LXT973

10/100 Mbps 2-Port Fast Ethernet PHY Transceiver

Preliminary Datasheet

The LXT973 isan IEEE-compliant, 2-port, Fast Ethernet PHY transceiver that directly supports
both 100BASE-TX and 10BASE-T applications. Each port provides a Media Independent
Interface (MII) for easy attachment to 10 Mbps and 100 Mbps Media Access Controllers
(MACs). The LXT973 device also provides a pseudo-ECL (PECL) interface per port for use
with 100BASE-FX fiber networks. The LXT973 incorporates the auto-MDI X feature, allowing
it to automatically detect and switch the polarity of the lines.

The LXT973 isan ideal building block for systems that require two Ethernet ports, such as
Internet Protocol (IP) Telephones, Twisted-Pair (TX)-to-Fiber (FX) converter modules, and for
telecom applications, such as Telecom Central Office (TCO) and Customer Premise Equipment
(CPE) devices.

The LXT973 supports full-duplex operation at both 10 Mbps and 100 Mbps. Its operating modes
can be set using auto-negotiation, parallel detect, or manual control.

Product Features

= 2-port Fast Ethernet PHY = Supports both auto-negotiation systems
= 2.5V operation and legacy systems without auto-

= 3.3V operation |/O compatibility nsuegot;?ffc?r ?\IaSXath“tye
= Low power consumption; 250 mW per - PP Pag

port typical » 20 MHz Register Access*
= Full 2-port MII interface with extended = Configurable viaMDIO port or external
registers control pins
= Automatic MDI/MDIX switch over = Integrated termination resistors
capability = 100-pin Plastic Quad Flat Package (PQFP)
= Signa Quality Error (SQE) enable/disable —LXT973QC - Commercial (0° to 70°C
= 100BASE-FX fiber-optic capability on ambient).
both ports —LXT973QE - Extended (-40° to 85°C
ambient).

Note: 20 MHz Register Accesswill be verified before final production release of
product.

Order Number: 249426-001
For technical assistance on this product, please call 1-800-628-8686, May 2001
or send an e-mail to support@mailbox.intel.com.
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In 10/100 Mbps 2-Port Fast Ethernet PHY Transceiver — LXT973

Figure 1. LXT973 Block Diagram

2 Port Global
Functions
RESET ——————| Management /
Mode Select
PWRDN ————————» | Clock g REFCLK
Loglc_&LED Generatgr
MDIO ~ Drivers _\/L
< >
MDC —»
Register Set ey
TXDN<3.0> 4— 0 > ME”C';?‘E'
ncoder
TXENn > & Lp{ Puise TP/ » DPAN_O
TXERN —»| > Parallel/Serial Scrambler {100( " | Shaper - »
TXCLKn4— [ Converter & Encoder Fiber » DPAP_O
| Out » DPBN 1
» DPBP_1

Auto
Mgmt Negotiation
Counters

Register S(it < Fiber_TPn
Clock Generator Media ;_
Port LED Select cfaar‘)zjlle‘lre Canclaionf_100 P
.3 _ Drivers - < DPBN_O
HED <S04 “a | TP |4 DPBP_0
Serial to 10 [ Flbel' - -
RXDn<3.0> 4 4—— Paallel e Decoder Slicer 100FX ] L DPAN 1
RXDVne A Converter 5 In b =
RXERn4- & [ Cariersense 10| oo . < DPAP_1
RXCLKn+ < Data Valid e
COLn« [hd Eror Detect 10BT |
CRsn Per-Port Functions PORT 0 -
l PORT 1
Preliminary Datasheet 9

Document #: 249426
Revision #: 001
Rev. Date: 05/18/01
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1.0

Pin Assignments and Signal Descriptions

Figure 2. LXT973 Pin Assignments
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Marking Definition
Part # LXT973 is the unique identifier for this product family.
Rev # Identifies the particular silicon “stepping” (Refer to Specification Update for additional stepping
information.)
Lot # Identifies the batch.
FPO # Identifies the Finish Process Order.
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10/100 Mbps 2-Port Fast Ethernet PHY Transceiver — LXT973

Table 1. LXT973 PQFP Pin List

Reference for Full

Pin Signal Names Typel Description
1 TXD1_2 | Table 3 on page 15
2 TXD1_3 | Table 3 on page 15
3 CcoL1 O, TS Table 3 on page 15
4 CRS1 O, TS Table 3 on page 15
5 AUTO_NEG1 | Table 7 on page 18
6 AUTO_NEGO | Table 7 on page 18
7 SD_2P5V/SPEED1 | Table 7 on page 18
8 SD_2P5V/SPEEDO | Table 7 on page 18
9 DUPLEX1 | Table 7 on page 18
10 DUPLEXO | Table 7 on page 18
11 LED_CGFO | Table 5 on page 17
12 LED_CGF1 | Table 5 on page 17
13 RESET | Table 5 on page 17
14 SGND - Table 6 on page 18
15 REFCLK | Table 5 on page 17
16 GNDD - Table 6 on page 18
17 FIBER_TP1 | Table 7 on page 18
18 FIBER_TPO | Table 7 on page 18
19 MDDIS1 | Table 3 on page 15
20 MDDISO0 | Table 2 on page 14
21 PWRDWN1 | Table 7 on page 18
22 MDC1 | Table 3 on page 15
23 MDIO1 110 Table 3 on page 15
24 PWRDWNO | Table 7 on page 18
25 MDIOO 110 Table 2 on page 14
26 MDCO | Table 2 on page 14
27 VCCIO - Table 6 on page 18
28 GNDIO - Table 6 on page 18
29 RXDO0_3 O, TS Table 2 on page 14
30 RXDO0_2 O, TS Table 2 on page 14
31 RXDO0_1 O, TS Table 2 on page 14
32 RXDO0O_0 O, TS Table 2 on page 14
33 RXDVO O, TS Table 2 on page 14
1. Al = Analog Input, AO = Analog Output, | = Input, O = Output,

OD = Open Drain output, ST = Schmitt Triggered input,
TS = Tri-State-able output, SL = Slew-rate Limited output,
IP = Weak Internal Pull-up, ID = Weak Internal Pull-down.
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Table 1.

LXT973 PQFP Pin List (Continued)

Reference for Full

Pin Signal Names Typel Description

34 RXCLKO O, TS Table 2 on page 14
35 RXERO O, TS Table 2 on page 14
36 TXERO | Table 2 on page 14
37 TXCLKO O, TS Table 2 on page 14
38 TXENO | Table 2 on page 14
39 TXDO_0 | Table 2 on page 14
40 VCCD - Table 6 on page 18
41 GNDD - Table 6 on page 18
42 TXDO_1 | Table 2 on page 14
43 TXDO_2 | Table 2 on page 14
44 TXDO0_3 | Table 2 on page 14
45 COoLo O, TS Table 2 on page 14
46 CRSO O, TS Table 2 on page 14
47 VCCIO - Table 6 on page 18
48 GNDIO - Table 6 on page 18
49 LEDO_1 O, 0D Table 7 on page 18
50 LEDO_2 0O, 0D Table 7 on page 18
51 LEDO_3 O, 0D Table 7 on page 18
52 ADDRA4 | Table 5 on page 17
53 ADDR3 | Table 5 on page 17
54 ADDR2 | Table 5 on page 17
55 ADDR1 | Table 5 on page 17
56 TEST_O | Table 5 on page 17
57 TEST_1 | Table 5 on page 17
58 VCCR - Table 6 on page 18
59 DPAP_O AI/AO, SL Table 4 on page 16
60 DPAN_O Al/AO, SL Table 4 on page 16
61 GNDT - Table 6 on page 18
62 GNDR - Table 6 on page 18
63 DPBP_0 Al/AO, SL Table 4 on page 16
64 DPBN_O Al/AO, SL Table 4 on page 16
65 VCCT - Table 6 on page 18
66 VCCT - Table 6 on page 18
67 DPBP_1 Al/AO, SL Table 4 on page 16

1. Al = Analog Input, AO = Analog Output, | = Input, O = Output,

OD = Open Drain output, ST = Schmitt Triggered input,
TS = Tri-State-able output, SL = Slew-rate Limited output,
IP = Weak Internal Pull-up, ID = Weak Internal Pull-down.
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10/100 Mbps 2-Port Fast Ethernet PHY Transceiver — LXT973

Table 1. LXT973 PQFP Pin List (Continued)

Pin Signal Names Typel Refgreesr::criepi?ornFull
68 DPBN_1 AI/AO, SL Table 4 on page 16
69 GNDR - Table 6 on page 18
70 GNDT - Table 6 on page 18
71 DPAP_1 AI/AO, SL Table 4 on page 16
72 DPAN_1 AI/AO, SL Table 4 on page 16
73 VCCR - Table 6 on page 18
74 VCCPECL - Table 6 on page 18
75 SD1 | Table 4 on page 16
76 SDO | Table 4 on page 16
77 GNDPECL - Table 6 on page 18
78 TXSLEWO | Table 5 on page 17
79 TXSLEW1 | Table 5 on page 17
80 LED1 3 0. 0D Table 7 on page 18
81 LED1_2 0O, 0D Table 7 on page 18
82 LED1 1 O, 0D Table 7 on page 18
83 GNDIO - Table 6 on page 18
84 VCCIO - Table 6 on page 18
85 RXD1_3 O, TS Table 3 on page 15
86 RXD1_2 O, TS Table 3 on page 15
87 RXD1_1 O, TS Table 3 on page 15
88 RXD1_0 O, TS Table 3 on page 15
89 RXDV1 0O, TS Table 3 on page 15
90 GNDD - Table 6 on page 18
91 VCCD - Table 3 on page 15
92 RXCLK1 O, TS Table 3 on page 15
93 RXER1 O, TS Table 3 on page 15
94 TXER1 | Table 6 on page 18
95 GNDIO - Table 6 on page 18
96 VCCIO - Table 3 on page 15
97 TXCLK1 O, TS Table 3 on page 15
98 TXEN1 | Table 3 on page 15
99 TXD1_0 | Table 3 on page 15
100 TXD1_1 | Table 3 on page 15

1. Al = Analog Input, AO = Analog Output, | = Input, O = Output,
OD = Open Drain output, ST = Schmitt Triggered input,
TS = Tri-State-able output, SL = Slew-rate Limited output,
IP = Weak Internal Pull-up, ID = Weak Internal Pull-down.
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2.0

Signal Descriptions

14

Table 2.

LXT973 Port 0 Signal Descriptions

Pin # | Signal Names | Type! Signal Description
44 TXD0_3 Transmit Data. TXDO_n is a bundle of parallel data signals driven by the
43 TXDO_2 | MAC controller, which TXD0<3:0> transition synchronously with respect
42 TXDO 1 to the TXCLKO. TXDO0<0> is the least significant bit. TXD0<3:0> are
39 TXDO_O monitored in normal mode only.
38 TXENO | Transmit Enable. The MAC asserts TXENO when it drives data on
TXDOn. This signal must be synchronized to TXCLKO.
Transmit Error. TXERO is a 100 Mbps only signal. The MAC asserts this
36 TXERO | input when an error has occurred in the transmit data stream. When
operating at 100 Mbps, the LXT973 responds by sending "H symbols” on
the line. In Symbol mode, this pin acts as TXDO0_4.
Transmit Clock. TXCLKO is sourced by the LXT973 in both 10 Mbps
and 100 Mbps modes.
37 TXCLKO 0. TS 2.5 MHz for 10 Mbps operation
25 MHz for 100 Mbps operation.
29 RXDO_3
30 RXDO_2 o Ts | Receive Data.The LXT973 drives received data on these outputs,
31 RXDO_1 ' synchronous to RXCLKO.
32 RXDO_0
Receive Data Valid. The LXT973 asserts this signal when it drives valid
33 RXDVO 0.TS data on RXDOn. This output is synchronous to RXCLKO.
Receive Error. The LXT973 asserts this output when it receives invalid
35 RXERO O, TS | symbols from the network. RXERO is synchronous to RXCLKO. In
Symbol mode, this pin acts as RXDO0_4.
Receive Clock. RXCLKO is sourced by the LXT973 in both 10 Mbps and
100 Mbps modes.
34 RXCLKO 0. TS 2.5 MHz for 10 Mbps operation
25 MHz for 100 Mbps operation.
Collision Detected. The LXT973 asserts this output when a collision is
45 COoLo O, TS | detected. This output remains High for the duration of the collision. COLO
is asynchronous and is inactive during full-duplex operation.
Carrier Sense. During half-duplex operation, the LXT973 asserts this
46 CRSO 0.TS output when either the transmit or receive medium is non-idle. During

full-duplex operation, CRSO is asserted only when receive medium is
non-idle.

1. Al = Analog Input, AO = Analog Output, | = Input, O = Output, OD = Open Drain output,
ST = Schmitt Triggered input, TS = Tri-State-able output, SL = Slew-rate Limited output,
IP = Weak Internal Pull-up, ID = Weak Internal Pull-down.
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10/100 Mbps 2-Port Fast Ethernet PHY Transceiver — LXT973

Table 2. LXT973 Port 0 Signal Descriptions (Continued)
Pin # | Signal Names | Type! Signal Description
Management Disable. When MDDISO is tied High, the MDIO port is
completely disabled and the Hardware Control Interface pins set their
respective bits at power-up and reset.
20 MDDISO | When MDDISO is pull_ed I__ow at power-up or reset via the internal pull-
down resistor or by tying it to ground, the Hardware Control Interface
Pins control only the initial or “default” values of their respective register
bits. After the power-up/reset cycle is complete, bit control reverts to the
MDIO serial channel.
Management Data Clock. Clock for MDIOO serial channel. Maximum
26 MDCO | )
frequency is 20 MHz.
Management Data Input/Output. Bi-directional serial data channel for
25 MDICO Vo PHY/STA communication.
1. Al = Analog Input, AO = Analog Output, | = Input, O = Output, OD = Open Drain output,
ST = Schmitt Triggered input, TS = Tri-State-able output, SL = Slew-rate Limited output,
IP = Weak Internal Pull-up, ID = Weak Internal Pull-down.
Table 3. LXT973 Port 1 Signal Descriptions

Pin # Signal Names | Type! Signal Description

2 TXD1.3 Transmit Data. TXD1_n is a bundle of parallel data signals driven by

1 TXD1_ 2 | the MAC controller. TXD1<3:0> transition synchronously with respect

100 TXD1 1 to the TXCLK1. TXD1<0> is the least significant bit. In normal mode,

99 TXD1 O only TXD1<3:0> are monitored.

98 TXEN1 | Transmit Enable. The MAC asserts TXEN1 when it drives data on
TXDOn. This signal must be synchronized to TXCLK1.
Transmit Error. (TXER1 is a 100 Mbps only signal.) The MAC asserts

94 TXER1 | this input when an error has occurred in the transmit data stream.
When operating at 100 Mbps, the LXT973 responds by sending "H
Symbols" on the line. In Symbol mode, this pin acts as TXD1_4.
Transmit Clock. TXCLK1 is sourced by the LXT973 in both 10 Mbps
and 100 Mbps modes.

97 TXCLK1 0. TS 2.5 MHz for 10 Mbps operation
25 MHz for 100 Mbps operation.

85 RXD1_3

86 RXD1_2 0.TS Receive Data.The LXT973 drives received data on these outputs,

87 RXD1_1 ! synchronous to RXCLK1.

88 RXD1_0
Receive Data Valid. The LXT973 asserts this signal when it drives

89 RXDV1 0. T8 valid data on RXDOn. This output is synchronous to RXCLK1.
Receive Error. The LXT973 asserts this output when it receives

93 RXER1 O, TS | invalid symbols from the network. RXER1 is synchronous to RXCLK1.
In Symbol mode, this pin acts as RXD1_4.
Receive Clock. RXCLK1 is sourced by the LXT973 in both 10 Mbps
and 100 Mbps modes.

92 RXCLK1 0, TS 2.5 MHz for 10 Mbps operation
25 MHz for 100 Mbps operation.

1. Al = Analog Input, AO = Analog Output, | = Input, O = Output, OD = Open Drain output,
ST = Schmitt Triggered input, TS = Tri-State-able output, SL = Slew-rate Limited output,
IP = Weak Internal Pull-up, ID = Weak Internal Pull-Down
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Table 3. LXT973 Port 1 Signal Descriptions (Continued)

Pin #

Signal Names

Type!

Signal Description

CoL1

O, TS

Collision Detected. The LXT973 asserts this output when a collision
is detected. This output remains High for the duration of the collision.
COL is asynchronous and is inactive during full-duplex operation.

CRS1

O, TS

Carrier Sense. During half-duplex operation, the LXT973 asserts this
output when either the transmit or receive medium is non-idle. During
full-duplex operation, CRS1 is asserted only when receive medium is
non-idle.

19

MDDIS1

Management Disable. When MDDIS is tied High, the MDIO port is
completely disabled and the Hardware Control Interface pins set their
respective bits at power-up and reset.

When MDDIS is pulled Low at power-up or reset via the internal pull-
down resistor or by tieing it to ground, the Hardware Control Interface
Pins control only the initial or “default” values of their respective
register bits. After the power-up/reset cycle is complete, bit control
reverts to the MDIO serial channel.

22

MDC1

Management Data Clock. Clock for MDIO1 serial channel. Maximum
frequency is 20 MHz.

(Note: 20 MHz value to be verified prior to final production release
of product.)

23

MDIO1

110

Management Data Input/Output. Bidirectional serial data channel for
PHY/STA communication.

1. Al = Analog Input, AO = Analog Output, | = Input, O = Output, OD = Open Drain output,
ST = Schmitt Triggered input, TS = Tri-State-able output, SL = Slew-rate Limited output,
IP = Weak Internal Pull-up, ID = Weak Internal Pull-Down

Table 4. LXT973 Network Interface Signal Descriptions

. Signal TP Fiber Pair 1 . -
Pin # Names Op Op Port Type Type Signal Description
Twisted-Pair/Fiber Pair A, Positive &
Negative - Port 0. Differential pair produces
59 DPAP_O X+ RX+ 0 A AIAO, | o receives IEEE 802.3-compliant pulses for
60 | DPANO | TX- | RX- [ 0 A SL | either 100BASE-TX or 10BASE-T.
Also acts as receiver in Fiber mode.
Twisted-Pair/Fiber Pair B, Positive &
Negative - Port 0. Differential pair produces
63 DPBP_0 | RxX+ TX+ 0 B AIIAO, | or receives IEEE 802.3-compliant pulses for
64 | DPBN_O| RX- | TX- | 0 B SL | either 100BASE-TX or 10BASE-T.
Also acts as transmitter in Fiber mode.
Signal Detect. This signal is used for signal
76 SDO - - - - | quality indication in Fiber mode. In twisted-
pair mode, this pin should be tied Low.
1. Al = Analog Input, AO = Analog Output, | = Input, O = Output, OD = Open Drain output,
ST = Schmitt Triggered input, TS = Tri-State-able output, SL = Slew-rate Limited output,
IP = Weak Internal Pull-up, ID = Weak Internal Pull-Down

16
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10/100 Mbps 2-Port Fast Ethernet PHY Transceiver — LXT973

Table 4. LXT973 Network Interface Signal Descriptions (Continued)

. Signal TP Fiber Pair 1 . Lo
Pin # Names Op Op Port Type Type Signal Description
Twisted-Pair/Fiber Pair B, Positive &
Negative - Port 1. Differential pair produces
67 DPBP_1 | TX+ TX- 1 B AAO, | or receives IEEE 802.3-compliant pulses for
68 | DPBN_1 | TX- | TX+ | 1 B SL | either 100BASE-TX or 10BASE-T.
Also acts as transmitter in Fiber mode.
Twisted-Pair/Fiber Pair A, Positive &
) Negative - Port 1. Differential pair produces
& DPAP_1 RX+ RX 1 A AlIAO, | or receives IEEE 802.3-compliant pulses for
72 | DPAN_1 | RX- | RX+ 1 A SL either 100BASE-TX or 10BASE-T.
Also acts as receiver in Fiber mode.
Signal Detect. This signal is used for signal
75 SD1 - - - - | quality indication in Fiber mode. In twisted-
pair mode, this pin should be tied Low.
1. Al = Analog Input, AO = Analog Output, | = Input, O = Output, OD = Open Drain output,
ST = Schmitt Triggered input, TS = Tri-State-able output, SL = Slew-rate Limited output,
IP = Weak Internal Pull-up, ID = Weak Internal Pull-Down

Table 5. LXT973 Global Control & Configuration Signal Descriptions

. Signal 1 . -
Pin # Names Type Signal Description
Tx Output Slew Controls 0 & 1. These pins select the TX output slew rate
78 | TXSLEWO | (rise and fall time) for both cores in the LXT973 device.
79 | TXSLEW1 The various options are defined in Register bits 27.11:10. The TxSLEW pins
set the power-on value of these register bits.
13 | RESET | Reset. This active Low input is OR’d with Control Register bit 0.15.
52 ADDR4
53 | ADDR3 | Address <4:1>. Sets device Port 0 PHY address. Note that ADDRO is set
54 | ADDR2 internally so that Port 1 is always “1” address higher than Port 0.
55 | ADDR1
56 | TEST_O . . )
| Test Pins. Tie Low for normal operation.
57 | TEST_1
Master Clock Input. A 25 MHz, 50 ppm clock is input here to act as the master
15 | REFCLK | clock. Full clock requirements are detailed in the Clock Requirements section
of the Functional Description. See Section 3.4.2, “Clock Requirements” on
page 25.
LED Configuration 0 & 1. These pins are used to select one of four LED
modes. The decode or each mode is shown below:
LED_CFG | LED_CFG | LEDn_1 LEDn_2 LEDn_3
11 | LED_CFGO | -
12 | LED_CFG1 0 0 Speed Link Duplex
1 0 Speed Link/Activity Duplex/Collision
0 1 Link Receive Transmit
1 1 Speed Link/MII Isolate Duplex/Collision
1. Al = Analog Input, AO = Analog Output, | = Input, O = Output, OD = Open Drain output,
ST = Schmitt Triggered input, TS = Tri-State-able output, SL = Slew-rate Limited output,
IP = Weak Internal Pull-up, ID = Weak Internal Pull-Down
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Table 6.

Table 7.

LXT973 Power Supply Signal Descriptions

Pin # Signal Names | Type! Signal Description
40, 91 VCCD _ Digital Power Supply - Core. +2.5V supply for core digital circuits.
Digital Power Supply - /O Ring. +2.5/3.3V supply for digital I/O
27 47 circuits. The digital input circuits running off this rail, having a TTL-
84’ 96' VCCIO _ level threshold and over-voltage protection, may be interfaced with
' 3.3/5.0V when the 1/0 supply is 3.3V, and 2.5/3.3/5.0V when the /O
supply is 2.5V.
Digital Power Supply - PECL Signal Detect Inputs. +2.5/3.3V
74 VCCPECL _ supply for PECL Signal Detect input circuits. If Fiber Mode is not
used, tie these pins to GNDPECL to save power.
58 73 VCCR B Anal_og F_’ow_er Supply - Receive. +2.5V supply for all analog
receive circuits.
Analog Power Supply - Transmit. +2.5V supply for all analog
65, 66 veer - transmit circuits.
16,41, 90, | GNDD Digital Ground. Ground return for core digital supplies (VCCD). All

ground pins can be tied together using a single ground plane.

28, 48, 83, GNDIO Digital GND - I/0O Ring. Ground return for digital I/O circuits
95 - (VCCIO).
Digital GND - PECL Signal Detect Inputs. Ground return for
& GNDPECL - PECL Signal Detect input circuits.
Analog Ground - Receive. Ground return for receive analog
69, 62 GNDR _ supply. All ground pins can be tied together using a single ground
plane.
Analog Ground - Transmit. Ground return for transmit analog
61, 70 GNDT _ supply. All ground pins can be tied together using a single ground
plane.
14 SGND Substrate Ground. Ground for chip substrate. All ground pins can

be tied together using a single ground plane.

1. Al = Analog Input, AO = Analog Output, | = Input, O = Output, OD = Open Drain output,
ST = Schmitt Triggered input, TS = Tri-State-able output, SL = Slew-rate Limited output,

IP = Weak Internal Pull-up, ID = Weak Internal Pull-Down

LXT973 Per Port LED and Configuration Signal Descriptions

Pin # Signal Names Type! Signal Description
49 LEDO_1 oD. TS Port 0 LED Drivers 1-3. These pins drive LED indicators for Port
50 LEDO_2 SL‘ IP’ 0. Each LED can display one of several available status conditions
51 LEDO 3 ' as selected by the LED Configuration Register.
82 LED1 1 OD. TS Port 1 LED Drivers 1-3. These pins drive LED indicators for Port
81 LED1_2 "5’ | 1. Each LED can display one of several available status conditions

SL, IP ) : -

80 LED1 3 as selected by the LED Configuration Register.
6 AUTO_NEGO I Auto Negotiation Enable. When this pin is High, auto-negotiation
5 AUTO_NEG1 | is enabled on the relevant port.

1. Al = Analog Input, AO = Analog Output, | = Input, O = Output, OD = Open Drain output,
ST = Schmitt Triggered input, TS = Tri-State-able output, SL = Slew-rate Limited output,
IP = Weak Internal Pull-up, ID = Weak Internal Pull-Down
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Table 7. LXT973 Per Port LED and Configuration Signal Descriptions (Continued)

Pin # Signal Names Typel Signal Description

SD_2P5V. In fiber mode, these pins select between a 2.5V or 3.3V

8 SD_2P5V/SPEEDO | fiber transceiver. High is for 2.5V and low is for 3.3V.

7 SD_2P5V/SPEED1 | Speed. Set the default speed of the port in Hardware mode. High
is 100 Mbps and Low is 10 Mbps.

10 DUPLEXO I Duplex. Sets the duplex setting of the port in Hardware mode.

9 DUPLEX1 | High is full-duplex and Low is half-duplex.

18 FIBER_TPO I Fiber/Twisted-Pair. Sets the operating state of the port in

17 FIBER_TP1 | Hardware mode. High is twisted-pair and Low is fiber.

24 PWRDWNO | Power-Down. When set High, this pin puts the relevant PHY into

21 PWRDWN1 power-down mode.

1. Al = Analog Input, AO = Analog Output, | = Input, O = Output, OD = Open Drain output,
ST = Schmitt Triggered input, TS = Tri-State-able output, SL = Slew-rate Limited output,
IP = Weak Internal Pull-up, ID = Weak Internal Pull-Down

3.0 Functional Description

3.1 Introduction

The LXT973 is an IEEE-compliant, 2-port, Fast Ethernet PHY transceiver that directly supports
both 100BASE-TX and 10BASE-T applications. The device incorporates full Media Independent
Interface (MI1), enabling each individual network port to connect with 10/100 Mbps MACs. Each
port directly drives either a 100BASE-TX lineor a 10BASE-T line (up to 200 meters). The
LXT973 also supports 100BASE-FX operation via a Pseudo-ECL (PECL) interface. The device
uses a 100-pin QFP package.

3.1.1 Comprehensive Functionality

The LXT973 performs all functions of the Physical Coding Sublayer (PCS) and Physical Media
Attachment (PMA) sublayer as defined in the IEEE 802.3 100BA SE-X specification. This device
also performs all functions of the Physical Media Dependent (PMD) sublayer for 100BASE-TX
connections.

On power-up, the LXT973 reads its configuration inputs to check for forced operation settings. If
not configured for forced operation, each port uses auto-negotiation/parallel detection to
automatically determine line operating conditions. If the PHY device on the other side of the link
supports auto-negotiation, the LXT973 auto-negotiates with it using Fast Link Pulse (FLP) Bursts.
If the PHY partner does not support auto-negotiation, the LXT973 automatically detects (parallel
detection) the presence of either link pulses (10 Mbps PHY) or IDLE symbols (100 Mbps PHY)
and sets its operating conditions accordingly. When parallel detection is used to establish link, the
resulting link is at half-duplex. The LXT973 provides half-duplex and full-duplex operation at
100 Mbps and 10 Mbps.
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3.2

3.21

intgl.

Interface Descriptions

10/100 Mbps Network Interface

The LXT973 supports both 10BASE-T and 100BASE-TX Ethernet over twisted-pair, or 100 Mbps
Ethernet over fiber media (100BASE-FX). Each network interface port consists of four external
pins (two differential signal pairs). The pins are shared between twisted-pair and fiber.

The LXT973 output drivers generate either 100BASE-TX, 10BASE-T, or 100BASE-FX output.
When not transmitting data, the device generates | EEE 802.3-compliant link pulses or IDLE code.
Input signal s are decoded either asa 100BASE-TX, 100BASE-FX, or 10BASE-T input, depending
on the mode selected. Auto-negotiation/parallel detection or manual control is used to determine
the speed of thisinterface. Polarity is determined by the MDI crossover function.

Figure 3. LXT973 Interfaces
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Twisted-Pair Interface

The LXT973 supports either 100BASE-TX or 10BASE-T connections over 100Q, Category 5,
Unshielded Twisted-Pair (UTP). Only atransformer, RJ-45, and bypass capacitors are required to
complete thisinterface. Using Intel’s patented waveshaping technol ogy, the transmitter shapes the
outgoing signal to help reduce the need for external EMI filters. Four slew rate settings allow the
designer to match the output waveform to the magnetic characteristics. Both transmit and receive
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terminations are built into the LXT973. Therefore, no external components are required between
the LXT973 and the external transformer. The transmitter uses a transformer with a center tap to
help reduce power consumption.

When operating at 100 Mbps, MLT3 symbols are continuously transmitted and received. When not
transmitting data, the LXT973 generates“IDLE” symbols.

During 10 Mbps operation, LXT973 encoded data is exchanged. When no datais exchanged, the
line transmits normal link pulsesto maintain link.

3.2.1.2 MDI Crossover (MDIX)

The LXT973 crossover function, which is compliant to the IEEE 802.3, clause 23 standard,
connects the transmit output of the device to the far-end receiver in alink segment. This function
can be configured via Register bits 27.9:8. Please refer to Section 7.0, “Auto MDI/MDIX” on
page 48. Default mode is auto-MDIX enabled.

3.2.1.3 Fiber Interface

The LXT973 provides a PECL interface that complies with the ANS| X3.166 specification. This
interface is suitable for driving afiber-optic coupler (see Figure 15 on page 44).

Fiber ports cannot be enabled via auto-negotiation and must be enabled via the Global Hardware
Control Interface pins or MDIO registers. Using external circuitry, the LXT973 can interface the
fiber transceiver with 2.5V or 3.3V supply voltages. Fiber mode per port may be selected using
Register bit 16.0. Please refer to Table 4 on page 16 for correct pin assignments.

3.3 MII Operation

The LXT973 device implements the Media Independent Interface (MI1) as defined in the IEEE
802.3 standard. Separate channels are provided for transmitting data from the MAC to the LXT973
(TXD), and for passing data received from the line (RXD) to the MAC. Each channel hasitsown
clock, data bus, and control signals. Nine signals are used to pass received data to the MAC:
RXD<3:0>, RXCLK, RXDV, RXER, COL and CRS. Seven signals are used to transmit datafrom
the MAC: TXD<3:0>, TXCLK, TXEN, and TXER.

The LXT973 supplies both clock signals as well as separate outputs for carrier sense and collision.
Data transmission across the M1 is normally implemented in 4-bit-wide nibbles.

3.3.1 MII Clocks

The LXT973 is the master clock source for data transmission and supplies both MII clocks
(RXCLK and TXCLK). It automatically sets the clock speeds to match link conditions. When the
link is operating at 100 Mbps, the clocks are set to 25 MHz. When thelink is operating at 10 M bps,
the clocks are set to 2.5 MHz. The transmit data and control signals must always be synchronized
to TXCLK by the MAC. The LXT973 samples these signals on the rising edge of TXCLK.

3.3.2 Transmit Enable

The MAC must assert TXEN at the same time as the first nibble of preamble, and de-assert TXEN
after the last bit of the packet.
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3.3.7
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Receive Data Valid

The LXT973 asserts RXDV when it receives a valid packet. Timing changes depend on line
operating speed:

¢ For 100BASE-TX links, RXDV is asserted from the first nibble of preamble to the last nibble
of the data packet.

* For 10BASE-T links, the entire preambleistruncated. RXDV isasserted with the first nibble
of the Start-of-Frame Delimiter (SFD) “5D” and remains asserted until the end of the packet.

Carrier Sense

Carrier Sense (CRS) is an asynchronous output. CRS is generated when a packet is received from
the line regardless of duplex mode, and for atransmission to the line in half-duplex mode. Table 8
on page 23 summarizes the conditions for assertion of carrier sense, collision, and data loopback
signals. Carrier senseis not generated when a packet is transmitted in full-duplex mode.

For 100BASE-TX and 100BASE-FX links, a Start-of-Stream Delimiter (SSD) or /J/K/ symbol pair
causes assertion of carrier sense (CRS). An End-of-Stream Delimiter (ESD), or /T/R/ symbol pair
causes de-assertion of CRS. The PMA layer also de-asserts CRS if IDLE symbols are received
without /T/R/. In this event, the RXER bit in the RX Status Frame is asserted for one clock cycle
when CRS is de-asserted.

For 10BASE-T links, CRS assertion is based on receipt of avalid preamble, and de-assertion is
based on receipt of an End-of-Frame (EOF) marker.

Error Signals

When the LXT973 isin 100 Mbps mode and receives an invalid symbol from the network, it
asserts RXER and drives “1110” on the RXD pins.

When the MAC asserts TXER, the LXT973 drives “H” symbols out on the DPAP/N_O0 or
DPAP/N_1 pins.

Collision

The LXT973 assertsits collision signal, asynchronoudly to any clock, when the line state is half-
duplex and the transmitter and receiver are active at the same time. Table 8 on page 23 summarizes
the conditions for assertion of carrier sense, collision, and dataloopback signals.

Loopback

The LXT973 provides two loopback functions, operational and test (see Table 8 on page 23).
L oopback paths are shown in Figure 4 on page 23.

Operational Loopback

Operational loopback is provided for 10 Mbps haf-duplex links when Register bit 16.8 = 0. Data
transmitted by the MAC (TXD) is looped back on the receive side of the M1 (RXD). Operational
loopback is not provided for 100 Mbps links, full-duplex links, or when Register bit 16.8 = 1.
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3.3.7.2 Test Loopback

A test loopback function is provided for diagnostic testing of the L XT973. During test loopback,
twisted-pair and fiber interfaces are disabled. Data transmitted by the MAC isinternally looped
back by the LXT973 and returned to the MAC.

Test loopback is available for both 100BASE-TX and 10BASE-T operation. Test loopback is
enabled by setting the register bits as follows:

* Register bit 0.14 = 1 (loopback mode)

* Register bit 0.8 = 1 (full-duplex)

* Register bit 0.12 = 0 (disable auto-negotiation).
Figure 4. Loopback Paths

LXT973
FX
N A Driver
g kS ~
A} N <
Ml 10T Digital 100X Analog
Loopback Block Loopback Block .
//, /’,
TX
Driver
Table 8. Carrier Sense, Loopback, and Collision Conditions
. ) Test! Operational .
Speed Duplex Condition Carrier Sense Loopback Loopback Collision
Full-Duplex Receive Only Yes No None
100 Mbps Full-Duplex Receive Only No No None
. . Transmit and
Half-Duplex Transmit or Receive No No Receive
Full-Duplex Receive Only Yes No None
Full-Duplex Receive Only No No None
10 Mbps | Half-Duplex, . . Transmit and
Register bit 16.8 = 0 Transmit or Receive Yes Yes Receive
Half-Duplex, . . Transmit and
Register bit 16.8 = 1 Transmit or Receive No No Receive
1. Test Loopback is enabled when Register bits 0.14 =1, 0.8 =1, and 0.12 = 0.

3.3.8 Configuration Management Interface

The LXT973 provides an MDIO Management Interface and a Hardware Control Interface for
device configuration and management.
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3.38.1 MIl Management Interface

The LXT973 supports the IEEE 802.3 M1 Management Interface also known as the Management
Data Input/Output (MDIO) Interface. Thisinterface alows upper-layer devices to monitor and
control the state of the LXT973. The MDIO interface consists of a physical connection, a specific
protocol which runs across the connection, and an internal set of addressable registers. The
physical interface consists of a dataline (MDIO) and clock line (MDC), and a control line
(MDDIS). The maximum speed of MDC is 20 MHz.

Operation of this interface is controlled by the MDDISn input pin. When MDDISh is High, the
MDIO is completely disabled. When MDDISn is Low, read and write are enabled. The timing for
the MDIO Interface is shown in Table 52 on page 82. See Figure 5 for read operations, and Figure
6 for write operations. The protocol alows one controller to communicate with multiple LXT973
devices. Each LXT973 port is assigned an address between 0 and 31, as described in Table 5 on
page 17 (ADDR<4:1>).

The LXT973 supports the core 16-bit MDIO registers. Registers 0-10 and 15 are required and their
functions are specified by the IEEE 802.3 specification. Additional registers are included for
expanded functionality. Specific bitsin the registers are referenced using an “ X.Y” notation, where
X isthe register number (0-31) and Y is the bit number (0-15)

Figure 5. Management Interface Read Frame Structure
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Figure 6. Management Interface Write Frame Structure
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3.3.8.2 MIl Addressing

The MDIO management protocol allows one controller to communicate with multiple LXT973
chips. Pins ADDR_<4:1> determine the base address. Each port adds its port number to the base
addressto obtain its port address as shown in Figure 7 on page 25.
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Figure 7. Port Address Scheme

BASE ADDR<4.1>
Example ADDR<4.1> = 0001
Port0 =2
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LXT973
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Port 0 ex. 2 <
PHY ADDR<4.1> (BASE+1) |
Port 1 ex. 3 <
3.3.8.3 Hardware Control Interface

The LXT973 provides a Hardware Control Interface for applications where the MDIO is not
desired. Refer to Figure 17, “LXT973 Initialization Sequence” on page 45 for additional details.

3.4 Operating Requirements

3.4.1 Power Requirements

The LXT973 requires five power supply inputs: VCCD, VCCR, VCCT, VCCPECL, and VCCIO.
The digital and analog circuits require 2.5V supplies (VCCD, VCCR, and VCCT). These inputs
may be supplied from a single source although decoupling is required to each respective ground.
The fiber VCCPECL supply can be connected to either 2.5V or 3.3V.

A separate power supply may be used for M1l and MDIO (VCCIO) interfaces. The power supply
may be either +2.5V or +3.3V. VCCIO should be supplied from the same power source used to
supply the controller on the other side of the interface. As a matter of good practice, these supplies
should be as clean as possible.

3.4.2 Clock Requirements

3421 Reference Clock / External Oscillator

The LXT973 requires a constant enabled reference clock (REFCLK). REFCLK’s frequency must
be 25 MHz. Considering overall system performance first, the clock is best derived by providing a
crystal-based oscillator. PLL-based oscillators with known stability may also be used. In general,
an oscillator-based clock source is recommended over a derived clock due to frequency stability
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3.4.2.2

Note:

3.5

3.5.1

3.5.2
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and overall signal integrity. Regardless of clock source, careful consideration should be given to
physical placement, board layout, and signal routing of the source to maintain the highest possible
level of signal integrity. Refer to Table 35 on page 69 for clock timing requirements.

MDIO Clock

The MII management channel (MDIQO) also requires an external clock. The managed data clock
(MDC) speed isamaximum of 20 MHz*. Refer to Table 52 on page 82 for details.

* 20 MHz value to be verified prior to final production release of product.

Initialization

When the LXT973 isfirst powered on, reset, or encounters alink failure state, it checks the MDIO
register configuration bits to determine the line speed and operating conditions to use for the
network link. The configuration bits may be set by the Hardware Control or MDIO interface as
shown in Table 9 on page 28.

MDIO Control Mode

Inthe MDIO Control mode, the L XT973 reads the Hardware Control Interface pinsto set theinitial
(default) values of the MDIO registers. Once the initial values are set, bit control revertsto the
MDIO interface.

Hardware Control Mode

In the Hardware Control Mode, the LXT973 disables direct write operations to the MDI O registers
viathe MDIO Interface. On power-up or hardware reset the L XT973 reads the Hardware Control
Interface pins and sets the MDIO registers accordingly.

The following modes are available using either Hardware Control or MDIO Control:
* Forced network link to 100BASE-FX (Fiber)

* Forced network link operation to:
100BASE-TX, full-duplex
100BASE-TX, half-duplex
10BASE-T, full-duplex
10BA SE-T, half-duplex

¢ Allow auto-negotiation/parallel-detection

When the network link is forced to a specific configuration, the LXT973 immediately begins
operating the network interface as commanded. When auto-negotiation is enabled, the LXT973
begins the auto-negotiation/paral el -detection operation.
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353 Power-Down Mode

The LXT973 incorporates numerous features to maintain the lowest power possible. The device
can be put into alow-power state via Register 0 as well as a near-zero power state with the power-
down pin. When in power-down mode, the deviceis not capable of receiving or transmitting
packets.

The lowest power operation is achieved using the globa power-down pin. This active High pin
powers down every circuit in the device, including all clocks. All registers are unaltered and

mai ntained when the global PWRDWN pin isreleased and the registers are rel oaded with the value
of the last hardware reset.

Individual ports (software power-down) can be powered down using Control Register bit 0.11.
This bit powers down a significant portion of the port, but clocks to the register section remain
active. This allows the management interface to remain active during register power-down. The
power-down bit is active High.

3.5.3.1 Hardware Power-Down

The hardware power-down per port mode is controlled by the P?WRDWN 0/1 pins. When
PWRDWN 0/1 is High, the following conditions are true:

* Al LXT973 ports and the clock are shut down.
¢ All outputs are tri-stated.
* The MDIO registers are not accessible.

¢ Configuration pins are not read upon release of the PWRDWN 0/1 pins, and registers are
reloaded with the value of the last hardware reset.

3.5.3.2 Software Power-Down

Software port power-down control is provided by Register 11 in the respective port Control
Registers (refer to Table 19 on page 58). During individual port power-down, the following
conditions are true:

¢ Theindividual port is shut down.
* TheMDIO registersremain accessible.
* Theregister remains unchanged.

354 Reset

The LXT973 provides both hardware and software resets. Configuration control of auto-
negotiation, speed, and duplex mode selection is handled differently for each. During a hardware
reset, settings for Register bits 0.13, 0.12, and 0.8 are read in from the pins (refer to Table 9 on
page 28 for pin settings and Table 19 on page 58 for register bit definitions).

During a software reset (Register bit 0.15 = 1), the bit settings are not re-read from the pins, and
revert back to the values that were read in during the last hardware reset. Any changesto pin values
from the last hardware reset are not detected during a software reset. Also, during a software reset
(Register bit 0.15 = 1), the registers are available for reading. The reset bit is polled to see when the
part has completed reset (Register bit 0.15 = 0).
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intgl.

During a hardware reset, register information is unavailable for 1 ms after de-assertion of the reset.
All the M1l interface pins are disabled during a hardware reset and released to the bus on de-

assertion of reset.

Hardware Configuration Settings

The LXT973 provides a hardware option to set the initial device configuration. The hardware
option uses four per-port configuration pins that provide control (see Table 9 on page 28).

Configuration Settings (Hardware Control Interface)

FIBER/TPx | AUTO-NEGX SPEEDx

DUPLEXx

Mode

Low - - Low

100BASE-FX is enabled in half-duplex mode.
Auto-negotiation is disabled.

Low - - High

100BASE-FX is enabled in full-duplex mode.
Auto-negotiation is disabled.

High High High High

AUTO_NEG is enabled. All capabilities are
advertised.
Register bits 4.8, 4.7, 4.6, and 4.5 are all set to 1.

High High High Low

AUTO_NEG is enabled. Only 100 Mbps
capabilities are advertised.

Register bits 4.8 and 4.7 are set 1. Register bits
4.6 and 4.5 are cleared to 0.

High High Low High

AUTO_NEG is enabled. Only 10 Mbps capability is
advertised.

Register bits 4.8 and 4.7 are cleared to 0. Register
bits 4.6 and 4.5 are set to 1.

High High Low Low

AUTO_NEG is enabled. Only half -duplex
capability is advertised.

Register bits 4.7 and 4.5 are set 1. Register bits
4.8 and 4.6 are cleared to 0.

High Low High High

AUTO_NEG is disabled. LXT973 port x is forced to
100 Mbps full-duplex operation.

High Low High Low

AUTO_NEG is disabled. LXT973 port x is forced to
100 Mbps half-duplex operation.

High Low Low High

AUTO_NEG is disabled. LXT973 port x is forced to
10 Mbps full-duplex operation.

High Low Low Low

AUTO_NEG is disabled. LXT973 port x is forced to
10 Mbps half-duplex operation.

1. These pins also set the default values for Registers 0 and 4 accordingly.

Link Establishment

Auto-Negotiation

The LXT973 attempts to auto-negotiate with itslink partner by sending Fast Link Pulse (FLP)
bursts. Each burst consists of 33 pulse positions spaced 62.5 s apart. Odd link pulses (clock
pulses) are always present. Even link pulses (data pulses) may also be present or absent to indicate
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a“1" or a“0". Each FLP burst exchanges 16 bits of data, referred to asa“page.” All devices that
support auto-negotiation must implement the “Base Page”, defined by |IEEE 802.3 (Registers 4 and
5). The LXT973 a so supports the optional “Next Page” function (Registers 7 and 8).

3.6.1.1 Base Page Exchange

By exchanging Base Pages, the LXT973 and itslink partner communicate their capabilitiesto each
other. Both sides must receive at least three identical base pages for negotiation to proceed. Each
side finds their highest common capabilities, exchange more pages, and agree on the operating
state of the line.

3.6.1.2 Next Page Exchange

Additional information, exceeding that required by Base Page exchange, can also be sent via*“ Next
Pages.” The LXT973 fully supports the IEEE 802.3 method of negotiation via Next Page
exchange. The Next Page exchange uses Register 7 to send information and Register 8 to receive
information, and occurs only if both ends of the link advertisetheir ability to exchange Next Pages.
The LXT973 is configured to make Next Page exchange easier for software. When a Base Page or
Next Page is received, the Page Received Register bit 6.1 remains set until read. When Register bit
6.2 (Next Page Able) isreceived, it stays set until read. This bit should be cleared whenever anew
negotiation occurs. This prevents the user from reading an old value in Register 6 and assuming
thereisvalid information in Registers 5 and 8. Additionally, Register 6 contains anew bit (Register
bit 6.5) that indicates when the current Received Page is the Base Page. Thisinformation is useful
for recognizing when next pages must be re-sent due to the start of a new negotiation process.
Register bit 16.1 and the Page Received hit (Register bit 6.1) are also cleared upon reading Register
6.

3.6.1.3 Controlling Auto-Negotiation

When auto-negotiation is controlled by software, the following steps are recommended:

1. After power-up, power-down, or reset, the power-down recovery time must be exhausted
before proceeding.

2. Set the auto-negotiation advertisement register bits.
3. Enable auto-negotiation (set MDIO Register bit 0.12 = 1).

3.6.1.4 Link Criteria

In 100 Mbps mode, link is established when the scrambler becomes locked and remains locked for
approximately 50 ms. Link remains up unless the de-scrambl er receives less than 12 consecutive
IDLE symbolsin any 2 ms period. This provides a very robust operation, filtering out any small
noise hits that may disrupt the link.

In 10 Mbps mode, link is established based on the link state machine found in the IEEE 802.3,
Clause 14.X specification. Receiving 100 Mbpsidle patterns does not bring up a 10 Mbpslink.

3.6.15 Parallel Detection

In parallel with auto-negotiation, the LXT973 also monitors for 10 Mbps Normal Link Pulses
(NLP) or 100 Mbps IDLE symbols. If either is detected, the device automatically revertsto the
corresponding operating mode. Parallel detection allowsthe LXT973 to communicate with devices
that do not support auto-negotiation. The established link is always set at half-duplex.
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Figure 8. Auto-Negotiation Operation
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Network Media/Protocol Support

The LXT973 supports both 10BASE-T and 100BA SE-T X Ethernet over twisted-pair, or 100 Mbps
Ethernet over fiber media (100BASE-FX).

10/100 Mbps Network Interface

The network interface port consists of five external pins (two differential signal pairs and a signal
detect pin). The differentia signal pins are shared between twisted-pair and fiber. Refer to Figure 3
on page 20 for specific pin assignments.

The LXT973 output drivers generate either 100BASE-TX, 10BASE-T, or 100BASE-FX output.
When not transmitting data, the L XT973 generates |EEE 802.3-compliant link pulsesor an IDLE
code. Input signals are decoded either asa 100BASE-TX, 100BASE-FX, or 10BASE-T input,
depending on the mode selected. Auto-negotiation/parallel detection or manual control is used to
determine the speed of thisinterface.

Twisted-Pair Interface

When operating at 100 Mbps, the L XT973 continuously transmits and receives MLT3 symbols.
When not transmitting data, the L XT973 generates IDLE symbols.

During 10 Mbps operation, Manchester-encoded datais exchanged. When no datais being
exchanged, the lineisleft in anidle state. Link pulses are transmitted periodically to keep the link
up.
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The LXT973 supports either 100BASE-TX or 10BASE-T connections over 100Q, Category 5,
Unshielded Twisted-Pair (UTP) cable. Only atransformer, RJ-45 connector, and bypass capacitors
arerequired to complete this interface. On the transmit side, Intel’s patented waveshaping
technology shapes the outgoing signal to help reduce the need for external EMI filters. Four slew
rate settings (refer to Table 5 on page 17) allow the designer to match the output waveform to the
magnetic characteristics.

3.7.3 Fiber Interface

The LXT973 fiber port is designed to interface with common industry-standard fiber modules. It
incorporates a PECL interface that complies with the ANSI X3.166 standard for seamless
integration.

Fiber mode is selected by putting alow level on the Fiber_TPn pin. Thisisonly sensed upon
completion of reset.

3.74 Fault Detection and Reporting

The LXT973 supports two fault detection and reporting mechanisms. “ Remote Fault” refersto a
MAC-to-MAC communication function that is essentially transparent to PHY layer devices, and is
used only during auto-negotiation. Therefore, Remote Fault is applicable only to twisted-pair links.
"Far End Fault” is an optional PMA-layer function that may be embedded within PHY devices.
The LXT973 supports both functions, which are explained in more detail in sectionsthat follow.

3.75 Remote Fault

Register bit 4.13 in the Auto-Negotiation Advertisement Register is reserved for Remote Fault
indications. This hit istypically used when restarting the auto-negotiation sequence, indicating to
thelink partner that link is down because the advertising device detected a fault.

When the LXT973 receives a Remote Fault indication from its partner during auto-negotiation it:

* Sets Register bit 5.13 in the Link Partner Base Page Ability Register, and

¢ Setsthe Remote Fault Register bit 1.4 inthe MII Status Register to pass thisinformation to the
local controller.

3.7.6 Far End Fault

In fiber mode, the SDn pin monitors signal quality. If signal quality degrades beyond the fault
threshold, the fiber transceiver reports a signal quality fault condition via the SDn pin. Loss of
signal quality blocks any fiber data from being received and causes aloss of link.
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3.8

3.8.1

If the LXT973 detects asignal fault condition, it transmits the Far End Fault Indication (FEFI) over
thefiber link. The FEFI consists of 84 consecutive“1s’ followed by asingle“0.” This pattern must
be repeated at least three times. The LXT973 transmits the Far-End Fault code a minimum of three
timesif all the following conditions are true:

* Fiber mode is selected.
* Far End Fault Code transmission is enabled (Register bit 16.2 = 1).
* Signal Detect indicates either no signal or the receive PLL cannot lock.

* L oopback is not enabled.

100 Mbps Operation

100BASE-X Network Operations

During 100BASE-X operation, the LXT973 transmits and receives 5-bit symbols across the
network link. Figure 9 shows the structure of a standard frame packet. When the MAC is not
actively transmitting data, the L XT973 sends out IDLE symbols on the line.

In 100BASE-TX mode, the device scrambles the data and transmits it to the network using MLT-3
line code. The MLT-3 signals received from the network are de-scrambled and decoded, and sent
across the M1l to the MAC.

In 100BA SE-FX mode, the LXT973 transmits and receives NRZI signals across the PECL
interface. An external 100BASE-FX transceiver module is required to compl ete the fiber
connection.

Asshown in Figure 9, the MAC starts each transmission with a preamble pattern. As soon asthe
LXT973 detects the start of preamble, it transmitsa JK Start-of-Stream Delimiter (SSD) symbol to
the network. It then encodes and transmits the rest of the packet, including the balance of the
preamble, the Start-of-Frame Delimiter (SFD), packet data, and CRC. Once the packet ends, the
LXT973 transmits the T/R End-of-Stream Delimiter (ESD) symbol and returns to transmitting
IDLE symbols.

Figure 9. 100BASE-X Frame Format
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64-Bit Preamble Destination and Source Packet Length Data Field Frame Check Field InterFrame Gap / Idle Code
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3.8.2 100BASE-X Protocol Sublayer Operations

In the 7-layer OSI communications model, the LXT973 isaPhysical Layer 1 (PHY) device. The
LXT973 implements the Physical Coding Sublayer (PCS), Physica Medium Attachment (PMA),
and Physical Medium Dependent (PM D) sublayers of the reference model defined by the IEEE
802.3u specification. The following paragraphs discuss the LXT973 operation from the reference
model point of view.

3.8.3 PCS Sublayer

The Physical Coding Sublayer (PCS) provides the M1l interface, as well as the 4B/5B encoding/
decoding function. For 100BASE-TX and 100BA SE-FX operation, the PCS layer provides IDLE
symbolsto the PMD-layer line driver aslong as TXEN is de-asserted. For 10BASE-T operation,
the PCS layer merely provides a bus interface and serialization/de-serialization function.
10BASE-T operation does not use the 4B/5B encode.

3.8.3.1 Preamble Handling

When the MAC asserts TXEN, the PCS substitutes a/JK/ symbol pair, aso known as the Start-of-
Stream Delimiter (SSD), for the first two nibblesreceived acrossthe MIl. The PCS layer continues
to encode the remaining M1 data until TXEN is de-asserted. It then returnsto supplying IDLE
symbolsto the line driver.

The PCS layer performs the opposite function in the receive direction by substituting two preamble
nibblesfor the SSD.

3.8.3.2 Dribble Bits

The LXT973 handles dribble bitsin all modes. If one through four dribble bits are received, the
nibble is passed across the MlI, and padded with onesif necessary. If five through seven dribble
bits are received, the second nibble is not sent to the M1l bus.

Figure 10. Protocol Sublayers

MIl Interface
. LXT973
PCS
Sublayer Encoder/Decoder
Serializer/De-serializer
A 4
PMA
Link/Carrier Detect
Sublayer
______________ e
v : v PECL Interface
PMD . Scrambler/
Sublayer . De-scrambler Fiber Transceiver
I 100BASE-TX I 100BASE-FX
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Table 10. 4B/5B Coding

Code Type 4:?;(1)%(3 Name ingoldg Interpretation
0000 0 11110 |DataO
0001 1 01001 |Datal
0010 2 10100 |Data?2
0011 3 10101 |Data3
0100 4 01010 |Data4d
0101 5 01011 |Data5
0110 6 01110 |Data6
DATA 0111 7 01111 Data 7
1000 8 10010 |Data8
1001 9 10011 |Data9
1010 A 10110 |DataA
1011 B 10111 |DataB
1100 C 11010 |DataC
1101 D 11011 |DataD
1110 E 11100 |DataE
1111 F 11101 |DataF
IDLE undefined It 11111 |IDLE. Used as inter stream fill code.
0101 J? 11000 | Start-of-Stream Delimiter (SSD), part 1 of 2.
CONTROL 0101 K? 10001 | Start-of-Stream Delimiter (SSD), part 2 of 2.
undefined T3 01101 | End-of-Stream Delimiter (ESD), part 1 of 2.
undefined R3S 00111 | End-of-Stream Delimiter (ESD), part 2 of 2.
undefined H* 00100 | Transmit Error. Used to force signaling errors.
undefined Invalid 00000 |Invalid
undefined Invalid 00001 |Invalid
undefined Invalid 00010 |Invalid
INVALID undefined Invalid 00011 |Invalid
undefined Invalid 00101 |Invalid
undefined Invalid 00110 |Invalid
undefined Invalid 01000 |lInvalid
undefined Invalid 01100 |Invalid
undefined Invalid 10000 | Invalid
undefined Invalid 11001 | Invalid
1. The /I/ (IDLE) code group is sent continuously between frames.
2. The /J/ and /K/ (SSD) code groups are always sent in pairs; /K/ follows /J/.
3. The /T/ and /R/ (ESD) code groups are always sent in pairs; /R/ follows /T/.
4. An /H/ (Error) code group is used to signal an error condition.
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3.8.4.1 Link Failure Override

The LXT973 normally transmits 100 M bps data packets or IDLE symbols only if it detects that
link is up, and transmits FL P bursts in auto-negotiation mode or IDLE symbolsin forced mode.
Setting Register bit 16.14 = 1 overrides this function, allowing the LXT973 to transmit data
packets even when link is down. This feature is provided as a diagnostic tool.

Note: Auto-negotiation must be disabled to transmit data packets in the absence of link. If auto-
negotiation is enabled, the LXT973 automatically begins transmitting FLP burstsif the link goes
down.

3.8.4.2 Carrier Sense

For 100BASE-TX and 100BASE-FX links, a Start-of-Stream Delimiter (SSD) or /¥K/ symbol pair
causes assertion of carrier sense (CRS). An End-of-Stream Delimiter (ESD), or /T/R/ symbol pair
causes de-assertion of CRS. The PMA layer also de-asserts CRS if IDLE symbols are received
without /T/R/. In this event, the RXER bit in the RX Status Frame is asserted for one clock cycle
when CRS is de-asserted.

3.8.4.3 Twisted-Pair PMD Sublayer

The twisted-pair Physical Medium Dependent (PMD) layer provides the signal scrambling and
descrambling, line coding and decoding (MLT-3), aswell as receiving, polarity correction, and
baseline wander correction functions.

3.8.4.4 Scrambler/Descrambler

The purpose of the scrambler isto spread the signal power spectrum and further reduce EMI using
an 11-bit, non-data-dependent polynomial. The receiver automatically decodes the polynomial
whenever IDLE symbols are received.

The scrambler/de scrambler can be bypassed by setting Register bit 16.12 = 1. The scrambler is
automatically bypassed when the fiber port is enabled. Scrambler bypass is provided for diagnostic
and test support.

3.8.45 Baseline Wander Correction

The LXT973 provides a basdline wander correction function which makes the device robust under
al network operating conditions. The MLT3 coding scheme used in 100BASE-TX is, by
definition, “unbalanced.” This meansthat the DC average value of the signal voltage can “wander”
significantly over short time intervals (tenths of seconds). Thiswander may cause receiver errors,
particularly in less robust designs, at long-line lengths (100 meters). The exact characteristics of
the wander are completely data dependent.

The LXT973 baseline wander correction characteristics allow the device to recover error-free data
while receiving worst-case “killer” packets over all cable lengths.
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Fiber PMD Sublayer

The LXT973 provides a PECL interface for connection to an external fiber-optic transceiver. (The
external transceiver provides the PMD function for fiber media.) The device uses an NRZ| format
for the fiber interface. The fiber interface operates at 100 Mbps only and does not support 10 Mbps
applications.

Far End Fault Indications

The LXT973 Signal Detect pinsindependently detect signal faults from the local fiber transceivers
viathe SD pins. The device also uses Register bit 1.4 to report Remote Fault indications received
fromitslink partner. The device ORs both fault conditions to set Register bit 1.4. This bit is set
once and cleared when read.

Either fault condition causes the LXT973 to drop the link unless Forced Link Passis selected
(Register bit 16.14 = 1). A link-down condition is then reported via status bits.

In response to locally detected signal faults (SD activated by the local fiber transceiver), the
affected port can transmit the Far End Fault codeif afault code transmission is enabled by Register
bit 16.2.

* When Register bit 16.2 = 1, transmission of the Far End Fault code is enabled. The LXT973
transmits Far End Fault code if fault conditions are detected by the Signal Detect pins.

* When Register bit 16.2 = 0, the LXT973 does not transmit Far End Fault code. It continuesto
transmit IDLE code and may or may not drop link, depending on the setting for Register bit
16.14.

The occurrence of aFar End Fault causes all transmission of data from the Reconciliation Sublayer
to stop and the Far End fault code to begin. The Far End Fault code consists of 84 “1s” followed by
asingle“0”, and isrepeated until the Far End Fault condition is removed.

10 Mbps Operation

The LXT973 operates as a standard 10BASE-T transceiver and supports all the standard 10 Mbps
functions. During 10BASE-T operation, the LXT973 transmits and receives Manchester-encoded
data across the network link. When the MAC is not actively transmitting data, the device sends out
link pulses on the line.

In 10BASE-T mode, the polynomial scrambler/de-scrambler isinactive. Manchester-encoded
signalsreceived from the network are decoded by the LXT973 and sent across the M1l to the MAC.

Polarity Correction

The LXT973 automatically detects and corrects for an inverted receive signal. Reversed polarity is
detected if eight inverted link pulses or four inverted End-of-Frame (EOF) markers are received
consecutively. If link pulses or data are not received by the maximum receive time-out period, the
polarity state is reset to a non-inverted state.
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Note: The LXT973 does not support fiber connections at 10 Mbps.

3.9.2 Dribble Bits

The LXT973 device handles dribble bitsin all modes. If one through four dribble bits are received,
the nibble is passed acrossthe MII. If five through seven dribble bits are received, the second
nibble is not sent to the MII bus.

3.9.3 Link Test

The LXT973 aways transmits link pulsesin 10BASE-T mode. When enabled, the link test
function monitorsthe connection for link pulses. Oncelink pulses are detected, datatransmissionis
enabled and remains enabled aslong as either the link pulses or data transmission continues. If link
pulses stop, the data transmission is disabled.

If thelink test function is disabled, the LXT973 transmits to the connection regardless of detected
link pulses. The link test function is disabled by setting Register bit 16.14 = 1.

3.94 Link Failure

Link failure occursif Link Test is enabled and link pulses or packets stop being received. If this
condition occurs, the LXT973 returns to the auto-negotiation phase if auto-negotiation is enabled.

3.95 Jabber

If atransmission exceeds the jabber timer, the LXT973 disables the transmit and |oopback
functions. The LXT973 automatically exits jabber mode after the unjab time has expired. This
function is disabled by setting Register bit 16.10 = 1.

3.10 Monitoring Operations

3.10.1 Monitoring Auto-Negotiation

Auto-negotiation may be monitored as follows:
¢ Link Status Register bit 1.2 = 1 once the link is established.

¢ Additional bitsin Register 1 can be used to determine the link operating conditions and status
(refer to Table 20 on page 59).

3.10.2 Per-Port LED Driver Functions

The LXT973 incorporates three direct drive LEDs per port (LEDn_1, LEDn_2, and LEDn_3). On
power-up, al the LEDs light up for approximately one second after reset de-asserts. Each LED
may be configured to one of several different display modes using the LED Configuration Pins, as
shown in Table 11 on page 38.
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The LED driver pinsare open drain circuits (10 mA maximum current rating). If an LEDX_n pinis
unused, terminate with a 10K Q pull-up resistor. Figure 12 shows atypical LED implementation.

When an event (such as receiving a packet) occurs, it is edge detected and starts the stretch timer.
The LED driver remains asserted until the stretch timer expires. If another event occurs before the
stretch timer expires, the stretch timer isreset and the stretch time extended (see Figure 11).

When along event (such as duplex status) occurs, it is edge detected and starts the stretch timer.

When the stretch timer expires, the edge detector is reset so that along event causes another pulse
to be generated from the edge detector. The edge detector resets the stretch timer, causing the LED
driver to remain asserted. Figure 11 shows how the stretch operation functions.

Figure 11. LED Pulse Stretching

Event —‘
LED
v
stretch stretch stretch
Table 11 provides LED configurations for the LXT973.
Table 11. LED Configurations
LED_CFG LED_CFG LEDn_1 LEDn_2 LEDn_3

0 0 Speed Link Duplex

1 0 Speed Link/Activity Duplex/Collision

0 1 Link Receive Transmit

1 1 Speed Link/MII Isolate Duplex/Collision
Figure 12. Typical LED Implementation

VLED
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4.0 Application Information

4.1 Desigh Recommendations

The LXT973 is designed to comply with |EEE 802.3 requirements to provide outstanding receive
Bit Error Rate (BER), and long-line-length performance. To achieve maximum performance from
the LXT973, attention to detail and good design practices are required. Refer to the LXT973 Design
and Layout Guide for detailed design and layout infor mation.

4.1.1 General Design Guidelines

Adherence to generally accepted design practicesis essential to minimize noise levels on power
and ground planes. Up to amaximum noise level of 50 mV is considered acceptable. High-
frequency switching noise can be reduced, and its effects eliminated, by following these simple
guidelines throughout the design:

* Fill in unused areas of the signal planes with solid copper and attach them with viastoaVCC
or ground plane that is not located adjacent to the signal layer.

¢ Use ample bulk and de-coupling capacitors throughout the design (avalue of 0.01 uFis
recommended for de-coupling caps).

* Provide ample power and ground planes.

* Provide termination on all high-speed switching signals and clock lines.
* Provide impedance matching on long tracesto prevent reflections.

* Route high-speed signals next to a continuous, unbroken ground plane.
* Filter and shield DC-to-DC converters, oscillators, etc.

* Do not route any digital signals between the LXT973 and the RJ-45 connectors at the edge of
the board.

* Do not extend any circuit power and ground planes past the center of the magnetics or to the
edge of the board. Use thisareafor chassis ground, or leaveit void.

4.1.2 Power Supply Filtering

Power supply ripple and digital switching noise on the VCC plane may cause EMI problems and
degrade line performance. To minimize ground noise as much as possible, use good general
techniques and filter the VCC plane. It is difficult to predict in advance the performance of any
design, although certain factors greatly increase the risk of having problems:

* Poorly-regulated or over-burdened power supplies.
¢ Wide data busses (32-bits+) running at a high clock rate.
¢ DC-to-DC converters.

Intel recommends filtering the power supply to the analog VCC pins of the LXT973. This hastwo
benefits. First, it keeps digital switching noise out of the analog circuitry inside the LXT973,
helping with line performance. Second, if the VCC planes are laid out correctly, digital switching
noise is kept away from external connectors, reducing EMI problems.

Preliminary Datasheet 39

Document #: 249426
Revision #: 001
Rev. Date: 05/18/01



| |
LXT973 — 10/100 Mbps 2-Port Fast Ethernet PHY Transceiver |nte| o

4.1.3

4.13.1

4.1.4

4.1.5

40

The recommended implementation is to break the VCC plane into two sections. The digital section
supplies power to the VCCD and VCCIO pins of the LXT973. The analog section supplies power
tothe VCCR, VCCT, VCCPECL pins. The break between the two planes should run underneath
thedevice. In designswith morethan one LXT973 device, asingle continuous anaog VCC plane
can be used to supply them all.

The digital and analog VVCC planes should be joined at one or more points by ferrite beads. The
beads should produce at least a 100Q impedance at 100 MHz. Beads should be placed so that
current flow is evenly distributed. The maximum current rating of the beads should be at least
150% of the current that is actually expected to flow through them. A bulk cap (2.2 -10 uF) should
be placed on each side of each bead. In addition, a high-frequency bypass cap (0.01 uF) should be
placed near each analog VCC pin.

Power and Ground Plane Layout Considerations

Great care needs to be taken when laying out the power and ground planes.

* Follow the guidelinesin the LXT973 Design and Layout Guide for locating the split between
the digital and analog VCC planes.

¢ Keepthedigita VCC plane away from the DPAP/N_n and DPBP/N_n signals, the magnetics,
and the RJ-45 connectors.

* Placethelayers so that the DPAP/N_n and DPBP/N_n signals can be routed near or next to the
ground plane.

Chassis Ground

For ESD reasons, it is agood design practice to create a separate chassis ground that encircles the
board and isisolated via moats and keep-out areas from all circuit-ground planes and active
signals. Chassis ground should extend from the RJ-45 connectors to the magnetics, and can be used
to terminate unused signal pairs (Bob Smith termination). In single-point grounding applications,
provide a single connection between chassis and circuit grounds with a2 kV isolation capacitor. In
multi-point grounding schemes (chassis and circuit grounds joined at multiple points), provide

2 kV isolation to the Bob Smith termination.

MIl Terminations

Series termination resistors are required on all the output signals driven by the LXT973. Keep all
traces orthogonal and as short as possible. Whenever possible, route the clock traces evenly
between the longest and shortest data routes. This minimizes round-trip, clock-to-data delays and
allows alarger margin to the setup and hold requirements. Please refer to the LXT973 Design and
Layout Guide for series resistor values.

The Fiber Interface

The fiber interface consists of a PECL transmit and receive pair to an external fiber-optic
transceiver. The transmit and receive pair should be DC-coupled to the transceiver, and biased
appropriately. Refer to the fiber transceiver manufacturer’s recommendations for termination
circuitry. Figure 15 on page 44 shows a typical example.
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4.1.6 Twisted-Pair Interface

Use the following standard guidelines for atwisted-pair interface:
* Place the magnetics as close as possible to the LXT973.
¢ Keep transmit pair traces as short as possible; both traces should have the same length.
* Avoid vias and layer changes as much as possible.
¢ Keep the transmit and receive pairs apart to avoid cross-talk.

* Route the transmit pair adjacent to a ground plane. The optimum arrangement is to place the
transmit traces two to three layers from the ground plane with no intervening signals.

* Improve EMI performance by filtering the TPO center tap. A single ferrite bead rated at
100 mA may be used to supply center tap current to all ports.

4.1.6.1 Magnetics Information

The LXT973 requiresa 1:1 ratio for the receive transformers and a 1:1 ratio for the transmit
transformers. The transformer isolation voltage should berated at 2 kV to protect the circuitry from
static voltages across the connectors and cables. Refer to Table 12 for transformer requirements.
Before committing to a specific component, designers should contact the manufacturer for current
product specifications, and validate the magnetics for the specific application.

Table 12. Magnetics Requirements

Parameter Min Nom Max Units Test Condition
RX turns ratio — 1:1 - - -
Tx turns ratio — 11 — - -
Insertion loss 0.0 0.6 1.1 dB -
Primary inductance 350 - — uH -
Transformer
isolation 2 - - kv -
Differential to 40 - - dB .1to 60 MHz
common mode
rejection 35 - - dB 60 to 100 MHz
-16 - - dB 30 MHz
Return Loss
-10 - - dB 80 MHz
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Typical Application Circuits

Figure 13 through Figure 16 on page 44 show typical application circuits for the LXT973.

Figure 13. Power and Ground Su

pply Connections
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Figure 14. Typical Twisted-Pair Interface
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1. The 100Q transmit load termination resistor typically required is integrated in the LXT973.
2. The 100Q receive load termination resistor typically required is integrated in the LXT973.
3. Recommended 0.1 pF capacitor to improve EMI performance.
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Typical Fiber Interface
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1. This pin selects between 2.5V and 3.3V fiber transceivers. The figure shows the
connection for a 3.3V fiber transceiver.

Typical Mll Interface
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Initialization

At power-up or reset, the LXT973 performs the initialization as shown in Figure 17 on page 45.
When the MDDISn pin is High, the LXT973 enters Manual Control Mode for that port. When
MDDISnisLow, MDIO Control Mode is enabled for that port. Mode control selection is provided
viathe MDDI Sn pin as shown in Table 13 on page 45.
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Figure 17. LXT973 Initialization Sequence

Table 13.

MDIO Control Mode

10/100 Mbps 2-Port Fast Ethernet PHY Transceiver — LXT973

In the MDIO Control mode, the LXT973 uses the Hardware Control Interface to set up initial
(default) values of the MDIO registers. Onceinitial values are set, bit control reverts to the MDIO

interface.

Manual Control Mode

In the Manual Control Mode, LXT973 disables direct write operations to the MDIO registers on
the MDIO interface. The Hardware Control Interface is monitored during Reset to set up the MDIO

registers.

MDIO Control Mode
MDDISn =0

Power-up or Reset

A,

Read H/W Control
Interface

A,

Initialize MDIO
Registers

Manual Control Mode
MDDISn =1

A,

Pass Control to Disable MDIO
MDIO Interface Writes
Mode Control Settings
MDDISn RESET PWRDWN Mode
Low High Low MDIO Control
High High Low Manual Control
- Low Low Reset - Latch default configuration
- High Low Power and reset mode
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When the LXT973 isfirst powered on, reset, or encounters alink-down state, it must determine the
line speed and operating conditions to use for the network link. The LXT973 first checks the

MDIO registers (initialized via the Hardware Control Interface or written by software) for
operating instructions. Using these mechanisms, the user can command the LXT973 to do one of

the following:

¢ Forced 100BASE-FX operation

¢ Forced twisted-pair link operation to:

— 100BASE-TX, full-duplex
— 100BASE-TX, half-duplex
— 10BASE-T, full-duplex
— 10BASE-T, half-duplex

¢ Allow auto-negotiation/parall el -detection.

In the first four cases (forced operation), the LXT973 immediately begins operating the network
interface as commanded. In the last case, the L XT973 begins the auto-negotiation/parallel -
detection process.

Several pins are used to configure the LXT973 device. Table 14 summarizes the available manual
configurations to the port. Usually these pins are decodes of chip pins. Thisis useful for manual

configuration.

Table 14. Configuration Settings (Hardware Control Interface)

FIBER_TPn | AUTO_NEGx | SPEEDXx DUPLEXx Mode
Low Low 100BASE-FX is enabled in half-duplex mode.
Auto-negotiation is disabled
Low High 100BASE-FX is enabled in full-duplex mode.
9 Auto-negotiation is disabled.
AUTO_NEG is enabled. All capabilities are
High High High High | advertised.
Register bits 4.8, 4.7, 4.6 and 4.5 are all set to 1.
AUTO_NEG is enabled. Only 100 Mbps
) ) . capabilities are advertised.
High High High Low ) . . .
Register bits 4.8 and 4.7are set to 1. Register bits
4.6 and 4.5 are cleared to 0.
AUTO_NEG is enabled. Only 10 Mbps capabilities
) ) ) are advertised.
High High Low High . . .
Register bits 4.8 and 4.7 are cleared to 0. Register
bits 4.6 and 4.5 are set to 1.
AUTO_NEG is enabled. Only half-duplex
. . capabilities are advertised.
High High Low Low ) ] ) )
Register bits 4.7 and 4.5 are set 1. Register bits
4.8 and 4.6 are cleared to 0.
. . . AUTO_NEG is disabled. LXT973 port x is forced
High Low High High to 100 Mbps full-duplex operation.
1. These pins also set the default values for Registers 0 and 4 accordingly.
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Table 14. Configuration Settings (Hardware Control Interface) (Continued)

6.0

FIBER_TPn | AUTO_NEGX SPEEDXx DUPLEXx Mode
1. These pins also set the default values for Registers 0 and 4 accordingly.

Auto Negotiation

The LXT973 PHY supports the | EEE 802.3u auto-negotiation scheme with Next Page capability.
Next Page exchange utilizes Register 7 to send information and Register 8 to receive them. Next
Page exchange can only occur if both ends of the link advertise their ability to exchange Next

Pages.

The LXT973 is configured to make Next Page exchange easier for software. When a Base Page or
Next Page isreceived, the Page Received Register bit 6.1 remains set until read. When Register bit
6.2 (Next Page Able) isreceived, it stays set until read. This bit should be cleared whenever a new
negotiation occurs. This prevents the user from reading an old value in Register 6 and assuming
thereisvalid information in Registers 5 and 8. Additionally, Register 6 contains anew bit (Register
bit 6.5) that indicates when the current Received Page is the Base Page. This information is useful
for recognizing when next pages must be re-sent due to the start of a new negotiation process.
Register bit 16.1 and the Page Received bit (Register bit 6.1) are al so cleared upon reading Register

6.

Table 15. Next Page Code Word Definitions

Next Page

Encoding D15 | D14 | D13 | D12 | D11 | D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
OUl tagged
Message 1 a 1 0 t 0 0 0 0 0 0 0 1 0 1
user page 1 1 a 0 0 t 310|311 (312313314 |315| 20 | 21 | 22 | 23 | 24
user page 2 1 a 0 0 t 25 | 26 | 27 | 28 | 29 (210|211 | 212 | 213|214 215
user page 3 1 a 0 0 t 0 0 L8 | L7 | L6 | L5 | L4 | L3 |L2|L1I|LO
user page 4 1 a 0 0 t L10| L9 (L8 | L7 |L6|L5 | L4 | L3 |L2|L1|LO
1. ais the acknowledge bit; t is the toggle bit; L is the LFSR.
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7.0

Auto MDI/MDIX

8.0

Twisted-pair Ethernet PHY s must be correctly configured for MDI or MDIX operation to inter
operate. This has historically been accomplished using special patch cables, magnetics pinouts, or
PCB wiring.

The LXT973 PHY supports the automatic MDI/MDIX configuration originally developed for
1000BASE-T and standardized in |EEE 802.3u, section 40. A manual configuration (for example,
non-automatic) is still possible using configuration register bits. The automatic MDI/MDIX
function is not intended for fiber applications.

The automatic MDI/MDIX state machine facilitates switching of the twisted-pair input signals
(DPBP/N_0 and DPAP/N_1) with the twisted-pair output signals (DPAP/N_0 and DPBP/N_1),
respectively, prior to the auto-negotiation mode of operation. Thisis done so that FLPs can be

transmitted and received in compliance with Clause 28, Auto-Negotiation specifications.

The correct polarization of the crossover circuit is determined by an algorithm that controls the
switching function. This algorithm uses an 11-bit Linear Feedback Shift Register (LFSR) to create
a pseudo-random seguence that each end of the link uses to determine its proposed configuration.

After selecting MDI or MDIX, the node waits for a specified amount of time, while evaluating its
receive channdl, to determine whether the other end of thelink is sending link pulses or PHY-
dependent data. If link pulses or PHY-dependent data are detected, it remainsin that configuration.
If link pulses or PHY-dependent data are not detected, it incrementsits LFSR and makes a decision
to switch based on the value of the next bit. The state machine does not move from one state to
another while link pulses are being transmitted.

100 Mbps Operation

48

The MAC passes data to the LXT973 over the MIl. The LXT973 encodes and scrambles the data,
then transmitsit using MLT-3 (for 100BASE-TX-over-copper), or NRZI signaling (for

100BA SE-FX-over-fiber). The LXT973 descrambles and decodes MLT-3 datareceived from the
network. When the MAC is not actively transmitting data, the LXT973 sendsout IDLE symbolson
theline.

Asshown in Figure 18 on page 49, the MAC starts each transmission with a preamble pattern.
When TXEN is asserted, the LXT973 transmits a/JK/ symbol to the network (Start of Stream
Delimiter or SSD). It then encodes and transmits the rest of the packet, including the balance of the
preamble, the SFD (Start of Frame Delimiter), packet data, and CRC. Once the packet ends, the
LXT973 transmits the

IT/IR/symbol (End-of-Stream Delimiter (ESD)) and then returns to transmitting IDLE symbols.

The encoder trand ates the 4-hit nibbles into 5-bit symbals, which are sent over the 100BASE-TX
connection. A fifth bit is provided on pins TXERO and TXER1 during symbol mode to alow a5-
bit symbol to be sent across the M1l interface. The 5B encoder is bypassed in symbol mode.

Figure 19 on page 49 shows the data conversion flow from nibbles to symbols. Table 16 on
page 49 shows 4B/5B symbol coding. Note that some symbols are invalid.
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Figure 19.

Table 16.
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Displaying Symbol Errors

ThePHY providesthe MAC with an indication of errorsthat occur during the receive process. This
output is called RXER. It is possible to map the symbol error detection output to the RXER pin
using Register bit 26.9. In normal mode (Register bit 26.9 = 0), the RXER output is active per the
|EEE 802.3 standard. When thisregister bit = 1, the RXER output goes active only when a symbol
error is detected. This provides a quick measure of bit error rate.

100BASE-TX Frame Format

64-Bit Preamble Destination and Source Packet Length Data Field Frame Check Field InterFrame Gap / Idle Code

(8 Octets) Address (6 Octets each) (2 Octets) (Pad to minimum packet size) (4 Octets) (> 12 Octets)

\ \ ) \ \ \ \ o]
PO | P1 | P6 | SFD | DA DK) SA|[SA| Ll | L2 | DO D{j Dn éRC 10 IFG
/
/ / /

Replaced by Start-of-Frame Replaced by
1JIKI code-groups Delimiter (SFD) ITIR/ code-groups
Start-of-Stream End-of-Stream Delimiter (ESD)
Delimiter (SSD)

100BASE-TX Data Path

Standard MIl Mode Data Flow

—
H Parallel +1
Se“:ial Scramble 0 0 0
4B/5B 4
o ol oo o e
D2 - 5B/4B e- L
Serial Scramble Transition = 1.
to R — «— No Transition = 0.
Parallel All transitions must follow
b, E— pattern: 0, +1, 0, -1, 0, +1...

4B/5B Coding

Code Type 45’ chge Name 53 génlbo()l Interpretation
0000 0 11110 Data 0
0001 1 01001 Data 1
0010 2 10100 Data 2
0011 3 10101 Data 3
0100 4 01010 Data 4
0101 5 01011 Data 5
0110 6 01110 Data 6

DATA 0111 7 01111 Data 7

1000 8 10010 Data 8
1001 9 10011 Data 9
1010 A 10110 Data A

1. The/l/ (Idle) code-group is sent continuously between frames.

2. The/J and /K/ (SSD) code-groups are always sent in pairs; /K/ follows /J.

3. The/T/and /R/ (ESD) code-groups are dways sent in pairs; /R/ follows /T/.

4. An/H/ (Error) code-group is used to signa an error condition.

atasheet 49

Document #: 249426

Revision #: 001
Rev. Date: 05/18/01



LXT973 — 10/100 Mbps 2-Port Fast Ethernet PHY Transceiver

Table 16. 4B/5B Coding (Continued)

8.1.1

50

INtal.

4B Code 5B Symbol .
Code Type 3210 Name 43210 Interpretation
1011 B 10111 Data B
1100 C 11010 Data C
1101 D 11011 Data D
1110 E 11100 Data E
1111 F 11101 Data F
IDLE undefined |1 11111 Idle. Used as inter-stream fill
code
0101 32 11000 Start-of-Stream Delimiter (SSD),
part 1 of 2
2 Start-of-Stream Delimiter (SSD),
CONTROL 0101 K 10001 part 2 of 2
) 3 End-of-Stream Delimiter (SSD),
undefined T 01101 part 1 of 2
undefined R3 00111 End-of-Stream Delimiter (SSD),
part 2 of 2
. 4 Transmit Error. Used to force
undefined H 00100 signaling errors
undefined Invalid 00000 Invalid
undefined Invalid 00001 Invalid
undefined Invalid 00010 Invalid
INVALID undefined Invalid 00011 Invalid
undefined Invalid 00101 Invalid
undefined Invalid 00110 Invalid
undefined Invalid 01000 Invalid
undefined Invalid 01100 Invalid
undefined Invalid 10000 Invalid
undefined Invalid 11001 Invalid

A WN P

. The/l/ (Idle) code-group is sent continuously between frames.

. The/J and /K/ (SSD) code-groups are always sent in pairs; /K/ follows /J/.
. The/T/ and /R/ (ESD) code-groups are always sent in pairs; /R/ follows /T/.
. An/H/ (Error) code-group is used to signal an error condition.

4B/5B Encoder Bypass

In symbol mode, raw 5-bit symbol datais passed directly across the MIl interface and the encoder
is bypassed. Symbol mode is selected by setting Register bit 16.11 = 1. The fifth bit is RXERn/

TXERnN.
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8.1.2 Scrambler Seeding

Once the transmit data (or IDLE symbols) are properly encoded, they are scrambled to further
reduce EMI and to spread the power spectrum using an 11-bit scrambler seed. Five-seed bits are
determined by global PHY address, and six-seed bits are selected by the port number. One of the 11
bitsmust bea“1".

8.1.3 Scrambler Bypass

The scrambler can be bypassed by setting Register bit 16.12 = 1. Scrambler Bypassis provided for
diagnostic and test support.

The descrambler cannot be bypassed. The 100BASE-TX receiver in the LXT973 will not converge
to unscrambled idle, so adescrambler bypassis useless.

8.1.4 100BASE-T Link Failure Criteria and Override

The LXT973 will normally transmit 100M bps data packets only if it detectsthe link is up, and
transmits only Idle symbols or FLP burstsif the link is not up. Setting bit 16.14 = 1 overrides this
function, allowing the LXT973 to transmit data packets even when thelink is down. Thisfeatureis
provided as a diagnostic tool. Note that auto-negotiation must be disabled to transmit data packets
in the absence of link. If auto-negotiation is enabled, the LXT973 will automatically begin
transmitting FLP bursts if the link goes down.

8.1.5 Baseline Wander Correction

The LXT973 provides a baseline wander correction function which makes the device robust under
al network operating conditions. The MLT3 coding scheme used in 100BASE-TX is by definition
“unbalanced”. This means that the DC average value of the signal voltage can “wander”
significantly over short time intervals (tenths of seconds). Thiswander can cause receiver errors,
particularly at long line lengths (200 meters). The exact characteristics of the wander are
completely data dependent. “Killer Packets’ have been created that exhibit worst case baseline
wander characteristics. The L XT973 baseline wander correction characteristics allow the LXT973
to recover error-free data, even at long line lengths.

8.1.6 Programmable Tx Slew Rate

The LXT973 device supports a dew rate mechanism where one of four pre-selected slew rates can
be used, set either through the input pins or through Register 27.

Figure 20. 100BASE-TX Reception with no Errors

e LU UUUULUUUUUUUUUL
RXDV / / / \

rxo<s0> (s Ysrofsroloa T ononJoa] ohe ] ke | chic | cho )

RXER
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Figure 21.

Figure 22.

Figure 23.

9.0

100BASE-TX Reception with Invalid Symbol

e [T UULUUUUUULDUUUUUL
RXDV / / / \_

RXD<3:0> A preamble {seofsFo ) pa f pa Jxox Jox foc Joox fooc foox Joox o Joox Jxx \

RXER / \

100BASE-TX Transmission with no Errors

nen N
TXD<3:0> fPYRYEYAYMYBY LYE DAY DA DAY DAYDAY DAY DAY DAY DA\
crs []] W
coL

100BASE-TX Transmission with Collision

TXEN ] \
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CRS /1] W

coL i N

Fiber Interface

52

Thefiber ports of the LXT973 are designed to connect to common industry standard fiber modul es.
The fiber portsincorporate PECL receivers and drivers, allowing for seamlessintegration. The
LXT973 provides a separate pin for the signal detect function. If designerswish to implement this
feature, they need to provide a separate signal for this function. If the signal quality startsto
degrade, this pin will essentially be used to detect a remote fault condition and will signal it
accordingly. Loss of signal quality will also block any fiber data from being received and cause a
loss of link.

The remote fault code consists of 84 consecutive ones followed by a single zero. This pattern must
be repeated at least three times. The LXT973 will transmit the remote fault code a minimum of
three timesif all the following conditions are true:
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1. Signal Detect indicates no signal

2. Far End Fault Enable bit (Register bit 16.2 Test Register) is set
3. Auto-negotiation is not enabled

4. Fiber modeis selected

The remote fault (Register bit 1.4) is set when the LXT973 is either actively transmitting aremote
fault or if the LXT973 has received aremote fault from its link partner. The transmitted remote
fault can come from the above conditions if auto-negotiation is not enabled. If auto-negotiation is
enabled, the transmitted remote fault condition is indicated by Register bit 4.13 in the Auto-
Negotiation Advertisement Register. Likewise, aremote fault can be set by the LXT973'slink
partner in two ways. If auto-negotiation is enabled, Register bit 5.13 is set in the Auto-Negotiation
Link Partner Ability Register. If auto-negotiation is disabled, the remote fault condition is set by
the remote fault code being received on the fiber inputs.

A register bit has been provided that either selects normal, unscrambled fiber data, or scramblesthe
transmitted fiber data (Register bit 26.10).

When in loopback mode, the remote fault condition is not transmitted.

10.0 10 Mbps Operation

The LXT973 will operate as a standard 10 Mbps transceiver. Data transmitted by the MAC as a4-
bit nibble is serialized, Manchester-encoded, and transmitted on the twisted-pair outputs
(DPAP/N_0O and DPBP/N_1). Received datais decoded, de-serialized into 4-bit nibbles and passed
on RXD[3:0] to the MAC across the MII. The LXT973 supports al the standard 10 Mbps
functions.

10.1 Link Test

In 10 Mbps mode, the LXT973 always transmitslink pulses. If the Link Test Function isenabled, it
monitors the connection for link pulses. Once it detects two to seven link pulses, data transmission
will be enabled and will remain enabled aslong asthe link pulses or datareception continues. If the
link pulses stop, the data transmission will be disabled.

If the Link Test function is disabled, the LXT973 may transmit packets regardless of detected link
pulses. The Link Test function can be disabled by setting Port Configuration Register bit 16.14.

10.2 10Base-T Link Failure Criteria and Override

Link failure occursif Link Test is enabled and link pulses stop being received. If this condition
occurs, the LXT973 returns to the auto-negotiation phase if auto-negotiation is enabled. If the Link
Integrity Test function is disabled by setting the Port Configuration Register bit 16.14, the LXT973
transmits packets, regardless of link status.
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10.3

10.4

10.5

10.6

10.7

10.8

54

SQE (Heartbeat)

By default, the SQE (heartbeat) function is disabled on the LXT973. To enable this function, set
Register bit 16.9 = 1. When this function is enabled, the LXT973 will assert its COL output for
5 - 15 bit times after each packet. See Figure 36 on page 80 for SQE timing parameters.

Jabber

If the MAC begins atransmission that exceeds the jabber timer, the LXT973 disables the transmit
and loopback functions and enables the COL pin. The LXT973 automatically exits jabber mode
after 250 - 750 ms. This function can be disabled by setting Register bit 16.10 = 1. See Figure 37
on page 80 for jabber timing parameters.

Polarity Correction

The LXT973 automatically detects and corrects for the condition where the receive signa
(DPBP/N_0Oand DPAP/N_1) isinverted. Reversed polarity is detected if 8 inverted link pulses, or 4
inverted end-of -frame markers, are received consecutively. If link pulses or data are not received
for 96-130 ms, the polarity stateis reset to anon-inverted state.

Dribble Bits

The LXT973 device handles dribbles bits. If one to four dribble bits are received, the nibble is
passed across the interface. The data passed across is padded with ones, if necessary. If five to
seven dribble bits are received, the second nibble is not sent to the MII bus. This ensures that
dribble bits one through seven will not cause a MAC to discard the frame due to a CRC error. (In
10 Mbps serial mode, al bits are ssimply passed across the interface unmodified.)

Transmit Polarity Control

The LXT973 alows control over 10BASE-T transmit signal polarity for simplified integration. In
combination with selectable MDI/MDIX mode and automatic polarity detection, this allows
maximum flexibility in pinout definition. (Either of the twisted pairs may be transmit or receive,
and either side of each twisted pair may be set to positive or negative.)

Phy Address

The LXT973 provides four bitsto set the PHY address. The least significant bit isfixed internally
with Port 1always being one address higher than Port O.
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11.0 Clock Generation

11.1 External Oscillator

Figure 24 through Figure 26 on page 56 illustrate the different frequencies of clock for 10BASE-T
and 100BASE-TX inthe LXT973.

Figure 24. MIl 10BASE-T DTE Mode Auto-Negotiation

< 2.5 Mhz Clock During Auto-Negotiation and 10BASE-T Data / Idle >

wew o ] 0 LI L1 L

(Sourced by LXT973)
< 2.5 Mhz Clock During Auto-Negotiation and 10BASE-T Data / Idle >

e 1 L LI L1 L

(Sourced by LXT973)

REFCLK

(25 Mhz Oscillator Clock)

Figure 25. 100BASE-T DTE Mode Auto-Negotiation

},, 2.5 Mhz Clock During Auto-NegotiationA,},i 25 Mhz During 100BASE-T Mode

TXCLK ‘ ‘ ‘ ‘ \—I u u u L

(Sourced by LXT973)
}4, 2.5 Mhz Clock During Auto-NegotiationA,}‘i 25 Mhz During 100BASE-T Mode

RXCLK ‘ ‘ ‘ ‘ \—I u u u L

(Sourced by LXT97)

REFCLK

(25 Mhz Oscillator Clock)
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Figure 26. Link Down Clock Transition

Link Down condition/Auto Negotiate Link Up

RXCLK ‘_I ‘_I ‘_

TXCLK

4—»’4—»‘4—»

Any Clock 2.5Mhz Clock

Clock transition time will not exceed
2.5x the destination clock period.
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Register Definitions

The LXT973 register set includes multiple 16-bit registers, with 16 registers per port. Refer to

Table 17 for a complete register listing.

Base Registers 0 through 8 are defined in accordance with the “ Reconciliation Sublayer and Media

Independent Interface” and “Physical Layer Link Signaling for 10/100 Mbps Auto-Negotiation”

sections of the |EEE 802.3 specification.

Additional registers are defined in accordance with the | EEE 802.3 specification for adding unique
chip functions.

Table 17. Common Register Set

Address Register Name Bit Definitions

0 Control Register Refer to Table 19 on page 58

1 Status Register Refer to Table 20 on page 59

2 PHY Identification Register 1 Refer to Table 21 on page 60

3 PHY Identification Register 2 Refer to Table 22 on page 60

4 Auto-Negotiation Advertisement Register Refer to Table 23 on page 61

5 glét;-sl:leergotiation Link Partner Base Page Ability Refer to Table 24 on page 62
Auto-Negotiation Expansion Register Refer to Table 25 on page 63

7 Auto-Negotiation Next Page Transmit Register Refer to Table 26 on page 63

8 g:;oél\éi%?;itaetrion Link Partner Received Next Refer to Table 27 on page 64

16 Port Configuration Register Refer to Table 28 on page 64

26 Reserved

27 Special Function Register Refer to Table 29 on page 65

28 Reserved

29 Reserved

30 Reserved

31 Reserved

Table 18. Register Bit Descriptions

Bit Type Description
R/W Read and Write capable.
RO Read Only.
WO Write Only.
AC Auto Clear on Read
LHR Latched from external pins on reset.
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Table 19. Control Register (Address 0)

Bit Name Description Typel? Default
1 =PHY reset R/W 0
0.15 RESET )
0 = Normal operation AC Note 2
1 = Enable loopback mode
0.14 Loopback . R/W 0
0 = Disable loopback mode
0.6 0.13
. 1 1 = Reserved
Speed Selection LHR
0.13 1 0 = 1000 Mbps (not allowed) R/W
(LSB) Note 3
0 1 =100 Mbps
0 0 =10 Mbps
0.12 Auto-Negotiation 1 = Enable Auto-Negotiation Process RIW LHR
' Enable 0 = Disable Auto-Negotiation Process Note 3
1 = Power-Down
0.11 Power-Down 0 = Normal operation R/W 0
_ . . 0
0.10 Isolate 1 = Electrically |so_Iate PHY from MII RIW
0 = normal operation Note 4
0.9 Restart 1 = Restart Auto-Negotiation Process RIW 0
' Auto-Negotiation 0 = Normal operation AC
1 = Full-duplex LHR
0.8 Duplex Mode R/W
0 = Half-duplex Note 3
. 1 = Enable COL signal test
0.7 Collision Test ) ; R/W 0
0 = Disable COL signal test
0.6 0.13
) 1 1 =Reserved
Speed Selection
0.6 (MSB) 1 0 =1000 Mbps (not allowed) R/W 00
0 1 =100 Mbps
0 0 =10 Mbps
0.5:0 Reserved Write as 0, ignore on Read R/W 000000

1. Refer to Table 18 on page 57 for Register Bit Descriptions.

2. During a hardware reset, all LHR information is latched in from the pins. During a software reset (Register
bit 0.15), the LHR information is not re-read from the pins. This information reverts back to the information
that was read in during the hardware reset. During a hardware reset, register information is unavailable for
1 ms after de-assertion of the reset. During a software reset (Register bit 0.15) the registers are available
for reading. The reset bit should be polled to see when the part has completed reset.

3. LHR = Latched on Hardware Reset. Register bits 0.12, 0.13 and 0.8 are initialized based on the pin
configuration value.

4. The Isolate function (Register bit 0.10) tri-states all port MAC interface outputs. On the input side, TXEN
and TXER will be ignored.
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Table 20. Status Register (Address 1)

Bit Name Description Typel? | Default
1 PHY able to perform 100BASE-T4
1.15 | 100BASE-T4 0= PHY not able to perform 100BASE-T4 RO 0
114 100BASE-X 1 PHY able to perform full-duplex 100BASE-X RO 1
' Full- Duplex 0 PHY not able to perform full-duplex 100BASE-X
113 100BASE-X 1 PHY able to perform half-duplex 100BASE-X RO 1
' Half- Duplex 0 PHY not able to perform half-duplex 100BASE-X
112 10 Mbps Full- 1 PHY able to operate at 10 Mbps in full-duplex mode RO 1
' Duplex 0 PHY not able to operate at 10 Mbps full-duplex mode
111 10 Mbps Half- 1 PHY able to operate at 10 Mbps in half-duplex mode RO 1
' Duplex 0 PHY not able to operate at 10 Mbps in half-duplex
110 100BASE-T2 1 PHY able to perform full-duplex 100BASE-T2 RO 0
' Full- Duplex 0 PHY not able to perform full-duplex 100BASE-T2
1.9 100BASE-T2 1 PHY able to perform half-duplex 100BASE-T2 RO 0
' Half- Duplex 0 PHY not able to perform half-duplex 100BASE-T2
1 Extended status information in Register 15
18 Extended Status 0 No extended status information in Register 15 RO 0
1.7 Reserved 0= Write as 0, ignore when read RO 0
1= PHY accepts management frames with preamble
suppressed
16 g/IF Preamble RO 0
uppression o= PHY will not accept management frames with
~  preamble suppressed
15 Auto-Negotiation | 1= Auto-Negotiation process completed RO 0
' complete 0= Auto-Negotiation process not completed
1= Remote fault condition detected RO/LH
1.4 Remote Fault 0= No remote fault condition detected Note 2 0
13 Auto-Negotiation | 1= PHY is able to perform Auto-Negotiation RO 1
’ Ability 0= PHY is not able to perform Auto-Negotiation
. 1= Linkisup RO/LL
12 Link Status 0= Linkis down Note 2 0
1= Jabber condition detected RO/LH
11 Jabber Detect 0 = Jabber condition not detected Note 2 0
10 Extended 1= Extended register capabilities RO 1
’ Capability 0 = Basic register set capabilities only
1. Refer to Table 18 on page 57 for Register Bit Descriptions.
2. Bits that Latch High (LH) or Latch Low (LL) automatically clear when read.
59
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®
Table 21. PHY Identification Register 1 (Address 2)
Bit Name Description Type! Default
2.15:0 PHY ID Number The PHY identifier composed of bits 3 through 18 of RO 0013
the OUI
1. Refer to Table 18 on page 57 for Register Bit Descriptions.
Table 22. PHY Identification Register 2 (Address 3)
Bit Name Description Typel Default
31510 | PHY ID number The PHY identifier composed of bits 19 through 24 of RO 011110
the OUI
. Manufacturer’s . L ,
3.94 model number 6 bits containing manufacturer’s part number RO 001110
XXXX
Manufacturer’s (See the
3.3.0 revision number 4 bits containing manufacturer’s revision number RO LXT973
Specification
Update)
1. Refer to Table 18 on page 57 for Register Bit Descriptions.
Figure 27. PHY Identifier Bit Mapping
a bec Organizationally Unique Identifier r s X
PHY ID Register #1 (address 2) = 0013 PHY ID Register #2 (Address 3)
5 I Y B O B DS D I R R IR DR DR B B
00 0|0|0 0 O|O|O|O|0|O|0|l|0|0|l|1 O|l|l|l|l|0 X|X|X|X|X|X|X|X X‘X

B

N —
- -
00 20

The Intel OUI is 00207B hex
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-
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Table 23. Auto-Negotiation Advertisement Register (Address 4)

Preliminary Datasheet
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Bit Name Description Type! Default
1 = PHY is capable of Next Page exchanges
4.15 Next Page ) R/W 0
0 = PHY is not capable of Next Page exchanges
4.14 Reserved Write as 0, ignore on read RO 0
1 = Remote fault.
4.13 Remote Fault 0 = No remote fault. R/W 0
4.12 Reserved Write as 0, ignore on read R/W 0
411 é:ﬁr:emetrlc Pause operation defined in Clause 40 and 27 R/W 0
4.10 Pause Pause operation defined per IEEE 802.3x standard R/W 0
1 = 100BASE-T4 capability is available.
0 = 100BASE-T4 capability is not available.
(The LXT973 does not support 100BASE-T4 but
4.9 100BASE-T4 allows this bit to be set to advertise in the auto- RIW 0
negotiation sequence for 100BASE-T4 operation. An
external 100BASE-T4 transceiver may be switched
in, if this capability is desired.)
48 100BASE-TX 1 = DTE is 100BASE-TX full-duplex capable. RIW 0
' Full-Duplex 0 = DTE is not 100BASE-TX full-duplex capable. Note 2
1 =DTE is 100BASE-TX capable. 0
47 100BASE-TX 0 =DTE is not 100BASE-TX capable. RIW Note 2
46 10BASE-T 1 =DTE is 10BASE-T full-duplex capable. RIW 0
' Full-Duplex 0 = DTE is not 10BASE-T full-duplex capable. Note 2
1=DTE is 10BASE-T capable. 0
4.5 10BASE-T ) R/W
0 = DTE is not 10BASE-T capable. Note 2
<00001> = |IEEE 802.3
<00010> = IEEE 802.9 ISLAN-16T
<00000> = Reserved for future auto-negotiation
development
Selector Field <11111> = Reserved for future auto-negotiation
4.4:0 . * | development RIW 00001
S<4.0> Unspecified or reserved combinations should not be
transmitted.
Note: The selector field can be programmed to any
value. In order for auto-negotiation to complete, the
link partner’s received selector field must match the
value programmed in this register.
1. Refer to Table 18 on page 57 for Register Bit Descriptions.
2. Register bits 4.10 and 4.8:5 are initialized based on the pin configuration value.
61




LXT973 — 10/100 Mbps 2-Port Fast Ethernet PHY Transceiver

62

INtal.

Table 24. Auto-Negotiation Link Partner Base Page Ability Register (Address 5)

Bit Name Description Type! Default
1 = Link Partner has ability to send multiple pages.
5.15 Next Page 0 = Link Partner has no ability to send multiple RO 0
pages.
1 = Link Partner has received Link Code Word
from LXT973.
5.14 Acknowledge . ) ) RO 0
0 = Link Partner has not received Link Code Word
from LXT973.
1 = Remote fault.
5.13 Remote Fault RO 0
0 = No remote fault.
5.12 Reserved Write as 0, ignore on read. RO 0
. ) Pause operation defined in IEEE 802.3, Clauses
5.12:11 | Asymmetric Pause 40 and 27 RO 0
5.10 Pause Pause operation defined as of IEEE 802.3x RO 0
1 = Link Partner is 100BASE-T4 capable.
5.9 100BASE-T4 . . RO 0
0 = Link Partner is not 100BASE-T4 capable.
1 = Link Partner is 100BASE-TX full-duplex
100BASE-TX capable.
5.8 ) . RO 0
Full-Duplex 0 = Link Partner is not 100BASE-TX full-duplex
capable.
1 = Link Partner is 100BASE-TX capable.
5.7 100BASE-TX . . RO 0
0 = Link Partner is not 100BASE-TX capable.
e 10BASE-T 1= L?nk Partner ?s 10BASE-T full-duplex capable. co .
. Full-Duplex 0 = Link Partner is not 10BASE-T full-duplex
capable.
1 = Link Partner is 10BASE-T capable.
55 10BASE-T . . RO 0
0 = Link Partner is not 10BASE-T capable.
<00001> = |IEEE 802.3
<00010> = IEEE 802.9 ISLAN-16T
| I <00000> = Reserved for future auto-negotiation
Selector Fie
5.4:0 development N RO 00000
S[4:0] <11111> = Reserved for future auto-negotiation
development
Unspecified or reserved combinations shall not be
transmitted.
1. Refer to Table 18 on page 57 for Register Bit Descriptions.
NOTE: Per IEEE revised standard November 1997, this register is no longer used to store Link Partner Next
Pages. Register 8 is now used for this purpose.
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Table 25. Auto-Negotiation Expansion Register (Address 6)

Neg Able

0 = Link partner is not auto-negotiation able.

Bit Name Description Type! Default

6.15:6 Reserved Write as 0, ignore on read RO 0
This bit indicates the status of the auto-negotiation
variable, Base Page. It also flags synchronization
with the auto-negotiation state diagram, allowing
detection of interrupted links. This bit is only used if | RO/LH

6.5 Base Page Register bit 16.1 (Alternate Next Page feature) is Note 2 0
set.
1 = base_page = true
0 = base_page = false

6.4 Parallel Detection 1 = Parallel Detection Fault has occurred. RO/LH 0

' Fault 0 = Parallel Detection Fault has not occurred. Note 2
6.3 Link Partner Next 1 = Link partner is Next Page able. RO 0
' Page Able 0 = Link partner is not Next Page able.

1 = Local device is Next Page able

6.2 Next Page Able . RO 1
0 = Local device is not Next Page able
Indicates that a new page has been received and
the received code word has been loaded into
Register 5 (Base Pages) or Register 8 (Next ROJ/LH

6.1 Page Received Pages) as specified in clause 28 of IEEE 802.3. 0
This bit is cleared on read. If Register bit 16.1 is set, | Note 2
the Page Received bit is also cleared when
mr_page_rx = false, or transmit_disable = true.

i - 1 = Link partner is auto-negotiation able.
6.0 Link Partner Auto p g RO 0

1. Refer to Table 18 on page 57 for Register Bit Descriptions.
2. Bits that Latch High (LH) or Latch Low (LL) automatically clear when read.
NOTE: This table contains modifications that are selectable in Intel PHYs. These modifications are used to

ease the implementation of software Next Page. See separate Intel tutorial/white-paper on the usage

of Next Pages.

Table 26. Auto-Negotiation Next Page Transmit Register (Address 7)
Bit Name Description Typel Default

Next Page 1 = Additional Next Pages follow

7.15 R/W 0
(NP) 0 = Last page

7.14 Reserved Write as 0, ignore on read RO 0
Message P 1=M P

713 ge Page essage Page RIW 1
(MP) 0 = Unformatted page
Acknowledge 2 1 = Complies with message

7.12 . R/W 0
(ACK2) 0 = Does not comply with message

| 1 = Previous value of the transmitted Link Code

Toggle Word was equal to logic zero

71 ) 0 = Previous value of the transmitted Link Code RIW 0

Word was equal to logic one
7.10:0 Message/Unformatted | See Appendix C of the IEEE 802.3 standards for RIW 00000000
T Code Field Next Page descriptions 001
1. Refer to Table 18 on page 57 for Register Bit Descriptions.
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Table 27. Auto-Negotiation Link Partner Next Page Ability Register (Address 8)

INtal.

Bit Name Description Typet Default
1 = Link Partner has additional Next Pages to
Next Page send
8.15 ) . RO 0
(NP) 0 = Link Partner has no additional Next Pages to
send
1 = Link Partner has received Link Code Word
Acknowledge from LXT973
8.14 . . . RO 0
(ACK) 0 = Link Partner has not received Link Code
Word from LXT973
1 = Page sent by the Link Partner is a Message
Message Page Page
8.13 . . RO 0
(MP) 0 = Page sent by the Link Partner is an
Unformatted Page
Acknowledge 2 1 = Link Partner complies with the message
8.12 0 = Link Partner cannot comply with the RO 0
(ACK2)
message
1 = Previous value of the transmitted Link Code
8.11 Toggle Word was equal to logic zero RO 0
' (M 0 = Previous value of the transmitted Link Code
Word equalled logic one
Message/ .
8.10:0 Unformatted Code See Appendix C _of Fhe |IEEE 802.3 standards for RO 0000000000
. Next Page descriptions 0
Field
1. Refer to Table 18 on page 57 for Register Bit Descriptions.
Table 28. Port Configuration Register (Address 16)
Bit Name Description Typel Default
16.15 Reserved Write as 0, ignore on read R/W 0
1 = Force Link pass (sets appropriate registers
16.14 Link Test Disable and LEDs to pass) RIW 0
0 = Normal operation
L 1 = Disable twisted-pair transmitter
16.13 Transmit Disable . R/W 0
0 = Normal operation
Bypass Scramble 1 = Bypass Scrambler and De-scrambler
16.12 ) R/W 0
(100BASE-TX) 0 = Normal operation
Bypass 4B/5B 1 = Bypass 4B/5B encoder and decoder
16.11 . R/W 0
(100BASE-TX) 0 = Normal Operation
Jabber 1 = Disable Jabber
16.10 . R/W 0
(10BASE-T) 0 = Normal operation
SQE 1 = Enable Heart Beat
16.9 . R/W 0
(10BASE-T) 0 = Disable Heart Beat
1. Refer to Table 18 on page 57 for Register Bit Descriptions.
2. Register bit 16.0 is latched in from hardware pins on hardware reset.
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Table 28. Port Configuration Register (Address 16) (Continued)

Bit Name Description Typet Default
1 = Disable twisted-pair loopback during half-
TP Loopback duplex operation
16.8 ) . R/W 0
(10BASE-T) 0 = Normal Operation - loopback in 10BASE-T,
half-duplex
CRS Select 1 = CRS de-assert extends to RXDV de-assert
16.7 ) R/W 1
(10BASE-T) 0 = Normal operation
16.6 Reserved Write as 0, ignore on read R/W 0
Preamble Enable.
165 PRE_EN 0 = Set RXDV High coincident with SFD RIW 0
1 = Set RXDV High and RXD = preamble when
CRS is asserted.
16.4 Reserved Write as 0, ignore on read R/W 0
1 = 10BASE_T serial mode. 10 Mbps data is
16.3 10M Serial driven serially on RXD<0> in this mode. R/W 0
0 = Utilize normal MIl mode-nibble.
Far End Fault 1 = Enable Far End Fault transmission.
16.2 L ) o R/W 1
Transmission Enable | 0 = Disable Far End Fault transmission.
1 = Enable Alternate auto-negotiation Next
Page feature.
16.1 Alternate NP Feature . . R/W 0
0 = Disable Alternate auto-negotiation Next
Page feature.
. 1 = Select fiber mode for this port. LHR
16.0 Fiber Select ) . . R/W
0 = Select twisted-pair mode for this port. Note 2
1. Refer to Table 18 on page 57 for Register Bit Descriptions.
2. Register bit 16.0 is latched in from hardware pins on hardware reset.
Table 29. Special Function Register (Address 27)
Bit Name Description Type! Default
Line Length Indication
111 = Longest Approximate line-
110= length
101 = corresponding to
. 100 = each value will be
27.15:13 | Line Length determined at RO 000
Indicator 011 = design verification
010= (Not valid when
001 = agcset (Register
000 = Shortest bit 30.13 = 1)
Special Functions
27.12 Reserved Write as 0, ignore on read ‘ R/W ‘ 0
1. Refer to Table 18 on page 57 for Register Bit Descriptions.
2. Register bits 27.11:10 are latched in from hardware pins on hardware reset.
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Table 29. Special Function Register (Address 27) (Continued)

INtal.

Bit Name Description Type! Default
00 = 3.3 ns (default pins TXSLEW<1:0>)
) Per-Port Rise 01=3.6ns LHR
27.11:10 time Control 10=3.9 ns RIW Note 2
11=4.2ns
0 = Disable Auto-MDIX
27.9 Auto MDIX enable R/W 1
1 = Enable Auto-MDIX
MDI/MDIX selection
27.8 Auto-MDIX 0 = MDI, transmit on pair A and receive on pair B R/W 1
1 = MDIX, transmit on pair B and receive on pair A
1 = Enable Analog Loopback (transmits on twisted-
27.7 Analog Loopback | pair) R/W 0
0 = Disable Analog Loopback
Loopback Detect | 1 = Enable automatic loopback detection.
27.6 . ) ) RIW 0
Enable 0 = Disable automatic loopback detection
- | 1 = Enable automatic loopback detection speed-u
275 Loopback Speed . . p ( p p RIW 0
Up Enable 0 = Disable automatic loopback detection speed-up
1 = Loopback detected
274 Loopback p RO 0
Detected 0 = No loopback detected
27.3:2 Reserved Write as 0, ignore on read R/W 00
27.1:.0 Reserved Write as 0, ignore on read. R/W 00
1. Refer to Table 18 on page 57 for Register Bit Descriptions.
2. Register bits 27.11:10 are latched in from hardware pins on hardware reset.
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10/100 Mbps 2-Port Fast Ethernet PHY Transceiver — LXT973

Magnetics Information

Table 30. Magnetics Requirements

The LXT973 requires a 1:1 ratio for both the receive and transmit path. Refer to Table 29 for
transformer requirements. Transformers meeting these requirements are available from various
manufacturers. Designers should test and validate all magnetics before using them in production.

Parameter Min Nom Max Units Test Condition

Turns Ratio - 1:1,1:1 - - -
Insertion Loss 0.0 - 0.6 dB -
Primary Inductance 350 - - uH -
Transformer Isolation 2 - - kv -
Differential to common mode 40 - - dB -110 60 MHz
rejection 35 - - dB 60 to 100 MHz

17 - - dB .1to 60 MHz
Return Loss

15 - - dB 60 to 100 MHz
Rise Time 2.0 - 3.5 ns 10% to 90%
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14.0 Preliminary Test Specifications

The following specifications show values that are subject to change and will be finalized upon
production release of this product. Before final design-in, please check for the latest revision of the
L XT973 datasheet and specification update from Intel to assure product conformance. Table 31
through Table 52 on page 82 and Figure 28 on page 72 through Figure 41 on page 82 represent the
target specifications of the LXT973. Minimum and maximum values listed in Table 31 through
Table 40 on page 71 apply over the recommended operating conditions specified in Table 32.

Table 31. Absolute Maximum Ratings

Parameter Sym Min Max Units
Supply Voltage Vce -0.3 4.0 \%
Storage Temperature TsT -65 +150 °C

Caution: Exceeding these values may cause permanent damage.
Functional operation under these conditions is not implied.
Exposure to maximum rating conditions for extended periods may affect device
reliability.

Table 32. Operating Conditions

Parameter Sym Min Typ? Max Units
Recommended Operating Temperature Top 0 - 70 °C
Analog & Digital Veea & Vee 2.38 2.5 2.63 \
110 @ 3.3V Veeio 3.14 3.3 3.45 v
ESSSET/EESSSZ 10 @ 2.5V Veeio 2.38 25 2.63 v
/10 @ 3.3V VCCPECL 3.14 3.3 3.45 \%
/0 @ 2.5V VCCPECL 2.38 25 2.63 \%
Ve Current 100BASE-TX Icc - - 110 mA
10BASE-T Icc - - 82 mA
100BASE-FX Icc 95 mA
Power-Down Mode Icc - - 1 mA
Auto-Negotiation Icc - - 110 mA
1. Typical values are at 25°C, and are for design aid only, are not guaranteed, and are not subject to
production testing.
2. Voltages are with respect to ground unless otherwise specified.
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Table 33. Digital /O Characteristics?

Parameter Symbol Min Typ1 Max Units Test Conditions
Input Low voltage ViL - - 0.8 \% -
Input High voltage VIH 2.0 - - \% -
Input Current I -10 - 10 HA 0.0<Vi<Vcc
Output Low voltage VoL - - 0.4 \% loL =4 mA
Output High voltage VoH 2.4 - - \% IoH = -4 mA

1. Typical values are at 25°C, and are for design aid only, are not guaranteed, and are not subject to
production testing.
2. Applies to all pins except MIl and LED pins. Refer to Table 34 for MIl /0 Characteristics.

Table 34. Digital I/0O Characteristics - Mll Pins

Parameter Symbol Min Typ Max Units Test Conditions
Input Low voltage ViL - - 0.8 \% -
Input High voltage VIH 2.0 - - \% -
Input Current I -10 - 10 HA 0.0<Vi<Vcc
Output Low voltage VoL - - 0.4 \% loL =4 mA
o | ae || ] et
Output High voltage —
VoH 2.0 - - v g A,
Driver output impedance RO? - 100 - Q VCCIO = 2.5V
(Line driver output enabled) RO? — 100 — Q VCCIO = 3.3V

1. Typical values are at 25°C, and are for design aid only, are not guaranteed, and are not subject to
production testing.
2. Parameter is guaranteed by design and not subject to production testing.

Table 35. 1/0 Characteristics - REFCLK

Parameter Symbol Min Typ1 Max Units Test Conditions

Input Low voltage ViL - - 0.8 \% -

Input High voltage VIH 2.0 - - \% -

Input Clock Frequency Tolerance? Af - - +50 ppm -

Input Clock Duty Cycle? Tdc 40 - 60 % -

Input Capacitance CIN - 3.0 - pF -

1. Typical values are at 25°C, and are for design aid only, are not guaranteed, and are not subject to

production testing.
2. Parameter is guaranteed by design: not subject to production testing.
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Table 36. 1/O Characteristics - LED/CFG Pins

INtal.

Parameter Symbol Min Typ? Max Units Test Conditions
Output Low voltage VoL - - 0.4 \% loL =10 mA
Output High voltage VOH 2.4 - - \% IoH =-10 mA
Input Current Il -10 - 10 HA 0<VI<VCCIO

1. Typical values are at 25°C, and are for design aid only, are not guaranteed, and are not subject to

production testing.

Table 37. 100BASE-TX Transceiver Characteristics

Parameter Sym Min Typl Max Units Test Conditions
Peak differential output voltage 4 0.95 - 1.05 \% Note 2
Signal amplitude symmetry Vss 98 - 102 % Note 2
Signal rise/fall time TRF 3.0 - 5.0 ns Note 2
Rise/fall time symmetry TRFS - - 0.5 ns Note 2
Offset from 16 ns
Duty cycle distortion Dcp 35 50 65 % %lg(;)eg;/igg:sz;t
peak
Overshoot/Undershoot Vos - - 5 % -
Jitter (measured differentially) - - - 1.4 ns -

1. Typical values are at 25°C, and are for design aid only, are not guaranteed, and are not subject to

production testing.

2. Measured at the line side of the transformer, line replaced by 100Q (+/-1%) resistor.

Table 38. 10BASE-T Transceiver Characteristics

. 1 . Test
Parameter Sym Min Typ Max Units Conditions
Transmitter
Peak differential output voltage Vop 2.2 25 2.8 \% Note 2
Jitter magnitude added by the MAU B
and PLS sections 4 tociit - - u ns B
Receiver
Between
Receive input impedance® ZIN - 100 - Q TPFIP and
TPFIN
Differential squelch threshold VDs 300 - 585 va 5 MHz square
eak wave input

1. Typical values are at 25°C and are for design aid only, are not guaranteed, and are not subject to

production testing.

2. Parameter is guaranteed by design; not subject to production testing.
3. IEEE 802.3 specifies maximum jitter addition at 1.5 ns for the AUI cable, 0.5 ns from the encoder, and

3.5 ns from the MAU.

4. After line model specified by IEEE 802.3 for 10BASE-T MAU.
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Table 39. 100BASE-FX Transceiver Characteristics

Parameter Sym Min Typ1 Max Units Test Conditions
Transmitter
Peak dn‘ferentlgl output voltage Vop 0.6 _ 15 v _
(single-ended)

. ) . 10 <—> 90%
Signal rise/fall time TRF - - 1.9 ns 2.0 pF load
Jitter (measured differentially) - - — 1.3 ns -

Receiver
Peak differential input voltage Vip 0.55 - 15 \% -
Common mode input range VCMIR - - Vg(; ) \ -

1. Typical values are at 25°C, and are for design aid only, are not guaranteed, and are not subject to

production testing.

2. Measured at the line side of the transformer, line replaced by 100Q (+/-1%) resistor.

Table 40. 10BASE-T Link Integrity Timing Characteristics

Parameter Sym Min Typl Max Units Coanei?itons
Time Link Loss Receive TLL 50 - 150 ms -
Link Detection TLP 2 - 7 Ptilgl((es -
Link Min Receive Timer TLR MIN 2 - 7 ms -
Link Max Receive Timer TLR MAX 50 - 150 ms -
Link Transmit Period TIt 8 - 24 ms -
Link Pulse Width Tlpw 60 - 150 ns -

1. Typical values are at 25°C, and are for design aid only, are not guaranteed, and are not subject to

production testing.
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Timing Diagrams
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72

Figure 28. 100BASE-TX Transmit Timing - 4B Mode

Table 41.

The LXT973 device meets al timings for MII per the IEEE 802.3u standard. Table 28 through
Table 35 on page 79 refer to M1 timings.

Ons

S,

250ns

TXCLK VAVAVAVAVAWAVAWAW
|
TXEN —/ \
t2
TXD<3:0> — X X X .
t5
Twisted-Pair N ’\UJ’\_\_IJ\_U_/'\U_FLU_I'\_\_/I\.UJ’\U_
Output
<t—3-| t4
crRs — / -
NOTE: Twisted-pair output default pins are as follows: DPAP/N_0 and
DPBP/N_1.

MIl - 100BASE-TX Transmit Timing Parameters - 4B Mode

. 1 . Test

Parameter Sym Min Typ Max Units Conditions
TXD<3:0>, TXEN, TXER setup to
TXCLK High t 15 - - ns -
TXD<3:0>, TXEN, TXER hold from t2 0 _ _ ns _
TXCLK High
TXEN sampled to CRS asserted t3 - - - BT -
TXEN sampled to CRS de-asserted t4 - - - BT -
TXEN sampled to twisted-pair output
(Tx latency) © - 13 - BT -

1. Typical values are at 25°C, and are for design aid only, are not guaranteed, and are not subject to

production testing.
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Figure 29. 100BASE-TX Receive Timing - 4B Mode

Table 42.

Ons 250ns
I I I I I I I
Twisted-Pair
Input \
— 4 — }.7 t5 4-‘
CRS \
[e—t3——
RXDV —\_
-‘tl
RXD<3:0> @2
RXCLK /\|
«— 16 —-| t7 —-|
coL / (N
NOTE: Twisted-pair input default pins are as follows: DPBP/N_0 and
DPAP/N_1.
MIl - 100BASE-TX Receive Timing Parameters - 4B Mode
. 1 . Test
Parameter Sym Min Typ Max Units Conditions

RXD<3:0>, RXDV, RXER setup to

RXCLK High 1 10 - - ns -
RXD<3:0>, RXDV, RXER hold 2 10 _ _ ns _
from RXCLK High

CRS asserted to RXD<3:0>, RXDV t3 - 4 - BT -
Receive start of

“J” to CRS asserted 4 B 10 - BT -
Receive start of “T" to CRS de- 5 _ 14 _ BT _
asserted

Receive start of “J” to COL 6 _ _ _ BT _
asserted

Receive start of “T” to COL de-

asserted t B B B BT -

1. Typical values are at 25°C, and are for design aid only, are not guaranteed, and are not subject to

production testing.
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Table 43.

®
Figure 30. 100BASE-TX Transmit Timing - 5B Mode
Ons 250ns
\ \ \
o et
e AV AV AV AV AVAWAVAWAY
|
TXEN / \
t2
TXD<4:0> — X ' ' H
t5
Twisted-Pair
Output ~ A AN NN
t3 t4
CRS / \
NOTE: Twisted-pair output default pins are as follows: DPAP/N_0 and
DPBP/N_1.
MIl 100BASE-TX Transmit Timing Parameters - 5B Mode
Parameter Sym Min Typl Max Units Coanei?itons

TXD<4:0>, TXEN, TXER setup to
TXCLK High t 15 - - ns -
TXD<4:0>, TXEN, TXER hold from
TXCLK High 2 0 - - ns -
TXEN sampled to CRS asserted t3 - - - BT -
TXEN sampled to CRS de-asserted t4 - — - BT -
TXEN sampled to twisted-pair output _ _ _
(TX latency) 5 13 BT

production testing.

1. Typical values are at 25°C, and are for design aid only, are not guaranteed, and are not subject to
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Figure 31. 100BASE-TX Receive Timing - 5B Mode

Table 44.

ons 250ns
I I I I I I
Twisted-Pair
nput A — NN NN
» t4 |< t5 .i
CRS \_
le—t3—»
RXDV \
t1
12}«
RXD<4:0>
RXCLK 7\ |
«— t6 ——| t7 ——|
COL / \
NOTE: Twisted-pair input default pins are as follows: DPBP/N_0 and
DPAP/N_1.
MIl - 100BASE-TX Receive Timing Parameters - 5B Mode
Parameter Sym Min Typ1 Max Units Con-IIjei?itons
RXD<4:0>, RXDV, RXER setup
to RXCLK High 1 10 - - ns -
RXD<4:0>, RXDV, RXER hold
from RXCLK High 2 10 - - ns -
CRS asserted to RXD<4:0>, RXDV t3 - 4 - BT -
Receive start of “J" to CRS ta _ 10 _ BT _
asserted
Receive start of “T" to CRS de-
asserted © - 14 - BT -
Receive start of “J” to COL t6 _ _ _ BT _
asserted
Receive start of “T” to COL de- 7 _ _ _ BT _
asserted

1. Typical values are at 25°C, and are for design aid only, are not guaranteed, and are not subject to

production testing.
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Figure 32. 100BASE-FX Transmit Timing

250ns

e t1
R AVA/ AVAVAWAVAVAVAWVAW
TXEN / | \
2
TXD<3:0> — X ' ' H
t5
DPEPIN AU LU VU VT U LUVUUUUN
K 4,
CRs [/ -
Table 45. 100BASE-FX Transmit Timing Parameters
Parameter Sym Min Typ Max Units Test Conditions

TXD<3:0>, TXEN, TXER setup
to TXCLK High 1 15 - - ns -
TXD<3:0>, TXEN, TXER hold o 0 _ B ns B
from TXCLK High
TXEN sampled to CRS asserted t3 - - - BT -
TXEN sampled to CRS de- ta _ _ _ BT _
asserted
TXEN sampled to fiber output t5 _ 13 _ BT _

(Tx latency)

production testing.

1. Typical values are at 25°C, and are for design aid only, are not guaranteed, and are not subject to
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Figure 33. 100BASE-FX Receive Timing

Ons 250ns
| | | | | |
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COL / \
Table 46. 100BASE-FX Receive Timing Parameters
Parameter Sym Min Typ?! Max Units Test
Y yp Conditions

RXD<3:0>, RXDV, RXER setup to
RXCLK High u 10 - - ns -
RXD<3:0>, RXDV, RXER hold t2 10 _ _ ns _
from RXCLK High
CRS asserted to RXD<3:0>, RXDV t3 - 4 - BT -
Receive start 0 “J" to CRS asserted t4 - 10 - BT -
Receive start of “T” to CRS de- t5 _ 14 _ BT _
asserted
Receive start of “J” to COL t6 _ _ _ BT _
asserted
Receive start of “T” to COL de-
asserted t - - - BT -

1. Typical values are at 25°C, and are for design aid only, are not guaranteed, and are not subject to

production testing.
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Figure 34. 10BASE-T Transmit Timing (Parallel Mode)

Table 47.

TXCLK /1/
t

TXD,

TXEN,
TXER

t3

CRS

A

Twisted-Pair

t5

NOTE: Twisted-pair output default pins are as follows: DPAP/N_0 and DPBP/N_1.

MIl - 10BASE-T Transmit Timing Parameters (Parallel Mode)

output (Tx latency)

. 1 . Test

Parameter Sym Min Typ Max Units Conditions
TXD, TXEN, TXER setup to
TXCLK High t 10 - - ns -
TXD, TXEN, TXER hold from
TXCLK High 2 0 - - ns -
TXEN sampled to CRS asserted t3 - 2 - BT -
TXEN sampled to CRS de- ta _ 1 _ BT _
asserted
TXEN sampled to twisted-pair 5 _ 280 _ ns _

production testing.

1. Typical values are at 25°C, and are for design aid only, are not guaranteed, and are not subject to
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Figure 35. 10BASE-T Receive Timing (Parallel Mode)

10/100 Mbps 2-Port Fast Ethernet PHY Transceiver — LXT973

RXCLK

RXD,
RXDV,

RXER

CRS

t6

Twisted-Pair

COL

input JWW

9

NOTE: Twisted-pair input default pins are as follows: DPBP/N_0 and DPAP/N_1.

Table 48. MIl - 10BASE-T Receive Timing Parameters (Parallel Mode)

1

Parameter Sym Min Typ Max Units Test Conditions
RXD, RXDV, RXER setup to
RXCLK High u 10 - - ns -
RXD, RXDV, RXER hold from t2 10 _ _ ns _
RXCLK High
Twisted-pair input to RXD out (Rx i3 _ 6.6 _ BT _
latency)
RS asserted to RXD, RXDV, ta _ _ _ BT _
RXER asserted?
RXD, RXDV, RXER de-asserted
to CRS de-asserted® © - L - BT -
Twisted-pair input to CRS t6 _ 25 _ BT _
asserted
Twisted-pair input quiet to CRS _ _ _
de-asserted t 12 BT
Twisted-pair input to COL t8 _ 3 _ BT _
asserted
Twisted-pair input quiet to COL t9 _ 12 _ BT _

de-asserted

1. Typical values are at 25°C, and are for design aid only, are not guaranteed, and are not subject to

production testing.

2. CRS is asserted. RXD/RXDV are driven at the start of SFD (64 BT) unless Register bit 16.5 is set.

3. If Register bit 16.7 is set, CRS extends to RXDV de-assert.
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Figure 36. 10BASE-T SQE (Heartbeat) Timing

rew A N S S SN
TXEN
1
coL t2
/
Table 49. 10BASE-T SQE (Heartbeat) Timing Parameters
Parameter Sym Min Typ1 Max Units Con-l;(iai?itons
COL (SQE) delay after TXEN de- t 0.65 _ 16 us _
asserted
COL (SQE) pulse duration t2 0.5 - 15 ps -
1. Typical values are at 25°C, and are for design aid only, are not guaranteed, and are not subject to
production testing.

Figure 37. 10BASE-T Jab and Unjab Timing

TXEN /
le t1 N
TXD 44
/ J o \
COL h '|\_

Table 50. 10BASE-T Jab and Unjab Timing Parameters

Parameter Sym Min Typl Max Units Test Conditions
Maximum transmit time t1 20 - 150 ms -
Unjab time t2 - - 750 ms -
1. Typical values are at 25°C, and are for design aid only, are not guaranteed, and are not subject to

production testing.
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Figure 38. Fast Link Pulse Timing

Twisted-Pair
Output ___

Clock Pulse Data Pulse
< 11 t1
12

< t3

P

Clock Pulse

NOTE: Twisted-pair output default pins are as follows: DPAP/N_0 and DPBP/N_1.

Figure 39. FLP Burst Timing

Twisted-Pair
Output

FLP Burst

FLP Burst

<—t4—>|

t5

»
»

NOTE: Twisted-pair output default pins are as follows: DPAP/N_0 and DPBP/N_1.

Table 51. Fast Link Pulse Timing Parameters

Parameter Sym Min Typl Max Units Test Conditions
Clock/Data pulse width t1 - - - ns -
Clock pulse to Data pulse t2 55.5 - 69.5 us -
Clock pulse to Clock pulse t3 111 - 139 us -
FLP burst width t4 - - - ms -
FLP burst to FLP burst t5 8 - 24 ms -
Clock/Data pulses per burst - 17 - 33 ea -

production testing.

1. Typical values are at 25°C, and are for design aid only, are not guaranteed, and are not subject to
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Figure 40. MDIO Input Timing

Figure 41.

Table 52.

MDC

MDIO

tl

t2

A 4

A

MDIO Output Timing

MDC Clock Speed

MDC
t3
MDIO
MDIO Timing Parameters
Parameter Sym Min Typ? Max Units Test Conditions
MDIO setup before MDC t1 10 — - ns When sourced by STA
MDIO hold after MDC t2 10 - - ns When sourced by STA
MDC to MDIO output delay t3 10 - 3002 ns When sourced by PHY
- - - 208 MHz -

production testing.

2. When operated at 2.5 MHz.
3. 20 MHz value to be verified prior to final production release of product.

1. Typical values are at 25°C, and are for design aid only, are not guaranteed, and are not subject to
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10/100 Mbps 2-Port Fast Ethernet PHY Transceiver — LXT973

Mechanical Specifications

Figure 42. LXT973 Mechanical Specifications

100-Pin Plastic Quad Flat Pack
® Part Number: LXT973QC & LXT973QE
® Temperature Range:
— Commercid: 0° to 70°C &

— Extended:

-40° to 85°C.

Inches Millimeters
Dim
Min Max Min Max
A - 0.134 - 3.40
Aq 0.010 - 0.25 -
A, 0.100 0.120 2.55 3.05
0.009 0.015 0.22 0.38
0.931 0.951 23.65 24.15
b Side pin count = 30 pins D, 0.783 0.791 19.90 20.10
E Side pin count = 20 pins D 0.742 REF 18.85 REF
for sides with even l E 0.695 0.715 17.65 18.15
number of pins
T e - - E, 0.547 0.555 13.90 14.10
T Ej 0.486 REF 12.35 REF
for sid ith odd
Sumber of pins 0.026 BSC (nominal) 0.65 BSC (nominal)
TS 0.026 0.037 0.65 0.95
f FO
A|‘_L1 A Ly 0.077 REF 1.95 REF
2
a3 5° 16° 5° 16°
A ~ B i : o o o
> B >/ x| a 0 7 0 7
BSC: Basic Spacing Between Centers
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RELATING TO FITNESS FOR A PARTICULAR PURPOSE, MERCHANTABILITY, OR INFRINGEMENT OF ANY PATENT, COPYRIGHT OR OTHER
INTELLECTUAL PROPERTY RIGHT. Intel products are not intended for use in medical, life saving, life sustaining applications.
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Preface

This document is an update to the specifications contained in the Affected Documents/Related
Documents table below. This document is a compilation of device and documentation errata,
specification clarifications and changes. It is intended for hardware system manufacturers and
software developers of applications, operating systems, or tools.

Information types defined in Nomenclature are consolidated into the specification update and are
no longer published in other documents.

This document may also contain information that was not previously published.

Affected Documents/Related Documents

Title Order

LXT973 10/100Mbps 2-Port Fast Ethernet PHY Transceiver Datasheet 249426

LXT973 Frequently Asked Questions 249708

LXD973 Development Kit Manual (Demo Board) 249719

LXD973 Design and Layout Guide 249631
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Nomenclature

Errata are design defects or errors. These may cause the LXT973 10/100 Mbps Dual-Port Fast
Ethernet PHY Transceiver’s behavior to deviate from published specifications. Hardware and
software designed to be used with any given stepping must assume that all errata documented for
that stepping are present on all devices.

Specification Changes are modifications to the current published specifications. These changes
will be incorporated in any new release of the specification.

Specification Clarifications describe a specification in greater detail or further highlight a
specification’s impact to a complex design situation. These clarifications will be incorporated in
any new release of the specification.

Documentation Changes include typos, errors, or omissions from the current published
specifications. These will be incorporated in any new release of the specification.

Note: Errata remain in the specification update throughout the product’s lifecycle, or until a particular
stepping is no longer commercially available. Under these circumstances, errata removed from the
specification update are archived and available upon request. Specification changes, specification
clarifications and documentation changes are removed from the specification update when the
appropriate changes are made to the appropriate product specification or user documentation
(datasheets, manuals, etc.).
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Summary Table of Changes

The following table indicates the errata, specification changes, specification clarifications, or
documentation changes which apply to the LXT973 10/100 Mbps Dual-Port Fast Ethernet PHY
Transceiver product. Intel may fix some of the errata in a future stepping of the component, and
account for the other outstanding issues through documentation or specification changes as noted.
This table uses the following notations:

Codes Used in Summary Table

Stepping
X: Errata exists in the stepping indicated. Specification Change, or
Specification Clarification applies to this stepping.
(No mark) or (Blank box): This erratum is fixed in stepping indicated. Specification Change, or
Specification Clarification does not apply to this stepping.
Page
(Page): Page location of item in this document.
Status
Doc: Document change or update will be implemented.
PlanFix: This erratum may be fixed in a future stepping of the product.
Fixed: This erratum has been previously fixed.
NoFix: There are no plans to fix this erratum.
Row
Change bar to left of table row indicates this erratum is either new or
modified from the previous version of the document.
LXT973 10/100 Mbps Dual-Port Fast Ethernet PHY Transceiver Specification Update 9
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Summary Table of Changes I n e
Errata
Steppings
No. Page | Status ERRATA
1 2
1 X X 12 NoFix | “Speed LED Stays Active During Reset”
5 X X 12 NoFix ;‘\I/ID:C;Z)’{ of Link While in Auto MDI/MDIX Enabled, Forced 100 Mbps
3 X X 12 NoFix | “Establishment of Link in Forced 100 Mbps Mode”
4 X 12 Fixed | “MDIO Interface and Repeated Polling”
5 X 13 Fixed | “3.3 V Fiber Speed Selection”
6 X 13 NoFix | “Far-End Fault Reporting”
7 X X 13 NoFix | “Internal Loopback Receive Disable”
8 X X 14 NoFix | “Changing Advertised Duplex While Link Is Up”
9 X X 14 NoFix | “Detection of lllegal Symbols After SSD”

Specification Changes

Steppings
No. Page | Status SPECIFICATION CHANGES
# #

None for this revision of this specification update.

Specification Clarifications

Steppings
No. Page | Status SPECIFICATION CLARIFICATIONS
# #

None for this revision of this specification update.

Documentation Changes

No. DI.‘?c‘f"?e“t Page | Status DOCUMENTATION CHANGES
evision
1 002 17 Doc Table 1, _“Product Infc?’rmation“ and Figure 1, “Ordering
Information - Sample
10 LXT973 10/100 Mbps Dual-Port Fast Ethernet PHY Transceiver Specification Update
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Identification Information

Markings

Intel Logo —»> inté

Part# ___ LXT973QC A3 <« Revision

FPO# —» XXXXXXXX
(Finish Process Order)
Country of — * XXXXXXXXXX
Origin

The silicon stepping in the LXT973 Datasheet is referred to as “Manufacturer’s Revision Number.”
The silicon stepping revision number may be read by software from Register 3, bits 3:0 in the
LXT973 transceiver.

. . Manufacturer’s Revision
Stepping Revision Number Number’ Part Number
1 A2 0000 LXT973
2 A3 0001 LXT973

1. This value is from Register bits 3.3:0. Please see the LXT973 datasheet for more information.
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Errata

1.

Problem:

Implication:

‘Workaround:

Status:

2,

Problem:

Implication:

Workaround:

Status:

3.

Problem:

Implication:

Workaround:

Status:

4.

Problem:

12

Speed LED Stays Active During Reset

During reset, the speed LED on both ports stays lit. The other LED functions are turned off during
reset. This erratum has been confirmed on all LED modes with the speed functionality display
while RESET is held active. All other functions such as Link, Activity, Duplex Status, and MII
Isolate turn off during reset.

Monitoring the speed LED during reset may be misleading. The LED functions properly during
normal operation.

None.

There are no plans to fix this erratum.

Delay of Link While in Auto MDI/MDIX Enabled, Forced 100 Mbps Mode

The LXT973 may have difficulty determining the MDI/MDIX setting under the following
conditions:

* Forced 100 Mbps mode
¢ Auto MDI/MDIX is enabled
* Link partner is auto-negotiation enabled
The LXT973 may take several seconds to establish link under the following conditions:
* LXT973 is forced to 100 Mbps
¢ Auto MDI/MDIX is enabled
* Link partner is auto-negotiation enabled
Disable auto MDI/MDIX when in forced 100 Mbps mode.

There are no plans to fix this erratum.

Establishment of Link in Forced 100 Mbps Mode

Link may not come up reliably when the following occurs:
* The LXT973 is in forced 100 Mbps mode and link is down.
* The link partner is configured to auto-negotiate.
* The link partner cannot handle instantaneous jitter on the MLT3 signal during link-up.

If this condition occurs, communication between the LXT973 and its link partner may not
establish. This condition does not occur in other speed setting combinations.

Configure the LXT973 in auto-negotiation rather than forced 100 Mbps mode, or configure the link
partner to forced 100 Mbps instead of auto-negotiation to establish link.

There are no plans to fix this erratum.

MDIO Interface and Repeated Polling

Repeated polling of odd-numbered registers via the MDIO interface randomly returns the contents
of the previous even register.
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Errata

Implication: Managed applications may not obtain the correct register contents when a particular register is
monitored for device status.

Workaround:  None.

Status: This erratum has been previously fixed.

5. 3.3 V Fiber Speed Selection

Problem: In fiber mode, the hardware configuration pins (SD_2P5V/SPEEDn) set the speed rather than set
the signal detect voltage threshold.

Implication: Setting the SD 2P5V/SPEEDn to Low sets the device in 10 Mbps operation, which is not
supported in fiber mode. The signal detect function defaults to 2.5 V PECL thresholds. The signal
detect input is unreliable when driven from a 3.3 V PECL source.

Workaround:  To select 100 Mbps operation in fiber mode, tie the SD_2P5V/SPEED#n configuration pins High
through a 10 KQ resistor to VCC.

To properly terminate the signal detect input, tie the SDn pins High through a 10 KQ resistor.
There is no workaround to enable the SD function when using a 3.3 V optical module.

Status: This erratum has been previously fixed.

6. Far-End Fault Reporting

Problem: If a link partner continuously sends successive Far-End Fault (FEF) codes (three sets of 84 1s
followed by a 0), the LXT973 sets the Remote Fault bit High (Register bit 1.4 = 1) and drops link
(Register bit 1.2 = 0). Register 14 is cleared after a Read and is not set High again while the Far-
End Fault signal is present.

Implication: If the MAC reads Register bit 1.4 more than once under a continuous Far-End Fault condition, a
Far-End Fault is not indicated after the first read.

Once a remote fault has been indicated by Register bit 1.4 = 1, the following sequence can be used
to monitor the remote-fault status.
Managed Systems:

* Write Register 0 = 0x6100: Forces the port to 100 Mbps full-duplex internal loopback, link is
up, Register bit 1.2 = 1 and Register bit 1.4 = 0.

* Wait: Approximately 100 mS.

* Write Register 0 = 0x2100: Forces the port into 100 Mbps full-duplex. If Far-End Fault is
present, Register bit 1.4 = 1 indicates Far-End Fault and Register bit 1.2 = (0 indicates link is
down.

Status: This erratum has been previously fixed.

7. Internal Loopback Receive Disable

Problem: The recovered clock from the receive data is used instead of the transmit clock when setting a port
to 10 Mbps internal loopback mode.

Implication: When the port is connected to a link partner transmitting data or idle signals, the loopback data is
corrupted because the receiver data recovered clock is used to capture the loopback data.

Workaround:  Clear Register bit 16.8 so that the proper clock is used. This bit is set on power-up.

Status: There are no plans to fix this erratum.
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8.

Problem:

Implication:

Workaround:

Status:

9.

Problem:

Implication:

Workaround:

Status:

14

]
intel.
Changing Advertised Duplex While Link Is Up

Writing to Register bits 4.9:5, which control duplex mode advertisement while link is up and auto-
negotiation is enabled, immediately changes the PHY mode of operation to the new duplex mode.
When written, the values in this register are not intended to affect PHY operation until a new auto-
negotiation cycle is completed.

A possible mixed-duplex operation will exist during the time between Register bits 4.9:5 writes
and the start of a new auto-negotiation process.

Write Register bits 4.9:5 immediately before the start of a new auto-negotiation process.

There are no plans to fix this erratum.

Detection of lllegal Symbols After SSD

An illegal symbol placed immediately after the Start-of-Stream Delimiter (SSD) (preamble after
JK) is not detected. However, any subsequent corrupt symbol will be detected.

Standard Frame Contents:

Location of Symbol

1JIKI5/5/5/5/5/5/5/5/5/5/5/5/5/5/5/D/destination address, source address, ... CRC/T/R/
I I T

SSD Preamble SOF ESD

SSD - Start-of-Stream Delimiter
SOF - Start-of-Frame Delimiter
ESD - End-of-Stream Delimiter

RXER will not assert if this symbol location is corrupted. However, an error in this location does
not affect packet integrity.

Use the MAC layer protocol to detect corrupt symbols in the packet.

There are no plans to fix this erratum.
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Specification Changes

There are no specification changes.
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Specification Clarifications

There are no specification clarifications.
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Documentation Changes

Documentation Changes

Table 1. Product Information
Product Number Revision Qualification MM Number Ship Media
SLXT973QE A3 A3 S 851727 Tray
SLXT973QE A3 S E001 A3 S 852032 Tape & Reel
SLXT973QC A3 A3 S 851728 Tray
SLXT973QC A3 S E001 A3 S 852045 Tape & Reel
Figure 1. Ordering Information - Sample
S LXT 973 Q@ E A3 s E001
Build Format
E000 = Tray
E001 = Tape and reel
Qualification
Q = Pre-production material
S = Production material
‘ Product Revision
| xn = 2 Alphanumeric characters
Temperature Range
A = Ambient (0 - 55° C)
C = Commercial (0 - 70° C)
E = Extended (-40 - +85° C)
Internal Package Designator
L =LQFP
P =PLCC
N =DIP
Q = PQFP
H = QFP with heat spreader
T =TQFP
B =BGA
C = CBGA
E =TBGA
K = HSBGA (BGA with heat slug)
[ xxxx =35 Digit Alphanumeric Product Code
IXA Product Prefix
LXT = PHY layer device
IXE = Switching engine
IXF = Formatting device (MAC)
IXP = Network processor
Intel Package Designator
DJ  =LQFP
FA =TQFP
FL = PBGA (<1.0 mm pitch)
FW = PBGA (1.27 mm pitch)
HB = QFP with heat spreader
HD = QFP with heat slug
HF = CBGA
HG  =solIC
S = QFP
GC  =TBGA
N =PLCC
LXT973 10/100 Mbps Dual-Port Fast Ethernet PHY Transceiver Specification Update 17
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