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I Agenda

* Industry Trend
= HDMI - Introducing new HDMI 2.0
= MHL — HDMI for Mobile

= MIPI - D-Phy to M-Phy, C-Phy is coming soon
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. . Industry/Technology Trends
Trends and Implications

100 GbE is becoming more relevant as data
centers and communications networks ask for
more bandwidth

SAS 12G is needed by data centers for
efficient transport of internet traffic (YouTube,
Facebook, Smart Phone, etc)

High-Speed FPGA's are increasing in
complexity to support early designs above
28Gb/sec

Proliferation of 10+ Gb/sec signaling in the
communications network

Implications

Closed data eyes requiring new techniques for
transmitter and receiver equalization

Higher data rate signals have less margin —
40GbE/100GbE Transceiver Sales req u i res de-e m bedd i ng

Edge/Slew rate speeds are difficult to

= S40

2, characterize

L)

ﬁ;j New Jitter Separation Measurements are
required

Complex 8b/10b signaling difficult to verify in
PHY
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HDMI — Introducing new HDMI 2.0
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Overview of HDMI

From 2003 till date and looking ahead...

— Tek only solution provide for HDMI from 2003 to 2007
— Contributor of Soft CRU method to the Specification

— Innovative Sink solution leveraging Direct Synthesis
method of AWG

Hdmi 1.0 ---- 1.65GBps
Hdmi 1.4—3.4GBps

Hdmi 2.0..... 6GBps
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HDMI Basics

HDMI Structure After 1.4

Video

HDMI

Audio Transmitter ‘ VideOlAUdiO

Control/Status

1ok

EDID
EDID / HDCP ROM
CEC |g CEC CEC
e Y U
| HEAC € > HEAC
_______ < - HDMI Ethernet Channel b
detect HPD Line High / Low
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HDMI Technology and solution status

Over 1000+ adopters till
HDMI Expands Footprint

date

Source: HDMI

— HDMI has made inroads into PC industry
— New computer platforms have HDMI interfaces
— Hand held devices with miniature HDMI devices
— New connectors Type C and Type D introduced
— HDMI Forays into Automotive — Type E
— Year 2011 — 3D Year

— Still camera
— Advertising billboard

S

LLC

HDMI NOW Truly Single Digital Interconnect for uncompressed Audio/Video

— HEAC (AR C)

HEAC
Source

] =]

Ethernet up-link
— P

Audio up-link

HEAC Cable

KEITHLEY
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Ethernet down-link
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HDMI Market overview

“Automotive® (Mew Category)
" Mobile Phones
HPC & Peripherals

W PMFs
M Digital 5till Camera
N Digital Camcorder
500,000 B Game Console
B AV Receiver
N Blu-Ray (Player/Recorder)
= DVD {PlayerRecorder)
400,000 HSTE (A}
mDTV
- I

In-5tat, December, 2010.

Source: HDMI Forum
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Tektronix HDMI 1.4b solution- Approved in CTS 1.4b

DPO/DSA/MSO AWGSK/B or AWG7K/B DSA8200 Sampling
Real Time Oscilloscopes Arbitrary Waveform Generators Scope

with i-connect software

Common Set of test equipment for HDMI and HEAC

HDMI Fixtures:

1.
2.
3.
4.
5.

Probes and accessories

Type A( TF-HDMI-TPA-S/-STX) HDMI Probes

Type C( TE-HDMIC-TPA-S/-STX) HEAC Probes

Type D( TF-HDMID-TPA-P/-R) HDMI Accessory Kit
Type E( TE-HDMIE-TPA-KIT)

HEAC Fixtures( TF-HEAC-TPA-KIT)

GAME Changer - HDMI Protocol Analyser
I(EITH LEY SalesU 2014 - SOL210 HDMI Solutions Tek[ron-/ix@
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I Tektronix and HDMI Forum

=89 companies in the HDMI forum as of date. source HDMI Forum

=Tektronix is member of this HDMI Forum. Actively participating in
weekly/monthly calls and face-face meetings

*Tektronix’s U.N.Vasudev is co-chair for HDMI forum test sub-group

=HDMI Forum released HDMI 2.0 specifications on Sept 4t 2013

— Target

—CTS 2013 Q4
~MOI Q4 2013
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HDMI 2.0 features

= Uses same Cat 2 Cable and HDMI 1.4b connector

= Support 4K 2K 4:4:4 60 Hz — 594MCSC(Mega Characters per second per channel)
=  Support 4K 2K 4:2:0 — 297Mcsc

= 3D, 21:9; Audio

= Low level Bit error rate testing

= Scrambling is MUST for rates >340Mcsc.

= Direct Attach Device support

HDMI 2.0 products must pass HDMI 1.4 CTS testing

KEITHLEY o Tektrnn/ixg
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Ecosystem update

= Same HDMI customers for Source Devices, Sink Devices, Cable ,Repeater

Source Devices Cable Assemblies Sink Devices
: \ — — — |
|[o——. | N 1 N —L
------------ Receptacte - - t--plug---------------Plug---- --Receptacke ~=----------!

TVs, Monitors,

Set-top Boxes, DVDs, Cables
Repeaters, etc.

Repeaters, Gaming
devices

= Direct Attach Devices — New category devices
— Roku
— Apple TV

EITHLEY e Tektrnn/ixg
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HDMI 2.0 Solutions Portfolio
( Source setup, Sink Setup,
Protocol Decode, Probes)
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Rise time Needs

Table 4-24 Source AC Characteristics at TP1

Item

Value

Table 4-30 TP7 Direct Attach AC

Characteristics at 6Gbps

Rise time / fall ime (20%-80%)

f attached Sink supports < 340MHz

__75peec < Rise time / fall ime
i gitached Sink supporis = 340MHz and fransmitted
% Character Rate Hz

REl]

42 Sosec < Data Rise time / Data fall ime
I5peec < Clock Rise time |/ Clock fall ime

ltem

Yalue

Rise fime / fall fime {20%-80%)

fattached Sink suppors 2 340MHz and transmitted
S Charactar Rate = d0MET

42 spsec = Data Rise time { Data fall fime
75psec £ Clock Rise time / Clock fall time

« HDMI 1.4b, should be capable of measuring 75 psec, but no word about

the System Rise time.
e HDMI 2.0 should be capable of measuring 42.5 psec, but no word

about System Rise time.

» The Error contribution of RT measurement due to System and DUT
generally not accounted when we refer to specification

KEITHLEY
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What is the system bandwidth needed to measure 42.5 (20-80% )psec
or less DUT Rise time

= System bandwidth should be around (42.5/1.5) 28psec

= Scope bandwidth of 16 Ghz and 16 Ghz DSP enhanced probe has System
Rise time of about 23 psec. It can measure the DUT Rise time of 42.5 psec
with error of 1%. And can measure DUT Rise time of 37 psec with error of
7%.

= We can indicate Pass or fail confidently only when the System band. width is
close to 16 Ghz scope .

= |s it fact for all scope vender ??
— Spec says it should not be less than 42.5psec.
— Max Rise time is limited by Eye diagram slope.

— Both scope and Probe rise time cannot be less or equal to the DUT rise
time because it can measure the signal rise time accurately only if DUT
RT is slower than system rise time by 1.5 X times.

= How itis handled in HDMI 1.4b today???

— We recommend 8Ghz scope and 13 Ghz probe, then system rise time is
38 psec which is close 2X faster than 75 psec

KEITHLEY . Tektron/ix-"
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I Conclusion

= 16GHz BW scope will give 1% error and hence is recommended for
HDMI 2.0 testing.

= HDMI 2.0 RT/FT (20%-80%) data signals is 42.5ps

Note: We also support 12.5GHz BW scope for HDMI 2.0 but will have a
10% error in RT/FT measurements

KEITHLEY o Tektrnn/ixg
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Source Testing 1.4b Vs 2.0

Eye Diagram and Clock Jitter test is now performed at TP2
Rest of the tests is same as HDMI 1.4b

1.4b CTS test is a pre-requsite for HDMI 2.0

Min 8GHz scope to 16GHz scope

New Fixtures

Same Probes

HDM and HDM-DS Software

KEITHLEY o Tektrnn/ixg
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Source Testing

= Source Eye Diagram test is measured at TP2_EQ.

= TP2 is the signal after passing along a worst cable.

— Worst cable has worst attenuation and skew of 112ps.

Source DUT

Signal
Generator

CLK

Oscilloscope

CRU

%

Fixture
TPA-R

l

Fixture
TRA-P

;% Diff. Probe

Data

Termination

KEITHLEY
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Termination

Termination

Al

Termination

Cable Emulator Model [

112ps

| Skew

Equalizer Eye
measuremeant

$alesU 2014 - SOL210 HDMI Solutions
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Source Electrical tests

Test ID HF1-1: Source TMDS Electrical — 340-600Mcsc -V,

Test ID HF1-3: Source TMDS Electrical — 340-600Mcsc — Inter-Pair Skew

Test ID HF1-4: Source TMDS Electrical — 340-600Mcsc - Intra-Pair Skew
Test ID HF1-5: Source TMDS Electrical — 340-600Mcsc — Differential Voltage
Test ID HF1-6: Source TMDS Electrical — 340-600Mcsc — Clock Duty Cycle

Test ID HF1-7: Source TMDS Electrical — 340-600Mcsc — Clock Jitter

Test ID HF1-8: Source TMDS Electrical — 340-600Mcsc — Data Eye Diagram

Test ID HF1-9: Source TMDS Electrical — 340-600Mcsc — Differential Impedance

KEITH LEY esU 2014 - L210 HDMI Solutions Tektrﬂn/ixe
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Source Eye Diagram Test

Tektronix Oscilloscope
DPO/DSA/MSO70000 Series = 16GHz

Include ! N
Reference Cable Emulator (s4p) Ococoss
__and Reference Cable Fqualizer | ———— 02" 220
LZJGLj GL:JO [=]
O G D
o | | = | -
o o
—T
Clk +
Clk -
le
I e

H DMI SOUI‘Ce HDMI Plug Fixture

with EDID Emulator

KEITHLEY o Tektrnn/ixg
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I TP2 Source Eye for HDMI 2.0 6G signal

Y Voltage Mask Hits1: Eye Diagram X Time

Offset 0.00021195
Es:6000:1180577, Total S000:1180577
-800mV - pask: DataRateS 9:

-150ps -100ps -S0ps Os SOps 100ps 1S50ps

Single End Input eye rendered at Tek lab

|< E I T H LE Y 3alesU 2014 - SOL210 HDMI Solutions Tektmn}xw
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HDMI 2.0 Tx Compliance Software

DUTID DUTOO1 @

Device |HDM Physical Layer Solution [v]
| v | version|CTS 2.0 |¥

) Use pi files

Suite | Source

= Acquire live
View |Compliance | ¥

Device Profile

Termination [ —
o Internal v
VTerm (V) 3.3

Diff Probe prosram

Attenuation (X) [LE

SE Probe

Attenuation ) 125 |

Number of Lanes to Test

s tanes |v]

Selected Test Lanes

HDM Physical Layer Solution : Source : CTS 2.0

ferential

1.3 TMDS Inter-Pair Skew
1.5 TMDS ClockDutyCycle
1.6 TMDS Clock Jitter

1.1 TMDS V Low
1.4 TMDS Intra-Pair Skew
1.7 TMDS DataEyeDiagram

Test Description

TMDS Rise Time and Fall Time measurement  ~ @ é

ClockDOD1

o

| Test Name
& Clock
1.2 TMDS TRise TFall
1.5 TMDS ClockDutyCycle

1.6 TMDS Clock Jitter

1.1 TMDS V Low
1.4 TMDS Intra-Pair Skew

Do
1.2 TMDS TRise TFall
1.3 TMDS Inter-Pair Skew

1.1 TMDS V Low
1.4 TMDS Intra-Pair Skew

1.7 TMDS DataEyeDiagram

D1
1.2 TMDS TRise TFall
1.3 TMDS Inter-Pair Skew

1.1 TMDS V Low
1.4 TMDS Intra-Pair Skew

7 THDS NataFuaNiancam

| Acquisition

| Acquire Status _Analysis Statuu)

Short Record-length for Rise Fall | To be started [

Short Record-length for Clock
Duty Cycle

Short Record-length for Clock
Jitter

Short Record-length for ViLow

Short Record-length for Intra-Pair
Skews

Short Record-length for Rise Fall
Short Record-length for Inter-Pair
Skew

Short Record-length for VLow

Short Record-length for Intra-Pair
Skew

Short Record-length for Data Eye
Diagram

Short Record-length for Rise Fall

Short Record-length for Inter-Pair
Skews

Short Record-length for VLow
Short Record-length for Intra-Pair

To be started

To be started

To be started

To be started

To be started
To be started
To be started

To be started

To be started

To be started
To be started
To be started

To be started

CEINTHLEY
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1.2 TMDS TRise
TFall

1.5 TMDS
ClockDutyCycle
1.5TMDS
ClockDutyCycle
1.6 TMDS Clock
Jitter

1.6 TMDS Clock
Jitter

1.1 TMDS V Low

@ 1.1 TMDS V Low

1.4 TMDS
4, Intra-Pair Skew

Maximum
Duty Cycle
Minimum
Duty Cycle
TMDS
Clock Jitter
TMDS
VSwing
TMDS
VLow for
TMDS
VLow for
TMDS
Intra-Pair
Skew for
Clock

168.3498

ps
168.3498
ps
168.3498
ps
168.3498
ps
168.3498
ps
168.3498
ps
168.3498
ps
168.3498
ps
168.3498
ps

38.7089

38.1015

50.01

49.99

40.1239

64.7812

3.2822

3.1738

9.7096

-36.2911

-36.8985

-9.99

9.99

-1.9635

-335.22 &
1135.22
0.9822 &
-0.1822

0.8738 &
-0.0738

-15.5429

1.2 TMDS TRise
TFall

(& 1.2 TMDS TRise
@ 1.1 TMDS V Low

DO Rise
Time

DO Fall
TMDS
VLow for

168.3498
ps
168.3498
168.3498
pS

60.6379

58.5778
3.4720

18.1379

16.0778

0.8720 &
-0.2720

Tektronix:
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HDMI 2.0 Sink testing Equipment needs

= 16GHz BW scope will give 1% error and hence is recommended for HDMI 2.0 Sink
testing for Jitter Verification/Calibration/Controller.

= P7313SMA probes > 3
=  Option HDM and HDM-DS
= HDMI 2.0 Fixture set

= 2# AWG7122C with Opt 01,02 or 06, 08 for HDMI 2.0 Compliance only setup.
OR

2# AWG70002A with Opt 01,03 and 225 for HDMI 2.0 Compliance and Margin Test setup.(Margin
test feature will be available later and is part of roadmap)

Note- We shall also support a 12.5GHz BW scope which would result in appx. 10% inaccuracy in RT/FT
results .

KEITHLEY e Tektrnn/ix-"
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I Requirement for Signal generation

Cable Emulation and Skew by Hardware

Signal
Generator

Hardware Cable 251 Fixture .
Emurator H 11755 H TPA-P :| Sink DUT

H T TZps H
. Calibration
Equalizer —

Eye Diargam

Hardware Skew and Software Cable Emulation

Software Cable 225 Fixture )
Emurator s i TPA-P ] Sink DUT

HH1T2es H
. Calibration
Equalizer —

Eve Diargam

Signal Generator

K E I TH LEY 3lesU 2014 - SOL210 HDMI Solutions Tektrnn/ix@
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Sink Electrical tests

Test ID HF2-1: Sink TMDS Electrical — 340-600Mcsc — Min/Max Differential Swing Tolerance

Test ID HF2-2: Sink TMDS Electrical — 340-600Mcsc — Intra-Pair Skew

Test ID HF2-3: Sink TMDS Electrical — 340-600Mcsc - Jitter Tolerance

Test ID HF2-4: Sink TMDS Electrical — 340-600Mcsc — Differential Impedance (performed using
sampling scope)

KEITHLEY o Tektrnn/ixg
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I HDMI 2.0 Rx solution positioning statement

=  Tektronix will support HDMI 2.0 Sink Electrical and protocol tests

using either 2# AWG7122C (w/ Opt 01,02/06,08) OR 2# AWG70002A
(W/ Opt 01,03 ,225)

= Solution Positioning:

— Compliance solution for HDMI 2.0 Rx
— 2# AWG7122C with opt 01, 02/06 and 08
— 1# AFG3102/C

Customers can use common test setup for HDMI 1.4b and HDMI 2.0 giving
value for their investment in Tektronix HDMI 1.4b Rx solution.

— Compliance and Margin solution for HDMI 2.0 Rx
— 2# AWG70002A with Opt 01,03 and 225.
— 1# AFG3102/C

Customers can use common test setup for HDMI 1.4b and HDMI 2.0 giving
value for their investment in Tektronix HDMI 1.4b Rx solution

KEITHLEY e Tektrnn/ix-"
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HDMI 2.0 Sink Test setup

Tektronix AFG3000 Tektronix Oscilloscope
hroni AW .
(Synchronize two AWGs) DPO/DSA/MSO70000 Series

E 5 (Synchronize two AWGs
i W and Automation Test)

1 |
d8idta
I
I
L}

Tektronix AWG70002A —

cooo o

) 00010
(E anl
00 mio

O © oommp
g

Include
Reference Cable Emulator (s2p)

112ps Delay Line
(Emulate Cable Skew)

- TekExpress MHL (Evaluatio

A Tektronix Company
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Sink Testing 1.4b Vs 2.0

Jitter Tolerance test needs +ve and —ve lanes tested with 112ps delay line
Rest of the tests is similar to HDMI 1.4b tests
1.4b CTS test is a pre-requsite for HDMI 2.0

Need AWG 70002A for HDMI 2.0 Compliance and Margin needs while
AWG7122C is suitable for HDMI 2.0 Compliance testing only..

Min 8GHz scope to 16GHz scope
Fixtures and Probes

HDM and HDM-DS Software

KEITHLEY o Tektrnn/ix*
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HDMI 2.0 Rx Compliance Software

_.,-g TekExpress MHL (E: n e _,,,g TekExpress HDM (E: v e

HDM Physical Layer Solution : Source : CTS 2.0
DUTID DUTDM

D) (soteatn)
Device |HDM Physical Layer Solution | v |
. - . =[] Sink
Suite  Sink v ‘ \.\emun‘ c152.0 ‘ v | 2.2 TMDS - MinfMax Diferential Swing Tolerance

2.3 TMDS - Intra-Pair Skew
2.4 TMDS - Jitter Tolerance

+ Use Pre - Defined Pattern
Test Method

= Compliance - Test device for passfail per base specifications

Device Profile

Refresh Rate (Hz)
Data Rate (Gbps) E

Test Description

'< E I T H LEY ZalesU 2014 - SOL210 HDMI Solutions
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HDMI 2.0 Equipment List

" DPO/DSA /MSO 70004C/B/D/DX with 10XL-Minimum 16GHz BW( we also support 12.5GHz BW scope)- needs Opt
DJA, Opt SR-EMBD and SR-CUST.
— Option HDM
— Option HDM-DS

=  AWG70002A With Option 01, 03 and 225
— Rack Mount Kit
— AFG3102/C
OR
AWG7122C with Option 01,02/06 and 08
— AFG3102/C

. HDMI 2.0 Fixture set

=  Termination Fixture ( TF-HDMI-TPA-T)

. P7313SMA probes —Quantity 4

" HDMI DS accessory kit ( Same 1.4b DS accessory kit is good enough)

" Programmable Dual Channel Power supply

KEITHLEY o Tektrnn/ixg
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MHL — HDMI for Mobile
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Tektronix is a Contributor Adopter for MHL CTS

Welcome MHL Adopters
BizLink Technologies, Inc.

Cable Assemblies and Wiring Harnesses
Compal Electronics Inc.

Electronics manufacturer of notebook computers and monitors
Explore Microelectronics, Inc.

Fabless company developing high-speed interface ICs
Fairchild Semiconductor

Delivers semiconductor solutions for power and mobile designs
Hosiden Corporation

Manufactures and sells electronic components, electromechanical parts and LCD elements
Johnson Component and Equipment Co., Ltd.

Cable Manufacturer
Niketech Electronic Corporation

Provider of connectors for the electronics industry
Parade Technologies, Inc.

Develops and supplies advanced and cost-effective high-speed display interface solutions
Sumitomo Electric Industries, Ltd.

Designs, manufactures and sells cable and components and advanced electronic devices
Sunplus Technology Co., Ltd.

Provider of multimedia IC solutions
Sure-Fire Electrical Corporation

Global OEM/ODM supplier of cables, connectors and devices
Synopsys

ctronic design automation (EDA) so

Tektronix

measurement and monitoring solutions

Manufactures power cord sets, LAN cable, patch cords and networking accessories

KEITHLEY
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http://www.bizlinktech.com/
http://www.compal.com/
http://www.epmi.com.tw/
http://www.fairchildsemi.com/
http://www.hosiden.com/
http://www.jcecable.com/
http://www.niketech.com.tw/
http://www.paradetech.com/
http://global-sei.com/
http://www.sunplus.com/
http://www.sure-fire.com.tw/
http://www.synopsys.com/home.aspx
http://www.tek.com/
http://www.cables.com.tw/

Tektronix is a Contributor Adopter for MHL CTS
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MHL Introduction

J

Mobie Devics Docking Station HOTV with Standard

with MHL Transtnittes with MHL Eridge HOM Recefvar
Source: MHL.org

= Mobile HD Link (MHL) technology is a low pin count HD audio and video interface that
connects portable electronics devices such as mobile phones, digital cameras,
camcorders and portable media players, to HDTVSs.

= The technology allows mobile devices to output digital 1080 Full HD resolution via the
existing mobile connector without the real estate and cost of another dedicated video
connector.

= Together with an MHL-to-HDMI bridge, the MHL-enabled mobile device becomes a fully
compliant HDMI source and can connect to the television’s standard HDMI input port.

KEITHLEY Teklron/ix**

A Tektronix Company




MHL Introduction

= MHL Consortium was formed in Sept 2009
with the following founding members:
- NOKIA
- SAMSUNG
- Silicon Image
- Sony
- Toshiba

= The Specification 1.1 version was announced
in Q12011 , Specification 1.2 in Dec 2011,
Specification 2.0 in Feb 2012 and
Specification 2.1 NOW.

The Consortium released CTS 1.1 version in
June 2011, CTS 1.2 in Jan 2012, CTS 2.0 in
Sept 2012 and CTS 2.1 is just announced.

COMPLETE TEKTRONIX SOLUTION
APPROVED in CTS1.1,CTS1.2,CTS 2.0
and CTS 2.1 solution

= Tektronix is a Contributor adopter and
actively involved in defining the CTS 2.1.

KEITHLEY

A Tektronix Company
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b d
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~
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Source: MHL 1.2 specification
document
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MHL Encoder/Decoder Overview — 24 bit mode

Pericd Control Signal

¥
L Wideo Encoding
Video / Audio 2 Common  ——
Content and Control [» 5 Déta Izl_and Mode —Hr:u MHL Stream |
Logic g ncoding Modulation v
I Control Period
'y Encnding CH2 | CH1 | CHOD
' ~ E 4 &
_ ;;_, 3X Clock ~ Physical Channel
Logical Channels ———— Multiplier
ump — MHL Clock
@Pixel Clock) l g puffering Y—
Period Control Signal ph
Y
CHO——»]  _ >
—\ Common TMDS = Video / Audio
| | MHLStream e Mode e Decod CH1 ——» E » and Control | Content
v/ | Demedulation Ly 2 Logic
c | 3 CH2Z ———» >
CHzZ | CH1 | CHD MHL Clock -~ .
. oC F Y
- - ™ Multipier
y - hf.—m\l
1X buffering »{_Pixel Clock )

Source: MHL 1.1 specification

KEITHLEY Tektrnn/ix-"

A Tektronix Company




MHL Encoder/Decoder Overview — PackedPixel mode

Period Control Signal

‘r - -
L, » Video Encoding |+
c
Video / Audio = = Common i \
Contant and Control g — Data ISl.and Mode —#l] MHL Stream |
; 5 - Encoding . \ /
Logic 5 | | - Modulation
—> \ Control Period *
_ - Encoding | CH1|CHO | CH1|CHO
kL, t t t,
. - ¥~ 2X Clock "~ Physical Channel :
Logical Channels "“‘“-h____ - < MU“ip“EF
— \T
( Pixel Clock ) . @Muld@ MHL Clock-!
Period Control Signal 3
] cHo— >
m \ Common T™MDS — a2 Video / Audio
[ | MHL Stream *- Maode q ) I —— CH ——— L » and Control Content
\ : Decoding 5 : !
\ Demodulation | é Logic
| [ 0x00 |
CH1 | CHD | CH1 | CHD MHL Clock » - T 4
i i i _ Q] b
s Muttiplier
2X Multiplier »{ Pixel Clock )

Source: MHL 1.1 specification

KEITHLEY

A Tektronix Company
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MHL - 2.1

= MHL Consortium and Tektronix has worked together on the 2.1version MHL
specifications.

— Data rate does not change from 3Gbps.

— Packed Pixel implementation does not change
— 3D capability does not change
— New test procedure introduced for Source Clock Jitter and Data Eye Diagram

— These tests will now be Single ended tests and will have worst case skew
filters in the path of the signals before we analyze.

— Sink Jitter Tolerance now needs to be tested with and without cable
emulator

— New Cable Electrical introduced
— Minimum CLK Swing Test
— Eye Diagram Test

— Support for Direct Attach Source and Sink devices
KEITHLEY ' rektronix

A Tektronix Company




MHL Ecosystem and Tektronix Solution

b Receptadie - -1 Lo PHIG oo mmm e Rlug- - - - L -Reeeptacle - -----------1

TVs, Monitors,.

Mobile Devices, STBs

Electrical and Protocol Electrical and Protocol

MHL Sales Training Presentation Company Confidential Tﬂktmnix*
/



Tektronix MHL 2.1 Transmitter Solution

= Tektronix has worked closely with MHL consortium to define the
next CTS version 2.1 and MHL 2.1 TX SW.

CTS 1.x CTS 2.0

= MHL Protocol Analyzer SW is MHL 2.1 version available

= MHL 2.1 Sink Patterns for Direct Attach Device testing is available
= MHL 2.1 Cable Electrical testing patterns are available

= No changes in test gear for MHL 2.1 only new feature support.

Tektmnjx*



Tektronix MHL 2.1 Solution

= DPO/DSA/MSO 70804B/C Series Real Time Oscilloscope with BW = 8GHz
= MHL Compliance Software — Option MHD

= [nnovative MHL Protocol Software from Third party — TEK-PGY-MHL-PA-SW
= Probes — P7313SMA (two) and P7240 (one)

= MHL Test Fixture including Direct Attach Fixture — Available from Tektronix.

= AWG7122C with Opt 01,02 or 06 and 08 for the innovative direct Synthesis
based MHL Rx/Dongle testing.

= (C-Bus Sink and Source board is needed and is available from Tektronix

= DSA8200 or Equivalent with 8OE03/80E04 and I-Connect Software for MHL
cable testing ( performed manually using MOISs)

Please contact local Tektronix account managers for further details.

KEITHLEY Tektrun/ix-"

A Tektronix Company



Tektronix MHL 2.1 Tx Solution
with Direct Attach Test Support

. TekExpress MHL - (Untitled)*

|
l1 DuT DUTID DUTOD

o

Device |MHL Physical Layer Solution | A |

Test Selection

Suite |MHL Transmitter

|1r | uemiun|c:T5 1.3/2.1 |'r \

B Acquisitions

= Acquire live waveforms

n Preferences View Compliance | ¥ |

Device Profile
Pixel Mode

Use pre-recorded waveform files

Termination Source

Both | v | |? Direct Attach Internal ‘ L J |

24 Bits
Low Drata Rate (Gbps)

High Data Rate (Gbps)

Packed Pixel
High Data Rate (Gbps)

\Term

0.75 Min () 3135
2.22 Max (V) 3.465

Compensation Factor

MHL+ 1.2
MHL- 1.2

Signal Threshold

Min{mv) 250

A Tektronix Company

Tekitronix:
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Tektronix MHL Tx Setup

MSO/DPQO/DSAT0000 Series Digital Oscilloscope MSO/DPC/DSA70000 Series Digital Oscilloscope

[
0
0
.

L w Affo
© Ofpm o mD

% Optional external (96 8 \é@\ 3 E E

S =
%;*5"; Q‘}\‘a) power supply T
N '}f i P7313 SMA %
. jj P Pover supplied f”’s;\ TF MHL-TPATT fixture

Optional external
power supply

PI313SMA

Power supplied |7 M

intemally from ||+ gy \/,,éq/’g% A internally from 0 P
MSO/DPO/DSA fg’ﬁh& | . N MSO/DPO/DSA
iaital OSCi Pty 2 I _ iaital Osci
Digital Oscilloscopes S&f\(’ Y mocaus \TF-MHL-TPA-TTFD(ture Digital Oscilloscopes ‘ \J\_ To CBUS
N / sink board \BUS SN ~ sinkbo\ard Vjus
P
ety S
MHL P y: \MHL +"- Vi rd
TF-MHL-TPAP-WOSO0 TFMHL-TPAPNOSO
fixture MHL fixture

Source
MHL Plug DUT MHL Plug
(]

bytor02

Single Ended and Intra Pair Skew Test Setup
6Tests

MHL Differential and CM Test Setup
6 tests

Also same setup is used for MHL Protocol Testing

** C-Bus Sink and Source Board is needed for hand shaking and is available from Tektronix

KEITHLEY Teklrnn/ixa

A Tektronix Company



MHL 2.1 Compliance Software for Automated Tx Tests:

Option MHD

' | Test Selection

MHL Physical Layer Solution : MHL Transmitter : CTS 1.3/2.1

CaD (seectan

3 | Acquisitions

n Preferences

=-[»] MHL Clock

3.1.1.1 Standby Output Vaoltage-YOFF

3.1.1.5 Common-mode Output Swing Voltage-V_CMSWING (Lo
3.1.1.7 Common-mode Rise and Fall Times-TR_CM, TF_CM (H
3.1.1.10 MHL Clock Duty Cycle in Mormal Mode (High)

3.1.1.14 MHL Clock Duty Cycle in PackedPFixel Mode (High)
31117 TP2 Clock Jitter in Mormal Mode (Low, High)

31119 TP2 Clock Jitter in PackedPixel Made (High)

=-{w] MHL Data

3.1.1.2 Single-ended High Level Voltage-V3E_HIGH (Low)
3.1.1.3 Single-ended Low Level Voltages-VYSE_LOW (Low)
3.1.1.4 Differential Output Swing Voltage-YDF_SWING (Low)
3.1.1.6 Differential Rise and Fall Times-TR_DF, TF_DF (High}

~{»] 3.1.1.18 TP2 Eye Diagram in Mormal Mode (Low, High)

| LJorl 2144 20 TP? Fua Niaaram in ParkedPiral Mnoda (Hinh't
4 UL

Test Description

limits when the source device operates in normal

F
This test confirms that common-mode ocutput i
voltage swing amplitude is within the specified

KEITHILEY

A Tektronix Company

Teklron/ixw



MHL 2.0 Tests —
Detailed Information on MHL 2.0 TX Tests

Physical Layer Tests

MHL Transmitter Tests

3.11
3.1.1
2. 1.4
3.11
3.1.1
3.1.1
= 3y P
3.1.1
2.1.4
3.1.1
= % R
3.1.1
3.11

1 Standby Output Voltage Vs

2 Single-ended High-level VOItage Vag rac-

.3 Single-ended Low-level Vollage Ve _iow

4 Differential Output Swing Voitage Voeonro

.5 Common Mode Output Swing Voltage Vowawsa

6 Differential Rise and Fall Times Te v, Te oo

-7 Common Mode Rise and Fall Times Tecow, Tr.ou

.8 Differential Intra Par Skew T o or

.10 MHL Clock Duty Cycie in Normal mode

.11 MHL Cilock Jitter in Normal mode  (not needed as per CTS 2.1)
.12 MHL Data Eye Diagram in Nosmal mode (not needed as per CTS 2.1)
.14 MHL Clock Duty Cydle in PackedPixel mode

_15 MHL Clock Jitter in PackedPixel mode (not needed as per CTS 2.1)
~ & 5K

16 MHL Data Eye diagram in Packed Pixel mode (not needed as per CTS 2.1)

3.1.1.17 TP2 Clock Jitter in Normal Mode (new in CTS 2.1)

3.1.1.18 TP2 Eye Diagram in Normal Mode (new in CTS 2.1)
3.1.1.19 TP2 Clock Jitter in PackedPixel Mode (new in CTS 2.1)

3.1.1.20 TP2 Eye Diagram in PackedPixel Mode (new in CTS 2.1)

Tektmn}jx“



I Tektronix MHL Protocol Analysis Solution

49

MHL Protocol Analysis software running on the Tektronix
REAL TIME Oscilloscope

— Unique value proposition as the same real time scope is used
for both Physical layer testing and Protocol testing.

— Gives the seamless transition from Phy layer to Protocol.
— Cost effective solution.

Features
— Multi View support
— Bus Analysis
— Frame Viewer
— Event Viewer
— Protocol Viewer
— Linked to the analog waveform

Tektronix Nomenclature — TEK-PGY-MHL-PA-SW

Tektmnjx*



Tektronix MHL Protocol Analyzer -
Seamless PHY and Link Layer Testing

¥ video Formats Test
Test

Standard

(2 )-720x480p @ 60 Hz b

24 v

Not Specified B

Solution - Beta (All features

[ENi=1E]

Data Intand Dt Gunrd Band

[ Active Video

Control Period Duta unknown

@ o

Video Guard band W Control Period Video

B HOMISCre untitled -8 gmp26 -

W2 meros.., - [ b

ik EN

Frame

or, | P

Dat 14C28:h3

11C28:01

L X100/ C28:h0

010100-0010101011

11001

1

111001

ooo11001

0
Eves e a
Test Hame Result
v
Pixel Event Description )
) FAIL: ACR - Ko ACR Packet found.
38748 [FAIL: Video Quantization Error - Dat:
38749 |FAIL: Video Error - Dat
38749 |FAIL: Video Quantization Error - Dat:
38750 |FAIL: Video Quantization Errer - Dati,
< & ]
D er
Line Pixel Message Type
< >
CheckSum54 A
10111005110 - oxo 3
+ 82 02 0D a4
SBO : 1A 00 00 02 00 18 01 54 b
Dispayvahes it =0 4
Type D0 Data D1 Data D2 Data
video Gu... [n2cC h133 h2cC
IVldEu Gu... {h2CC h133 h2CC
Moctive v... mir0 [mro [niro
vl Active V... h10F h10F h10F




Advanced Analysis and Debug of MHL

= MHL Compliance Software provides the user & dm coie - o
defined mode which can be used for ————
advanced analysis needs as it allows
changes to the settings.

= Clock Jitter and Data Eye leverages DPOJET e
so we can use DPOJET for debug needs.

= Option MHD allows saving of sessions file ST
which has all the wfms of the session which ' . e
can be used for debug needs. R
O e
= On the Protocol analyzer we have wfms e | e o
saved on scope hard disk to enable e =
advanced debug and the PA SW provides e S
exhaustive information on why a test failed. =
KEITHLEY Tektronix’
A Tektronix Company ¥



Tektronix MHL 2.1 Rx Solution
with Direct Attach Test Support

. TekExpress MHL - (Untitled)"

1

|1 DUT DUTID DUTOOT L)

Device |MHL Physical Layer Solution v
2 | Test Selection

Suite  MHL Receiver v ‘ Version

* Use Pre - Defined Fattern

B Configuration

Test Method
n Preferences

+ Compliance - Test device for passifail per base specifications

Device Profile

Pixel Mode Refresh Rate

Both 'Y |/ Direct Attach 60Hz | V|
24 Bits
Low Data Rate (Gbps) 0.75

High Data Rate (Gbps) 2.22

Packed Pixel
High Data Rate (Gbps)

KEVHLEY Teklron/ixw



Tektronix MHL Solution Setup - Simple and Easy
Sink and Dongle Testing (all tests except Min/Max test)-1

Setup based on Direct Synthesis Capability of AWG7122C
Series

Test Setup for Sink Tests

AWG7000 Series Arbitrary Wavefrom Generator

Analog
CH1™

Analog
CH\2

-
’
_—y J

ale]

120 PS
TTC Filter

Bias Tee Y[]

C OO0 C)??

OCCOO0OO000OOCI0 l;lfDC out
'

' Bias
1 Voltage

MHL Receiver

MHL_P

DUT

to CBus Source Board

MHL fixture
MHL-TPA-P-WOQS| (s40-0457-000)

A Tektronix Company

AWG7000 Series Arbitrary Wavefrom Generator

Analog
CH1™

120 PS
TTC Filter

Bias Teew_

Test Setup for Dongle Tests

}
Lo o]
=
o
T
(-]
o :}}“ - o000 COOOo 0o 0 oL-=—DC out
H

i Bias
+\Voltage

=] A/V DISPLAY

[
/s

MHL fixture
MHL-TPA-R-WOSO (s«0-04ss-000)

To CBus Source Board

Tektrnn/ixﬁ



Tektronix MHL Solution Setup - Simple and Easy
Sink and Dongle Min/Max Testing -2

Setup based on Direct Synthesis Capability of AWG7122C
Series

Test Setup for Sink Min/Max Tests Test Setup for Dongle Min/Max Tests

AWGTO00 Series ﬁrblmrf Wavefrom Generator AWGT000 Series F"rbilrary Wavefrom Generator -

P oo 22382 Analog Analog

Analog Analog .=
CH2 -

cm\ CH2 e —— CH1 \ \ :
) [NES IS XS] ‘ > -__' xl_ |_f :'I-I—Dcﬂut 12':' PS i C i § 1 -=—DC out
120 PS i TTC Filter i
TTC Filter — — :
DL Porweer Supply |

== 1

Bias Tee ;n\q;"l'f.'é::

Bias

[ T y
Bias Tee ~,
ITers
YI  Voltage

I\ yL_Tvaus . t MiH - rj/ o '
. =) MHL Receiver = B | B e r——r— =] A/V DISPLAY

MHL_P / \;‘o CBus Source Board ) MHL_P / “\“
MHL fixture

MHL fixture
TF-MHL-TPA-P-WOS] iswoessroo TF-MHL-TPA-R-WOS0  (ss0.0255-000

KEITHLEY Teklrnll/ix@

A Tektronix Company

To CBus Source Board



I MHL 2.1 Tests —
Detailed Information on Sink/Dongle Electrical Tests

Physical Layer Tests

MHL Receiver Tests
= 4 1.1.2 Input Signal DC Voitage Level Tolerance

s 4.1.1.3 Ingut Signal Minirmum and Maomum Swing Voltage Level
Toderance

s 4.1.1.4 Intra Pair Skew Tolerance

= 4 1.1.5 Jiter Tolerance in Mormal mods

s 4.1.18 Stter Tolerance in PackedPinel mode

MHL Dongle Tests

= 5.1.1.1 Input Signal Single-ended Voltage Level Tolerance

= 5.1.1.2 Input Signal Minimum and Maximum Swing Voltage Level
Tolsrance

= 5.1.1.3 Intra Fair Skew Tolerance
s 5.1.1.4 Jier Tolerant® n Nomal mods
= 4 1.1.2 Jigter Tolerance in FackedPixel mods

The CTS 2.1 mandates Sink Jitter Tolerance
test to be performed with and without
Cable emulator.

Tektmn;x“



I Tektronix Actual Sink and Dongle Setup — Simple & Easy
A Snapshot

Setup based on real-time
oscilloscope and

Direct Synthesis
capability of AWG7122C
Series

KEIHLEY Tektrnn/ixg

A Tektronix Company




Tektronix MHL 2.1 Cable Electrical Test

. TekExpress MHL - (

SEITILEY

A Tektronix Company

DUTID DUTOO

L)

Device |MHL Physical Layer Solution | A |

Suite |MHL Cable Test

= Acquire live waveforms
{Using Pre-Defined Patterns)

View Compiiance | v/

Device Profile

Pixel Mode
Packed Pixel | ¥ |

Packed Pixel
High Data Rate (Gbhps)

Use pre-recorded waveform files

Refresh Rate

conz v

v | rson( 75 1521 [v

Teklron/ixw



Tektronix MHL 2.1 Cable Electrical Test Selection

G0N Bered WO TRl Denerii

N | 5[] MHL Cable
7.2.1.16 Minimum CLK Swing Test

Aeuicyy -[] 72117 Eye Diagram Test

& P
-____.- Test Description
I a Please select a test name to view its Description  #
B "w LR Cutla DUT
| i
7
TF-AHL-TPR D

RELTHILEY

A Tektronix Company

Tektronix:
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MHL Fixture Kits

MHL-TPA-
TEK(

Complete NMHL

Fixture kit w
Cbus Board)

MHL-TPA-TEEK-
SO Source
Fixture Cnly

Kit)
MHL-TPA-TEK-
Sl Sink Fixture

Kit)

MHL-TPA-TEEK-

DG Dongle
Fixture Kit)
MHL-TPA-TEK-
CB({ Cable
Fixture Kit)
MHL-TPA-TEK-
RSEMN{ REEMN
Kit)

TF-MHL-TFPA-
TEK( Complete
MHL Fixture kit w
Cbus board)

TF-MHL-TRA-TEK &0
TF-MHL-TPA-TEK A1
TF-MHL-TPRA-TEK A2
TF-MHL-TRA-TEK AS
TF-MHL-TPA-TEK AG
TF-MHL-TPA-TEK A1D
TF-MHL-TPA-TEK A12

TF-MHL-TPA-TEK A11

TF-MHL-TPA-TEEK-
SO Source
Fixture Cnly Kit)

TF-MHL-TPA-TEK-
SI{ Sink Fixture kit)

TF-MHL-TPA-TEK-
DG Dongle Fixure
Kit)
TF-MHL-TPA-TEK-
CB({ Cable Fixture
Kith
TF-MHL-TPA-TEK-
RSEMN RSEM Kit)

MHL Test Kit includes 640-0452-000 thru 640-0459-
000 and 640-0485-000 with associated power cords
per country code

Morth America Power Cord Option - G40-0485-100

Universal ELRD Power Cord Option-540-0485110

United Kingdom Power Cord option - 640-0425-120

Switzerland Power cord option - 640-0485-130

Jlapan Power cord option-640-0485-140

China Power cord Option-640-0485-150

Brazil Power cord option -640-0435-160

India Power cord option -630-03485-170

MHL Sowurce Test Hit includes 640-00452 and 640-0453-
Qo0

MHL S5ink Test Kit includes 640-0452-000, 640-0456-000,
540-0457-000

MHL Dongle Test Kit includes 640-0452-000, 640-0453~
000, 640-0454-000

MHL Cable Test Kit includes 640-0455-000, 640-0456-
ooo

MHL RxSense Kit includes 64
000

and 540-0459-

Tektrnnjx*



Wilder Fixtures -
Tektronix MHL Source Testing Setup

VBus/CBUS

Tektronix P7240 uUSB Receptacle

Common Mode

VBus/CBUS
Jumpers

Tektronix P7313
SMA Differential
Probe

Tektronix P7313
SMA Differential —
Probe

640-0452-000 640-0453-000
MHL-TPA-TT MHL-TPA-P-WOSO

KEITHLEY Tektmn}x*

A Tektronix Company



Wilder Fixtures -
Tektronix MHL Sink Testing Setup

VBuUs/CBUS
HDMI Receptacle

Stressed
Waveform
Input

640-0457-000
MHL-TPA-P-WOSI

KEITHILEY Teklroll/ix’

A Tektronix Company



Wilder Fixtures -
Tektronix MHL Dongle Testing Setup

Stressed
Waveform
Input

VBus/CBU
S
Jumpers

VBus/CBUS
HDMI Receptacle

640-0454-000
MHL-TPA-R-WOSO

KEITHILEY TBkll"ﬂll/iX"

A Tektronix Company



Wilder Fixtures for Tektronix MHL Testing

VBus/CBUS
HDMI Receptacle CBUS

VBus/CBU
S

Tektronix P7240
Common Mode . CD_Pullup HDMI
- [T Test Point Receptacle
U MHL
e o
Tektronix P7313 MHL- MHL g
SMA Differential Cable §
Probe T
MHL
Tektronix P7313 MHL+ { g
SMA Differential
Probe 640-0452-000 640-0457-000
MHL-TPA-TT MHL-TPA-P-WOSI [CD_Sense CD_Sen
Test Point VBUS Tf';esl
\:'SE:\:JAS SMA - Point \gBNLIJ’f
Mated
640-0455-000
HDMI 640-0456-000 MHL TP ARWOC 640-0456.000
Connectors o) TPA.R-WOSI MHL-TPA-R-WOSI
Tektronix P7240 VBus/CBUS
Common Mode uuUsB VBUS/CBUS  Mated

Clock Receptacle

Jumpers uusB
Connectors

Tektronix P7313 MHL-
SMA Differential
Probe
Tektronix P7313 MHL+ 000.6280.085 paloceeooy
SMA Differential W32A-02-A-A9T-JHM o
Prob:
rone 640-0452-000 640-0453-000 N e v

MHL-TPA-TT MHL-TPA-P-WOSO

VEus.fCBU

; VBUs/CBUS
”’"Pers HDMI Receptacle

640-0454-000
MHL-TPA-R-WOSO

Direct Attach

HL-TPA-R-WOSOD 110-1063-00

KEITHLEY fixture Tektmnjx*

A Tektronix Company




I Wilder Fixtures for Tektronix MHL Testing

= Source Sink Board- A low cost alternative to C-Bus analyzer(TF-
MHLCBS2-SOSI)

— The low cost SOSI board can be used for the following :

— Source tests Electrical. 3.1.1.1to 3.1.1.12(excluding 3.1.1.13)

— Source System Tests: 3.2.2.1to 3.2.2.3; 3.2.3.1t03.2.3.4;3.24.1103.2.4.3
— Sink Tests Electrical: 4.1.1.1 to 4.1.1.6(excluding 4.1.1.7)

— Sink System tests: 4.2.1.1t0 4.2.1.2; 4.2.2.1 t04.2.2.3;4.2.3.1t04.2.3.2

SOSI boardused as C-BUS Source boardin Sink setup  SOSI boardused as C-BUS Sink boardin Source setup

= Cable Calibration Fixture - TF-MHL-TPA-CBC
KEITHLEY Teklmn/ixﬂ*

A Tektronix Company



Tektronix MHL 2.1 Solution

= DPO/DSA/MSO 70000 B/C Series Real-time Oscilloscope with BW 28GHz
= MHL Compliance software — Option MHD

= |nnovative MHL Protocol Software — TEK-PGY-MHL-PA-SW

= Probes- Qty.2 - P7313SMA and Qty.1 — P7240

= MHL Test fixture- Available from Tektronix.

= AWG7122C with Opt 01,02 or 06 and 08 for the innovative direct Synthesis
based MHL Rx/Dongle testing

= C-Bus Sink and Source Board is needed and is available from Simplay
Labs. Look out for new C-Bus Source Sink board from Tek.

= DSA8200 or Equivalent with 80E03/80E04 and I-Connect Software for MHL
cable testing ( performed manually using MOIs)

For Demos and Placing Orders - Contact Local Tektronix Account Managers

KEITHLEY Tektrun/ix-"

A Tektronix Company



MIP| — D-Phy to M-Phy, C-Phy is coming soon

KEITHLEY Tektmn/i,x*

A Tektronix Company




MIPI Technologies Overview
Example of a Mobile Platform

JEEE 1149.7

ﬁh Q Display(s)

% m Cameral(s)

i
:
:
:
;
-
7
i

E
5

WLAN, WiGig,
WirelessHD, etc.

Bluetooth, GPS,
FM-Radia, NFC

Speaker(s)

eemsa D-PHY or M-PHY
s D-PHY based
m— M-PHY “based

D-PHY

UniPort: UniPro™ + DePHY orf M-PHY

UniPro based IF technology are:
UFS, C51-3, UniPort
MTX M-RX Disefaimsr: This dlegram shows whers MIP interfaces .

may b used fn s mobie device archdtectune.
MIPT Alflamee does hat defing ar rdommend

& parbioular architechune.

KEITHLEY Sovee M Allnee Tektmnjx*

A Tektronix Company



Tek Strategic Involvement
With MIPI Alliance &UNH-IOL

= Tektronix is a Contributor Member of the MIPI Alliance
= M-PHY Tx/Rx CTS Test Document “Co-Authored” by Tektronix
= Tektronix has a close working relationship with UNH-IOL.

= Joint Press-Announcements of Tek with MIPI Alliance and UNH.

— http://www?2.tek.com/cmswpt/prdetails.lotr?ct=PR&cs=News+Release&ci=19076&Ic=EN

— "As an active MIPI contributor, Tektronix products speed the assessment of D-
PHY and M-PHY performance and signal integrity. Tektronix is helping to simplify
physical-layer test and validation."

— Joel Huloux, Chairman of the MIPI Alliance, Sept’2011

— “...Tektronix spurring the adoption of D-PHY and M-PHY specifications..”
— Joel Huloux, Chairman of the MIPI Alliance, Sept’2010

— “Tektronix has been supportive of UNH-IOL's collaborative efforts of physical layer
measurement methodologies”
— Andy Baldman, MIPI Interop - R&D Technical Staff, UNH-/OL, Sept’2010

KEITHLEY ol mi’j:i’i* alliance2ktronix

A Tektronix Company


http://www2.tek.com/cmswpt/prdetails.lotr?ct=PR&cs=News+Release&ci=17639&lc=EN&urlhash=HZu6

Tek Strategic Involvement

Tek Tools listed on MIPI Official Webpage, UNH Webpage &CTS Spec
{_

C | @ www, mipi.org/news-events/member-press-releases

PR | PRI R PR - S—— Y

Tektronix Lnveils Industry's Most Cost-Effective Salution for MIPIE Alliance M-PHY Testing

| I TP P R el

P I T P -

\

AIIPI Alliance
Tesﬁ“g Pl.og‘«‘ln
C ft © www.mipi.org/news-events/member-press- rwl*?? p

Version 1.00

justr 30-Auzust 2010
Tektronix Adds One-button Conformance Test to MIPI D-PHY Solutions

I sl RAICIIZSA ) -

nd
; Testing Progt son (MOD). 2
| A\IIPI Alliance thod of lmp\emem“
| yser's Manual, Me
o P g N ) e R e e | (S D A S e T e
) InterOperability Laborator. .
X fi

ation for ance Tests.
Tutorial D"‘“m‘e ;‘f-“ eor Transmitter Conform
_PH\ Physical L

DPSOs. and
ix Reﬂ -Time
ilent. LeC1OYs and T ““l,‘ 30100830)

© www.iol.unh.edu/services testing/mipi/equipment.php

w
Through a collaborative agreement with Tektronix, the UNH-IOL is
using the Tektronix DSA72004E Digital Serial Analyzer for MIPI
testing. Combined with UNH-IOL's D-PHYGUI softare, this
platform provides the ability to capture and analyze D-PHY

signalling, in order to perform the UNH-IOL D-PHY Transmitter
Physical Layer Conformance Test Suite

For more information on the Tektronix DSA72004B please visit
|| http:/fwwaw tek com

The Moving Pixel Company P331 MIPI D-PHY Probe is used to
implement many protocal layer tests for both CSI-2 and DS for up
| to 4 lanes

For more information on the P331 M\PI D-PHY Provbe, visit
http: S,

- -

Industry 15t M-PHY Rx &Tx Demos at MIPI
F2F, Athens, Sept’10, Osaka, Mar’11 &Denmark

UNH (Unlver3|ty of New Hampshire)

is Wsmg Tektronix setup

A Tektronix Company

ﬁifol mi'p'io a||iancezktrnn/ix@
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What is D-PHY ?

= |t's a PHY standard for interfacing Camera (CSl) & Display (DSI)

= Two modes of transmission
— High Speed (HS) and Low Power (LP)

= Modes are mixed during the operation
— Transitions from LP to HS and back to LP on the fly

= Maximum Data Rate
— High Speed mode: 80 Mbps — 1 Gbps, Typically at ~500 Mbps.
— Low Power mode: Up to 10 Mbps

= Bus termination

— 50 ohmsin HS
— Hi-Zin LP

Low-Power signaling level (e.g. 1.2V)

Max LP-RX High

Minimum LP-RX Low threshold

HS diff. swing (e.g. 200mYV)
YOV HS common level
. ?ie.g. 200mV)

0 Volt - Reference ground

8 HLEY 'l'ektrnn/ix*

A Tektronix Company



D-PHY Testing Challenges

= Logo testing is not required, but Optional.
—  MIPI is Chip-to-Chip/ Chip-to-Peripheral interface, similar to a DDR bus.
— Mobile Phones do not need compliance logo, unlike USB/SATA devices

= No two MIPI devices are the same
— Variable Data Rates
— Upto 4 lanes of Data traffic,
—  Multiple different data formats
—  Specification enables custom limits.

= Characterization is significantly important
— Mobile OEMs select the suppliers based on characterization reports.

= Several measurements (Total 49) to be performed.
— Clock Lane
— Data Lane
— Clock-Data Timing

KEITHLEY *‘i‘*oraktmn/ixe-

A Tektronix Company



D-PHY Tx : Opt.D-PHYTX Conformance Test Solution

= Opt.D-PHYTX : D-PHY Automated Solution

— TekExpress option for Fully-Automated testing
— Provides Conformance and Characterization Testing

— Runs on 7K/C and 70K/B/C/D scopes
— Opt. TEKEXP is Pre-Requisite

= Differentiation

Y& TekExpress D-PHY Automated Solution (Evaluation Yersion) (Untitled)™ — (ol x|
Fle Yiew Tools Help
buTiD [oUTont a Run Stop
_— ——

Select | Acquie | Analze | Report
Device Clock Lane Probing

D-PHY CS12 = © Gingle Ended " Differential
Clock Mode anes To Test

& Mormal

¥ Lane1 ¥ Lane2 [¥ Lane3 ¥ Lane4

Un-parallel Automation (Auto-Cursors)

" Continuous

W Automate Lane Switching with RF switch

— 100% Widest Test Coverage
— Fully-Automated for Multi-lane DUTs

— Fully-Automated Temperature Chambe

— Conformance to Latest CTS (v1.0)
— Based on Latest Base spec (v1.0)

= Value proposition
— Custom-limits/ Limits-Editing

1.1.2Data\ane
1.1.4 Data
1.1.6DataLgne
1.1.6 Data L
1 17 Data
+] Group 2
+] Group 3
+] Group 4
= Group 5

TekExprass Taunched successfully.

Rise Time

ne Fall Time

LP-T Slew Rate vs. CLOAD

ne LP-Tix Pulse Width of Exclusive-0R Clock (TLF-FULSE-TX)
ne: LP-TX Period of Exclusive-0R Clock [TLP-PER-TX)

D-Pi -2 Transmitter CTS 1.0 (Base Spec 1.0) Normal Clock Mode Both TestMode Automatic
Group 1 Test Description onfigure
= = C—
111 D\ta Lans LP-T Th Output High Levsl Voltags [VOH Ta verify thal the Thevenin Outpul | ———
ks evenin Qutput High Level Vokage [VOH) High Level Valtage [VOH] of the
1.1.2 Daty Lane LP-TX Thevenin Output Laows Level Yoltage [YOL] D!JT 'z Data Lane LP nsmiter is ShowSchematic

1.5.1 H Entry TCLK PREV alue
a1 R 2H8 Fuit TELE POSTWY Alue:

eeeeeeeeeee

SelectAll

Deselect Al

Tekironix-

— Test Reports with Pass/Fail summary, margins, & "Zoom-in” Waveform Captures
— Tek 3.5GHz scope is the minimal configuration for accurate testing

Wxtension spec (1.5G) ready

A Tektronix Company

Tektrnn/ix@



D-PHY Tx: Opt.D-PHYTX Features

Provision to Load Filter-files for Temperature
Chamber or Channel [')g—embedding

Multi-lane Automation Setup using
Keitley S46-6666A/ any RF Switch TET——— x|

Configuration for D-PHY CSI-4 Transmitter CTS WD [Base Spec 1.0) Normal Clock Mode. Both TestMode. Automatic

Parameter , \ Value
FRF Switch , \ Do not use
Real Time Scope , \
I I Measurement W \ Automatic

e ‘ p £ 3 m Testing in Temperature Chamber) qu
R ; ) Filter File2 [for Testing in Temperature Chamber with Differential probing) Mot
CH1 CH2 CH3 CH4 De
RF Switch
Lok in: I@ Filtgﬁﬁ_fmjempelature_Ehamhel j +) T [
':2:':19 DTP Dn cp Cn DiffarentiaIFi\terF\IeForTemperatureChamber.ﬂt

SingleEndedFilter FileFor TemperatureChamber. it

Configuration for 1.5.1 HS Entry TCLK PREV alue

Acquire ‘ Analyze ” Limits " Comments

ot che ok cré Only solution for Single-button _
Seope Sinale Edued Acquire Type Parameter
ingle Edge« . « . » \ertical Szl
automation of “multi-lane” DUTs. tcatscoe
Wertical Positior
& TekExpress D-PHY Automated Solution (Evaluation Yersion) (Untitled)* S b =181 Data and Clock Lanes Acquisition with Data &s Tr - |Vertical Offset [

Fle  Wiew Tools Help

Horizontal Scal

Sample Rate [

outio [OUTRA B i sy Flecord Length

Select | Acqure | Analze | Report

" Comphance Mode

Device Clock Lane Probing Version Default Settings
D-PHY CSI-2 Z & Single-Evrded CTS 1.0 (Base Spec 1.0) i

& User Defined Mode

Clock Mode Lanes To Test Test Mode ﬂ
7 Nomal  Lane1 ¥ Lane2 ¥ Lane3 I Lane 4 Howidl |

€ Continuous Automate Lane Switching with RF switch

Both

|8 RF Switch Setup x|

Map the lanes and input types to location on thé\iglay

—— (8
Socket Cable XL (020-2200-00 with High Temperature
Tips (020-2958-00) or other on P73xx

D-PHY CSI-2 Transmitter CTS 1.0 (Base Spec 1.0) Normal Clock Mode

= [ Grovo 4
E1 4.1 Clock Lane HS Entry: TLPX Value
= 1.4.2 Clock Lane HS Entry: TCLK-PREPARE Value
1.4.3 Clock Lane HS Entry: TCLK-PREPARE+TCLK-ZERD Value
[ .44 Clock Lane HS-TX Differential Voitages (VOD(0). VOD(1))
[ 145 Clock Lane HS-TX Differential Voltage Mismatch (VOD)
[F 146 Clock Lane HS-TX Single-Ended Output High Voltages (VOHHS (L DP - DH - cP = CN -
[ 147 Clock Lane HS-TX Static Commen-Mode Voltages (VCMTX(1), VC
1.4.8 Clock Lane HS-TX Static Common-Mode Yoltage Mismatch [VCM

Map the input types to the source channel on the scope

-[211.4.9 Clock Lane HS-TX Dynamic Common-Level Variations Between 5 _Data | Source (Cloc gl [Soure -
g - bp cHi Cho  |oH3 -
= 1.410 Clock Lane H5-TX Dynamic Common-Level Vaiations Above 45 on o ke e . - e .

[ 1411 Clock Lane HS-TX 20%-80% Rise Time (tR)

[ 1412 Clock Lane HS-TX 80%-20% Fal Time (tF)

= 1.4.13 Clock Lane HS Exit TCLK-TRAIL Value

[ 1-4.14 Clock Lane HS Exit 30%-85% Post-EoT Rise Time (TREOT)

. Tektronix

>
s

Tekxpress mz féktronix Compary S46-6666A Switch




D-PHY Tx : Opt.D-P

Tokvons Oscbnogs

T Osciboacope

Single-Lane Automation Setup using

SE/Diff probes

HY T X Features

Test Reports with
“ZO0M-IN” screenshots
of the cursors placement
for each test.

Switch between Automatic and Manual
cursor palcement. In Automatic mode,
software can find the LP/HS regions
automatically. Switch to Manual for
debug or if your signal is too noisy.

% Configuration Panel

Configuration for D-PHY CS5I-2 Transmitter CTS 1.0 [Base Spec 1.0) Normal Clock Mode\?oth TestM ode Automatic

Parametes

Value \

RF Switch

Do not use N

Feal Time Scope

easurement Method [Using cursors]

Filter File1 [far Testing in Temperature Chamber]

(

Marwial
Filter File2 (for Testing in Temperature Chamber with Differential pl\obmgl\ |

Configuration for 1.5.1 H5 Entry TCLK PREValue

Acquire | Analyze ” Limits ” Comments

Acquire Type Parameter Value
Vertical Scale (mV) 200
“Vertical Position for Data (div) 28
“Vertical Position for Clack [div) 2B

KEITHLEY

A Tektronix Company

|9 Toktzpess D-PHY Automoted Solution (151 DIl
Be g Ikt

ouT D [outen EEE)
- -
ot | pcamn | oon | ot
D PHY CS1:2 Tramsmits CT5 1.0 (az0 Spo 1.0) Homl Clack Mo Nexmal Tostbde Avtomtic
'leklrnn/ix TekExpress Automation Framework
= D-PHY Transmitter Signal Characteristics Test Report
Divion Type D74V CTS Version : (T

Overall Compliance rv:

Executlon Time.: 70 Sy
Overall Test Result: 1.

Cowtimt | mavseavoies [ohumn| g | e [Compbamen] Aivis

T = W

T T S T

Sriry THE-SRETASE Veue = Veoel - VsoeI

R e vt Tt A A o A 8 oo P B i Ik i e v L w4 ¥
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D-PHY Decode: Opt.SR-DPHY for DSI/ CSI-2 Decode

Simultaneous Acquisition

Probe using Analog, Digital or Mixed
Channels

Simultaneous probing of DSI &CSl
using MSO channels

Working on multi-lane support,
using high performance MSO digital
channels

Supported on all 7KC, 70KC and

MSQO70K scopes. (Win7-0OS only)
— Option key bit #25

Software installed as part of

TekScope firmware v6.1.2.4 or later.

— Browse to TekScope Menu --> Vertical --> Bus
Setup --> Select Bus Type as Serial-- > Select
MIPI DSI or CSI from the drop down list.

Probe using Mixed Channels

Analog Clock, Digital Data
File | Edit | Vertical | Digital | HorizZAcq | Trig | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Utilities | Help |

00
M 'w H HI

J m \ f \‘ A ‘W‘ Iw“ ‘H ‘

| Wm
I “HH K ”’H il \H"WH |
\‘ MM\ H\ m \ |
m\lﬂm L H HHW\ \‘H
\ ‘\\

\ | | \
“ ‘«\I W ]\‘ "“ H ‘J |M ““‘ ‘“\J ‘w‘ M‘ »‘ ‘I‘ |‘ ‘;\‘ M H‘

mj'
|

smimmms o Wmismsm Factor

Digital Clock, Analog Data
Tektmnj,x*



D-PHY Decode: Opt.SR-DPHY for DSI/ CSI-2 Decode

Errors/ Warnings indicated in Decode waveform &Event Table

Checksum Error

e | Eda | verica | Digial | Horizthcq | T | Display | Cursors | Measure | Mask | Math | MyScope | Analyze File | £dd | Vertical | Digital | Horizthc | Tag | Display

N ]

m”lﬂﬁ"ﬂﬂﬂ i Nll‘"ﬂ['il‘liﬂl‘lrlJPI!WWM”IHWM'fffﬂ”ml
) T Glol L LT (RSN |

CIENREEN s ipEE

holadodlJdd | 1 ] .
alln W ‘,‘ Wil 'R Wl P 1 \1 i Wit bl |.“

i
e

i
49.18%

Factor ()
1000

R ll‘. MWW b} fi ‘-" |l‘ ‘n l LRRR i i\‘ \|'| \|‘|‘ LR NN

1‘ﬁ'r WL T

e cucn ooy 20.0psidiv

1 3¢

File | E0t | veris | Digita | Horistaca | Tog | Disolay | Consors | Messure | mask | wam | m anaiyze | unies | neto B

B2 | B8 | B10 | B

Commana_Data Type NC_PackelDsta WC Pixels ECC_Checksum ErorWaming

packed pixel 60 (20 07h 3415h |wc: corrected from 316

Piv: Sync missing
P single BIT erro
packed pixel 60 |20 07h |735Eh

H Sync start

Packed Pixel 888 0 |2 7 LgP: Incomplete packet

ol
ECC: 13n
AT 200mV 200ns  99.7ps  102ps
T 200mV 200ns  99.7us  102us

RLi625K

Errors and Warnings indicated in event table
Tektmnj,x*



D-PHY Tx &Decode: Recommended Test Setup

Scope
— DPO7354/C or DPO/DSA/MS0O70404/B/C/D or higher for rise time
accuracies

Probes

— For 7Ks: 4x TAPxx/ P6245/ P6249, or 4x TDP3500/P73xx (clock is non-
continuous), or 3x TDP3500/P73xx (clock is continuous).

— For 70Ks: 4xP7240, or 4xP73xx (clock is non-continuous), or 3xP73xXx
(clock is continuous).

Scope Software

— Opt.D-PHYTX on TEKEXP for Conformance Test \\"‘:i:?'
— Opt.D-PHY on DPOJET for Debug, Analysis &Characterization
— Opt.SR-DPHY for Decoding CSI-2 and DSI traffic \\\\ “
™ FIXtU res P7380 probe used with a probe-tip

— As MIPI is a chip-to-chip interface, most DUT setups are LIVE with Master-Slave/
Receiver-end connected.

— For live-setups: No Fixtures required.
— For non-live setups: We recommend following UNH-IOL Termination board

KREITHLEY Tektrnn/ixg

A Tektronix Company



http://www.tek.com/MIPI
http://www.iol.unh.edu/services/testing/mipi/fixtures.php
http://www.iol.unh.edu/services/testing/mipi/MIPI_Test_Fixture_Order_Form.doc

D-PHY Tx: Optional Accessories
Optional Based on DUT Scenarios (i.e. SMA/ Non-live setup/ Multi-lane)

= UNH-IOL RTB Reference Termination Board (list price: $2,895.),
UNH-IOL Probing Board (list price: $450.), and Capacitive Load Board
for Clock and Data Lane LP-TX Signaling tests (list price: $295.).

— http://www.iol.unh.edu/services/testing/mipi/fixtures.php

— www.iol.unh.edu/services/testing/mipi/MIPl Test Fixture Order Form.doc

= RF Switch,

— Keithley S46-6666A, for multi-lane automation:
— http://lwww.keithley.com/products/switch/rfmicrowave/?mn=S46

KEITHLEY e
yd

A Tektronix Company



http://www.iol.unh.edu/services/testing/mipi/fixtures.php
http://www.iol.unh.edu/services/testing/mipi/MIPI_Test_Fixture_Order_Form.doc
http://www.keithley.com/products/switch/rfmicrowave/?mn=S46

D-PHY Decoder Features Highlights

= Upto 4 data lanes and 1 clock lane. Data rate operation up to 1.5 Gb/s

= Connection to the DUT is via 5 active solder-down probes (supplied), one per
lane

= Sophisticated real-time triggering
= real-time record filtering
= status monitoring

= activity statistics

= gstatus LED indicators
= active probes, solder-down, for minimal loading of the device under test
= Configuration control

= Disassembly of the captured information in a logic analyzer- like format
= Reassembly and display of any video information captured

= Storage of captured video frame(s) to a file(s)

KEITHILEY Teklron/ixw

A Tektronix Company



D-PHY Rx : Test Solution Overview

Manual Setup based on PG with PGRemote Software

= 100% Coverage to Rx CTS = PG3A Pattern Generator
— Meets all the requirements in UNH- — Controls clock and signaling to
IOL CTS document (v0.98) establish link with DUT
— Adjusts voltage levels, packet type,
= Quick and Easy setup etc to stress test receiver

— No complex VXI system, just stand AWG7082C Generator

alone instruments, and a probe. — Adds jitter and interference to the

= Cost effective solution D-PHY signals

— 70% Lower list price vs Competition

= Re-usable for Protocol tests

— PG3A is the Only 4 chann
solution for CSI &DSI test

Recommended Manual Setup

=—= [AWG?OSZ%
) D-PHY
Coupler** DUT
A
! P338
GaACAE

(hese Moving Pixel products are available as Tektronix part number
**Tektronix part number not available yet. Expected Soon. -
Tektronix:




D-PHY Rx : Test Solution Overview
100% Test Coverage to CTS v0.98

Group 1LP - RX voltage and timing requirements

Test Title

Fapge

Equipment

21 L - R0 Losghc 1 miput wolkage (V)

12 L - R Logihc: O it violbages. momFUILE Stake )
13 L - R Lo O it olbages, UL S0aE [V ang]
14 LF - R Minkmam Polse Widh Resprss: (T
215 L =B ot e (T o)

216 LF =B ot P s S g

247 LF =A% Inpartemenca Tolammos (W, =t

R - L =D Logihe Corbandion Themshd O (e 80 W)

Group 2LP - RX Behavioral Requirements

Ha = s o

11 1 1 1 1 1
oG GG G

Gl

= AWG = DG Fower Sumdy

= AG
= ANG

Test Title

221 LF - R Indfeiibon Pesdcd (Ter)

ey LILFE Ex: LF - R oo TR Vi

e Chock Lame LF - R Iald Aboded 'ULPS: Ertry

ZZ4 D L L - R vl dibarfed Escane Mo Eniry

el e L L - R vl dibarfed Escepe Mo Commed

ZIE Dwafa Lame L - R Escapes Mo Invalid Exik (infcemnaie)

227 Do Lamee LR - R Escape Mo, [Draing Fost THgger-Commesd Exd Sis
ZZE Diafa Lame LF - R Escape Mo Uns anpatediUness)omed Commands

T T T
[ T T TR T |

[H]

[H]

Group 3: HS - RX Voltage and Setup/Hold Requirements

Test

Title

Page Equipment

RO Coammeon Mok Woltage: Tobemmns s (V oo

H2-D0 Diflereniial Innet HIpS Theeohoid (Ve

RS-0 Ditenemiial I Low TEmes bold (v o)

HE - R Simgie-Sncad Inpot g kg N g

HE - RX Singie-Ended InpetLow Vabaoe (Vo)

H2 - RX Commeon bliode: Farmenos SN - 4500HZ (deis VTR

HE - RX SefopHold ard Jiber Tolemece

Group 4: HS - RE Timer Requirements

=R Comnmon Mode: Rharderenne Baord 400 (ol VTSR

128

o T
1 1 1n
[P I W |

B &
a3

T = ARG
T = ARG
= ANG

3
3

[A]

Test No.

Title

Fage Eguipment

=41
43
24z
244
245
245
47
Z4E
245
2410

Doata Larms HE - R Tommea WValoe

Dot Lame HE - FX Taemeon * Taae Tolemnoe
Coata Lo HE2 - R Tegaurs Waloe

Donki Lams HE - RX Togoaman Tobammos

Dumta Lo HE - Teggem Viaioe

Chock Lame M2 - A T o Valioe

Chock Lame M2 - A Tecammoy = Toomes Tolamnoe
Cock Lame M2 - B Tocawms Vialne

ok Lame HE - AX Toom Tobammoe

Chock Lame HE - AN Tegumy Valse

ook Lame HE - FX Tegemy + Tegemy Tolammos

155 =3
155 =3
180

182

24 =3
25 =3
=7 =3
&5 =3
ra =':1
75 =3
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PG3A and P338 MIPI D-PHY Rx Solution

Key Features

= MIPI D-PHY Probe for use with PG3AMOD
and PG3ACAB

= Generate CSI2 and DSI data over D-PHY

= 4-Data Lanes and 1-Clock lane

= 1.5Gbps @ 4Lane and 800Mbps @ 8 lanes
= 1.5Gbps @ 8Lanes if using two PG3A

=  SMA outputs for each lane

P
= LP and HS Voltage and Timing adjustable 338

on a each lane separately

Preserve your investment with | -evewesseas
the ONLY >4 lane, 1.5Gbps
stimulus solution in the market.

Tektmnjx*



Practice Connection
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PGRemote

Push Button Interface to generate CSI2 / DSI Vectors

-

Define
CSI/DSI
commands
and
\_ arguments

4 )

Configuration
Parameters
for PG
playback,
and D-PHY

Status Bar

PGRemote - Configl.cfg

DSl cmd AR | | send | save || Del

SR DCS Long Write

II

BleEle B Set Column Address

BTA

|Z
o
“ .

[ §E=3 §EON =] [
[N =3
T o

L)

b=

DataFileMame

VirtChan(1:0]

5

DCSCmd[7:0]
StartColumn[15:0]
EndColumn(15:0]

DatalD[7:0]

>

WordCount{15:0]
ECCI[7:0]

CheckSum(15:0]

DT Mode LPFreq (MHz)  HSFreq (MHz) Lane Cnt J

fneor >[I 10.00 SI7000 SN, - [RSEEY

o4

lurmn Addr ).

n
4

tMarra

PG Cfg...

Cfg..

Color On

Enter Invert
Display Off
Bus Turn Around
Set Column Addr

Set Partial Area

Send Pic2/3

Writebdem

DSI Cmel List

| Color Off
Turn On Periph.

EnterIdle ‘

Shutdown Periph.

Exit Idle

| Exit Sleep

| | Exit Invert
Display On |

| Get Diag Result

Set Max Return
Gen Short Write

(ot ]

Enter Sleep

Send PicFrame1/2 ‘

SendSDFrame

readCustom

| Readddr

Send HDFrame

FG: Stopped
Lane Clk: Running
Contention: None

PGRemote Main

Window

Command
Buttons

PG, probe

status and

operational
controls

Tektmn}*



I What is M-PHY ?

= M-PHY is a high-speed serial interface to the DigRFv4, UniPro, LLI, CSI-3
and DSI-2 interconnect standards of the MIPI Alliance, and the UFS and
SSIC protocol standards of JEDEC and USB-IF respectively.

= M-PHY is a flexible architecture that allows the implementer to
support high data rates at minimal power, cost & I1/0 redesign, for
applications such as High Definition Video

= A Fast, Scalable, Serial Communications Architecture
— Link — Connects M-PHY Transmitter to an M-PHY Receiver
— Sub-link — Manage one or more lanes
— Lane — Operation defined in the protocol (DSI, CSI, UniPro, DigRF)

M-PHY-based MIPI Protocols

SUB-LINK

IN
"~

MIX OO wrx

Application-agnostic &
Application-specific Protocols

LINE -
MTX EXOXOOOCOKOCKT] MRX | s

PiNe

LANE MANAGEMENT
LANE MANAGEMENT

PN
Joos  UNE_  ooel |
MRX  [TIXOXOXOOKOKOCKT] M1

Physical Layer

source:www.synopsys.com
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M-PHY Transmitter Testing Challenges

M-PHY Signal Characteristics
Signaling mode Datarates Amplitudes Impedance
Gears | A (Gbps) B (Gbps) Large Small Resistive Terminated] Non Terminated
G1 1.25 1.45
G2 2.5 2.91 50 ohms
High Speed (HS) |G3 5 5.83
Gears | Min (Mb/s) | Max (Mb/s)
GO 0.01 3 . .
G1 3 9 Terminated: Terminated: 100-
160-240mV, 130mV,
G2 6 18 Non-Terminated: [ Non-Terminated:
G3 12 36 320-480mV 200-260m\V 50 ohms 10k ohms
G4 24 72
G5 48 144
G6 96 288
PWM (ie. TYPE-I) |G7 192 576
SYS (ie. TYPE-II) 576 (Mb/s) 50 ohms 10k ohms

= Higher data rate will increase importance of Signal Integrity of links
= More emphasis on timing/jitter and noise (signal integrity)
= Receiver testing will be needed to stress-test resulting BER
= 1000+ tests per lane, covering multiple Gears, Terminations, Amplitudes.
=  Termination — Restive or not Terminated.
= LS mode can operate either of them
= HS mode it is always terminated, so swings are halved.
= Type-l and Type-Il are Low speed modes, and are NOT interoperable
= Type-l operates on independent local clocks. Type-Il requires a shared Ref-clock.
= DUTs may support both

KEITHLEY *foruktmn/ixe-

A Tektronix Company



M-PHYTX — HS Test Conflguratlons

1 DUT DUTID |DUTOO!

« Acquire live waveforms Use pre-recorded waveform files
B Test Selection - o
View |Compliance i v ‘

Version | CTS v0.8 | ¥ Signal Type | HS |

Device Profile

B Acquisitions

n Preferences

Amplitude Gear Selection
[ Small [/ Gear1 A only [v|
[7 Large [_ Gear 2

Termination
|+/| Terminated

M-PHY Tx : Opt.M-PHYTX Automation Features

DPODSAMSO 70000 Series DPO/DSAMSO 70000 Series
Digital Cscilloscopa Digital Oscilloscope

" Difrentil probes in
Device Under Test Negatve  SNgleendedmade
{DuT)

Device Under Test
oun

I Non Terminated

./ TekExpress M-P|

G (o

Status Reacly

— a Acquisitions e
B Version [CTS v0.8 | ¥ signal Type [PWM | v |

iharoen Device Profile
DUT Operation Mode

Gear Selection

+ Burst Continuous f7 Gear 0: 0.01-3 Mbis
Amplitude: [ Gear1:3-9Mbis

[ sman v/ Large [ Gear 2: 6-18 Mbis
Termination [ Gear 3:12.36 Mbis

|/ Terminated | NonTerminated | Gear4:24-72 Mbis

= [v] Hs

Test 1.1.1-HS-TX Unit Interval and Frequency Offset Pause

2| Test 1.1 3-HS-TX PREPARE Length )
Test 1.1.4-HS-TX Common Mode DC Output Voltage Amplitude
Test 1.1.5-HS-TX Differential DC Output Voltage Amplitude
Test 1.1.6-HS-TX Minimum Differential AC Eye Opening

Test 1.1.7-HS-TX Maximum Differential AC Eye Opening
Test1.1.8-HS-TX 20-80% Rise and Fall Times
Test 1.1.13-HS-TX Intra-Lane Output Skew
Test1.1.14-HS-TX Transmitter Pulse Width
Test1.1.15-HS-TX Total Jitter

Test1.1.16-HS-TX Short-Term Total Jitter
Test1.1.17-HS-TX Deterministic Jitter

Test 1.1.18-HS-TX Short term Deterministic Jitter

Probing [ Gear 5: 48-144 Mbis

«) Single-Ended () Differential [ Gear 6: 96-288 Mbis

Test Description

[ Gear 7:192-576 Mbis

To verify that the length of the DUT's transmitted w
HS-PREPARE period is consistent with the value

indicated by its TX_HS_PREARE_LENGTH

configuration attribute.

=

Status Ready [

Status Ready |

KEITHILEY

A Tektronix Company

M-PHYTX — HS Tests Coverad @ IKEFOMNIX
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M-PHY Tx : Opt.M-PHYTX Automation Features

Comprehensive Test Reports

Tektro X TekExpress HS-TX
Report
Enabling Innovation
DUT ID: DUTDO1
Date/Time: Device Type: Transmitter
CTS Version CTsv0.8 Execution Time: 47 Min
Overall Ci Mode: TRUE
‘Overall Test Result: FRIL
Scope Model DFOT0804 Scope FIW Version: 5.2.4 BUILD 25
Scope Serial Number: @434 SPC, Factory Calibration: PASSPASSE
Probe Model (CH1): NIA TekExpress Version (FW, App): 2.0.0.158, 0.0.0.44
Probe Serial Number [CH1): A DPOJET Version: ~3.5.0 Build 177
Probe Model (CH2): A
Probe Serial Number (CH2): NiA
Probe Model (CH2): “TCA282D"
Probe Serial Number [CH3): TN
Probe Model (CH4): “TCA2920~
Probe Serial Number (CH4): MR

Measurement Details. C==m=d

ination

SSCFRECDE
Test 1.1.1-HS-TX Uit Intervaland Fraquency | T SSCRROFIL
Offset o " SECFREC
SSCPROFILE(
fre=t fis Common
Gesria LA
Test 1.1.4-HE-TX Commen Mode DG Output - ar b
Voitsge Ampiituds - =
Gesria LA
entisl D Output -
Ampituse Lan=d T
GearzA La
[Fest 71 &-FETH Mo Dirrerental 20 By | L . Cearia ) MASHIT:
Opening = GearzA 7 MASKAITSIF
EYEHIGH(Fi; Test Name
Gearli, L EYELOW
Test L RS Ve OifsentalAC |y T VASKAITSIFS
yE e EYEHIGH|Fi
GearzA La .
VASKHITE(F
P, " Test bt ReeTim
Test 1.1.5-H5-TX 20-60% Rise and Fall Times | Laned AT
Gesrza LA

Test 1.2.1-PWH-TX Transmi Bit Duration

Lanel

Single-printable report covering
results from Multiple lane, Multiple
Gears, Amplitudes, etc

Results from multiple test-configuration, of a single-test

Low | High |Compl|an-

‘ Termination Gear ‘Ampmude Measurement Details ) Units | Test Result ‘ Margin

Limit Limit Mode

SA Transmit Bit Duration 1 Mbps
Geard

LA Transmit Bit Duration 1 Mbps

SA Transmit Bit Duration 5 Mbps
Geart A Transmit B Durafion g Tbps

SA Transmit Bit Duration 10 Mbps
Gear2 A Transmit Bt Duration 10 Mbps

SA Transmit Bit Duration 6 Mbps
Gear3 A Transmit Bt Duration 36 Mbps

RT

SA Transmit Bit Duration 6 Mbps
Gearé L& Transmit Bit Duration 36 Mbps

SA Transmit Bit Duration &0 Mbps

<

Gears [y Transmit Bt Duration 0 Wbps

SA Transmit Bit Duration 100 Mbps
Gears [y Transmit Bt Duration 100 Wbps

SA Transmit Bit Duration 200 Mbps
Gear? [y Transmit Bt Duration 200 Wbps

KEITHLEY

A Tektronix Company
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M-PHY Rx : Based on Scope built-in Error Detector
Scope-Integrated M-PHY BER using Opt.ERRDT Shipping Today

Pattern L_ggg&h_’

Serial Data

“Learn” Cmd

Bit Error Detector Block Diagram

—

Memory
Control

Template
(Memory)

R/W

-

Blanking
Primitives
Detect

-

Receiver

Address

Data In Data Out

Align Char

N bits

AWG Signal
Generator
Scope Error il
Detector o

Digital
P

N bits

AWG Signal
Generator

Scope Error L

DUT

Detector

Tektronix-*
Vs

Error
Counter

o
Il e

8B/10B Data:

— Hardware Serial trigger: 1.25 Gb/s to 6.25
Gb/s

— BER covers PRBS 312Mbs and above data
rates.

MIPI®M-PHY Receiver
Methods of Implementation (MOI)

MIPl M-FHY Recaiver - TEKTEONIX MOI

RX ERROR DETECTOR

Overview:
Thiz mcticn of esds verifies the M.PHY receiver ammer detection mechanizm as defined in the M-PHY
Specificalion.

GROUP 1: M-RX Error Detection Regoirements

Overview:

This group of desis verifies various requiremenis of ernor dedzciion on MIP] M-PHY recziver. Scope ermor detecior is
used for this purpose. For M-PHY error dedector, ERRINT 2nd 5T opton should be enabled in scope and Tekscope
firmuare v | L 32 or laker is required.

Status
The iesi descriptions contained in this group are considexd io be i indtial drafi form Additonz] modifications o
bodh the test descriptions 2nd imple mentations ane expecied.

PMay Load:
Continuous PRES TPRIES 9 Patiemn with MR signaling (H5-Gearl, HS-Cearl and [ig RE dala rates)
Cusiom burst paiiern with £ 10 encoded with NRZPWMSYS spnaling.

Minbe:
Mease mier to the MPHY specification ver 90

MIF] M-PHY Ex MOl Measurements  Version U5 Drafl 3B

Tektmn;x*



M-PHY Rx : Opt.M-PHYRX Automated Solution

= Opt.M-PHYRX

— TekExpress (2.0) option for Fully-Automated receiver testing

— Provides Conformance Testing

— Based on Latest M-PHY Base Spec v1.0 &UNH’s Conformance Test Suite
— Runs on DPO/DSA70KB/C or MSO70K/C scopes

— TekExpress framework is included. | TekExpress M-PHY R Evaluaton Ve

M-PHY : Receiver : No Version

= Differentiation OO () (saeeun)

B[] HS

S M I 2 b t 2.1.1 — Differential Input Voltage Amplitude Tolerance VDIF-R¥)
- “IIpy = OX Se up- references ;

-[] 21.2 - Receiver Eye Opening and Atcumulated Differantial Inaut o
2.1.3 - Common-Mode Input Voltage Tolerance (WCM-R)

_ Bu”t upon Scope ErrorDetecror ERRDT. [] 2.1.4 ~ H5-R Diferential Tarmination Enable Time (TTERM- ON-H:

2.1.5 — H5-R¥ Differential Termination Disable Time (TTERM-OFF-1

. [7] 2.1.7 — Receiver Jitter Tolerance (TJRX, SJRX, RIRX, STTJRX, STS.
—_ Wl d e H S test Cove rag e " [#] 2.1 8 — Receiver Pulse Width Tolerance (TPULSE-R)

| |

Test Description

To verify that the DUT's HS-FiXis able to i
successfully receive HS signaling that meets the

maxirnurm an d minirmurn cor formance

requirements far DC ditferential input voltage

arnplitude a

= Value proposition
— Test Reports with Pass/Fail summary, with Bit-Error counts

KEITHLEY Teklron/ix**

A Tektronix Company



M-PHY Tx &RXx Recommended Test Setup

Scopes
— DPO70604/B/C or above, for HS-Gearl Only (Tx &RX).
— DPO70804/B/C or above, for HS-Gear1&2 Only (Tx &Rx)
— DPQO71254/B/C or above, for All HS-Gears (Rx Only)
— DPQO72004/B/C or above, for All HS-Gears (Tx &RX).

Probes
—  2xX P73xxSMA/P73xx, for Tx HS upto Gears2, or 2x P75xx with P75LRST for Tx HS upto Gear3.
—  2x P73xxSMA/P73xx, for Tx PWM All Gears.
— 1Ix P73xxSMA, for Rx.

Signal Generators for Rx
— AWG7082C, AWG7102 or above, for HS-Gearl Only.
— AWG7122C without Interleave, for HS-Gear1&2 Only.
— AWG7122C with Interleave (option 06), for All HS-Gears.

Software
— New Opt.M-PHYTX Transmitter Automated Solution (Opt.DJA is pre-requisite).
— New PGY-UPRO Protocol Decode (Opt.ST6G optionally required).
— New PGY-LLI Protocol Decode (Opt.ST6G optionally required).
— Opt.M-PHYRX Receiver Automation (Opt.ERRDT is pre-requisite).
— Opt.SR-810B, for 8b-10b Decode
— MPHYVIEW, for DigRFv4 Protocol Decode
— Optional: Opt.M-PHY Essentials based on DPOJET
— Optional: SerialXpress for custom-patterns using AWG P7380 probe used with a probe-tip

= Fixtures
— As MIPI is chip-to-chip interface, most DUT setups are LIVE with Master-Slave/ Receiver-end connected. For live-setups:

' equired. For non-live setups UNH-IOL Termination boards expected to be available soon
Tektronix
103 o

A Tektronix Company



http://www.tek.com/MIPI

M-PHY Rx Recommended Test Setup - continued

= Recommended Accessories, for opt.M-PHYRX Receiver Automation setup

— 2x Matched pair of SMA cables
— 1x GPIB Cable

— 2x Rise Time Filter — 120 ps (part number 5915-121-120PS from Picosecond) with barrel

connectors

= Optional: Accessories for Rx “custom-patterns” using SerialXpress (manual

setup)

— 2Xx Matched pair of SMA cables, , for AWG custom patterns creation

— 2x Rise Time Filter — 120 ps (part number 5915-121-120PS from Picosecond) with barrel

connectors

— 2x BiasTee (part number 5542 from Pico Second), for AWG Interleave Option (for HS-Gear3)

— 2x TCA-SMA Connectors, for AWG custom patterns creation

— Option 01 —Memory expansion to 64 M enabled on AWG

— Option 08 — Fast Sequence Switching enabled on AWG

— Option 09 — Subsequence and Dynamic Jump enabled on AWG.

M KEITHLEY

A Tektronix Company

MODEL 5542
BIAS TEE

m
N\ Picosecond

..... Puise Labs
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I CPHY Solution Offering in 2014-15 - Detalls

= Scope analysis software

= 4-lane probing & termination board

= New solder-in scope probe tips

= AWG pattern and stress software — C-PHY Xpress

= Python automation conformance software
— Source TX
— Sink RX
— RF switch control

= 4-lane pattern generator
= 1-lane scope-based packet decoder
= 4-lane protocol analyzer

KEITHLEY

A Tektronix Company
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I CPHY Signal Levels

= VA, VB, VC
— HS Line Voltage { High, Low, Mid }
- {V,0,V/2}

= VAB, VBC, VCA - Differential Signals

A v A > +V Strong 1
v/2 S Rx_AB AB
0 150 +V/2 BC, CA Weak 1
\") ™ |
B v / o >—Rx_|3c 0
0

0—1 Weak 0

v C — : -ij

C V2 Rx_CA -\ Strong O
0 0—1

Source: MIPI Workgroup Proceedings

KEITHLEY Teklrnn/ixa
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I CPHY Eye Diagrams

= CPHY uses a “triggered eye” method to render eye diagrams for
analysis
— Specified to model how three CPHY differential receivers work

= “Trigger” refers to the first crossing of Vab, Vbc, or Vca across the 0V
threshold per Ul

= This “trigger” is used as a reference point for plotting the eye diagram

“strong 1"
“weak 1"
Zero Crossing
“weak 0"

“strong 0"

—EyeMask —>&

Trigger, at 1% zero crossing

KEITHLEY Tektrnn/ix@

A Tektronix Company



Example:
Embed Results Verification

= Results can be quickly verified by using DPOJET |itter & eye diagram
software

= CPHY analysis is then performed on these signals in accordance with
spec requirements.

le onz/Acq Trg Display Cursors Measure Mask Math MyScope | Analyze | USlit ——
B DPOJET Plots e S
{ { = Bas  TYRE — A~ IR I 3 > 3+ +
e agcaesn=w ool A ETH0O WS od

100ps 200ps

Before embed After embed
KEITHLEY Tektrnn/ixg
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I Example Setup Dual AWG70000

ExtClock

Out

{ ¥ - rm———

oaw

.u‘@

10MHz
REF OUT

Oooooi

Master

10MHz
A Trig ¢REF In A T':q)

AFG: S50KHz, 5V, 2% duty pulse

KEITHLEY

A Tektronix Company

SIave ExtCIockln

Slave

Tektronjx*



Generate CPHY Traffic

29 30.0mV Offget: 11 v 500 81206 e / 112mv 250ps/div S0.0GS/s IT 2.0paipt

&P 30.0mV Offset:115mV  S00 120G Single Seq |

@D 30.0mV Offset:115mV  S00 B,212.0G 1 acgs RL:1.25k
Cons May 13,2014 17:41

KEITHLEY Tektron/ix*"
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LP-HS Transition — (LP swing OV up to 1V, HS swing 50mV

r

up to 435mV)

TIE

110

mV 40:0ns -75.2ns 11i111MHz | Cons May 27,2014 ' 13:00:07
- o
EITHLEY Tektrnn/lx

A Tektronix Company
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Thanks'!

e

| »
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