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Dual-Speed Fast Ethernet Transceiver

General Description

The LXT970 is an IEEE 802.3 compliant 10/100 Mbps < IEEE 802.3 Compliant:

Fast Ethernet PHY Transceiver that directly supports both + 10BASE-T and 100BASE-TX using a single
100BASE-TX and 10BASE-T applications. It provides a RJ45 connection.

Media Independent Interface (MIl) for easy attachment to - Supports auto-negotiation and parallel detection
10/100 Media Access Controllers (MAC)s. The LXT970 for legacy systems.

also provides a pseudo-ECL interface for use with

100BASE-EX fiber networks. * MIl interface with extended register capability.

* Robust Baseline wander correction performance.
The LXT970 supports full-duplex operation at 10 and 100 « 100BASE-FX fiber optic capable.
Mbps. Its operating condition can be set using auto- Standard CSMA/CD or full-duplex operation.

negotiation, parallel detection or manual control. The

encoder can be bypassed for symbol mode applications. * Configlurgble through Mil serial port or via external
control pins.

The LXT970 is fabricated with an advanced CMOS .« Configurable for DTE or switch applications.
process and requires only a single 5V power supply. The

MIl may be operated independently with either a 5V or a . .
3.3V supply. * Integrated transmit and receive filtering.

Provision for interface to 3.3V Ml bus.

* Integrated LED drivers.

Applications « Integrated supply monitor and line disconnect during

low supply fault.
» Combination 10BASE-T/100BASE-TX Network « Available in:

Interface Cards (NICs) O 64-pin LOFP package (LXT970LC)
« 10/100 Switches, 10/100 Repeaters 0 64-pin PQFP (LXT970QC)

* 100BASE-FX Network Interface Cards (NICs) « Commercial temperature range (0 to %Z@mbient).
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LXT970 Dual-Speed Fast Ethernet Transceiver

PIN ASSIGNMENTS AND SIGNAL DESCRIPTIONS

Figure 1. LXT970 Pin Assignments
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Table 1: LXT970 Power Supply S

ignal Descriptions

Pin#1 Pin Name /0 Signal Description
19 VCCT - Transmitter Supply (+5V) andGround. (Analog plane)
22 GNDT
37 VCCR - Receiver Supply(+5V) andGround. (Analog plane)
31 GNDR
24 VCCA - Analog Supply (+5V) andGround.
26 GNDA
9 VCCD - Digital Supply (+5V) andGround.
43 GNDD
53 VCCIO - MII Supply (+3.3V or +5V) andsround. (Digital plane)
52 GNDIO

1. Pin numbers apply to both package types (PQFP and LQFP).
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LXT970 Pin Assignments and Signal Descriptions

Table 2: LXT970 MIl Signal Descriptions

Pin# ! Pin Name 110%3 Signal Description *

MII Data Interface Pins

63 TXDA4 I Transmit Data. The MAC drives data to the LXT970 using these inpyts.

gi ¥§Bg TXD4 is monitored only in Symbol (5B) Mode. These signals must bejsyn-

60 TXDL chronized to the TX_CLK.

59 TXDO

58 TX_EN I Transmit Enable. The MAC asserts this signal when it drives valid daja
on the TXD inputs. This signal must be synchronized to the TX _CLK

57 TX _CLK I/O | Transmit Clock. Normally the LXT970 drives TX_CLK; in Slave ClocK

Mode TX_CLK is an input. Refer to the Clock Requirements discussipn in
the Functional Description section.
25 MHz for 100 Mbps operation.
2.5 MHz for 10 Mbps operation.

56 TX_ER I Transmit Coding Error . The Media Access Controller (MAC) asserts this
input when an error has occurred in the transmit data stream. When|the
LXT970 is operating at 100 Mbps, the LXT970 responds by sending
invalid code symbols on the line.

46 RXD4 @) Receive DataThe LXT970 drives received data on these outputs, syf-

47 RXD3 chronous to RX_CLK.

48 RXD2 o )

49 RXD1 RXD4 is driven only in Symbol (5B) Mode.

50 RXDO

51 RX_DV @) Receive Data Valid The LXT970 asserts this signal when it drives val|d
data on RXD. This output is synchronous to RX_CLK.

55 RX_ER O | Receive Error. The LXT970 asserts this output when it receives invalid
symbols from the network. This signal is synchronous to RX_CLK.

54 RX_CLK @) Receive Clock Refer to the Clock Requirements discussion in the Fugc-

tional Description section.
25 MHz for 100 Mbps operation.
2.5 MHz for 10 Mbps operation.

64 COoL O | Collision Detected The LXT970 asserts this output when a collision ig
detected. This output remains High for the duration of the collision.

This signal is asynchronous and is inactive during full-duplex operatign.

1 CRS O | Carrier Sense During half-duplex operation (bit 0.8 = 0), the LXT970
asserts this output when either transmit or receive medium is non-idl
During full-duplex operation (bit 0.8 = 1) or repeater operation

(bit 19.13 = 1), CRS is asserted only when the receive medium is nof-idle.

1. Pin numbers apply to both package types (PQFP and LQFP).

. 1/0 Column Coding: | = Input, O = Output, OD = Open Drain, A = Analog.

3. The MII outputs of the LXT970 are high-strength drivers that can effectively source 50-60 mAeris termination resistors are
recommended on all output signals to avoid undershoot/overshoot, even on short traces.

4. The LXT970 supports the 802.3 MDIO register set. Specific bits in the registers are referenced using an “X.Y” notatidnhisvthenegister
number (0-6 or 16-20) and Y is the bit number (0-15).

N
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LXT970 Dual-Speed Fast Ethernet Transceiver

Table 2: LXT970 MII Signal Descriptions - continued

Pin#l

Pin Name

11023

Signal Description *

3

TRSTE

Tristate. In DTE Mode (19.13 = 0), when TRSTE input is High, the
LXT970 isolates itself from the MIl Data Interface, and controls the M
register bit 0.10 (Isolate bit).

When MDDIS is High, TRSTE provides continuous control over bit 0.
When MDDIS is Low, TRSTE sets initial (default) values only and re\
control back to the MDIO interface.

In Repeater Mode (19.13 = 1), when TRSTE input is High, the LXT9
tri-states the receive outputs of the MIl (RXD<4:0>, RX_DV, RX_ER
RX_CLK).

DIO

0.
prts

70

MII Control Interface Pins

15

MDDIS

Management Disable When MDDIS is High, the MDIO is restricted to

Read Only and the MF<4:0>, CFG<1:0> and FDE pins provide contilual

control of their respective bits. When MDDIS is Low at power up or R
the MF<4:0>, CFG<1:0> and FDE pins control only the initial or “defa
values of their respective register bits. After the power-up/reset cycle
complete, bit control reverts to the MDIO serial channel.

set,
1t”
is

45

MDC

Management Data Clock Clock for the MDIO serial data channel. Maki-

mum frequency is 2.5 MHz.

44

MDIO

I/0

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

FDS/MDINT

oD

Full-Duplex Status. When bit 17.1 = 0 (default), this pin indicates full
duplex

status. (High = full-duplex, Low = half-duplex)

This pin can drive a high efficiency LED. (See Table 24 for detail spe
cations).

Management Data Interrupt. When bit 17.1 = 1, an active Low outpuf

on this pin indicates status change.

ifi-

Interrupt is cleared by sequentially reading Register 1, then Register [L8.

N9 =

Pin numbers apply to both package types (PQFP and LQFP).

. 1/0 Column Coding: | = Input, O = Output, OD = Open Drain, A = Analog.

3. The MIl outputs of the LXT970 are high-strength drivers that can effectively source 50-60 mAeris termination resistors are
recommended on all output signals to avoid undershoot/overshoot, even on short traces.

4. The LXT970 supports the 802.3 MDIO register set. Specific bits in the registers are referenced using an “X.Y” notatidnhiswthenegister

number (0-6 or 16-20) and Y is the bit number (0-15).
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LXT970 Pin Assignments and Signal Descriptions

Table 3: LXT970 Fiber Interface Signal Descriptions

Pin#!l | PinName | |/0? Signal Description
17 FIBOP O | Fiber Output, Positive and Negative Differential pseudo-ECL driver pair
18 FIBON compatible with standard fiber transceiver for 100BASE-FX.
27 FIBIP I Fiber Input, Positive and Negative Differential pseudo-ECL receive pair
28 FIBIN compatible with standard fiber transceiver for L00BASE-FX.

1. Pin numbers apply to both package types (PQFP and LQFP).
2. 1/0 Column Coding: | = Input, O = Output, OD = Open Drain, A = Analog.

Table 4: LXT970 Twisted-Pair Interface Signhal Descriptions

Pin#l | Pin Name | /02 Signal Description
21 TPOP AO | Twisted-Pair Output, Positive and Negative Differential driver pair produces
23 TPON 802.3-compliant pulses for either 100BASE-TX or 10BASE-T transmission.
20 TREF AO | Transmit Reference Tie to center tap of output transformer.
29 TPIP Al | Twisted-Pair Input, Positive and Negative Differential input pair for either
30 TPIN 100BASE-TX or 10BASE-T reception.

1. Pin numbers apply to both package types (PQFP and LQFP).
2. 1/0 Column Coding: | = Input, O = Output, OD = Open Drain, A = Analog.

(O



LXT970 Dual-Speed Fast Ethernet Transceiver

Table 5: LXT970 LED Indicator Signal Descriptions

Pin#l | PinName | |/0? Signal Description 3

38 LEDS O | Speed LED Active Low output indicates 100 Mbps operation is selected.

42 LEDR O | Receive LED Active Low output indicates that receiver is active.

41 LEDT O | Transmit LED. Active Low output indicates transmitter is active.

40 LEDL O | Link LED . Active Low output;
During 100 Mbps operation, indicates scrambler lock and receipt of valid Idle cpdes.
During 10 Mbps operation, indicates Link Valid status.

39 LEDC O | Collision LED. In default mode, active Low output indicates collision. Howevdr,

LEDC is programmable and may be set for other indications. For programmig
options, see Configuration Register 19 in Table 56.

1. Pin numbers apply to both package types (PQFP and LQFP).
2. 1/0 Column Coding: | = Input, O = Output, OD = Open Drain, A = Analog.
3. LEDs are read at power-up to determine scrambler seed values.

Table 6: LXT970 Miscellaneous Signal Descriptions

Pin#l | PinName | /02 Signal Description
10 TEST | | Test Must be tied Low.
12 Xl I Crystal Input and Output. A 25 MHz crystal oscillator circuit can be connectef
11 XO O | across Xl and XO. A clock can also be used at XI. Refer to Functional Description
for detailed clock requirements.
25 RBIAS Al | Bias Control. Controls operating circuit bias via an external 2221 X% resistor to
ground.
16 RESET | | Reset This active Low input is OR’ed with the control register Reset bit (0.15].
The LXT970 reset cycle is extended 38)(nominal) after Reset is de-asserted.
34 PWRDWN I Power-Down When High, forces LXT970 into power-down mode. This pin is
OR’ed with the power-down bit (0.11). Refer to Table 46 for more information
32, 35, N/C - No Connection Leave open.
36
1. Pin numbers apply to both package types (PQFP and LQFP).
2. 1/0 Column Coding: | = Input, O = Output, OD = Open Drain, A = Analog.
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LXT970 Pin Assignments and Signal Descriptions

Table 7: LXT970 Hardware Control Interface Signal Descriptions

Pin#! | Pin Name | 1/0? Signal Description 3

8 MFO I Multi-Function (MF) . Five dual-function configuration inputs. Each pin acceptsjone
of four input voltage levels (MF1 = 5V, WIF2 = 3.5V, WIF3 = 1.5V, WF4 = 0V).

7 MF1 A simple resistor divider network, as shown in Figure 19 on page 37, is requiregl to
establish Mid-level (WF2 and WF3) settings. WIF1 and \WF4 (default) settings, cap

6 MF2 be established with the LXT970 standard power supply and do not require a vaftage
divider. One voltage divider may be used to drive the MF pins in designs using

5 MF3 multiple LXT970s.

4 MF4 Each MF pin internally drives two different configuration functions. The first fungtion

is to determine the 5-bit address that the LXT970 responds to on the MDIO line|(refer
to Figures 8 and 9 on page 18). The second function is to determine a particulay opera-
tional mode of the LXT970. Each MF pin also determines the state of a particulpr bit
in the Ml registers. The MDDIS input determines if this effect occurs only at ininal-
ization (MDDIS = 0) or continuously (MDDIS = 1). The relationship between the ipput
level and the two configuration functions are shown in Table 8 on page 11 and fable 9
on page 12.

The operating functions of MF4, CFGO, and CFG1 change depending on the sthte of
MFO (Auto-Negotiation enabled or disabled). The functions of MF4, CFG1 and FDE
are interrelated.

The functions of the five MF inputs are as follows:

Pin Adol\l/rlgss I;/Iiltl Operating Function

MFO 0 0.12 | Auto-Negotiation

MF1 1 19.13 | Repeater Mode (Disabling DTE Mode)

MF2 2 19.4 | 5B Symbol Mode (Disabling 4B Nibble Mode)
MF3 3 19.3 | Scrambler Operation (Disabling Scrambler)
MF4 4 4.7 | Auto-Negotiation Enabled - Advertise 100 Mbps

4.8
19.2 | Auto-Negotiation Disabled - Selects TX/FX

1. Pin numbers apply to both package types (PQFP and LQFP).
2. 1/0 Column Coding: | = Input, O = Output, OD = Open Drain, A = Analog.

3. FDE, CFGO, and CFG1 are affected by the MDDIS input pin. When MDDIS = 0, these inputs determine only the initial st&iecifai
they control. When MDDIS = 1, these inputs provide continuous hardware control over their corresponding functions.

(O



LXT970 Dual-Speed Fast Ethernet Transceiver

Table 7: LXT970 Hardware Control Interface Signal Descriptions — continued

Pin#l

Pin Name

1102

Signal Description 2

13

FDE

Full-Duplex Enable.

When A/N is enabled FDE determines full-duplex advertisement capability in cofnbi-

nation with MF4 and CFG1. See Table 9 for details.

When A/N is disabled FDE directly affects full-duplex operation and determines
value of bit 0.8 (Duplex Mode).

When FDE is High, F/D is enabled and 0.8 = 1.

When FDE is Low, F/D is disabled and 0.8 = 0.

the

14

CFGO

Configuration Control 0.

When A/N is enabled, Low to High transition on CFGO causes auto-negotiate tofre-

start and 0.9 = 1.

When A/N is disabled this input selects operating speed and directly affects bit §.13.

When CFGO is High, 100 Mbps is selected and 0.13 = 1. If FX Operation is selg
this input must be tied High.
When CFGO is Low, 10 Mbps is selected and 0.13 = 0.

cted,

33

CFG1

Configuration Control 1.

When A/N is enabled CFG1 determines operating speed advertisement capabilifes in

combination with MF4. See Table 9 for details.

When A/N is disabledCFG1 enables 10 Mbps link test function and directly affe
bit 19.8.

When CFGL1 is High, 10 Mbps link test is disabled and 19.8 = 1.

When CFGL1 is Low, 10 Mbps link test is enabled and 19.8 = 0.

—t

S

1. Pin numbers apply to both package types (PQFP and LQFP).

2. 1/0 Column Coding: | = Input, O = Qutput, OD = Open Drain, A = Analog.

3. FDE, CFGO, and CFG1 are affected by the MDDIS input pin. When MDDIS = 0, these inputs determine only the initial st&ieaifo
they control. When MDDIS = 1, these inputs provide continuous hardware control over their corresponding functions.

10
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LXT970 Pin Assignments and Signal Descriptions

Table 8 summarizes the relationship between input voltage leveisl(WMF2, VMF3, VMF4) and the configuration
function for each of the MF input pins. Each MF pin shows two configuration inputs; configuration function and Mill
address. The initial setting of the corresponding bit is also shown.

Table 8: MF Pin Function Settings 3

2
_ Al Input Voltage Levels
Pin
VMFL (5V) VMF2 (3.5V) VMF3 (1.5V) VMF4 (0V)
MFO | MIl Address Bit 0 1 1 0 0
Auto-Negotiation Disabled Enabled Enabled Disabled
Sets the initial value of bit 0.12 (0.12=0) (0.12=1) (0.12=1) (0.12=0)
MF1 | MIl Address Bit 1 1 1 0 0
Repeater / DTE Mode DTE Repeater Repeater DTE
Sets the initial value of bit 19.13  (19.13 = 0) (19.13=1) (19.13=1) (19.13=0)
MF2 | MIl Address Bit 2 1 1 0 0
Nibble (4B) / Symbol (5B) Mode,  Nibble (4B) Symbol (5B) | Symbol (5B) | Nibble (4B)
Sets the initial value of bit 19.4 (19.4=0) (19.4=1) (19.4=1) (19.4=0)
MF3 | MIl Address Bit 3 1 1 0 0
Scrambler Operation Enabled Bypassed Bypassed Enabled
Sets the initial value of bit 19.3 (19.3=0) (19.3=1) (19.3=1) (19.3=0)
MF4 | MIl Address Bit 4 1 1 0 0
If Auto-Negotiate Enabled via
MFO, MF4 works in
combination with CFG1 to )
control operating speed and See Table 9 for details.
duplex advertisement
capabilities via bits 4.5 - 4.8.
If Auto-Negotiate Disabled via
MFO, MF4 selects either 100TX 100FX 100FX 100TX
Sets the initial value of bit 19.2
1. In MDIO Control Mode, the MF pins control only the initial or default value for the respective register bits. In Manuall iBodé, the MF
pins provide continuous control of the respective register bits.
2. Input Voltage Levels (MF1, VMF2, VMF3, VMF4) for MF pins.
3. See Tables 12 through 14 for operating configuration set-up.

(O
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LXT970 Dual-Speed Fast Ethernet Transceiver

Table 9: LXT970 Auto-Negotiation Operating Speed/Full-Duplex Advertisement Settings

Input Value
Function MDIO Registers
MF4 CFG1 FDE
Advertise all capabilities VMF1, VMF4 Low - Sets 4.5, 4.6, 4.7 and 4.8 = ]
Ignore FDE
Advertise 10 Mbps only Sets4.5=1
Advertise FD \WF1, VMF4 High High |Sets4.7and 4.8=0
Sets4.6=1
Advertise 10 Mbps only Sets45=1
Do Not Advertise FD Low |Sets4.7and 4.8=0
Sets4.6=0
Advertise 100 Mbps only Sets4.7=1
Advertise FD \WF2, VMF3 Low High |Sets4.5and4.6=0
Sets48=1
Advertise 100 Mbps only Sets4.7=1
Do Not Advertise FD Low |Sets4.5and4.6=0
Sets4.8=0
Advertise 10/100 Mbps Sets4.5and 4.7 =1
Advertise FD \WF2, VMF3 High High |Sets4.6and4.8=1
Advertise 10/100 Mbps Sets4.5and 4.7 =1
Do Not Advertise FD Low |Sets4.6and4.8=0
12
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FUNCTIONAL DESCRIPTION

Introduction Attachment (PMA) sublayer as defined in the IEEE 802.3

L . 100BASE-X specification. It also performs all functions of
The LXT970 Fast Ethernet Transceiver is a physical Iaye{he Physical pM(Iatljia I Dependen? (PMD) suubla):er for

(PHY) device that supports both 10 and 100 Mbps Ethemetyop AsE X connections. The MIl speed is automatically

networks. It provides all the functions necessary to buil ; ; s ;
. i et once line operating conditions have been determined.
an IEEE 802.3 compliant solution. The LXT970 can P g

directly drive a twisted-pair cable for up to 100 meters. The&see Figure 2 for a typical Network Interface Card (NIC).
LXT970 also provides a pseudo-ECL interface for drivingThe LXT970 supports NIC, repeater and switch
a 100BASE-FX fiber connection. applications. It provides half- and full-duplex operation at

- ... 100 Mbps and 10 Mbps.
On power-up, the LXT970 can use auto-negotiation with P P

parallel detection to automatically determine line operating NOTE

conditions. If the PHY device on the other side of the link

supports auto-negotiation, the LXT970 will auto-negotiate ~ The LXT970 supports the 802.3 MDIO register
with it using Fast Link Pulse (FLP) bursts. If the PHY set. Specific bits in the registers are referenced
partner does not support auto-negotiation, the LXT970 will  using an “X.Y” notation, where X is the register
automatically detect the presence of either link pulses (10 address (0-6 or 16-20) and Y is the bit number
Mbps PHY) or Idle symbols (100 Mbps PHY) and setits  (0:15).

operating speed accordingly. When the line speed

selection is made via the parallel detection method, the

duplex mode will be set to half. The user may later select

full-duplex operation by subsequent writes to the

appropriate MDIO register. Line operation can also be set

using the Hardware Control Interface.

The LXT970 interfaces to a 10/100 MAC through the Mli
interface. The LXT970 performs all functions of the
Physical Coding Sublayer (PCS) and Physical Media

Figure 2. Network Interface Card (NIC) Application

PC Bus (EISA,PCI)

‘ I\
LXT970

RJ45
Connection

MAC Controller Magnetic

13
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LXT970 Dual-Speed Fast Ethernet Transceiver

Interfaces (Network Med,a/ A 4 kQ passive load is always present across the twisted-
pair inputs. When enabled, the twisted-pair inputs are
Protocol SU,O,DOIT) actively biased to approximately 2.8V.

The LXT970 provides the following interfaces: L . - .
In applications where the twisted-pair interface is not used,

« A Twisted-Pair Interface which directly supports the inputs and outputs may be left unconnected.

100BASE-TX and 10BASE-T applications. . - L .
] . The twisted-pair interface is disabled in power-down
* A pseudo-ECL (PECL) Fiber Interface which q4e \when the fiber interface is selected, or when the
supports 100BASE-FX applications  through  anyangmit disconnect (bit 19.0) is set. When the twisted-pair
external fiber transceiver. interface is disabled its outputs are tristated and inputs are
* An Media Independent Interface (MIl) for interfacing unbiased.
10/100 Media Access Controllers (MACSs).

» A Hardware Control Interface to configure various Fipber Interface

operating characteristics. The pseudo-ECL fiber interface is suitable for driving

] ] 100BASE-FX applications through an external fiber
Twisted-Pair Interface transceiver. This interface consists of a transmit and
The twisted-pair interface directly supports bothreceive pair. The LXT970 sends and receives a continuous
100BASE-TX  (100TX) and 10BASE-T (10T) 125 Mbps, 5B-encoded NRZI stream on this interface.
applications. The interface is capable of directly driving afScrambling and MLT-3 are not used in fiber connections.

RJ45 interface through magnetics and terminatio h . indust tandard f ; iati
resistors. The interface uses two signal pairs - one fgI ere IS no Industry standard for auto-negotiation on

transmit and one for receive. A third output, TREF, O0BASE-FX. ~ The LXT970 only supports forced

connects to the center-tap of the transmit transformer. Th%oeran:); Oo'\r)lbthe f{l)ber ig’::e[face. I.Th,? LXT970 does not
same signal pairs, magnetics, and termination resistors ardPpor ps fiber ( ) applications.

used for both 10 and 100 Mbps operation. The LXT970 does not support the signal detect function.

When the LXT970 is operating as a 100 Mbps device, i{—Iowever, the PMA functions of the LXT970 guarantee that

transmits and receives a 125 Mbps, 5B-encoded scrambldgVill detect invalid link conditions and break down a link,

MLT-3 waveform on this interface. The MLT-3 waveform ©Ven Withoutthe signal detect function.
is continuous. When there is no data to send,

) ldle’, applications where the fiber interface is not used, the
symbols are sent and received.

inputs and outputs may be left unconnected. The fiber
{'nterface is disabled in power-down mode and when the

When the LXT970 is operating as a 10 Mbps device, it . i ) : .
transmits and receives 10 Mbps Manchester-encoded da{gnsted-palr interface is enabled. When the fiber interface

The waveform is not continuous. When there is no data t& disabled its outputs are pulled to ground.
send, the line is left in an idle state. Link pulses are
transmitted periodically to keep the link up.

The LXT970 supports both fixed operation and auto-
negotiation with parallel detection on this interface. Fixed
operation allows the designer to specify the line speed and
duplex mode. With auto-negotiation enabled, the LXT970
will automatically determine line speed and duplex state by
listening to its link partner.

14
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LXT970 Functional Description

MII Interface Figure 4: MII Data Interface
The LXT970 implements the Media Independent Interfac L TY CLK —»
(MI1) as defined in the IEEE 802.3. This interface consist -
of a data interface and a management interface as showr «—TX_EN —
Figure 3. The data interface is used for exchanging da €«—TXD<3:0> -
between a 10/100 802.3 compliant Ethernet Media Acce «TX ER
Controller (MAC) and the LXT970. The managemen{ | | XT970 - Media Access
portion of the interface allows network managemen Controller
functions to control and monitor the LXT970. —RX_CLK ' MAC
_ —RX_DV —»
Figure 3: MIl Interface | RXD<3:0> —»
—RX_ER —»
Media Access Controller ——CRS —¥
> —COL —”
) t Note: 5%) series termination resistors are recommer
__|L__Media Independent_ | | on all Mll outputs.

Interface (MII)

Transmit Clock

The transmit clock (TX_CLK) is normally generated
by the LXT970 from the master 25 MHz reference
source at the Xl input. However, when the Xl input is
grounded, TX_CLK becomes the master reference
clock input.

\ 4

LXT970

The transmit data and control signals must always be

MIl Data Interface
Figure 4 shows the data portion of the MII interface.
Separate channels are provided for transmitting data
from the MAC to the LXT970 (TXD), and for
receiving data (RXD) from the line.

Each channel has its own clock, data bus and control
signals. The LXT970 supplies both clock signals as
well as separate outputs for carrier sense and collision.

Normal data transmission across the MIl is
implemented in 4-bit wide nibbles known as 4B
Nibble Mode. In 5B Symbol Mode, a fifth bit allows
5-bit symbols to be sent across the MIl. Details of 4B
Nibble and 5B Symbol Modes can be found in the 100
Mbps Operation section on page 25.

synchronized to TX_CLK by the MAC. The LXT970
normally samples these signals on the rising edge of
TX_CLK. However, Advanced TX_CLK Mode is
available by setting MIl register bit 19.5=1. In this
mode, the LXT970 samples the transmit data and con-
trol signals on the falling edge of TX_CLK. Further
details of clock modes can be found in the Operating
Requirements section on page 21.

Receive Clock

The source of the receive clock varies depending on
operating conditions. For 100BASE-TX and
100BASE-FX links, receive clock is continuously
recovered from the line. If the link goes down, and
auto-negotiation is disabled, receive clock operates off
the master input clock (X1 or TX_CLK).

For 10T links, receive clock is recovered from the line
while carrier is active and operates from the master
input clock when the line is idle.

The LXT970 synchronizes the receive data and control
signals to RX_CLK. The LXT970 always changes

these signals on the falling edge of RX_CLK in order

to stabilize the signals at the rising edge of the clock
with 10ns setup and hold times.

(O
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Transmit Enable

The MAC must assert TX_EN the same time as the
first nibble of preamble, and de-assert TX_EN after
the last bit of the packet.

Receive Data Valid

The LXT970 asserts RX_DV when it receives a valid
packet. Timing changes depend on line operating
speed and MIl mode:

e For 100TX and 100FX links with the MIl in 4B
mode, RX_DV is asserted from the first nibble of
preamble to the last nibble of the data packet.

e For 100TX and 100FX links with the MIl in 5B
mode, RX_DV is asserted starting with the /K
symbol and ending with the /T symbol.

e For 10T links, the entire preamble is truncated.
RX_DV is asserted with the first nibble of the
SFD “5D” and remains asserted until the end of
the packet.

Error Signals
In 100TX mode, when the LXT970 receives an errored
symbol from the network, it asserts RX_ER and drive
“1110” (4B) or “01110” (5B) on the RXD pins.

Operational Loopback

Operational loopback is provided for 10 Mbps half-
duplex links when bit 19.11 = 0. Data transmitted by
the MAC will be looped back on the receive side of the
MIl. Operational loopback is not provided for 100

Mbps links, full-duplex links, or when 19.11 = 1.

Test Loopback

A test loopback function is provided for diagnostic
testing of the LXT970. During test loopback, twisted-
pair and fiber interfaces are disabled. Data transmitted
by the MAC is internally looped back by the LXT970
and returned to the MAC.

Test loopback is available for 100 Mbps and 10 Mbps
operation. Loopback paths for the two modes of
operation are shown in Figure 5.

Test loopback is enabled by setting bit 0.14 = 1 (loop-
back), bit 0.8 = 1 (full-duplex), and bit 0.12 = 0 (dis-
able auto-negotiation). The desired mode of operation
for test loopback is set using bits 0.13 and 19.2 as
shown in Table 10.

Srable 10: Test Loopback Operation

When the MAC asserts TX_ER, the LXT970 will
drive “H” symbols out on the line.

There are no error functions in 10T mode.

Carrier Sense

Carrier sense (CRS) is an asynchronous output. It |s

always generated when a packet is received from th
line and in some modes when a packet is transmitted

Bit
Mode of Operation
19.2 0.13
10 Mbps Test Loopback 0 0
100 Mbps Test Loopback 1 1

Test Loopback.

1. Bit0.14 =1, bit 0.8 = 1, and 0.12 = 0 must also be set to enrble

On transmit CRS is asserted on a 10T, half-duplex link

when MIl Register 19.11=0 (default state), or on anyFigure 5: Loopback Paths

100 Mbps half-duplex link. Carrier sense is not
generated on transmit when the link operation is full{
duplex, or with 10T half-duplex links when 19.11=1.

Usage of CRS for Interframe Gap (IFG) timinghist
recommended for the following reasons:

» De-assertion time for CRS is slightly longer than
assertion time.
appear somewhat shorter to the MAC than it
actually is on the wire.

[ 10 Mbps

This causes IFG intervals td ||

100 Mbps
Loopback
Analog

) Al

Block
Driver

FX
Driver [

Loopback

-5

Digital
Block

¢ CRS de-assertion is not aligned with TX_EN de-
assertion on transmit loopbacks in half-duplex
mode.

16
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Collision
The LXT970 asserts its collision signal, asynchro-

nously to any clock, whenever the line state is halffigure 6: Repeater Block Diagram

duplex and the transmitter and receiver are active ft
the same time. Table 11 summarizes the conditions f@r
assertion of carrier sense, collision, and data loopba

signals.

Repeater Mode

The LXT970 MIlI normally operates in DTE Mode
(19.13 = 0). An alternative operating mode is availablg
for repeater applications (19.13 = 1).

In Repeater Mode, the Carrier Sense (CRS) anfl

Tristate (TRSTE) signals request and grant bus acceqgs.

The TRSTE pin controls only the receive channel o
the MIl (RX_DV, RX_ER, RX_CLK, and RXD).

As shown in Figure 6, a central Repeater Stat
Machine (RSM) is required to perform arbitration and
determine which LXT970 will drive the MIl Data

Interface. The RSM is responsible for enforcing
collisions, and ensuring packets are not transmitted o
the port they were received from. This is accomplishegl
by supplying each LXT970 with individual TX_EN

172

k

Repeater
State Machine
(RSM)

———& Receive Channel (RXD)

< CRS —
— TX_EN >
— TRSTE —»

< CRS —
— TX_EN »
— TRSTE —»

< CRS —
— TX_EN »
— TRSTE >

4 CRS —
— TX_EN —»
— TRSTE »

—— Transmit Channel (TXD)

(N
LXT970

@ LEVEL
(L5

LXT970

LXT970

LXT970

outputs. Although repeater operation is half-duplex;
the LXT970 operates the Mll as a full-duplex interface
in Repeater Mode. CRS is generated only on receive
and Collision (COL) is never generated.

In Repeater Mode, Carrier Sense (CRS) and Tristate

(TRSTE) signals request and grant bus access. The

TRSTE pin controls only the receive channel of the
MIl (RX_DV, RX_ER, RX_CLK, and RXD).

Repeater Mode is normally used with Slave Clock
Mode (XI = GND and TX_CLK is an input).

Table 11: Carrier Sense, Loopback, and Collision Conditions

Speed & Duplex Condition Carrier Sense Loopback Collision
Full-Duplex at 10 Mbps or 100 Mbps Receive only None None
Repeater Mode
100 Mbps, Half-Duplex Transmit or Receive None Transmit and Recgive
10 Mbps, Half-Duplex, 19.11 =0 Transmit or Receive Yes Transmit and Redeive
10 Mbps, Half-Duplex, 19.11 =1 Receive only None Transmit and Recgive

(O
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MII Management Interface

The LXT970 supports the IEEE 802.3 MI
Management Interface also known as the Management
Data Input/Output (MDIO) Interface. This interface
allows upper-layer devices to monitor and control the
state of the LXT970. 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 data line (MDIO) and clock line (MDC), a control
line (MDDIS) and an optional interrupt line (MDINT).
The LXT970 can signal an interrupt using the MDIO
signal as shown in Figure 7. The user can also assign
a separate pin for this function. If bit 17.1 = 1, pin 2
(FDS/MDINT) will be used as an MDINT pin.

The protocol allows one controller to communicate
with multiple LXT970 devices. Each LXT970 is
assigned an MIl address between 0 and 31 by the MF
inputs. The timing for the MDIO Interface is shown in
Table 43 on page 54. Read and write operations are
shown in Figures 8 and 9. Operation of this interface
is controlled by the MDDIS input pin. When MDDIS

is High, the MDIO operates as a read-only interface.
When MDDIS is Low, read and write are enabled.

Figure 7. MDIO Interrupt Signaling

The LXT970 supports twelve 16-bit MDIO registers.
Registers 0-6 are required and their functions are
specified by the IEEE 802.3 specification. Additional
registers are included for expanded functionality. The
MDIO Register set for the LXT970 is described in
Tables 46 through 57. Specific bits in the registers are
referenced using an “X.Y” notation, where X is the
register number (0-6 or 16-20) and Y is the bit number
(0-15).

MII Management Interrupt

The MDINT/FDS pin functions as a management data
interrupt on the MIl when 17.1 = 1. An active Low on
this pin indicates a status change on the LXT970. The
interrupt is activated when changes are made to the
following conditions:

* Link Status
* Duplex Status

This interrupt is cleared by sequentially reading
Register 1 and Register 18.

MDC r/—‘ \_//J
MDIO //// INT ////
MDIO FRAME X X X
0
Interrupt z
H*Turng*i Read Data 4"4— Idle >
Around Sourced by
LXT970

Figure 8: Management Interface - Read Frame Structure

Write

Idle-»le-Preamble—sla—— SFD —»la—Op Code—bla—— PHY Address——»le— Register Address —pla— U _pl¢— Data ——ple— Idle —»

Around

Il

» e Read »

Figure 9: Management Interface - Write Frame Structure

Idle»#-Preamble-»>4—— SFD —»l&— Op Code —Pl¢—— PHY Address —P{#— Register Address —Pl¢—

i Write

Turn
Around

— e
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Hardware Control Interface When MDDIS is High, the Hardware Control Interface

The Hardware Control Interface consists of ME<4:0> provides continuous control over the LXT970. Individual
CFG <1:0> and FDE input pins. This interface is used toChip addregsing allows multiple LXT970 devices to share
configure operating characteristics of the LXT970 and tothe Milin either mode. Tablgs 12, 13’. and 14 ShOW. how to
determine the MDIO Address. When MDDIS is Low, theSet up the desired operating configurations using the
Hardware Control Interface provides initial values for theHardware Control Interface.

MDIO registers, and then passes control to the MDIO

Interface.

Table 12: Configuring the LXT970 via Hardware Control

Desired Configuration Pin Name Voltage Level MDIO Registers
Auto-Negotiation Enabléd MFO VMF2, VMF3 012=1
Auto-Negotiation Disablet MFO VMFL, VMF4 012=0
Normal Operation MF1 19.13=0
(DTE Mode, Nibble Mode, Scrambler Enabled) MF2 VMF1, VMF4 19.4=0

MF3 19.3=0

Repeater Mode MF1 MF2, VMF3 19.13=1

Symbol Mode MF2 WIF2, VMF3 194=1

Scrambler Bypass Mode MF3 ME2, VMF3 19.3=1
1. Refer to Table 13 for Hardware Control Interface functions available when auto-negotiation is enabled.
2. Refer to Table 14 for Hardware Control Interface functions available when auto-negotiation is disabled.

Table 13: LXT970 Operating Configurations / Auto-Negotiation Enabled

Bt Input Value MDIO Registers
Configuration *2 MF4 CFG1 FDE 45 | 46 | 47 | 48
Advertise All VMF1, VMF4 Low Ignore 1 1 1 1
Advertise 100 HD WIF2, VMF3 Low Low 0 0 1 0
Advertise 100 HD/FD WIF2, VMF3 Low High 0 0 1 1
Advertise 10 HD WIF1, VMF4 High Low 1 0 0 0
Advertise 10 HD/FD WF1, VMF4 High High 1 1 0 0
Advertise 10/100 HD WF2, VMF3 High Low 1 0 1 0
1. Refer to Table 12 for basic configurations.
2. Refer to Table 14 for Hardware Control Interface functions available when auto-negotiation is disabled.
19

(O



LXT970 Dual-Speed Fast Ethernet Transceiver

Table 14: LXT970 Operating Configurations / Auto-Negotiation Disabled

Desired Configuration 12 Pin Name Input Value MDIO Registers
Force 100FX Operation MF4 NE2, VMF3 19.2=1
CFGO High 0.13=1
MF3 VMFL, VMF4 19.3=0
Force 100TX Operation MF4 N1, VMF4 19.2=0
CFGO High 0.13=1
Force 10T Operation MF4 NF1, VMF4 19.2=0
CFGO Low 0.13=0
Force full-duplex Operation FDE High 08=1
Disable 10T Link Test CFG1 High 198=1
Enable 10T Link Test CFG1 Low 19.8=0

1. Refer to Table 12 for basic configurations.

2. Refer to Table 13 for Hardware Control Interface functions available when auto-negotiation is enabled.
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Operating Requirements External Crystal _ o
A crystal is typically used in NIC applications. If a

. crystal oscillator is used, it should be fundamental-
Power Supply Requirements mode and parallel-resonant, with a drive capacity of at

The LXT970 requires a 5V power supply. Power should be least 7 pF. It should be attached between the XI and
supplied from a single source to the VCC, VCCA, VCCT,  XO pins. Compensating capacitors should be added
and VCCR power pins. A ground return path must be between each leg and digital ground. The correct
provided to the GND, GNDA, GNDT, and GNDR pins. As value to use is the nominal drive capacity of the crystal
a matter of practice, the power supply should be as clean as Minus 3 pF (input capacitance of the Xl and XO pins).

possible. Filtering is recommended for the analog power One crystal can be used to drive two LXT970s.

pins (VCCA, VCCT, VCCR) at least in the initial design. ~ Connect the XO pin of only one 970 to one side of the
Consult the Design Recommendations section for details. ~Crystal, and connect the other side to both XI pins.
A decoupling capacitor is recommended between each Calculate compensation accordingly.

VCC pin and its respective GND, placed as close to the

device as possible. External Clock

An external 25 MHz clock source, rather than a
crystal, is frequently used in switch applications.

Optional Mil Power Supply When a clock is supplied to XI, XO is left open.

The MIl may be powered by either a 3.3V or 5V
source via the VCCIO pin. To avoid power TX Clock Advance Mode

sequencing issues, the VCCIO pin should be supplied When operating in master clock mode under MDIO
from the same source used to power the other side of  ¢4ntro|, the user can advance the transmit clock rela-
the MIl interface. When VCCIO is supplied with tive to TXD<4:0> and TX ER. When TX CLK
3.3V, the MIl inputs are not tolerant of 5V signal  agyance is selected, the LXT970 clocks TXD data in

levels. The MDIO and MDC pins must be operated at 4, the falling edge of TX_CLK, instead of the rising
the same voltage as the rest of the Mll interface. edge.

Reference Clock Requirements This mode provides an increase in timing margins of

The LXT970 requires a continuous, stable reference clock. Z;(a[ihefm\éi tt)(ljt lBXS—SLlK' TX_CLK Advance is
There are two clock modes, Master Clock Mode and Slave T

Clock Mode. Depending on the mode of operation, the
clock may be supplied at the crystal oscillator pins (XI, Slave Clock Mode

X0), or at the Transmit Clock pin (TX_CLK). See Table The Slave Clock mode is typically used for repeater
26 for input clock requirements. - applications, where the LXT970 is not the master

clock source for data transmissions. In Slave Clock
Mode a digital clock circuit with TTL levels (M

Master Clock Mode >2.0V) must supply the TX CLK input. The
frequency may be either 25 MHz or 2.5 MHz. Either
frequency can be used during auto-negotiation.
However, once link is established, the supplied
frequency must match the link state. A 25 MHz clock
must be supplied for correct operation of a 100TX or
100FX link, and a 2.5 MHz clock must be supplied for
correct operation of a 10T link. In Slave Clock mode
Xl is connected to ground and XO is left open.

The Master Clock mode is recommended in most
Network Interface Cards (NICs) and switch
applications. In Master Clock mode the LXT970 is the
master clock source for data transmission, and requires
a 25 MHz reference signal at XI. The reference clock
may be supplied either from a crystal oscillator or from
a digital clock circuit. It must have a frequency of 25
MHz +/- 100 ppm, and a 40/60 duty cycle or better. It
must also meet CMOS voltage level@/>3.2V).

In Master Clock Mode, TX_CLK is an output and the Bias Circuit ReqU|rementS

LXT970 automatically sets the speed of TX_CLK to A 22.1 K2 1% resistor must be tied between the RBIAS
match line conditions. If the line is operating at 100input and ground. High speed signals should be kept away
Mbps, TX_CLK will be set to 25 MHz. If the line is from this resistor; follow the layout recommendations
operating at 10 Mbps, TX_CLK will be set to 2.5 given in the Design Recommendations section on page 35.
MHz.
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Initialization Link Configuration

At power-up or reset, the LXT970 performs the When the LXT970 is first powered on, reset, or encounters
initialization sequence shown in Figure 10. a link failure state, it must determine the line speed and
. operating conditions to use for the network link. The
Control Mode Selection LXT970 first checks the MDIO registers (initialized via the
Mode control selection is provided via the MDDIS pin asHardware Control Interface or MDIO Interface) for
shown in Table 15. When MDDIS is High, the LXT970 operating instructions. Both control modes allow the user
enters Manual Control Mode. When MDDIS is Low, to either force the LXT970 to a specific configuration or
MDIO Control Mode is enabled. allow it to auto-negotiate the optimum configuration with
its link partner.

MDIO Control Mode

In the MDIO Control mode, the LXT970 reads the
Hardware Control Interface pins to set the initial
(default) values of the MDIO registers. Once the initial
values are set, bit control reverts to the MDIO inter-
face.

Manual Control Mode

In the Manual Control Mode, LXT970 disables direct

write operations to the MDIO registers via the MDIO

Interface. The LXT970 continuously monitors the

Hardware Control Interface pins and updates the
MDIO registers accordingly.

Table 15: Mode Control Settings

MDDIS | RESET | PWRDWN
Mode Pin 15 Pin 16 Pin 34
MDIO Control Low High Low
Manual Control High High Low
Reset - Low Low
Power-Down - - High

Figure 10: LXT970 Initialization Sequence

Manual Configuration

The LXT970 can be manually configured to force
operation in the following modes:

* 100FX, full-duplex
100FX, half-duplex
100TX, full-duplex
100TX, half-duplex
10T, full-duplex
« 10T, half-duplex

Refer to Tables 12 through 14 in the Hardware Control
Interface discussion for specific manual configuration
settings.

Power-up or Reset

MDIO Control
Mode Check Value

MDDIS

A

Read H/W Control
Interface

Initialize MDIO Registers

Pass Control to MDIO
Interface

!

Manual Control
Mode

Disable MDIO Writes

Read H/W Control
Interface

Update MDIO Registers
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Auto-Negotiation/Parallel Detection Controlling Auto-Negotiation
With auto-negotiation enabled at power-up or reset, When auto-negotiation is controlled by software, the
the LXT970 attempts to establish link operating  following steps are recommended:
conditions with its partner by sending Fast Link Pulse

(FLP) bursts. « After a reset or power-up (initial or from power-
down mode), the power-down recovery time

If the link partner is also capable of auto-negotiation, (refer to Table 44 on page 55) must be exhausted

the two devices exchange FLP bursts to communicate before proceeding.

their capabilities to each other. Each side finds the » Set MDIO Register 4 advertisement capabilities

highest common capabilities that both sides can before setting MDIO bit 0.12 = 1 to enable auto-

support and then begins operating in that mode. negotiation.

If the link partner is not capable of auto-negotiation, it
will transmit either 10 Mbps Normal Link Pulses
(NLP) or 100 Mbps Idle symbols. When the LXT970
detects either NLPs or Idle symbols, it automatically
configures to match the detected operating speed in
half-duplex mode. This ability allows the LXT970 to
communicate with devices that do not support auto-
negotiation.

Figure 11: Auto-Negotiation Operation

Power-Up, Reset,
Link Failure

l

( Start )

Disable
Auto-Ne gotiation

Enable
Auto-Ne g/Parallel Detection

A 4
A 4
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Monitoring Operational Status Monitoring Status via Indicator

Pins
Monitoring Status via MIl Registers The LEDS, LEDR, LEDT, LEDL, and LEDC pins are
The Chip Status Register (Table 57 on page 66) provides@VOS digital outputs that can be used to drive LEDs.
convenient indication of several status conditions: These pins along with the FDS/MDINT output, can also be

used to externally monitor the status of the LXT970. The

* Bit 20.13 is set to 1 once the link is established following notes apply to the FDS/MDINT and LED pins:
e Bits 20.12 and 20.11 indicate the link speed and

duplex condition e LEDR, LEDT and LEDC pulse Low to indicate
« Bits 20.9 and 20.8 indicate the progress and status of receive, transmit, and collision activity respectively.
auto-negotiation When the LXT970 asserts these signals, it automati-

. I . cally extends them for 100 ms.
Refer to the Register Definitions section on page 56 for e . o .
additional details on specific registers. e LEDL indicates link status and LEDS indicates link

speed. LEDL and LEDS are active Low.

« In its default state (17.1 = 0), the MDINT/FDS output
indicates duplex condition. FDS is active High.

Table 16 shows the state of the LXT970 according to the
status of LEDL, LEDS, and FDS pins.

Table 16: LXT970 Status using FDS/LED Pins

LXT970 State Pin Status

LEDL LEDS FDS
During Power-up High High Low
During Auto-Negotiation or High High Low
Link Failure
Link-up; 100 Mbps; full-duplex Low Low High
Link-up ; 100 Mbps; half-duplex Low Low Low
Link-up ; 10 Mbps; full-duplex Low High High
Link-up ; 10 Mbps; half-duplex Low High Low
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100BASE-X Operation In some applications it may be desirable to bypass the 4B/
5B encoder/decoder circuit, and operate the Mll as a 5-bit
100BASE-X MII Operations symbol mode interface. The LXT970 provides additional

. lines in both the receive and transmit channels (RXD4 &
The MAC exchanges data with the LXT970 over the Mll1yp4) tg accommodate MACs that accept 5-bit symbols.
interface. The LXT970 converts the digital data from the

MAC into an analog waveform that is transmitted to thelOOBASE-X Network Operations

network via the copper (TX) or fiber (FX) interface. The pyring 100BASE-X operation, the LXT970 transmits and
LXT970 converts analog signals received from therecejves 5-bit symbols across the network link. Figure 12
network into a digital format and sends them to the MAGshows the structure of a standard frame packet. When the

on Ml control and data signals. out Idle symbols on the line.

The 100BASE-X protocol specifies the use of a 5-bitjy 100TX mode, the LXT970 scrambles the data using a
symbol code on the network media. However, data igolynomial key, and transmits it to the network using
normally transmitted across the MIl interface in 4-bit\T-3 line code. The MLT-3 signals received from the

nibbles. The LXT970 incorporates a 4B/SB encoderinetwork are descrambled and decoded by the LXT970, and
decoder circuit that translates 4-bit nibbles from the Mllgent across the Ml to the MAC.

into 5-bit symbols for the 100BASE-X connection, and

translates 5-bit symbols from the 100BASE-X connectiorf? 100FX mode, the LXT970 transmits and receives NRZI
into 4-bit nibbles for the MIl. Figure 13 shows the dataSignals across the pseudo-ECL interface. An external

conversion flow from nibbles to symbols. Table 17 showd 00FX transceiver module is required to complete the fiber
4B/5B symbol coding (not all symbols are valid). connection. To enable 100FX operation, auto-negotiation

must be disabled and FX selected.

Figure 12: 100BASE-TX Frame Structure

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)
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Figure 13: 100BASE-TX Data Flow
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Table 17: 4B/5B Coding

Code Type 4,;3 ZC ;)%e Name 53 i;;mlbg | 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
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
CONTROL 0101 K 2 10001 Start-of-Stream Delimiter (SSD), part 2 of 2
undefined T3 01101 End-of-Stream Delimiter (ESD), part 1 of 2
undefined R3 00111 End-of-Stream Delimiter (ESD), part 2 of 2
undefined H4 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 Invalid
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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10BASE-T Operation 10BASE-T Network Operations
During 10BASE-T operation, the LXT970 transmits and

. receives Manchester-encoded data across the network link.
10BASE-T Ml Operatlons When the MAC is not actively transmitting data, the

The MAC transmits data to the LXT970 over the MIl | xT970 sends out link pulses on the line.

interface. The LXT970 converts the digital data from the

MAC into an analog waveform that is transmitted to theln 10BASE-T mode, the polynomial scrambler/
network via the copper interface. The LXT970 convertsdescrambler is inactive. Manchester-encoded signals
analog signals received from the network into a digitateceived from the network are decoded by the LXT970 and
format suitable for the MAC. The LXT970 sends thesent across the MIl to the MAC.

received data to the MAC via the MIl. The 5-bhit symbol

code is not used for 10BASE-T operation. The M1 The LXT970 does not support fiber connections at 10
operates only as a 4-bit interface and the RXD4 & TXD4Mbps.

lines are not used.
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Protocol Sublayer Operations

With respect to the 7-layer communications model, the
LXT970 is a Physical Layer 1 (PHY) device. The LXT970
implements the Physical Coding Sublayer (PCS), Physical

Medium Attachment (PMA),

and Physical Medium

Dependent (PMD) sublayers of the reference model
defined by the IEEE 802.3u specification. The following

paragraphs discuss LXT970 operation from the reference
model point of view.

PCS Sublayer

The Physical Coding Sublayer (PCS) provides the Ml )
interface, as well as the 4B/5B encoding/decoding function 10T Preamble Handling
when the MIl is operating as a 4B interface.

For 100TX and 100FX operation, the PCS layer provides
IDLE symbols to the PMD-layer line driver as long as
TX_EN is de-asserted.

When the MIl is operating in 5B mode, the encoder/
decoder function is disabled, and symbol data presented at
the MIl is transparently passed downstream, and vice

versa.

For 10T operation, the PCS layer merely provides a bus
interface and serialization/de-serialization function. 10T

operation does not use the 4B/5B encoder, and is not
supported when the Mll is in 5B mode.

Figure 14:LXT970 Protocol Sublayers

100X Preamble Handling

When the MAC asserts TX_EN, the PCS substitutes a
/JIK symbol pair, also known as the Start of Stream
Delimiter or SSD, for the first two nibbles received
across the MIl. The PCS layer continues to encode the
remaining Ml data, following Table 17, until TX_EN

is de-asserted. It then returns to supplying IDLE
symbols to the line driver.

In the receive direction, the PCS layer performs the
opposite function, substituting two preamble nibbles
for the SSD.

In 10BASE-T Mode, the LXT970 strips the entire
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Data Errors (100X Only)
Figure 15 shows normal reception. When the LXT970
receives invalid symbols from the line, it asserts
RX_ER, as shown in Figure 16.

Figure 15: 100BASE-TX Reception with No Errors

Collision Indication
Figure 17 shows normal transmission. The LXT970
detects a collision if transmit and receive are active at
the same time. As shown in Figure 18 upon detection
of a collision, the COL output is asserted and remains
asserted for the duration of the collision.
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Figure 16: 100BASE-TX Reception with Invalid Symbol
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Figure 17: 100BASE-TX Transmission with No Errors
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1. In half-duplex mode, CRS asserts when receive or transmit are active. In full-duplex mode, CRS asserts during receive only.

Figure 18: 100BASE-TX Transmission with Collision
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SQE (10T Only)

When the SQE (heartbeat) function is enabled, the
LXT970 will assert its COL output for 5-15 BT after
each packet. By default, the SQE function is disabled
onthe LXT970. To enable SQE, sethit19.10=1. See
Figure 29 on page 52 for SQE timing parameters.

Jabber (10T Only)

If the MAC transmission exceeds the jabber timer, the
LXT970 disables the transmit and loopback functions
and asserts the COL pin. The LXT970 automatically
exits jabber mode after 250-750 ms. This function can
be disabled by setting bit 19.9 = 1. See Figure 30 on
page 52 for Jabber timing parameters.

PMA Layer

The Physical Medium Attachment (PMA) layer provides
link and carrier status functions.

Link

100TX Link Options
The PMA layer follows I|EEE standards for
establishing, maintaining and breaking down a link.

For 100TX and 100FX applications, the PMA layer
will take down the link if the Bit Error Rate (BER)
exceeds allowable standards. If the link goes down
and auto-negotiation is enabled, the device
automatically restarts the auto-negotiation process.
Otherwise the device continues to monitor the line for
a valid link.

10T Link Test

For 10T operation, link is detected via Normal Link
Pulses (NLPs). In 10T mode, the LXT970 always
transmits link pulses. If the link test function is
enabled, it monitors the connection for link pulses.
Once it detects 2 to 7 link pulses, data transmission
will be enabled and will remain enabled as long as the
link pulses or data transmission continues. Link failure
occurs if link test is enabled and link pulses stop being
received. If this condition occurs, the LXT970 returns
to the auto-negotiation phase if auto-negotiation is
enabled.

If the link test function is disabled, the LXT970 will
transmit to the connection regardless of detected link
pulses. The link test function can be disabled by
setting bit 19.8 = 1 or by setting MFO to disable auto-
negotiation and setting CFG1 input High.

Carrier Sense (CRS)

For 100TX and 100FX links, a start-of-stream
delimiter or /J/K symbol pair causes assertion of
carrier sense (CRS). An end-of-stream delimiter, or /
T/R symbol pair causes de-assertion of CRS. The
PMA layer will also de-assert CRS if IDLE symbols
are received without /T/R, however in this case
RX_ER will be asserted for one clock cycle when CRS
is de-asserted.

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

The PMA layer in the LXT970 does not support the
optional far-end-fault function.
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Twisted-Pair PMD Layer Fiber PMD Layer

The twisted-pair Physical Medium Dependent (PMD) layefrThe LXT970 provides a pseudo-ECL interface for
provides the signal scrambling and descrambling, line€onnection to an external fiber optic transceiver. The
coding and decoding (MLT-3 for 100TX, Manchester forexternal transceiver provides the PMD function for fiber
10T), as well as receiving, polarity correction, and baselinenedia. The LXT970 uses an NRZI format for the fiber

wander correction functions. interface. The fiber interface operates at 100 Mbps and is
intended for 100FX applications. It does not support 10FL
Scrambler/Descrambler (100TX Only) applications. The fiber interface does not support the signal

The purpose of the scrambler is to spread the signaletect function supplied by most fiber optic transceivers.
power spectrum and reduce EMI and baseline wandeHowever, the link detection function in the PMA layer will
Scrambling is done with an 11-bit, non-data- quickly detect faults in the fiber link.

dependent polynomial. The receiver automatically

decodes the polynomial whenever IDLE symbols are

received.

The LXT970 provides a scrambler-bypass mode for
testing purposes. Bypassing the scrambler causes the
PCS-layer encoder to be bypassed as well, and the M|
to operate in 5B mode.

Baseline Wander Correction

(100TX Only)
The LXT970 provides a baseline wander correction
function which makes the device robust under all net-
work operating conditions. The MLT3 coding scheme
used in 100BASE-TX is by definition “unbalanced”.
This means that the average DC value of the signal
voltage can “wander” significantly over short time
intervals (tenths of seconds). In less robust devices,
this wander can cause receiver errors, particularly at
long line lengths (100 meters). The exact characteris-
tics of the wander are completely data dependent. The
LXT970 baseline wander correction circuitry allows
error-free data recovery, even at long line lengths.

Polarity Correction

The LXT970 automatically detects and corrects for the
condition where the receive signal (TPIP/N) is
inverted. Reversed polarity is detected if eight
inverted link pulses, or four inverted end-of-frame
markers, are received consecutively. If link pulses or
data are not received for 96-128 ms, the polarity state
is reset to a non-inverted state.
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Additional Operating Features Software Reset

Software reset causes all state machines to be reset and the

_ LXT970 to re-configure itself to the settings of the
Low VOItage Fault Detect hardware configuration pins (MF<4:0>, FDE, CFGO,

The LXT970 low-voltage fault detection function preventscrgy),

transmission of invalid symbols whenc¥ goes below

normal operating levels. If this condition occurs, theThe LXT970 may be reset via software by setting bit

LXT970 disables the transmit outputs and sets 20.2 = 1.15 =1. This bit setting will be maintained while the reset

Operation is automatically restored whend/returns to  operation is running. When the reset operation is complete,
normal. Table 27 on page 41 indicates voltage levels useatie LXT70 will reset bit 0.15 = 0.

to detect and clear the low-voltage fault condition.

Hardware Reset

Power-Down Mode Hardware reset causes the LXT970 to reset all of its
The LXT970 goes into power-down mode whenfunctions and re-configure itself based on the hardware
PWRDWN is asserted. In this mode, all functions areconfiguration pin settings.

disabled except the MDIO. The power supply current is )

significantly reduced. This mode can be used for energylh® LXT970 will perform a hardware reset when a Low
efficient applications or for redundant applications whereSignal is detected at the RESET pin. All operational
there are two devices and one is left as a stand-by. whé&@nditions must be met for this function to operatecV
the LXT970 is returned to normal operation, configurationMust be above 4.75V and stable, and the RESET signal
settings of the MDIO registers are maintained. Refer tgNust be asserted for two cycles of the master input clock.
Table 23 on page 39 for power-down specifications andhe LXT970 continues to drive an internal reset for a

Table 44 on page 55 for hardware reset specifications. Period of 300us after the RESET signal is de-asserted to
ensure that all functions start up smoothly. Mll registers are

not available and the MDIO output is tri-stated during the
internal reset period. Refer to Table 44 on page 55 for
hardware reset specifications.
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APPLICATION INFORMATION

Magnetics Information

Table 19 provides a cross-reference list of compatible
agnetics components from various vendors.

The LXT970 requires a 1:1 ratio for both the receive an

the transmit transformers. Refer to Table 18 for magnetictse

requirements.

nformation is provided only as a reference. Designers must
st and evaluate all components for suitability in their

applications.
Table 18: Magnetics Requirements
Parameter Min Nom Max Units Test Condition
Rx and Tx Turns Ratio - 11 - -
Insertion Loss 0.0 - 1.1 dB
Primary Inductance 350 - - puH
Transformer Isolation - 2 - kv
Differential to common mode rejection - - -40 dB .1 to 60 MHz
- - -35 dB 60 to 100 MHz
Return Loss - - -17 dB .1 to 60 MHz
- - -15 dB 60 to 100 MHz
Rise Time 2.0 - 35 ns 10% to 90%
Table 19: Magnetics Component Manufacturers
Manufacturer Single Port Dual Port Quad Port
Belfuse S558-5999-39 S558-5999-75 S558-5999-C0
HALO TG22-3506ND TG110-3506NX TG110-6506NX
TD22-3506G1 TG110-S025NX TG110-S450NS
TG22-S010ND
TG22-S012ND
TG110-S050N2
Nanopulse 6120-30 6809-30 6887-30
6120-37 6815-30 6923-30
6170-30 6886-30
6181-37 6931-30
Pulse PE-68517L H1026 H1036L
(Fil-Mag) PE-68515L H1028 H1044
H1019
H1012
Valor ST6118 ST6155 ST6160
ST6114 ST6163
33
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Crysta/ Information Crystals are available from various manufacturers.

The LXT970 . llel fund IDesigners should test and validate all crystals before
€ requires a parallel-resonant fun amema'ommitting to a specific component. Based on limited

mode crystal that meet specifications as shown in Table 2 valuation, Table 21 lists some suitable crystal
Xl and XO input capacitance and voltage requirements arﬁ]anufactu'rers and part numbers
provided in Table 26 on page 41. '

Table 20: Crystal Requirements

Parameter Min Nom Max Units Test Condition
Frequency - 25.0 - MHz
Frequency Stability - - +100 ppm 40 - 8%C

1. See Table 26 (Clock Characteristics) for additional device specifications.

Table 21: Crystal Component Manufacturers

Component Manufacturer Part Number
Crystal Epson America MA-505-25.000M
Caliber Electronics AA18C1-25.000MHz
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Design Recommendations Power Supply Filtering

The LXT970 is designed in accordance with IEEEPower supply ripple and digital switching noise on tioeV
requirements and provides outstanding receive Bit Erroplane can cause EMI problems and degrade line
Ratio (BER) and long-line-length performance. Lab testPerformance. lItis generally difficult to predict in advance
show that the LXT970 performs well beyond the requiredhe performance of any design, although certain factors
distance of 100 meters. Ensuring maximum performanc@reatly increase the risk of having these problems:

from the LXT970 requires attention to detail and good

design practices. Refer to thXT970 Design and Layout  ° Poorly-regulated or over-burdened power supplies.

Guidefor detailed design and layout information. * Wide data busses (>32-bits) running at a high clock
rate.
General Design Guidelines * DC-to-DC converters.

Adherence to generally accepted design practices i§lany of these issues can be improved just by following
essential to minimize noise levels on power and groundood general design guidelines. In addition, Level One also
planes. Up to 50 mV of noise is considered acceptable. 58:ommends filtering between the power supply and the
to 80 mV of noise is considered marginal. High-frequencyanmOg \¢c pins of the LXT970. Filtering has two
switching noise can be reduced, and its effects can RQgenefits. First, it keeps digital switching noise out of the
eliminated, by following these simple guidelines anajog circuitry inside the LXT970, which helps line
throughout the design: performance. Second, if thec¥ planes are laid out
dcorrectly, it keeps digital switching noise away from

e Fill in unused areas of the signal planes with soli external connectors, reducing EMI problems.

copper and attach them with vias to acvbr ground

plane that is not located adjacent to the signal layer. The recommended implementation is to divide thecV
« Use ample bulk and decoupling capacitors throughouplane into two sections. The digital section supplies power
the design (a value of .0dF is recommended for to the digital \€c pin, Vcc IO pin, and to the external
decoupling caps). components. The analog section supplies powectoay
« Provide ample power and ground planes. VccT, and R pins of the LXT970. The preak betwegn
. Provide termination on all high-speed switchingthe two planes should run under the device. In designs
with more than one LXT970, a single continuous analog

signals and clock lines.
] . . Vcc plane can be used to supply them all.
« Provide impedance matching on long traces to

prevent reflections. The digital and analog & planes should be joined at one
+ Route high-speed signals next to a continuousQ more points by ferrite beads. The beads should produce
unbroken ground plane. at least a 100 impedance at 100 MHz. The beads should

be placed so that current flow is evenly distributed. The

o i maximum current rating of the beads should be at least

* Do not route any digital signals between the LXT9701500, of the current that is actually expected to flow
and the RJ45 connectors at the edge of the board. through them. (>400 mA per LXT970). A 1 bulk cap

* Do not extend any circuit power and ground planeshould be placed on each side of each ferrite bead to stop
past the center of the magnetics or to the edge of th@vitching noise from traveling through the ferrite.

board. Use this area for chassis ground, or leave it
void. In addition, a high-frequency bypass cap |(f) should be

placed near each analog®pin.

« Filter and shield DC-DC converters, oscillators, etc.
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Ground Noise

The best approach to minimize ground noise is strickigyre 20 on page 38 shows the recommended termination
use of good general design guidelines and by filteringjrcuits for the twisted-pair interface. This interface

the Vcc plane.

Power and Ground Plane Layout
Considerations

Great care needs to be taken when laying out the power aRg\ever the results are highly application specific and
ground planes. The following guidelines are

recommended:

The Twisted-Pair Interface

consists of magnetics (1:1 ratio) and a @G@&rmination
resistance in parallel on the device-side of the winding. On
the transmit pair, a common-mode bypass capacitor to
ground is strongly recommended. A similar technique on
the receive side can improve performance in some cases,

must be verified. A “Bob Smith” termination is often
provided for the unused signal pairs.

« Follow the guidelines in theXT970 Design and Lay- The following guidelines apply to when laying out any

out Guidefor locating the split between the digital
and analog ¥c planes.

Keep the digital \¢c plane away from the TPOP/N

differential pair:

« Space both members close together, allowing nothing
to come between them.

and TPIP/N signals, away from the magnetics, and . Keep distances as short as possible, both traces should

away from the RJ45 connectors.

have the same length.

Place the layers so that the TPOP/N and TPIP/N « Ayoid layer changes as much as possible.

signals can be routed near or next to the ground plane.

It is more important to shield TPOP/N than TPIP/N
for EMI performance.

« Keep termination circuits close together and on the
same side of the board.

* Always put termination circuits close to the source
end of any circuit.

¢ Route TREF nearby, but not in-between TPOP and
TPON.

The Fiber Interface

The fiber interface consists of a pseudo-ECL transmit and
receive pair to an external fiber optic transceiver. The
transmit pair should be AC-coupled to the transceiver, and
biased to 3.7V with a 3D equivalent impedance. The
receive pair can be DC-coupled, and should be biased to
3.0V with a 5@ equivalent impedance. Figure 20 on page
38 shows the correct bias networks to achieve these
requirements.
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Transmit Hold Time Adjustment Typical Application

Transmit hold time for TXD, TX_EN, and TX_ER from Figure 20 is typical interface circuitry of the LXT970. The
TX_CLK High is currently specified in Tables 33, 35, 37, diagram groups similar pins; it does not portray the actual
and 39 as 5 ns minimum. 0 ns minimum is the IEEEchip pinout. The Media Independent Interface pins are at
specification. Depending on the specification of the MACthe upper left. Hardware Control Interface pins are center
or ASIC used in your design, you may or may not need tteft. The line interface pins for twisted-pair and fiber are
account for this in your PC board design. shown on the top and bottom right respectively.

If you determine that a timing adjustment is rgquired, thergne veen and \ecio pins are at the bottom of the diagram.
are a couple of recommended ways to do this. VccT, Vecrand \eca are at the center right. AllGE pins
« If using series resistors in the TXD lines, increase th¢except \cCI0) use a single power supplyc¥io may be
value of the resistors to achieve the necessary delay.powered by a 3.3V supply, and may be separately
< An alternative method is to add the appropriate delagonnected.
in the TX_CLK line. Depending on the amount of
delay required, this may be accomplished with a Voltage Divider For MF Inputs
series resistor or by adding a buffer to the TX_CLK  The LXT970 requires an external voltage divider to

line. provide optional (WIF2 and WF3) multi-level inputs
Note that some delay is introduced by the actual PC board  to the Multi-Function (MF) pins. These voltage levels
traces themselves. are designated aswtl - VMF4. A single voltage
. divider may be used to drive the MF pins in designs
Other Recommendations using multiple PHYs. Figure 19 shows a voltage

« Series termination resistors are strongly advised on divider with three 1 & resistors configured in series
the MII signals driven by the LXT970. The correct between \¢c and Ground.
value to use is the nominal trace impedance minus
13Q; if the trace impedance is not known, us@.55

« Provide a bulk capacitor (4.7 - 10 uF) foc&o.
 Place the RBIAS resistor as close to the RBIAS pin ag 1kQ  1kQ  1kQ
possible. Run an etch directly from the pin to the +5V
resistor, and sink the other side of the resistor to a filf I I I I
tered ground. Surround the RBIAS trace with a fil- =
VMFl VMF2 VMF3 VMF4

tered ground; do not run high-speed signals next t
RBIAS.

Figure 19: Voltage Divider

1=
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Figure 20: Typical Interface Circuitry
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Refer to Tables 20 and 21 for crystals.
Refer to Tables 18 and 19 for magnetics.
Refer to fiber transceiver manufacturer recommendations for termination circuitry. Suitable fiber transceivers includel03rB1e HBFR-
Bypassing to chassis ground (if available) provides additional EMI shielding.
If the fiber interface is not used, FIBIN, FIBIP, FIBON, and FIBOP may be left unconnected.

Series terminations resistors are recommended for all MIl outputs. The proper value is application specific.

Placement of this cap should be verified for each application. This cap typically reduces error rates at long-lineuiengths, b
is implementation specific.
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LXT970 Test Specifications

TEST SPECIFICATIONS

NOTE

Minimum and maximum values in Tables 22 through 44 and Figures 21 through 35 represent the performance
specifications of the LXT970 and are guaranteed by test except, where noted, by design.

Table 22: Absolute Maximum Ratings

Parameter Sym Min Max Units
Supply Voltage c -0.3 6 V
Operating Temperature Ambient OfA -15 +85 °C
Case BprC - +120 °C
Storage Temperature ST -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 23: Operating Conditions

Parameter Sym Min Typ? Max Units
Recommended Supply Voltage Except MIl Supply \ole 4.75 5.0 5.25 \Y
MII Supply Vccio | 3.125 - 5.25 \%
Recommended Operating Temperatute  Ambient OPAT 0 - 70 °C
Case BrPC 0 - 110 °C
Power Consumption 100BASE-TX icc - 170 - mA
(+5V Only) 100BASE-FX kc - 80 - mA
10BASE-T kcc - 185 - mA
Power-Down Mode dc - 9 - mA
Auto-Negotiation tc - 240 270 mA

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

2. Voltages with respect to ground unless otherwise specified.
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LXT970 Dual-Speed Fast Ethernet Transceiver

Table 24: Digital I/O Characteristics * - (Over Recommended Range)

Parameter Symbol Min Typ Max Units Test Conditions

Input Low Voltagé ViL - - 8 \

Input High Voltagé ViH 2.0 - - v

Input Current i -10 - 10 HA 0.0<M < Vcc

Output Low Voltage BL - - 0.4 Vv oL = 4 mA

Output High Voltage - (MIl only) @H 2.2 - - Y loH = -4 mA, \cclo
=3.3V

Output High Voltage OH 2.4 - - Y loH = -4 mA, \cclo
=5.0V

Driver Output Resistance Ro! 6.0 - 25.0 Q Vccio= 3.3V

(Line Driver Output Enabled) Rol 6.0 - 25.0 0 Vcelo = 5.0V

1. Applies to all pins except MF<4:0> pins. Refer to Table 25 for MF pin I/O Characteristics.
2. Typical values are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.
3. Does not apply to XI or TX_CLK pins. Refer to Table 26 for clock input levels.

Table 25: Digital I/O Characteristics - MultiFunction Pins MF<4:0>

(Over Recommended Range)

Parameter Symbol Min Typ? Max Units Test Conditions
Input Voltage Level 1 WIF1 Vcc-0.5 - - \%
Input Voltage Level 2 WIF2 (Vca2) + 0.5 - \tc-1.2 \%
Input Voltage Level 3 WF3 1.2 - \cc/2 - 0.5 V
Input Voltage Level 4 WiF4 - - 0.5 \%

1. Typical values are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.
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Table 26: Required Clock Characteristics

Parameter Sym Min Typ? Max Units Test Conditions

Master Clock Mode - External XI Clock Input

Input Low Voltagé ViL - - 1.0 v

Input High Voltagé VIH 3.2 - — \Y/

Input Clock Frequency Tolerarfce|  Af - - +100 ppm | Clock frequency i
25 MHz or 2.5 MHZ

Input Clock Duty Cyclé Toc 40 - 60 %

Input Capacitance (Xl and XO) Inc - 3.0 - pF

Slave Clock Mode - External TX_CLK Input

Input Low Voltage W - - .8 \%

Input High Voltage VH 2.0 - - \%

Input Clock Frequency Tolerarce|  Af - - +100 ppm | Clock frequency is
25 MHz or 2.5 MHZ

Input Clock Duty Cyclé Toc 35 - 65 %

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

Table 27: Low-Voltage Fault Detect Characteristics

Parameter Sym Min Typ? Max Units Test Conditions
Detect Fault Threshold vy 3.4 - 4.0 \ -
Clear Fault Threshold A 4.1 - 4.7 \ -

1. Typical values are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.
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Table 28: 100BASE-TX Transceiver Characteristics

(Over Recommended Range)

Parameter Sym Min Typ? Max Units Test Conditions
Peak Differential Output Voltage o¢ 0.95 - 1.05 \% Note 2
Signal Amplitude Symmetry Vss 98 - 102 % Note 2
Signal Rise/Fall Time RF 3.0 - 5.0 ns Note 2
Rise/Fall Time Symmetry RFS - - 0.5 ns Note 2
Duty Cycle Distortion D - - +0.5 ns Offset from 16ns
pulse width at
50% of pulse peak
Overshoot/Undershoot 08 - - 5 % -

1. Typical values are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.
2. Measured at the line side of the specified transformer, line replaced Qy#A0%) resistor.

Table 29: 100BASE-FX Transceiver Characteristics (

Over Recommended Range)

Parameter Sym Min Typ? Max Units Test Conditions
Transmitter
Peak Differential Output Voltage Vop 0.6 - 1.0 \% -
(Single Ended)
Signal Rise/Fall Time fF - - 1.6 ns 10<—>90% 2.0
pF load
Jitter (Measured Differentially) - - - 1.3 ns -
Receiver
Peak Differential Input Voltage 14 0.55 - 15 Y -
Common-Mode Input Range QWIIR 2.25 - VCC - \% -
0.5

1. Typical values are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.
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Table 30: 10BASE-T Transceiver Characteristics (Over Recommended Range)

Parameter Sym Min Typ? Max Units Test Conditions

Transmitter

Peak Differential \Vopr 2.2 2.5 2.8 \% With specified transformqr,
Output Voltage line replaced by 10D

(+1%) resistor
Transmit Timing Jitter added by the — 0 2 11 ns After line model specifiedl
MAU and PLS Sectiorfs’ by IEEE 802.3 for

10BASE-T MAU

Receiver

Differential Squelch Threshold DS 300 420 585 mV | 5 MHz square wave inpyt

1. Typical values are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.
2. Parameter is guaranteed by design; not subject to production testing.
3. IEEE 802.3 specifies maximum jitter additions at 1.5 ns for the AUI cable, 0.5 ns from the encoder, and 3.5 ns from the MAU.

Table 31: 10BASE-T Link Integrity Timing Characteristics (Over Recommended Range)

Parameter Sym Min Typ? Max Units Test Conditions
Time Link Loss Receive 0 50 64 150 ms -
Link Pulse TP 2 4 7 Link Pulses -
Link Min Receive Timer TR MIN 2 4 7 ms -
Link Max Receive Timer IR MAX 50 64 150 ms -
Link Transmit Period [N} 8 10 24 ms -
Link Pulse Width TPwW - 100 - ns -
1. Typical values are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.
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Figure 21: MIl - 100BASE-TX Receive Timing / 4B Mode
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Table 32: MIl - 100BASE-TX Receive Timing Parameters / 4B Mode  (Over Recommended Range)
Parameter Sym Min Typ? Max Units 3
RXD, RX_DV, RX_ER Setup to RX_CLK High tl 10 - - ns
RXD, RX_DV, RX_ER Hold from RX_CLK High t2 10 - - ns
CRS asserted to RXD<3:0>, RX_DV asserted t4 - 8 - Bl
Receive start of “J” to CRS asserted t6 0 15119 2( BT
Receive start of “T” to CRS de-asserted t7 13 23127 28 BY
Receive start of “J” to COL asserted t8 0 15|19 20 B
Receive start of “T" to COL de-asserted t9 13 23 27 28 B
TRSTE asserted to RX_DV, RXD<3:0> driven t10 - 20 - ns
1. Typical values are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.
2. These parameters apply only when the device is operated in Repeater Mode.
3. BT is the duration of one bit as transferred to and from the MAC and is the reciprocal of the bit rate. 100BASE-T b fener 40 ns.
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Figure 22: MIl - 100BASE-TX Transmit Timing / 4B Mode
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Table 33: MIl - 100BASE-TX Transmit Timing Parameters / 4B Mode

(Over Recommended Range)

Sym Min Typ? Max Units 2

TXD<3:0>, TX_EN, TX_ER Setup to TX_CLK High t1 10 - - ns
TXD<3:0>, TX_EN, TX_ER Hold from TX_CLK High t2 5 - - ns
TX_EN sampled to CRS asserted t3 - 3 4 BT
TX_EN sampled to CRS de-asserted t4 - 4 16 B1
TX_EN sampled to TPO out (Tx latency) t5 6 10 14 BT

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

2. BT is the duration of one bit as transferred to and from the MAC and is the reciprocal of the bit rate. 100BASE-T bt fener 40 ns.

(O
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Figure 23: MIl - 100BASE-TX Receive Timing / 5B Mode
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2. In Repeater Mode, application circuit must assert

Table 34: MIl - 100BASE-TX Receive Timing Parameters / 5B Mode

(Over Recommended Range)

Parameter Sym Min Typ? Max Units 3
RXD, RX_DV, RX_ER Setup to RX_CLK High t1 10 - - ns
RXD, RX_DV, RX_ER Hold from RX_CLK High t2 10 - - ns
CRS asserted to RX_DV asserted t4 - 8 - BT
CRS asserted to RXD<4:0> asserted t4A - 4 - BTl
Receive start of “J” to CRS asserted t6 0 15-19 20 BT
Receive start of “T” to CRS de-asserted t7 13 23-p7 24 BT
Receive start of “J” to COL asserted t8 0 15-19 20 BT
Receive start of “T” to COL de-asserted t9 13 23-27 28 BT
TRSTE asserted to RX_DV, RXD<4:0> drien t10 - 20 - ns

2. These parameters apply only when the device is operated in Repeater Mode.

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

3. BT is the duration of one bit as transferred to and from the MAC and is the reciprocal of the bit rate. 100BASE-T b fener 40 ns.
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Figure 24: MIll - 100BASE-TX Transmit Timing / 5B Mode
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Table 35: MIl - 100BASE-TX Transmit Timing Parameters / 5B Mode

(Over Recommended Range)

Parameter Sym Min Typ? Max Units 2
TXD, TX_EN, TX_ER Setup to TX_CLK High t1 10 - - ns
TXD, TX_EN, TX_ER Hold from TX_CLK High t2 5 - - ns
TX_EN sampled to CRS asserted t3 - 3 4 BT]
TX_EN sampled to CRS de-asserted t4 - 16 BT
TX_EN sampled to TPO out (Tx latency) t5 4 6 9 BT

1. Typical values are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.
2. BT is the duration of one bit as transferred to and from the MAC and is the reciprocal of the bit rate. 100BASE-T b fener 40 ns.
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Figure 25: MIl - 100BASE-FX Receive Timing / 4B Mode
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device is operated in Repeater Mode.
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Table 36: MIl - 100BASE-FX Receive Timing Parameters / 4B Mode  (Over Recommended Range)

Parameter Sym Min Typ?! Max Units 3

RXD, RX_DV, RX_ER Setup to RX_CLK High t1 10 - - ns
RXD, RX_DV, RX_ER Hold from RX_CLK High t2 10 - - ns
CRS asserted to RXD<3:0>, RX_DV asserted t4 - 8 - BT
Receive start of “J” to CRS asserted t6 0 13- 17 2( BT
Receive start of “T” to CRS de-asserted t7 13 21-p5 26 BT
Receive start of “J” to COL asserted t8 0 13-17 20 BT
Receive start of “T” to COL de-asserted t9 13 21-25 26 B
TRSTE asserted to RX_DV, RXD<3:0> driven t10 - 20 - ns

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

2. These parameters apply only when the device is operated in Repeater Mode.

3. BT is the duration of one bit as transferred to and from the MAC and is the reciprocal of the bit rate. 100BASE-T b fener 40 ns.

48
(i



LXT970 Test Specifications

Figure 26: MIl - 100BASE-FX Transmit Timing / 4B Mode
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Table 37: MIl - 100BASE-FX Transmit Timing Parameters / 4B Mode

(Over Recommended Range)

Sym Min Typ? Max Units 2
TXD<3:0>, TX_EN, TX_ER Setup to TX_CLK High t1 10 - - ns
TXD<3:0>, TX_EN, TX_ER Hold from TX_CLK High t2 5 - - ns
TX_EN sampled to CRS asserted t3 - 3 4 BT
TX_EN sampled to CRS de-asserted t4 - 4 16 B1
TX_EN sampled to TPO out (Tx latency) t5 6 11 14 BT

1. Typical values are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.
2. BT is the duration of one bit as transferred to and from the MAC and is the reciprocal of the bit rate. 100BASE-T bt fener 40 ns.
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Figure 27:MIl - 10BASE-T Receive Timing
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Table 38: MIl - 10BASE-T Receive Timing Parameters

(Over Recommended Range)

Parameter Sym Min Typ? Max Units 4
RXD, RX_DV, RX_ER Setup to RX_CLK High t1 10 - - ns
RXD, RX_DV, RX_ER Hold from RX_CLK High t2 10 - - ns
TPI in to RXD out (Rx latency) t3 - - 733 BT2
CRS asserted to RXD, RX_DV, RX_ER asserted t4 - 693 BT
RXD, RX_DV, RX_ER de-asserted to CRS de-asserted th 25155 6 BT
TPl in to CRS asserted t6 0 4 5 BT
TPI quiet to CRS de-asserted t7 0 18 19 BT
TPl in to COL asserted t8 0 4 5 BT
TPI quiet to COL de-asserted t9 0 18 19 BT

1.
2.

3.
4.

Typical values are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.
IEEE 802.3 defines BT as “the duration of one bit as transferred to and from the MAC. The bit time is the reciprociliratehe

For example, for 10BASE-T the bit time isAoor 100 ns.”

CRS is asserted. RXD/RX_DV are driven at the start of SFD (64 BT).
BT is the duration of one bit as transferred to and from the MAC and is the reciprocal of the bit rate. 10BASE-T bid tiser<Q0 ns.
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Figure 28: MIl - 10BASE-T Transmit Timing
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Table 39: MIl - 10BASE-T Transmit Timing Parameters

(Over Recommended Range)

Parameter Sym Min Typ? Max Units 2
TXD, TX_EN, TX_ER Setup to TX_CLK High t1 10 - - ns
TXD, TX_EN, TX_ER Hold from TX_CLK High t2 5 - - ns
TX_EN sampled to CRS asserted t3 - 0 BT
TX_EN sampled to CRS de-asserted t4 - 8 BT
TX_EN sampled to TPO out (Tx latency) t5 - 3-5 BT

1. Typical values are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.
2. BT is the duration of one bit as transferred to and from the MAC and is the reciprocal of the bit rate. 10BASE-T bid tisner<a0 ns.

(O

51



LXT970 Dual-Speed Fast Ethernet Transceiver

Figure 29: 10BASE-T SQE (Heartbeat) Timing
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Table 40: 10BASE-T SQE (Heartbeat) Timing Parameters

(Over Recommended Range)

Parameter Sym Min Typ? Max Units
COL (SQE) Delay after TX_EN off t1 0.65 1.0 1.6 us
COL (SQE) Pulse duration t2 5 1.0 15 us
1. Typical values are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.
Figure 30: 10BASE-T Jab and Unjab Timing
TX_EN / \
le t1 .
TXD 4{
o t2 n
CoL /] '|\_
Table 41: 10BASE-T Jab and Unjab Timing Parameters  (Over Recommended Range)
Parameter Sym Min Typ? Max Units
Maximum Transmit time t1 20 96 - 128 150 ms
Unjab time t2 250 525 750 ms

1. Typical values are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.
2. Typical transmit time may be either of these values depending on internal 32 ms clock synchronization.
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Figure 31: Auto Negotiation and Fast Link Pulse Timing
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Table 42: Auto Negotiation and Fast Link Pulse Timing Parameters (Over Recommended Range)
Parameter Sym Min Typ? Max Units
Clock/Data pulse width t1 - 100 - ns
Clock pulse to Data pulse t2 55.5 62.b 69.5 us
Clock pulse to Clock pulse t3 111 125 139 ps
FLP burst width t4 - 2 - ms
FLP burst to FLP burst t5 8 12 24 ms
Clock/Data pulses per burst - 17 - 33 ea
1. Typical values are at 25 °C and are for design aid only; not guaranteed and not subject to production testing.
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Figure 33: MDIO Timing when Sourced by STA
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Figure 34: MDIO Timing when Sourced by PHY

MDC

0 - 300 ns

€

-

MDIO

i

K

Table 43: MDIO Timing Parameters

(Over Recommended Range)

Parameter Sym Min Typ? Max Units Test Conditions
MDIO Setup before MDC - 10 - - ns When sourced py
STA
MDIO Hold after MDC - 10 - - ns When sourced hly
STA
MDC to MDIO Output delay - 0 10 300 ns When sourced py
PHY

1. Typical values are at 25° C and are for design aid only; not guaranteed and not subject to production testing.
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Figure 35: Power-Down/Hardware Reset Timing Parameters (Over Recommended Range)
vCC = 4.75v/
RESET +~— tHR—»
-—tPDR

MDIO,etc _>|
Table 44: Power-Down Recovery/Hardware Reset Timing Parameters

Parameter Sym Min Typ? Max Units Test Conditions
Power-Down recovery time PbDR - 50 - ms Revision B8 and

earlier

Power-Down recovery time PDR - 1.0 - ms Revision B9 only
Hardware reset time HR - 300 - us All Revisions
1. Typical values are at 25° C and are for design aid only; not guaranteed and not subject to production testing.
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REGISTER DEFINITIONS

The LXT970 register set includes a total of twelve 16-bit registers. Refer to Table 45 for a complete register listing.

« Seven base registers (0 through 6) are defined in accordance with the “Reconciliation Sublayer and Media Indepen-
dent Interface” and “Physical Layer Link Signaling for 10/100 Mbps Auto-Negotiation” sections of the IEEE 802.3
specification (Register 7, Next Page, is not supported).

< Five additional registers (16 through 20) are defined in accordance with the IEEE 802.3 specification for adding
unique chip functions.

Table 45: Register Set
Address Register Name Bit Assignments

0 Control Register Refer to Table 46
1 Status Register Refer to Table 47
2 PHY Identification Register 1 Refer to Table 48
3 PHY Identification Register 2 Refer to Table 49
4 Auto-Negotiation Advertisement Register Refer to Table 50
5 Auto-Negotiation Link Partner Ability Register Refer to Table 51
6 Auto-Negotiation Expansion Register Refer to Table 52
16 Mirror Register Refer to Table 53
17 Interrupt Enable Register Refer to Table 54
18 Interrupt Status Register Refer to Table 55
19 Configuration Register Refer to Table 56
20 Chip Status Register Refer to Table 57
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Table 46: Control Register (Address 0)

Bit Name Description Type 1 Default
0.15 Reset 1 = Reset chip. R/W 0
0 = Enable normal operation. sSC
0.14 Loopback 1 = Enable loopback mode. When Loopback is enabled, during R/W 0

100 Mbps operation, the LXT970 disconnects its transmitter and
receiver from the network. Data sent by the controller passes
through the chip and then gets looped back to the Mll. During 10
Mbps operation the preamble, SFD, and data loop directly back to

the MIL.
0 = Disable loopback mode.
0.13 Speed 1 =100 Mbps R/W Note 2
Selection 0 =10 Mbps
0.12 Auto- 1 = Enable auto-negotiate process (overrides speed select and R/W Note 3
Negotiation duplex mode bits).
Enable 0 = Disable auto-negotiate process.

0.11 Power-Down | 1 = Enable power-down. R/W Note 4
0 = Enable normal operation.

0.10 Isolate 1 = Electrically isolate LXT970 from MII. R/W Note 5
0 = Normal operation.

0.9 Restart Auto- | 1 = Restart auto-negotiation process. R/W Note 6

Negotiation 0 = Normal operation. sc

0.8 Duplex Mode | 1 = Enable full-duplex. R/W Note 7
0 = Enable half-duplex.

0.7 Collision Test | 1 = Enable COL signal test. Bit 0.14 must be enabled to use thiR/W 0
bit. This bit is used in conjunction with bit 0.14 to test the COL Note 8
output.

0 = Disable COL signal test.

0.6:4 Transceiver | Not Supported RO 0
Test Mode

0.3 Master-Slave | Not Supported RO 0
Enable

0.2 Master-Slave | Not Supported RO 0
Value

0.1:0 Reserved R/W 0

1. R/W = Read/Write
SC = Self Clearing

2. If auto-negotiation is enabled, this bit is ignored. If auto-negotiation is disabled, the default value of bit 0. 1®iisedkbgr pin CFGO.
3. The default value of bit 0.12 is determined by pin MFO.

4. The LXT970 will maintain all set values of the configuration registers upon exiting power-down mode. A delay of 500 nsnismequired
from the time power-down is cleared until any register can be written.

5. The default value of bit 0.10 is determined by pin TRSTE.
6. If auto-negotiation is enabled, the default value of bit 0.9 is determined by pin CFGO. If auto-negotiation is disaleglézithvalue of bit 0.9

7. If auto-negotiation is enabled, this bit is ignored. If auto-negotiation is disabled, the default value of bit 0.®isetelsr pin FDE.
8. This bit is ignored unless loopback is enabled (0.14 = 1).
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Table 47: Status Register (Address 1)

Bit Name Description Type 1 Default
1.15 100BASE-T4| Not Supported RO 0
1.14 100BASE-X |1 =LXT970 able to perform full-duplex 100BASE-X. RO 1

full-duplex
1.13 100BASE-X |1 =LXT970 able to perform half-duplex 100BASE-X RO 1
half-duplex
1.12 10 Mb/s 1 = LXT970 able to operate at 10 Mb/s in full-duplex mode RO 1
full-duplex
1.11 10 Mb/s 1 = LXT970 able to operate at 10 Mb/s in half-duplex mogde RQ 1
half-duplex
1.10 100BASE-T2| Not Supported RO 0
full-duplex
1.9 100BASE-T2 | Not Supported RO 0
half-duplex
1.8 Reserved Ignore on read RO 0
1.7 Master-Slave | Not Supported RO 0
Configuration
Fault
1.6 MF Preamble| 0 = LXT970 will not accept management frames with prepam- RO 0
Suppression | ble suppressed.
15 Auto-Neg. 1 = Auto-negotiation process complete. RO 0
Complete 0 = Auto-negotiation process not complete.
14 Remote Fault| 1 = Remote fault condition detected. RO/LH 0
0 = No remote fault condition detected.
This bit is set when:
 Link partner transmits a remote fault condition
(bit5.13 =1)
 Link partner protocol is anything other than CSMA-CD
(bits 5.4:0 = <00001>)
« Link partner advertises T4 capability only
(bits 5.9:5%2<10000>)
1.3 Auto-Neg. 1 =LXT970 is able to perform auto-negotiation. RO 1
Ability
1.2 Link Status 1 =Linkis up. RO/LL 0
0 = Link is down.
1.1 Jabber Detect 1 = Jabber condition detected. RO/LH 0
(10BASE-T | =No jabber condition detected.
Only)
1.0 Extended 1 = Extended register capabilities. RO 1
Capability

1. RO = Read Only
LL = Latching Low (This bit remains Low until read, and then returns High).
LH = Latching High (This bit remains High until read, and then returns Low).
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Table 48: PHY Identification Register 1 (Address 2)

Bit Name Description Type 1 Default
2.15:0 PHY ID The PHY identifier composed of bits 3 through 18 of the QUI. RO 7810 hex
Number
1. RO = Read Only
Table 49: PHY Identification Register 2 (Address 3)
Bit Name Description Type ' | Default
3.15:10 PHY ID The PHY identifier composed of bits 19 through 24 of the RO 000000 bin
number Oul.
3.914 Manufacturer’s 6 bits containing manufacturer’s part number. RQ 000000 pin
model number
3.3.0 Manufacturer’g 4 bits containing manufacturer’s revision number. R( 0000 bin
revision
number

1. RO = Read Only

Figure 36: PHY ldentifier Bit Mapping

abec r s X Manufacturers Revision
Organizationally Unigue Identifier Part Number Number
12’3 18 19 24 543210 3210
7z ~ ~ | \ \
Vs N o ~ - - | \ \
~ \ \
115[14[13]12]11|10] 9 | 8] 7] 6] 5] 4] 3] 2| 1] 0]15[14]13]12]11]10] 9 | 8] 7] 6] 5] 4] 3] 2| 1] 0]
PHY ID Register 1 ‘ PHY ID Register 2

The Level One OUI is 00207B hex.
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Table 50: Auto Negotiation Advertisement Register (Address 4)

a b wN

RO = Read Only
. The default value of bit 4.8 is determined by pin FDE ANDed with pin MF4.
. The default value of bit 4.7 is determined by pin MF4.
. The default value of bit 4.6 is determined by pin FDE AND’ed with pin CFGL1.
. The default value of bit 4.5 is determined by pin CFGL1.

Bit Name Description Type 1 | Default
4.15 Next Page Not Supported RO 0
4.14 Reserved Ignore on read. RO 0
4.13 Remote Faultf 1 = Remote fault. R/IW 0

0 = No remote fault.
4.12:11| Reserved Ignore on read. R/W 0
4.10 Pause 1 = Pause operation enabled for full-duplex links. R/W 0
0 = Pause operation is disabled.
4.9 100BASE-T4| 1 = 100BASE-T4 capability is available. R/W 0
0 = 100BASE-T4 capability is not available.
(The LXT970 does not support 100BASE-T4 but allows this bit to be
set to advertise in the Auto-Negotiation sequence for 100BASE-T4
operation. An external 100BASE-T4 transceiver could be switched in
if this capability is desired.)
4.8 100BASE-TX| 1 =DTE is 100BASE-TX full-duplex capable. R/W Note 2
full-duplex 0 = DTE is not 100BASE-TX full-duplex capable.
4.7 100BASE-TX| 1=DTE is 100BASE-TX capable. R/W Note 3
0 =DTE is not 100BASE-TX capable.
4.6 10BASE-T 1 =DTE is 10BASE-T full-duplex capable. R/W Note 4
full-duplex 0 = DTE is not 10BASE-T full-duplex capable.
4.5 10BASE-T 1=DTE is 10BASE-T capable. R/W Note 5
0 = DTE is not 10BASE-T capable.
4.4:0 | Selector Field, <00001> = |IEEE 802.3 R/IW 00001
S<4:0> <00010> = IEEE 802.9 ISLAN-16T
<00000> = Reserved for future Auto-Negotiation development
<11111> = Reserved for future Auto-Negotiation development
Unspecified or reserved combinations should not be transmitted
1. R/W = Read/Write
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Table 51: Auto Negotiation Link Partner Ability Register (Address 5)

(O

Bit Name Description Type 1 | Default
5.15 Next Page 1 = Link Partner has ability to send multiple pages. RO N/A
0 = Link Partner has no ability to send multiple pages.
5.14 Acknowledge| 1 = Link Partner has received Link Code Word from LXT970. RO N/A
0 = Link Partner has not received Link Code Word from LXT970.
5.13 Remote Fault] 1 = Remote fault. RO N/A
0 = No remote fault.
5.12:11| Reserved Ignore on read. Rd N/A
5.10 Pause 1 = Pause operation enabled for link partner. RO N/A
0 = Pause operation is disabled.
5.9 100BASE-T4 | 1 =Link Partner is 100BASE-T4 capable. RO N/A
0 = Link Partner is not 100BASE-T4 capable.
5.8 100BASE-TX| 1 = Link Partner is 100BASE-TX full-duplex capable. RO N/A
full-duplex 0 = Link Partner is not 100BASE-TX full-duplex capable.
5.7 100BASE-TX| 1 = Link Partner is 100BASE-TX capable. RO N/A
0 = Link Partner is not 100BASE-TX capable.
5.6 10BASE-T 1 = Link Partner is 10BASE-T full-duplex capable. RO N/A
full-duplex 0 = Link Partner is not 10BASE-T full-duplex capable.
55 10BASE-T 1 = Link Partner is 10BASE-T capable. RO N/A
0 = Link Partner is not 10BASE-T capable.
5.4:0 | Selector Field| <00001> = IEEE 802.3 RO N/A
S[4:0] <00010> = IEEE 802.9 ISLAN-16T
<00000> = Reserved for future Auto-Negotiation development
<11111> = Reserved for future Auto-Negotiation development
Unspecified or reserved combinations shall not be transmitted.
1. RO = Read Only
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Table 52: Auto Negotiation Expansion (Address 6)

Bit Name Description Type 1| Default
6.15:5 | Reserved Ignore. RO 0
6.4 Parallel Detect1 = Parallel detection fault has occurred. RO/ 0

tion Fault 0 = Parallel detection fault has not occurred. LH
6.3 Link Partner |1 = Link partner is next page able. RO 0
Next Page 0 = Link partner is not next page able.
Able
6.2 Next Page Not Supported RO 0
Able
6.1 Page Received 1 = 3 identical and consecutive link code words have been receivd/ 0
from link partner. LH
0 = 3 identical and consecutive link code words have not been
received from link partner.
6.0 Link Partner |1 = Link partner is auto-negotiation able. RO 0
Auto Neg 0 = Link partner is not auto-negotiation able.
Able
1. RO = Read Only
LH = Latching High (This bit remains High until read, and then returns Low).
Table 53: Mirror Register (Address 16, Hex 10)
Bit Name Description Type ! | Default
16.15:0| User Defined| This register is intended for use in checking the MIl serial port ang/W 0
has no effect on chip operation.

1. R/W = Read /Write
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Table 54: Interrupt Enable Register (Address 17, Hex 11)

Bit Name Description Type ! | Default
17.15:2| Reserved Write as 0; ignore on read. R/W N/
17.1 INTEN 1 = Enable interrupts. Must be enabled for bit 17.0 or 19.12 to pbe R/W 0
effective.
0 = Disable interrupts.

17.0 TINT 1 =Forces MDINT Low and sets bit 18.15 = 1. Also forces interrug®/W 0
pulse on MDIO when bit 19.12 = 1.
0 = Normal operation.
This bit is ignored unless the interrupt function is enabled (17.1 = 1).

1. R/W = Read /Write

Table 55: Interrupt Status Register (Address 18, Hex 12)
Bit Name Description Type 1 Default
18.15 | MINT 1 = Indicates MII interrupt pending. RO N/A
0 = Indicates no Mll interrupt pending. This bit is cleared by reading
Register 1 followed by reading Register 18.
18.14 | XTALOK 1 = Indicates that the LXT970 is fully powered up and the on-chip RO 0
clocks are stable.
0 = Indicates that XTAL circuit is not stable.
18.13:0| Reserved Ignore RO 0
1. RO = Read Only
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Table 56: Configuration Register (Address 19, Hex 13)

Bit Name Description Type 1 | Default
19.15 | Reserved Write as 0; ignore on read. R/W N/
19.14 | Txmit Test 1 = 100BASE-T transmit test enabled, LXT970 will transmit data R/W 0

(100BASE-TX) | regardless of link status. This function is the analog of the link test
function (19.8) for 100BASE-TX.
0 = Normal operation.
19.13 | Repeater Mode 1 = Enable Repeater Mode. R/W Note 2
0 = Enable DTE Mode.
19.12 | MDIO_INT 1 = Enable interrupt signaling on MDIO (if 17.1 = 1). R/W 0
0 = Normal operation (MDIO Interrupt disabled).
Bit is ignored unless the interrupt function is enabl@d.1 = 1).
19.11 | TP Loopback |1 = Disable 10T TP Loopback. Data transmitted by the MAC will R/W 0
(10BASE-T) not loopback to the RXD and RX_DV and CRS pins.
0 = Enable 10T TP Loopback - Preamble, SFD, and data (RXD,
RX_DV, CRS) are directly looped back to the MII.
19.10 | SQE 1 = Enable SQE. R/W 0
(10BASE-T) 0 = Disable SQE (Default).
19.9 Jabber 1 = Disable jabber. R/W 0
(10BASE-T) 0 = Normal operation (jabber enabled).
19.8 Link Test 1 = Disable 10BASE-T link integrity test. R/W Note 3
(10BASE-T) 0 = Normal operation (10BASE-T link integrity test enabled).
19.7:6 | LEDC Determine condition indicated by LEDC. R/W 0,0
Programming bit7 bit6 _Description
bits 0 0 LEDC indicates collision
0 1 LEDC is off
1 0 LEDC indicates activity.
1 1 LEDC is continuously on (for diagnostic use).
19.5 Advance TX 1 =TX clock is advanced relative to TXD<4:0> and TX_ER by [1/2R/W 0
Clock TX_CLK cycle.
0 = Normal operation.
194 5B Symbol/ 1 = 5-hit Symbol Mode (Bypass encoder/decoder); R/W Note 4
(100BASE-X RXD<4:0> symbol data is not aligned.
only)
4B Nibble 0 = 4-bit Nibble Mode (Normal operation).
1. R/W = Read/Write
2. The default value of bit 19.13 is determined by pin MF1.
3. If auto-negotiation is disabled, the default value of bit 19.8 is determined by pin CFG1. If auto-neg is enabled,tthaldefaiibit 19.8 = 0.
4. The default value of bit 19.4 is determined by pin MF2.
5. The default value of bit 19.3 is determined by pin MF3.
6. If auto-negotiation is disabled, default value of bit 19.2 is determined by pin MF4. [f auto-negotiation is enabledatlefanflbit 19.2 = 0.
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Table 56: Configuration Register (Address 19, Hex 13) - continued

Bit Name Description Type 1 | Default
19.3 Scrambler 1 = Bypass transmit scrambler and receive descrambler. R/W Note 5
(100BASE-X 0 = Normal operation (scrambler and descrambler enabled).
only) In FX mode, the LXT97@utomaticallybypasses the Scrambler.
Selecting Scrambler bypass in FX mode will cause the LXT970 to
also bypass the 4B/5B encoder and enable Symbol mode Ml gpera-
tion.
19.2 100BASE-FX 1 = Enable 100BASE fiber interface. R/W Note 6
0 = Enable 100BASE twisted-pair interface.
19.1 Reserved Write as 0; Ignore on read. R/W 0
19.0 Transmit 1 = Disconnect TP transmitter from line. R/W 0
Disconnect 0 = Normal operation.
1. R/W = Read/Write
2. The default value of bit 19.13 is determined by pin MF1.
3. If auto-negotiation is disabled, the default value of bit 19.8 is determined by pin CFG1. If auto-neg is enabled,ttkialdefafibit 19.8 = 0.
4. The default value of bit 19.4 is determined by pin MF2.
5. The default value of bit 19.3 is determined by pin MF3.
6. If auto-negotiation is disabled, default value of bit 19.2 is determined by pin MF4. If auto-negotiation is enabledatiefanfibit 19.2 = 0.

(O
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Table 57: Chip Status Register (Address 20, Hex 14)

Bit Name Description Type 1 | Default
20.15:14| Reserved Ignore on read. RQ N/A
20.13 Link 1 =Linkis up. RO 0

0 = Link is down.
Link bit 20.13 is a duplicate of bit 1.2, except that it is a
dynamic indication, whereas bit 1.2 latches Low.
20.12 Duplex Mode 1 = Full-duplex. RO Note 2
0 = Half-duplex.
20.11 Speed 1 =100 Mbps operation. RO Note 2
0 = 10 Mbps operation.
20.10 Reserved Ignore on read. RO N/A|
20.9 Auto-Negotiation | 1 = Auto-negotiation process complete. RO/LH 0
Complete 0 = Auto-negotiation process not complete.
Auto-Negotiation Complete bit 20.9 is a duplicate of bit 1|5.
20.8 Page Received 1 = Three identical and consecutive link code words havieO/LH 0
been received.
0 = Three identical and consecutive link code words have not
been received.
Page Received bit 20.8 is a duplicate of bit 6.1
20:7 Reserved Ignore on read. RO 0
20.6 Reserved Ignore on read. RO 0
20.5 Reserved Ignore on read. RO N/A
20.4 Reserved Ignore on read. RO N/A|
20.3 Reserved Ignore on read. RO N/A|
20.2 Low-\Voltage 1 = Low-voltage fault on VCC has occurred. RO N/A
0 = No fault.
20.1 Reserved Ignore on read. RO N/A|
20.0 Reserved Ignore on read. RO N/A|

1. RO = Read Only
LH = Latching High (This bit remains High until read, and then returns Low).

2. Bits 20.12 and 20.11 reflect the current operating mode of the LXT970.
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MECHANICAL SPECIFICATIONS

Figure 37:64-Pin PQFP Package Diagram

64-Pin Quad Flat Pack

» Part Number - LXT970QC

» Commercial Temperature Range (0 to +70°C)

D——»
«—D,— >
«—D3——»

‘ ﬂﬂﬂﬂﬂﬂm

Millimeters
Dim Min Max
A - 3.30
Aq 0.000| 0.25
Ao 2.55 3.05
B 0.30 0.45
D 17.65| 18.15
D, 13.95| 14.05
D3 12.00REF
E 17.65| 18.15
E;, 13.95 | 14.05
Es 12.00REF
0.80BsCt
L 0.73 | 1.03
Ly 1.95REF
63 5° 16°
0 0° 7°

1. Basic Spacing between Center.
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Figure 38:64-Pin LQFP Package Diagram

64-Pin Low-Profile Quad Flat Pack

 Part Number - LXT970LC
» Commercial Temperature Range (0 to +70°C)

E D >
«—D,——>
nonnnnnonnmn f
( u
— —
— —
— —
Millimeters — z E
Dim Min Max 2 — E
— —
A - 1.60 = —
A; 0.05 0.15 — —
A, 135 | 145 — —
5| ow | oss IR LR
D 16.0 BSG
D, 14.0 BSG
E 16.0 BSC
E, 14.0 BSG
e 0.80 BSG
L 045 | 0.75
L, 1.00 REF
05 11° 13
0 o° 7°
1. Basic Spacing between Centers.
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LXT970 Revision History

REVISION HISTORY

Table 58: Changes From Revision 1.4 to Revision 1.5 (06/98)

Control Register

To: “The LXT970 will maintain all set values of the configuration
registers upon exiting power-down mode.”

(O

69

Add

31)

Section Page # | Change Text
Features 1 Update| Add “Dual-Speed” to LXT970 product name.
RBIAS 8 Update | Correct external resistor value from 22té& 22.1 KD.
RESET 8 Update | Change reset cycle time from 2050 300us.
Loopback 16 Update | Rewrite loopback discussion. Add operational and test loopback
Table 10 and Figure 5 and re-number subsequent tables and figures.
Additional 32 Update | Add hardware and software reset descriptions.
Operating Features
Table 18 33 Update | Change insertion loss Max from .6 to 1.1 dB.
Magnetics Req. Change return loss parameters and differential CMR to negative
parameters and move to Max column.

Table 19 33 Update | Change Pulse quad-port magnetic H1048 to H1044.
Magnetics
Components
Table 21 34 Add Add crystal manufacturer and part number.
Crystal
Manufacturers
Design 35 Update | Rewrite power supply filtering to de-emphasize ground beads.
Recommendation
Figure 20 38 Update | Delete ground ferrite bead and associated note 1.
Typical Circuitry Correct RBIAS resistor value from 22ko 22.1 K.
Table 24 40 Update | Combine Tables 24 and 26 (now Table 24) and change note 1 to,
Digital /0 “Ap_plied to all pins e>_<c_ept MF<4:0_> pins.” _
Characteristics Digital 1/0O Characteristics for Ml pins and all other pins.
10BASE-T Link 43 Update | Move 10BASE-T link timing (was Table 28) to page 43 (now Tabld
Timing
Table 38 50 Update | Correct Note 3.
10BASE-T From: RXD/RX_DV are not driven during preamble and SFD.
Rx Timing To: RXD/RX_DV are driven at the start of SFD.
Tables 44 and 45 55 Update | Delete Figure 36 and Table 45, hardware and software timing.
HW & SW Add hardware reset timing to Figure 35 and Table 44.

. Change HW reset timing from 2Q@& to 300us Typ.
Reset Timing
Table 47 57 Update | Change note 4 From, “The LXT970 will reset all registers...
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Table 58: Changes From Revision 1.4 to Revision 1.5 (06/98)

Section

Page #

Change

Text

Table 51
Advertise &
Link Partner
Registers

60

Update

Add Pause Operation to bit 4.10.

Table 52
Advertise &
Link Partner
Registers

61

Update

Add Pause Operation to bit 5.10.

Table 55
Interrupt Enable
Register

63

Update

Clarify bit 17.1 - Interrupt enable and remove pin 2 reference.

Table 57
Configuration
Register

64

Update

Clarify bit 19.11 - TP Loopback.

Table 59: Changes From Revision 1.3 to Revision 1.4 (04/98)

bers.

Section Page # | Change Text
Features 1 Update| Add 64-pin LQFP package to features list.
Add note on bottom of page, referencing WEB.
Figure 1 4 Update | Add LQFP package designator.
Pin Assignments Add associated plane (digital/analog) to power supply signals.
Tables 1 -7 4-9 Update| Add note 1; pin numbers apply to both the QFP and LQFP packad
Table 18 33 Update | Update Magnetics table - HALO single-port and quad-port part num
Magnetics
Figure 35 55 Update | Add hardware and software reset timing figure and parameters.
Table 45
Figure 34 55 Update | Add power-down recovery time for revision B9 parts.
Table 44
Figure 37 66 Update | Change dimension,[E; and L to incorporate JEDEC specs.
64-pin QFP D, Min from 13.90 to 13.95mm.
Diagram E; Min from 13.90 to 13.95mm and Max from 14.10 to 14.05mm.
L Min from 0.65 to 0.73mm and Max from 0.95 to 1.03mm.
Figure 38 67 Update | Add 64-pin LQFP package diagram.
64-pin LQFP
Diagram
Tables 59, 60, 61 68 Update | Update revision history.
Revision History
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Table 60: Changes From Revision 1.2 to Revision 1.3 (02/98)

bypass

Revision History

Section Page # | Change Text
Table 18 32 Update | Change various magnetics part numbers.
Magnetics
Table 20 33 Update | Delete CTS part number CTX093.
Crystals
Application Info 35 Update | Add transmit hold time adjustment description and workaround.
Figure 19 36 Update | Delete the beads from VCCR/GNDR and note 2. Change value of
NIC Application caps to .OfF.
Diagram
Tables 21, 22 37 Update | Add
Absolute Max Operating Case Temperature - 110°C.
Recommended Absolute Max Case Operating Temperature - 120°C.
Operating
Tables 58, 59, 60 66 Update | Add revision history tables to back of data sheet.
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Table 61: Changes From Revision 1.1 to Revision 1.2 (01/98)

Section Page # | Change Text
Table 2 5 Update | Add note 3, “The MII outputs of the LXT970 are high-strength
MII Signal drivers....".
Descriptions
Table 5 7 Update | Add note 2, “LED’s are read at power-up to determine scrambler $eed
LED Signal values.”
Descriptions
Table 6 7 Correct | Correct reset cycle from 205ns toj 05
Misc Signal
Descriptions
Table 7 8 Update | Rewrite multi-function Pin Description for clarification.
Hardware I/F Signa
Descriptions
Functional 12 Update | Rewrite and reorganize Functional section. Add Figures 3, 4, 5, ahd 13.
Descriptions Add Tables 10, 14, and 15.
Table 18 32 Update | Add dual-port and quad-port magnetics.
Application
Information
Table 20 33 Correct | Correct Epson part # from SE2539CT to MA-505-25.000M.
Crystals
Design 34 Update | Rewrite layout requirements and rename as Design Recommendhtions.
Recommendations
Figure 19 36 Change | Change TP inputs on NIC application diagram:
I/F Circuitry Two 5 filters instead on one 100
Diagram Add notes 8 and 9.
Change biasing circuit on the fiber input pins fron®68hd 190
to 80Q and 13@.
Add MIl outputs series resistors @%
Tables 32, 34, 36 42, 44, Update | Change 100BASE-TX/FX receive hold timing from 5ns to 10ns.
Test 46
Specifications
Table 46 55 Update | 0.14 - Loopback
Control Register Add: “During 10 Mbps operation the preamble, SFD, and data loof
directly back to the MII” to Enable loopback mode.
Table 56 61 Correct | Correct register description for 19.11 - TP Loopback (10BASE-T)
Configuration Remove, “CRS is asserted during a transmission only...” , from Digable
Register Loopback.
Add, “Preamble is also driven during loopback operation.”, to Enaljle
Loopback.
Table 57 63 Change | Change bits 20.0, 20.4, 20.5, 20.6 to reserved.
Chip Status Register
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Table 62: Changes From Revision 1.0 to Revision 1.1 (05/97)

Section Page # | Change Text

Table 7 8 Update | Minor changes to MF4 pin description.
HW I/F Signal

Descriptions

100 Mbps 21 Update | Add FX Operation Description.
Operation

Figure 15 28 Update | Moved TPO bypass caps from VCC to GND.
NIC App

Diagram
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NOTES
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