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ML6691*

T00BASE-T MII-to-PMD Transceiver

GENERAL DESCRIPTION

The ML6691 implements the upper portion of the physical
layer for the Fast Ethernet TOOBASE-T standard. Functions
contained in the ML6691 include a 4B/5B encoder/
decoder, a Stream Cipher scrambler/descrambler, and
collision detect. Additional functions of the ML6691 —
accessible through the two-wire MIl management
interface — include full duplex operation, loopback,
power down mode, and Ml isolation.

The ML6691 is designed to interface to a TOOBASE-T
Ethernet Media Access Controller (MAC) via the Ml
(Media Independent Interface) on one side, and a
100BASE-X PMD transceiver on the other side. A
complete TOOBASE-TX physical layer (PHY) solution is
realized using the ML6691, the ML6673, and one of the
available clock recovery/generation devices. A T00BASE-
FX physical layer solution is implemented by disabling the
scrambler function of the ML6691 and using an external
optical PMD.

FEATURES

m Conforms to the Fast Ethernet T00BASE-T
IEEE 802.3u standard

m Integrated 4B/5B encoder/decoder
m Integrated Stream Cipher scrambler/descrambler
s Compliant Mll interface

= Two-wire serial interface management port for
configuration and control

= On-chip 25 MHz crystal oscillator

m Interfaces to either AMD’s PDT/PDR (AM79865/79866)
or Motorola’s FCG (MC68836)

m Used with ML6673 for TOOBASE-TX solutions
m 44-pin PLCC package

* This Part Is End Of Life As Of August 1, 2000
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PIN CONFIGURATION

ML6691
44-PIN PLCC (Q44)
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TXD3 [g | 3] TSM3
TXD2 [9 | [37] Tsm2
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CRS [12] 34] sD
COL [13] 33] RSM4
RXD3 [14] [32] RSM3
RXD2 [15] [31] RSM2
RXD1 [16] [30] RSM1
RXDO [17] [29] RsMo
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PIN DESCRIPTION
PIN# NAME FUNCTION PIN# NAME FUNCTION
1,21 Ve Positive 5 volt supply. 12 CRS Carrier sense output. A logic high
2,3,4, ADI[4:0] Local PHY address. These 5 inputs set ngleci\allée;teh;tu%t?sern;hne_it(;?ensgwétsoi;
43,44 the address to which the local physical deasserted when both transmit and
layer responds. When an address receive are idle
match is detected, the CS output is )
asserted. 13 COL Collision detect output. A logic high
5 TXCLK Transmit clock output. Continuous |nd|cat§s d COHISIQn (.5|mu|taneous
X L transmit and receive in half duplex
25MHz clock provides the timing mode)
reference for the transfer of TXEN, )
TXER, and TXD[3:0] from the MAC. 14-17 RXDI3:0] Receive nibble data outputs. Nibble-
TXCLK is generated from the TXC wide data for transmission to the MAC.
input. RXDI0] is the least significant bit.
6 TXEN Transmit enable input. A logic high RXDI3:01 is synchronous to RXCLK.
enables the transmit section of the 18  RXDV Receive data valid output. A logic high
ML6691. This signal indicates the indicates the ML6691 is presenting
MAC is transmitting nibble-wide data. valid nibble-wide data. RXDV shall
TXEN is synchronous to TXCLK. remain asserted from the first
7 TXER Transmit error input. When TXER is [Eg(}?/gle(jercnoli/bel::egfr:rbeblarg)e(g&ovL\J/iglPI\
high , while TXEN is asserted, the be d ted brior to th 'f' t RXCLK
ML6691 will insert an “H” symbol in © de-asserter plior t0 e s .
the data stream. TXER is synchronous that follows the final nibble. RXDV is
t0 TXCLK. synchronous to RXCLK.
8-11  TXDI[3:0] Transmit nibble data inputs. Nibble- 19 RXER Re(jqel\/te etrrr‘o; OUtp(;J-t’ Active high,
ide data from the MAC. For data indicates thal a coding error was
wide dald detected. RXER is synchronous to
transmission TXEN must be asserted. RXCLK
TXDIO0] is the least significant bit. ’
TXDI3:0] is synchronous to TXCLK.
- - -
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PIN DESCRIPTION (Continued)

PIN# NAME FUNCTION PIN# NAME FUNCTION

20  RXCLK  Receive clock output. Continuous 29-33 RSM[4:0] Receive symbol data inputs. Symbol-
25 MHz clock provides the timing wide (encoded) data from the PMD
reference for the transfer of RXDV, layer.
RXER, and RXD[3:0] to the MAC. 34 SD Signal detect. A logic high on this

22 DCFR Scrambler/descrambler disable. A input indicates the presence of non-
logic high on this input disables the quiet data. The internal signal, linkfail,
Stream Cipher scrambler/descrambler. is enabled 330ps after SD is asserted.

23 GND Ground 35-39 TSM[4:0] Transmit symbol data outputs. Symbol-

24 LOCAL Local/remote. A logic low on this input \IIDVI\I/?[e) (Iingr)ded) data for transfer to the
places the ML6691 in remote mode, in yer
which the Ml interface is disabled at 40  TXC Transmit symbol clock input. Input
power on or after a reset operation. used to generate TXCLK. Use either a
When low, the isolate bit of the 25 MHz crystal or a 25 MHz clock
Control register will be set upon power between TXC input and GND.
up or reset. 41 MDIO Management data input/output. A

25  RST Reset. A logic high on this input resets bi-directional signal used to transfer
the Status and Control registers to their control and status information
default states. between the ML6691 and the MAC.

26 CS Chip select. A logic low is generated MBI is synchronous to MDC.
on this output when the ML6691 42 MDC Management data clock input. A low-
detects an address match. frequency aperiodic clock used as the

: . timing reference for transfer of

27 LPBK Loopback. A logic low on this output information on the MDIO signal.
indicates the loopback function.

28  RXC Receive symbol clock. A 25 MHz

clock input from the PMD layer. The
rising edge of RXC is used to sample
RSM[4:0].
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ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS
Absolute maximum ratings are those values beyond which Supply Voltage (V@) vvvvveiieniiiiiiiiiiis 4.5V to 5.5V
the device could be permanently damaged. Absolute Temperature RaNge .....c.ccceveeeveeenieennnene 0°C < Ty <70°C

maximum ratings are stress ratings only and functional
device operation is not implied.

Supply Voltage (V) cveevverveeeieneenicienienicciceeeeeee 6.0V
GND oo -0.3Vto V¢ + 0.3V
Logic INPULS ..eveeiiiiiiiiiiiiiiiciiecs -0.3Vto Vcc + 0.3V
Input Current per Pin......ccooevveeiiniiieciiiieecene +25mA
Storage Temperature..........ccccceeeeeeeennne. —65°C to +150°C
Package Dissipation at Ta = 25°C ...c..cccevuvenennee. 750mwW
Lead Temperature (soldering 10 sec.) ..........ccccucue. 300°C

ELECTRICAL CHARACTERISTICS

Unless otherwise specified, Vcc =5V £ 10%, C. = 15pF, Ta = Tmin to Tpmax

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

DC Characteristics

Logic Input Low Vi All except TXC 0.8 \Y
TXC 1.5

Logic Input High Viy All except TXC 2.0 \
TXC 3.5

Logic Input Low Current m ViN = 0, all except TXC -10 HA
ViN =0, TXC -100

Logic Input High Current A Vin = Ve, all except TXC 10 MA
VN = Ve, TXC 100

Logic Output Low VoL loL = —-4mA 0.4 \

Logic Output High Vou lon = 4mA 2.4 \Y

Input Capacitance CiN All except TXC 8 pF
TXC 12

AC Characteristics

TXD Setup Time t 15 ns
TXD Hold Time ty 0 ns
TXC to TSM Delay t3 5 25 ns
RSM Setup Time ty 10 ns
RSM Hold Time ts 5 ns
RXCLK to RXD Delay te 0 10 ns
MDIO Setup Time ty 10 ns
MDIO Hold time tg 10 ns
MDC to MDIO Delay tg 0 300 ns

R = - -
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ML6691

FUNCTIONAL DESCRIPTION

To describe the function of the ML6691, the device is
separated into three sections, the Transmit Section, the
Receive Section, and the Management section. Each
section is discussed below.

TRANSMIT SECTION

The transmit section is responsible for converting transmit
nibble data on the MII lines from the MAC into encoded
and ciphered transmit symbols, as shown in Figure 1. The
nibble input register samples the transmit nibble data on
the MII lines and passes the nibble data onto the encoder.
The encoder then converts the data to 4B/5B code (see
Table 1) under the direction of the state machine. The
state machine detects the leading edges of transmit enable
and impresses the start of frame delimiter — the JK pair —
ignoring the TXD<3:0> during these two symbol times. If,

HEX/4B SYMBOL/5B HEX/4B SYMBOL/5B
0000 11110 J 11000
0001 01001 K 10001
0010 10100 T 01101
0011 10101 R 00111
0100 01010 H 00100
0101 01011 IDLE 11111
0110 01110
0111 01111
1000 10010
1001 10011
1010 10110
1011 10111
1100 11010
1101 11011
1110 11100
1111 11101

Table 1. 4B/5B Encoding Table

while transmit enable is asserted, the transmit error is
asserted, the H symbol will be impressed except during
the time the JK pair is emitted. Following the trailing edge
of transmit enable, the end of frame delimiter — the TR
pair — is generated, after which the IDLE symbol is
generated to fill the space between frames. The encoded
data is then enciphered by performing a XOR with the
output of the cipher register.

The cipher register is a linear feedback shift register which
generates the cipher bit stream which is used to scramble
the transmit symbol data. The Boolean algebra expression
is listed below.

TCFR11 = TCFR6

TCFR10=TCFR5

TCFR9 =TCFR4

TCFR8 =TCFR3

TCFR7 =TCFR2

TCFR6 = NOT (TCFR11 OR TCFR10 OR TCFR9 OR
TCFR8 OR TCFR7 OR TCFR6 OR TCFR5 OR
TCFR4 OR TCFR3 OR TCFR2) OR TCFRT

TCFR5 =TCFR11 XOR TCFR9

TCFR4 = TCFR10 XOR TCFR8

TCFR3 = TCFR9 XOR TCFR7

TCFR2 = TCFR8 XOR TCFR6

TCFR1 = TCFR7 XOR TCFR5

The enciphered data are then passed to the symbol output
register which drives the generated symbol data out to the
PMD transceiver.

Collision detect is implemented by noting the occurrence
of reception during transmission. A linkfail indication at
any time causes an immediate transition to the IDLE state
and supersedes any other transmit operation.

TRANSMIT NIBBLE DATA

(TXD[3:0])
TRANSMIT ~ TRANSMIT
ERROR ENABLE
(TXER) (TXEN) \
LINK NIBBLE INPUT
FAIL REGISTER
Y Y Y A
TRANSMIT > ENCODER/ | ¢
STATE MACHINE ENCIPHER
TRANSMITTING Y
CARRIER AND SYMBOL OUTPUT
COLLISION REGISTER
DETECT
A \J
\ TRANSMIT SYMBOL DATA
RECEIVING COLLISION (TSMI4:0])
(cov)
CARRIER SENSE

(CRS)

TRANSMIT NIBBLE
CLOCK
(TXCLK)

CIPHER
REGISTER

TRANSMIT SYMBOL CLOCK
(TXC)

Figure 1. Transmit Section Block Diagram
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RECEIVE SECTION

The receive section is responsible for converting received
unaligned symbols into deciphered, aligned and decoded
nibble data on the Ml lines, as shown in Figure 2. The
receive symbol input register samples the receive symbol
data from the PMD transceiver and passes the symbol data
onto the decipher process. The cipher lock is restored by
reloading the decipher register after detecting 13
consecutive IDLE symbols which must occur between
packets. The decipher function is then performed by an
exclusive-OR of the output of the decipher register and
the input symbols.

The decipher symbol data are then passed to the symbol
aligner. The symbols are broken into arbitrary five-bit
groups. The alignment is achieved by scanning the code-
bit stream for the JK pair following the idle symbols.

The decoder translates the 4B/5B coded deciphered and
aligned symbols into hex nibbles. The decoder along with
the state machine also examines the symbol stream for
packet framing information. The JK is converted back to
55 and the TR into 00. The decoder also flags invalid
symbol codes and generates the receive error signal. The
state machine also generates the receive data valid signal.

A premature stream termination is caused by the detection
of two IDLE symbols prior to an TR. A linkfail signal will
also terminate the receive operation immediately.

Note, the “Bad SSD” state is not implemented in the
receive state machine of the ML6691.

LINK
FAIL RECEIVING
A
Y
RECEIVE

STATE MACHINE |«

\/ \J
RECEIVE RECEIVE
ERROR DATA VALID
(RXER) (RXDV)

RECEIVE SYMBOL DATA

RECEIVE SYMBOL

(RSM[4:0]) CLOCK
(RXC)
Y
SYMBOL INPUT \J
REGISTER
DECIPHER LOCK
SUBSECTION
Y
DECIPHER |
Y
SYMBOL ALIGNER
Y
DECODER
Y
NIBBLE OUTPUT
REGISTER
\l \/
RECEIVE NIBBLE DATA RECEIVE NIBBLE CLOCK
(RXD[3:0]) (RXCLK)

Figure 2. Receive Section Block Diagram

O Micro Linear



ML6691

MANAGEMENT SECTION

The ML6691 implements the applicable portions of the
[EEE 802.3 Control and Status registers. The management
section provides a two-wire serial interface for the
purpose of control and status gathering. The MDIO pin is

a bi-directional signal used to transfer control information
between the ML6691 and the MAC. Data on MDIO is
clocked using the MDC pin. The following frame structure
is used:

PRE | ST | OP | PHYAD | REGAD | TA DATA IDLE
READ 1 101] 10 | AAAAA | RRRRR | Z0 DDDDDDDDDDDDDDDD z
WRITE| 1 [01| 01 | AAAAA | RRRRR | 10 DDDDDDDDDDDDDDDD z

PRE (Preamble)

The preamble condition on the two wire interface is a
logic one. Prior to initiation of any other transaction, a
sequence of 32 consecutive logic ones must be presented
on MDIO with 32 corresponding cycles on MDC to
establish synchronization.

ST (Start of Frame)

The start of frame is indicated by a <01> pattern. This
pattern assures transitions from the default logic one line
state to zero and back to one.

OP (Operation Code)

The operation code for a read transaction is <10>, while
the operation code for a write transaction is <01>.

PHYAD (PHY Address)

The PHY Address is five bits, allowing 32 unique PHY
addresses. The first PHY address bit transmitted and
received is the MSB of the address.

CONTROL REGISTER

REGAD (Register Address)

The Control register is address <00000>, and the Status
register is address <00001>.

TA (Turnaround)

The turnaround time is a 2 bit time spacing between the
Register Address field and the Data field of a management
frame to avoid contention during a read transaction.

DATA (Data)

The data field is 16-bits. The first data bit transmitted and
received shall be bit 15 of the register being addressed.

CONTROL REGISTER

Table 2 shows the applicable portions of the Control
registers that are implemented in the ML6691. Bits 12, 9,
and 6-0 are read-only and have default values of logic
low.

BIT NAME DESCRIPTION R/W DEFAULT
15 Reset 1 = reset R/W 0
0 = normal operation SC
14 Loopback 1 = loopback R/W 0
0 = normal operation
13 Speed Selection 1 = 100Mb/s R 1
0 = 10Mb/s
11 Power Down 1 = power down R/W 0
0 = normal operation
10 Isolate 1= electrically isolate from MII R/W Determined by LOCAL
0 = normal operation
8 Duplex Mode 1 = full duplex R/W 0
0 = half duplex
7 Collision Test 1 = test Col signal R/W 0
0 = normal operation
NOTE:  R/W = Read/Write, SC = Self Clearing

Table 2. Control Register

g
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Reset: By setting this bit to a logic one, the Control register
will be reset to its default values. This bit self-clears upon
completion of the reset operation.

Loopback: By setting this bit to a logic one, the LPBK pin
will be held at a logic low. The COL signal will remain
low at all times, unless bit 7 is set, in which case the COL
signal shall behave as described.

Speed Selection: This bit is read-only and set at a logic
one by default.

Power Down: By setting this bit to a logic one, the
oscillator and all the MIl input buffers except for MDIO
and MDC will be shut down.

Isolate: By setting this bit a logic one, the ML6691 can be
electrically isolated from the MILI. In the isolation mode,
the input TXEN will be ignored and TXD[3:0] and TXER
shall not have any effect on the transmit section. All the
output buffers connected to the MIl will be tri-stated. The
default state of this bit is determined by the LOCAL pin.

Duplex Mode: ML6691 will operate in Full Duplex mode
when this bit is set to a logic one. The COL signal will
remain low unless bit 7 is set.

STATUS REGISTER

Collision Test: By setting this bit to a logic one, the COL
signal will be asserted in response to the assertion of
TXEN, and will continue to assert the COL signal until
TXEN is deasserted.

STATUS REGISTER

Table 3 shows the applicable portions of the Status register
that are implemented in the ML6691. Bits 15, 12-3, 1, and
0 are read-only and have default values of logic low.

100BASE-TX Full Duplex

ML6691 can perform full duplex link transmission and
reception using the TOOBASE-TX signaling specification.
This bit is always read as a logic one.

T100BASE-TX Half Duplex

ML6691 can perform half duplex link transmission and
reception using the TOOBASE-TX signaling specification.
This bit is always read as a logic one.

Link Status

When read as a logic one, this bit indicates that a valid
link has been established. The link status bit is
implemented with a latching function, such that the
occurrence of a link failure condition will cause the link
status bit to become cleared and remain cleared until it is
read via the management interface.

BIT NAME DESCRIPTION R/W
14 100Base-TX 1 = able to perform full duplex R/O
Full Duplex 0 = not able to perform full duplex
13 100Base-TX 1 = able to perform full duplex R/O
Half Duplex 0 = not able to perform full duplex
2 Link Status 1 =link is up R/O
0 = link is down LL

NOTE: R/O = Read Only,
LL = Latching Low

Table 3. Status Register
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ML6691
PHYSICAL DIMENSIONS inches (millimeters)

Package: Q44
44-Pin PLCC
0.685 - 0.695
0.042 - 0.056
(17.40 - 17.65) m
0.650 - 0.656 — =
(16.51 - 16.66) 0.025 - 0.045
0.63-1.14)
| 1 (RADIUS)
] _
0.042 - 0.048 E PINTID g
(1.07-122) 4 h
125 gg 4 0:650-0656  0.685 - 0.695 0.500 BSC 0590 - 0.630
d (7" (1651-16.66) (17.40-17.65) (1270 BSC)  (14.99 - 16.00)
q H
q h
q H
q H t
—| 0.009 - 0.011
0.050 BSC 0.23-0.28)
(1.27 BSO) —
0.100 - 0.112
0.026 - 0.032 0.165 - 0.180  0.148 - 0.156 (2.54-2.84)
(0.66 - 0.81) (4.06-457)  (3.76 - 3.96)
I
ol . T
0.013 - 0.021 T T
(0.33-053) SEATING PLANE
ORDERING INFORMATION
PART NUMBER TEMPERATURE RANGE PACKAGE
ML6691CQ 0°Cto 70°C 44-PIN PLCC (Q44) (End Of Life)
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