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Agenda

 DisplayPort Basics

e Transmitter Testing

» Challenges

e DisplayPort Type-C Updates
e Receliver Testing

e QandA
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DisplayPort Standards

e Standards
> DP 1.2 — May, 2012 o

4 VEsa

R ™4 vEsa

i CR W4 VESA
N

VESA DisplayPort Alt Mode on USE Type-C

Pupo 4 Standard VESA DisplayPort (DP) Standard
o DP over Type-C Spec — Aug, 2015 - e

- DP 1.4 Spec — Feb, 2016 = e —

* Hot Plug Detect (HPD) signal line I

xS Tiyw Bt vmpiansmmn el

:
i i s
e

© |ﬂ|tlateS Communlcathn —

e Main-Link
o Uncompressed video and audio

Source Device Main-Link Sink Device
(Isochronous Streams)

« Auxiliary channel (AUX CH)
o Link management and device control

AUX CH

D PTX (Link/Device Management) -’ DPRX

Hot Plug Detect
(Interrupt Request)
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Advantages

Royalty Free

8K
Type-C uncompressed

connectivity Video

(DP 1.4)

DP to HDMI,
Simpler Cables DVI, VGA
adopters
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Compliance Test Points

» TP1: at the pins of the transmitter device

 TP2: at the test interface on a test access

fixture near end ™ TT * P
» TP3: at the test interface on a test access ¥ e ][ e

: P ===/ ™
fixture far end U oo S e — '
e et |

« TP3_EQ: TP3 with equalizer applied

* TP4: at the pins of a receiving device

NORMATIVE test points
INFORMATIVE test points
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TX Measurements

Standard Tests Level Verification

3.1 Eye-diagram Testing 3.4 Inter Pair Skew Test 3.2 Non Pre-Emphasis Level 8.1 AUX Manchester 3.15 Spread Spectrum
3.10 AC Common Mode Noise 3.5 Intra-Pair Skew Test Verification Testing Channel Eye Test Modulation Frequency
3.11 Non ISI Jitter 3.3 Pre-Emphasis Level 8.2 AUX Manchester 3.16 Spread Spectrum
Measurements Verification Testing Channel Sensitivity Test Modulation Deviation
3.12.1 Total Jitter (TJ) and 8.5 AUX Inrush Test 3.17 dF/dt Spread
Deterministic (DJ) Spgct_rum Deviation HF
Measurements Variation

3.12.2 Random Jitter (RJ)

Measurements

3.14 Main Link Frequency

Compliance
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DP 1.4 vs DP 1.2 Comparison

Highest Speed 5.4 Gbps (HBR2) 8.1 Gbps (HBR3)
Recommended scope bandwidth 12.5 GHz 16 GHz (min 12.5 GHz)
3.1 Eye Diagram Test

Test Point TP3_Eq TP3_Eq

Pattern Comp Eye TPS4

Multiple, optimized CTLE + DFE setting

CTLE Single to be used for measurement

DFE No Yes
Cable Model HBR2 Cable Model (s4p), ~17dB loss @ HBR3 Cable Model (s4p), ~11dB loss
Eye Opening 90 mV 90 mV

Maximum TX Total Jitter 0.62 UI 0.5 Ul
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D P D n C h HBR3 Proposed Reference CTLE
1.4 Eye Diagram anges

v

CTLE(10CTLE,
Worst Case Cable use optimized g Eye diagram
one)

Waveform
Capture

~

.\\.\\_ 1)
L HBR3 Worst Case Cable e measurement —
(TJ meas)

* Find the optimal CTLE and DFE, and create a waveform using this T
value. Use these values for performing the eye diagram
measurement.

* Note down the optimal CTLE used, and create a new waveform using
this CTLE. Use this waveform for performing jitter (TJ) measurement

EERPEE RN

Worst Case Cahle Chllsers\PubliciTekironidTekApe | .

Worst Case Cable casersiPubliciTektronidTekapg
(HBR)

CTLE, DFE (HER3)
()cTLE () GTLE,DFE (Bath)

000

CTLE (HER3) DFE (HBR3)

Zero Cable 0dB ¥ Adapt Criteria
YWarst Case Cabla n Eye Area | ¥

A
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TX Testing Workflow

DP

Testing

Configure Scope

Configure DUT

Automate DUT to generate patterns

Capture and save waveforms

Load acquired waveform
Run Measurements

Display measured values

Create reports in user defined format
(.csv, .pdf, .mht)

©0000 00

DUT - ON TIME

DUT - OFF

DUT is
available for
other testing
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Importance of Characterization

 DUT Fails Compliance Tests — What next?

* Root Cause Analysis?

 How easy is it to change the configuration?

e True vs False Failures?

 How do you ensure repeatability of measurements?

* Running only failed tests again

0 TEKTRONIX DISPLAYPORT 1.4 WEBINAR, 2017
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Why Save Waveforms?

TYPICAL
USE CASE

Design and Test teams
are located in different
regions

Customers want
Tektronix to look into root
cause

These sites can also analyze DP

These sites capture/analyze DP
waveforms
waveforms acquired elsewhere

Comparison of previous
data with latest one
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DPOJET DP 1.4 PLUGIN

DPOJET - Industry best general purpose signal analysis tool
Includes the standard specific modules
Support for up to 99 measurement analysis on single acquisition
Comprehensive Measurements for

« Jitter Analysis

* Noise Analysis

« Eye Analysis

« Amplitude Analysis

« Timing Analysis

* Period / Frequency

itter, Noise and Eye Diagram Analysis Tools

Measureme nt Source(s)
DP14_FEyeDiagram1 |Ch1

e

Standard DisplayPort14 A

Clear Selected
DP14_S5C_ DP14_WPP_ DP14_EveHe DP14_SSC_
Mod_Rate Trans ight

@ ) o @  oon
-

DP14_WPP_ DP14_EyeDi DP14_SSC_

Quickly analyze measurements before
performing automated testing

Vary measurement parameters and monitor
behavior

Add different plots to get deep insight into
DUT characteristics

Generate DPOJET reports for reference
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Importance of Channel Analysis

CompleteLink
PROBLEMS WITH CHANNEL BEHAVIOR A —
« Inability to probe at required location in signal path L 0000000 D= —+D>
» Reflections, cross-coupling, fixture losses, cables, and L i ' rj"o :

} . X
probe effects Transmitter Receiver

7
« Closed eye analysis - Channel . .

« Understand the effect of changing a components — =

« Compliance standards mandate eye analysis at various (_Tektronix
teSt pOintS Meaj:rler::i(:ircu'rt a s.ni.:npm v ..auaunm . ™ g‘n'z‘iﬁ;t‘?”fiw
SDLA FEATURES b : _b .
« Enables virtual probing through test points l R _ o
 Remove the effects of the cables, probes and fixtures
« Open a closed eye ==
» Output results to Math/Ref channels N e
» Analyze up to 8 cascaded blocks at once —| D::n:ﬁ:nif: i | ey v e
« Model each block through different techniques B oo o ero
« Move and visualize each test point in the block using plots (e e e .
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Accessing Test Points
CHALLENGES

» Differential and Single-ended tests require connection
changes

« Early eval boards require probing on PCB and
Production DUTs require probing using DP Fixtures

 De-embed the probe effects for accurate measurements

P7720 PROBES

« TriMode™ input enables single-ended or differential
measurements with single connection

» Probe can be quickly changed from high impedance to
50Q

« S-parameters in adapter for automatic de-embedding of | | |

TriMode™ input enables single-ended

the pI‘Obe eﬁeCtS : : or differential measurements with 1

« Bandwidth up to 20GHz - Supports HDMI v2.1, 7720 probe it browser tps connecton
DisplayPort v1.4, MIPI M-PHY standards
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Putting It All Together

Browser tip of P7720
probe

Use DPOJET plugins to
quickly measure DP tests

DisplayPort Sample /
Circuit

DisplayPort N
fixture TekExpress DP application to
perform compliance

measurements

Processor
DP

Connector

- 4

Solder-in tip of P7720
probe

Re-Timer

Use SDLA to de-embed each
test point along the signal trace

[ e e e
2688 86

P7720 probe
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Automating DisplayPort 1.4 TX Tests

TEKEXPRESS DP1.4 UPDATES

Execution mode : Live or pre-recorded

DUTID DUTOO! l /)

@ Acuire live wavefarms O Use pre-recorded waveform files

CTS versions : DP1.4,DP 1.2
I

Device |Di5playFor1 |Y | Yarsion |CTS 14 |Y | Connector :

Device Profile

Connector Type — Standard or Type-C

Data Rates Fre-Emphasis Levels

Iv/|RER [v/|HER [/ 00 da V)1 (3.5 dBy
v/ HER2 |+v/|HERZ v/ 2 (6 4B 1v/]3 (9.5 dB)

DUT Settings
Yoltage Swing S55C
[Vouoomy |1 @omy  8SC

2 (800 mv) 3(1200mY)  putAutomation
Lane Setup Tzsiilfladz .
wat-Lane (gl DUT Automation — Manual or DPR-100

Selected Lanes
Laned

[ use switch matrix i Signal alidation

|Fromp1 if validation fails ‘ v
Data Rate Fattern Type r 55C

Lane selection or switch matrix

Optional Signal Validation

0 TEKTRONIX DISPLAYPORT 1.4 WEBINAR, 2017 19



New Features and Benefits

DigplayPort : Trangmitter : CTS 1.4

Aux Source | [Current  Source |
Al CH1 Current  CH1
Az CH2

Voltage | Source

vollage  CH2

Test Mame | Atguisition
Test3.1_Eve diagram testing Laned : PREST
Test 3.1_Eye diagram testing Laned : COMP-EYE

Test 3.2_Nan Pre-Emphasis Level Yerit
Test3.11_Mon S| Jitter Measurements
Test 3.2_Non Pre-Emphasis Level Yeril Laned - FLTPAT
Test 3.3_Pre-Emphasis Level Yerificatic LaneD : PREST
Test3.3_Pre-Emphasis Level Verificatic Laned | PLTPAT
Test 3.5_Intra-Pair Skew Test Lane0: D10.2

Lanel PREST

e [ Show Acquire Parameters
{+) Sava Al Wavefarms

| Delete All Yaveforms After Analysis

[ EmbedDe-enyled Fitter DC voltage

C:\sers\PublighT ektronix\ T ekApplicatic i Auto v

Acguisition and Save Options
@ Save All Waveforms

O Delete All Waveforms After Analysis

[T EmbediDe-embed Filter

C:\U=zers'\PublichT ektronishT ekapplicatic i

Optionally delete waveforms after execution

Perform Repeatability testing to monitor
consistency of DUT behavior

Fumber of Runs

Acquiremnalﬁe each test ED fimes

' ber of Runs

+F | AcguirelAnahze each test [1 times

|,_ Auto close Warnings and Informations during Seguencing
Auto close after |10 Secands

Preferences r Auto close Error Messages during Sequencing. Show in Reports
Auto close after |10 Seconds

U

AN AR

Generate and group
reports by different
categories

Compliance Report
Generation as per CTS
requirement and
detailed report as per
current execution

;(\D\splayPnn\Repnns\DUTDm mht ¢

Web Archive (*.mht;*.mhtml) v

TEKTRONIX DISPLAYPORT 1.4 WEBINAR, 2017

20



_ 4

Avoliding Manual Intervention During Testing

( o% o% o% o \
« Framework support for RF switch Ll L e
« Auto Detects the Keithley and Gigatronics switch =
on the GPIB/LAN interface TekExpress Framework / Ceiiey SACTserles : \
« De-embed using filter files — with multiple de- \_with switch malrix support / L 'fj
embed options (per relay, per input, etc.) sctosmme e cifesfel g
e Operates with TekExpress and DPOJET (Debug |
Mode) USBPWR_
 Save/recall switch configurations —

e Graphical view with print option to support
hardware wiring

» Graphical view integration with TeKExpress report

e Built-in error handling to support easy and error-
free configuration

e Support for custom input labels such as Lane,
Port, etc. via XML file edits.

* Programmatic interface to support scripting and
easy integration into user’s automation \
environment. \ )

AUX Contral boar With  ppR-100 (Unigref) for

setting up DPCD
Display Port "o f
Cable Use
DP Input

6-Wire

o TEKTRONIX DISPLAYPORT 1.4 WEBINAR, 2017 21
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Why Test Times Matter?

Bit Rates
Patterns
Pre-Emphasis
Levels

Lane Width
SSC

RBR, HBR, HBR2, HBR3
D10.2, PRBS7, COMPEYE, PLTPAT
0dB, 3.5dB, 6dB,9.5dB

400mV, 600mV, 800mV, 1200mV jy S—— , \
1,2,4
Real world benchmarking Tektronix Results
On (If DUT supports) HBR2 Test times > 11 hours HBR2 Test times ~ 6 hours

Eye Diagram

88 ~126 acquired signals for DP1.4 Normative
Measurements per lane.

FlE B e 320 X4 lanes results in 504 automated acquisitions
Non-Pre-Emphasis 32 per DUT
Total Jitter 112

TEKTRONIX DISPLAYPORT 1.4 WEBINAR, 2017 22
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Introducing Single Fixtures for Type-C Testing

o Tektronix Exclusive TBTCAM Fixture

 Single fixture for TBT, USB and DP testing |
> Supports TBT4, USB Gen 1 & Gen2and DP 1.4

 Integrates Alt-mode capability for DP/TBT

e Supports high speed and aux measurements
for DisplayPort

 Performance correlated with USB-IF fixture

« Simulates software flip for USB testing

o TEKTRONIX DISPLAYPORT 1.4 WEBINAR, 2017 24
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Simplified DP Type-C TX Test Setup

¢ | | eoniroling USE-PD
55 5| usscate
oL

LS8 Cable for

FEE | conroling DPRA100

USH Cable for
PLEWWWP
For 5V Powr

TekExpress —

DisplayPort Tx

qeqer

Hiooo |92
.’_ (- 3

no mo

=)
Y=o

L

.. e
[<.,__I£] (CR=0AH = - 'i
s

P73135MA

—Ll s Mini Display

Y

Wikder Type C |

12V DC Power

(k

Display

|| USB Cable for

controling DPR-100

USE Cable

)

DPR-100 (Unigraf) for
setting up DPCD

Port

Mini USB

h

Port USB_)
[ T
o 1| DP Input

TBTCAM-TPA-P

Type B caly

Eliminates the need for additional controllers

Integration of TBTCAM fixture simplifies test setup

TEKTRONIX DISPLAYPORT 1.4 WEBINAR, 2017
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Receilver Test Overview

. Compliance Interconnect Channel .|
| (cic) '|
.« SSG
CLE
DAIAS I yot] TP3
B c Bl
TTC Altenuatar v
DG Block i
TP1-TP3 M
151 Channel
Matched SMA
Cables
t Crosstalk
: Termination
+3 Power Crosatalk DizplayPort
Splitters Aggressors Adapter
Pair
A e
Controller o

TestPoint WS TP3 TP4
Access Fixture‘
N

Calibrated
Signal Source

Rx

v" Frequency Range (SJ): 2MHz,
10MHz, 20MHz, 100MHz
v' Injected Jitter: ISI, RJ and SJ

Calibration

Frequency Lock
Symbol Lock

Link Training

RX Compliance < v

Table 4-1: Test Parameters for BER Measurement

ANERN

Jitter Tolerance Test

Data Jitter Number of | Max Number of Bit Observation Data Rate
Rate Frequency | Bits Errors Allowable Time' (seconds) Offset

HBR2 HBR2 =185s

HBR 2MHz 10" 1000 HBR=370s 0

RBR RBR=620s

HBR2 HBR2=19s +350ppm

HBR 10MHz 10" 100 HEBR=37s +350ppm

RBR RBR=62s +350ppm

HBR2 HBR2=19s

HBR 20MHz 10" 100 HBR=37s ]

RBR RBR=62s

HBR2 L HBR2=19s

100MHz 10 100 0

HBR HBR=37s

To evaluate multiply number of bits by the unit interval in ps. (i.e. for HBR: 10" bits at HBR =
370ps/UIL * 10" Ul = 37 seconds

0 TEKTRONIX DISPLAYPORT 1.4 WEBINAR, 2017
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Recelver Test Procedure

Oscilloscope

DP1.4 Std. or
2+2 Saurce

Mpceptaie
-F.‘_... Tk hflapter
............ .I:I': ] I .I. II'
i ;"I.' I:I-'; '5.}.'. reorsshmstar

DP Sink or 2+2
Adapter

. Uk 1|

,, ZW 8| ——- o

T #0800 B 6 5= =]

Step-1 : Calibration

Step-2 : RX Compliance Testing

BertScope

EM MMMMM
Apphiation  Optom  Selup g Leeme  Windows  Help
o P om0 e o 5 G
Lans Purt S50 DusRste Fiauancy
=2
F =1
=l
| A

[ Displayon Snk Tet 14

Applicaticn  Opfions  Setup  Import  License  Windows  Help.

Conditions

Lane TestPorl SSC  DataRate Frequency

E w2
=hie]

2 i ] S |

Option : GRL-DP14-SINK
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DP 1.4 vs DP 1.2 Comparison

Max. Data Rate Calibration HBR2 HBR3

Calibration Test Points TP2/TP3 TP1 and TP2/TP3
Eye Height Calibration CTLE only CTLE + DFE

Unit Interval 185 ps 123 ps

RX Differential Peak-to-Peak EYE Voltage 70 mV 75 mV

Minimum Receiver EYE Width 0.38 UI 0.35 UI

Eye pattern

Measured at 1E-9 using Comp
Eye pattern

Measured at 1E-9 using TPS4
pattern

DC Common Mode Voltage Source No Yes

ISI 220 mul 240 mUl
Random Jitter (RMS) 16.7 mUl 13 muUl
Jitter Closed-Loop Tracking Bandwidth 10 MHz 15 MHz
SJ (Fixed) @ 200 MHz 100 muUI 150 muUI

o TEKTRONIX DISPLAYPORT 1.4 WEBINAR, 2017
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Simplify and Accelerate RX Testing

 Error locations - Error Patterns - Unigue debugging information

INTRODUCING BSX SERIES G2 ‘@.‘?? ®
13._
* Provides error location analysis : ‘2

._LC\
@0 000O0|00O0 = =

 Gen4 Datacenter Standards are driving Changes in Receiver Testing - -
Needs BSX-series BERTScope Gen3/4 BASE
i I ' iCi i i BSX125, 12.5 Gb/s maximum data rate
« BERTs usedin Gen 4 receiver testing must participate in handshaking to DSX125, 125 Sbis maximun data ra
ensure proper test configuration BSX320, 32 Gb/s maximum data rate

o Upto 32 Gb/s in the case of the BSX320 version

* No external mux/demux required

« Time-correlated and flexible eye diagram

« Automation solutions to provide test configuration and calibration support
for a broad range of standards — PCle, USB, TBT and DisplayPort

* Performs handshaking with DUTs to support equalization link training to
optimize the TX equalization prior to performing tests

« Configuration Wizard simplifies instrument set-up

« Automation of both scope and BERT to provide quick and accurate www. Tektronix.com/BSX
calibrations

0 TEKTRONIX DISPLAYPORT 1.4 WEBINAR, 2017 30
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DisplayPort Test Solutions

Electrical

DP 1.2/1.4 Type-C

X

Integrated Switch
Matrix
TBTCAM Type-C
fixture

e ®
= = E DP 1.2/1.4/Type-C
= o RX

onﬂaaa-|oae|-_

DisplayPort

<>
<>

—

"f;;'-

=)

=
—

Protocol

DP 1.2 Scope
based protocol

decode

- Specification Roadmap - Tektronix Roadmap

o TEKTRONIX DISPLAYPORT 1.4 WEBINAR, 2017
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Information & Resources for DisplayPort

http://www.tek.com/displayport-0

Tektronix:

Application Notes

DisplayPort

Festured Contert

Serial Configurator =>

Webinar

Pitonbrt
Sabect = Bwelvion:

L
Sduct 2 Dervics umcher T JOUTE

Library

TECHMICAL DOCLMERTS

Thank you for attending the presentation!

METHIDS OF
MPLENENTATION

Resohe design challenges quidkdy with Taktronix test Instrumentation spectfically for DsplayPort Souce and Sink testing. With DisplayPort Test
automation from Tekdroni, simply seloct the desived tests o run and work on other tsks whille DispleyPort Source £ Sink tests ane baing executed.

Understanding and Characterizing Anatomy of an Eye Diagram
Primiar Hote

Methods of Implementation e

Application

Timing itter 15 the umwelcome comipanion This application note discusses different

of all alectrical systems that use voltage warys that iInformation from an eye dlagram
Eransitions io represent timing information. can be sliced to gain more Insight. & also
This paper foouses primarly on jiter in discusses, some basic ways that ransmilthors,

channcls, ard rocolers ans iostod.

To get started configuring your solution,
Sabect  Stunchurt

b

ol

S

Titde

The Basics of Seral Data Compliance and Valldation Measurements

This primes Is designed o help you undersiand the common aspecis of serdal daka ransmission and bo explain the
analog and digital mazsusement requircments that apply to theso ameorging sertal tachnologics

Understanding and Characterizing Timing Jitter Primer

Timing Jiter Is the wmwelcome companion of all elecincal systemns that use voltage tensions 1o represent tming
____Information. This paper focuses primarily on Jittar in elecirical systams.

Automating DisplayPort
Compliance Measurement

This wabinar will provide engineers with an
update an DisplayPort Seral Bus
technology and recommended
measurement approaches for complianoe

Iasting.
€D

Call i 18800119300 o bry L s
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