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INTRODUCTION
This document provides the method of implementation for testing the receiver of USB3.0
Devices and Host as described in receiver testing portion of the USB3.0 Electrical Test
Specification VV0.9. A current copy of this specification can be found at www.USB.org

LeCroy USB3.0 Rx Test Procedure v0.98 Page 4



LeCroy Corporation

ACKNOWLEDGMENTS

Creation of this document:
David Li (LeCroy Corp.)

Review and Comments:

LeCroy USB3.0 Rx Test Procedure v0.98 Page 5



LeCroy Corporation

USB3.0 Electrical Transmitter Testing:

Detailed Test:

Purpose: Verify that the Device Under Test (DUT) meets the jitter tolerance requirements per USB3.0
specification requirements

References:

- USB3.0 Base Specifications
- USB3.0 Electrical Test Specifications

Resource requirements:
See appendix A
DUT requirements:

- DUT must be able to send LFPS signal after power up
- If DUT does not detect TSEQ after power up, DUT must be able to enter transmit compliance
mode and be able to accept LFPS Ping command to transmit CPO and CP1

Discussion:

USB3.0 Transmitter Testing involves the following test items:

LFPS testing

SSC* waveform testing using CP1

Slew Rate testing with CP1

Random Jitter measurement with CP1 (Sigtest needs clock pattern based RJ to calculate TJ)
Total Jitter and Deterministic Jitter measurements with CP0

Eye Margin testing with CPO

o o0 T

All Transmitter Tests are automated through the LeCroy QualiPHY software which includes setup
and connections diagrams and wizard guided instructions.

NOTE: SSC is not required to be enabled on a DUT to pass compliance. But if SSC is enabled, it must
satisfy the USB3.0 compliance requirements.

The following document describes the test setup, necessary resource requirements, and a step by step test
procedure to perform USB3.0 transmitter test.
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Test Procedure:
Setup QualiPHY for USB3.0 Transmitter Testing
1. Open QuallPHY software from the Scope GUI

e meroe Uee i (Agss) ter Het ®

2. Under Standards, select USB3.0 SS

QualiPHY - USB30 S5 - Empty Template
SATA
i 56, RS
SATA
o vore | O
teoorz |ome
s s
| o o [m E
ps FOE 30 L i }l
1sel
eer MIP| :
= fiie
Thi LA L ol by P
- e
use MOSTIE .
S MICIST
It | PHY ! Pause on Faikae
B USB30SE USB, | ,:.-TJ‘ MST

3. Under Configuration, select Device Scope only (Tx Tests) for device testing and Host
Scope onIy (Tx Tests) for host testlng

QualiPHY - USB3.0 55 - Device Scope Only (TX Tests) o &=

f@ Emply Template

W Pretetiszone PerT3)
ice Transmitter Tests

o
W e ol Devic
=8

Gererad Stat :

Selup. UsB| '_' Dk 3case Ul

fq Device Scope PeT3 (Fi¢ Tests)

nwnermn 6504

',,:;J Device Scope PeRT3 [T and R Tests]
o

(M, Devics Scaps PeRT (T Tests
-5

L Al
Piadie ”"" thes Wil Device Scope PeRT3 A Swilch (X Tests)
SSC: Ena B

Wi, Do Scope PeRT3 AF Swich T and RX Tests
s

W, Device Scope PeRTARF Switch T Tests)

=

f‘,); Host Soope Orly [T Tesls)

4. Run test
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Note: default USB3 test script will ask the user to deskew cables with wizard guided instructions.
This can be disabled in QualiPHY under Variable Setup and Deskew Measurement Mode by

selecting User Defined.

(C3) QualiPHY - USE3.0 55 - Device Scope Only (TX Tests)

Edit/View Configuration
| Configuation | Test Seleclor | Vaiiable Selup | Linits

dﬂ Use akemate Fing: Mo

=-| _J PeRT3Seup
i d" PeAT2 Hostname of IP Address: Incalhost
i d" PeAT2 S5C Enabled Yes

' Toansmitter Tests

K Deshews measue mode: wizard Measured

i d’ Deskewe value in pisssssandad
Please select a value

4 d" FeRT3 Ampilude:

|Use "Wizard Measured” to launch the a
|Use "User Defined” and set the Deskew

i Use "Wizard Measured" to launch the automated deskew measurement
| u" PeAT T InkModd  Use "Use Defined” and set the Deskew value in picoseconds variable
I ifyou know the deskew required for your setup

‘ Edi Vaiabis |

Reset to Defaut ‘

(]
|3

|if you know the deskew required for your

User Defined ‘Wizard Measred

Curent Configuration :
Device Scope Only [T Tests)

a. LFSP Testing

1. Configure the setup as shown in Figure XX.

] Required connections:

Device Test
Fiature 1

DEVICE
UNDER
TEST

-

4" USB 3.0 Cable

1. Connect Dewica Test Fodure 1 « SMA to oscilozcope O and Device Test Fishre 1 - Sk to C2
2 Conned Device Test Fraue 1 1o Devies Under Test using 4 inch USB3 0 Cable § receszam

Skip thes teat
Qraup

ezl
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2. Follow the wizard

Abon Session

LeCroy Corporation

guided instructions and power off the DUT
i el | 1

3. Power on the DUT, now the scope trigger has been setup and will automatically capture

the first 6 LFPS burst for measurements

b. SSC Testing (not required if DUT SSC is disabled, but if SSC is enabled, testing is required)
1. QualiPHY will ask for DUT to send out CP1. This can be done by controlling the PeRT3
Eagle (also used for Rx testing) to send out LFPS Ping signal and command the DUT to

switch from CPO to CP1
| ATl X

Message
Test1.2 - Spread Spectum Test

Set source to output Compliance Pattem 1 (CPT) :
D10.2 sequence, Myquist Frequancy

ok Aboit Session

| I

Required

2. Configure the setup as shown in Figure 2.
= = AL

o ]
(]

Skip thes teat
goun

0%

DEVICE
T UNDER
TEST

NOTE: On Device Test Fixture 2, only use the upper port, the lower port is not connected!
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Power on the PeRT3 Eag

le and select USB3.0 under Protocol, then press Apply

LeCroy PeRTEE: Protocol Enabled Receiver Tolerand

Main Channel 1 Analysis Pattern Options
Test: |Manua\ Test s Protocol: —HH R DT s Device "
i n itialize: |None s
LLE EHC prislic Sever  [LOCALHOST flocal] - ||| Speed: | sara
ClL: 0 000200 equence: | < default> -
2 0 0 0.0e00 Hardware:| PeRT Simulator 55C 5AS
(=] 0 0 0.0e00 ount: Bit Errors ©
o 0 0 00600 Channels: |Single lane ~ ||| Clock Out: Pl L
. 8 ] Auto reset on lost lock,
5 &3 Appl -
e N - e | USE3.0 | Prompt user to reset,
Master Controls PeRT75election Custom DUT Initialization
Main Library o x Generator Only
R e Y

nitialize, select Custom Sequence

x LeCroy PeRTES: Protocol Enabled Receiver Tolerance Tester

Channel 1 Analysis Pattern Options

TR - _{|| pirection: |DUT is Device -]
nual Test ~ Pratocol |USB 3.0
T : I Tnitialize: |Loopback -
S atio Server.  [LOCALHOST flocal) - ||| Speed: |50 Gbysec
0 0_00:00 e | - 1l s : -
EQUENCE: | | gopback
o 0 0.0c00 ||| Hardware:|PeRT Simutator SSC | =
: | | count:

0 e B —— ||| crok out B | Loopback (blind / ne-handshaking) 3
L MO 8 01 108 e : Autar 3
I ST ITeE————] Loopbatk (nandshake with timeout and reset]
bk o= G fs 2 [E1 Promps I

Frame Level (U0)
Master Controls PeRT2Selection Configuration
| Custom Sequence |

Wiain Library %
% DERE X Receive Only 1
L= — i A X

nit

Under Sequence, select USB3.0 Tx Test |

LeCroy PeRTEE: Protocol Enabled Receiver Tolerance Tester

Main

Channell  Analysis  Pattern  Options
—— - e
I ] o || Direction: |DUT is Device -
Test:  [Manual Test = Frotocok |USB 3.0 ~|
R R e ey ————— ||| nitialize: |Custom Sequence
Bits Cior g R tato Sewer  |LOCALHOST (local] ||| Speed: 5.0 Gb/sec < - |
c1: 0 0_00e00 | et || Sequence: | < default> | s
c2: i 0 00600 ||| Hardware: |PeRT Simulator SSC: SSC Off M e :
: a 0 00:00 I 1 tRate .|| Count -
. haree e e ||| crock out: At Rate | USB 3.0 LFPS mv Calibration
ca 0 0 0.0e00 2 R || [F] Auto ri
T T R R T e e AT USE 3.0 LFPS Test 40% Duty Cycle
Ll iR B EE - e il e hes anl Promp
USB 3.0 LFPS Test 50% Duty Cycle
Master Controls PeRT?Selection Configuration T
USEB 3.0 LFPS Test 80% Duty Cycle
Main Library o x 3
= USE 3.0 TX Test Init 17
| = | i I
B DE W E X i L4
- . A USE 3.0 TX Test Ping e
Test Results | { b

Go to Channel 1 tab and enable the signal to 1000mV

Main Channel 1 Analysis Pattern Options
r Amp~ Bias~ Dek,:
Test  Manual Test 7 @ @ G
¥ Bits Errors Ratio | | |

(@] 0 0 00e00

(&3 0 U 00600 B P |
a2 0 0 0.0e00 o =
o 0 oo S s
bl e g e e B e | 9 o
m m iE
Master Controls Signal e-Empha

Rizin Libra s now

Press Connect (this is to initialize the instrument prior to transmitting LFPS Ping)

- Protocol Enabled Fecerver Toleance | eder

Man | Channel | Pattern

Optiont

| Tesr Manuai Test =il -

Directinee |DAIT Is Deviee -

=l
| || Initialize: | Custom Sequence hd
(e ikt

LOCALHOST (Ineal) ¥ - | (B
- - ||| Seauence: \USB 30 TATestnit = ||| /o —
Mardware: FeRT Simulstor {16 =) (&) |
- e Count: Bt Errors e,
Channely: Single lane = ||| Coek Out: At Rate - =
| Autto reset on lost bock Cl 1
| I Prampt user 1o reset
PeRTSeiection J Contiguration | OUT Initialization |
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Test:  Manual Test . e e ~|| Direction: |DUT is Device
Initialize; |Custom Sequence
Server  |LOCALHOST (local) - |[| Speed:  |5.0 Gb/sec 3
Sequence: USE 3.0 TX Test Init |

PeRT Simulator S5C SSC Off - I | L
Count L 0 LFPS my € &
Channels: (Single lane - || Clock Out: |t Rate = HREZ0 LIPS m
= Ll Adto i 5530 1Fps Test
Saitintaneaciat ] Pramp|
| | == Pl UsB 3.0 LFPS Test
Master Controls | PeRT?Selection Configuration | i
— - =S o USB3.0 LFPS
Main Library 1 x |
0 USB 3.0 TX Test Ini
|| UsB3.0 T Test Ping -~

Test Results

9. Press Connect (minimize the PeRT3 software and the Scope software, you should
observe the signal in the scope changing patterns every time you press Connect)

T g g e — g !_j T W e

e | Olmi R x[C G emasvae =g

10. After DUT is set to send CP1 (1010 patterns), press OK in QualiPHY to continue the test.
SSC will be measured first
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c. Slew Rate measurements

1. Since the DUT is already sending CP1 pattern, QualiPHY will automatically make slew
rate measurements. The user does not have to d

d. RJ measurements with CP1

1. Since the DUT is already sending CP1 pattern, QualiPHY will automatically make RJ
measurements. The user does not have to do anything.

e. TJand DJ measurements with CPO
1. QualiPHY will prompt the user to command the DUT to transmit CPO (this can be done

through sending LFPS Ping 8 times by using the PeRT3 Eagle, or can be done by power
cycling the DUT, whichever one is easier)

G ioEAsD AL DE
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2. Press OK after verifying DUT is sending CPO (scrambled PRBS 11 pattern)
3. QualiPHY will automatically make the required TJ and DJ measurement
f. Eye Measurements

1. Since the DUT is already sending CPO pattern, QualiPHY will automatically make Eye
Diagram and measurements. The user does not have to do anything.

At the end of the test, QualiPHY will ask the user to save the test report. The report can be saved
in PDF or HTML formats.

= Summary Table
LeCroy S -

—
QualiPHY rasz| mune Curract Vas]| Tast Crtarta
["4E 1.
QualiPHY Test Report 4k 13
Overall result: Pass ["4dE 1.2 PR ¥<m 1320055
1 133 1279 <= 3270
o I v = | e
Comment 2K 123 T=m Y 1mO0Es
Time of session sawt: 7222000 1404014 ] —
Cpsrator Daad ["4E 1.23| 12730 [
Tepemtes e Yk 133 13570 ¥ 3000
= [ JE = rorne) sires] 1378ssps | eromasons oy
ni:
Teeotnn DT D18 (@] 1.3: 1935684 pz || informationsi oniy
Comnuraton e Devce Scope Oy (T Tests) - real charnes P (@] 1.33{] Maw PP Jtter SigTest 385 eformaional Onfy
Limits In e Corpiancaimits

Ceciioscope Name:
Crclicscope Seral
Camputer:
Ceclioacope frmware version: 5.1.0.7d (Buid 138355)
QUAFHY core verzion: 61,05 (BUID 138410)
QUAFHY soint verzion: 1130

Styteshest version: 1205
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USB3.0 Electrical Receiver Testing:

Detailed Test:

Purpose: Verify that the Device Under Test (DUT) meets the jitter tolerance requirements per USB3.0
specification requirements

References:

- USB3.0 Base Specifications
- USB3.0 Electrical Test Specifications

Resource requirements:
See appendix A
Jitter Source Calibration:

- See appendix D for Oscilloscope setup to measure the following:
0 De-Emphasis
o Signal Amplitude
o Random lJitter
o Sinusoidal Jitter

Discussion:

Testing USB3.0 DUT receivers involves 3 main steps:
1) Signal Source Calibration
2) Loopback Initialization
3) Tolerance Testing
a. LFPS Testing
b. Jitter Tolerance Sweep

A product must run error free in the specified measurement depth with the required amounts of signal
degradation applied.

The following document describes the test setup, necessary resource requirements, and a step by step test
procedure to perform USB3.0 receiver test.
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Test Procedure:

Step 1: Signal Source Calibration

(The following is a manual procedure for calibration; for the automated calibration procedure, proceed to

page xX)

Calibration of Signal Source must meet the parameters described in Table 1:

Calibration Parameters | Device Setup Host Setup

De-emphasis 3.0dB 3.0dB

Random Jitter (RJ) 2.4ps 2.4ps

+10% RMS

Sinusoidal Jitter (SJ) 33Mhz - 40ps 33Mhz - 40ps

+0/-10%pk-pk 20Mhz - 40ps 20Mhz - 40ps
10Mhz - 40ps 10Mhz - 40ps
4.9Mhz - 40ps 4.9Mhz — 40ps
2Mhz - 100ps 2Mhz - 100ps
1Mhz - 200ps 1Mhz - 200ps
500khz — 400ps 500khz — 400ps

Eye Height 145mV 180mV

+10/-0% pk —pk

Total Jitter 85-90ps 85-90ps

Table 1

LeCroy USB3.0 Rx Test Procedure v0.98
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Test Calibration Setup:
- Setup the test equipment as described in Figure 1a for De-emphasis Calibration :

De-emphasis
Calibration Setup

and Channel 2 of
the Oscilloscope

L ]
SMA Cables go
into Channel 1

Generator >
.
Cal

SMA TP1

Cables )
Figure la

- Setup the test equipment as described in Figure 1b for Device calibration and Figure 1c for Host

calibration:
SMA Cablesgo A A\
= - - into Channel 1 and
PeRT3 De-emphasis Calibration Channel 2 of
Generator Setup (Device) Oscilloscope

4 Inch
USB3 cable

3 4

Cables

3M USB3

Cable
11" Trace Device

Fixture

Figure 1b
NOTE: On Device Test Fixture 2, only use the upper port, the lower port is not connected!
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SMA Cables go
into Channel 1
. . TP2 and Channel 2 of
PeRT3 Calibration Setup (Host) Oscilloscope
Generator

3M Cable

Fixture Device
Fixture

Figure 1c
NOTE: On Device Test Fixture 2, only use the upper port, the lower port is not connected!

Device Test fixture 3M Cable

Device 11" Trace Ref
Channel Device Cal Fixture

el

Figure 1d
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Signal De-emphasis Calibration:

NOTE: If the LeCroy External De-emphasis box is available, follow the de-emphasis calibration
procedure. Otherwise, follow the Pre-emphasis calibration procedure. Both method satisfy compliance
test requirements.

De-emphasis calibration procedure:
- Setup the Generator to output proper signal and jitter:

o
(¢}
o
o

3\ 0 BEE

Channel 1

Main

Test: Manual Test

Master Contrals

(¢}
o
o

Protocol: Generator Only

Speed: 5Gb/sec

SSC: OFF

Press Apply as shown in Figure 2

= LeCroy Eagle PeRT*™: Protocol Enabled Receiver Tolerance Tester - [Feb 22

Analysis Pattern Options
) Protocol: SATA |=|| Direction: DUT is Device

PeRT": LOCALHOST (local] - o

. Speed: SATA hitialize: |Loopback (BIST)
S5C cas =quence; <default> 115 42 53]
Clack Qut: ount:  |Bit Errars

Channels: |Single lane = USE3.0

] d i il s |App CHston Auto reset on lost lock.
PeRT Selection Generator Only DUT Initialization DUT Status

Figure 2
PeRT3 Generator Amplitude = 1000mV (used as a starting point for calibration)
PeRT3 De-emphasis setting: -3.0dB
Set PeRT3 Pattern to: CPO

- Setup the Oscilloscope for measurements:

(o}

OO0OO0O0OO0OO0OOo

Connect PeRT3 Tx+ and Tx- to channel 1 and channel 2 of scope at shown in De-
emphasis calibration setup (Figure 1a)

Adjust channel gain to make sure signal does not clip

Setup Math Function 2 to take the difference between Chl and Ch2

Set signal acquisition to 8MS at 40GS/s

Enable measurement VTxDeRatio

Under VTxDeRatio settings, adjust for 5Gbps

Take a single trigger and read the measurement (for example: VTxDeRatio = 0.723)

The value you’re looking for is 3.0 dB + 5/-0% dB or 0.669 to 0.708 on the VTxDeRatio
value

Pre-emphasis setting procedure (only if De-emphasis box is not available):
- Setup the Generator to output proper signal and jitter:

(o}

Oo0o0ooOo

o

Protocol: Generator Only

Speed: 5Gb/sec

SSC: OFF

PeRT3 Generator Amplitude = 1000mV (used as a starting point for calibration)
Set PeRT3 Pre-emphasis, Amp=4, Dur=9

Set PeRT3 Pattern to: CPO

LeCroy USB3.0 Rx Test Procedure v0.98
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Random Jitter Calibration:
- Setup the Generator to output proper signal and jitter:
0 PeRT3 Generator Amplitude = 1000mV (used as a starting point for calibration)
0 Use the calibrated De-emphasis setting from De-emphasis calibration (ex: -3.0dB)
0 PeRT3 pattern select CP1 as shown in Figure 3:
0 §tart by setting PeRT3 HFRJ = 2.4ps RMS

=3 o T E e . IR j N — T el — =
(O L : e - E
Main Channel 1 Analysis Pattern Options
e Amp~ Bias DeE.x = Fregr IF ~ HF ~ - Fregr - Freg~ ~ Freg~
(LG = (GG & & [T G (S (G ) ’ C -
8 Pattern: USE 3.0 CP1 - .
o = il &n | = U_SE 30 -
[ il S 2 P le el 25 (25 e 3
e 6 @ e G e O e e Qe a6 - USB 3.0 BRST BDAT BERC £
R e 1000 © 30 o0 24 ; ! +-USB3.0 CPO
mv mv dB ps  ps 1
Master Contrals Signal /| De-Emphasis / Common Mode | Random Jitter /| High Freq ') O High Freq 512 Q) |Low Freq 5J Pattern
Main Library 1% X
" L.USRINCPR i
o 1

- Setup the Oscilloscope for measurements:
0 Connect PeRT3 Tx+ and Tx- to channel 1 and channel 2 of scope as shown in Calibration

Setup (Figure 1b for Device, and Figure 1c for Host)
Adjust channel gain to make sure signal does not clip
Setup Math Function 2 to take the difference between Chl and Ch2
Open Sigtest tab under Analysis in the DSO window tabs
Apply the following parameters in the SigTest GUI:

= SigTest tab - Signal Source: select 1 input and DataSource = F1

Oo0oo0oo

SigTest | Settings | Params

M show Input Show Eye E"a[,':‘

rce

| 1in
(or Difi. Probe)
DataSource
F1 )

Inputt-input2

Figure 4

Settings tab
e Standard: select USB3.0 Compliance
Bitrate: 5Ghz
Jitter Filter order: Second Order
Corner Freq: 50khz (in order to measure low frequency Sj)
Damping: 707.11e-3
CTLE box: check
The rest of the selections should be default and shown in Figure 5

Close

ve | SpitEye - ) Standard
BitRate BER USB3.0 Compliance
itRate X

5.00000000 GHz 12 Damping Mon Trans 14

_S0.000kHz  [7O7. 8 Mon-Transition

Eye Type UlsPerEye

Euira Pole D Pol req C Transition Mask

Monochrome | 167 UI N
0Hz s 1950CHz| |5. SHz Transftion

A e
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Figure 5

= Params tab:
e Enable Jitter Params box: Check
e Rj(rms) In: Ofs
e MaxPP Jitter box: Check
e Rj(rms) box: Check
e The rest of the selections should be default and shown in Figure 6:

o Transition
Enable Eye

Params| O s
[ Wax Vot
0

[ Min Hi Margin | =
(] iaion .ManMargm|

Figure 6

0 On Oscilloscope controls, press clear sweeps and single capture (8M Samples at 40GS/s)
0 Record the Rj(rms) value measured in SigTest Jitter

Undol

File  Verical Timebase Trgger Display Cursors Measure Math Analysis Utiites  Help . |- oM 5 Default |5

i

SigTest Jitter MaxPPJitter Rj{rms)
value 12351 ps 1368 ps
status v
80 mV/div 20.0 psidivl Stop 00m!
167 rnUL"‘dtﬁ 8.00 MS 40 GS/s|Edge  Positivel

Figure 7

- Go back to the PeRT3 GUI
0 Adjust the PeRT3 HFRJ until Rj(rms) measurement in SigTest Jitter reads 2.42ps +10%
RMS
0 The final HFRJ value of PeRT3 will be recorded and fixed for all future tests.

- Back to the Sigtest
0 In Params tab: input the final measured Rj(rms) value in Rj(rms) In box as shown in
Figure 9.
o0 This Rj value will be used for all future measurements.
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File” Vertical Timebase Trigger Display Cursors Measure Maim  Analysis  Utilites Help " " - L | Default ‘L"i”

i
SigTest Jitter T
value 22546 ps
status 4
80 mVidi 20.0 psidiv] Stop 0.0m'
167 mUlidi 800MS 40 GSis|Edge  Positivel

Fnatle Fye
Params

Figure 9

Sinusoidal Jitter Calibration:
(Detailed oscilloscope panel setup is described in Appendix C)
- Onthe PeRT3 GUI:

o0 Keep all setting from RJ calibration
o Change output pattern to CPO

T O = o
(A e =
Main | Channell | Analysis  Pattern  Options
Amp~ Bias ~ DeE.x ¥ S AF_:=-HE =~ = [ 5 i b -
kil @ @ €] ® @ ® @ ® @ (CINC) @ @ | e UsB3.0 CPO
: = e . P
by g & after | B-USB3.0
o i > = » E B D RS B o USB 3.0 BDAT ;
0.0¢ LS IIE) (] a 6 e e e o e G [ce] USB 30 BRST BDAT BERC 2
T [ (i 1000 0 3.0 f 00 24 f USE 3.0 CPO
momv dB ps  ps USE 3.0 CPO with COMs
Master Cantrols Signal  +# \De-Emphasis «/ Common Mode O Random litter | |High Freq S) O||High FreqS12 © Low Freq S O Pattern USB 30 CPL
Main Library 3 x USB 30 CP2
F USR 30 CP3 =
= =

Figure 10

- On the LeCroy Scope SigTest:
0 Maintain all setting from RJ calibration
o Clear sweeps and take single trigger of 8MS capture
0 Record the Max P-P Jitter value (ex, Max P-P Jitter = 46.017ps)
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File™ Verical' Timebase Trigger Display

ry
SigTest Jitter MaxPPJittei Ri(rms)
value 46017 ps 2452 ps
status o v
80 mVidh 20.0 ps/divi Stop 0.0m
167 mUNidiv] 800MS 4D GSis|Edge  Positivel

Figure 11

- Back to the PeRT3
o0 Enable HFSJ to 20Mhz, 40ps

? BREEIEE - LeCroy PeRTEE: Protocol Enabled Receiver Tolerance Tester
E Main Channel 1 Analysis Pattern Options

Amp~ Bias DeE.x - Freg- LE - HF ~ || Amp~ Freq~

entalic:t @ @ (€] ® @ eI TS TR BN 0 | FEEEE ey |
= = iy Terminate after \Run Farever b
(RS T B = =N [ (IS | - 2

0 0e (S C) 1<) @ g (S C) (S C) g g (AN C) -
|t ol S & 1 234 ; 1000 0 -3.0 0.0 24 40 200
mv  mv dB K ps  ps ps  MHz z
Master Contrals Signal | De-Emphasis || Common Mode ©||Random Jitter | High Freq 5) | |High Freq 5 2 © |Low Freq Sl O Pattern / Termination Eye Preview
Figure 12
- Back to SigTest:

0 Clear sweep and capture single trigger of 8MS capture

0 Record the new Max P-P Jitter value (ex, Max P-P Jitter = 87.761ps)
NOTE: now the difference in Max P-P Jitter before and after adding HFSJ is
41.744ps(=87.761- 46.017), this satisfies the spec requirements. The difference in
Max P-P Jitter is beyond the spec requirement, we need to adjust the HFSJ in
PeRT3 until Max P-P Jitter difference is within 40ps + 5%

0 The newly calibrated jitter amplitue value is for SJ=20Mhz

0 Now repeat the Sinusoidal Jitter Calibration procedure for SJ = 50Mhz, 33Mhz,

10Mhz, 4.9Mhz, 2Mhz, 1Mhz, and 0.5Mhz
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Trigger  Displa

- [
SigTest Jitter laxPPJittel Rj(rms)
value 87761 ps 2452 ps
status . L4

80 mVid 20.0 psidivi Stop 0.0 m'
167 mlidi 8.00MS 40 GSis|Edge  Positivel

1#

Figure 13
Eye Height Calibration:

- Onthe PeRT3:
0 Turn SSC: ON
o Click on apply settings
- In LeCroy Scope SigTest:
o Enable JTF by setting Jitter Filter Corner Frequency:
= Corner Freq = 4.859Mhz

| Settngs | Params

A : Jitter Filter
.p—‘ Order Standard
- CTLE ‘ 5 =
BitRate BER Second Order, ._ USB3.0 Compliance

5.000000 GHz A2 Damping DC gain Zero Freq Mon Trans Mask
48sgMbz | (7070063 86783 650 MHz Non-Transition

Eye Type UlsPerEye

Ezxira Pole Je Pole1 Freq Pole2 Freq Transition Mask
Color 167Ul

O0Hz s 1.950 GHz 5.000 GHz Transition

Figure 14

o0 Clear sweeps and take single trigger of 8MS capture
o0 Enable Min Hi Margin and Min Lo Margin measurements as described in Figure 15.
0 Take the different between absolute value of Min Hi Margin and Min Lo Margin
Example:
Min Hi Margin = 22.5mV
Min Lo Margin = -22.9mV
Your eye height = abs(22.5) + abs(22.9) = 45.4mV
This means that the eye opening is 45.4mV over the default margin of 200mV which is
equivalent to 145.4mV eye opening.
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SigTest Eye MinHiMarginhT MinLoMargin.

value 2250mv -22.90mv
status L4 L4
80 mvidiv| 20.0 psidivj Stop 0.0mV]
167 mUl/div] 8.00MS 40 GS/s|Edge  Positive]
1%

Ri(rms)In Transition

Enable J | Enable Eye
Params o0 2452ps Params

. Min Mi rgin |
Cross e o ] e
= dtas ) . Min Lo Margin |

Figure 15

- Onthe PeRT3:
0 Adjust PeRT3 amplitude until eye height meets the 145mV for Device Channel and
180mV for Host Channel requirements
NOTE: 145mV/180mV eye height requirement which is s recently added
modification to the USB electrical spec. This required the presence of the
Compliance channel and 3M cable. Otherwise eye will be too open!

Total Jitter Verification:

- With the calibrated RJ, SJ, Eye Height, Take the Max P-P Jitter measurement on SigTest. (eX,
Max P-P Jitter = 87.761ps)
- Make sure the Max P-P Jitter measured is within 85ps < x < 100ps

NOTE:
Table 2 provides a sample calibration result. Please use this calibrated results as a reference for Rx Jitter
Source calibration.
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Calibrated
Value on
Conditions Measured Value | PeRT3
RJ-2.42 (+-
Source: 10%) 2.452ps -
Test Pattern CP1
Scope Settings
(CTLE) On
Scope Settings (JTF) | Off
PeRT3 setting (SSC) | Off
Measured | Calibrated
TJ before T) after | TJ
Conditions SJis on Slison difference | Frequency
Source: SJ (+-5%) SJ = 50Mhz 40ps 46.017 87.337 41.330
Source: SJ (+-5%) SJ = 33Mhz 40ps 46.017 87.125 41.408
Test Pattern CPO SJ = 20Mhz 40ps 46.017 87.761 41.744
Scope Settings
(CTLE) On SJ = 10Mhz 40ps 46.017 87.543 41.562
SJ =4.9Mhz
Scope Settings (JTF) | Off 40ps 46.017 86.556 40.539
PeRT3 setting (SSC) | Off SJ =2Mhz 100ps 46.017 146.02 100.003
SJ = 1Mhz 200ps 46.017 245.86 199.843
SJ = 500khz
400ps 46.017
Calibrated
Value on
Conditions Measured Value | PeRT3
Eye Height =
145mV/180mV
Source: (+-10%) 145mV
Test Pattern CPO
Scope Settings
(CTLE) On
Scope Settings (JTF) | On
PeRT3 setting (SSC) | On
Conditions
Source: TJ (20Mhz SJ)
Test Pattern CPO
Scope Settings
(CTLE) On
Scope Settings (JTF) | On
PeRT3 setting (SSC) | On
Table 2

LeCroy USB3.0 Rx Test Procedure v0.98

Page 25



LeCroy Corporation

Automated Signal Source Calibration Software:

iu Eaghe PeflT' - LISH 3.0 Aute Calibiration Unikty

SigTest results are
read from the Scope
into the software

The Software will
control the PeRT3
to calibrate all
sources

r Bz Caltenin J r ke, Sorig
SMA Cablesgo A A
into Channel 1 and

PeRTS De-emphasis Calibration Channel 2 of
Generalar Setup (Device) Oscilioscope

ShiA |
Cales

NOTE: On Device Test Fixture 2, only use the upper port, the lower port is not connected!

4 Inch
USB3 cable

TP2

Cal Fixture
M UsB3
Cable
11" Trace Devige

Fixbure

- Configure the setup as shown in Figure XX

- Confirm that the PeRT3 software is closed

- Press on Auto-calibrate

- After the calibration process is complete, press on Create Script and save the script for
Compliance testing.
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Step 2: DUT loopback Initialization
(Detailed initialization sequence is described in Appendix D)

- Connect the test equipment as illustrated in Figure 16 for Device testing
Rx Test Setup (Device)

To PeRT3
Ermor Detector

3M USB3 Fixture
Cable

Figure 16
NOTE: On Device Test Fixture 2, only use the upper port, the lower port is not connected!

- Connect the test equipment as illustrated in Figure 17 for Host testing
Rx Test Setup (Host)

To PeRT3
Emror Detector

Figure 17
NOTE: On Device Test Fixture 2, only use the upper port, the lower port is not connected!
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- Power off the PeRT3 and close the PeRT3 software and power off the DUT

- Power on the PeRT3 hardware and wait for 30secs until the Green/Red LED lights on PeRT3 are
off

- Open the PeRT3 software and the software will automatically detect the hardware. Wait until the
software completes synchronization (30sec to 1minute)

- Inthe Main tab, select USB3.0 under protocol, Select SSC to be on

- Press Apply and wait for the logic to be loaded

- Under DUT Initialization, select the proper direction (Device or Host)

- Select Loopback for Initialize, Default for Sequence, Bit Errors for Count

5 BEER TR LeCroy Eagle PeRT*™: Protocol Enabled Receiver Tolerance Tes
-'y Main Channel 1 Analysis Pattern Options
Test: Manual Test 2 ) Protocok USB3.0 e Direction: DUT is Device
F g - PeRT™: LOCALHOST (local] - ]
i » Speed: SATA |f|itialize: Loopback
S5C SAS iequence: <default> | 15 |3 &5
Clack Qut: lount:  Bit Errars
Channels: Single lane i UsSE3.0 |
I S S |App1 Cristom | Auto reset on lost lock,
Master Contraols PeRT® Selection | Generator Cnly | DUT Initialization DUT Status
Figure 18

If using De-emphasis box:
- Gointo Channel 1 setup and set the following parameters;
o0 Enable each field by clicking on the small circle on right bottom side.
Signal amplitude = 1000mV
De-emphasis = 3.0dB
HFRJ (on the right side) = 2.4
HFSJ 1: freq = 20Mhz, Amp = 45ps (you can type in the values by clicking on the
numbers field)
If using Pre-emphasis solution:
- Gointo Channel 1 setup and set the following parameters;
0 Enable each field by clicking on the small circle on right bottom side.
Signal amplitude = 700mV
Pre-emphasis: Amp=4, Dur=9
HFRJ (on the right side) = 2.4
HFSJ 1: freq = 20Mhz, Amp = 45ps (you can type in the values by clicking on the
numbers field)

O o0O0oo

Oo0oo0oo

- Check the DUT and make sure the DUT is in powered off (by confirming the 5V power support
to Device Fixture is not connected)

- Goin the Main Tab, then press Connect and observe DUT status (status should show *“waiting for
DUT”)

- Power up the DUT (by connecting the Device Fixture)

- Atthis point, if the DUT Status is “signal locked” and the status light of channel 1 is green, then
proceed to next step
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LeCroy PeRTZEE: Protocol Enabled Receiver Tolerance Tester

| Main | Channell Analysis Pattern Options

‘ Test: Manual Test - rotocol USB3.0 ||| Pirectian: lDUTIS Device -
= = s Initialize: |Loopback = ||| |5ignal Locked
] e Ee Nl Server:  |LOCALHOST (local] ~ || Speedi (5.0 Gb/sec z ! e
L 0 0 00=-00 ~ Sequence: |<defaults - ——
e 0 0 00600 ||| Hardware: |PeRT Simulatar SSC: s5COn 5 = %)
(= a 0 0.0e00 [ Count: Bit Errors 5T e
ca: 0 0 0.0e00 Channels: |Single lane - ||| Clock Qut: |At Rate > ) 2 S
ca: 2-00 (] Auto reset on lost lnck. @ (f
SN TR I =
[ | r kj A 1 v 2 3 A Prompt user to reset, ‘
‘ Master Controls PeRT?Selection Configuration DUT Initialization DUT Status
Main Library o x 4 Connect
o : = " Connect to and initialize device
Ea 0O %] ﬁ X | | L under test

- Otherwise DUT have failed Rx Compliance, refer to appendix D for DUT loopback initialization
sequence and troubleshooting
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Step 3: Tolerance Testing
LFPS Testing (TBD)
Jitter Tolerance Sweep

If you have performed Rx calibration using USBAutoCal software, then follow the next steps,
otherwise proceed to “If you calibrated the Rx jitter sources manually, follow the procedure
below”:

- Inthe PeRT3 GUI, import the calibrated test script
- Right click on the test script and select Run Test
- The compliance test will run automatically and open the test results

If you calibrated the Rx jitter sources manually, follow the procedure below. Otherwise proceed
to Observe Results:

- Inthe PeRT3 GUI, go to test scripts and open “USB Compliance”

- Inside the test script, apply the calibrated Signal Amplitude, Pre-emphasis, Rj and Sj values

- Run the opened test script by right click on the test script and select Run Test

Main Library * A X | USB3 Compliance *
L% OB HHEX Test Script data:

Test Results Script Data

Test Patterns Script Mame: USE3 Compliance Test Type: Receiver Test - ||| Protocok |USB 3.0 -

Test Scripts Creator: LeCroy Channels: |1 - ||| Direction: [DUT is Device -
[ PCie25Gx RxTest
ﬂ PCle 5.0G x1 JTOL Basic Data Test Description Device Description

PCle 5.0G x4 JTOL . T
S Device Initialization [ Reset
SA56.0G JTOL
Device Reset +j' X
[]  sATA Geni Compliance
Speed: 5.0 Gbyset = || Initialize: |Loopback
U SATA GenZcempl Reset on each test case
B 5ATAGens Compl B RunTest 55C On ~ ||| sequence: | <default> -
V| Auto reset on lost lock.
ﬂ SATA RSG-01 Devi M t: At Rate - ||| Count: Bit Errors
ew
\:‘ SATA RSG-01 Host _ Setup Initialization Autamation
[] SATARSG02Deyi| = | ViEW/Ed® heet
est
[] SATARSG-02 Hosf bl | Saveltem i 5
[] SATARSG-03 Devi| [&] ' Rename Item il
ias~  Amp~ Dur ~ LF =~ HF ~ = = i3 = Amp~ Freq~

[[]  SATARSG-03 Hos | Delete ltem = _'-? @ D @ & @ D @ .;? _'-_q
] SATARSG-05 Devi o) % Lo L [/ B LB [ B USB 3.0 CPO ~ I N
] SATARSG.05 Hos{ {3 | Copy i PASS/FAIL Canfider ~
[[]  SATARSG-06 Devi| 57 Filter I E> 1 B B B = > = E> E> 1.00E-010
L] SATARSG-06 Host B | pport frem o | @ © e @ e G e (GG P / :
‘* USB3 Compliance 0 2 15 0.0 24 400 500

B - = = e e WHe

Iffigure 19

- Test result will load automatically
- Inthe PeRT3 GUI, go to Analysis Tab and Select Scatter chart view:
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? A& - LeCroy Eagle PeRT>™: Protocol Enabled Receiver Tolerance Tester - [Oct 28, 2009, 07:43]
/ Main Channel1 Analysis Pattern Options
Test Sig Sig Emp Emp LFRI HFRJ HFS) HFS) LFSJ LF 5J SkE2 SE2 ||
il Wbl fost Chnl Case Amp Bias Amp Dur RMS RMS Amp Freq Amp Freq Amp Freq ‘ ___ ‘
5 “ Scatter Chart = Axes |2/ 0 -||llsso - |lo ~fo ~fle -floo ~H24 ~fl— ~fl- =ll- == ~lio ~fioo - Hﬂ-p‘
Lag View 2| T =1 - z : s 2 = E = >
Spreadsheet View L= i i il i - il i i )i N i N i ‘\Q\ ‘
S %5 12 3 4 4| erorsvs.Time [ - = *, i = T s i = = X i . ‘\_"\ ‘
Master Contrals Single Parameter Data Set Signal Parameters Tools
Main Library * 0 X  USB3 Com Multi Single Parameter 28, 2009, 07:43
B HEX ‘ HeeFaametel s priou: LeCroy USB3.0 Rx JTOL Host, Oct 28, 2009, 07:43 — BER vs. Sinusoidal Jit
Test Results Seatter Chart

Figure 20

Observe Results:
- Right click on the test result and select “Spreadsheet View” for Graph Type
- If the column under Errors read all Zeros, this DUT has passed the Electrical Compliance Rx test

Note:

Is some cases, the DUT might loss lock when Jitter source change from 1Mhz to 500khz point, and the
500khz point will fail. It is acceptable to restart the test with 500khz enabled prior to loopback
initialization and continue the test of 500khz point for compliance testing.
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Index A — Resource Requirements

The resource requirements include two instruments with accessories.

Units

LeCroy SDA 813Zi-A (with |1
PeRT3 and QualiPHY
Software — QPHY USB3)
- Matched SMA-SMA
cables (3 pairs)

PeRT3 — 1 Channel 1

De-emphasis Box) 1

USB3.0 Test fixture set from | 1 set
USB-IF (Sold by USB-IF)
a. Host Test Fixture
b. Device Test Fixture
¢. Host 5inch ref

Device Test fixture

Y

Host Test fixture

3M Cable

Channel
d. Device 1linch ref

Channel
e. Device Cal Fixture
f. 3M USB3.0 cable Host 5" Trace Ref Device 11" Trace
g. 4inch USB3.0 cable Channel Ref Channel
h. 4inch USB3.0 micro- A a

B cable : = .
i. Vbus Power supply .

Table 3
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Appendix B — Test Setups

Pre-emphasis calibration (no channel in between PeRT3 and Scope):

De-emphasis Calibration Setup

SMA Cables go
into Channel 3
and Channel 4 of
Oscilloscope

PeRT3
Generator

Yy

SMA

Cables TP1

Figure 22

Rj/Sj/EyeHeight calibration (reference channel and cable is applied):

SMA Cablesgo A A
= = . into Channel 3
o Calibration Setup (Device) and Channel 4 of

Generator Oscilloscope

4Inch
USB3 cable

TP2

Cal Fixture

3M USB3
Cable
TP1 11" Trace Device

Fixture
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Figure 23
sMA cablesgo T
into Channel 1
) . TP2 and Channel 2 of
PeRT3 Calibration Setup (Host) Oscilloscope

Generator

3M Cable

Fixture Device
Fixture

Figure 24

RX test setup:

Rx Test Setup (Device)

To PeRT3
Error Detector

4 Inch
USB3cable

TP2

Dtvle}

11" Trace Device
3M USB3 Fixture
Cable
Figure 25
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Rx Test Setup (Host)

To PeRT3
Emor Detector
SMA Kl - 3M Cable
Cables Tpq T e Fixture

Figure 26
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Appendix C — Oscilloscope Panel Setup
TBD
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Appendix D — DUT Loopback Initialization Sequence/Troubleshooting
TBD
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Appendix E — PeRT? Accuracy
TBD
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