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I PCle Base vs CEM Testing

= What test point each type of testing addresses?
= How do we get to see the signal at the point of interest?
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System (Base Spec) Tx Testing

Base Specification Measurements are defined at the pins of
the transmitter

Signal access at the pins is often not possible
De-embedding is required to see what the signal looks like at

the pins of the TX, without the added effects of the channel
S-Parameters are acquired on the replica channel
'AQA!
Signal at Tx Pins Measured Signal De-embed using Signal with Channel

| atTP1 S-Parameters Effects Removed
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Add-In Card (CEM Spec) Tx Testing

= CEM Specification Measurements are defined at the slicer of a
receiver

= Signal access is not possible

= Embedding of the compliance channel and package, as well as
application of the behavioral equalizer is required

= SigTest or custom software like DPOJET will perform the embedding
and calculate measurements
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Signal Acquired Embed Compliance  Closed Eye due to Apply CTLE + DFE Open Eye for
from Compliance Channel and Package the Channel Measurements

Board
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Compliance Patterns

= Once in compliance mode, bursts of 100MHz clock can used to cycle through various
settings of compliance patterns to perform, Jitter, voltage, timing measurements.

Data Rate Preshoot De-emphasis
2.5 GTs, -3.5dB
5.0 GT/s, -3.5dB 1. N
5.0 GT/s, 6.0 dB T /F {m\ ['A'\ -
8.0 GTJs, PO = 0.0 -6.0+1.5dB I W B f Y f
8.0 GT/s, P1=0.0 -3.5+1.50B 11 '/Va Vb — VJ N 'l
8.0 GT/s, P2=0.0 -4.4+1.50B . }I 1‘1 J[\, l ! | ’_
8.0 GT/s, P3=0.0 -2.5+1dB | { , fll ST T Y 1 [\J
8.0 GTIs, P4=0.0 0.0dB o 9 ¥ > 7R
8.0 GT/s, P5 = 1.9+1dB 0.0dB — -ttt
8.0 GT/s, P6 = 1.9+1dB 0.0dB De-emphasis = 20log;o Vb/Va
8.0 GTls, P7 =1.9+1dB -6.0+1.50B Preshoot = 20log Ve/Vb
8.0 GTIs, P8 = 1.9+1dB -3.5+10dB Boost = 20logyg Vd/Vb
8.0 GT/s, P9 = 1.9+1dB 0.0dB
8.0 GTl/s, P10 =1.9+1dB Test Max Boost
Limit
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Introducing the NEW Opt PCE3

= TekExpress Automation for Tx Compliance with unique features
including: gro—
\ Sets up the Scope and I

(9 siotNumber 01

D UT for te Stl ng 5 = Acquire live waveforms Use pre-recorded waveform files
SitestMode Complarce | v

v Toggles thru and verifies s Spocfcation  Devc e

Gen3-30 |¥| |CEM | ¥ | |Add-In-Card | ¥ |

the different Presets and Device Profile

I Data Rates  Transmitter Equalization Link Analysis
Bit Rates Cvataes

W5Gbls |+ 350B |+/|6dB

|7 3 Gbis Selected Presets for Signal Quality

v Tests multiple slots and
Ianes (For the Fresef Testz go fo "Test Selection”)

Voltage Swing S5C Cross Talk

= Full Swing On +  CrossTalk (Interleaved)
A\/ Acquires the data Reduced Swing «) Off Non CrossTalk (Non Interleaved)
LT _ |+ Automated DUT Control 6
\ Processed with PCI-SIG s G g

Selected Test Lanes |Pr0mpt me if Signal Check Fails | v |
LOL03,L07 L1115

S I gTe St '+ Perform Pattern Decoding

\ Provides custom
reporting

8 16-JUL-2013 TEktl‘OlliX®
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I What's New in Option PCE3 Release 27?

9

Supports a faster, Python-based sequencer
— Much faster program launch with the test time reduced by ~50%

— 64-bit only application (requires 70K C/D oscilloscopes with Win7 64-bit)
—  Will maintain earlier 32-bit release for 70K A/B oscilloscopes with WinXP 32-bit on www.tek.com

— Smaller installer

SigTest.exe (Command-Line) integration
— Supports PCI-SIG recommended SigTest.exe testing
— User can switch between DLL and Command-Line (.exe) modes
— All result are populated in Tektronix result/report format in command line mode

Support multiple versions of SigTest
— User option to select required version and run
Broader AWG/AFG support for automatic DUT toggle (Min 2ch & 100MHz Burst mode)
— AFG3252/C
— AWG5002B/C, AWG5012B/C, AWG5014B/C
— AWG7082B/C, AWGT7122B/C
— AWG70001A/2A

Incorporates customer & field feedback
— Crosstalk option is added
— Gen2 System-Board limit issue fixed
— Addresses 6 customer-reported issues & ~30 PCle Workshop-reported issues

16-JUL-2013 Tektroni X°
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I Automation Simplifies Tx Testing

= While convenient single capture capability is essential, automation
makes the testing practical

= |terate over multiple presets and lanes
= Gather results in a single report

= Provide means for quick switch to debugging and additional
measurements

= Remove test fixture effects by using de-embedding

10 16-JUL-2013
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Add-In Card Test Fixture

= Compliance Base Board (CBB)
— Used for Testing Add-In cards
— All Tx / Rx Lanes are routed to SMP
— Compliance Mode Toggle Switch
— Low Jitter Clean Reference Clock
— Separate CBB for Gen 1/2/3

Compliance Base Board (CBB)

Add-In
Card

Data

CBB with Multiple Slots of different widths and toggle switch

11 16-JUL-2013
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System Test Fixtures

= Compliance Load Board (CLB)
— Used for testing System Boards
— All Tx / Rx Lanes and Ref Clk routed to SMP
— Compliance Mode Toggle Switch

— Various types of Edge Connectors to support
different types of Slots on System Boards

— Separate CLB’s for Gen1/2/3

Compliance Load Board (CLB)

Data with
toggle
switch

Ref Clk

System Board / Mother Board with Multiple Slots
12 16-JUL-2013 Tektronix@
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TekExpress Automation for Tx Compliance - Setup

.- TekExpress PCI Express - (Untitled)*

DUTID  DUTOD! (#  siothumber 01 Run Analysis on Live or

» Acquire live waveforms Use pre-recorded waveform files Pre-Recorded Data

Sigtestode Compiance | ¥

Versi Specificatio Device T .
e ! ybe Type of test / device
Gen3-30 [v)  [cEM|v] [adsncarg -
selection
Device Profile
Data Rates  Transmitter Equalization Link Analysis -
v/ 2.5Gbis  Setup Test selection
W 5Ghis |v]35dB | 6dB
Selected Presets for Signal Quality
'/ 8Gbis FO,FO1,FOZ,FO3,FO4,FOS FOS, FO7, FOS,FOS P10,
(For the Preset Tests go to Test Selection®)
Voltage Swing §8C Cross Talk
»  Full Swing » CrossTalk (Interleaved)
Reduced Swing Mon CrossTalk (Non Interleaved)
i — Automate DUT control
e
s
U al Vallta lio

Selected Test Lanes |Prompt me if Signal Check Fails | v |
LO,LO3,L07,L11L15

|7 Perform Pattern Decoding
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TekExpress Automation for Tx Compliance — Test

_,%TekExpress PCI n : v |

PCle : System-Board : Gen3 - 3.0 : CEM

/Deselect Select
Signal Test | Preset Test

@-{w] 2 5Gbps

w-{w] 5Gbps

=-[v] 8Gbps

-[or] Unit Interval

-{w] Mask Hits(All Bits)
Composit Eye Height
Transition Eye Diagram
~-[wr] Mon Transition Eye Diagram
~{w] Min Eye Width

Min Time Between Crossovers
- TI@E2

-[wr] Dj_dd

-w] RIRMS)

-[wr] Peak to Peak Jitter

Test Description

14 16-JUL-2013
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TekExpress Automation for Tx Compliance — Reports

15

16-JUL-2013

= Unit Interval

L4 Pass
4 Pass

125.0325
124.9625

Mask Hits(All Bits) Mask Hits

Composit Eye
Height
Transition Eye
Diagram
Transition Eye
Diagram
Transition Eye
Diagram
Transition Eye
Diagram
Transition Eye
Diagram

- Transition Eye

Diagram

Hon Transition Eye
(+] Diagram

Composit Eye
Height

Min Transition
Eye Height
Min Transition
Voltage

Max
Transition

Min Transition
Top Margin
Min Transition
Bottom Margin
Transition Eye
Mask Hits

Min Non
Transition Eye
Height

8Gbps POT

8Gbps POT

8Gbps POT

8Gbps POT

8Gbps POT

8Gbps POT

8Gbps PO7

8Gbps POT

8Gbps POT

L Pass
k4 Pass
Informative
L4 Pass
L Pass
L Pass

L4 Pass

L4 Pass

Informative

0.0000 hits

105.7688 mV

107.2269 mV

-0.1264 mV

0.1289 mV

0.0259 mV

-0.0314 mV

0.0000 hits

112.3181 mV

-0.1274 mV

H: 0.0000
hits

L. 71.7689
mv

H.A

L: 599.8736
mv

H: 599.8711
mv

L: 0.0259
mv

H: 0.0314
mv

H: 0.0000
hits
MN.A

L: 599.8726
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PCle Gen3 Rx Solutions
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Essentials of Rx Testing

= PCle 3.0 introduced formal Rx testing

= Based on stress testing of the DUT in loopback
— Looped back signal must be the same as stressed signal

= DUT must support loopback initialization and training
= [mpairments in stress must be controlled and repeatable

= DUT must receive stressed signals without errors (errors below
specified ratio 10-1?)

17 16-JUL-2013 Tektronix@
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I Testing Challenges in Rx

= Rx: Support of loopback
\ Loopback initialization
v Proper training conditions
\ Correct stress and signal impairment levels

= How to achieve required confidence level and beyond?
v Length of test (RX)

18 16-JUL-2013 Tektronix@
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Basic Recelver Testing

At the simplest level, receiver
testing is composed of:

1. Send impaired signal to the
receiver under test

2. The receiver decides whether
the incoming bits are a one or
a zero

1.

Pattern Generator

with Stress 3. The chip loops back the bit

stream to the transmitter

Error Counter 5 4. The transmitter sends out

exactly the bits it received

5. An error counter compares the
bits to the expected signal and
looks for mistakes (errors)

19 16-JUL-2013 Tektron/ix@



Stress Composition

PCl Express 3.0 uses a long circuit
board channel that closes the
eye, and two forms of vertical
eye closure (‘Interference’).

Tx Eq ————

SG PRBS | , Cal. Replica Test J
Combiner
_>L ' Channe Chann Equipmen
Post-
processing
Source Source

‘ D|ff cm 4
Interferenc Interference} o

€
Ayve Height =

Adjust

20 16-JUL-2013 Tektronix@
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Components of a PCle3 Receiver Test Solution

21

BERTScope C Model
— PG, stressed eye sources, ED

New! DPP125C Option ECM

— Eye opener, Clock doubler/Multiplier
New! BSAITS125

— CM/DM interference

— ISl for Gen2 & Gen3

— Option EXP for variable 1Sl

New! CR125A Opt PCIESG

— PLL analysis for Genl1/2/3
New! BSAPCI3 SW

— Auto calibration, Link training, and test
Cables, adapters, compliance boards

DSA/DPO/MSO70K Series Oscilloscope
— Stressed Eye Calibration

16-JUL-2013
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Typical PCle3 Rx Test Configuration

22

16-JUL-2013

Clk Mult

e

Eye Open

Power
Supply

DPP FIR

USB Controller

1

- S
e

Interference
Insertion

USB Contr/ |

Power Supply
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I Automatic Calibration

23

Due to complex test setup and variations in DUTs and test
equipment just dialing up the settings on the signal source
IS not sufficient

Stress must be measured and adjusted

Automatic calibration is used to achieve the right amount
of stress

Margin testing complements the compliance testing
— Help understand your device’s margins.
— How much additional stress does it tolerate?

16-JUL-2013
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I Stressed Eye Calibration Setup

e
i PCle 3.0 Receiver Testing, 0.54 S | B~ 2
“ ,,,,,,,,,,,,,,,,, a 'Ej EYE Calibration | = ” = ” S I B
10 5 pref ~ E =
) | reeremoes Cabling Diagram
a Start Connect G6n 3 CBB (Rsee) —o| <

AXLamD | "--:_?_p
e Help Jl ” 3% ’ |II
| |
Calibrations T' ‘L Gen3CLE | l|‘
' ‘7‘ Sl Cormteser ; ) - u -‘
&/ oee I et S o
] . {— | | 10w |Reay)
L ":‘ Gae 3 CEB (Mean) /
JAmpﬁtudes 4 \\ o
.\/_/
J Stressed Eye L o|
S Out (Reer)
/" ToRT Scopa for Calbration
Execute Tests
’ Preset Test
’ BER Test
View Test Results
|| BERTest | <Back || Next> || concel |
| NoBsC NoDPP ||  NoCR |  NoScope || NoSigtest |
24 16-JUL-2013 Tektmn}xq




I Navigate Presets in Rx Testing

25

BER Test

SR R ——
Configure BER Sweep
- . = Chick indiwmdual cells or
Fs 4= Boost Limit 10,0 = dB rovweolumn headers to sel
Msetect [Jeo [Jer [Jez [Jez [les [Oles [Olee  [Oer [Oee
PS5 DE C+1
Boost| 0/24 1/24 224 3f24 4/24 5/24 6/24 7/24 8/24
0.0 o0n0fo.0 -0a|o0  -16[0.0  -25[0.0 -35[0.0 47|00 -6.0[0.0 -7.6({0.0 -85
0/24
P4 0.0 0.8|P3  16|P3  25|P1  35|P2 47|P0 6.0 7.6 9.5
0.8 o0.0f08 -08[08 17|10 -28[12 -39[13 -53[16 68|19 -a.8 l
1/24
0.8 1.6 2.5 3.5 47 6.0 7.6 9.5
16 00|17 -09|1s -19{22 -3.1(25 44 35 8.0
2/24
P5 16 2.5 3.5 47 9.5
35 0028 -10f31 22
c-1|3/24
PE 25 3.5 47
39 -12[44 -25
424
4.7 6.0
47 0.0[53 -13[60 -238{70 49
5/24
47 6.0 7.6 9.5
60 00|68 -L6[80 -35
§/24
6.0 7.6 9.5
< Back ” Mext = ] [ Cancel

16-JUL-2013
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I RXx Testing Summary

26

Certainly the most complex type of testing
— Due to complexity of equipment and procedures

Extensive correlation studies in PCI-SIG have helped to

streamline solutions
— Similar stress signals
— Guided calibration and test execution
— Good correlation on the latest workshop

Successful Rx compliance and margin test gives you the
confidence that the device passes on the workshop

16-JUL-2013 TEktl'ﬂ nix
s



Beyond Compliance: BERTScope Analysis Tools

= Besides being a BERT, the BERTScope’s “Scope” functionality brings
benefits that complement those of the Tektronix scopes

= Analysis tools are full featured and easy to use

DETICTOR RESIK TS
17,531,077,248
0

0.00€ +00
o

00:00:02
1,75E+ 10, 00:00:02

Eye
Diagram

Jitter
Tolerance

pd :- = ..;; ‘m B (B e e, Lﬁ‘ 8\:’/ s
AR 7w o

Jitter
Decomposition

. e i
Correlation =

27 16-JUL-2013

Frees up the scope for other
tasks

Eye diagram for quick
diagnosis of synchronization
and BER failure issues

Debug challenging signal
integrity problems

= Error Location Analysis
= Pattern Capture

= Jitter Map

= BER Contour

Tektronix-
/



PCle Gen4 Update
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I Gen4 Update

Key attributes/requirements of PCle 4.0
o 16 GT/s, using scrambling, same as 8 GT/s, no encoding change
o Maintains compatibility w/ PCle installed base
o Connector enhanced electrically (no mechanical changes)

O

Limited channel: ~12”, 1 connector; repeater for longer reach

Uniform measurement methodology applied across all
data rates

New ‘SRIS’ independent RefClk modes
o SRIS — Separate RefClk Independent SSC Architecture

Rev 0.3 Base spec just introduced in PCI-SIG (June 2013)
o Rev 0.9 no earlier than 1H/2015
o Rev 1.0 no earlier than 2H/2015

29 16-JUL-2013 Tektronixw
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Latest Gen4 Update @ PCle DevCon
on Tue/Wed, June 25-26

Gen4 Update

PCi

™ Transmitter Jitter Spec

-
PCI>

= Tx Jitter — Analysis solution
. . * PCled.0 jitt t PCle3.0
avallable tOday Wlth PCE3 e uses same Jitter paramelers as e

‘/T—D(-UP‘J"-LTJJ TTX—UP‘;'J—DJDD: TTX—DDJ: TTX—UTJ and TTX—UDJDD
¥ Jitter will need to scale approximately with bitrate

] TX EQ —_ CEM and Embedded W|I| v De-embedding approach will likely remain the same

* PCle 1.x and PCle 2.x jitter parameters will be

have limited Change. Base m|ght recast into the same form as the PCle 3.0
. . . parameters
require Sampling solution.

v Backward compatibility will be guaranteed
¥ 5ome PCle 1.2 x parameters will be effectively

= Rx— Similar approach at 16Gb/s. tightened

v Example: PCle 2 x Tynpuze parameter will be
converted into T ypwrs and Trcupwoioo

= ¥ PCIZ=>
F_l_:l_L_ PCI> m__-‘h_ﬂ . . . EXPRESS
= PCle 4.0 Rx Specification Transmitter Equalization
= Will continue to rely upon a stressed eye * Max PCle 4.0 channel IL remains approx the
approach where both EH and EW are stressed same s for PCle 3.0
v Calibration channels IL will need to be reduced to * Plan is to retain same equalization presets
yield ~24 dB at 8 GHz v Training will require that only a subset of the presets
v Behavioral package model needs to comprehend be used (P7 and P8)
reduced Cpyp or include T-coil models » Equalization coefficientrange and resolution
/Fehaviflral [t}ZE model to have increased number of also are intended to remain unchanged
aps, at leas .
-/Mgré capable CTLE model » EIEOS signaling will likely change such that no

TxEQ is applied during the EIEQOS interval

PCHEK « [ 2 POISK
FCRENE Dapsiooers Corfarersa CooyTight & 2042 PCHEIE, MllRpHS R 5 CHSIG Davslopers Corfenerns Copyright & 2012, PCRSIG, Al RS Resanen 1

30 16-JUL-2013
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PCle 3.0 Protocol Solutions

Supplemental
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Testing Challenges with PCI Express 3.0

PCle Device A

Device Core

v

PCle Core
HW/SW
Interface

v t

Transaction Layer

v t

Data Link Layer

v t

Physical Layer

Tx Rx[

PCle Device B

Device Core

¢

PCle Core
HW/SW
Interface

v t

Transaction Layer

v t

Data Link Layer

v t

Physical Layer

_JTX Rx

32 16-JUL-2013

Oscilloscope

TR

|§ A[:

0-0=0-0-0-0-0 m:m

BERTScope
RX
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PCI Express Protocol Test Solution
Software

Modules
Module setup & trigger = 85 25GTs
T = PCle decoders = x8&x4
w5 rEre] W Data windows: " 8 State Triggering
F—— — Summary Profile
| — Transaction with BEV = 8 GB memory
Flow control — 16 GB for x16
~ Listing = OpenEYE
— Waveform
= FastSYNC
= X8 & x4 midbus = 2 module portable
= x16, x8, x4, x1 slot .malnframe1W|fh
interposers with Lane integrated 15
Converters display & PC
0 controller
=  Solder-down probe
P = 6 module benchtop
= Gen2 probes for x8 & x4 with GbE controller
midbus footprints rated (requires PC)
to 5 GTs
= All probes rated to 8 GTs Hetartan
: = 6 probe cables BE =
33 16-JUL-2013 =  ScopePHY

Single GUI & frame
for system level

debug of multi-buses

Tektronix:



SAS PHY Test Solutions

Tektron/ix**



Storage Timelines and Solutions Development

2008 2009 2010 2011 2012 2013 2014
Public 8G (Spec 3.2) SATA-Express
Spec 6G 6G Deployment Phase Deployment Phase
Release
Draf | T e i—
>pec O c ial Gen3
i 1 ommercila en -
6[G Integration Pha}se product 8G SATA-Express Integration Phase
ore | |
Gen 3- Silicon Phase  p..guet deployment.
IW#9/PF#14  IW#10/PF#15
' | Development Taipei 11/16  Milpitas CA IW#11/PF#16  IW#14/PF#19
SATA 10 Unified 05/16 Taipe 03/23  Talpe 03/63
Test Definition <> <> ‘ IW#13/PF#18 ‘ ‘
1.4 Milpitas CA 10/14
First official SATA 3.2 First
testing of Gen3 Interop SATA-

products in June Express

Public 0 SAS3 first Spec 1oL sAS (12)
spec  “6C Deployment Phase Draft Tnterop

Draft Rel@ase | >
Spec <>

6G Integration Phase Commercial

|
Int‘gration Phase

12G Deployment

[ ] product Phase
Qen 2- Silicon Phase  scsi Trade  °Plovment-Gen 3 (12Gby/Sec)
[ | Association GenZ | —
Plugfest (UNH IOL) - Silicon Phase

STA test
specification of

SAS released. -
Tektron}x -



12G+ Design Problem:
1000mV, FFE, Crosstalk, DFE, 50mV

Crdosstalk and signal loss problems are the largest design challenge
today.

Significant advances in high tap count Decision Feedback Equalization
are key to operating at 12G+.

Core vias C4 vias Tx High-speed links Rx Organic (8-4-8)
P(:B s‘ubless/ e L CTCT ST (I5~60 ('m) llllll / packnge

stub vias Megtron6 /
} Nelco4000-13

Power

supply CLK| (24 layers, 4.7 mm)

PC

LPT2

Module model Module model
[ I I ] [ I I )
Via model Yia model
with crosstalk with crosstalk

Ti?-kll‘ﬁllj)(‘



SAS 12G Rx Equipment

Crosstalk

—

4]
i

=3

L

ST
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DATA
T-MHz

RXx Results (BERTScope)
=  Automated Scan from 10 Hz to 100 MHz

= SAS-3 (6/12 Gb/s) spec requires 97, 240 kHz &
2.06, 3.6 and 15 MHz

Chart |

Jitter Tolerance Search

Templ.
 Files

. _Print

1,000%
A ORER Fail &No Sync 4CLK Err @#DAT Err @Pass
A
®
100% A
Ampl: 10,0 UL
IUHZ - lGHZ 53 (UI%)
10% -
A
A
LFRI Disanle 1:00% '
r5SC Disabled 1.00 10.00 100.00
o - S1 (MHz)
dnreartRence | | << >p o>
BER Thresh: 1.00E-09 Status: Ready Elapsed Time: 00:22:26

Lirnit: 50.00% Confidence Precision: 2.00%
Algorithrm: From Bottom Baseline 5] Amplitude: 0.0%

Relax Time:! 1 sec / O sec
Config: None:

© o AN

10
12
14
16
18
20
22

LY

0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1

n

r - -

»—
© Gen: User 6,000.03 Mbitfs Det: User 6,000.03 Mbit/s | BER: 0.00E+00 I !

4.52

21
1.42
1.04

0.9
0.74
0.64
0.56
0.54
0.52
0.48
0.42
0.46
0.46
0.46
0.46
0.42
0.42
0.44
0.44
0.44
0.46
0.44
0.46
0.46
0.46
0.48
0.48
0.46
0.48
0.46
0.44
0.42
0.42
0.42
0.46
0.46
0.48
0.46
0.48
0.48
0.48

05
0.52
0.52
0.52
0.54
0.52

0.54

6E+08
6E+08
6E+08
6E+08
6E+08
6E+08
6E+08
6E+08
6E+08
6E+08
6E+08
6E+08
6E+08
6E+08
6E+08
6E+08
6E+08
6E+08
6E+08
6E+08
6E+08
6E+08
6E+08
6E+08
6E+08
6E+08
6E+08
6E+08
6E+08
6E+08
6E+08
6E+08
6E+08
6E+08
6E+08
6E+08
6E+08
6E+08
6E+08
6E+08
6E+08
6E+08
6E+08
6E+08
6E+08
6E+08
6E+08
6E+08

6E+08
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BER Status ThreshvX  DelayPS
0.00E+00 PASSED 0 267.531
0.00E+00 PASSED 0 266.451
0.00E+00 PASSED 0 266.451
0.00E+00 PASSED -2 266.451
0.00E+00 PASSED 0 266.451
0.00E+00 PASSED 0 266.451
0.00E+00 PASSED -2 266.451
0.00E+00 PASSED 0 266.451
0.00E+00 PASSED 1 266.451
0.00E+00 PASSED 0 266.451
0.00E+00 PASSED 0 266.451
0.00E+00 PASSED 0 266.451
0.00E+00 PASSED 0 267.531
0.00E+00 PASSED 0 266.451
0.00E+00 PASSED 0 266.451
0.00E+00 PASSED 0 266.451
0.00E+00 PASSED 0 266.451
0.00E+00 PASSED 0 266.451
0.00E+00 PASSED 0 266.451
0.00E+00 PASSED 0 266.451
0.00E+00 PASSED 0 266.451
0.00E+00 PASSED 0 266.451
0.00E+00 PASSED 0 266.451
0.00E+00 PASSED 0 267.531
0.00E+00 PASSED 0 266.451
0.00E+00 PASSED -2 267.531
0.00E+00 PASSED 1 267.531
0.00E+00 PASSED 0 266.451
0.00E+00 PASSED -2 267.531
0.00E+00 PASSED 0 266.451
0.00E+00 PASSED 0 266.451
0.00E+00 PASSED -1 267.531
0.00E+00 PASSED -3 267.531
0.00E+00 PASSED 0 266.451
0.00E+00 PASSED 0 266.451
0.00E+00 PASSED 0 266.451
0.00E+00 PASSED -2 267.531
0.00E+00 PASSED 0 266.451
0.00E+00 PASSED -1 267.531
0.00E+00 PASSED 0 266.451
0.00E+00 PASSED -2 267.531
0.00E+00 PASSED 0 266.451
0.00E+00 PASSED 0 266.451
0.00E+00 PASSED -2 267.531
0.00E+00 PASSED 0 266.451
0.00E+00 PASSED -1 267.531
0.00E+00 PASSED 0 267.531
0.00E+00 PASSED 0 266.451

LIMIT
0.00E+00 REACHED 0 266.451



Need for Precise ISI generation

= Device margin testing against variable magnitude sinusoidal test
vectors has been foundation of receiver characterization.
fo= Toaua / 1 667

. I l
; D | . | ‘
Applied SJ frequency (in Hz)

= Current PHY designs use sophisticated CTLE and/or DFE
architectures, where tolerance and margining against DDJ is more
important than SJ.

Peak-to-peak & log/log plot
applied SJ (legllog plet
{in UI)

1.5

1.0

h

0.1

0

=
|

Tmin = Toaue / 25 000 P T
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SATA PHY Test Solutions
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SATA UTD 1.4.2 Test Requirements

Phy Transmit Signal Requirements

S| General Requirements

TSG-01 : Differential Output Voltage

TSG-02 : Rise/Fall Time revised
TSG-03 : Differential Skew

TSG-04 : AC Common Mode Voltage revised
TSG-05 : Rise/Fall Imbalance

TSG-06 : Amplitude Imbalance obsolete

TSG-07 : Genl (1.5Gb/s) TJ at Connector, Clock to Data, fBAUD/10

TSG-08: Genl (1.5Gb/s) DJ at Connector, Clock to Data, fBAUD/10

TSG-09 : Genl (1.5Gb/s) TJ at Connector, Clock to Data, fBAUD/500
TSG-10: Genl (1.5Gb/s) DJ at Connector, Clock to Data, fBAUD/500
TSG-11: Gen2 (3Gb/s) TJ at Connector, Clock to Data, fBAUD/500
TSG-12 : Gen2 (3Gb/s) DJ at Connector, Clock to Data, fBAUD/500
TSG-13: Gen3 (6Gb/s) Transmit Jitter wwo CIC ~ revised

TSG-14 : Gen3 (6Gb/s)TX Maximum Differential Voltage Amplitude

TSG-15 : Gen3 (6Gb/s) TX Minimum Differfeiiial \&{lidge &napditlide
TSG-16 : Gen3 (6Gb/s) Tx AC Common Mode Voltage revised

SI-1:8 : Cable Characterization
SI-09 : Inter-Symbol Interference

Phy General Requirements

PHY-01 : Unit Interval

PHY-02 : Frequency Long Term Stability

PHY-03 : Spread-Spectrum Modulation Frequency
PHY-04 : Spread-Spectrum Modulation Deviation

Phy OOB Requirements

OOB-01 : OOB Signal Detection Threshold

OO0B-02 : Ul During OOB Signaling

OO0B-03 : COMINIT/RESET and COMWAKE Transmit Burst Length
OO0B-04 : COMINIT/RESET Transmit Gap Length

OO0B-05 : COMWAKE Transmit Gap Length

Phy Receiver/Transmitter Channel Reqs

RX/TX-01 : Pair Differential Impedance
RX/TX-02 : Single-Ended Impedanc&'(ObsoIete)

Phy Receive Sighal Requirement

RX/TX-03 : Gen2 (3Gb/s) Differ@l Mode Return Loss

RSG-01 : Genl (1.5Gh/s) Receiver Jitter Tolerance Test (Normative)
RSG-02 : Gen2 (3Gh/s) Receiver Jitter Tolerance Test (Normative)
RSG-03 : Gen3 (6Gh/s) Receiver Jitté¢r COBOCETHEES1 Revised
RSG-05 : Genl Asynchronous Receiver Stress Test at +350ppm
RSG-06 : Genl Asynchronous Receiver Stress Test With SSC

RX/TX-04 : Gen2 (3Gb/s) C on Mode Return Loss
RX/TX-05 : Gen2 (3Gb/s) edance Balance

RX/TX-06 : Genl (1.§ Differential Mode Return Loss
RX/TX-07 : Gen3 (6 ) Differential Mode Return Loss
RX/TX-08 : Gen3 (6Gb/s) Impedance Balance

SATA Measurement Legends: Summary:

TSGO05/06 have been classified as EMI related

No change from previous UTD 1.3 spec version and moved to an obsolete status. TSG15 will use an eye

Revised methodology from UTD1.3 to UTD 1.4
New test definitions in UTD 1.4

height methodology and will have different limits depending

Obsolete on the DUT being a Host or Device

Tektronix Technology Innovation Forum 2011
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KEITHLEY

Video

Control/Status

Cable

Sink

TMDS Channel O

TMDS Channel 1

ar

TMDS Channel 2

TMDS Clock Channel

A\ (L4

)

HDMI
Receiver

Wideo

Control/ Status

—Clock Jitter

Display |[Data Channel (DDC) l\ EDID
CEC Line M i
—Rise/Fall Time O
— Inter-pair Skew
—Clock Duty Cycle ppifferentia
—Eye Diagram y
-ended

—Voltage VL
— Intra-pair Skew

} Single

Tektronix’

A Tektronix Company



System recommendation for HDMI 2.0 for Source
measurement

KEITHLEY Tektronix-
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Rise time Needs

Table 4-24 Source AC Characteristics at TP1
Table 4-30 TPT Direct Attach AC Characleristics at 6Gbps

ltem Value
ltem Value

Rize time / fall ime (20%-80%) if attached Sink supports < 340MHz Rise time / fall ime (20%-80%)

__75peec £ Rise time / fall time

T5psec = Clock Rise time / Clock fall time

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

the System Rise time.
« 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

44
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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 .

« Is 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 sSlower than system rise time by 1.5 X times.

 How itis handled in HDMI 1.4b today???

— We recoammend 8Ghz scope and 13 Ghz probe, then system rise time is 38
psec which is close 2X faster than 75 psec
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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
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Source Testing 1.4b Vs 2.0

Eye Diagram test is changed

Rest of the tests is same

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

Min 8GHz scope to 16GHz scope

Fixtures and Probes
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Source Testing

« Most Source tests are likely to be same as HDMI 1.4b but for Eye
Diagram test.

« Source Eye Diagram test is measured at TP2_EQ.
 TP2is the signal after passing along a worst cable.

Oscilloscope

Source DUT Diff. Probe | -1 CRU :
112ps i Eve
/ Data Cable !Emulator Maodel Skew Etll.llh:lr | measurement
-

Signal Fixture [ Fixture
Generator | | TPA-R TPA-P

Termination . -

Termination

Al

Termination
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Source Eye Diagram Test

Include :
Reference Cable Emulator (s4p)
and Reference Cable Equalizer

00
oo
oo
oo
o

Clk +
Clk -

SMA Pair Cable

HDMI Source HDMI Plug Fixture
& | with EDID Emulator

KEITHLEY . AEU 2013 Sol 311-309 HDMI MHL Test Solutions Tektronix’
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TP2 Source Eye for HDMI 2.0 6G signal

Mask Hits1: Eye Diagram

f— T e ——

-600mY  Eye AlBt
Offset 0.00021195

IAs:6000:1180577, TofalS000: 1180577

oo | Mok Caartes &

-150ps ~100ps -S0ps Os SOps 100p=s 150ps

Single End Input eye rendered at Tek lab
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HDMI 2.0 Tx Compliance Software

. TekExpress HDM - (Untitled| ~ TekExpress HDM - (Untitled!

() our

(2 ) Test Selection Sritia)

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

HDM Physical Layer Solution : Source : CTS 2.0

CEED Geeatad

DUTID DUTOO1

Device \HDM Physical Layer Solution

Suite | Source

— B Acquisitions

- Acquire live

view [Gompi

n Preferences

Device Profile
1.4 TMDS Intra-Pair Skew
Termination 1.7 TMDS DataEyeDiagram
Source

VTerm (V)
Diff Probe
Attenuation (X)

SE Probe 55
Attenuation (X) =

[internal
33 TBit 0.0

[125 [v] v/ Recalc TBit

Number of Lanes to Test Test Description

[3Lanes || TMDS Rise Time and Fall Time measurement

Selected Test Lanes @

ClockDOD1

.~ TekExpress HDM - (Untitled) TekExpress HDM - (Test

Overall Test Result &3 Fail

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
1.2 TMDS Inter-Pair Skew

1.1 TMDS V Low
1.4 TMDS Intra-Pair Skew

4.7 TMDS NataEuaniaaram

Status Ready |

Acquisition

Acquire Status | Analysis Statuad

Sror Recorsengi for R Fa |70 be staries |

Short Record-length for Clock
Duty Cycle

Short Record-length for Clock
Jitter

Short Record-length for VLow

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
Skew

Short Record-length for VLow

Short Record-length for Intra-Pair
Skews
Shart Dacacd lanath for Dats Exa.

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

KEITHLEY

A Tektronix Compan

Test Name

& 1.2 TMDS TRise
TFall

4 1.2 TMDS TRise
TFall

5 1.5TMDS
ClockDutyCycle

4 1.5 TMDS
ClockDutyCycle

4 1.6 TMDS Clock
Jitter

5 1.6 TMDS Clock

Jitter
(& 11 TMDS V Low

@ 1.1 TMDS V Low

1.4 TMDS
(&) Intra-Pair Skew

DO

+, 1.2 TMDS TRise
“ TFan
(#) 1.2 TMDS TRise
@ 1.1 TMDS V Low

Details

Clock Rise
ime
Clock Fall
Time
Maximum
Duty Cycle
Minimum
Duty Cycle
TMDS
Clock Jitter
TMDS
VSwing
TMDS
VLow for
TMDS
VLow for
TMDS
Intra-Pair
Skew for
Clock

DO Rise
Time

DO Fall
TMDS
VLow for

TBIt

» B e

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

168.3498
ps
168.3498
168.3498
ps

Status Ready

Value Units Pass/Fail

38.7089 ps & Fail
38.1015 ps © Fail

50:01 s Pass

2999 s Pass

40.1239 @ Pass

64.7812 © Fail

3.2822 © Fail

3.1738 & Fail
9.7096
Pass

60.6379 ps

58.5778 ps
3.4720 v

Margin

| [ [ |

-36.2911

-36.8985

-9.99

9.99

-1.9635

-335.22 &
1135.22

0.9822 &
-0.1822

0.8738 &
-0.0738

-15.5429

18.1379

16.0778

0.8720 &
-0.2720




Sink Tests
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Requirement for Signal generation

Cable Emulation and Skew by Hardware

Signal Hardware Cable 25 H Fixture K DUT
Generator Emurator % TPA-P ] Sink DU
H TTZps H
Equalizer | Calibration
qualiza Eye Diargam
Hardware Skew and Software Cable Emulation
HOz= ] Fi
Sienl Qonrator| 7% 020 FEESH s 1] | ik pur
HTTZps K
E lizer | Calibration
quahize Eye Diargam
53
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Likely 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
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Sink Test

Tektronix AFG3000 _ _
- Tek I
(Synchronize two AWGS) ektronix Oscilloscope

T DPO/DSA/MSO70000 Series

=

|. = — (Synchronize two AWGs
Tektronix AWG70002A HDM — e e -

= N

©
—

(= R e e e ]

Q
'C\,-Dc. [ Y e e}
= , 888
Cg 588
== =22Eo
oo o%o"

a D

Include
Reference Cable Emulator (s2p)

I

112ps Delay Line YA Palr Caie EE Dj‘

s | (Emulate Cable Skew) HDMI Plug Fixture

HDMI Sink

KEITHLEY g "7 AEU 2013 Sol 311-309 HDMI MHL Test Solutions
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 same

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

Need AWG70K series for HDMI 2.0 as against AWGT7K.

Min 8GHz scope to 16GHz scope

Fixtures and Probes
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MHL Ecosystem and Tektronix Solution

Source Devices Cable Assemblies Sink Devices Source: MHL.org
i B s ]|
: . TN o i
D EEEEEEE Receptacle - - L--Plug------- - Plig--- - L -Reeeptaele------------1

. TVs, Monitors, .
Mobile Devices, STBs S, Monitors

57 Electrical and Protocol Electrical aned Protoceol
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Tektronix MHL Transmitter
Solution

KEITHLEY * AEU 2013 Sol 311-309 HDMI MHL Test Solutions Tektronix’
A Tektronix Company



Tektronix MHL 2.1 Solution

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

CTS1x 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

= New Python sequencing —faster.speed

= No Excel dependency.
No chanesmtest ear fo MHL 2.1 onl

KEITHLEY e T Tektronix:
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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 80OE03/80E04 and I-Connect Software for MHL
cable testing ( performed manually using MOISs)

Please contact local Tektronix account managers for further details.
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Tektronix MHL 2.1 Tx Solution with
Direct Attach test support

- TekExpress MHL - (Untitled)*

'1 DuUT DUTID DUTOO

£ )

Test Selecti Device |MHL Physical Layer Solution | v |
on

Suite | MHL Transmitter | ¥ | Version CTS 1.3/2.1 | ¥ |

Acquisitions o )
B = | Acquire live waveforms Use pre-recorded waveform files

n Preferences View |Compliance |T |

Device Profile

Pixel Mode

Termination Source
Both | v |

|« Direct Attach Internal | v |

24 Bits VTerm

Low Drata Rate (Gbps) 0.75 Min V) 3.135
High Data Rate (Gbps) 2.22 Max (V) 3.465

Compensation Factor
Packed Pixel MHL+ 1.2
High Data Rate (Gbps) 5 MHL- 1.2

Signal Threshold
Min{mvy 250

MBS AEU%lS Sol 311-309 HDMI MHL Testing Solution ~ Lextromix




Tektronix MHL Tx Setup

MSO/DPQ/DSAT0000 Series Digital Oscilloscope

Opfional external

power supply

Power supplied || Pr313SMA .

internally fom | \ g@%

MSO/DPODSA 2
DigalOscilscopes Ao

| // sink board
‘]./ MHLN
y b 4
# H
MHLP - TF-MHL-TPAP-WOSO
MHL fixture
Source MHL Plug
DUT

MHL Differential and CM Test Setup
6 tests

MSO/DPQ/DSA70000 Series Digital Oscilloscope

on g

0

Optional external
power supply
Power supplied =~

intemally fom | o o=

MSO/DPO/DSA
TF-MHL-TPA-P-WOSO

Digital Oscilloscopes @ ’ Z ToCBUS
d ~ sinkbo\ard
Source fixture
DuT MHL Plug
bytar 00t

Single Ended and Intra Pair Skew Test Setup
6Tests

TF-MHL-TPA-TT fixture

2 =

\

VBUS

Ve
A

]

A

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
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MHL 2.1 Compliance Software for Automated
Tx Tests: Option MHD

. TekExpress MHL - (Untitled)

- # DUT MHL Physical Layer Solution : MHL Transmitter : CTS 1.3/2.1
Qo) (setectan)

| Test Selection

=-{~] MHL Clock ol
2.1.1.1 Standby Cutput Voltage-VOFF

B Acquisitions Ml 2.1.1.5 Common-mode Cutput Swing Voltage-V_CMSWING (Lo
3117 Commaon-mode Rise and Fall Times-TR_CM, TF_CM (H
n Preferences 2.1.1.10 MHL Clock Duty Cycle in Mormal Mode (High)

3.1.1.14 MHL Clock Duty Cycle in PackedPixel Mode (High)
2.1.1.17 TPZ Clock Jitter in Mormal Mode (Low, High)

31119 TP2 Clock Jitter in PackedPixel Mode (High)

=-[~] MHL Data

2.1.1.2 Single-ended High Level Voltage-VSE_HIGH (Low)
3.1.1.3 Single-ended Low Level Voltages-VSE_LOW (Low)
3.1.1.4 Differential Cutput Swing Voltage-VDF_SWIMNG (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)

.lox]l 211 20 TP? Fva Nianram in ParkedPival Mnoda iHinhy
4 | m |

Test Description

This test confirms that common-mode output
voltage swing amplitude is within the specified
limitz when the source device operates in normal
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MHL 2.1 tests- Detailed information on Protocol tests(no

Changes)

 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

64
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Tektronix MHL Protocol Analyzer:
Seamless PHY and Link Layer Testing

7 p Protocol Ana olution - Beta (All features are not completely implemented and tested 0
90 TEK-PGY MHL Protocol Analysis
L ER
Frame B Eves es a
HOUCKYIL iy Test Name Result A
8 5 5 b
Pixel Event Description )
0 FAIL: ACR - Ko ACR Packet found.
38748 [FAIL: Video Quantization Error - Dat:
Data 0 [TRNICER) 38749 |FAIL: Video Quantization Error - Dats
38749 |FAIL: Video Quantization Error - Dat:
ENG111C2B 1 38750 |FAIL: Video Quantization Error - Dati,
< 2|
Data2 [TCE) DataPa e
Line Pixel Message Type
010100-0010101011
RGB v 2
e < i >
| " o :
000 11001100110111/001 0001100110101 7100110117 Y0 = Ox0 P
(2 )-720x480p @ 60 Hz v - =
Analy: : 82 02 0D &
Not Specified v SBO : 1A 00 00 02 00 18 01 54 &
Dispayvabes i =0 8
Type D0 Data D1 Data D2 Data
Video Gu... %hZCC h133 h2cC
h133 n2cC
ted) - [Bus Viewer] [EEE] hiF0 RIFO
il 2ctive V... h10F 107

Data Intand Datn Guinrd Band Control Period Duta unknown
[ Active Video Video Guard Band S Control Period Video

i HOMISCre

- ®
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MIPI Standards Overview

Example Mobile Device Block Diagram
MIPI Specific Standards

. ) Display DSI
[ Display Unit }D—SJ»[ Driver IC }7

Air Interfaces
(ex. WiMax)
CMOS CSIl| camera 777 R
Image Senor Driver IC
Camera o |
CSI DigRF| RR IC
———P (WCDMA, GSM,
p ’ . TX/Rx ! WLAN, FM, Bluetooth, RF Interface
: Processo : GPS, [MobileTV, etc) | NOT
Loudspeaker 4—‘ i effected by
- J
. I _SLIMbus —_01 (j__> \ ) MIPI Std.
Ear Piece < Cflg %
| » O <S
( . ) LIMbus
FM Radio <
\
(. h \ ) Memory Interfaces
Microphone ¢ (ex. Mobile DDR, o
A g Mobile SDRAM, Flash, Definitions
tc) v CSI = Camera Serial Interface
DSI = Display Serial Interface
Memory Memory SLIMbus = Serial Low-power Inter-chip
Media Bus
(Internal) (SD Card) @

INSI g ht ‘ Oscilloscope Fundamentals - © 2011 Tektronix 3/11 Tektronix Confidential TEktroll/IX‘



Tek Tools are listed on MIPI Alliance Webpage and

CTS

Tekironix Adds One-hutton Conformance Test to MIPI D-PHY Solutions

CcCf ® www. mipi.org/news-events/member-press-releases

v d

July 29, 2010

JEDEC and MIPI*® Announce Plans to Collaborate on Universal Storage Solution Specification Decemher 15, 2008

MIPI Alliance, Inc. does not endorse companies or their products. No liahility can be accepted by MIPI Alliance, Inc., its directors ¢
employees or any loss occasioned to any person or entity acting or failing to act as a result of anything contained in or omitted fr

the content of this material.

Copyright 2010 MIPI Alliance, Inc. All rights reserved.
Contact Us | Privacy Policy | Administrative Login

.
. .

. .
- . MIPT Alliance

I I “ PI Testing Program

mobile § industry

processor interface Version 1.00

Sll—:tnﬁt 010

AIIPI Alliance Testing Program

User’s AManual, Method of Implementation (MOT), and
Tutorial Documentation for

D-PHY Physical Laver Transmitter Conformance Tests,
Using Agilent, LeCrov, and Tektronix Real-Time DS0s, and
DPHYGUI TX Conformance Software (v20100830)
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Tek MIPI setup used by UNH-IOL

X A  © www.iol.unh.edu/services/testing/mipifequipment.php v ¥

Through a collaborative agreement with Tektronix, the UNH-IOL is
using the Tektronix DSA72004B 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 mare information on the Tektronix DSA72004B please visit
- http:/fwww tek. com

The Moving Pixel Company P331 MIPI D-PHY Probe is used to
' implement many protocol layer tests for both CSI-2 and DSI for up
to 4 lanes.

For more information on the P331 MIPI D-PHY Provbe, visit
http: /A movingpixel comdmain. pl?products. html

Waiting For www.iol.unh.edu... | i

UNH-IOL (University of New Hampshire) is a 3" party test house for MIPI testing
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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 — 1.5 Gbps, Typically at ~500 Mbps.
— Low Power mode: Up to 10 Mbps

= Bus termination
— 50 ohms in HS

— Hi-ZinLP

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

Max LP-RX High

Minimum LP-RX Low threshold

HS diff. swing (e_.g. 200mV)
OOV HS common level
A f (e.g. 200mV)

0 Volt - Reference ground
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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

— Based on D-PHY Base Spec v1.0 and UNH’s Conformance Test Suite v0.98.
— Runs on 7K/C and 70K/B/C scopes

n O pt ] T E K EX P |S P re- R e q u |S |te # TekExpress D-PHY Automated Solution (Untitled)

File  View Tools  Help

puTID [DUTO0! B Stop
L s
= Differentiation
Device Clock Lane Probing Version
. D-PHY CSI-2 o @ Single Ended O Differential CTS 0.98 (Base Spec 1.0) v
— Un-parallel Automation
&) Mormal Nomal -

© Continuous

— Using Automatic cursor finding of Test Regions
J— 1 OO% WI d est Test COVe rag e D-PHY |:5|-2T|am|[[ cTS llﬁs[ahle] mmal Clock Mude,Nn:\mal :exﬂ:::e“ B &
- For Conformance teSti ng tO Latest CTS (VO- 98) 1.3.3DalaLaneH5 Entry: THS-PREPARE 1?\::5-ZEHDVaIue V o - :

1.2.4 Data Lare HS-TX Differential Valtages [VOD(0), VOD(1))
—_ Based on Latest Base Spec (Vl O) 1 36 Data Lane HS-TX Differential Voltage Mismatch [VOD)
—_— At . 1.6 Dats Lare HS-TX Singls-Ended Output High Voltages [VOHHS(DPY, ¥ Desslect Al
rMode Voliages (VCMTH(T), YOMT
rblode Vokage Mismatoh (VCMTI(T,
Between 50450
~

1.3.7 Data Lane HS-Ti Static Ce

— Fully-Automated Temperature Chamber testing | o

1.2.9 Data Lane HS-Tx Dynani

—1210n

bl e LG T P cmis Cemrncss | el 1 —visbicunn b o ARARAL-
< >

[ | Value prOpOSitlon B (e svemsssiuliy Tektronix'
— Custom-limits/ Limits-Editing on the fly

— Test Reports
— Pass/Fail Summary with Margin details &Zoom-in waveform captures

— Tek 3.5GHz scope is the minimal configuration for accurate testing
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USB 3.0 Physical Layer Testing

SUPERSPEED .

CERTIFIED

i ™
T™ & © 2008 USB-IF. All rights reserved.
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Devices Thumbdrives

~

Tektl‘on/ix

Goal: Any certified host works with any certified hub or device.



Interoperability Challenge

Short Channel

e 1”7 host PCB route

e 47 device PCB route
e Direct plug

Flash Uoyager

Long Channel

« 10” host PCB route
4”7 device PCB route
e 3m cable

SuperSpeed USB must accommodate a wide range of interconnect
channels (loss, crosstalk, reflections).

Tbkmron§x~



USB 3.0 Key Considerations

Receiver testing now required 6  Physical Layer

— Jitter tolerance

— SSC, Asynchronous Ref
Clocks can lead to
iInteroperability issues

Channel considerations

— Need to consider
transmission line effects

— Software channel emulation

Figure 6-1. Super Speed Block Diagram: Physical

for early designs

New Challenges -
— 12” Long HOSt Channe|s Host silicon Tx/Rx

Typical Channel topology Device silicon Tx/Rx

AL ) |

— Closed Eye at Rx () e == Vo,
— Equalization ~ < Y a Tl
— De-emphasis at Tx ~ ot — R .
— Continuous Time Linec |
Equalizer (CTLE) at Rx *
TeSt Strategy Source: USB 3.0 Rev 1.0 Specification

— Cost-effective tools

74 . ] IX°
— Flexible solutions Tektmn/lx



USB 3.0 Transmitter Measurement Overview

= Voltage and Timing

- Eye Height

- Pk to Pk Differential
Voltage

- RJ

— DJ

- TJ

- Slew Rate

= Low Frequency Periodic
Signaling (LFPS)
- Pk to Pk Differential

Vol tage eer—
m Test Point (setun)  ussvixomep  [jMan2
- Rise / Fall Time e g g e | S S
a USB SSC-MOD-RA... Math2
- AC Common Mode ‘ oo PR e e
B " Plots S’ MaskHits1 L Math2
- tburst
- tRepeat
- tPeriod

- Modulation Rate
- Deviation Tektron/ix



USB 3.0 Test Fixtures

= Two options for USB 3.0 Test Fixtures

— Tektronix supplied fixtures
— Enables SW channel emulation for TX and RX
testing
— Published electrical specifications
— Supports TX, RX, and Cable testing
— Auvailable from Tektronix

— USB-IF supplied fixtures and cables (shown
below)
— Used for compliance testing
— Enables SW channel emulation for TX only
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I NEW Debug and Analysis Tools

USB3 Decode with Hierarchal Bus display
Includes Digital, 8bl10b, PHY, LINK, and Transaction layers

Enables decode, search and trigger, available with option SR-USB

l (‘
J J
‘# \ ﬁ | ’
\ \ f [ \
‘\ M\* \

\
1\ !m\h ' ,‘ H
H [I H“! L \ U“ H“ “ ' HL

!
e —— . -
B DPP: 1024 bytes
HPHY DPP

DEB D9.1 D18.5 D9.7- D2.2+ DO D1
lophjofe wththththbh|0|0|1\1|1l0|10\1|0\ hb!1|1|1i1bb|1bb1b|0?10|1i1)0|0:4i|Lbb\1l1b11|0|1|0b111|0|1bl1bhbh bl1b\1l1b|110|0|0h|0|0|1|1b|1+0|011|1|1l1|0|0|0\1
| [baa 3 1 O e i |

’ T 33.0mV 4.0ns 1.77us -1.75ps

Tbkmrongx



Decode and Trigger Examples

USB3 Link Training

Digital i | re Math LA

TSI 0 W dle 1 Idle " Idle 1 ldle ¥ Idie ¥ ldie

Tdle 1~ Tdie ) Tdle " Tdie 1 Idie

TSEQ (2500)

(WA L) 0000000
N e e e e e e e e R RN RN RER RN

N -
&/\sbtob ||

T S ——— - @7 35.0mV 20.0ps [} B1BusUSB ‘ 2.0ps/div  50.0GS/s
@B 33.0mV 20.0ps |He» /oov 2.0ps/div 50, —_—

N o2 5 A AT 35.0mV 2.0ps Preview Sample
T 33.0mV 2.0ps -950ns 1.05ps Preview e —

0 acgs

0 acqs
Cons
Cons

Trigger - Bus

Trigger Type Bus Trigger On Num of Symbols
Bus M B1 ¥ | Pattern v 4 M

~geksl Bus Type
| __usB___|

Edit Characters
[ Mark All Trigger
Events in Record Ordered Set SKP SEP
Imim « Crascr sympols R0+
.m.u.u.ul @ Symbol 1 0
Disparity Symbols RD-

Eirer ¥ B0011111001]1100000110

Tbkmrongx



BERTScope USB 3.0 RX Test Configuration

Data Out USB Switch

creates the low-frequency
periodic signaling (LFPS)
required to initiate
Loopback-mode

Data In

DPP125B
De-emphasis
Processor

CR125A
Clock Recovery

BSA85C
BERTScope

Data
r

Subrate Clock
PG Trigge

Tektron/iw



AWG USB 3.0 RX/TX Test Configuration

Only test equipment setup with a common configuration for Receiver and
Transmitter Testing

All Signal Impairments including channel impairments generated by the AWG

No need for external error detectors
— Only Oscilloscope based bit or symbol error detection solution (Ellisys Protocol

Analyzers also supported)

BNC Cable

3 Meter
USB-IF
USB 3.0 Cable Device Fixture

\ Matched SMA Pairs

174-4944-01

Refoone Teu Cluwnet

1

] /

Spcissdisaaren .M
<

Tektron/ix@



Introduction to USB 3.0 SuperSpeedPlus
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Data Rate

Encoding

Target Channel

LTSSM

Reference Tx EQ
Reference Rx EQ

JTF Bandwidth

Eye Height (TP1)

TJ@BER

Backwards compatibility

Connector

USB 3.0 Comparison

SuperSpeed

5 Gb/s

8b/10b

3m + Host/Device channels (-17dB, 2.5
GHz)

LFPS, TSEQ, TS1, TS2
De—emphasis

CTLE

4.9 MHz

100 mV

132 ps (0.66 UI)

Y

Std A

SuperSpeedPlus

10 Gb/s

128b/132b

Im + board ref channels (-20dB, 5
GHz)

LFPSPlus, SCD, TSEQ, TS1, TS2,
3-tap (Preshoot/De—emphasis)
CTLE + 1-tap DFE

7.5 MHz

70 mV

71 ps (0.714 UID)

Y

Improved Std A with insertion detect

Tbklrongx



Transmitter Validation Example

 Measure Eye height and jitter at TP1

DPOJET

HE| Q8 Qx| o,

Overall Test Result:

Description

# TJ@BER1, Math2
(*) DJ-551, Math1

(+) Eye Height, Math2
(*) USB UI1, Math1

(#) USB VTx-Diff-PP, M...

(+) De-emphasis, Math1
#) Preshoot, Math1

u Mask Hlts1 Ma(hZ

bzl

w Pass

Pass/Fail
) Pass
) Pass
s Pass
s Pass
s Pass
) Pass
s Pass

) Pass

Mean
55.784ps
2.8399ps
78.470mV
100.00ps
823.92mVv
1.3244
1.3608

0.0000

L;Lﬁ[ﬂ':

Std Dev Max
0.0000s 55.784ps
0.0000s 2.8399ps
0.0000V 78.470mV
0.0000s 100.00ps
41.718mV 956.63mV
74.023m 1.5882
47.502m 1.5759

0.0000

m§ﬁ@@@

55.784ps
2.8399ps
78.470mV
100.00ps
708.63mV
907.24m
1.1950

0.0000

0.0000s
0.0000s
0.0000Vv
0.0000s
248.00mV
680.93m
380.90m

499887
44430
43907

989277

'Ibklrongxr



Recommended Transmitter Solution

« =20 GHz BW, 100 GS/sec preferred
- DSA72004C or higher recommended

e« >10M minimum record length allows capture of 1M UI at 100 GS/sec, no
interpolation. Increase memory depth if interpolation will be
enabled, or if >IMUI captures are desired.

 Option DJA Advanced DPOJET required, signal analysis

« Option SLA Advanced SDLA required, cycle through 7 CTLE/1 DFE
settings

« Option SSP, provides USB3 10G specific measurements

For instrument bandwidth, consider factors such as edge rate,
reflections, SNR (de—embedding), and launch characteristics.

'Heklrongx:



GNP RE

Tektron/iX®



