Programmer’s Guide

DS160PR412, DS160PR421 Programming Guide

Wi} TEXAS INSTRUMENTS

Davor Glisic
ABSTRACT

This document provides a programming reference for the DS160PR412 and DS160PR421 (Hereafter referred
to as DS160PR4xx) Quad-Channel PCI-Express Gen-4 Linear Redriver with Integrated Demux, Mux. It contains
detailed information related to the DS160PR4xx advanced configuration options. The intended audience
includes software engineers working on system diagnostics and control software.

Tl recommends that the reader be familiar with the DS160PR412 or DS160PR421 datasheet ( SNLS659 ). This
document and all other collateral data related to the DS160PR4xx redriver (application notes, models, and so
forth) are available to download from the Tl website. Alternatively, contact your local Texas Instruments field
sales representative.
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1 Access Methods
There are two ways the designer can configure the DS160PR4xx. The methods are:

* Register control through the I,C orSerial Management Bus (SMBus)
* Pin Control

1.1 Register Programming Through I2C orSMBus

The DS160PR4xx internal registers can be accessed through standard 12C orSMBus protocol. The DS160PR4xx
features two banks of channels, Bank 0 (Channels 0- 1) and Bank 1 (Channels 2-3), each featuring a separate
register set and requiring a unique slave address. The slave address pairs (one for each channel bank) are
determined at power up based on the configuration of the ADDR and MODE pins. The pin state is read on power
up, after the internal power-on reset signal is deasserted.

The EQO / ADDR and EQ1 pins along with the MODE, GAIN/SDA and RX_DET/SCL pins are 4-level input pins
that are used to control the configuration of the device. These 4-level inputs use a resistor divider to help set the
four valid levels as shown in Table 1-1.

Table 1-1. DS160PR4xx4-Level Control Pin Settings

Pin Level Pin Setting
LO 1kQ to GND
L1 13 kQ to GND
L2 59 kQ to GND
L3 Float

There are 8 unique slave address pairs (one address for each channel bank) that can be assigned to the
device by placing external resistor straps on the MODE and ADDR pins as shown in Table 1-2. When multiple
DS160PR4xx devices are on the same 12C/SMBus interface bus, each channel bank of each device must be
configured with a unique slave address pair.

Table 1-2. DS160PR4xx 12C/SMBus Address Map

BT Al Lol AOBRER Lo “7Bit Address [MEX] "7Bit Address [MEX]
L1 Lo 0x18 0x19
L1 L1 0x1A 0x1B
L1 L2 0x1C 0x1D
L1 L3 OX1E Ox1F
L2 Lo 0x20 0x21
L2 L1 0x22 0x23
L2 L2 0x24 0x25
L2 L3 0x26 0x27
2 DS160PR412, DS160PR421 Programming Guide SNLU278 — MARCH 2021
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Register Map Overview

2 Register Map Overview
The DS160PRxx has two types of registers:

» Share Registers — These registers can be accessed at any time and are used for device-level configuration,
status read back, control, or to read back the device ID information.

* Channel Registers — These registers are used to control and configure specific features for each individual
channel. All channels have the same channel register set and can be configured independent of each other.

Both Share and Channel registers of a single channel bank are contained within a single register page as shown

in Table 2-1.

Table 2-1. Register Map Overview

Address Range Channel Bank 0 Access Channel Bank 1 Access

0x00 - 0x03  |Channel O registers Channel 2 registers

0x20 - 0x23 | Channel 1 registers Channel 3 registers

0x80 - Ox83 Broadcast write channel bank 0 registers, read channel 0 Broadcast write channel bank 1 registers, read channel 4
registers registers
Broadcast write channel 0-1 registers, read channel 0 Broadcast write channel 4-5 registers, read channel 4

0xAO0 - 0xA3 ) :
registers registers

OxE2 - OxE3, |Bank O Share registers Bank 1 Share registers

0xFO - OxF1
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3 Example Programming Sequences

The DS160PR4xx is highly programmable and customizable for multiple applications. The following sections
provide guidance for programming the DS160PR4xx for common applications.

The following information is provided in each sequence:

3.1 Set CTLE Gain Level

Step: Many sequences contain several steps. The order in which actions are to be taken is indicated by the
step number.

Register Set: Actions are intended for either the Shared or Channel register of either Bank 0 or Bank 1.
Since each channel bank has its own 12CSMBus address, no explicit channel bank selection is necessary.

Operation: Read or Write. If it is a Read operation, a register value or write mask is not associated.
Register Address: Select the register to write to.
Register Value: Value to write to register address.

Write Mask: Unless the write mask is OxFF, all writes should be performed as a read/modify/write operation.
Only the bits identified by the mask should be modified.

The DS160PR4xx requires manual CTLE tuning. The CTLE gain level can be changed by modifying the value
of each CTLE stage (EQ1 and EQO) . The CTLE level may be set individually for each channel or broadcast to
all channels. Table 3-1 shows an example sequence for setting the CTLE gain level to 5.0 dB at 8 GHz (CTLE
Index 2) on the Bank 0 channels and to 7.0 dB (CTLE Index 4) on the Bank 1 channels using individual writes to
each channel. Use register values provided in Table 3-3 to set the CTLE gain level to any other available value.

Table 3-1. Sequence to Set CTLE Level on Each Channel Individually

Register . .
Step Register Set Operation Address REHBE VA B S Comment
[HEX] [HEX]
[HEX]
1 Bank O:OChanneI Write 0x01 0x08 OX3F get CTLE to Index 2 on Channel
9 Bank 0:1Channel Write 0x21 0x08 OX3F 1Set CTLE to Index 2 on Channel
3 Bank 1:2Channel Write 0x01 0x08 OX3F get CTLE to Index 2 on Channel
4 Bank 1: Channel Write 0x21 0x08 O0x3F Set CTLE to Index 2 on Channel
3 3.

Assuming 0x18 and 0x19 are the 12C/SMBus addresses for the Channel Banks 0 and 1 respectively, the
following is the XML batch script of the sequence in Table 3-1:

<i2c_write
<i2c write
<i2c write
<i2c_write

addr="0x18"
addr="0x18"
addr="0x19"
addr="0x19"

count="0"
count="0"
count="0"
count="0"

radix"16">01
radix"16">21
radix"16">01
radix"1le6">21

08</i2c_write>
08</i2c_write>
11</i2c_write>
11</i2c_write>
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Table 3-2 shows an example sequence to set the CTLE gain level to 5.0 dB at 8 GHz (CTLE Index 2) on Bank 0
channels and to 7.0 dB (CTLE Index 4) on Bank 1 channels using a broadcast write to each channel bank.

Table 3-2. Sequence to Broadcast CTLE Level to All Channels

Register . .
Step Register Set Operation Address RegBErElE | Dl e Comment
[HEX] [HEX]
[HEX]
1 Bank 0: Write Ox81 0x08 Ox3F Set EQ to Index 2 on Channels
Channels 0-1 0-1.
Bank 1: . Set EQ to Index 4 on Channels
2 Channels 2-3 Write 0x81 0x11 0x3F 0.3,

Assuming 0x18 and 0x19 are the 12C/SMBus addresses for the Channel Banks 0 and 1 respectively, the
following is the XML batch script of the sequence in Table 3-2:

<i2c _write addr="0x18" count="0" radix"16">81 08</i2c write>
<i2c write addr="0x19" count="0" radix"16">81 11</i2c write>

Table 3-3 gives a CTLE Control Register value as a function of CTLE Index (0 - 15). Example CTLE Control
Register addresses are given in Table 3-1 and Table 3-2.

Table 3-3. CTLE Control Register Value as a Function of CTLE Index

CTLE Index CTLE Gainat4 GHz (dB) | CTLE Gain at 8 GHz (dB) SIS °°“"[‘|’_'|E")‘(9]9i5te' Value
0 20.25 05 0x40
1 20 40 0x43
2 25 5.0 0x08
3 3.0 6.0 0x0A
4 4.0 7.0 Ox11
5 45 75 0x12
6 5.0 8.0 0x13
7 6.0 95 Ox1A
8 7.0 10.0 0x1B
9 8.0 1.0 0x23
10 8.5 125 0x2B
1 9.0 13.0 0x2C
12 9.5 145 0x2D
13 10.0 15.0 0x35
14 105 16.0 0x36
15 12.0 18.0 0x3F
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3.2 Reset RX Detect State Machine
The RX Detect State Machine may be manually reset for all channels.
Table 3-4. Sequence to Reset RX Detect State Machine
. . Register Address Register Value .
Step Register Set Operation [HEX] [HEX] Write Mask [HEX] Comment
Set RX Detect Reset
RX_DET_CTRL2 ) bit to: 1 (Reset
! Register Write 0x09 0x04 0x04 RX Detect State
Machine)
Set RX Detect Reset
p |RXDET_CTRLZ |y 0x09 0x00 0x04 bit to: 0 (Clear set
Register bit)

Assuming 0x18 is the I12C/SMBus addresses for the RX_DET_CTRL2 Register, the following is the XML batch

script of the sequence in :

<i2c_write addr="0x18" count="0" radix"16">09 04</i2c_write>
<i2c write addr="0x18" count="0" radix"16">09 00</i2c write>

3.3 Set SEL Input

The Input SEL may be manually set to select Port A or Port B.

Table 3-5. Sequence to set Port SEL

. . Register Address Register Value .
Step Register Set Operation [HEX] [HEX] Write Mask [HEX] Comment
1 Sele_ct Value Field Write OXOE 0x04 0x04 Set to o_ve_rwrlte SEL
Register pin input
; Set SEL_VAL bit to
2 gee'ei‘;tt;a'“e Field | \write OXOF 0x04 0x04 select Port B (Default
9 0= Port A)

Assuming 0x18 is the I12C/SMBus addresses for the Select Value Field Register, the following is the XML batch

script of the sequence in :

<i2c _write addr="0x18" count="0" radix"16">0E 04</i2c write>
<i2c write addr="0x18" count="0" radix"16">0F 04</i2c write>

3.4 Set CTLE DC Gain Level

The CTLE DC Gain value may be set individually for each channel or broadcast to all channels.

Table 3-6. Sequence to Broadcast DC Gain Level to All Channels

Register . .
Step Register Set Operation Address REGEEILEE | il e Comment
[HEX] [HEX]
[HEX]
0x00 0x04 Sgt DC Gain on Bank 0 channels
Bank 0: . to: 0 dB (Default).
1 Write 0x82
Channels 0-1 0x04 0x04 Set DC Gain on Bank 0 channels
to: 3.5 dB.
Set DC Gain on Bank 1 channels
Bank 1: 0x00 0x04 to: 0 dB (Default).
2 ) Write 0x82
Channels 2-3 Set DC Gain on Bank 1 channels
0x04 0x04 .
to: 3.5 dB.
6 DS160PR412, DS160PR421 Programming Guide SNLU278 — MARCH 2021
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Assuming 0x18 and 0x19 are the 12C/SMBus addresses for the Channel Banks 0 and 1 respectively, the
following is the XML batch sequence in to broadcast DC Gain to 3.5dB:

<i2c_write addr="0x18" count="0" radix"16">82 04</i2c_write>
<i2c write addr="0x19" count="0" radix"16">82 04</i2c write>
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3.5 Set VOD Level
The DS160PR4xx driver differential output voltage can be modified, if needed.
Table 3-7. Sequence to Broadcast VOD Level to All Channels
Register . .
Step Register Set Operation Address REgEEILETE | il R Comment
[HEX] [HEX]
[HEX]
0x00 0x03 Set VOD on Bank 0 channels to:
-6 dB
0X01 0x03 Set VOD on Bank 0 channels to:
Bank O: . -3.5dB
1 Write 0x82
Channels 0-1 Set VOD on Bank 0 channels to:
0x10 0x03
-1.6 dB
Set VOD on Bank 0 channels to:
Ox11 0x03 0 dB (Default)
0x00 0x03 Set VOD on Bank 1 channels to:
-6 dB
0x01 0x03 Set VOD on Bank 1 channels to:
Bank 1: . -3.5dB
2 Write 0x82
Channels 2-3 Set VOD on Bank 1 channels to:
0x10 0x03
-1.6 dB
Set VOD on Bank 1 channels to:
Ox11 0x03 0 dB (Default)

Assuming 0x18 and 0x19 are the 12C/SMBus addresses for the Channel Banks 0 and 1 respectively, the
following is the XML batch sequence in to broadcast set VOD to -3.5dB:

<i2c write addr="0x18" count="0" radix"16">82 01</i2c write>
<i2c write addr="0x19" count="0" radix"16">82 01</i2c write>
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4 SHARE

Table 4-1 lists the SHARE registers. All register offset addresses not listed in Table 4-1 should be considered as

Registers

reserved locations and the register contents should not be modified.
Table 4-1. SHARE Registers

Offset Acronym Register Name Section
0x0E SEL_Override Select Input Override Go
0xOF SEL_Val Select Input Value Go
0xE2 General General Control Register Go
0xFO DEVICE_IDO Device ID0 Register Go
O0xF1 DEVICE_ID1 Device ID1 Register Go

Complex bit access types are encoded to fit into small table cells. Table 4-2 shows the codes that are used for
access types in this section.

Table 4-2. Access Type Codes

Access Type ‘Code ‘ Description

Read Type

R ‘ R ‘ Read only access

Write Type

R/W/SC R/W/SC Read / Write access, Self-
Clearing

Reset or Default Value

-n

Value after reset or the default
value

4.1 Select Override Register (Offset = 0x0E) [reset = 0x00]

Select Override is shown in Table 4-3.

Return to the Summary Table.

Table 4-3. Select Input Override Field Descriptions

Bit Field Type Reset Description
7 RESERVED R 0x0 Reserved
6 RESERVED R 0x0 Reserved
5 RESERVED R 0x0 Reserved
4 RESERVED R 0x0 Reserved
3 RESERVED R 0x0 Reserved
2 SEL_OV R/W 0x0 Select Input Override 0 = SEL Pin Value, 1 = Override
1 RESERVED R 0x0 Reserved
0 RESERVED R 0x0 Reserved
4.2 Select Value Register (Offset = 0x0F) [reset = 0x00]
Select Value is shown in Table 4-4.
Return to the Summary Table.
Table 4-4. Select Value Field Descriptions
Bit Field Type Reset Description
RESERVED R 0x0 Reserved
RESERVED R 0x0 Reserved
RESERVED R 0x0 Reserved
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Table 4-4. Select Value Field Descriptions (continued)

Bit Field Type Reset Description

4 RESERVED R 0x0 Reserved

3 RESERVED R 0x0 Reserved

2 SEL_VAL R/W 0x0 Select Value 0 = Port A, 1 = Port B

1 RESERVED R 0x0 Reserved

0 RESERVED R 0x0 Reserved

4.3 General Register (Offset = 0xE2) [reset = 0x0]
General is shown in Table 4-5.
Return to the Summary Table.

Table 4-5. General Register Field Descriptions

Bit Field Type Reset Description
RESERVED R 0x0 Reserved
6 rst_i2c_regs R/WISC 0x0 Device Reset Control: Reset all 12C registers to default values (self-
clearing).
5 RESERVED R 0x0 Reserved
4 RESERVED R 0x0 Reserved
3 RESERVED R 0x0 Reserved
2 RESERVED R 0x0 Reserved
1 RESERVED R 0x0 Reserved
0 RESERVED R 0x0 Reserved

4.4 DEVICE_IDO Register (Offset = 0xF0) [reset = X]
DEVICE_IDO is shown in Table 4-6.
Return to the Summary Table.
Table 4-6. DEVICE_IDO Register Field Descriptions

Bit Field Type Reset Description

7 RESERVED R 0x0 Reserved

6 RESERVED R 0x0 Reserved

5 RESERVED R 0x0 Reserved

4 RESERVED R 0x0 Reserved

3 device_id0_3 R X Device IDO [3:1]:
DS160PR412 = 111
DS160PR421 = 101

2 device_id0_2 R X see MSB

1 device_id0_1 X see MSB

0 RESERVED R X Reserved

4.5 DEVICE_ID1 Register (Offset = 0xF1) [reset = 0x27]
DEVICE_ID1 is shown in Table 4-7.
Return to the Summary Table.

Table 4-7. DEVICE_ID1 Register Field Descriptions
Bit Field Type Description

7 device_id1_7 R 0x0 Device ID1: 0010 0111

Reset
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Table 4-7. DEVICE_ID1 Register Field Descriptions (continued)
Bit Field Type Reset Description
6 device_id1_6 R 0x0 See MSB
5 device_id1_5 R 0x1 See MSB
4 device_id1_4 R 0x0 See MSB
3 device_id1_3 R 0x0 See MSB
2 device_id1_2 R 0x1 See MSB
1 device_id1_1 R 0x1 See MSB
0 device_id1_0 R 0x1 See MSB
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5 CHANNEL Registers

Table 5-1 lists the CHANNEL registers. All register offset addresses not listed in Table 5-1 should be considered
as reserved locations and the register contents should not be modified.

Note that the register offset is provided for the channel 0 or channel 2 registers (channel bank 0 or channel bank
1). For the channel 1 registers on the channel bank 0 (or the channel3 on the channel bank 1), add 0x20 to the

provided offset.

Table 5-1. CHANNEL Registers

Offset Acronym Register Name Section
0x0 RX_DET_STS Receiver Detect Status Register Go
0x1 EQ_CTRL Equalizer Control Register Go
0x2 GAIN_CTRL DC Gain and VOD Control Register Go
0x3 RX_DET_CTRL1 Receiver Detect Control Register 1 Go
0x9 RX_DET_CTRL2 Receiver Detect Control Register 2 Go

Complex bit access types are encoded to fit into small table cells. Table 5-2 shows the codes that are used for

access types in this section.

Table 5-2. Access Type Codes

Access Type ‘ Code

‘ Description

‘ Read only access.

Read Type

R R
Write Type

RIW [RW

‘ Read / Write access.

Reset or Default Value

-n

Value after reset or the default
value.

5.1 RX_DET_STS Register (Offset = 0x0) [reset = 0x0]

RX_DET_STS is shown in Table 5-3.

Return to the Summary Table.

Table 5-3. RX_DET_STS Register Field Descriptions

Bit Field Type Reset Description

7 rx_det_comp_p R 0x0 Rx Detect Positive Polarity Status: 0: Not detected 1: Detected The
value is latched.

6 rx_det_comp_n R 0x0 Rx Detect Negative Polarity Status: 0: Not detected 1: Detected The
value is latched.

5 RESERVED R 0x0 Reserved

4 RESERVED R 0x0 Reserved

3 RESERVED R 0x0 Reserved

2 RESERVED R 0x0 Reserved

1 RESERVED R 0x0 Reserved

0 RESERVED R 0x0 Reserved
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CHANNEL Registers

5.2 EQ_CTRL Register (Offset = 0x1) [reset = 0x9]
EQ_CTRL is shown in Table 5-4.
Return to the Summary Table.
Table 5-4. EQ_CTRL Register Field Descriptions

Bit Field Type Reset Description

7 RESERVED R 0x0 Reserved

6 eqg_en_bypass R/W 0x0 Enable CTLE Stage 1 Bypass:
0: Bypass disabled
1: Bypass enabled

5 eq_bst1_2 R/W 0x0 CTLE Boost Stage 1 Control.

4 eq_bst1_1 R/W 0x0 See MSB

3 eq_bst1_0 R/W 0x1 See MSB

2 eq_bst2_2 R/W 0x0 CTLE Boost Stage 2 Control.

1 eq_bst2_1 R/W 0x0 See MSB

0 eq_bst2 0 R/W 0x1 See MSB

5.3 GAIN_CTRL Register (Offset = 0x2) [reset = 0x3]

GAIN_CTRL is shown in Table 5-5.

Return to the Summary Table.
Table 5-5. GAIN_CTRL Register Field Descriptions

Bit Field Type Reset Description

7 RESERVED R 0x0 Reserved

6 RESERVED R 0x0 Reserved

5 RESERVED R 0x0 Reserved

4 RESERVED R 0x0 Reserved

3 RESERVED R 0x0 Reserved

2 eqg_hi_gain R/W 0x0 Set CTLE DC Gain:
0: 0 dB (Recommended)
1:3.5dB

1 drv_sel_vod_1 R/W 0x1 TX VOD Select:
00: -6 dB
01:-3.5dB
10:-1.6 dB
11: 0 dB (Recommended)

0 drv_sel_vod_0 R/W 0x1 See MSB
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5.4 RX_DET_CTRL1 Register (Offset = 0x3) [reset = 0x0]
RX_DET_CTRL1 is shown in Table 5-6.
Return to the Summary Table.
Table 5-6. RX_DET_CTRL1 Register Field Descriptions

Bit Field Type Reset Description

7 RESERVED R 0x0 Reserved

6 RESERVED R 0x0 Reserved

5 RESERVED R 0x0 Reserved

4 RESERVED R 0x0 Reserved

3 RESERVED R 0x0 Reserved

2 mr_rx_det_man R/W 0x0 Manual override of rx_detect.

1 en_rx_det_count R/W 0x0 Enable RX detect valid counter.

0 sel_rx_det_count R/W 0x0 Select valid detect count before enable:
0: 2x consecutive valid detections
1: 3x consecutive valid detections

5.5 RX_DET_CTRL2 Register (Offset = 0x9) [reset = 0x0]
RX_DET_CTRL2 is shown in Table 5-7.
Return to the Summary Table.
Table 5-7. RX_DET_CTRL2 Register Field Descriptions

Bit Field Type Reset Description
7 RESERVED R 0x0 Reserved
6 RESERVED R 0x0 Reserved
5 RESERVED R 0x0 Reserved
4 RESERVED R 0x0 Reserved
3 RESERVED R 0x0 Reserved
2 mr_rx_det_rst R/W 0x0 RX Detect Reset
1 RESERVED R 0x0 Reserved
0 RESERVED R 0x0 Reserved
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