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USB CTS Updates

= Draft 0.9 is available on the USB-IF site

= Updates not in 0.9 Specification

— Tethered Devices (i.e Flash Drive) are tested with 11” Host Channel
Only
— Short cable is used for RX testing
— Host channel is embedded for TX testing
— Receiver Calibration Eye Height Limits: 145mV for Device and
180mV for Hosts
— Receiver Jitter Tolerance Frequencies: 10 MHz, 20 MHz, and 33 MHz
have been added

— Updated Calibration Procedure
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SuperSpeed Compliance

3

PIL Lab
USB Workshops

Test Labs can provide pre-testing support and are currently being
certified for USB testing

Tektronix solutions are available in all locations!

Home About USB-IF Channel Press Developers Members Products

Home > Developers ® SuperSpeed USE = SuperSpeed USE PIL

SuperSpeed USB Platform Interoperability Lab

SuperSpeed USB Tooks The SuperSpeed USB Platform Integration Lab (PIL} is available for assistance with SuperSpeed product
development. The lab is open for USB-IF members only, USB-F members who wish to utilize the SuperSpeed
USE Platform Interoperability Lab must complete the SuperSpeed USB PIL Lab Visit Request Form and the
Hi-Speed USB appropriate SuperSpeed USB checklist and submit both to admin@usb org where a Test ID (TID) will be
assigned to each SuperSpeed product and an appointment date will be scheduled for the USB 3.0 product.

Wireless USB

USB On-The-Go and Embedded

= Totestthe interoperability of devices and hosts submitted to the PIL, the lab will use a variety of cerified SuperSpeed

USE hosts and devices.

USB-FF eStore Testing will be completed per the following USB 3.0 Product Test Matrix (Updated June 2, 2011)

Documents.

USB-IF Compliance Program

SuperSpeed USB 3.0 and USB 2.0 Pre-Testing Requirement

USE FAQ

All SuperSpeed peripherals, peripheral silicon, end user hosts/fhubs, and xHCI silicon are required to
complete USE 2.0 and USB 3.0 pre-tests at a USB-IF authorized test lab prior to visiting the PIL. Please be
Join USB-F, Inc. sure to register the product with the USB-IF using the form identified above prior to having pretests performed.

Resources The following test labs are approved to perform USB 3.0 pre-tests:
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USB 3.0 Key Considerations

Receiver Testing Now 6  Physical Layer

Required

— Jitter tolerance . -

ul
(Repeatery

— SSC, Asynchronous Ref
Clocks can lead to
interoperability 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
_ 1 2» Long HOSt Channe|S Host silicon Tx/Rx \ Typical Channel topology Device silicon Tx/Rx

/l\
— Closed Eye at Rx " o *\/—’L\I

- Equalization Channel Channel Device
— De-emphasis at Tx R -
— Continuous Time Linear x :E&:S e
Equalizer (CTLE) at Rx |
= Test Strategy
— Cost-effective tools Source: USB 3.0 Rev 1.0 Specification

— Flexible solutions
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Transmitter Solutions
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Comprehensive Solution Goes Beyond Compliance
— No need to manually configure the scope and setup SigTest for processing
— User flexibility to process the waveforms using Tektronix algorithms and SigTest to
compare the results

Complete Toolset for Characterizing USB 3.0 Designs
— Create custom CTLE and Channel Emulation or De-Embed Filters with SDLA
(Serial Data Link Analysis)
— No need to be a USB 3.0 Expert
— Automatically acquire all necessary waveforms for processing (CPO, CP1, LFPS)
with AWG7K or AFG

DUTID DUTOO1
« Acquire live waveforms Use pre-recol

Version: USB 3.0 SuperSpeed
Electrical Test Spec: 0.9

Select DUT [« Device Host

n Test Mode |Compliance v
Device Profile

Select Test Method SIGTest (USB-IF) DPOJET - Both

TestPoint | Compliance (TP1) - Far End | ¥ | [/] Spread Spectrum Clocking

De-Embed |Tx_Device_TF_8G.fit

Embed  |Host Channel_Back_Panel_3W_Cable_125Gft || ..

USB
CTLE USB3CTLE fit Standard

v
RCE LI USB3 Device_CPO_Nor | a)
TCdrs| Tmin-Pulse-  Tmin-Pulse.

Clear Selected ) oo

Co lew.- min-Pulse- in-| -
VTx.Difi.PP Max T Di Q Height1
@ @O @D @D e
S$SC-MOD- SSC-FREQ- SSC-FREQ- L
RATE DEV-MAX DEV-MIN
@ @ @ W i
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USB 3.0 Compliance Test Configuration

= USB 3.0 is a closed eye specification
— Reference channel is embedded and CTLE is applied

= USB 3.0 Reference Channels
— Host Reference Channel
* 11”7 back panel is applied for device testing
— Device Reference Channel
+ 5" device channel is applied for host testing

— 3 Meter Reference Cable

« Used for host and device (except captive devices) testing in addition to reference
channels

= USB 3.0 Reference Equalizer
— Attenuates the low frequency content of the signal to open the eye

1py Transmit Channel  TP2 ‘
|~ —— — l I SO A

CTLE

("\_
Measurement “—

T r~ Reference +—| Reference :[
Tool o ShE o Test Channel m Cable DUt
\=

U-026

Figure 6-14. Tx Normative Setup with Reference Channel
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Fixture and Channel De-Embedding
=  Why de-embed — Improve

Margin Before > After
— Removes fixture effects that
are not present in a real U8 RS anaw o Labtu s 870 W5 0o
system " R

— Remove the effects of the
channel and connector for
measurements defined at
the TX pins

= De-Embedding Process

— Characterize channel with
TDR or Simulator to create

Maan S Dev Max M (3] Popetation  Max.cc

S-parameters | | = I ﬁw..w»r.,,zm:m ;:sggva;:g:g;m,._.g_ mmﬂ 3
— Create de-embed filter with B ecagoirs.suai waime |assee | Wit |frise asesis” (3 dseee | asom
+ Perod1, Maht 200009 2.1560ps 20030ps 191.21ps Wwos7ps 19097 165829 16.018ps

2 RS-0, Math 1.5%06ps 00000 13990 1.3998ps 0.0000s 1 208005 0.0000%
& DJ-001, Mstht 125529 0.0000s 1.2%52ps 125629 0.0000s 1 0.0000s 0.00005
» Rise Tene 1, Man 110.70ps 17548pn 1204y 97A57ps 28951ps 157000 20506 18870
+ Fall Tame1, Math i 110.406ps 16349ps 126.12ps S4548ps NS571ps 15700 18.40%s 2053 1ps

SDLA Soﬂware — o TEY, Matht 2406y 2290%s  O.242%ps  O03Mps  IR276ps 20019 S0027ps  B6250ps |
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Channel Embedding TP2

Compliance Testing is done by embedding Transmit Channel l

the compliance channel, but many ares sere s . sfcmemion movmonss ~
designers want to validate other channel

models oz T™OF v | vz L our

— Understand transmitter margin given worst
case channels

TP

Figure 6-14. Tx Normative Setup with Reference Channel

— Model channel and cable combinations
beyond compliance requirements
—  Create interconnect models with SDLA

software to analyze channel effects
Cable

<} SDLA Filter Frequency Domain Plots

ol Mag (dE) Magnitude: Test Points

i Transmi
i Ghannel

USB-IF Host & Device HW Channels
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Receiver Equalization

= Tektronix USB Solutions ships with the USB Specification defined CTLE Function

=  Customizing CTLE functions and creating filters for use with Tektronix’ USB Solution is easily
achieved with SDLA (Serial Data Link Analysis Software)

Source CTLE

MATHE Adc 0.667

fz (GHz) |0.65
Rate (Ghb/s) —/_\ fp1 (GHz) |[1.95

& fp2 (GHz) |0

Fie | Eae | Vertcal

-} DPOJET Plots

Description Mean StDev  Max pp Population  Max.cc
+) Period1, Math2 20000ps  47945ps  227.71ps  17540ps  52.311ps 47.235ps
+ Helght1, Math1 121010V 00000V 12101V 12101uV  0.0000v 1 0.0000V

0.0000s

< TI@BER1,Math2  55928ps  0.0000s  55928ps  55028ps  0.0000s 1
) RJ-001, Math2 28842ps  0.0000s  28842ps  28842ps  0.0000s 1 0.0000s
1

% DJ-001, Math2 15548ps  0.0000s  15548ps  15548ps  0.0000s 0.0000s
TD 80.0mV 1.0ps [ 1opsiav 25.0681s 1T 20.0psipt

€7D £0.0mV 1.0ps

AT 80.0mV 1000ps -293ns -283ns

T 80.0mV 1000ps -293ns -283ns

Single Seq
RL:500k

11 12/11 ©2011 Tektronix 55W-26800-1 Tektron/lx



USB 3.0 Transmitter Measurement Overview

= Voltage and Timing
— Eye Height

— Pk to Pk Differential Voltage [EiE==ms

J DPOJET Plots

- RJ
— DJ
- TJ
— Slew Rate

= Low Frequency Periodic
Signaling (LFPS)
— Pk to Pk Differential Voltage
— Rise/ Fall Time

|

AC Common Mode (—— Test Point }I::::‘:;::::pu j:::zz
— tBurst T e [
Sesut T o ay  USBSSCFREQ.DE.. [ JMath2
— tRepeat B oo v b S e |
] Plots_)} | l @ # MaskHits1 L Math2
— tPeriod
= SSC
— Modulation Rate
— Deviation
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SuperSpeed Transmitter Compliance Testing

1. Connect DUT to scope via test fixture.

2. Transmit CP1 (toggle pattern) & measure 10° consecutive Ul
— This step used to measure RJ

3. Repeat with CPO (scrambled D0.0)
—  Will combine RJ (step 2) with DJ to extrapolate TJ (step5)

4. Post-process the waveforms with the compliance channel, the reference
CTLE, & jitter transfer function
— Channels are S-Parameter-based and are embedded into captured waveform

5. Extrapolate jitter to 1012 BER

Spec Min Max Units
Eye Height 100 | 1200 | mV
Rj @ 10?2 BER 0.23 | Ul

Tj @ 1012 BER 0.66 | Ul

13 | 311 ©2011 Tektronix 55W-26800-0 Tektron/lx



Example Host Test Setup

SMA cable to scope

Ping.LFPS from

signal generator

(pattern toggle)
—

14 | 311 ©2011 Tektronix 55W-26800-0 Tektron/lx



Voltage and Timing

Digital

POJET Plots

= Tj—Dual Dirac at 10-12 BER

=  Tx Deterministic Jitter — Dual Dirac

Mask Hits1: Eye Diagram ‘Width@BER1: Bathtub

= Tx Random Jitter — Dual Dirac

= Differential p-p Tx Voltage Swing

=  Transmitter Eye — Dual Dirac@BER
« Eye Width@BER = -

L) ~
= TJ@BER1, Math?  (J Pass  97.920ps 0.0000s 97.920ps 97.920ps 0.0000s 1
. =) DJ-561, Math2 @Pass  30.701ps 0.0000s 30.701ps 30.701ps 0.0000s 1
- E M k H t (= Height1, Math2 Pass  106.82mV  0.0000V 106.82mV  106.82mV 0.0000V 1
ye aS I S =) Width@BER1, Math2 () Pass  102.07ps 0.0000s 102.07ps 102.07ps 0.0000s 1
e = USBUM,Math?2 () Pass  200.36ps 0.0000s 200.36ps 200.36ps 0.0000s 1

[+ USB VTx-Diff-PP, M... (J Pass 230.93mV 53.392mV 355.70mV 136.78mV 218.92mv 610473
(*) USB TCdr-Slew-Ma... (4 Pass 1.9561usls 1.2126msls 2.4286msls  -2.2124msls 4.6411msls 926806
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LFPS TX Measurements

= LFPS signaling is critical for establishing link communication

= LFPS TXtest verify common mode, voltage, tPeriod, tBurst, tRepeat
= Channel is not embedded for LFPS tests

tPeriod

e SE—

Electrical Idle
— b ) O S e I

tBurst
- tRepeat . P
U032
Figure 6-20. LFPS Signaling

&3 70.0mV/div 500 Hy:5.0G
@TH 70.0mVidiv 500 By5.06

[mm_fﬂlﬂmv | 20.0us/div 50.0GS/s 20.0ps/pt
Single Seq 1
acqs RL:10.0M
ons September 30, 2011 11:44:54
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SSC Measurements

=  Both Maximum and Minimum Frequency Deviation must be considered
— Assume nominal Ul of 200ps
— Limits are +0/-4000ppm and +0/-5000ppm, plus +/- 300ppm for ref clock accuracy

= Compliance Channel is not embedded for SSC measurements

USB SSC-PROFILE1: Time Trend

17 12/11 ©2011 Tektronix 55W-26800-1 Tektron/lx



LFPS RX Test

= Required Compliance Test to verify that the DUT RX will respond to LFPS

signaling

= Testis ran across four different settings

tPeriod VTX-DIFF-PP-LFPS | Duty Cycle
50ns 800mV 50%
o0ns 1000mV 40%
o0ns 1000mV 60%
o0ns 1200mV 50%

18 12/11 © 2011 Tektronix 55W-26800-1
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I LFPS RX Test

=  AWG generates spec compliant LFPS signaling
= Validate LFPS response with RT Scope

B  Total Time : 777 Current : 1 Running :
mmmmm Eve ” m T°
Empty Infinite
LFPssu 50 Empty 10
idle Empty Infinite Next
LFPM_B'U Emp File | Edit | Verlical Horizlseg | Trg | Display | Cursors | Measure | Mask | Math = MyScope | Analyze | USilies = Help
idle Empt

HIHIHHIHHI
-
o
o
3
o
=S

M:ov @:
AC: 0 Pts C1 Pos:
1

1”‘{ \' T ""
| Ml Il ’.l |] (

l
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USB 3.0 Droop / Drop Test

= New Test Fixture Available from USB-IF
— Provides 150mA / 900mA load

— Previous fixture provides 100mA / 500mA load

Amount of power drawn is changed from 500mA to 900mA for high power
devices

= Fixture is orderable at:
http://www.usb.org/developers/estoreinfo/lUSB_product_order_form.pdf

20 12/11 © 2011 Tektronix 55W-26800-1
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USB 3.0 Compliance and Automation

=  Complete Automation of USB 3.0 Measurements with TekExpress

= No need to learn technology specific software applications- TekExpress is a

Common Framework from Serial Applications including SATA, USB,

DisplayPort, HDMI, and Ethernet
=  TekExpress utilizes DPOJET USB 3.0 Specific algorithms making it easy to

move from compliance to DPOJET for debug

21 12/11 © 2011 Tektronix

" TekExpress USB - (Untitled)*

‘ : ]

g Configuration

B Preferences

DUTID DUTODO1
* Acquire live waveforms Use

Wersion: USB 3.0 SuperSpeed
Electrical Test Spec: 0.9

SelectDUT (- Device Host

Testode Compiance | |

Device Profile

Select Test Method SIGTest (USB-IF) DPCJET » Both

Test Point | Compliance {TP1) - Far End | v ‘ Spread Spectrum Clocking

De-Embed |Tx_Device_TF_8G fit
Embed Host_Channel_Back_Panel_3M_Cable_12.5G.1t

CTLE USB3CTLEMt

55W-26800-1
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TekExpress USB 3.0 Automated Solution

= Supports testing for USB 3.0

Hosts and Devices gommm———
: DUT Device : Device Connector : Compliance (TP1) - Far End

= Automatically s_elect_s the correct | i

channel emulation filter when e (B - b D ] -

software is selected N B room o i o

. = n Configuration :;l’:((rHai:sdomjiﬂer—Dual Dirac e

= Easily select measurements of — e s o

interest for test execution B

TS8C-Mod-Rate - 38C Modulation rate

-[w] TSSC-USB Profile

= Supports all compliance and e it st o i 0E 1258

DJ-Tx deterministic Jitter-Dual Dirac

Eye Height - Transmitter Eye Mask
e frey

LFPS TX measurements

Test Description

= User choice of algorithm P st ot e o Do (S Gt
execution- SigTest or DPOJET

= Automates DUT toggling to
acquire CPO, CP1, and LFPS
Patterns
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= (Go Beyond Compliance Testing
— Debug Suite with DPOJET
— SDLA for Channel Modeling

— Tektronix Super Speed USB Fixtures

= Automation software for
characterization and compliance

— TekExpress with option USB-TX
(includes option USB3)

= Recommended Scope

— 12.5 GHz Real-Time Scope
* 50 GS/s Sample Rate

— P7313SMA Differential Probe
(Optional)  rr.ysp3-a8-kaT

23 12/11 © 2011 Tektronix 55W-26800-1

Opt. USB3

| Moasuwoment  Sourcels)
use v il

- Standard jusen [ d
— m AL USB 3 0_Rx_Normativ @ |usovixompe  (jmanz

TCdr-Slew- Tmin-Pulse- Tmin-Pulse. S USBTCArSlew-M... | Math2
[ P (5] ety

w aw @ @

DUTID DUTDO1
» Acquire live waveforms Use

Version: USB 3.0 SuperSpeed
Electrical Test Spec: 0.9

Select DUT |+ Device Host

Testhate Compience |

Device Profile

Select Test Method SIGTest (USB-IF) DPOJET - Both

Test Point | Compliance (TP1) - Far End |" | Spread Spectrum Clocking

De-Embed |Tx_Device_TF_8G.fit
Embed Host_Channel_Back_Panel_3M_Cable_125G.fit

CTLE USB3CTLEfit
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I NEW Debug and Analysis Tools

USB3 Decode with Hierarchal Bus display
Includes Digital, 8b10b, PHY, LINK, and Transaction layers

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

— T — T T T T ™ —T i T T T T T — - T
M1, : ) .

LN de 1 ldle ¥ de ¥ ldle ¥ de ¥ lde ¥ ide T lde. ¥ XX BPE 1§34 byies _Ndellt lde ¥ ldle 1 Tde ¥ X BEE 1074 bytes Hidlell Idke 1 Idle ¥ DPE: 1024 by ¥ dle Adie}

il ) [——— N3 ¥ o 1 e e— 3 e L — oz " 1 XX

| 1 ! T T | X ! T T

( \

!H * I
li H\ \‘\l ! [
\ |l “ “ L il L \ H L ‘.H‘ H ‘\'. W *

i
H T

b! |H0|0|bb}0|? IHI:AilLbebilollb!blb!b\blblb\lbllllhIIOIIbHOIOIIIIIII\b
l

—a
ool "ﬂthibllbilblel pl1jof
(N o g WO

a3
T 33.0mV 4.0ns 1.77us -1.75ps
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Decode and Trigger Examples

USB3 Link Training

File | Edit & Digital | Hol rg | Math

a

STSHTED B4 W 1 Wldlal Idie 1 Idle 1 Idia ¥ Idle + Idie 1 Idle + Idie 1 ldie *ldie
s i . g .

File | Edit

dle " Tdle 1 Tdle i Tdle 1 Idle 1 Idie 3 Tdk

=‘B1‘
l—‘
B TSEQ (2500 1.09) i 152
V] T B EEEEEE
[ :Ixxxxx(xux ]gx

A S W W SN S S S W S . AA NN AN 15018 1 {6

lHA#bWbI [ B IIIIIIIIIIIIIIIIIIIIIIIIIIIII
: ey
&/\sbtob ||

@TP 35.0mV 20.0ps | @ 81BUsUSB \ 2.0ps/div  50.0GS/s
T 35.0mV 2.0us -1.01ps 992ns Preview Sample
0 acqs

@B 33.0mV 20.0ps ( ; 2.0ps/div  50.

-950ns 1.05ps Preview
9cas Cons
Cons

Trigger - Bus

Trigger Type Bus Trigger On Num of Symbols
Bus M B1 v | Pattemn v v

Bus Type Edit Characters
[ Mark All Trigger i
Events in Record Ordered Set SKP SKP | sxp |
I"m « Character Symbols RD+
I...IJ..I...I@ Symbol 1100000110 0011111001 1100000

Disparity Symbols RD- .
Either v ]. [ 00000110 11 ,,,,, 11
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USB 3.0 Recelver Testing

Tektron/iX®



USB 3.0 Receiver Testing Overview

= A jitter tolerance test is required for certification, though debug and

characterization capabilities are needed to ensure that receivers will work in
real world conditions

— Send specific test data patterns to the device-under-test (DUT) through a known

channel (fixtures and cables)

— Add a specific “recipe” of stresses and de-emphasis

— Command the DUT into loopback mode

— Return “echoed” data to a BERT

— Detected errors are inferred to be a result of bad DUT receiver decisions

M)
R E
{
|
\ \!
ol
Y
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USB 3.0 Compliance Receiver Tolerance Test Overview

Seven Test Points

SSC Clocking is enabled

BER Test is performed at 10-1°
De-Emphasis Level is set to -3dB

Amplitude at the end of the compliance
channel: 180mV Hosts and 145mV Devices

Each SJ term in the table below is tested one
at a time after the device is in loopback mode

Frequency SJ RJ

500kHz 400ps 2.42ps RMS
1MHz 200ps 2.42ps RMS
2MHz 100ps 2.42ps RMS
4.9MHz 40ps 2.42ps RMS
10MHz 40ps 2.42ps RMS
20MHz 40ps 2.42ps RMS
33MHz 40ps 2.42ps RMS
S50MHz 40ps 2.42ps RMS

28
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sk Template
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Generic USB 3.0 RX Test Configuration

Host Receiver Test
SMA

Error Detector ‘# j

Adapter
Pattern Generator Reference » Host
-z Channel Reference DUT

SMA SMA usg Cable qp USB
(type B) (type A) (type A)
Device Receiver Test -
Error Detector ‘* > SO
‘f (ot Cable
Adapter .
Pattern Generator Reference Device
ol Channel Reference DUT
SMA SMA usg  Cable g USB  USB
(type A) (typeB)  (typeA) (typeB)

29 12/11 © 2011 Tektronix 55W-26800-1 Tektronix®
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USB 3.0 Stress Recipe - Calibration

Long waveform
capture by Real Time

Scope | (= =5

Receiver Tolerance Test

Connect Test Equipment and DUT .
BERTScops | ABB | DUT Host' SIgTeSt

Post-
processing

Mature standard
with fully automated
solutions for stress
calibration and good T T
correlation
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USB 3.0 Calibration

= Host Calibration Setup = Device Calibration Setup

Use Uppsr Port

B .\J UsS8 3.0

| ,‘.‘" — Short

! ,“ Cable
O BE

Device Cal
1 3 Meter

Fixture
L_use30 Device Test
Cable Fixture 1

= Calibration Procedure
v Connect signal source directly to scope
v' Calibrate de-emphasis to 3.0 dB + 5/-0% dB using CPO with SSC off
and CTLE off
Connect signal source through the compliance channel
Measured peak to peak TJ
Calibrate RJ(2.42 +/- 10% ps RMS/30.8 +/- 10% ps peak to peak at a
BER of 10-10) with CP1 at the end of the channel applying CTLE
and JTF
v' Calibrate SJ using CPO until measured peak to peak TJ increases by
that amount. Apply CTLE and set JTF at 50Khz.
v Expected Tj with jitter off should be less than 100 ps. If this threshold
is exceeded, replace the channel fixture(s) and/or cable(s).

31 12/11 © 2011 Tektronix 55W-26800-1 Tektronix@
/s

AN



USB 3 Loopback Negotiation

= RX Detect
— SuperSpeed Link Partner is
Availability is determined
= Polling.LFPS
— DUT and Generator Send LFPS
and establishes LFPS Handshake
= Polling.RXEQ
— DUT and Generator send TSEQ in
order to establish DUT RX
Equalization Settings
= Polling.Active
— DUT and Generator send 8 TS1
= Polling.Configuration
— Generator instructs DUT to
loopback by setting the loopback
bit in the TS2 training sequence
= Polling.ldle
— DUT directed to Loopback

32 12/11 © 2011 Tektronix 55W-26800-1

Tektron/iX@



Two Solutions for USB 3.0 Recelver Testing
BERTScope BSA85C and AWG7122C

= Tektronix has the right solution to meet your needs
— Both provide fully automated Receiver Compliance and Jitter Tolerance Testing
— Both offer advanced impairments to debug problems caused by SSC or other anomalies
— Both support a wide range of HSS Standards
— Both support asynchronous clocking (SKP order set rejection)

= BERTScope

— Performance that you need up to 26Gb/s for next generations standards including
DisplayPort 1.2, SATA/SAS, 10G KR, PCI Express 3.0

— Impairments can be changed on the fly to see the effect of increasing or reducing jitter
— Debug and analysis tools enable quick identification of RX errors
— True BER measurements

= Arbitrary Waveform Generator
— Common platform for MIPI, HDMI, USB 3.0, and SATA

— Only solution available that provides a common setup between transmitter and receiver
testing without the need of RF switches and additional setup complexity

— Easily apply sparameter models to verify designs under different channel conditions
without the need of physical ISI channels

— Generate SJ > 1Ghz to debug elusive problems caused by other system clocks

12/11 © 2011 Tektronix 55W-26800-1 Tektronix@
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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
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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

Mefoone Teu Clwne

g
] /
Reforence Tewt Crmrnel 9
qj Q
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Tektronix USB 3.0 Summary

36

Complete

— Solutions available today for USB3.0 Transmitter, Cable, Channel, and
Receiver Testing

More than a Compliance Solution
— Solutions to meet debugging, characterization, and compliance needs
— Receiver stresses that go beyond compliance

Increased Productivity

— Fully automated transmitter and receiver test solutions = —
— Analysis tools integrated on the BERTScope enable the isolation and m LE§E
root cause determination of receiver errors ——
Performance CrTTerEreT Ak
- 4 =

— 26Gb/s BERTScope provides coverage for next generation testing
needs Low noise floor enables measurements of small data eyes for
compliance testing and receiver calibration

— Only 6.25Gb/s hardware serial trigger to capture protocol events that
are causing failures or interoperability problems

Expertise
— Actively engaged in the USB Working Groups
— Regional support by Tektronix Application Engineering Experts
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Resources

Tektmﬂix, me.

Extensive application
information at:

www.tek.com
USB: USB-IF, www.usb.org
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Resources

« Access to Specifications
— Rev 1.0, http://www.usb.org/developers/docs/

« Tektronix USB Electrical PHY Tools and MOI’s
—  www.tektronix.com/usb
—  www.tektronix.com/software
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Disclaimer

Presentation Disclaimer: All opinions, judgments, recommendations, etc. that
are presented herein are the opinions of the presenter of the material and do not
necessarily reflect the opinions of USB-IF or other member companies.
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Increasing Serial Data Bandwidth

. USB 2.0, 480 Mb/s (2000)

— Shift from slower, wide, parallel buses to narrow,
high speed serial bus

— 40x faster data rate, support for new connectors
& charging

- USB 3.0, 5 Gb/s (2008)
— ~10x faster data rate over 3 meter cable
— Faster edges, ‘closed eye’ architecture

- USB 3.0, 10 Gb/s (2013)
— 2x faster data rate over 1 meter cable
— ‘Scaled’ SuperSpeed implementation

| 311 ©2011 Tektronix 55W-26800-0 Tektron/lx



USB 3.0 SuperSpeedPlus Technology Timeline

2012 2013 2014 2015
‘ Test Vendor Compliance Group Participation
>
Sept 12 Feb 13 yjme13  PIL (Peripheral Interop Lab)
0.5 Spec 0.7 Spec 0.9 Spec Q4 2013
1.0 Spec
Unless noted Workshops
USB-IF Plugfests are in Portland, OR USA
Taipei Ta!pei Taipei
Taiwan Taiwan Taiwan
Deployment Phase
| >
Spec .
Release Integration Phase

—  Spec Development

Product Development

! Silicon Phase USB-IF Tool Development

Tektronix Test Solution Updates

Transmitter, Receiver, Channel

3/11 © 2011 Tektronix
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I Why 10 Gb/s?

Video
- HD video adapters with multi display outputs
- Dual HDMI/DVI with simultaneous 1080p displays

Storage
« 5 Gb/s with 8b/10b -> 400 MB/s
« High performance SSD saturation-> ~600 MB/s

Hub/Dock
«  Multi-function, ‘All in One’ docking

- Faster backups, multiple monitors, etc.
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Naming convention

SuperSpeed (SS) =5 Gb/s
SuperSpeedPlus (SSP) = 10 Gb/s

Similar to other standards
— Genl =5G
— Gen2=10G
— GenX =5G or 10G

SS and SSP are gualifiers not names
— E.g. SuperSpeedPlus device, host or hub

Enhanced SuperSpeed = = Gen1 speed
— Reference for possible future higher data rate

| 3111 ©2011 Tektronix 55W-26800-0
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5 Gb/s Key Considerations

Receiver testing now required
Jitter tolerance

SSC, Asynchronous Ref Clocks ]
can lead to interoperability issues 6 Physical Layer

Channel considerations

Need to consider transmission

line effects = [ ‘”mﬁ
—  Software channel emulation for " e I '
early designs = =
New Challenges i B =
— 12" Long Host Channels w [ :
— Closed Eye at Rx G:
— Equalization e .
+  De-emphasis at Tx E’ ;} =
» Continuous Time Linear =43 °
Equalizer (CTLE) at Rx =

Figure 6-1. Super Speed Block Diagram: Physical

Source: USB 3.0 Rev 1.0 Specification

| 3/11 ©2011 Tektronix
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USB 3.0 Comparison

Data Rate

Encoding

Target Channel

LTSSM

Reference Tx EQ
Reference Rx EQ

JTF Bandwidth

Eye Height (TP1)
TI@BER

Backwards compatibility

Connector

3/11 © 2011 Tektronix

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

55W-26800-0

SuperSpeedPlus

10 Gbh/s

128b/132b
1m + board ref channels (-20dB, 5 GHz)

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

7.5 MHz

70 mV

71 ps (0.714 UI)

Y

Improved Std A with insertion detect

Tektron/ix



128b/132b Encoding and Compliance Patterns

« 4-bit block header (0011 -> control, 1100 -> data)

. Block Symbol Symbol Symbol
- 128-bit (16 bytes) non-encoded payload Header 0 1 15
- . . —— ' v : 1 ——
° Slmllar tO PCI EXpreSS bUtWIth 4'b|t headel’ « = w |0l1]1213]011|213l4]5|6|71011]121314|5l617] = = = |o|1][2]|3|4]5|6]7
— 1 bit error (self correcting) l l l l l
- 2 b|t error (detection) time  time time time time
=0 =4ul =12Ul =124U1 =132U1

- Higher order scrambler (X23vs. X16)
— Improves EQ training with long, rich pattern

« Compliance with scrambled data (00h) and Nyquist (Ah)

- Pattern toggle between Genl and Gen2
— Order TBD
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Channel Budget

- Transmitter Equalization

| 3/11 ©2011 Tektronix

Tx/Rx compliance at TP1 (far end)

‘@de %‘%6d8 —> ‘HdB —>

Target 20 dB (5 GHz) end-to-end loss budget

< 3.5 dB (short channel), minimal loss profile
= 3.5 dB (long channel), need Tx optimization

Repeater may be required if host/device loss > 7 dB

~ el E=—n

uuo)
uuo)

@Silicon Tx/Rx Typical Channel topology Device silicon Tx.th
! Host ! / Host Device -\\1 . \
Channel Channel Device
Cable

1]
—CRu>

Rix

\ o
Source: USB 3.0 Rev 1.0 Specification

55W-26800-0

Tektron/ix



I Reference Transmitter Equalization

- USB channel profiles are dynamic (consumer)

« Need flexible solution space for link optimization

- Below are recommended Tx settings for good margin with target reference

channels

Host/Device |<3.5dB |>3.5dB
Loss

C,y
C,
Va/\Vd
Vb/Vd
vd/vd

| 3711 ©2011 Tektronix

0.000
-0.100
1.00
0.75
0.75

55W-26800-0

-0.125
-0.125
0.80
0.55
0.75

2

2.2 2.4 2.6 2.8

3 3.2
time (ns)
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End-to-end PHY Validation

Equalizer

M)
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PHY Test Tools

Similar process for USB 3.0 Genl Tx/Rx compliance testing

Individual subsections (Tx, Rx, etc.) evaluated within system budget
— ‘Far End’ Tx measurement including reference channels

Next few slides outline current approach for electrical validation

Let’s start with an example for Tx
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Transmitter Validation Example - SDLA

- Capture CP9 (Scr0) and CP10 (Ah)

- Input reference channel models

SDLA Visualizer

Tektronix:

SR: S0GS/s © Single Input 10| Global BW Limit: TED

NA o }
s
Toit Tpi2
o chi = 10
ot b2 sic2
R4
Ti Te4
NA o a N
¢ R3
Tp2 c2 a2 Tp3
Tps
i T 100%

Bit Rate Gh/s.

l Press Apply to update filer,

Tpb TpT
= 12 Dual Input
o8 Tps

,J\/A‘Nv'”""'ﬁ‘v‘

|
i
“ i

1 f(\_\
I ‘”‘u"\ |”\J‘ \ M [
i

|
e

|
i

dB vs GHz

f
|
N

VHU‘ I
| A
'

R
| ‘\,/\\ [
W

na

crambled Pattern (TPO)
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Transmitter Validation Example - SDLA

« Find optimum Eye height vs. Rx EQ

u SDLA Visualizer - Rx Configuration

) off

Standard

Tp10

CTLE Type

v

Bit Rate:
Nominal
10

PLL Type:

4.5

0.7

0

Clock Recovery

") Auto Detect

Ghbis

91 @2

PLL BW MHz
PLL Damp

Clk Delay ps

@ On Equalizer: FFE/DFE
) off

FFE/DFE Type

Custom v

0 FFE Taps

1 Sample/bit

1 Ref Tap

[7] use TrainSeq

Adapt Taps

Auto

1

0.03

0

v

DFE Taps

Amplitude

Threshold

[7] Autoset V

| 3/11 ©2011 Tektronix
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Transmitter Validation Example - DPOJET

- Recall DPOJET SSP setups

Jitter and Eye Diagram Analysis Tools Preferences ¥

Measurement Source(s) ad
TJ@BER1 JMatIIZ

B2 4 2001 8 USB3_Device CP0_Nor @ D.J-5661 | Math1

TCdr-Slew- Tmin-Pulse- Tmin-Pulse- Eye Height [ Math2
VTx-Difi-PP Max Tj Dj USE U1 IMaﬂ“

@ Qv @D USB VTx.Diff PP | Math1

SSC-MOD- SSC-FREQ- SSC-FREG- De-emphasis | Math1

Standard use A

RATE DEV-MAX DEV-MIN

:; : :; : :; : Preshoot Jl."latm
“ Eye Height afterCh...

|Math3
Mask Hits1 J Math2

rrrrr

Method Apply to All*
PLL — Custom BW ¥
PLL Model Damping
Loop BW
Type |l v 3 [ 700m
« JTF BW

JTF BW

7.5MHz _ _
Loop BW = 15.439M w

* Copies these clock recovery seltings to other measurements
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Transmitter Validation Example - DPOJET

Measure Eye height and jitter at TP1

Post-
channel

-300mV
-400mV

-500m

Overall Test Result: 4 Pass

Description PassfFail  Mean Std Dev Max

(#) TJ@BER1, Math2 ) Pass 55.784ps 0.0000s 55.784ps 55.784ps 0.0000s

(+) DJ-501, Math1 s Pass 2.8399ps 0.0000s 2.8399ps 2.8399ps 0.0000s

[+ Eye Height, Math2 s Pass 78.470mV 0.0000V 78.470mV 78.470mV 0.0000V

(*) USB UI1, Math1 s Pass 100.00ps 0.0000s 100.00ps 100.00ps 0.0000s

(#) USB VTx-Diff-PP, M... {J Pass 823.92mVv 41.718mV 956.63mV 708.63mV 248.00mV 499887
(+) De-emphasis, Math1 (g Pass 1.3244 74.023m 1.5882 907.24m 680.93m 44430
(#) Preshoot, Math1 s Pass 1.3608 47.502m 1.5759 1.1950 380.90m 43907

(#) Mask Hits1, Math2 (g Pass 0.0000 0.0000 0.0000 989277
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Recommended Transmitter Solution

- 220 GHz BW, 100 GS/sec preferred
— DSA72004C or higher recommended

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

« Option DJA Advanced DPOJET required, signal analysis
- Option SLA Advanced SDLA required, cycle through 7 CTLE/1 DFE settings

- Option USB3 recommended, provides USB3 TX specific measurements

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

Jitter Tolerance (JTOL) with swept jitter profile, reference channel

— Verify CDR tracking and ISI compensation

Link optimization/training critical
— No back channel negotiation

Return “echoed” data to a BERT (loopback)

Detected errors are inferred to be a result of bad DUT receiver decisions

\
Host Receiver Test - {ed
s Template
Error Detector : o
@ Passed
Pattern Generator 2o Reference SR, Host = Lot
> Channel Referencé DUT 339_
SMA  SMA use Cable ygp use 3
(type B) (typeA)  (typeA) z
Device Receiver Test S g
< i
Error Detector /S Short
; Cable
Pattern Generator oo g -1 Device
o=——% Channel Reference DUT
SMA SMA use Cable  ygp UsB  USB 1 10 100
type A type B typeA) (type B
Y (type A) (typeB)  (typeA) (typeB) y 51 Frequency MHz
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JTOL Template Comparison

f1 4.9 7.5 MHz

Tolerance corner

JR; Random Jitter 0.0121 0.01308 Ul rms 1

JRri pp Random Jitter peak- peak at 10-1? 0.17 184 Ul p-p 1.4
Jpi s00kHZ Sinusoidal Jitter 2 2.56 Ul p-p 1,2,3
Jpi 1Mhz Sinusoidal Jitter 1 1.28 Ul p-p 1,2,3
Jpi 2MHz Sinusoidal Jitter 0.5 0.64 Ul p-p 1,2,3
Jpi amhz Sinusoidal Jitter N/A 0.32 Ul p-p 1,2,3
Jpi 11 Sinusoidal Jitter 0.2 0.17 Ul p-p 1,2,3
Jpi somHz Sinusoidal Jitter 0.2 0.17 Ul p-p 1,2,3
Jpi 100MHz Sinusoidal Jitter N/A 0.17 Ul p-p 1,2,3
V_full_swing 'Sl'c\:;ilplgltlon bit differential voltage 0.75 TBD V p-p 1
V_EQ_level heon ansition bit voltage 3 e, de 1
Notes:

1. All parameters measured at TP1. The test point is shown in Figure 6-18.

2.
3.
4.

Due to time limitations at compliance testing, only a subset of frequencies can be tested. However, the Rx is required to
tolerate Pj at all frequencies between the compliance test points.

During the Rx tolerance test, SSC is generated by test equipment and present at all times. Each Jp; source is then added
and tested to the specification limit one at a time.

Random jitter is also present during the Rx tolerance test, though it is not shown in Figure 6-1
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BERTScope USB 3.0 RX Test Configuration

Data Out
creates the low-frequency
Dataln - periodic signaling (LFPS)
— — required to initiate
SEP R R AT A NN
=458 80 WYY Loopback-mode
Chi+ Chi- - CML Trig. In
L TR e e
lﬁe t _.A 8 ‘
x S
Q' ©
iF Q :
BT >
S : =
3 ©
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Summary
- New opportunity for growth with USB 10 Gb/s

- Adds additional challenges beyond legacy requirements (backwards
compatibility)

- Higher performance, more complex design but feasible within current
infrastructure

- Extensive PHY validation tools for early designs
— New USB SSP DPOJET setups for Tx validation
— BERTScope USB library with JTOL templates
— DSAB8300 Sampling oscilloscope for channel characterization
— Test procedures documented in Methods of Implementation (MOI)
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