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Agenda

 Agilent Digital Standards Program

O USB Industry and Specification Updates
1 USB-IF Test Labs

d USB 2.0/3.0 Compliance Update

d USB 3.1 Transmitter Testing

1 USB 3.1 Receiver Testing

1 Cable/Connector Testing

d Summary

 Questions

Anticipate ___Accelerate ___Achieve

‘7%~ Agilent Technologies

2



Agilent Digital Standards Program

» Our solutions are driven and supported by Agilent
experts
Involved in international standards committees:

Joint Electronic Devices Engineering Council (JEDEC)
PCI Special Interest Group (PCI-SIG®)

Video Electronics Standards Association (VESA)
Serial ATA International Organization (SATA-10)
USB-Implementers Forum (USB-IF)

Mobile Industry Processor Interface (MIPI) Alliance
And many others

* We're active in standards meetings, workshops,
plugfests, and seminars

. We get involved so you benefit with the right solutions
when you need them
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We understand your future requirements,
because we help shape them

Rick Eads

) Brian Fetz
AL DisplayPort Phy CTS Editor
EL O VESA Board Member
Jim Choate Min-Jie Chong Perry Keller
USB-IF Compliance Committee SATA 6G / PHY / LOGP Contributor JEDEC Board Membei
USB 3.0 Electrical Test Spec WG SATA-10 Gold Suite Lead

The Agilent Infinilum Scopes team maintains engagement in the top high
tech standards organizations
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USB Implementers Forum, inc (USB-IF)

USBIF Board Members

Intel, NEC, HP, Microsoft, ST-Ericsson, LSI

Marketing Device ompliance A e
WG WG Review Board

OTG CabCon Compliance : \
Committee %op S

S
USB
Test
/ Specs
4 @
owner JSB2/USB 3 =
» | Tools and 5
Test §
Procedures =
/4

Test Interop.
P House Workshop
Approval Testing

Training and equipment
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Worldwide Shipment of USB-enabled Devices

» USB is the most successful interface in the history of PC

* Device charging over USB has become a major consumer feature

« USB installed base is 10+ billion units and growing at 3+ billion units a year
» Adoption is virtually 100% in PC and peripheral categories

USB-enabled Device Shipments and Forecast: 2009 - 2015
Units in Thousands

>1 Billion

5,000,000 -

4,500,000 -

4,000,000 -
3,500,000 -
3,000,000 -
2,500,000 -
2,000,000 -
1,500,000 -
1,000,000 -

500,000 g

0

2009 2010 2011 2012 2013 2014 2015

USB Low or Full Speed m USB High Speed m USB SuperSpeed
Source: In-Stat, May 2011
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USB-IF Specification updates and additions

 HSIC — a low power USB chip to chip solution
designed for mobile applications

« SSIC — USB 3.0 performance extension for
chip to chip solution designed for mobile
applications (download with USB 3.0 spec).
Uses M-PHY for physical layer.

« USB Power Delivery Spec— an expansion of
USB power delivery to allow more flexible
power delivery up to 100W. Power direction is
no longer fixed.

Port-to-Port
A

Link Control/Mgmt I Link Control/Mgmt
il Pxt || Pkt
:| (Delims | Linkcmds ) |* ¢ i | (Delims j( Link Cmds )

v | own |

http://www.usb.org/developersipowerdelivery/ || | st || |z (o |
i T ; E{ “BbI10D r<£_> “80/100 b T
» Battery Charging Specification 1.2 5 L8 pry ||| LMD fpny || <
2ol [2aen)| 0
HF_H I L'm_“ e
=

« All USB-IF specifications are available at e e
http://www.usb.org/developers/docs/
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Key Features of USB Power Delivery Spec

* Increases negotiated power up to 100W
» Sink/source can be swapped, power direction no longer fixed

« Communication of PD device capabilities occurs over Vbus and optionally
over USB.
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USB 2.0 and 3.0 Updates

USB 2.0 Updates USB 3.0 Updates

. 'I_'esting requirements evolve over « Current testing reference
time: equalizer is for a long channel

* Details can be found at » 3m cable plus long host PCB

e http://compliance.usb.org/index.html trace (~18-20dB differential
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Insertion loss).
« ECN 18 —radio friendly SSC
* ECN - short channel equalizer

Rise/Fall time measurement

High Speed SQ testing fixture change
— direct SMA cable to scope

High Speed test J and K testlng

Magnitude
& 5

Figure 6-17. Tx Compliance Rx EQ Transfer Functions
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http://compliance.usb.org/index.html
http://compliance.usb.org/index.html

Agilent is the USB2 and USB3 |leading solution
provider to test labs worldwide

Allion

Japan
GRL - . Shanghai
USA estronics , Taiwan

XXCAL
Japan

The World Belgi
m ) 180° 140* 1007 60" 10° - 60 100" 140° A

SGS
Taiwan

v

-.4.““':!' b o -i‘,-","wl” guv

1607 120° BO°  40° 0 40° 80" 1207 160 Hong Kong
STC

&0

D~ MAPOMEST. -
*Test Labs Currently Qualified for USB 3.0 Certification
Approved labs are listed at http://www.usb.org/developers/compliance/labs
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Terminology — Specification Chapter 2

Here are some terms and their meanings used during this
presentation

Anticipate __Accelerate __Achieve
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Genl — Superspeed USB 3.0 5Gbps signaling rate
Gen2 — 10Gbps signaling rate

GenX — Any of the above

SuperSpeed — Genl PHY requirements (5Gbps)
SuperSpeedPlus — Gen2 PHY requirements (10Gbps)

‘7%~ Agilent Technologies



USB 3.1 genl vs. gen2 Overview

I T

Data rate

Coding

SKP
LFPS

CDR

SSC

De-emphasis

RX Ref EQ
Eye Height, TJ
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5Gb/s
8b/10b

K28.1, K28.1

Training, warm reset or side band
signaling protocol (pwr mgmt)

JTF BW 4.9Mhz

00

1ot

i

Jhiior Transéor (Frequency reesgonse)

3 S
Slew rate test
Post: -3dB Required
CTLE

100mV, 132ps (.66UlI)

10Gb/s

128b/132b

scrambler: G(X) = X23 + X21 + X16 + X8 + X5 + X2 + 1
SKPOS with variable number of SKPs

Device host capability negotiation is done

during LFPS phase using LFPS modulation
schemes

JTF BW 7.5Mhz

New df/dt requirement: 1250 (max) ppm/us

Pre: 2.7dB
Post: -3.3dB

CTLE (6 level) + 1 tap DFE

Informative

70mV, 71.4ps (.714U1)
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Transmitter Compliance Testing Overview

--__

3

X

X CP9
X X CP1

X CP10
X X CP1

X CP10
X X LFPS

X LFPS

X TBD
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TX 5G Eye

TX 10G Eye

SSC Mod Rate, Ul and Deviation
SSC Mod Rate, Ul and Deviation
Max Slew Rate

SSC df/dt

Vcm, Vdiff, rt/ft, DCycle, tPeriod, tBurst,

tRepeat

tPeriod-SSP, tRepeat-0, tRepeat-1,
LPBM, tLFPS-0, tLFPS-1

Other test requirements may be
identified during Test Specification
development and early product testing

#ii- Agilent Technologies
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Agilent USB 3.1 TX Compliance Application

“&# (BETA VERSION 0.01.5126) USB3.1 -- CTLE_MicroB _transferFunction =N %
File View Tools Help
D@ | "»#¥yErr

Task Flow - | Set Up |Select Tests | Configure | Connect | Run Tests | Automation | Results| Html Report |

~Device | [ TestPoint ~ Test Information
& Device ¥ Tx Far End (TP1) I~ Debug Mode Reference Clock
© Host @ SSC
 Hub © Radio Friendly SSC
© Clean Clock
#10G [5G «
. De-Emphasis Mode
DevicelD: & 35 dB
oo
~ Embed/De-embed Setiings | TestMethod

© Normal Channel AEAlF e

* MicroB

© Tethered } « ¥ CILE On

T None (HW channel) Adc for USB3.1 (dB)
» AUTO ~| [0 ]

-:NTS\TransferFunctions\USB3_microB_Channel.tf4 Browse | e ch e

| R

Load InfiniiSim transfer function:

Anticipate ___Accelerate ___Achieve
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Agilent USB 3.1 TX Compliance Application

: (BETA VERSIOM 0.01.5064) USB3.0 -- USB3 Device 1
File View Tools Help

O M| e y™

»E

|2 ®(e

Task Flow _| ‘setup Select Tests IConﬁgure | Connect | Run Tests | Automation | Results | Html Report

SetUp

Select Tests

Configure

=[] 56 Transmitter Eye Far End (TP1) Tests (USB-IF SigTest){CTLE On)

----- 1 © 56G Far End Random Jitter (CTLE QM)

----- []© 56G Far End Maximum Deterministic Jitter (CTLE ON)
----- D ) 5G Far End Total Jitter at BER-12 (CTLE ON)

----- []© 56G Far End Template Test (CTLE OM)

----- [] © 56G Far End Differential Qutput Voltage (CTLE ON)

El-[] © 56 Transmitter Eye Far End (Short Channel) Tests (USB-IF SigTest){CTLE Off)

----- ] © 5G Far End Random Jitter

----- ] © 5G Far End Maximum Deterministic Jitter
----- ] © 5G Far End Total Jitter at BER-12

----- ] © 5G Far End Template Test

Connect

Run Tesks

----- 1 oG Far e Offerena OopoT votEne

=[] 10G Transmitter Low Frequency Periodic Signaling Tests

[] © 106G LFPS Peak-Peak Differential Qutput Voltage
----- ] 106G LFPS Period (tPeriod)
----- ] © 106G LFPS Burst Width (tBurst)
----- ] © 10G LFPS Repeat Time Interval (tRepeat)
----- ] © 10G LFPS Rise Time
----- [J© 10GLFPS Fall Time
----- [J© 106G LFPS Duty cyde
----- ] 106G LFPS AC Common Mode Voltage
----- []© 10G SuperSpeedPlus Capability Dedaration (SCD1)
----- []© 10G SuperSpeedPlus Capability Dedaration (SCDZ)
----- [1© 10G LEPS tPwWM
----- [J© 10GLBPS tLFPS_O
----- [J© 10GLBPS tLFPS_1

----- ] © 10G Far End Random Jitter (CTLE ON)

----- [] © 10G Far End Maximum Deterministic Jitter (CTLE OM)
----- D 210G Far End Total Jitter at BER-12 (CTLE ONM)

----- ] < 10G Far End Template Test (CTLE ON)

----- ] © 106G Far End Differential Output Voltage (CTLE OM)

B[] 10G Transmitter SSC Tests

~[]© 106G TS5C-Freq-Dev-Min
----- ] 106G TSSCFreg-Dev-Max
----- ] © 106G 55C Modulation Rate
----- [ 10G S5C dffdt

=[] 10G Transmitter Eye Far End (Short Channel) Tests (USB-IF SigTest)(CTLE Off)

----- ] © 10G Far End Random Jitter

----- 1< 106G Far End Maximum Deterministic Jitter
----- D ) 10G Far End Total Jitter at BER-12

----- []© 10G Far End Template Test

----- []© 106G Far End Differential Output Voltage

10G Test Requirements:

Like 5G testing LFPS, SSC
and SSC requirements must
be checked
Additional tests:
« SCD1, SCD2
 LBPS tPWM
« tLFPS_O
« tLFPS 1
« SSC df/dt
« Eye and Jitter after
variable CTLE + DFE

(Click a test's name to see description)
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Transmitter test requirements

The eve diagrams are 1o be measared imo 30-8 single-ended loads.

o il Wil tagea, imi'

| Mlirirmum Epa Widh —

1o

T, ps

l<— Minimum eye width —'l

Table 6-19. Normative Transmitter Eye Mask at Test Point TP1

5GTIs 10GT/s
Signal Minimum | Nominal | Maximum | Minimum | Nominal | Maximu | Unit | Note
Characteristic m S
Eye Height 100 1200 70 1200 my 24
Dij 0.43 0.530 ul 1,2,3
Rj 0.23 0.184 ul 12,35
Tj (TN IEm e i edy 066 0.714 ]| 12,3
\ 7\ 1T TN 11 }
Measurement O SMF"OHH_‘ Referanca 4 Referance - ouT
Tod O OH_..: Test Channel T Cabla |

Anticipate ___Accelerate ___Achieve
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TX testing emulated through s-parameters

Embed Channel File
“DEVICE_3MCABLE.s4p”

J'I E'f

» -
N49038 DSA91304A
5Gbps Output Compare!
easure Analyze Utilities Hell - * Compliance
B : s board and cable
S-para Emulation
YELLOYVjEMULATED by |nﬁn|l5|m
Thru ; Thru . Thru
50.0 0 i 2 ; i 2 5 i 2 50.0¢0
3 Lf 4| . 3 £ 4 i3 = 4 Q
50.0 0 RS i © s0.00
File ' File ' Thru

Transmitter

Validati ith InfiniiSi f
Status Sl
acq I ?
Sampling Mode Real Time Analysis Mem 20 M of 200 M Mode Edge (1) DSA9 1304A
Capture Time 25.0 ns

InfiniiScan Off

Anticipate ___Accelerate ___Achieve
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InfiniiSim Creating Tethered Device Channel

* Import channel s-parameters Channel 1 - 3 Frequency Response

'T—— Measured ) Simulated W= Trans Fn 1-3->1-3 === Trans fn 1+3->1-3

 Add channel loss —

—

Y - W

TopTX_Backpanel.s4p (simulate)

| Create Transfer Fun

. already saved one.
« Remove fixture loss —

U7242 shortcable_forDev.s4p
(measured)

Create Transfer F

ction

Create a Transfer Function if you haven't

unction

Transfer Function File

Help
size
‘ime Span -
00 ns )
v |
. | requency Resolution
2 D00 MHz :

. D:\Tethered Device_correct M4
« Result is Tethered TX response ool
Include Filter Delay
Application Preset ~ Circuit Diagram View Gaoe
'Remove all effects of a fixture or cable '_i ® Measurement & Simulation Circuits Transfer
Save Transfer Function File As — geasrrgmeg C":uo't (I)nly Function...
3 : a imulation Circuit On T
D:\Tethered Device.tf4 Y Close
ST e Thed e i The Measurement Circuit describes the Help
45.00 A S Ch T ® so00 conditions of the actual measurement.
45.00 il ORI SRSt © 5008 &: The Simulation Circuit describes the
Fe Thru i Thru i conditions of the desired measurement.
_________________________ Measurement Circuit
Transmitter Ports 1, 2, 3 &4
BlockType: S-parameter Fie
Legend Fie: C:\Users\Pubic\Documents\Infinium\Fiters\U7242_SHORTCABLE_FORDEV.s4p

Port Numbering: 1-3,2-4
= Measurement Crcuit Simulation Circuit
Ports 1, 2, 3 &4

= Smulation Circuit MTVDG S-parameter Fie
® = Measurement Node Fie: C\Uws\Adrr\immf\Dedctoo\USBS\Canohnce S-parameters\USB30 sparams\TOPTX_BACKPANEL.s4p
@_Sm”hmn“ode Port Numbering: 1 - 3, 2
Chl=Ports 1 - 2

Ch3=Ports3 - 4




Polling

Three-strike timesut First LFPS timeout,
Exit ta [DSP ONLY] Carmpliance Mode enabled _ Exit to i
e35.Inactive B 1 Polling.LFFS " Compliance Mode X Comp“ance modes
- SCOLLFPS hardshake Pelling.LFPS handshake -
¥ and BOus timeout
- Palling LFPSPlus ¥ -
-— — B it —
SCD2.LFPS hardshake
¥
B Polling.PortMatch -
-— -
PHY Capability LEPM handshake
B Polling.PortConfig E -
-—
Gen2
PHY Ready LBPM handshake  Handshake  LFPETimeout
LFPS Tirmeout ¥ failure (Peripheral Device ONLY)
(D Part, or PR NE— Dipected
Hub US Port) Polling.RxEQ Diracted (D5 Port ONLY)
— [DsPertONLY ¥
TSEQ, Ordered Sets Transmitted
SR | S
Palling.Active T
e -
P— Timeout (Peripheral
3 (D5 Port, T51 handshake D*:FE D"L‘-‘ﬂ
or Hub LS Part secte r
Exil_t-l:_‘-\, - ; ¥ . DS PartONLY) o~
Rx.Detect Polling.Configuration T > > ESS_E;';;EIE:I
[
T52 Handshake
¥
Exit to Polling.ldle Exit to
+ Directed Directed » ;
Hot Reset et ’ Loopback RX testing - loopback

Idle Symbol Handshake

Anticipate __Accelerate __Achieve
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TX Testing Requirements:
Polling.LFPS to compliance mode

Polling

| Tmeat 7 Bt PING LFPS
Polling.LFPS *|_Compliance Mode
— - Toggles CMM

— _—'-"'-f
LFPs Subsequent LFPS Timeouts,
Handshake (Peripheral Device ONLY)
Y Directed (DS Port GMLY)
juent LFPS Timeouts, ' _
OMLY or Hub US PORT) Polling.RxEQ — Table 6-13. Compliance Pattern Sequences
X Compliance Pattern | Value Description
.0 scramble pseudo-random data pattern that is exactly the same as
| CPO D0.0 bled A d dom d hat i ly th

logical idle (refer to Chapter 7) but does not include SKP
sequences.

CP1 D102 Nyquist frequency

cP2 D243 Nyquist/2

CP3 K285 COM pattern

CP4 LFPS The low frequency periodic signaling pattern

CP5 K287 With de-emphasis

CPB K28.7 Without de-emphasis

CP7 50-250 1's and 0's With de-emphasis. Repeating 50-250 1's and then 50-250 0’s.

CP8 50-250 1's and 0's With without de-emphasis. Repeating 50-250 1's and then
50-250 0's.

CP9 Pseudo-random data pattern (see section 6.4.4.1)

CP10 AAR Nyquist pattern at 10Gb/s. This is not 128b132b encoded.

CP11 CCh Nyquist/2 at 10Gb/s, This is not 128b132b encoded.

CP12 LFSR15 Uncoded LFSR15 for PHY level testing and fault isolation. This
is not 128b132b encoded.

Note: Unless otherwise noted, scrambling is disabled for compliance patterns.

Anticipate __Accelerate __Achieve
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Toggling USB 3.0/3.1 TX test modes

Wiew Scope

= Aux Out Aux Trig

1. The following tests requures CFPO test pattemn. Flease conmect the scope front panel Aun out (or Cal Cutput for
DS senes seope) to DUT SSREN= o to a Png LFPS signal source. Or alternatively, seset of power cvele the
DUT to get CPO test patiem,

Nobe- Some DUT designs require 2 DC blocieng cap between the Aun Out connection and the DUT recenver mput

2. Chiek on either the = 1000 Hz Clock™ or "Diouble Pulse” Button 1o taggle the test patterm or wse the Pmg LFFS
soures sonmected to the DUT reeever 1o change to the net test pattem

3, Please verify that the DUT is transmistng CPO test patiem. Please disconnect the Aux out fioes the DUT SSRN+
before clicking OK to procesd with the test

1

/-—,—\

o)

:g[>

<
3

n
=

@7

h

Cghnect Aux Out to DUT
SRX+ to toggle test modes

*For DSOX use Cal Out

Togole ] [""'n'n e

Additional methods to toggle TX test modes:

» Use differential output of N4903B JBERT
« 81134A PG
* Function Gen or AWG

Anticipate __Accelerate __Achieve
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Frobe Comp
O i Puise

"‘1"'1'11._‘_‘_
TRIG OUT

1o 0to 1
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SSC will continue to be a challenge for USB 3.1

« Spread spectrum clocking is the intentional down-spreading
of the transmitter’s output data rate.

nit Interval vs. Time

jUnit Interval vs. Time

Y

-3700ppm

Limits(with SSC): ,
_300ppm .| S5C Deviation (ppm) —2.563412kppm|.
ECN 15: Nom -2000ppm

"= e/eo) Ef  we isolate the 30-33kHz SSC modulation
frequency and its relevant harmonics

UI Limits({with SSC):

Meas All Edgesihihamiad@iE=))

A ean 2686136 ps f,=1/(Timebase)=20kHz f,=1.98MHz
Min  183.92 ps ~ —

v Max 218.56 ps

Anticipate ___Accelerate ___Achieve
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USB 3.0 Compliance

A
Channels o Comector
Compliance Channels are used to test TX and

RX for worst case channel conditions Host PCB

Device pkg
Standard connector: w—
* Channel loss will dominate n Connector
« 11" PCB trace for device testing Back Panel Device pclai
« 5" PCB trace for host testing (1"-6")
* 3 meter USB 3.0 cable
Micro connector: .
* Channel loss will dominate USB 31 Com D||ance
« 11”7 PCB trace for device testing
« 5" PCB trace for host testing Ch ann el S

* 1 meter USB 3.0 cable
* Die to die target is 20dB @ 5Ghz

Tethered: « Host/dev exceeding 7dB may need repeater

* Channel loss will dominate
« 11”7 PCB trace for device testing

« 5" PCB trace for host testing Reference Reference
* short USB 3.0 cable Host + + ET

Short Channel = no cable and shortest

possible PCB traces 7dB 6dB 7dB

Anticipate __Accelerate __Achieve
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USB 3.1 Reference Equalizer

0
4,-0dB ‘
2 = fu= 1.5GHz 7
_4 B — \ _}(p2=5(_THZ —_ldB—
6 - —2dB |
3 N 3dB
_ 5| Ref Vi
0 5 5d8 - CTLE
E -12 6dB _
&
e Embedded host channel _+_
16 +— ==
Bit slicer
20 4—
7dB 6dB
2 | Ref CTLE + 1 tap DFE
224 | |
1.E+08 1.E+09 1.E+10 1.E+11
frequency (Hz)

Eye at end of Channel CTLE @ -6dB + 1 tap DFE

Anticipate __Accelerate __Achieve
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USB 3.1 10G Channel Budgets

» Full channel budget of 20 dB at 5Ghz
» Symmetric loss for host and device

» TX EQ settings informative only

» Passing the limits at end of channel will dictate TX settings
» For short channels settings similar to USB 3.0 5G likely
» Lossy channels near max specified likely to need pre/post cursor

» Repeaters will be more common for longer channels

Anticipate __Accelerate __Achieve
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Receiver Testing Topics

Low Frequency Periodic Signaling (LFPS)
« Loopback

 Jitter Tolerance

« J-BERT SSC setup

* N5990A Test Automation SW

Anticipate __Accelerate __Achieve
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LFPS — SCD1 & SCD2 —tRepeat Modulation

Table 6-31. Binary Representation of Polling.LFPS

tRepeat (us) Logic value
- -— F~9 ‘o

([ M =
. i i 9~11 illegal

tFeriod

[t - L

tRepeatD tRepeat1

« tRepeat is modulated to express 0 (short) and 1 (long)
« SCDI1.LFPS (4'b0100), and SCD2.LFPS (4'b1101)
« SuperSpeed+ identity check

Anticipate __Accelerate __Achieve
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LFPS Based PWM Signaling (LBPM) Encoding

tHPeriod

R MR R R RER R R
| |
JUl LR A
“tBursto ~ tBurst] ~
= tRepeat = tRepeat ”

« Rate (speed and lane) announcement and negotiation
» Repeater declaration
« Power state transition in repeater

« Can be expanded to:

» VBus control on/off, overcurrent sensing
* Power delivery
« Vendor specific operation

Anticipate __Accelerate __Achieve
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Jitter Tolerance — Stress Components — Base Spec

_____ [CenlsG Gen2 10G

TJ after RX EQ 450muUl 394mUl
RJ o/ RJpp ber=1£-12 12.1mUl / 177.9mUl 13.08muUl / 192.3mUl
S‘Jout of CDR tracking range 200muUl 170muUl
Channel channel -20.6dB @ 5GHz = J20 24” trace is
very close
% _30_— ‘ll‘f |I| .:Iri
.40__ k’
> 1|E8 1|E9 1E10 2E10
freq, Hz

Anticipate __Accelerate __Achieve
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Jitter Tolerance Settings — Base Spec

7 BER: 0.000
S 109 B 7 6 5 4 3 21 0 Tolerance C Eroraidyy Bl I Al _
N7 T | s |

LLEUL —  ~USB21Base Spec 10G
——  Standard + Margin
2 100U
=
=
E
<
Hu-
L0 UT- \
100 mUI-
10 mlT L ; ! ;
430kHz 1.0 MHz 5.0 MHz 10 MHz 30 MHz 10N
Frequency

Date: Time Margin | Resut | Condition/Comment

2013/08/0503:35 0%  nodata

Modify Commernt

Pattern Generator Ll = F1 | Error Detector L L
7231P Clock  Jiter/ Outputs 7231P Sync  Date  Clock

937506 Gbis  pppg loss ISUSSC oW |2S7506Gbis  pppg Emor  [oss  loss  Loss

. Center Data Rate with SSC: 9.975Gb/s

. SSC: Center Spread 33kHz with 0.25%

. Voltage Swing @ TP1: 800mV

. Pre-shoot @ TP1: 2.7dB

. De-Emphasis @TP1: -3.3dB

. RJ: 1.308ps RMS

. channel -20.6dB @ 5GHz = J20 24” trace is very close

Anticipate __Accelerate __Achieve
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7N BER: 0.000
[(Menu ) gi-t05 8 7 & 5 4 3 2 - 0 Tolerance Compli SRt ) [mesils I Al _
= Tolerance Compliance operes | _stor |

1.1kUI — "USB3.1 Base Spec5G
—— _ Standard + Margin

100 UI-

10U- \

100 mUI-

Amplitude

10 mUI

4501Hz 1.0 MH:z 5.0 MHz 10 MHz 50 MHz 1ok
Frequency
Date Time | Margin | Resut ‘ Condition/Comment
2013/08/050335 0% nodata
Modify Comment
Pattern Generator L 1 1 |Error Detector FroFr KT
223-1P Clock  Jitter/  Outputs 723-1P Sync  Dsta  Clock
438753 Gbis  ppg loss ISUSSC O |*98733Gbis  pppg Emor  oss  loss  Loss

. Center Data Rate with SSC: 4.9875Gb/s

. SSC: Center Spread 33kHz with 0.25%

. Voltage Swing @ TP1: 750mV

. De-Emphasis @TP1: -3.0dB

. RJ: 2.42ps RMS

. channel -20.6dB @ 5GHz =» J20 24” trace is very close

- Agilent Technologies




Loopback — Filter SKPOS

BERT DUT
S |bll Y — >
ymbol @
CDR
loopback

« Modification is within SKPOS only

= BERT ED needs to filter SKPOS on expected as well as received
pattern and compare remaining bits

Anticipate __Accelerate __Achieve
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Loopback — Analog Loopback

BERT DUT

PG Symbol/ \/
RX FF 2};:;1" Buffer
A A
[
CDR

CDR loopback
ED EM

Early PHY only testing available by using analog loopback

=» analog loopback bypasses the clock compensation and both the DUT RX as well as
the DUT TX run in the BERT’s clock domain

= The DUT does not modify the pattern and normal BER comparison can be used

=» BUT since the DUT uses the clock recovered by the RX to clock the TX jitter is
transferred back to the BERT ED. Choose BERT ED clocking with respect to DUT jitter

transfer characteristics
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J-BERT SSC Setup and Capabilities

Q@-wmw m_mlm_lél_l 1. Upper data rate
e [ e 2. Center data rate
y | [ [
IM 4 SSC/5d i 610ps 204 220ps 1.096
3. Lower data rate
4. Deviation
Deviation: C |[}_1 % %ll{}.z % 4 LD
Frequency: < [3300kHz 5 > 5. Modulation Frequency
/‘\ 6. Arbitrary modulation profiles or
02 9% SSC Profile . .
| Jrondet o staqdard triangular. Arbitrary
" profiles can be used to for
| e A — ) Lexmark or Hershey Kiss
_|C:\N4903B\SSCIProfiles\TrapezoidalModulation.txt  © Browse profll es or to use profll es
Patiom Generalor ¥4 F1_F|Enror Detector T captured from areal DUT
498501 Gbis 2°23-1PRRS 1ock  Jiferl Oulputs |, op5nq Ghis 2°23-1PRBS Emor  pync  Dala Clock using a real time scope
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N5990A USB 3.0 Test Automation SW

£ * N5990A Test Automation Software Platform

File  Statien  Sequencer Help

(= =E]=]

< > Configure DUT

DuT
DUT Name: USB3 ~ Serial Number:

UT Type: M Speed Class: [HighSpeed

Connector Type: | Micro

userhizame: o Standard, micro or
Comment: tethered connection

Initial Start Date:  11/19/2013 11:44:53 PM

Last Test Date:  11/19/2013 11:44:55 PM

Anticipate __Accelerate __Achieve

34

PSS Configure device as
* host or device
o » SuperSpeed or HighSpeed

() Compliance Mode

& E H|(rr O 0 -‘.‘]1

Corfigure DUT Load Save | Stait Abot Fause | Print
B USB3 - SuperSpeed Device -

= Last 12 morths +

Properties | Log List

M=

=~ . Calibration W
] De-Emphasis Calibration

LFPS Voltage Calibration

LF Sinusoidal Jiter Calibration
HF Sinusoidal Jitter Calibration
Random Jitter Calibration

Eye Height Calbration

Total Jitter Calibration
Verfication Tests

Eye Height Verfication
Total Jitter Verification
pim DUT Debug

11

= Receiver LFPS Compliance Test

Offline True
tPeriod Slns
tBurst Tus

tRepeat 10us

= Dﬂ Calibration

Dﬁ Usb2 Random Jitter Calibration
Dﬂ Usb2 Differertial Voltage Calibration
1% Receiver

- Eﬂ Loopback Training Optimization W% Usb2 R Sensitivity Compliance Test, EL_11, EL_13, EL_|
=R} E‘?ICBWB"_ ) B Usb2 Fx Squelch Detection Compliance Test, EL_16

e Recsiver Compliancs 0T 1Jsb2 Fec Minimum SYNC Field Compliance Test, EL_18

D% Reca!v’er C.Unstarrt Parameter Stress Tests ﬂ 1Ush2 Fix Sensitivity Characterization, EL_13, EL_16

Eﬁ Eecaw JS’“” Tolerance BO¥ Usb2 Fix Constant Parameter Stress, EL_13, EL_16

eceiver Senstivity m

T - .
I pm Receiver LFPS Compliance Test .
Dﬂ Receiver LFPS Sensitivity Test I-- FPS an d H I g h Sp eed
AN Dﬂ Receiver LFPS Duty Cycle Test .
e LFPS e tests with channel add
=] Dﬂ Transmitter
- P
BI85 LFPS Tests setu p
ﬁ LFPS Peak-Peak Differential Output Voltage
[C1&L LFPS Period §Period) Repetitions
BO% LFPS Burst Width fBurst) =
=1 S . - .

O 1 3
Severity Message Date
Progress  Instrument Connections 6/26/20137:22:15 PM
Progress  Opening offline cannection to N4503A at BERTLAN 6/26/20137-22-15 PM
Progress  Opening offline connection to DSO Infinium Series at ScopelLAN 6/26/20137:22:15 PM
Progress  Opening offline connection to U7243A &t 152.168.0.104 6/26/20137:22:15 PM
Progress  Opening offline connection to E36314 at GPIB0::5:INSTR 6/26/20137:22:15 PM
Info M5930A Test Automation Software Platform startup complete! 6/26/2013 72217 PM
Ready Mot Running USE3 Station .
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SuperSpeed Recelver Tests
Rx Compliance and Jitter Tolerance Testing

« Automated instrument
control for: W
« Setup calibration > -
« Compliance test § - o
. . o 20dB/dec .
- Characterization test g
« Support for debugging
: N L
« Operator guidance z LI . | |
- Sophisticated test Froqeney
re po rtS Figure 6-28. Jitter Tolerance Curve
° CO ntrO|S J = B E RT) Rezulk ™ F[;;:':;"c!" Falill:i:‘:lLlll!Ii':':tr Paﬂ:jl:itm Min Spec [I] | Eymbal Errors
Oscilloscope. et o0 100 000 o
4500 20 a0 :
» Supports full product :
characterization including et 23000 20 200 o
pass 50,000 0.20 0.200 1]

transmitter measurements
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Biggest Challenges for USB 3.1 Physical Layer Testing

*Transmitter SSC quality
*SSC ECNSs
|nterference issues

sLoopback issues
*Dut needs custom
sequence
*DUT drops out easily

«Calibration issues
*Inconsistent ‘
*Poor Sj/Rj mod
«Automation of Cal

*RX and TX Equalizer Tuning

«Jitter tolerance failures
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ENA Option TDR Compliance Test Solution
Certified Method of Implementation (MOI)

Compliance test solutions (i.e. certified MOIs) for ENA Option TDR are available at
www.agilent.com/find/ena-tdr_compliance

Cable / Connector Transmitter/Receiver (Hot TDR)

SUFPERSPEED 2 I *
T Homr FEodt SERIAL &% e
H e = f _ﬁ -:!plla“l_arlmce ‘ —

Time = Time
& Frequency

Time “Time Time

Frequency _, Freqt [enty :f%_&ﬁeﬁ%y Ifféé_ueh;cy Qﬂ&illéﬂk—y

E) DisplayPort 1OOBASE-TX 10GBASE-T

&_ = ;::':;gé'.":::*—- = &

e e o S S—
Frequency Frequency Frequency

ML PCI > BroadR-Reach
————— -:-m.
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http://www.hdmi.org/index.aspx
http://www.mhlconsortium.org/home.aspx
http://www.mhlconsortium.org/home.aspx

ENA Option TDR Compliance Test Solution
Certified Test Centers using ENA Option TDR

Test Centers Support ENA Option TDR

ENA Option TDR is used world wide by certified test centers of USB, HDMI,
DisplayPort, MHL, Thunderbolt and SATA.

GRANITE RIVER LABS

ALLIGN

GRANITE RIVER LABS | AL T

ALLIGN'
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USB 3.1 — Total Solution

SW

HW

Fixture

/ Receiver Test

N5990A Automatic
SW for USB

compliance

New USB-IF
USB 3.1
channel
fixtures
required

| High-Perf

with

————— | De-emph

] Nn4916B

N49 J-BERT

rial BERT

Y ur242a |V
Test Fixture [

VAN
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Summary

»USB-IF compliance tests and requirements have changed over time. Be sure to

check for updates and ECNs at http://www.usb.org/developers/docs/

»USB 3.0 and 3.1 Receiver testing will continue to be the most challenging part of

PHY layer testing

» Agilent USB solutions adopted by test labs world wide

» Confidence in our solution comes from our leadership and participation in standards

bodies as well as our deep technical expertise

»10G SuperSpeed USB 3.1 will bring exciting new performance capabilities to

product developers next year and beyond

Agilent has the tools and expertise to help you conquer USB 3.1 Physical Layer
Test Challenges
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http://www.usb.org/developers/docs/
http://www.usb.org/developers/docs/

*All trademarks are the properties of their respective holders.

Additional Links and References

Agilent Oscilloscope information (TX testing solutions)

www.adilent.com/find/scopes

Agilent Oscilloscope application software

http://www.home.aqilent.com/agilent/product.jspx?nid=-35491.0.00&cc=US&Ilc=eng

Agilent N4903B Jbert (Rx testing solutions)

www.agilent.com/find/JBERT

Agilent N8900A InfiniiView Oscilloscope Analysis Software

www.aqilent.com/find/InfiniiView

Agilent N2809A PrecisionProbe oscilloscope probing software

www.adilent.com/find/precisionprobe
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http://www.agilent.com/find/scopes
http://www.home.agilent.com/agilent/product.jspx?nid=-35491.0.00&cc=US&lc=eng
http://www.home.agilent.com/agilent/product.jspx?nid=-35491.0.00&cc=US&lc=eng
http://www.home.agilent.com/agilent/product.jspx?nid=-35491.0.00&cc=US&lc=eng
http://www.agilent.com/find/JBERT
http://www.agilent.com/find/InfiniiView
http://www.agilent.com/find/precisionprobe

