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' —
- L —|—>
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evice ' _ sublayer -l Interface
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- . I

|
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Figure 14. Line Loopback

Counters
Several condition counters are provided to assist external systems (e.g. software drivers) in evaluating communications conditions. Itis anticipated
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thatthese counters will be polled from time to time (user selectable) to evaluate performance.

e Symbol Error Counters
— 8bits
— countsallinvalid 5-bit symbols received

o TransmitCell Counters
— 16bits
— countsalltransmitted cells

o Receive CellCounters
— 16bits
— counts allreceived cells, excluding idle cells and HEC errored cells

o Receive HEC Error Counters

— 5hits

— counts all HEC errors received

The TxCell and RxCell counters are sized (16 bits) to provide a full cell count (without roll over) if the counter is read once/second. The Symbol
Error counter and HEC Error counter were given sufficient size to indicate exact counts for low error-rate conditions. If these counters overflow, a gross
conditionis occurring, where additional counter resolution does not provide additional diagnostic benefit.

Reading Counters
1. Decide which countervalueis desired. Write to the Counter Select Register to the bit location corresponding to the desired counter. This loads
the High and Low Byte Counter Registers with the selected counter's value, and resets this counter to zero.

Note:Only one counter may be enabled at any time in each of the Counter Select Registers.
2. Readthe Counter Registers (low byte and high byte) to get the value.

Further reads may be accomplished in the same manner by writing to the Counter Select Registers.

Note:The PHY takes some time to set up the low and high byte counters after a specific counter has been selected in the Counter Selector
register. Thistime delay (in uS) varies with the line rate and can be calculated as follows:

Time delay (uS)= _12.5
line rate (Mbps)

Loop Timing Feature

The 77V106L25 also offers aloop timing feature for specific applications where data needs to be repeated/ transmitted using the recovered clock. If
the loop timing mode is enabled in the Enhanced Control Register 1 bit 6, the recovered receive clock is used as to clock out data on transmit side. In
normal mode, the transmitter transmits data using the multiplied oscillator clock.

Jitter in Loop Timing Mode

One of the primary concerns when using loop timing mode is the amount of jitter that gets added each time data is transmitted. Table 2 shows the jitter
measured at various data rates. The set-up shown in Figure 15 was used to perform these tests. The maximum jitter seen was at TX point 5 and the
minimum jitter was at point 2. The loop timing jitter is defined as the amount of jitter generated by each TX node. In other words, the loop timing jitter or the
jitteradded by aloop-timed portin the set-up belowis the difference between the Total Output Jitter and the Total Input Jitter.
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Loop Timing Jitter Specification

Figure 15. Test Setup for Loop Timing Jitter Measurements

TABLE 2 — LOOP TIMING JITTER

Line Rate Data Rate | Min. Typ. | Max. Note
Mbps Mbps
32 25.6 — 100 ps — Using 32Mhz OSC
64 51.2 — 100 ps — Using 64Mhz OSC

The waveforms below show some of the measurements taken with the set-upin Figure 15. Using the formulaabove, the jitter specification was derived.
For example, at data rate 25.63 Mbps, jitter added going through Line Card 3 is 1.5ns - 1.4ns (as shown in the waveform below).
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Fromthe above measurements taken, the amount of jitter being added at each TX pointis not significant. These testswere also run forextended periods
of time (64 hours) and no bit error were seen.

Line Side (Serial) Interface
PHY to Magnetics Interface

Astandard connection to 100Q and 120€2 unshielded twisted pair cabling is shown in Figure 16. Note that the transmit signal is somewhat attenuated
in order to meet the launch amplitude specified by the standards. The external receive circuitry is designed to attenuate low frequencies in order to
compensate for the high frequency attenuation of the cable.

Also, the receive circuitry biases the positive and negative RX inputs to slightly different voltages. Thisis done so that the receiver does not receive false
signalsin the absence of a real signal. This can be important because the 77V106L25 does not disable error detection or interrupts when an input signal
isnotpresent.

When connectingto UTP at51.2 Mbps, itis necessary to use magnetics with sufficient bandwidth. Refer to Table 4 for the recommended magnetics.
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Figure 16. Recommended Connection to Magnetics

TABLE 3 — ANALOG COMPONENT VALUES

Component | Value Tolerance
R1 47Q 5%
R2 47Q 5%
R3 620Q +5%
R4 110Q +5%

R5( 10kQ +5%
R6W 10kQ 5%
R7 82Q2 5%
R8 33Q 5%
R9 33Q +5%
Cl 470pFQ | +20%
C2 470pFQ | +20%
L1 3.3uH +20%

Note:
1) The recommended pull up/pull down for R5 and R6 or 10k Q resistors. This is not an absolute value and it can be changed if necessary.

TABLE 4 — MAGNETICS MODULES
Magnetics Modules for 25.6 Mbps

Pulse PE-6758 or R4005 | www.pulseeng.com

TDK TLA-6M103 WWW.component.com
Magnetics Modules for 51.2 Mbps

Pulse R4005 www.pulseeng.com
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Status and Control Register List

Master Control Register
Address: 0x00

Bit | Type | Initial State Function
7 RW 0=0SC Clock Multiplier. Controls whether or not the OSC reference clock inputs is multiplied by two to generate the line
clock. Multiplied by one
Cleared (0) =0SC is multiplied by 1 to generate line clock
Set (1) = OSCis multiplied by 2 to generate line clock
6 RW | 1=discard | Discard Receive Error Cells
errored cells  On receipt of any cell with an error (e.g. short cell, invalid command mnemonic, receive HEC error (if
enabled), this cell will be discarded and will not enter the receive FIFO.
5 RW |0=allinterrupts| Enable Cell Error Interrupts Only
I Bit 0 in this register is set (Interrupts Enabled), setting of this bit enables only "Received Cell Error” (as defined in
bit 6) to trigger interrupt line".
4 RW | O=disabled | Transmit Data Parity Cells
Directs TC to check parity of TXDATA against parity bit located in TXPARITY.
3 RW | 1=discard | Discard Received Idle Cells
idle cells Directs TC to discard received idle (VPI/VCI = 0 and GFC =0) cells from PMD without signaling external systems.
2 RW | O=nothalted | HaltTx
Halts transmission of data from TC to PMD and forces the TxD output to the "0" state.
1 RW | 0=cellmode | UTOPIA Mode Select
0=cellmode, 1 =byte mode.
0 RW | 1=enable | Enable Interrupt Pin (Interrupt Mask Bit)
interrupts Enables the INT output pin. If cleared, pinis always high and interrupt is masked. If set, an interrupt will be signaled
by settingthe interrupt pinto"0". Itdoesn'taffectthe Interrupt Status Registers".
Nomenclature
"Reserved" register bits, if written, should always be written "0"
R/W =register may be read and written via the utility bus
R-only or W-only = register is read-only or write only
sticky = register bitis cleared after the register containing itis read; all sticky bits are read-only
"0" ="cleared" or "not set"
"1"="set"

Interrupt Status Register
Address: 0x01

Bit | Type | Initial State Function

7 0 Reserved

6 R | 0=Bad Signal| Good Signal Bit. See definitions earlier in this data sheet
1- Good Signal
1 - Bad Signal

5 sticky HEC error cell received. Set when a HEC errors detected on received cell.

4 sticky "Short Cel" Received
Interrupt signal which flags received cells with fewer than 53 bytes. This conditionis detected when receiving
Start-of-Cell command bytes with fewer than 53 bytes between them"

3 sticky 0 Transmit Parity Error
If Bit4 of the Master Control Register (Transmit Data Parity Check) is set, this interrupt flags a transmit data parity
error condition. Odd parity is used.

2 sticky 0 Receive Signal Condition Change. Thisinterruptis setwhenthe received "signal” changes either from "badto good
from "good to bad".

1 sticky Received Symbol Error. Setwhen an undefined 5-bit symbol is received.

0 sticky Receive FIFO Overflow. Interruptwhichindicates when the receive FIFO hasfilled and cannot accept additional dataj
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Diagnostic Control Register
Address: 0x02

Bit | Type | Initial State Function

7 RW O=normal | Force TXxCLAV Deassert
This feature can be used during line loopback mode to prevent cells from being passed across the Utopia bus for
transmission.
6 RW [ 0=UTOPIA | RxCLAV Operation Select
The UTOPIA standard dictates that during cell mode operation, if the receive FIFO no longer has a complete cell
available for transfer from PHY, RXCLAV is deasserted following transfer of the last byte out of the PHY
tothe upstream system. With this bit set, early deassertion of this signal will occur coincident with the end of Payload
byte 44 (as in octet mode for TXCLAV). This provides early indication to the upstream system of this impending
condition.

0="Standard UTOPIA RxCLAV"

1 ="Cell mode = Byte mode"
5 RW [ O0=Tri-state | Single/Multi-PHY Configuration Select
0=single Never tri-state RXDAY+TA, RXPARITY, and RxSOC
1=Multi-PHY mode ~ Tri-state RxDATA, RXPARITY, and RxSOC when RXEN = 1
4 RW O0=normal [ RFLUSH = Clear Receive FIFO
This signal is used to tell the TC to flush (clear) all data in the receive FIFO. The TC signals this completion by
clearing thisbit.
3 RW O=normal | Insert Transmit Payload Error
Tells TC toinsert cell payload errors in transmitted cells. This can be used to test error detection and recovery
systems at destination station, or, under loopback control, at the local receiving station. This payload erroris
accomplished by flipping bit 0 of the last cell payload byte.
2 RW O=normal [ Insert Transmit HEC Error
Tells TC to insert HEC error in Byte 5 of transmitted cells. This can be used to test error detection and recovery
systems in downstream switches, or, under loopback control, the locak receiving station. The HEC erroris
accomplished by flipping bit 0 of the HEC byte.
1,0 | RW O=normal | Loopback Control
bit#1 0

0 0 Normal mode (receive from network)

1 1 PHY Loopback

1 1 Line Loopback
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LED Driver and HEC Status/Control Register

Address: 0x03

Bit | Type [ Initial State Function
7 R 0 Reserved
6 RW O=enable | Disable Receive HEC Checking (HEC Enable)
Checking When not set, the HEC is calculated on first 4 bytes of received cell, and compared against the 5th byte. When set
(=1),the HEC byte is not checked.
5 RW O=enable | Disable Transmit HEC Calculate & Replace
calculate & When set, the 5th header byte of cells queued for transmit is not replaced with the HEC calculated across
thefirstfour replace bytes of that cell.
4,3 [ RW | 00=1cycle | RxREF Pulse Width Select
Bit#4 3
0 0 RxREF active for 1 cycle of the recovered clock
0 1 RxREF active for 2 cycle of the recovered clock
1 0 RxREF active for 4 cycle of the recovered clock
1 1 RxREF active for 8 cycle of the recovered clock
R l1=empty | Transmit FIFO Status 1 = TxFIFO empty 0 = TxFIFO not empty
R 1 TXLED Status 0= Cell Transmitted 1 = Cell Not Transmitted
R 1 RxLED Status 0 = Cell Received 1 = Cell Not Received

Low Byte Counter Register [7:0]

Address: 0x04

Bit | Type

Initial State

Function

[70]| R

0x00

Provides low-byte of counter value selected via the Counter Select Register.

High Byte Counter Register [15:8]

Address: 0x05

Bit | Type

Initial State

Function

[70]| R

0x00

Provides high-byte of counter value selected viathe Counter Select Register.

Counter Select Register

Address: 0x06

Bit | Type

Initial State

Function

Reserved

Reserved

Reserved

Reserved

Symbol Error Counter

Tx Cell Counter

PRI WO |O |
I

===

oOo|jlo|lo|jlo|lo|o|o

Rx Cell Counter Does not count HEC errored cells. even when bit 6 of the Master Control Register is Cleared.

0 W

0

Receive Hec Error Counter

Note: For proper operation, only one bit may be setin the Counter Selected Register at any time.
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Interrupt Mask Register
Address: 0x07

Bit | Type Initial State Function
7 0 Reserved

6 0 Reserved

5 | RW |0=Interruptenable | HEC Error Cell

4 | RW |0O=interruptenable | Short Cell Error

3 | RW |O=interruptenable | TransmitParity Error

2 | RW |O=interruptenable | Receive Signal Condition Change

1 | RW |O=interruptenable | Received Cell Symbol Error

0 | RW |O=interruptenable | Receive FIFO Overflow

Note: When setto "1", these bits mask the corresponding interrupt pin (INT). When setto "0, the interrupts are unmasked. These interrupts correspond
totheinterrupt status bitsinthe interrupt Status Registers.

Enhanced Control Register
Address: 0x08

Bit | Type | Initial State Function
7 W | O=notreset | Software Reset
1=Reset. Thisbitis sell-clearing: itisn't necessary to write "0" to exit reset.
6 RW 0=0SC Transmit Line Clock (or Loop Timing Mode)
When setto 0, the OSC inputis used as the transmit like clock. When setto 1, the recovered receive clockis used as
thetransmitline clock.

5-0 RW 0 Reserved

Absolute Maximum Ratings

Symbol Rating Value Unit
V/TERM Terminal Voltage with Respectto GND -0.5t0+5.5 V

Taias Temperature Under Bias -55t0 + 125 °C
TsT6 Storage Temperature -55t0+120 °C
lout DC Output Current 50 mA

Note: Stresses greater than those listed under ABSOLUTE MAXIMUM RATINGS may cause permanent damage to the device. Thisis a stress rating
only and functional of the device atthese or any other conditions above those indicated in the operational sections of this specificationis notimplied.
Exposure to absolute maximum conditions for extended periods may affect reliability.

Recommended DC Operating Conditions

Symbol Parameter Min. Typ. Max Unit
VDD Digital Supply Voltage 3.0 3.3 3.63 v
GND Digital Ground Voltage 0 0 0 v
VIH InputHigh Voltage 20 — 5.25 \Y
VIL Input Low Voltage -0.3 — 0.8 V

AVDO Analog Supply Voltage 3.0 33 3.6 v

AGND Analog Ground Voltage 0 0 0 v
VDIF VDD - AVDD -0.5 0 05 \'%
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Recommended Operating Temperature

and Supply Voltage
Grade Ambient GND, AGND VDD, ADD
Temperature
Commercial 0°Cto+70°C oV 3.3v£0.3V
Industrial -40°Cto +85°C ov 3.3V+0.3V

Capacitance (TA = +25°C, F = 1MHz2)

Symbol Parameter Conditions Max.| Unit
CiN Input Capacitance ViN=0V 10 pF
Cio /O Capacitance Vout =0V 10 pF

DC Electrical Characteristics (All pins except TXD+/- and RXD+/-)

Symbol Parameter Test Condition Min. | Max. Unit
L Input Leakage Current Gnd<VINLVDD -5 5 UA
llo I/0 (as input) Leakage Current Gnd<VINLVDD -10 10 HA

Vora! OutputLogic"1"Voltage loh=-2mA, VDD =min 24 — \Y
VoHz? OutputLogic"1"Voltage loh=-8mA, VDD = min 2.4 — V
Vot OutputLogic"0" Voltage lol=8Ma, VDD = min — 04 \Y
Vop1*® Digital Power Supply Current (VDD pins) 0SC =32 MHz, all outputs unloaded — 45 mA
0SC =64 MHz, all outputs unloaded — 80 mA
Vb2 Analog Power Supply Current (AVDD pins) 0SC =32 MHz, all outputs unloaded — 40 mA
0SC =64 MHz, all outputs unloaded — 55 mA

L For AD[7:0] pins only

2 For all output pins except AD[7:0], INT and TXD=/-
3 Forall output pins except TSX=/-

* Add 15mA when TXD+/-.

5 Total Supply currentis the sum of Ioo1 and Iop2

DC Electrical Characteristics (TXD+/- and Output Pins Only)

Symbol Parameter Test Condition Min. Max. Unit
Von Output Logic High Voltage loH=-20mA VDD -0.5V| — v
VoL OutputLogic Low Voltage loL=20mA — 05 V

DC Electrical Characteristics (RXD+/- and Output Pins Only)

Symbol Parameter Min. Typ Max. Unit
VR RXD+/- input voltage range 0 — VDD v
Vipp RXD+/-input peak-to-peak differential voltage 0.6 — 2*VDD v
Viem RXD+/-inputcommon mode voltage 1.0 VDD/2 | VDD-0.5 v

Note: Differential signalamplitude is twice the amplitude of the individual signals that make up the differential signal.
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UTOPIA Bus Timing Parameters

Symbol Parameter Min. Typ Unit
t31 TxCLK Frequency 0.2 50 MHz
t32 TxCLK Duty Cycle (% of t31) 40 60 %
t33 TXDATA[7:0], TXPARITY Setup Time to TXCLK 4 — ns
t34 TxDATA[7:0], TXPARITY Hold Time to TxCLK 15 — ns
t35 TxSCO, TXEN Setup Time to TXCLK 4 — ns
t36 TxSOC, TXEN Hold Time to TXCLK 15 — ns
t37 TxCLK to TXCLAV Invalid (min) and Valid (max) 2 10 ns
t39 RxCLK Frequency 0.2 550 MHz
t40 RXCLK Duty Cycle (% of t39) 40 60 ns
t41 RXEN Setup Time to TXCLK 4 — ns
42 RXEN Hold Time to RxCLK 15 — ns
143 RXCLK to RxCLAV Invalid (min) and Valid (max) 2 10 ns
44 RxCLK to RxSOC High-Z 2 10 ns
t45 RXCLK to RxSOC Low-Z (min) and Valid (max) 2 10 ns
146 RXCLK to RxDATA, RXPARITY High-Z 2 10 ns
t47 RXCLK to RXDATA, RXPARITY Low-Z (min) and Valid (max) 2 10 ns

133; 134 o 31 <_132
™K SN\ N/ \ /\
TX_'?Q;‘:‘%% X X X X Octet 1 Octet 2 X X X X X:
t35 | 36 t37
TXSOC -
TXEN
TXCLAV
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Figure 17. UTOPIA Transmit Timing Waveforms
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143
RXCLAV L

[ t45 >J €t45 [ t44 %
RXSOC High-Z :l High-Z
& 47 5 < {47 & t46 -9
RXDATA[7:0], High-2 X High-Z
RXPARITY
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Figure 18. UTOPIA Receive Timing Waveforms
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Utility Bus Read Cycle Utility Bus Write Cycle
Name | Min | Max | Unit Description Name | Min | Max | Unit Description
Tas 10 — ns | AddressSetupto ALE Tapw 10 — ns | ALEminpulsewidth
Tesrd 0 — ns | Chipselecttoreadenable Tas 10 — ns | AddresssetuptoALE
Tah 5 — ns [ Addressholdto ALE Tah 5 — ns | Addressholdtimeto ALE
Tapw | 10 | — ns | ALEmin pulsewidth Teswr| 0 | — ns | CSAssertto WR
Ttria 0o | — ns | Addresstri-statetoRD assert Twpw| 20 | — ns | Min.WR pulse width
Trdpw | 20 — ns | Min.RD pulse width Tdws 20 — ns [ Write Datasetup
Tdh 0 — ns | DataValidholdtime Tdwh 10 — ns | Write Dataholdtime
Tch 0 | — ns | RDdeasserttoCS deassert Tch 0 | — ns | WRdeasserttoCS deassert
Trid — 10 ns | RDdeasserttodatatri-state Taw 20 — ns | ALElowtoend of write
Trd — 18 ns | ReadDataaccess
Tar 5 — ns | ALElowtostartofread
Trdd 0 — ns | Startofread to Datalow-Z

[—— Tas —=r=Tah

AD[7:0] —— Address
(input)
[<— Tapw —
ALE
Tesrd™ - Tch_
Cs
— Tar — > <+— Trdpw —————————
RD
< Trd
<= Trdd —>l/
ADI7:0] R pata
(output)
3505 drw 43
Figure 19. Utility Bus Read Cycle
+— Tas —=Tah Tdws —————— == Tdwh >
AD7:0) — Address Data (input) P

~— Tapw —

ALE

~ Taw - Tch
" t
Teswr Twpw — >
WR

Figure 20. Utility Bus Write Cycle
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OSC, TXREF and Reset Timing

Symbol Parameter Min. Typ Max Unit
Teyc OSC cycle period (25.6 Mbps) 30 31.25 33 ns
(51.2 Mbps) 15 15625 | 165 ns
Tckh OSChightime 40 — 60 %
Tckl OSClowtime 40 — 60 %
Tce OSC Cycle to cycle period variation — — 1 %
Ttrh TXREF Hightime 35 — — ns
Ttrl TXREF Lowtime 35 — - ns
Trspw Minimum RST Pulse Width two OSC cycles — — —
Trrpw RXREF Pulse Width (For default setting in register 0x03 0.9 1 11 Receive
and 25.6 Mbps. Can be programmed for multiples (31.25ns) DataBit
ofthisamount). Period

Note: The minimum RESET Pulse Width is either two RXCLK cycles, two TXCLK cycles, or two OSC cycles, whichever is greater (and applicable).

Teyc ATckh> ,<Tckl_
0sC * \
Trrpw
RXREF
Ttrl Ttrh
TXREF
RST

Figure 21. OSC, TXREF and Reset Timing
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3.3V
AC Test Conditions 12K
Input Pulse Levels Gndto 3.0V D.UT.
InputRise/Fall Times 3ns 9000 30pF*
Input Timing Reference Levels 15V
OutputReference Levels 1.5V — oz
OutputLoad See Figure 22

Figure 22. Output Load
*Includes jig and scope capacitances.
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Package Dimensions
64
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1 — = 1‘-
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— 64-Pin —
— TQFP = Eq E
= PP64 =
— =
—  —]
— |
—  —]
— |
—  —] ‘L
[uununuonmoooog !
< D1 >
[ D >
SYMBOL MIN. NOM. MAX.
A - 1.60
A1l .05 .10 .15
A2 1.35 1.40 1.45
D 12.00 BSC
D1 10.00 BSC
E 12.00 BSC
E1 10.00 BSC
64
e .50 BSC
b 17 .22 .27
b1 17 .20 .23
cce - .08
ddd - .08

Dimensions are in millimeters

PSC-4046is amore comprehensive package outline drawing which is available from the packaging section of the IDT web site.
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IDT  NNNNN A NNN A A
. Process/
Device Type Speed Package
v yp Power P g Temp. Range

| Blank Commercial (0°C to +70°C)
| Industrial (-40°C to +85°C)
TF 64-Lead TQFP (PP64-1)
200 Speed in Mb/s
L

77V106  200Mbps ATM PHY 3.3V

77v106 drw 50

Note: Referto the 77V406L25 Device Errata for an explanation of howto identify revisions and changes to revisions.

Revision History

4/29/99: PRELIMINARY. Initial release.
3/23/2000:  PRELIMINARY. Various minor corrections.

1/4/2001: Change from PRELIMINARY to FINAL. TXREF, RXCLAV and TXCLAV description update. RXREF description updated,
including LED register and ISC/RXREF timing. Good signal bitimprovement (Y step). Added DC electrical characteristics for
RXD+/-. Power supply current values updated. Utility bus timing updated. Utopia bus timing updated. Change of R5 and R6
resistor value from 2.7KQ to 10KQ in Table 3. Master Control Register, Bit 7 function change.

3/8/2001.: Changed Package Name from STQFP to TQFP.

3/28/2001:  Added RXREF waveform and pulse width information in Figure 21 and minor corrections.

9/21/2001:  InTable 1, under Utopia Signals: deleted "When in multi-PHY mode xxCLAV is high impedance when xxEN is high" in the
Signal Description column for both RXCLAV and TXCLAYV signals. Added Loop Timing Feature Screen.

7/11/2003:  Added note to Table 3.

CORPORATE HEADQUARTERS for SALES: for Tech Support:

2975 Stender Way 800-345-7015 or 408-727-6116 408-330-1753

Santa Clara, CA 95054 fax: 408-492-8674 email: TELECOMhelp@idt.com
www.idt.com



