Application Note
Implementing Pin Compatible Ethernet Redrivers and

Retimers

i3 TEXAS INSTRUMENTS
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ABSTRACT

Tl has a variety of Ethernet redriver and retimer devices spanning different channels counts and signal
conditioning capabilities. Several of these devices share pin compatible packages but have different signal
conditioning capabilities. In some cases, this can be unclear what level of signal conditioning is required for
an application. This application note discusses Tl Ethernet signal conditioning devices with pin compatible
packages and design considerations that can be made to allow a socket to support multiple devices with
different signal conditioning capabilities.
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1 Introduction

Signal conditioning devices can be broken into two distinct categories: retimers and redrivers. Retimers are
more advanced signal conditioning devices that contain a clock and data recovery functional block. Ths enables
retimers to "reset" the jitter a signal has and transmit a clean signal. The clock recovery block also enables more
digital signal equalization on retimers, such as DFE and FIR filters.

Redrivers are more simple signal conditioning devices that are largely analog. Redrivers are capable of
equalizing jitter due to ISI using CTLE.

When selecting signal conditioning for a system, conditioning is not immediately clear whether a redriver or
retimer is required to meet performance requirements. Tl has several pin to pin redrivers and retimers that
enable system designers to test both a redriver and retimer in the same socket to determine which device is a
good choice. This application note details differences between pin compatible devices and design considerations
when developing a common socket for both redriver and retimer devices.

2 Codesign: 25GbE 4-Channel Retimer or Redriver with Crosspoint

Tl has one 4-channel retimer and one 4-channel redriver which support 25G Ethernet. These devices,
DS250DF410 and DS560MB410 respectively, both use a 6mm x 6mm, 101-pin BGA package and are nearly
pin-to-pin compatible. A single board codesign can implement either device, allowing designers to perform
system-level testing before determining if the retimer or redriver is better designed for a particular application.

Table 2-1 shows a comparison of features between DS250DF410 and DS560MB410.
Table 2-1. DS250DF410 and DS560MB410 Feature Comparison

Type DS250DF410 DS560MB410

Equalization capability 35dB 18dB

Receiver equalization CTLE and DFE CTLE

Transmitter equalization 3-tap FIR filter None

Signal chain linearity Nonlinear Linear

Crosspoint 2x2 crosspoint 2x2 crosspoint

Crosspoint control Register Register or MUX pins

Calibration clock 25MHz clock required Not required, can buffer 25MHz clock
Supply voltage 2.5V 2.5V

Maximum current 665mA 364mA

2.1 DS250DF410 Retimer Overview

The DS250DF410 retimer is a 4 channel retimer device that can lock to rates from 20.2752Gbps to 25.8Gbps
and supported subrates. This device can equalize channels with up to 35dB insertion loss at 12.89GHz using
a combination of CTLE and DFE. The DS250DF410 also has a 3-tap FIR filter which allows for pre- and post-
cursor equalization.

2 Implementing Pin Compatible Ethernet Redrivers and Retimers SNLA475 — OCTOBER 2024
Submit Document Feedback
Copyright © 2024 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/SNLA475
https://www.ti.com/feedbackform/techdocfeedback?litnum=SNLA475&partnum=

13 TEXAS

INSTRUMENTS
www.ti.com Codesign: 25GbE 4-Channel Retimer or Redriver with Crosspoint
One of Four Channels  To adjacent
[ﬁ channel DFE
Term Raw
AA i I “1
RXnP »> a—— TXnP
CTLE+VGA X-point elimed ), TXFIR
RXnN > | TXnN
PRBS
ryY
Signal Voltage
Detect Regulator
PRBS
Checker
A 4 I
—bl Channel Digital Core

CAL_CLK_IN M :IBuffer N K :H} CAL_CLK_OUT
ADDRn
A A 4 A

SCL - Power-On Always-On

SDA Shared Digital Core | | Rasot 10 MHz
READ_EN_N | l » > ALL_DONE_N

EN_SMB > INT_N
Shared Digital Core

Figure 2-1. DS250DF410 Functional Block Diagram
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Figure 2-2. DS250DF410 Pin Configuration
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2.2 DS560MB410 Redriver Overview

The DS560MB410 redriver is a 4 channel linear redriver device supporting up to 32GBd NRZ or 28GBd PAM4.

This device provides reach extension of up to 18dB beyond normal ASIC to ASIC capability at 13.28GHz
through the receiver CTLE.
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RXnN Crosspoint Path TXnN
A
r v
Signal : Mux select
Detect To adjacent Slgqal from (crosspoint) Voltage
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A channel
channel
Channel Digital Core
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ADDRn
A A A 4
SDC x
Shared Digital Core Power-On Always-On 10 MHz
SDA Reset
READ_EN_N »[ DALL_DONE_N
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GPI P Buffer »| >GPO
Shared Digital Core (common to all channels)

Figure 2-3. DS560MB410 Functional Block Diagram
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Figure 2-4. DS560MB410 Pin Configuration
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2.3 Pin Comparison Table

Table 2-2 compares pin functionality of DS250DF410 retimer and DS560MB410 redriver and lists if any design
provisions are necessary to support each device with the same codesign.

Table 2-2. 4-Channel Retimer or Redriver Pin Comparison Table

Pin Number

DS250DF410 Pin Name

DS560MB410 Pin Name

Provision Needed?

Details

A10, A11, A7, A8, A4, A5,
A1, A2

RXnP/N

RXnP/N

No

High-speed inputs require
AC coupling.

L10, L11, L7, L8, L4, L5,
L1, L2

TXnP/N

TXnP/N

No

High-speed outputs
require AC coupling.

F1

CAL_CLK_IN

GPI

Optional

DS250DF410: Requires a
25MHz calibration clock
input.

DS560MB410: Can
optionally buffer an input

signal up to 25MHz.

F11

CAL_CLK_OUT

GPO

Optional

DS250DF410: 2.5V
buffered replica of
CAL_CLK_IN.
DS560MB410: Inverted

buffer output from GPI.

D11, D1

ADDRO/1

ADDRO/1

No

4-level straps to configure
SMBus Address.

G1

EN_SMB

EN_SMB

No

4-level strap to select
SMBus target mode or
controller mode.

G11, H!1

SDA/SDC

SDA/SDC

No

SMBus data and clock
1/0s. Require 2-5kQ pull-
up resistors.

E1

ALL_DONE_N

ALL_DONE_N

No

EEPROM load status
when using SMBus
controller mode.

EN

READ_EN_N

READ_EN_N

No

SMBus target mode: Pull
high or leave floating for
normal operation.

SMBus controller mode:
Pull low to initiate
EEPROM load.

H1

INT_N

RSVD1

Yes

DS250DF410: Interrupt
open-drain output.
Requires 2-5kQ pull-up
resistor.

DS560MB410: Reserved.
Can be left floating or

pulled low.

D10, D2

TESTO/M

MUXSELO0/1

Optional

DS250DF410: Reserved
test pins. Can be left
floating, tied to GND, or
tied to 2.5V.

DS560MB410: Mux select
control input. Can be left
floating or tied to GND if
unused.

E10, E2, H10, H2

TEST2-5

TEST2-5

No

Reserved test pins. Can
be left floating, tied to
GND, or tied to 2.5V.
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Table 2-2. 4-Channel Retimer or Redriver Pin Comparison Table (continued)

Pin Number

DS250DF410 Pin Name

DS560MB410 Pin Name

Provision Needed?

Details

A3, A6, A9, B1, B2, B3,
B4, B5, B6, B7, B8, B9,
B10, B11, C1, C6, C11,
D6, E3, E5, E7, E9, F3,
F4, F5, F6, F7, F8, F9,
G2, G3, G5, G7, G9, G10,
H6, J1, J6, J11, K1, K2,
K3, K4, K5, K6, K7, K8,
K9, K10, K11, L3, L6, L9

GND

GND

No

Ground reference.

C3, C9, D3, D4, D5, D7,
D8, D9, H3, H4, H5, H7,
H8, H9, J3, J9

VDD

VDD

No

2.5V power supply. Tl
recommends connecting
at least 6 decoupling
capacitors as close to the
device as possible.
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2.4 Codesign Schematic Example

Figure 2-5 and Figure 2-6 show schematic diagrams for an example codesign which can be used with
DS250DF410 retimer and DS560MB410 redriver. A few component replacements are necessary to use each

device with this codesign.
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Figure 2-5. DS250DF410 Schematic Example

8

Implementing Pin Compatible Ethernet Redrivers and Retimers

Copyright © 2024 Texas Instruments Incorporated

SNLA475 — OCTOBER 2024
Submit Document Feedback


https://www.ti.com
https://www.ti.com/lit/pdf/SNLA475
https://www.ti.com/feedbackform/techdocfeedback?litnum=SNLA475&partnum=

13 TEXAS
INSTRUMENTS

www.ti.com

Codesign: 25GbE 4-Channel Retimer or Redriver with Crosspoint
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2.5 Notable Codesign Elements

2.5.1 Calibration Clock

DS250DF410 requires a 25MHz (+100PPM) 2.5V single-ended clock from external oscillator to be connected
to pin F1 (CAL_CLK_IN). A 25MHz oscillator Y1 is included in the codesign schematic example. Pin F11
(CAL_CLK_OUT) outputs a 2.5V buffered replica of the calibration clock input for connecting multiple devices in
a daisy-chained fashion.

DS560MB410 does not require an external calibration clock. Pin F1 (GPI) operates as a 2.5V LVCMOS inverted
buffer input supporting general purpose LVCMOS signals up to 25MHz. Pin F11 (GPO) operates as the inverted
buffer output from the GPI pin.

There are two options regarding calibration clock connections to DS560MB410 within this codesign example.

1. Depopulate resistors R8 and R10 to disconnect the calibration clock input and output signals from the
device.

2. Keep R8 and R10 populated to buffer the 25MHz reference clock signal. This option is most useful if the
reference clock is connected to multiple devices in a daisy-chained fashion. Note that the buffer output is
inverted. This can possibly impact other connected devices.

2.5.2 SMBus Address

Pins D11 (ADDRO) and D1 (ADDR1) are connected such that the 8-bit SMBus address for both DS250DF410
and DS560MB410 is 0x30 by default. Strap resistors R2, R3, R13, and R14 can be populated/depopulated with
different values to select a different SMBus address. The four defined strap options are:

¢ 0:1kQ to GND
R: 20kQ to GND

* F:Float
*+ 1:1kQto VDD
Table 2-3. SMBus Address Map
7-BIT TARGET ADDRESS 8-BIT WRITE ADDRESS REQUIRED ADDRESS PIN STRAP VALUE
ADDR1 ADDRO

0x18 0x30 0 0
0x19 0x32 0 R
0x1A 0x34 0 F
0x1B 0x36 0 1
0x1C 0x38 R 0
0x1D 0x3A R R
Ox1E 0x3C R F
Ox1F 0x3E R 1
0x20 0x40 F 0
0x21 0x42 F R
0x22 0x44 F F
0x23 0x46 F 1
0x24 0x48 1 0
0x25 0x4A 1 R
0x26 0x4C 1 F
0x27 Ox4E 1 1
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2.5.3 SMBus Controller Mode

Pin G1 (EN_SMB) is connected such that SMBus Target mode is selected for both DS250DF410 and
DS560MB410 by default. In SMBus Target mode, a controller accesses and modifies the retimer's or redriver's
register configuration via the SMBus interface. In SMBus Controller mode, the retimer or redriver attempts to
self-configure by reading the device settings stored in an external EEPROM.

DS250DF410 and DS560MB410 can be reconfigured in SMBus Controller mode within this codesign example.
The following design modifications need to be made.

1. Depopulate R4 to select SMBus Controller mode on the EN_SMB pin.

2. Depopulate R5 and populate R15 with a 1kQ resistor. This pulls the READ _EN_N pin low to initiate
EEPROM load.

3. Populate R19 with a 0Q resistor to connect the ALL_DONE_N pin output. If multiple devices share a single
EEPROM, then connect the ALL_DONE_N output of the first device to the READ_EN _N input of the next
device to prevent multiple devices attempting to read the EEPROM at the same time.

4. Populate R32 and R33 with 0Q resistors to connect the EEPROM SMBus interface to the retimer or redriver
SDA and SDC pins.

5. Place an external EEPROM in dipsocket XU1. Modify resistor straps R26 — R31, R34 — R36 as necessary.
Note that the EEPROM 8-bit address must be 0xAO and capable of 400kHz operation at 2.5V or 3.3V supply.

2.5.4 SMBus Pull-Up Resistors

The SMBus interface uses open-drain clock and data inputs or outputs to enable device communication. The
SDA and SDC lines each require a single 2kQ to 5kQ pull-up resistor. This codesign example offers multiple
pull-up options.

* R22 and R23 are populated by default. These are 4.7kQ pull-ups to 3.3V supply.

* R20 and R21 can be populated to use 2.7kQ pull-ups to 2.5V supply near the retimer or redriver. These can
be useful for debug purposes if the device SDA/SDC pins need to be disconnected from the main SMBus
interface (by depopulating R24 and R25).

* R30 and R31 can be populated to use 2.7kQ pull-ups to 2.5V supply near the external EEPROM. These can
be useful for debug purposes if the EEPROM SDA/SDC pins need to be disconnected from the main SMBus
interface (by depopulating R32 and R33).

2.5.5 Interrupt Output

DS250DF410 includes an interrupt output on pin H1 (INT_N) which is pulled low when an interrupt event occurs.
This output is open-drain and requires a single 2kQ to 5kQ pull-up resistor. This codesign example includes a
4.7kQ pull-up to 3.3V supply when R6 is populated and R16 is depopulated.

DS560MB410 does not include an interrupt output. Pin H1 (RSVD1) is a no connect on package and can be left
floating or tied to GND. This codesign example includes a 1kQ pull-down to GND when R16 is populated and R6
is depopulated.

2.5.6 Mux Select Inputs

DS560MB410 includes mux select inputs on pins D10 (MUXSELOQ) and D2 (MUXSEL1). MUXSELO controls the
crosspoint for channels 0—1, and MUXSEL1 controls the crosspoint for channels 2-3. The crosspoint can also be
controlled entirely via SMBus register writes.

There are 2 options regarding mux select input connections to DS560MB410 within this codesign example.

1. Populate R9 and R12 with 0Q resistors and depopulate R17 and R18. This allows an external device to
control the crosspoint via LVCMOS voltage level inputs.

2. Populate R17 and R18 with 1kQ resistors and depopulate R9 and R12. This option is most useful if the mux
select inputs are unused.

DS250DF410 does not include mux select inputs. The crosspoint on this device is controlled entirely via SMBus
register writes. Pins D10 (TESTO0) and D2 (TEST1) are reserved Tl test pins which can be left floating, tied to
GND, or connected to a 2.5V output. This codesign example includes 1kQ pull-downs to GND when R17 and
R18 are populated and R9 and R12 are depopulated.

SNLA475 — OCTOBER 2024 Implementing Pin Compatible Ethernet Redrivers and Retimers 1
Submit Document Feedback
Copyright © 2024 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/SNLA475
https://www.ti.com/feedbackform/techdocfeedback?litnum=SNLA475&partnum=

Codesign: 25GbE 8-Channel Retimer or Redriver with Crosspoint

13 TEXAS

INSTRUMENTS

www.ti.com

3 Codesign: 25GbE 8-Channel Retimer or Redriver with Crosspoint

Tl has two 8-channel retimers and three 8-channel redrivers which support 25G Ethernet. The retimer part
numbers are DS250DF810 and DS280DF810, while the redriver part numbers are DS280BR810, DS280BR820,
and DS280MB810. All of these devices use a 8mm x 13mm, 135-pin BGA package and are nearly pin-to-pin
compatible. A single board codesign can implement all 5 devices with minimal modifications, allowing designers
to perform system-level testing before determining which device is best designed for a particular application.

Table 3-1 shows a comparison of features between DS2x0DF810, DS280BR8x0, and DS280MB810.
Table 3-1. DS2x0DF810, DS280BR8x0, and DS280MB810 Feature Comparison

Type DS2x0DF810 DS280BR8x0 DS280MB810
Equalization capability 35dB 15-17dB 17dB
Receiver equalization CTLE and DFE CTLE CTLE
Transmitter equalization 3-tap FIR filter Fixed delay 3-tap FIR filter None

Signal chain linearity Nonlinear Linear or nonlinear Linear

Crosspoint

2x2 crosspoint

None

2x2 crosspoint

Crosspoint control

Register

N/A

Register or MUX pins

Calibration clock

25MHz clock required

Not required, can buffer 25MHz
clock

Not required, can buffer 25MHz
clock

Supply voltage

2.5V

2.5V

2.5V

Maximum current

1330mA

426mA

389mA

3.1 DS250DF810 and DS280DF810 Retimers Overview

The DS250DF810 and DS280DF810 retimers are both 8 channel retimer devices. The key differentiation
between these devices is that DS250DF810 can lock to rates from 20.2752Gbps to 25.8Gbps and supported
subrates, while the DS280DF810 can lock to rates from 20.2Gbps to 28.4Gbps and supported subrates. These
devices can equalize channels with up to 35dB insertion loss at 12.89GHz using a combination of CTLE and
DFE. The DS2x0DF810 also has a 3-tap FIR filter which allows for pre- and post- cursor equalization.

One of Ei;

ight Channels

To adjacent

channel

'y

CTLE+VGA

RXnP }
220 nF
RXnN }

Retimed

X-point

lV

Signal
Detect

Voltage
Regulator

PRBS

A,
PFD, CDR,
And Divider

PRBS
Checker

TXnt
220 nF
TXnt

Channel Digital Core

Voltage
Regulator
3

CAL_CLK_IN

‘ Buffer
| !

A

Shared Digital Core

Power-On
Reset

| Always-On 10 MHz

Shared Digital Core

» > ALL
g INT_

Figure 3-1. DS2x0DF810 Functional Block Diagram
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Legend
Control/Status
High-Speed
Ground
Power
Tl test pins /

Resenved

Figure 3-2. DS2x0DF810 Pin Configuration

3.2 DS280BR810, DS280BR820, and DS280MB810 Redrivers Overview

The DS280BR810, DS280BR820, and DS280MB810 are 8 channel linear redriver devices supporting up to
28GBd NRZ. The key differentiation between DS280BR810 and DS280BR820 is that DS280BR810 has on-chip
AC coupling for both RX and TX, while DS280BR820 has on-chip AC coupling for only RX. Tl has observed
better high speed performance with DS280BR820 over the DS280BR810, allowing for reach extension of over
17dB with DS280BR820 compared to over 15dB with DS280BR810. For new designs, Tl recommends selecting
DS280BR820 over DS280BR810. The DS280BR8x0 devices also have a limiting signal chain with fixed delay
3-tap TX FIR filter.

The DS280MB810 provides reach extension of over 17dB beyond normal ASIC to ASIC capability at 13.28GHz
through the receiver CTLE. The differentiation between this device and DS280BR8x0 devices is that the device
has a 2x2 cross point, but lacks the 3-tap TX FIR.

One of Eight Channels

| Term | T:l Bypass l—

il
RXnP [ 7| Boost Y
220 nF Stage 1
RXnN

Signal

Linear Path

TXnP
220 nF
FIR Limiting Path TXnN
3-Tap FIR t/j

A

Voltage
Detect Regulator

| Channel Digital Core |
4 A A Y

ADDRn

SDC

SDA
READ_EN_N
EN_SMB
CAL_CLK_IN

A4
| | Always-On 10 MHz

A
Power-On
Reset

l » >ALL_DONE_N
%Buﬁer » >CAL _CLK OUT

Figure 3-3. DS280BR810 Functional Block Diagram

Shared Digital Core

Y

v

Shared Digital Core (common to all channels)
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One of Eight Channels
Term Bypass
| | li Linear Path |
il
RXnP [ Boost v |Boost TXnP
220 "f Stage 1 Stage 2
RXnN [ > FIR Limiting Path TXnN
v 3-Tap FIR
Signal 4 Vi
oltage
Channel Digital Core |
4 A A
ADDRn
SDC P I'9) N
L ower-On
SDA Shared Digital Core | | Reset | | Always-On 10 MHz
READ_EN_N ‘ » >ALL_DONE_N
EN_SMB J
CAL_CLK_IN r‘ Buffer » >CAL _CLK OUT
Shared Digital Core (common to all channels)
Figure 3-4. DS280BR820 Functional Block Diagram
One of Eight Channels
| Term | Bypass
J Straight-thru Path |
RXnP } TXnP
aioe | | S0
RXnN } > TXnN
Crosspoint Path
A >

Signal

Detect Mux select

(crosspoint)

To adjacent
channel

Signal from
adjacent channel

Voltage
Regulator

| Channel Digital Core

ADDRn . \
SCL - Power-On
SDA Shared Digital Core | | Reset | | Always-On 10 MHz
READ_EN_N
EN_SMB

MUXSELO_TESTO
MUXSEL1_TEST1

o

CAL_CLK_IN Buffer

»{ DALL_DONE_N

.

Shared Digital Core

1 to all ct

{\} CAL_CLK_OUT

Figure 3-5. DS280MB810 Functional Block Diagram
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

GND GND GND | Ground pin

GND High-speed pin

GND Power pin

. Control/Status pin

No connect on

SDC

SDA

package
D GND Test pin
C GND
B GND
A GND
12 11 10 9 8 7 6 5 4 3 2 1
Figure 3-6. DS280BR8x0 Pin Configuration
15 14 12 4 2 1 Legend
J| GND GND GND GND GND GND | J GND Ground pin
GND GND GND GND High-speed pin
GND | GND | GND GND | GND | GND Power pin
READ_ INT_N .
F| GND | GND EN.N sbc GND (NO) GND . Control/Status pin
O MUXSEL1 EN_SM|muxseLo No connect on
E [ ok ["Tesri | ADDR1| sDA GND B | Testo «
ouT package
ALL_
D| GND | GND |ADDRO| GND GND |DONE_| GND | GND | D
N
GND | GND | GND GND | GND | GND o]
GND GND GND GND B
A| GND | GND GND GND GND | GND | A
15 14 12 11 10 9 8 7 6 5 4 3 2 A
Figure 3-7. DS280MB810 Pin Configuration
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3.3 Pin Comparison Table

Table 3-2 compares pin functionality of DS2x0DF810 retimers, DS280BR8x0 redrivers, and DS280MB810
redriver with crosspoint and lists if any design provisions are necessary to support each device with the same

codesign.

Table 3-2. 8-Channel Retimer/Redriver Pin Comparison Table

Pin Number

DS2x0DF810 Pin
Name

DS280BR8x0 Pin
Name

DS280MB810 Pin
Name

Provision Needed?

Details

C15, B15, B13, A13,
B11, A11, B9, A9, B7,
A7, B5, A5, B3, A3,
C1, B1

RXnP/N

RXnP/N

RXnP/N

No

High-speed inputs AC
coupled on-chip.

G15, H15, H13, J13,
H11, J11, H9, J9, H7,
J7, H5, J5, H3, J3,
G1, H1

TXnP/N

TXnP/N

TXnP/N

Yes

DS2x0DF810,
DS280BR810: High-
speed outputs AC
coupled on-chip.
DS280BR820,
DS280MB810: High-
speed outputs require
external AC coupling.

E1

CAL_CLK_IN

CAL_CLK_IN

CAL_CLK_IN

Optional

DS2x0DF810:
Requires a 25MHz
calibration clock input.
DS280BR8x0,
DS280MB810: Can
optionally buffer a
25MHz clock input.
No calibration clock
required.

E15

CAL_CLK_OUT

CAL_CLK_OUT

CAL_CLK_OUT

Optional

2.5V buffered replica
of CAL_CLK_IN.

D13, E13

ADDRO/1

ADDRO/1

ADDRO/1

No

4-level straps to
configure SMBus
Address.

E3

EN_SMB

EN_SMB

EN_SMB

No

4-level strap to select
SMBus target mode
or controller mode.

E12, F12

SDA/SDC

SDA/SDC

SDA/SDC

No

SMBus data and
clock I/Os. Require
2-5kQ pull-up
resistors.

F13

READ_EN_N

READ_EN_N

READ_EN_N

No

SMBus target mode:
Pull high or leave
floating for normal
operation.

SMBus controller
mode: Pull low

to initiate EEPROM
load.

D3

ALL_DONE_N

ALL_DONE_N

ALL_DONE_N

No

EEPROM load status
when using SMBus
controller mode.
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Table 3-2. 8-Channel Retimer/Redriver Pin Comparison Table (continued)

Pin Number DS2x0DF810 Pin DS280BR8x0 Pin DS280MB810 Pin Provision Needed? |Details
Name Name Name
F3 INT_N INT_N INT_N No DS2x0DF810:

Interrupt open-drain
output. Requires
2-5kQ pull-up resistor.
DS280BR8x0,
DS280MB810: No
connect on package.
Can be pulled high for
codesign compatibility
with DS2x0DF810.

E2, E14 TESTO/1 TESTO/1 MUXSELO0/1 Optional DS2x0DF810,
DS280BR8x0:
Reserved test pins.
Can be left floating,
tied to GND, or tied to
2.5V.

DS280MB810: Mux
select control input.
Can be left floating or
tied to GND if unused.

F4, E4, D4, D12 TEST4-7 GND GND No DS2x0DF810:
Reserved test pins.
Can be left floating or
tied to GND.
DS280BR8x0,
DS280MB810:
Ground reference.

D6, D8, D10, E5, E6, |VDD VDD VDD No 2.5V power supply.
E7, E8, E9, E10, F6, Tl recommends

F8, F10 connecting at least 6
decoupling capacitors
as close to the device
as possible.

A1, A2, Ad, A6, A8, GND GND GND No Ground reference.
A10, A12, A14, A15,
B2, B4, B6, B8, B10,
B12, B14, C2, C3,
C4, C5, Cs, C7, C8,
C9, C10, C11, C12,
C13, C14, D1, D2,
D5, D7, D9, D11,
D14, D15, E11, F1,
F2, F5, F7, F9, F11,
F14, F15, G2, G3,
G4, G5, G6, G7, G8,
G9, G10, G11, G12,
G13, G14, H2, H4,
H6, H8, H10, H12,
H14, J1, J2, J4, J6,
Jg, J10, J12, J14, J15
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3.4 Codesign Schematic Example

Figure 3-8, Figure 3-9, and Figure 3-10 show schematic diagrams for an example codesign which can be
used with DS2x0DF810 retimers, DS280BR8x0 redrivers, and DS280MB810 redriver with crosspoint. A few
component replacements are necessary to use each device with this codesign.

I———

TX0P R37 __FROM_TXOP 2P R38 _FROM Tx2P TX4P R30 __FROM_TX4P TX6P R40__FROM Tx6P
0 0 0 0
TXON R4l __FROM TXON DN R42 __FROM TX2N XN R4 _FROM TX4N TX6N R44 __FROM TX6N
0 0 0 0
P R4S _FROM TXIP ™3P R46 _FROM T3P TX5P R47 __FROM_TXSP 7P R4S FROM TX7P
0 0 0 0
TXIN R4S __FROM TXIN XGN RS __FROM_TX3N TXSN, RS\ __FROM_TX5N DN RS2 _FROM _TX7N
0 0 0 0
UIA
25V 25V 2.5V 3.3V 3.3V
Gis 0P
T [ TXON
Txip [HIS TX1
TXIN L X RI SR2 4RI LR4 RS
Top [HIL TX2p 1.0k 1.0k 1.0k $1.0k $4.7k
e | NI [DNI
Top 1O ADDRO,
oy [ ADDR1
Lol D EN_SMB
e | T4 READ _EN N R6 _TO_MUXSELO
o | e X5P INT N o BT
o | €8 X5N MUXSELO
Txep |3 X6P MUXSELT R TO_MUXSELL
i | B X6N o BT
p oG X7P
o [ TX7N RS RO R10 RIL JRI2
1.0k $1.0k 1.0k 1.0k $1.0k
y ENSMB B3 f oo | INT N NI
T MUXSELO__E2 3 5 12 RT_RD SDA
E MUXSELO__E2_] spa |k _RD £
RigandR18 are optional, " MUXSELT Erac] Teeny e [GEiz__RTRD SbC = =
E4] TesTs GND  GND
R14 ) D13 ADDRO
100 bit] There oo BEL ADDRL
D12 2
caLck v RIS TEST RI6 AL clk out 257 257 33v
o 1 Eleb caL cix v caL ek out EL 0
5 R17
100 READ-EN N Fef READ EN N AL DONE N D oI AL DONER R19 {R20 R21 {R22
2.7k $2.7k 4.7k 34.7k
DS2x0DF810 ONI NI
. RT_RD_SDA R23 SDA
2.5V = GND 0
GND  GND uiB
RT_RD_SDC R4 soc
D6 vpp Gnp (AL 0
T GNp (A2
VoD GND
s o ==C2 ——=C3 c4 C5 C6 ——C7 Es 1 vbp GND |46 23V 2.3V
0.1uF [ 0.1uF [ 0.1uF [ 0.1uF [ 0.1uF [ 0.1uF E6 | vbp GND AL
100F | 1uF E7 | oo oD AT 25V 25V 25V 2.5V
ES A2
5| Voo o i R25 LR26 SR27
= = = L= = VoD GND
= = = = = = E0 | vop onp A 2.7k 2.7k $2.7k
GND GND GND GND GND  GND  GND  GND ¥ | vop onp |82 NI NI NI Xul R28 SR29 LIR30
ITH| o) onp B EEPROM_AQ_| 8 4.7k $2.7k $2.7k
10| vop g [BS DI NI [N
oD |88 EEPROM A1 2 7_EEPROM WP
Fla B10
o dcisciacs w15 | onp b ez EEPROM A2 3 6 EEPROM SCL ‘”“X sbc
0.1uF [ 0.1uF | 0.1uF [ 0.1uF | 0.1uF [ 0.1uF G2 { Gnp GND BLE 0 DRI
rll| G | 4 5 EEPROM_SDA -
G4 ] Gnp o R33 LR34 [R3S | R32 SDA
L L 1 G5 | Gnp oD €2 2.7k $2.7k $2.7k 110-13-308-41-001000 o BT
= = = = = = Go cs R30
GND  GND GND  GND  GND  GND G| N> s 4.7k
& G GNp (= —
GND GND =
Sl 6o GND -C% GND ==
=-— GND GND =
G124 Gnp Gnp UL GND
G GNp Gnp (HE2
Gl Gnp anp (S8
JTEN s 3 [ar)
2 Gxp GND (=1
1 aNp GND (2
T A GND (=
B op GND (22
01 GNp GND
HI2 | Gnp Grp 22
HIE L Gnp axp (DAL
1 GNp anp (2
2 GND aNp [
= anp GND (L
GND anp [HEL
181 6N GNp -2
1 GND GNp (2
21 Gnp GND
o oo e
GND GND
DS2x0DF810

Figure 3-8. DS2x0DF810 Schematic Example

18

Implementing Pin Compatible Ethernet Redrivers and Retimers

Copyright © 2024 Texas Instruments Incorporated

SNLA475 — OCTOBER 2024
Submit Document Feedback


https://www.ti.com
https://www.ti.com/lit/pdf/SNLA475
https://www.ti.com/feedbackform/techdocfeedback?litnum=SNLA475&partnum=

13 TEXAS
INSTRUMENTS

www.ti.com Codesign: 25GbE 8-Channel Retimer or Redriver with Crosspoint
cle Cc17 c c19
0P ||__FROM_TXOP Ix2P ||___FROM TX2p 1Xap ||___FROM_Tx4P IX6P ||___FROM TX6P
2 AC, I I | I
DS280BR820: Use 0.2 uF AC coupling caps.
DS280BR810: Use 0 ohm resistors, (“,;ZUZUF (9;/:2'2“" ("_'22“ (9'2212“"
TXON ||___FROM_TXON TX2N Il FROM_TX2N TX4N | FROM_TX4N TX6N ||___FROM TX6N
I I | I
0.22uF 0.22uF 0.22uF 0.22uF
c €25 c ca7
IX1P I FROM _TX1P IX3P i FROM_TX3P IXSP | FROM_TXSP IX7P || FROM_TX7P
I I | I
0.22uF 0.22uF 0.22uF 0.22uF
C28 C29 C: 31
IXIN | FROM_TXIN TX3N Il FROM_TX3N TXSN | FROM_TXSN IXIN ||—_FROM_TX7N
I I | I
0.22uF 0.22uF 0.220F 0.22uF
UIA
2.5V 2.5V 2.5V 3.3V 3.3V
I;XSP Cl RXOP TXOP G1S igp
e —r A rxon S XY
RXIN e R TXIP RI 4R2 IR3 R4 JRS
RXIN TXIN r
RX2P B won Top i 1.0k $1.0k $1.0k $1.0k $4.7k
RGN AL plon roN fL DNI [DNI
RXap proty ToN EN_SMB
4 B RX4P Txap (L R6
RXaN oA oK o e READ EN N TO_MUXSELO
RXGP B5.| pxep e s X5P INT N o BT
RXSN AS RXSN TXSN 5 XSN MUXSELO R7
RX6P B3] wxer Txep [ X6P MUXSELL . TO_MUXSELL
RxeN Aol RX6N TX6N XeN o NI
BXZE____CL) pxrp x7p -Gl
RX7N M| 5 on L X7N RS 4RO R10 RILJRI2
1.0k $1.0k 1.0k 1.0k $1.0k
- EN_SMB E3 EN SMB INT N INT N DNI
MUXSELO o g (12 RT_RD_SDA
14 and R18 are optional MUXSELL 14 ”z PSIKI) :Ei\ B RT_RD_SDC —
R14 £a5 OND D13 ADDRO ene e
GND ADDRo foRl3 __ ADDRO
100 2ot GND ADDRI foEi—ADDRL
caL cik IN__ RIS Sk RI6  caL clk our 2.5V 3.3V
o L Elol CAL CLK IN caL_cik our -ELS 0
RIS READ_EN N F13 D3 RN __ALL_DONE N
.1uF 3100 RECDIENE ALDONEN "5 R19 LR20 R21 LR22
2.7k 2.7k 4.7k 34.7k
DS280BR8x0 DNI ONI N
RT_RD_SDA R23 SDA
= GND 0
D UlB 5
RT_RD_SD R spc
D61 vop 0
25 Voo
VDD
VDD 2.5V 2.5v
VDD
o s 2.5v 25v
VDD - 5
9. VDD 4 R26 $R27
£0 ] voo 5 2.7k $2.7k
o Voo ONE NI Xut R28 fR29 SR30
[ VDD EEPROM_AO 1 8 4.7k 2.7k 32.7k
10 voo NI NI NI
EEPROM A1 > 7 _EEPROM WP
£l G u 3
[T 2 EEPROM A2 3 6 EEPROM_SCL R31 SbC
0 BT
4 5 EEPROM SDA
R33 R34 LR35 R32 SDA
3 2.7k $2.7k $2.7k 110-13-308-41-001000 o DNT
3 R36
7 4.7k
5
G10 GND GND GND  GND
a1 0
G Il
G 2
C 3
4
3
5
o
i
i I
1 0
I 5
) 1
I3
I3
Ti0
[
Jid
TH GND il
D5280BR8X0
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1 c C c19
Ix0P | FROM_TXOP 2P | FROM_TX2P TXap | FROM_TX4P TX6P ||__FROM_Tx6P
| | | 1
0.220F 0.220F 0.22uF 0.220F
c20 c c2 €23
TXON | FROM_TXON >N | FROM_TX2N IX4N | FROM_TX4N IX6N Il FROM_TX6N
| | | 1
0.22uF 0.220F 0.220F 0.220F
c cas C c7
IX1P ] FROM_TX1P IX3P | FROM_TX3P TIXSP | FROM_TXSP IX7P |1 FROM_TX7P
I | | U
0.220F 0.22uF 0.22uF 0.22uF
c28 C: C. C31
IXIN | FROM_TXIN 6N | FROM_TX3N TXSN | FROM_TX5N XN ||__FROM_TX7N
I | | 1
0.220F 0.220F 0.22uF 0.220F
UIA
2.5V 2.5V 2.5V 3.3V 3.3V
RXOP. Cl . 31S X0P
RXOP TXOP
RXON_BIS pxon Txon LS XON
RX: Bl RXIP Txip UL il
RX Al 3 Rl IR2 SR3  SR4 SRS
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Figure 3-10. DS280MB810 Schematic Example
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3.5 Notable Codesign Elements

3.5.1 AC Coupling

All 8-channel retimers and redrivers require AC coupling on high-speed inputs and outputs. AC coupling is
integrated on-chip for all devices on the receiver side and some devices on the transmitter side.

DS250DF810, DS280DF810, and DS280BR810 include integrated AC coupling on the transmitter side.
Therefore 0Q resistors R37—R52 can be used on high-speed outputs.

DS280BR820 and DS280MB810 do not include integrated AC coupling on the transmitter side. Therefore R37—
R52 need to be replaced with 220nF capacitors. These are labeled as C16—C31 in the codesign schematic
examples.

3.5.2 Calibration Clock

DS2x0DF810 requires a 25MHz (+100PPM) 2.5V single-ended clock from external oscillator to be connected
to pin E1 (CAL_CLK_IN). A 25MHz oscillator Y1 is included in the codesign schematic example. Pin E15
(CAL_CLK_OUT) outputs a 2.5V buffered replica of the calibration clock input for connecting multiple devices in
a daisy-chained fashion.

DS280BR8x0 and DS280MB810 do not require an external calibration clock. Pin E1 (CAL_CLK_IN) can
optionally support a 25MHz input clock. Pin E15 (CAL_CLK_OUT) outputs a 2.5V buffered replica of the
calibration clock input.

There are two options regarding calibration clock connections to DS280BR8x0 and DS280MB810 within this
codesign example.

1. Depopulate resistors R15 and R16 to disconnect the calibration clock input and output signals from the
device.

2. Keep R15 and R16 populated to buffer the 25MHz reference clock signal. This option is most useful if the
reference clock is connected to multiple devices in a daisy-chained fashion.

3.5.3 SMBus Address

Pins D13 (ADDRO) and E13 (ADDR1) are connected such that the 8-bit SMBus address for DS2x0DF810,
DS280BR8x0, and DS280MB810 is 0x30 by default. Strap resistors R1, R2, R8, and R9 can be populated/
depopulated with different values to select a different SMBus address. The four defined strap options are:

* 0:1kQ to GND
* R:20kQ to GND
* F: Float

* 1:1kQ to VDD

Table 3-3. SMBus Address Map

7-BIT TARGET ADDRESS 8-BIT WRITE ADDRESS REQUIRED ADDRESS PIN STRAP VALUE
ADDR1 ADDRO
0x18 0x30 0 0
0x19 0x32 0 R
Ox1A 0x34 0 F
0x1B 0x36 0 1
0x1C 0x38 R 0
0x1D 0x3A R R
Ox1E 0x3C R F
Ox1F 0x3E R 1
0x20 0x40 F 0
0x21 0x42 F R
0x22 0x44 F F
0x23 0x46 F 1
0x24 0x48 1 0
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Table 3-3. SMBus Address Map (continued)

REQUIRED ADDRESS PIN STRAP VALUE
7-BIT TARGET ADDRESS 8-BIT WRITE ADDRESS
ADDR1 ADDRO
0x25 O0x4A 1 R
0x26 0x4C 1 F
0x27 Ox4E 1 1

3.5.4 SMBus Controller Mode

Pin E3 (EN_SMB) is connected such that SMBus Target mode is selected for both DS2x0DF810, DS280BR8x0,
and DS280MB810 by default. In SMBus Target mode, a controller accesses and modifies the retimer's or
redriver's register configuration through the SMBus interface. In SMBus Controller mode, the retimer or redriver
attempts to self-configure by reading the device settings stored in an external EEPROM.

DS2x0DF810, DS280BR8x0, and DS280MB810 can be reconfigured in SMBus Controller mode within this

codesign example. The following design modifications need to be made.

1. Depopulate R3 to select SMBus Controller mode on the EN_SMB pin.

2. Depopulate R4 and populate R10 with a 1kQ resistor. This pulls the READ _EN_N pin low to initiate
EEPROM load.

3. Populate R17 with a 0Q resistor to connect the ALL_DONE_N pin output. If multiple devices share a single
EEPROM, then connect the ALL_DONE_N output of the first device to the READ_EN _N input of the next
device to prevent multiple devices attempting to read the EEPROM at the same time.

4. Populate R31 and R32 with 0Q resistors to connect the EEPROM SMBus interface to the retimer or redriver
SDA and SDC pins.

5. Place an external EEPROM in dipsocket XU1. Modify resistor straps R25 — R30, R33 — R35 as necessary.
Note that the EEPROM 8-bit address must be 0xAO and capable of 400kHz operation at 2.5V or 3.3V supply.

3.5.5 SMBus Pull-Up Resistors

The SMBus interface uses open-drain clock and data inputs/outputs to enable device communication. The SDA
and SDC lines each require a single 2kQ to 5kQ pull-up resistor. This codesign example offers multiple pull-up
options.

* R21 and R22 are populated by default. These are 4.7kQ pull-ups to 3.3V supply.

* R19 and R20 can be populated to use 2.7kQ pull-ups to 2.5V supply near the retimer or redriver. These can
be useful for debug purposes if the device SDA/SDC pins need to be disconnected from the main SMBus
interface (by depopulating R23 and R24).

* R29 and R30 can be populated to use 2.7kQ pull-ups to 2.5V supply near the external EEPROM. These can
be useful for debug purposes if the EEPROM SDA/SDC pins need to be disconnected from the main SMBus
interface (by depopulating R31 and R32).

3.5.6 Interrupt Output

DS2x0DF810 includes an interrupt output on pin F3 (INT_N) which is pulled low when an interrupt event occurs.
This output is open-drain and requires a single 2kQ to 5kQ pull-up resistor. This codesign example includes a
4.7kQ pull-up to 3.3V supply.

DS280BR8x0 and DS80MB810 do not include an interrupt output. Pin F3 (INT_N) is a no connect on package
but can be connected to other devices' INT_N pins. This codesign example includes a 4.7k pull-up to 3.3V
supply. No design provision is necessary to switch between retimer and redriver implementations.

3.5.7 Mux Select Inputs

DS280MB810 includes mux select inputs on pins E2 (MUXSELO) and E14 (MUXSEL1). MUXSELDO controls the
crosspoint for channels 0—1 and 4-5, and MUXSEL1 controls the crosspoint for channels 2—3 and 6-7. The
crosspoint can also be controlled entirely via SMBus register writes.

There are 2 options regarding mux select input connections to DS280MB810 within this codesign example.

1. Populate R6 and R7 with 0Q resistors and depopulate R11 and R12. This allows an external device to
control the crosspoint via LVCMOS voltage level inputs.
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2. Populate R11 and R12 with 1kQ resistors and depopulate R6 and R7. This option is most useful if the mux
select inputs are unused.

DS2x0DF810 and DS280BR8x0 do not include mux select inputs. The crosspoint on DS2x0DF810 is controlled
entirely via SMBus register writes. DS280BR8x0 does not include any crosspoint capability. On DS2x0DF810
and DS280BR8x0, pins E2 (TESTO0) and E14 (TEST1) are reserved Tl test pins which can be left floating, tied
to GND, or connected to a 2.5V output. This codesign example includes 1kQ pull-downs to GND when R11 and
R12 are populated and R6 and R7 are depopulated.
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4 Summary

TI's signal conditioning portfolio enables system designers the flexibility to implement a single socket supporting
both redriver and retimer and characterize the performance. By leveraging information in this application note,
designers can easily determine how to design a socket supporting both redriver and retimer. This allows
engineers to minimize design risk while also maximizing signal conditioner price and power consumption.

5 References

» Texas Instruments, DS250DF410 product site
* Texas Instruments, DS560MB410 product site
» Texas Instruments, DS250DF810 product site
» Texas Instruments, DS280DF810 product site
» Texas Instruments, DS280BR810 product site
» Texas Instruments, DS280BR820 product site
* Texas Instruments, DS280MB810 product site
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