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INSTRUMENTS
Pattern Verification and Generator User's Guide

This document provides instruction on enabling the pattern generator and pattern verification functions of
the SNx5DP159/SNx5DP149 and TMDS181/TMDS171 devices to aid in the HDMI and DP++ system
debug and verification.

1 Overview

1.1 Pattern Generator

The SNxDP159/DP149 and TMDS181/171 devices have a test pattern generator on each TX lane. These
pattern generators support several standard pseudo-random bit stream (PRBS) sequences, as well as
clock pattern and user-defined custom patterns. Custom patterns are outside the scope of this document.
The type of pattern to be transmitted is specified by the pg_sel input control bus, as shown in Table 1.
When PRBS is selected as the transmit test pattern, the specific PRBS pattern is selected by the pg_len
input control bus. The generated PRBS patterns conform to the generally accepted test equipment
requirements. The SNxDP159/DP149 and TMDS181/171 devices require an external clock to be provided
on the receiver (IN_CLKn/IN_CLKp) to generate test patterns.

Table 1. TX Pattern Generator Control / Status Register Fields

Address (Page 1) | Bits Description
7:4 PV_SYNC[3:0]. Pattern timing pulse. This field is updated for 8UI once every cycle of the PRBS generator.
’ 1 bit per lane.
18h PG_LD[3:0]. Load pattern-generator controls into TX lane. When asserted high, the PG_TO, PG_SEL,
3.0 PG_LEN, PG_CP20, and PG_CP values are enabled into the corresponding TX lane. These values are
then latched and held when PG_LDIn] is subsequently deasserted low. 1 bit per lane.
74 Reserved
19h 3:0 PG_ERR_INJ[3:0]. Inject error into pattern. Upon the rising edge of PG_ERR_INJ[n], an error is inserted

into the transmitted pattern of the corresponding lane.

PG_CP20. Custom pattern length 20/16 bits.
7 0 — 16 bits
1 - 20 bits

Reserved

PG_TO. Pattern generator timing-only mode - set to 0.

PG_LEN[2:0]. PRBS pattern length
000 — PRBS7

001 - PRBS11

010 — PRBS23

1Ah 4:2 011 - PRBS31

100 — PRBS15

101 — PRBS15

110 — PRBS20

111 - PRBS20

PG_SEL[1:0]. Pattern select.

00 — Disabled

1.0 01 — PRBS based on PG_LEN[2:0]
10 — Clock pattern

11 — Not Supported
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Register Setting Example:

(OxFF, 0x00); // Select Page 0O

(Ox0B, 0OxXX); // Set TMDS_CLOCK_RATIO_STATUS to 1/10 for HDMI 1.4B and 1/40 for HDMI 2.0 data
rates

(Ox0A, 0xB7); // Set to retimer mode and apply changes

(OxFF, 0x01); // Select Page 1

(Ox1A, 0x01); // Select PRBS7 as the pattern

(0x18, 0x07); // Load pattern on lanes O thru 2, leave the clock lane

(0x18, 0x00); // Load is latched

Pattern Verification

The SNxDP159/DP149 and TMDS181/171 devices have a pattern verification functions on each RX lane.
The pattern verification functions supports several standard pseudo-random bit stream (PRBS)
sequences, as well as clock pattern and user-defined custom patterns. Custom patterns are outside the
scope of this document. The pattern verification functions are controlled by the pv_sel[2:0], pv_len[2:0],
pv_cp20, and pv_thr[2:0] control inputs. Although these controls are common to all lanes, they are only
loaded into any particular RX lane i when the corresponding pv_Id[i] bit is asserted high. These values are
then latched and held in the RX lane when pv_Id[i] is subsequently deasserted low.

When the pattern verification function is first enabled it will attempt to train to the incoming data pattern.
During this training process, incoming data is collected into an internal pattern comparator/generator so as
to initialize its pattern state and the pv_tip output is asserted high. When enough data has been collected
to initialize the pattern comparator, the pv_tip output is deasserted, the internal pattern comparator runs
autonomously, and pattern verification begins.

When a mismatch between the incoming data and the expected pattern occurs, the pv_fail output is
asserted. If the number of consecutive failures exceeds the threshold specified by the pv_thr input control
bus, then the training process is restarted.

NOTE: If pv_thr is 0, then the first mismatch detected causes training to be restarted.
Pattern errors accumulate in bert_cnt. The BERT counters is cleared by setting bert_clr.

When PRBS is selected as the received test pattern, the specific PRBS pattern is selected by the pv_len
input control bus, as shown in Table 2. The received PRBS patterns must conform to the generally
accepted test equipment requirements.

Table 2. RX Pattern Verification Control / Status Register Fields

Address (Page 0) Bits Description

PV_SYNCJ3:0]. Pattern timing pulse. This field is updated for 8Ul once every cycle of

4 the PRBS generator. 1 bit per lane.

OEh PV_LD[3:0]. Load pattern-verifier controls into RX lanes. When asserted high, the
30 PV_TO, PV_SEL, PV_LEN, PV_CP20, and PV_CP values are enabled into the

: corresponding RX lane. These values are then latched and held when PV_LDI[n] is
subsequently deasserted low. 1 bit per lane.

74 PV_FAIL[3:0]. Pattern verification mismatch detected. 1 bit per lane

OFh

3:0 PV_TIP[3:0]. Pattern search/training in progress. 1 bit per lane.

2
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Table 2. RX Pattern Verification Control / Status Register Fields (continued)

Address (Page 0) Bits Description
7 PV_CP20. Customer pattern length 20/16 bits. 0 — 16 bits (default) 1 — 20 bits
6 Reserved
PV_LENJ[2:0]. PRBS pattern length
000 — PRBS7 (default)
001 - PRBS11
010 — PRBS23
5:3 011 - PRBS31
100 — PRBS15
10h 101 - PRBS15
110 - PRBS20
111 - PRBS20
PV_SEL[24:0]. Pattern select control
000 — Disabled (default)
2:0 001 — PRBS
010 — Clock
011 — Custom
1xx — Not Supported
7:3 Reserved
14h 2:0 PV_THR[2:0] Pattern-verification retain threshold.
7 DESKEW_CMPLT
6 DESKEW_ERROR
15h 5 Reserved
4 BERT_CLR. Clear BERT counter (on rising edge).
3:0 Reserved
18h 7:0 BERT_CNT[7:0] BERT error count. Reflects Lane 0 (IN_D2p/IN_D2n) errors.
74 Reserved
1oh 3:0 BERT_CNT[11:8] BERT error count. Reflects Lane 0 (IN_D2p/IN_D2n) errors
1Ah 7:0 BERT_CNT[19:12] BERT error count. Reflects Lane 1 (IN_D1p/IN_D1n) errors
74 Reserved
18h 3:0 BERT_CNT[23:20] BERT error count. Reflects Lane 1 (IN_D1p/IN_D1n) errors
1Ch 7:0 BERT_CNT[31:24] BERT error count. Reflects Lane 2 (IN_DOp/IN_DOn) errors
74 Reserved
1o 3:0 BERT_CNT[35:32] BERT error count. Reflects Lane 2 (IN_DOp/IN_DOn) errors
1Eh 7:0 BERT_CNT[43:36] BERT error count. Reflects Lane 3 (IN_CLKp/IN_CLKn) errors
74 Reserved
1Fh 3:0 BERT_CNT[47:44] BERT error count. Reflects Lane 3 (IN_CLKp/IN_CLKn) errors

13.1 Register Setting Example:

(OxFF, 0x00); // Select Page 0O

(0Ox0B, OxXX); // Set TMDS_CLOCK_RATIO_STATUS to 1/10 for HDMI 1.4B and 1/40 for HDMI 2.0 data
rates

(Ox0A, 0xB7); // Set to retimer mode and apply changes

(0x10, 0x01); // Select PRBS7 as the pattern

(Ox0E, 0x07); // Load pattern verification on lanes 0 thru 2 when SWAP disabled, leave the clock
lane

//(0OX0E, OXOE); // Load pattern verification on lanes 1 thru 3 when SWAP enabled, leave the clock
lane

(OxOE, 0x00); // Load is latched
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IMPORTANT NOTICE FOR TI DESIGN INFORMATION AND RESOURCES

Texas Instruments Incorporated (‘TI”) technical, application or other design advice, services or information, including, but not limited to,
reference designs and materials relating to evaluation modules, (collectively, “Tl Resources”) are intended to assist designers who are
developing applications that incorporate TI products; by downloading, accessing or using any particular TI Resource in any way, you
(individually or, if you are acting on behalf of a company, your company) agree to use it solely for this purpose and subject to the terms of
this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its TI Resources.

You understand and agree that you remain responsible for using your independent analysis, evaluation and judgment in designing your
applications and that you have full and exclusive responsibility to assure the safety of your applications and compliance of your applications
(and of all TI products used in or for your applications) with all applicable regulations, laws and other applicable requirements. You
represent that, with respect to your applications, you have all the necessary expertise to create and implement safeguards that (1)
anticipate dangerous consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that
might cause harm and take appropriate actions. You agree that prior to using or distributing any applications that include TI products, you
will thoroughly test such applications and the functionality of such Tl products as used in such applications. Tl has not conducted any
testing other than that specifically described in the published documentation for a particular TI Resource.

You are authorized to use, copy and modify any individual TI Resource only in connection with the development of applications that include
the Tl product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE TO
ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TlI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING TI RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS.

TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY YOU AGAINST ANY CLAIM, INCLUDING BUT NOT
LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF PRODUCTS EVEN IF
DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL TI BE LIABLE FOR ANY ACTUAL, DIRECT, SPECIAL,
COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN CONNECTION WITH OR
ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER TI HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES.

You agree to fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of your non-
compliance with the terms and provisions of this Notice.

This Notice applies to TI Resources. Additional terms apply to the use and purchase of certain types of materials, Tl products and services.
These include; without limitation, TI's standard terms for semiconductor products http://www.ti.com/sc/docs/stdterms.htm), evaluation
modules, and samples (http://www.ti.com/sc/docs/sampterms.htm).

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
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