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Industrial Temp, Single Port 10/100 Mb/s Ethernet Physical Layer Transceiver

Check for Samples: TLK100

1 Introduction

1.1 Features

» Temperature From —40°C to 85°C * Bus I/O Protection - £16kV JEDEC HBM
* Low Power Consumption, < 200mW Typical * |EEE 802.3u PCS, 100BASE-TX Transceivers
e Cable Diagnostics e Enables IEEE1588 Time-Stamping
» Error-Free Operation up to 200 Meters Under * IEEE 1149.1 JTAG
Typical Conditions « Integrated ANSI X3.263 Compliant TP-PMD
* 3.3V MAC Interface Physical Sublayer with Adaptive Equalization
e Auto-MDIX for 10/100 Mb/s and Baseline Wander Compensation
« Energy Detection Mode * Programmable LED Support Link, 10/100 Mb/s
« 25 MHz Clock Out Mode, Activity, and Collision Detect
« MII Serial Management Interface (MDC and » 10/100 Mb/s Packet BIST (Built in Self Test)
MDIO) * 48-pin TQFP Package (7mm) x (7mm)
* |EEE 802.3u Ml
« |IEEE 802.3u Auto-Negotiation and Parallel 1.2 Applications
Detection « Industrial Controls and Factory Automation

» |EEE 802.3u ENDEC, 10BASE-T

Transceivers and Filters » General Embedded Applications

1.3 General Description

The TLK100 is a single-port Ethernet PHY for 10BaseT and 100Base TX signaling. It integrates all the
physical-layer functions needed to transmit and receive data on standard twisted-pair cables. This device
supports the standard Media Independent Interface (MIl) for direct connection to a Media Access
Controller (MAC).

The TLK100 is designed for power-supply flexibility, and can operate with a single 3.3V power supply or
with combinations of 3.3V, 1.8V, and 1.1V power supplies for reduced power operation.

The TLK100 uses mixed-signal processing to perform equalization, data recovery, and error correction to
achieve robust operation over CAT 5 twisted-pair wiring. It not only meets the requirements of IEEE 802.3,
but maintains high margins in terms of cross-talk and alien noise.

1.4 System Diagram
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Figure 1-1. TLK100 Functional Block Diagram
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1.5 Pin Layout

LED LINK/AN_O

H
]
B
H
H
H
H
H
B
H
H
H

Figure 1-2. TLK100 PIN DIAGRAM, TOP VIEW
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2 Pin Descriptions

The TLK100 pins are classified into the following interface categories (each interface is described in the
sections that follow):

Serial Management Interface
MAC Data Interface
Clock Interface

LED Interface

JTAG Interface

Reset and Power Down
Configuration (Jumper) Options
10/100 Mb/s PMD Interface
Special Connect Pins

Power and Ground pins

Note: Configuration pin option. See Section 2.7 for Jumper Definitions.

The definitions below define the functionality of each pin.

Type:
Type:
Type:
Type:

Type

Type:

I

o
I/O
oD

Input

Output
Input/Output
Open Drain

: PD, PU Internal Pulldown/Pullup

Configuration Pin (All configuration pins have weak internal pullups or pulldowns. If
a different default value is needed, then use an external 2.2kQ resistor. See
Section 2.7 for details.)

2.1 Serial Management Interface
PIN
TYPE DESCRIPTION
NAME NO.
MANAGEMENT DATA CLOCK: Clock signal for the management data input/output (MDIO) interface. The
MDC 32 | maximum MDC rate is 25 MHz; there is no minimum MDC rate. MDC is not required to be synchronous to the
MII_TX_CLK or the MII_RX_CLK.
MDIO 33 /o MANAGEMENT DATA I/O: Bidirectional command / data signal synchronized to MDC. Either the local
controller or the TLK100 may drive the MDIO signal. This pin requires a pull-up resistor with value 1.5 kQ.
Copyright © 2009, Texas Instruments Incorporated Pin Descriptions 5
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2.2 MAC Data Interface
PIN
TYPE DESCRIPTION
NAME NO.
MII TRANSMIT CLOCK: : MII Transmit Clock provides 25MHz or 2.5MHz reference
MII_TX_CLK 19 0O, PD clock depending on the speed.
MIl TRANSMIT ENABLE: MII_TX_EN is presented on the rising edge of the
MII_TX_EN 18 I, PD MII_TX_CLK . It indicates the presence of valid data inputs on MII_TXD[3:0]. It is an
active high signal.
MII_TXD_0 13
MII_TXD_1 14 IS 1. PD MIl TRANSMIT DATA: The transmit data nibble received from the MAC that is
MII_TXD_2 15 e synchronous to the rising edge of the MII_TX_CLK.
MII_TXD_3 16
MIl RX CLK 23 o MIlI RECEIVE CLOCK: Ml receive clock provides a 25MHz or 2.5MHz reference clock,
- = depending on the speed, that is derived from the received data stream.
MIl RX DV 30 S, 0. PD MII RECEIVE DATA VALI.D: This pin indicates valid data is present on the
- = corresponding MIl_RXDI3:0].
MIlI RECEIVE ERROR: This pin indicates that an error symbol has been detected within
MII_RX_ERR/MDIX_EN 31 S, 0, PU a received packet.
MII_RXD_O/PHYADL 25 MIl RECEIVE DATA: Symbols received on the cable are decoded and presented on
MII_RXD_1/PHYAD2 26 S, O, PD | these pins synchronous to MII_RX_CLK. They contain valid data when MII_RX_DV is
MII_RXD_2/PHYAD3 27 2 assertg p Y —RALLR.They A
MII_RXD_3/PHYAD4 28 :
MII_CRS/LED_CFG 22 S, O, PU | Mll CARRIER SENSE: This pin is asserted high when the receive medium is non-idle.
MIlI COLLISION DETECT: In Full Duplex Mode this pin is always low. In
MII_COL/PHYADO 24 S, O, PU | 10BASE-T/100BASE-TX half-duplex modes, this pin is asserted HIGH only when both
the transmit and receive media are non-idle.
2.3 Clock Interface
PIN
TYPE DESCRIPTION
NAME NO.
CRYSTAL/OSCILLATOR INPUT: Reference clock. 25MHz +50 ppm tolerance crystal reference or
Xl 39 | oscillator input. The TLK100 supports either an external crystal resonator connected across pins X| and
XO, or an external CMOS-level oscillator source connected to pin XI only.
CRYSTAL OUTPUT: Reference Clock output. XO pin is used for crystal only. This pin should be left
XO 37 e} . : . ;
floating when an oscillator input is connected to XI.
25 MHz CLOCK OUTPUT: In MIl mode, this pin provides a 25 MHz clock output to the system. This
CLK250UT 12 (0] allows other devices to use the reference clock from the TLK100 without requiring additional clock
sources.
2.4 LED Interface

(See Table 3-3 for LED Mode Selection)

PIN
TYPE DESCRIPTION
NAME NO.
This pin indicates the status of the link in Mode 1. When the link is good the LED will be ON. In
LED_LINK/AN_O 36 S, O, PU | Mode 2 and Mode 3, this pin indicates transmit and receive activity in addition to the status of the
Link. The LED is ON when Link is good. It will blink when the transmitter or receiver is active.
LED_SPEED/AN_1| 35 S, 0, PU _Thls pin indicates the speed of the link. It is ON when the link speed is 100 Mb/s and OFF when it
is 10 Mb/s.
In mode 1 this pin indicates if there is any activity on the link. It is ON (pulse) when activity is
LED_ACT/AN_EN 34 S, O, PU | present on either Transmit or Receive channel. In Mode 3, this LED output may be programmed to
indicate Full-duplex status.
6 Pin Descriptions Copyright © 2009, Texas Instruments Incorporated

Submit Documentation Feedback
Product Folder Link(s): TLK100


http://focus.ti.com/docs/prod/folders/print/tlk100.html
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLLS931BB&partnum=TLK100
http://focus.ti.com/docs/prod/folders/print/tlk100.html

13 TEXAS

INSTRUMENTS

www.ti.com

TLK100

SLLS931B—-AUGUST 2009—-REVISED DECEMBER 2009

2.5 JTAG Interface

NAMISIN NO. TYPE DESCRIPTION
JTAG_TCK 44 I, PU | This pin is the test clock.This pin has a weak internal pullup.
JTAG_TDI 45 I, PU | This pin is the test data input.This pin has a weak internal pullup.
JTAG_TDO a7 (0] This pin is the test data output.
JTAG_TMS 46 I, PU | This pin selects the test mode. This pin has a weak internal pullup.
’J\ITAG_TRST 48 I, PU This pin is an active low asynchronous test reset. This pin has a weak internal pullup.

2.6 Reset and Power Down

PIN

NAME

NO.

TYPE

DESCRIPTION

RESETN

43

This pin is an active Low reset input that initializes or re-initializes all the internal registers of the
TLK100. Asserting this pin low for at least 1 ps will force a reset process to occur. All jumper
options are reinitialized as well.

PWRDNN/INT

42

I, OD, PU

Register access is required for this pin to be configured either as power down or as an interrupt.
The default function of this pin is power down.

When this pin is configured for a power down function, an active low signal on this pin will put the
device is power down mode.

When this pin is configured as an interrupt pin then this pin is asserted low when an interrupt
condition occurs. The pin has an open-drain output with a weak internal pull-up. Some
applications may require an external pull-up resistor.

Copyright © 2009, Texas Instruments Incorporated Pin Descriptions 7
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2.7 Jumper Options

Jumper option is an elegant way to configure the TLK100 into specific modes of operation. Some of the
functional pins are used as jumper options. The logic states of these pins are sampled during reset and
are used to configure the device into specific modes of operation. Below table shows the pins used for the
jumper option and its description. The functional pin name is indicated in parentheses.

A 2.2 kQ resistor should be used for pull-down or pull-up to change the default jumper option. If the default
option is required, then there is no need for external pull-up or pull down resistors. Since these pins may
have alternate functions after reset is deasserted, they should not be connected directly to VCC or GND.

PIN TYPE
NAME NO. DESCRIPTION
E:$28(1) Em::—ggé) 0) gg The TLK100 provides five PHY address pins, the states of which are latched into an
PHYAD2 (MII_RXD_l) 26 s O PD internal register at system hardware reset. The TLK100 supports PHY Address jumpering
PHYAD3 (MIl_RXD_2) 57 T values 0 (<00000>) through 31 (<11111>). All PHYAD[4:0] pins have weak internal
PHYADA (MII_RXD_3) o8 pull-down resistors.
AN_EN: When high, this puts the part into advertised Auto-Negotiation mode with the
capability set by AN_0 and AN_1 pins. When low, this puts the part into Forced Mode with
the capability set by AN_O and AN_1 pins.
AN_O / AN_1: These input pins control the forced or advertised operating mode of the
TLK100 according to the following table. The value on these pins is set by connecting the
input pins to GND (0) or VCC (1) through 2.2 kQ resistors. These pins should NEVER be
connected directly to GND or VCC.
The status of these pins are latched into the Basic Mode Control Register and the
Auto_Negotiation Advertisement Register during Hardware-Reset.
The default is 111 since these pins have internal pull-ups.
AN_EN (LED_ACT) 34 AN_EN AN_1 AN_O Forced Mode
AN_1 (LED_SPEED) 35 S,0,PU 0 0 0 10BASE-T, Half-Duplex
AN_O (LED_LINK) 36 0 0 1 10BASE-T, Full-Duplex
0 1 0 100BASE-TX, Half-Duplex
0 1 1 100BASE-TX, Full-Duplex
AN_EN AN_1 AN_O Advertised Mode
1 0 0 10BASE-T, Half/Full-Duplex
0 1 10BASE-TX, Half/Full-Duplex
1 1 0 10BASE-T, Half-Duplex
100BASE-TX, Half-Duplex
1 1 1 10BASE-T, Half/Full-Duplex
100BASE-TX, Half/Full-Duplex
This jumpering option along with LEDCR register bit determines the mode of operation of
LED_CFG (MII_CRS) 22 S, O, PU | the LED pins. Default is Mode 1. All modes are also configurable via register access. See
the table in the LED Interface Section.
MDIX_EN (MIl_RX_ERR) 31 S 0. PU This jumpering option sets the Auto-MDIX mode. By default it enables MDIX. An external
— - = T pull-down will disable Auto-MDIX mode.

8 Pin Descriptions Copyright © 2009, Texas Instruments Incorporated
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2.8 10 Mb/s and 100 Mb/s PMD Interface

PIN TYPE DESCRIPTION
NAME NO.

Differential common driver transmit output (PMD Output Pair). These differential outputs are automatically
configured to either 10BASE-T or 100BASE-TX signaling.

TD-, TD+ 8,9 lfe}
In Auto-MDIX mode of operation, this pair can be used as the Receive Input pair. These pins require 1.8V
or 3.3V bias for operation.
Differential receive input (PMD Input Pair). These differential inputs are automatically configured to accept
either 100BASE-TX or 10BASE-T signaling.

RD-, RD+ 56 lfe}

In Auto-MDIX mode of operation, this pair can be used as the Transmit Output pair. These pins require
1.8V or 3.3V bias for operation.

2.9 Power and Bias Connections

PIN
TYPE DESCRIPTION
NAME NO.
RBIAS 3 Bias Resistor Connection. Use a 4.99kQ 1% resistor connected from RBIAS to GND.
1.8V Power Feedback Output. A 1pF capacitor (ceramic preferred), should be placed close to the
V18 PFBOUT 40 (0] V18 _PFBOUT.
In single supply operation, connect this pin should be connected to V18_PFBIN1 and V18_PFBIN2 (pin
2 and pin 4). See Figure 2-1 for proper placement pin.
In multiple supply operation, when supplying 1.8V from external supply, this pin should be connected
together with VDD33_V18 (pin 41), V18 PFBIN1 and V18 PFBIN2 (pin 2 and pin 4) to the 1.8V external
supply source. See Figure 2-2 for proper placement pin.
1.1V Analog Power Feedback Output. A 1 uF capacitor (Ceramic preferred), should be placed close to
VALL_PFBOUT 10 o the VA11_PFBOUT.
In single supply operation this pin should be connected to VA11_PFBIN1 and V11_PFBIN2 (pin 1 and
pin 7). See Figure 2-1 for proper placement pin.
In multiple supply operation, when supplying 1.1V from external supply, this pin should be connected
together with VDD33_VAL1 (pin 11), V11_PFBIN1 and V11_PFBIN2 (pin 1 and pin 7) to 1.1V external
supply source. See Figure 2-3 for proper placement pin.
1.8V Power Feedback Input. These pins are fed with power from V18_PFBOUT (pin 40) in single supply
V18 PFBIN1 2 .
- operation.
V18 PFBIN2 4 1.8V from_ external source in multiple supply operation. A small 1uF capacitor should be connected close
- to each pin.
VA1l PEBINL 1 11v Analog Power Feedback Input. These pins are fed with power from: VA11_PFBOUT (pin 10) in
— single supply operation.
VA1l PEBIN2 7 1.1V from external source in multiple supply operation. A small capacitor of 0.1 uF should be connected
- close to each pin.
VDD11 20 (0] 1.1V Core Power Output. A capacitor of 1uF (Ceramic preferred) , should be placed close to the VDD11
17
VDD33_IO 29 P 1/0 3.3V Supply
External supply input to 1.1V analog regulator
VDD33_VA1l1l 11 P This pin should be connected to 3.3V or 2.5V external supply, in single supply operation.
In multiple supply operation this pin should be connected to external 1.1V supply source.
External supply input to 1.8V regulator
VDD33_V18 41 P In single supply operation, this pin should be connected to a 3.3V or 2.5V external supply. In multiple
supply operation this pin should be connected to an external 1.8V supply source.
External supply input to 1.1V Core regulator
VDD33_VD11 21 P This pin should be connected to 3.3V or 2.5V external supply, in single supply operation.
In multiple supply operation this pin should be connected to external 1.1V supply source.
VSS 38 P Ground pin for Oscillator
GNDPAD 49 P | Ground Pad
Copyright © 2009, Texas Instruments Incorporated Pin Descriptions 9
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2.10 Power Supply Configuration

The TLK2100 provides best-in-class flexibility of power supplies.

Single supply operation — If a single 3.3V power supply is desired, the TLK100 will sense the presence
of the supply and configure the internal voltage regulators to provide all necessary supply voltages. To
operate in this mode, connect the TLK100 supply pins according to the following scheme:

3.3V

Supply 3.3V
T Supply

VDD33_V18 RD-
3.3V

49.9Q Supply

V18_PFBOUT

0.1uF 1 1 RD—

V18_PFBIN1 40.00 T '3” 1
RD+ |2 - JT_ Slle_§ RD+
V18_PFBIN2 :
TLK100 ' :
I
1

VDD33_VA11 TD- g_l_ TD-
TD+

3.3V
Supply

49.9Q

VA11_PFBOUT

RJ45

49.9Q

VA11_PFBIN1

0.1uF
s

TD+

VA11_PFBIN2

3.3V
Supply

VDD33_VD11

VDD33_IO

VDD11
VDD33_IO 2

o IS
S N ~ - H 2 IS N 3 b

1.0uF

Figure 2-1. Power Scheme for Single Supply Operation

Multiple Supply operation — When additional 1.8V and/or 1.1V external power rails are available, the
TLK100 can be configured in various ways as given in Table 2-1. This gives the highest flexibility for
the user and enables significant reduction in power consumption. When using multiple external
supplies, the internal regulators must be disabled by appropriate device connections.

— When an external 1.8V rail is available — Connect the external 1.8V to all following TLK100 pins to
enable proper operation: V18 PFBOUT (pin 40), V18 PFBIN1 (pin 2), V18 PFBIN2 (pin 4) and
VDD33_V18 (pin 41). In addition, connect the 1.8V rail to the transformer center tap to further
reduce the transmission power, as shown in Figure 2-2:
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1.8
Su

Y
pply

Pin41

(VDD33_V18)
Pin40

(V18_PFBOUT)

Pin2

(V18_PFBIN)

Pin4

(V18_PFBIN2)
TLK100

Pin5
(RD-)

Pin6

(RD+)

Pin8

(D)

Pin9
(TDH)

1.8V
Supply

0.1uF*

1
gi‘:: -
1
1
RD+

0.1uF*

.
TD+

______ T RJ45

Figure 2-2. Power Scheme for Operation With External 1.8V Supply

— External 1.1V rail — When external 1.1V rail is available — Connect the external 1.1V to the following
pins: VA1l PFBOUT (pin 10), VDD11 (pin 20), VA11_PFBIN1 (pin 1), VA1l _PFBIN2 (pin 7),
VDD33_VALl1l (pin 11) and VDD33_VD11 (pin 21) as shown in Figure 2-3:

1.1V
Supply

Pin 11
(VDD33_VAT11)

Pin 10
(VA11_PFBOUT)

) TLK100
Pin 1
(VA11_PFBIN1)

Pin 7
(VA11_PFBIN2)

Pin 21
(VDD33_VA11)

Pin 20
(VDD11)

Figure 2-3. Power Scheme for Operation With External 1.1V Supply

Lowest-power operation — When 1.1V and 1.8V supplies are already available in addition to 3.3V,

designers can take advantage of the lowest-power configuration of the TLK100. By supplying external
1.8 and 1.1V as explained above, all the internal regulators are powered down and the device is fully
driven by the external supplies giving the lowest power operation.
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Other power supply options — Because the TLK100 incorporates independent voltage regulators,
designers may take advantage of several optional configurations, depending on available power supplies.

See Table 2-1 for these options.

Table 2-1. Power Supply Options

MAC I/F Transformer CT
ode (3.3V) (3.3V or 1.8V) (1.8v) (1.1v)

Voltage Source Voltage Source I(?Oeabj(l)a':tg)r Voltage Source Rzg?\lullgltzolzr)s Voltage Source

Single Supply 3.3V from 3.3V from ON 3.3V from ON 3.3V from
Operation external supply external supply external supply external supply

3.3V from 3.3V from ON 3.3V from ON 2.5V from
external supply external supply external supply external supply

3.3V from 3.3V from ON 3.3V from OFF 1.1V from
external supply external supply external supply external supply

3.3V from 3.3V from ON 2.5V from ON 3.3V from
external supply external supply external supply external supply

3.3V from 3.3V from ON 2.5V from ON 2.5V from
external supply external supply external supply external supply

3.3V from 3.3V from ON 2.5V from OEE 1.1V from
external supply external supply external supply external supply

3.3V from 1.8V from OFF 1.8V from ON 3.3V from
external supply external supply external supply external supply

3.3V from 1.8V from OEE 1.8V from ON 2.5V from
external supply external supply external supply external supply

Lowest Power 3.3V from 1.8V from 1.8V from 1.1V from

; OFF OFF

Consumption external supply external supply external supply external supply

When operating with multiple supplies, it is recommended that the 3.3V supply ramps up at least 200ms

before the 1.8V and 1.1V supplies ramp up.
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3 Configuration

This section includes information on the various configuration options available with the TLK100. The
configuration options described below include:

e Auto-Negotiation

e Auto-MDIX

* PHY Address

* LED Interface

» Loopback Functionality

* BIST

e Cable Diagnostics

3.1 Auto-Negotiation

The TLK100 device can auto-negotiate to operate in 10BASE-T or 100BASE-TX. If Auto-Negotiation is
enabled, then the TLK100 device negotiates with the link partner to determine the speed and duplex with
which to operate. If the link partner is unable to Auto-Negotiate, the TLK100 device would go into the
parallel detect mode to determine the speed of the link partner. Under parallel detect mode, the duplex
mode is fixed at half-duplex.

The TLK100 supports four different Ethernet protocols (10 Mb/s Half Duplex, 10 Mb/s Full Duplex, 100
Mb/s Half Duplex, and 100 Mb/s Full Duplex), so the inclusion of Auto-Negotiation ensures that the
highest performance protocol will be selected based on the advertised ability of the Link Partner. The
Auto-Negotiation function within the TLK100 can be controlled either by internal register access or by the
use of the AN_EN, AN_1 and AN_O pins.

The state of AN_EN, AN_0 and AN_1 pins determines whether the TLK100 is forced into a specific mode
or Auto-Negotiation will advertise a specific ability (or set of abilities) as given in Table 2-1. These pins
allow configuration options to be selected without requiring internal register access. The state of AN_EN,
AN_0 and AN_1, upon power-up/reset, determines the state of bits [8:5] of the ANAR register (0x04h).

Table 3-1. Auto-Negotiation Modes

AN_EN AN_1 A

o

Forced Mode

10BASE-T, Half-Duplex
10BASE-T, Full-Duplex
100BASE-TX, Half-Duplex
100BASE-TX, Full-Duplex
Advertised Mode
10BASE-T, Half/Full-Duplex
10BASE-TX, Half/Full-Duplex

10BASE-T, Half Duplex
100BASE-TX, Half Duplex

10BASE-T, Half/Full-Duplex
100BASE-TX, Half/Full-Duplex

o|lo|o|o|l

AN_EN AN_1 A

o

OI—‘OIZI—‘OI—‘OIZ

AR

=
[N
[N
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3.2

The Auto-Negotiation function can also be controlled by internal register access using registers as defined
by the IEEE 802.3u specification. For further detail regarding Auto-Negotiation, see Clause 28 of the IEEE
802.3u specification.

Auto-MDIX

The TLK100 device automatically determines whether or not it needs to cross over between pairs so that
an external crossover cable is not required. If the TLK100 device interoperates with a device that
implements MDI/MDIX crossover, a random algorithm as described in IEEE 802.3 determines which
device performs the crossover.

Auto-MDIX is enabled by default and can be configured via jumper or via PHYCR (0x10h) register, bits
[6:5].

The crossover can be manually forced through bit 5 of PHYCR (0x10h) register. Neither Auto-Negotiation
nor Auto-MDIX is required to be enabled in forcing crossover of the MDI pairs.

Auto-MDIX can be used in the forced 100BT mode but not in the forced MDIX mode. As in modern
networks all the nodes are 100BT, having the Auto-MDIX working in the forced 100BT mode will resolve
the link faster without the need for the long Auto-Negotiation.

14
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3.3 PHY Address

The 5 PHY address inputs pins are shared with the MIl_RXD[3:0] pins and COL pin as shown in
Table 3-2.

Table 3-2. PHY Address Mapping

PIN # PHYAD FUNCTION RXD FUNCTION
24 PHYADO MII_COL
25 PHYAD1 MII_RXD_0
26 PHYAD2 MII_RXD_1
27 PHYAD3 MII_RXD_2
28 PHYAD4 MII_RXD_3

Each TLK100 or port sharing an MDIO bus in a system must have a unique physical address. With 5
address input pins, the TLK100 can support PHY Address values 0 (<00000>) through 31 (<11111>). The
address-pin states are latched into an i