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USB 3.1 Compliance Test Bench

This section describes the following topics:
- Installing USB 3.1 Compliance Test Bench
- Difference between USB 3.0 and USB 3.1
- USB 3.1 Compliance Test Bench Simulation Setups

= Running USB 3.1 Compliance Tests on Infiniium Offline
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Installing USB 3.1 Compliance Test Bench

Installing USB 3.1 Compliance Test Bench

This section provides information on prerequisites and steps to install the USB 3.1
Compliance Test Bench (CTB).

Prerequisites

Before using the USB 3.1 CTB, ensure that the following softwares are installed:
= Infiniium Offline (Version 05.50.0031)
- USB 3.1 Compliance App (Version 2.01)
- ADS 2015.01

After installing the USB 3.1 CTB, launch the Infiniium Offline software to ensure the
USB 3.1 Test App is available under Analyze > Automated Test Apps.

" Measure Math Analyze | Utilities Demos Help
| Histogram...
Mask Test...

| Automated Test Apps F U7231B/U7231C DDR3 Test App

Measurement Analysis (EZJIT)... | NG6462A/N6462B DDR4 Test App
Jitter/MNoise (EZMT Complete)... | U7243B USB3 Test App |
RTEye/Clock Recovery (SDA)...

Equalization...

Install Instructions

To install the USB 3.1 CTB:

1. Download the USB3p1CTB.deb package from the following location:
http://www.keysight.com/main/editorial.jspx?
action=download&cc=TW&lc=cht&ckey=2544753&nid=-34333.1094284
Rid=2544753

2. Select DesignGuide > Add DesignGuide from the ADS Main window.
The Add DesignGuide dialog box is displayed.

3. Click Add Global DesignGuide.
4. Browse and select the USB3p1CTB.deb package.

5. Click Open.
The USB 3.1 Compliance Test Bench will be added.

6. Restart ADS.

7. Open a Schematic view and select DesignGuide.
The USB 3.1 Compliance Test Bench will be listed under the DesignGuide
menu with the name 'USB 3.1 Compliance Test Bench'.
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Difference between USB 3.0 and USB 3.1

Difference between USB 3.0 and USB 3.1

The USB 3.1 standard also referred as USB 3 Gen2 (or Superspeed+) increases the
data signal rate to 10 Gbps, double that of USB 3.0 (referred to as USB 3 Gen1 or
SuperSpeed). It reduces the line encoding overhead to just 3%, by changing the
encoding scheme to 128b/132b.

The USB 3.1 standard is also backward compatible with USB 3.0 and USB 2.0.

The following table lists the differences between the two generations of USB 3

standards.

USB 3.0 (Gen1/SuperSpeed)

USB 3.1 (Gen2/SuperSpeed+)

Data Rate

Coding

Target Channel

CDR

SSC

De-emphasis

RXRef EQ

Eye Height, TJ

5 Gb/s

8b/10b

3 meter (-17 dB @ 2.5 GHz)

JTF BW 4.9Mhz

Slew rate test

Post: -3dB (Required)

CTLE

100mV, 132ps(.66U1)

10 Gb/s

128b/132b

1 meter (-23 dB @ 5 GHz)

JTF BW 7.5Mhz

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

Pre: 2.2+1.0dB
Post: -3.1£1.0dB

CTLE + 1 tap DFE

70mV, 67.1ps(.671U1)
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USB 3.1 Compliance Test Bench Simulation Setups

USB 3.1 Compliance Test Bench Simulation Setups

The USB 3.1 Compliance Test Bench provides a variety of tests, which helps to
understand the various aspects of the USB digital standard. It provides you the
ability to create designs using the included models or your own models. You can
refer to the included examples when developing the designs. This Compliance Test
Bench provides the following Models and Examples:

[ =

7 USB 3.1 Compliance Test Bench:2 (2]

4 UUSB31
> Cable + Test Fixture Models
> Terminations
» USB3.1 Reference Models
> Transmitter Compliance Tests
> Cablefssembly Compliance Tests
> Receiver Compliance Tests
> Other Examples
USE 3.1 Compliance Test Bench Documentation
About USE 3.1 Compliance Test Bench

Models

Find below the list of models:
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- Cable + Test Fixture Models: Includes models for different channels, cables,
receptacles, connectors etc. which can be used to design USB links from
Transmitter to Receiver. Some of these have been used in the examples
mentioned below.

- Terminations: Includes source and load terminations.

- USB 3.1 Reference Models for Host, Cable and Device: Includes Reference
Channel models which can be used to design USB links from Transmitter to
Receiver. These have been downloaded from the USB-IF website (
http://www.usb.org/developers/docs/whitepapers
/SSUSB_Gen_2_reference_channel_models_-_2015-02-03.zip). The older
reference models for host, cable and device have also been retained.

Examples

The following examples are included in the USB 3.1 Compliance Test Bench:
- Transmitter Compliance Tests
- CableAssembly Compliance Tests
- Receiver Compliance Tests

= Other Examples
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Transmitter Compliance Tests

:'1.-'; USE 31 Cempliance Test Bench:9 @
4 1JSB31
» Cable + Test Fodure Models

» Terminations
» USB3.1 Reference Models
4 Transmitter Compliance Tests
4 Channel Simulaticn Examples
Full link with TX/FX models
Full link with IBIS AMI models
Cable plus fixture with crosstalk
Cable plus fixture with IBIS AMI Models with 55C
4 Channel 5imulaticn Examples using U5B3.1 Reference Models
Host/Device Cormpliance Testing
» Cablefssembly Compliance Tests
» Receiver Compliance Tests
» Other Examples
USE 3.1 Compliance Test Bench Documentation
About USE 3.1 Compliance Test Bench

Channel Simulation Examples

Full Link with Tx/Rx Models

This design displays a typical USB connection from Transmitter to Receiver. The
signal from a Differential Transmitter flows through the PCB traces, the Via field
and the Receptacle (this part represents the Host) to reach the Cable. From here, it
flows through the Receptacle, Via Field, and PCB Traces (this part represents the
Device) to reach the Receiver. Eye Probes placed in the circuit display the signal
leaving the Transmitter, the signal reaching the Receiver and the signal after the
Receiver Equalization.

The waveform(.h5) before Receiver Equalization is saved as FullLink_preEqg.h5 and
can be used for Compliance Testing in Infiniium Offline. The CP10 signal, required
for Compliance Testing, is also generated as shown below and saved as waveform
FullLink_USB_Clock.hb.
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11

The Transmitter transmits PRBS data at a rate of 10Gbps and uses 128b132b encoding
as per USB 3.1 standard.

The Receiver Equalization consists of CTLE + DFE. This is in addition to de-emphasis
applied at the Transmitter end.

The channel consists of PCB traces, Via field and Receptacle for both the host and
device, along with a short cable.

The number of bits being simulated has been kept at 100 to reduce the size of
the Compliance Test Bench. You should change it to 1000000 or more before
running a practical simulation.

vl kg [

time [pa]

Gen 2 eve mask

Simulation Result for 1 Million Bits:
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Full Link with IBIS AMI models

This design shows a typical USB connection from Transmitter to Receiver. The
difference from example above is that both the Transmitter and Receiver use IBIS
AMI models.

The waveform(.hb) before Receiver Equalization is saved as FullLinkAMI_preEqg.h5
and can be used for Compliance Testing in Infiniium Offline. The CP10 signal,
required for Compliance Testing, is also generated as shown below and saved as
waveform FullLinkAMI_USB_Clock.h5.

The Transmitter AMI model provides an option to enter the pre-shoot value in
addition to de-emphasis. The Receiver AMI model provides an option to enter CTLE
and DFE parameters along with the CDR parameters as well.

The number of bits being simulated has been kept at 100 to reduce the size of
the Compliance Test Bench. You should change it to 1000000 or more before
running a practical simulation.

The resulting eye for 1 Million simulated bits along with measurement summary is
shown below. The third eye diagram also plots the Eye Mask for USB 3.1.
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Cable plus fixture with Crosstalk
This design implements a channel simulation of a cable+fixture model, as shown in

the USB 3.1 specifications.
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It can also optionally include the effect of crosstalk, which is disabled by default. To
understand the effect of crosstalk, enable the Xtlk2_Diff component in the design.

The waveform(.h5) before Receiver Equalization is saved as Output_preEq.h5 and
can be used for Compliance Testing in Infiniium Offline. The CP10 signal, required
for Compliance Testing, is also generated as shown below and saved as waveform

Output_USB_Clock.h5.

The CP9 and CP10 signals, required for Compliance Testing, are generated as
shown in the following figure:

CP9-GENERATION
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H5 WAVEFORM FILE GENERATION
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The Transmitter transmits PRBS data at a rate of 10Gbps and uses 128b132b
encoding as per USB 3.1 standard .

The Receiver Equalization consists of DFE. This is in addition to de-emphasis
applied at the Transmitter end.

The number of bits being simulated has been kept at 100 to reduce the size of
the Compliance Test Bench. You should change it to 1000000 or more before
running a practical simulation.

The resulting eye for 1 Million Bit simulation along with measurement summary is
shown below. The second eye diagram also plots the Eye Mask for USB 3.1, as
specified in the USB 3.1 specifications.
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Cable plus fixture with IBIS AMI models with SSC

This design shows a channel simulation of a cable+fixture model using IBIS AMI
models for the Transmitter and Receiver. The difference from example #3 above is
that both Transmitter and Receiver use IBIS AMI models, and there is no CrossTalk.
The waveform(.h5) before Receiver Equalization is saved as OutputAMI_preEq.h5
and can be used for Compliance Testing in Infiniium Offline. The CP10 signal,
required for Compliance Testing, is also generated as shown below and saved as
waveform OutputAMI_USB_Clock.h5.

Keep the qumber of bits to 1000000 or more before running a practical simuiation.
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The Transmitter AMI model provides an option to enter the pre-shoot value in
addition to de-emphasis. You can also enter Spread Spectrum Clock ( SSC)
parameters in this model. The Receiver AMI model provides an option to enter
CTLE and DFE parameters along with the CDR parameters as well. The bitrate is
slightly less than 10Gbps to accommodate for SSC.

The number of bits being simulated has been kept at 100 to reduce the size of
the Compliance Test Bench. You should change it to 1000000 or more before
running a practical simulation.

The resulting eye for a 1 Million bit simulation along with measurement summary is
shown below. The second eye diagram also plots the Eye Mask for USB 3.1

SIGNAL BEFORE Rx EQUALIZATION SIGNAL AFTER Rx EQUALIZATION
6 08

”‘j—mﬁ-‘ M

M
=3 =3 .
oK

———- 04

EyeDiff_Probe1.Density
Mask
Evye_Probe1.Density

06
| R L R
0 20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 180 200

time, psec time, psec
measurement EyeDiff_Probe1.Summary measurement Eye_Probe1.Summary
Level1 0.000 Level1 0.288
LevelO 0.000 Level -0.288
Height 0.000 Height 0.363
Width 0.000 Width 6.915E-11
JitterPP 0.000 JitterPP 3.708E-11

Channel Simulation Examples using USB 3.1 Reference Models

Host/Device Compliance Testing

This design shows the test setup when a Transmitter(as Host or Device) is tested
for Compliance. One of the Three Reference Tx Compliance Channels provided by
usb.org is used here (http://www.usb.org/developers/docs/whitepapers
/SSUSB_Gen_2_reference_channel_models_-_2015-02-03.zip)

The following figure from Channel Model Usage_2015-02-03b.pdf shows the Test
Setup:
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USB 3.1 — Reference Models

USB3.1 TX Compliance Test Setup
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9 EBreakout board 4415 44115 | 1 Atthescope
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|6dB)
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L J
T
Courtesy to Jennifer Tsai of Apple 14.5 dB @ 5GHz
2015/02/03 USB Implementers Forum © 2015 4

The CP9 and CP10 signals, required for Compliance Testing, are generated as
shown below. The waveform(.h5) before Receiver Equalization is saved as
Tx_Device_preEq.h5 and can be used for Compliance Testing in Infiniium Offline.
The CP10 signal, required for Compliance Testing, is also generated as shown
below and saved as waveform Tx_Device_USB_Clock.h5. The Fixture(+ShortCable)
and SMA cables used in an actual test setup are ignored in this design, since their
effects are removed before measurements in actual tests.

CRY'GENERATION

FIS WAVEFORM FILE GENERATION

e o oty e e e
SRRy ool

The Transmitter transmits PRBS data at a rate of 10Gbps and uses 128b132b
encoding as per USB 3.7 standard. The Receiver Equalization consists of CTLE +
DFE. This is in addition to de-emphasis applied at the Transmitter end.
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m The number of bits being simulated has been kept at 100 to reduce the size of

the Compliance Test Bench. You should change it to 1000000 or more before

running a practical simulation.

The resulting eye for 1 Million simulated bis along with measurement summary is
shown below. The third eye diagram also plots the Eye Mask for USB 3.1, as

specified in the USB 3.1 specs doc.

SIGNAL FROM Tx SIGNAL BEFORE Rx EQUALIZATION

£ 3
g 3 o -
§ E'w .

CableAssembly Compliance Tests

SIGNALAFTER Rx EQUALIZATION

Mask
Eye_Prbel Densty

At
JiteFP

s

7 USB 3.1 Compliance Test Bench:9

4 USB31
> (Cable + Test Fixture Models
Terminations
LISE3.1 Reference Models
> Transmitter Compliance Tests
4 CableAssembly Compliance Tests

=

=

Channel Metrics - ILfitatMg, IMR, IXT
Differential to Common Mode Conversion
Crosstalk between D+/D- and SuperSpeed pairs
> Receiver Compliance Tests
> Other Examples
USB 3.1 Compliance Test Bench Docurmnentation
About USB 3.1 Compliance Test Bench

Pre-requisite: Click on this menu and restart ADS( This step is required only cnce per CTEB installation)

Cancel
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Pre-requisite: Click on this menu and restart ADS. (This step is required only once
per installation):

This step copies certain files required for CableAssembly Compliance calculations,
to $HOME/hpeesof/expressions/ael directory. These files are Array_to_Matrix.ael

and user_defined_fun.ael

If user_defined_fun.ael already exists, the content of the new file is appended
to the existing one.

Channel Metrics - ILfitatNg, IMR, IXT

This design calculates the Channel Metrics Insertion Loss Fir at Nyquist frequency
(ILfitatNg) , Integrated Multireflection(IMR) and Integrated Crosstalk(IXT) by
cascading the Reference Host and Reference Device to the Cable Assembly that
needs to be tested.

The Reference Host and Device components can be exchanged with others present
in the Compliance Test Bench.

The pass/fail criteria are defined as follows:

I LfitatNg >=-22dB
I MR <= 60nV
| XT <= 25nV

The calculated parameters may be different than those computed by the USB
tool, because the Reference Models used by the tool are different and not
released yet for public use.

Before running this simulation, ensure that you have clicked on the Pre-
requisite menu item above this in the CTB and restarted ADS.
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The results window shows the value of these three parameters for the Cable Model
used.

Insarton Less Fit 3t Nyquist Frequancy [ILftatg) Integrated MultRefizction (MF) Integrated Cros=Talk (IXT)

MR i

IL T

b

Differential to Common Mode Conversion

This design compares the Differential to Common Mode Conversion Requirement of
a USB 3.1 cable model with the compliance mask. A mated cable assembly passes
the SCD12 requirement if its SCD12 is less than or equal to -20 dB across the
frequency range of T00MHz to 10 GHz,

The cable uses the older USB 3.1 reference models downloaded from the USB
website with filename USB31refmodels20140110.zip (http://www.usb.org
/developers/docs/whitepapers/).

The models on the website have been updated since, and are not available as
host, cable and device models separately anymore.
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The results for the cable used are shown in the following figure:
20
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Differential to Common Mode Conversion Requirement

=] SDC21=0.5(S(2.1)+5(2 3)-5(4 .1)-5(4.3))
&y Differential_to_CommonMode_Mask=-20

dB{S0C21)
Cifferertial_to Commonhode Mask

Crosstalk between D+/D- and SuperSpeed pairs

This design calculates the Near-End and Far-End Differential Crosstalk between D+
/D-and SuperSpeed Gen 2 Signal Pairs, in time-domain as required by the
specifications.

The host, cable and device use the older USB 3.1 reference models downloaded
from the USB website with filename USB31refmodels20140110.zip (http://www.
usb.org/developers/docs/whitepapers/).

The models on the website have been updated since, and are not available as
host, cable and device models separately anymore.

The mated cable assembly meets the DDNEXT/DDFEXT requirement if its peak-to-
peak value does not exceed 2%, as shown in the following figure:
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The results plot the NEXT and FEXT values in mV, and the difference between

values of the markers in each plot gives the peak-peak crosstalk.
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Receiver Compliance Tests

[

7 USB 3.1 Compliance Test Bench:9 )

4 |USBE31
» Cable + Test Fixture Models
> Terminations
» USB3.1 Reference Models
> Transmitter Compliance Tests
» Cablefssembly Compliance Tests
4 Receiver Compliance Tests
Receiver Jitter Tolerance Test
> Other Examples
USE 3.1 Compliance Test Bench Documentation
About USE 3.1 Compliance Test Bench

Receiver Jitter Tolerance Test

The design plots Eye Diagrams for different Jitter inputs required for Receiver
Tolerance Testing (as specified in the USB 3.1 specs). The last eye diagram depicts
the calibrated eye.
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Table 6-27. Input Jitter Requirements for Rx Tolerance Testing

Symbol Parameter Gen 1 Gen 2 (10GT/s) Units
(5GTis)
f1 Tolerance comer 449 7.5 MHz
Jg Random Jitter 00121 0.01308 Ul rms
Jaips Random Jitter peak- peak at 107 0.17 0.184 Ul pp
Jr oo Sinusoidal Jitter 2 476 Ul p-p
ORI Sinusoidal Jitter 1 203 Ul pp
Jr_zu Sinusoidal Jitter 05 0.87 Ul pp
e oz Sinusoidal Jitter A 0.37 Ul p-p
Jep o Sinusoidal Jitter 0.2 017 Ul p-p
JeL ooz Sinusoidal Jitter D2 0.17 Ul pp
Je 1oomHe Sinusoidal Jitter A 017 Ul p-p
W _full_swing Transition bit differential voltage 0.75 0.8 Y op-p
swing
V_EQ_level Mon transition bit voltage -3 Preshoot=2.7 dB
(equalization) De-emphasis= -3.3

The different Sinusoidal Jitter values are stored in a file PJ_Values.csvand a Batch
Simulation is used to run simulations for all these values separately.

The design plofs BER baftb Gunes for ifrent Jier inputs requies forReceher Toleranee Testing (a5

The Eye Diagrams (using 1 Million bit simulations) are plotted for all results. If the
Eye Height and Eye Width is less than that of the Calibrated Eye, it is considered a
Fail. This is different from a hardware Jitter Tolerance Test where a loopback
mechanism is used to find BER.

The USB Reference Channel provides 14.5 dB of loss, and a Host is added to keep
the total loss at the required 23 dB.
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Other Examples

7 USB 3.1 Compliance Test Bench:9

4 USE31
» Cable + Test Fixture Models
> Terminaticns
+ LUSB3.1 Reference Models
» Transmitter Compliance Tests
» CableAssembly Compliance Tests
> Receiver Compliance Tests
4 (Other Examples
4 5-Parameter Simulation Bxarmples
Full link 5-Parameter modeling
Mixed Mode 5-Parameter Template
Frequency Domain De-embedding
4 5-Parameter Simulation Examples using U5B3.1 Reference Models
USE 5-Parameter Mask Ternplate
Differential 5-Parameter for Ref Compliance Channel Std&-MicroB
Differential 5-Parameter for Ref Compliance Channel 5tdA-5tdB
Differential 5-Parameter for Ref Compliance Channel TypeC-TypeC
4 Transient Simulation Examples
TDR simulation
USE 3.1 Compliance Test Bench Documentation
About USE 3.1 Compliance Test Bench

S-Parameter Simulation Examples

Full Link S-Parameter Modeling

This design shows the S-Parameter simulation of a typical USB connection. The

results have been compared with the corresponding design targets.
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The following Design Targets are plotted in the results, along with their masks:
- Differential Insertion Loss
- Near End CrossTalk(NEXT)

DIFFERENTIAL INSERTION LOSS NEXT
M s0D12-0.5%5(1,2)5(1,4)1-5(3,2)+5(3,4)) B SDD_NE_XTALK=0.5%(S(1,5)-6(1,7)-8(3,5)+S(3,7))

GhlDifferential_Insertion_Loss_Mask=-6 . )
@) Differential_NearEnd_XTalk_Mask=-34

20

25

4y,
i

35
40—
a5
50—
2 3

LN e B I LI e B e B B
1 2 3 4 1 4

4B(SDD12)

Differential_Insertion_Loss_Mask
Differential_NearEnd_XTalk_Mask
dB(SDD_NE_XTALK]

freq, GHz freq, GHz

Mixed Mode S-Parameter Template

This design shows the relation between Single-Ended S-Parameters and Mixed
Mode S-Parameters. You can run the simulation to see how mixed mode S-
Parameters can be derived from Single-Ended S-Parameters.

4+

Term Term
|\Termt o T S [ Term2
Anwbm=1- = - o e e
AZ=50 Ohm - . . —m . . . . . . . . . AZ=50 Ohm -

-

O00Q.

m
=

MW Tl

T Term:
Term3 . . U7242 short_cable for_dev S | Termd
Num=3 = X1 <& |Num=4
2;50. Oh_m _ 2;50. Oh_m .

@ _ S-PARAMETERS I
e ——
SP1 0
" Start=9.0 GHz -

- Stop=11.0 GHz:
. Step=0.05 GHz

The results window for this design displays the Single Ended S-Parameters, Mixed
Mode S-Parameters and also the formula to convert Single Ended S-parameters to
Mixed Mode S-Parameters.

USB 3.1 Compliance Test Bench 26



For zingle-ended S-parameiers: For mi=d-mode S-paramaters:
riRe(Z:

Single-ended port configuration

an={14; v+ (In"Zn )

br={142"=qriRe{Z
S=biz

P {vn-{InZn}) Fort1 — [— Port2

Pert3 — —Port4
{wharz s=stimulus, b=r=sponse)

] port r2=p. porttm Mixed-mode port con iiguration

{where 3=stmulus, b=response) Port 1 Port2

S mede resp., mode stim., port resp., port stim

Mixed-Mode S-Matrix
(derived from single-ended S-Matrix)

O duadrant

Y s0011=0.5(5(1. 1)-5(1.3}8(3.1+53.3)) TRYS0D12=0.5(S(12)5(1 41532+ 5(2.4) | FRYSOC11=0.5501. 1+501 24-83.115(2.3)  FMPSDC12=05°(501.2+ S(1 4)}5(32)S(34)
FYsoozi=0
R SCO =05 E(11 8 (1 2R 23 11-8(2.3)) scc-z 5|

I CO21=0.5S (21152 2+ 504115043 TR SCO22=0.55 (2218 (24 5(4,2-5(4.4) | FIPSCC21=0 5@ 152,245 (411 5(4.3) TS CCII=05"(3(2.2+ SZAREM.24544)

5(S21)15(22R8(4.1)+5(4.2) FMJSO022=0.575(2,2-52, 415142+ 5(4.4)) | TMPSOC2 1=0.57(S(2. 11+5(2.3-504,1-5(4.2)) P SDC22=0.57S(2 2+ S(2.415(4,2-5(44)

E(1218(1 41+ 33.2-52.4) | FRPSCCII=0.57 (114813 53 11+33.7)  FRPSOC1Z=057(S(1. 2w {1 4 SEIHE(E4)

DD Quadrant Pure Di ial Quadrant

CC Quadrant Pure Common-mode Quadrant

CD Quadrant Differential stimulus, Common-mode response (related to generation of EMI)
DC Quadrant Common-mode stimulus, Differential response (related to susceptibility to EMI)

4

Mixed-mode equations J/\__Single-ended S-parameters /\__ Mixed-mode S-parameters _/\_Alternative mixed-mode formulation /

Frequency Domain De-embedding

This design shows the process of de-embedding. When you have a composite
measurement of a DUT/fixture combination, you can isolate the performance of the
fixture and use de-embedding to extract or de-embed the fixture from the
measurements.

In this example, the effect of the Receiver PCB is removed using the ADS de-embed
component, to get the performance of only the Receptacle.

653 | S:PARAMETERS l -

- S -Param

SP1 . .

Star=1.0 GHz
Stop=20.0 GHz

" Step=0.01 GHz’

.?: m1 . L o Term?2
Nerm 1 E N ! MNum=2 .
um= e D i~ D Aarant -
) - \_RxPCB_Receptacle . Z=50 Ohm .
Z=50 Ohrf s Shaaiass
1 | LT
— = ;‘: M. . DeEmpeds.
g e SNP1
gf;‘o‘gh Eile="TypeA_RxPCBONiy.sdp"
- M poriMapping Type=Custom -
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S-Parameter Simulation Examples using USB 3.1 Reference Model

USB S-Parameter Mask Template

This design compares the Differential Insertion Loss and Near End CrossTalk of the
USB 3.1 Standard Reference Cable model with the compliance mask

The cable uses the older USB 3.1 reference models downloaded from the USB
website with filename USB31refmodels20140110.zip (http://www.usb.org
/developers/docs/whitepapers/).

(The models on the website have been updated since, and are not available as host,
cable and device models separately anymore.)

The reference cable model with maximum loss(as defined by USB 3.1
specifications) is used in this design.

fAzd ofs_stdA swB - - fam
CoTemaE

. MNum=g% - - - - -
. Z=50Ohm . . . .

e % o o o «

‘TeimiD © ° °

- Mum=10- - - - -

MWW Wl
. CTErm. - o o s e e e e e e e e e e e e e e JTEMm.

B = O - 11t

"ZEES0Dhm T
"Egb'BHmAMEEm;" o
. E P T3 . . . . . . . . . . . . . . . . . . .
COUBRT L
JetaeOGHz
Stop=510 GHe
SR EGRE

The results show that the model with maximum loss meet the specifications set by
the USB 3.1 standard.
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dB(sDD1Z)

Differential_Insertion_Loss_Mask

DIFFERENTIAL INSERTION LOSS

M s0012=057(5(1,2)-5(1,4)5(3,2)+5(3,4)

WliDifferential_Insertion_Loss_Mask=-6

)

Differential_NearEnd_X Talk_Mask

SDD_NE_XTALK

dB(

M SDD_NE_XTALK=0.57(S(1 5}-5(1,7)}-5(3,5)+5(3,7))

blilDifferential_NearEnd_XTalk_Mask=-34

NEXT

T <100 I e S e
0o 05 10 15 20 25 30 35 40 45 50

freq, GHz freq, GHz

Differential S-Parameter for Ref Compliance Channel StdA-MicroB/StdA-StdB
/TypeC-TypeC

These three design finds the Differential Insertion Loss(at Nyquist Frequency),
Differential Near End CrossTalk and Differential Return Loss of the USB 3.1
Reference Tx Compliance Channel model (downloaded from http://www.usb.org
/developers/docs/whitepapers/SSUSB_Gen_2_reference_channel_models_-_2015-
02-03.zip). The Host and Device have Std A and Micro B connectors respectively.
The results match the frequency response shown in the slides which are
downloaded along with the USB 3.1 reference models.

Return Insertion MNear End
Loss Loss Crosstalk
i - | _ )
1 j b -— .| 2 - "',"'n Ifl"lllr
= - ] |
|I | |'
3 -\'| I'{F - e 4 -— ﬁl_.r'lll I'xl;
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@ S-PARAMETERS

S_Param -

SP1 ..
Sta=0 GHz
Stop=15.0 GH=z
Step=005GHz ~

NEXT

Ml S0D21=0.57(S{1.51-5(1.7}-S(2.5+5(37))

dB(SD03T)
bk B
Il 1 L
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e
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RETURN LOSS
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S1dd(2,1)
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Transient Simulation Examples

TDR Simulation

] - T
AD e ea
& - A ——s1ad(11) [
= — 51ddi2,2)
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' — S1ddi4.4)
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Return Loss ;
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(R AR um— P
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e ' n
— A0 f-- i
g | '
g <0 T
= : B
60 , .
g0]-------- Differential NEXT [ .. __|
i i
0 a 10 15
Frequency (Hz) % ‘IUB

This design shows the process of Time-Domain Reflectometry. Time-domain
Reflectometry or TDR is a measurement technique used to determine the
characteristics of electrical lines by observing reflected waveforms.

— @)
o . . . . .

Ve E
L SRCS ©
qumqu o Q
nig=1.v
o 3k EEIE h °
o sopi-eit o
Riap 25100) e Rieep 25 100 psad
Foll=2 2510 geeer ¢ ¢ Fale@ 2500 peet
Wiahetd nsec Wian-inssc
. Pengd=g nseg Pema=70 nee
1t -
e
fIF—B=sonm
I

=
=52 i

i
Ref-g251p0)pees -2 251pa o2
Fali-g 25100, Fail-g 25100} pses
Whan= 10 ns2 Wign=ignss:

riod-20 e Penoa-20nasc:

The result shows the impedance and the reverse impedance as seen by the signal.
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References
- For Universal Serial Bus Specification 3.1, refer to USB_3_1_r1.0.pdf.

- For USB 3.1 Reference Channel Models, refer to Channel Model
Usage_2015-02-03b.pdf and Channel Model Usage - Heck - 2014-01-10.

pptx.
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Running USB 3.1 Compliance Tests on Infiniium Offline

Running USB 3.1 Compliance Tests on Infiniium Offline

In the USB 3.1 Compliance Test Bench Simulation Setups section, all Channel
Simulation examples generate signal waveforms in .h5 format. Using the Keysight
Infiniium Offline software you can run the compliance test on these waveforms.

The waveform FullLink_preEg.h5is used in this tutorial.

Ensure that the waveform is generated with number of bits simulated in the
Channel Simulation Controller equal to or more than 1000000.

To run the Compliance tests:

1. Click Analyze > Automated Test Apps > U7243B USB3 Test App from the
Infiniium Offline software to open the USB application.

File Control Setup Display Trigger Measure Math IAnaIyze_ Utilities Demos Help ECHNGLDGES
Offline e :‘:;:S:‘:;: I-"'-a'“-u--"‘-a'\--“‘-""v- o 0.0V
©[100v/ Joov [ Automated Test Apps ¥ U7231B/U7231C DDR3 Test App
. Measurement Analysis (EZIIT)... | N6462A/N6462B DDR4 Test App
Jitter/Noise (EZJIT Complete)... | U7243B USB3 Test App
RTEye/Clock Recovery (SDA)... | ]

Equalization...

ETREETITETY | seap 3wl |

2. Under the Setup tab:
a. Select 10G Device
b. Select Clean Clock Reference Clock
c. Select Saved Signal from the Input Signal drop down.
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File

View Tools

Help

== A

Task Flow _

SetUp

Select Tests

Configure

Connect

Run Tests

SetUp | Select Tests | Configure | Connect | Run Tests | Automation | Resuits | Himl Report |

— Device —TestPoint —Tex=t Information—————
& Device ¥ TxFarEnd (TP1) I Debug Mode Reference Clock

" Host i~ 55C

" Hub-Upstream " Radio Friendly S5C
" Hub-Downstream @ Clean Clock

De-Emphasis Mode
DFE\:'OG IDI‘-’_ * = 354B
1ce LU
' None
Device 1
Test Method

[ Frodwe [~ Channel Settings IV USB-IF SigTest

& o

e " Normal Channel
" USE-IF € MioroR ¥ CTLE On
. ere Adc for USB3.1 (dB)
T
IAUTO -] |n -]
& None (HWW channel)
r—Input Signal —Test Report
?ﬁw Saved signal - User Comments: -
Saved Waveform Setup |

Transfer F i

Load 5G InfiniiSim transfer function:

|'|ansferFundions\US B3_TX_Device_Channel tf4
Load 10G InfiniiSim transfer function:

I nctions'\USB3Gen2ReferenceChannel _Fodure tf4

Browse |

Br

— External Instrument Selup—

Inst Setup |

[~ Automate Power Supply

| 0 Tests |Fol|ow instructions to describe your test environment

3. Under the Saved Waveform Setup tab.

USB 3.1 Compliance Test Bench

a. Select Signal Type as Differential.
b. Select Signal pattern as CP10/CP9.

|Connection: UNKNOWN |
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0! Saved Waveform Setup EI@

Signal Type Signal Pattern
™ Single ended " CPICPD & CPIO/CPS
e Differential " LFPS

Load CP10 differential signal waveform [~ wim):
|mce_wrk'data‘waveforms\USB_Clock h5  Browse
Load CP10 D+ signal wawveform (*.wim):
IC:"-.Llsers"-J-:edhawan"-;:lefauft1 6_01\MyWa Browse
Load CP10 D- signal waveform (= wim):

IN'I'I'IE Browse

|

Load CP3 differential signal waveform (~.wim):
Ia_ﬁn‘k\data\wa\refurms\FullUnkjreEq.h5 Browse
Load CP3 D+ signal waveform (* wim):

IN.:.ne Browse
Load CP3 O- signal waveform [~ wim):
|N.;.|-.E Browse

Done |

c. Click Browse and select the FullLink_preEqg.wfm for CP9 and
USB_Clock.h5 for CP10.

d. Click Done.
4. Under the Select Tests tab
a. Select all the TP1 tests.
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File View Tools Help

D& d|

I )

SetUp

Select Tests

Task Flow |

SetUp SelectTests |Configure | Connect | Run Tests | Automation | Resuits | Hom Report

B-[J O (2/29 Unavailable) All USB3 Tests
B-[J©O (2/29 Unavailable) 10G Test
: OO (i/8 Unavailable) 10G Transmitter Low Frequency Periodic Signaling Tests
O © (1/13 Unavailable) 10G 5CD and LBPS Tests
[ 10G Transmitter SSC Tests
> 10G Transmitter Eye Far End (TP1) Tests (USB-IF SigTest)(CTLE On)
10G Far End Random Jitter (CTLE OM)
10G Far End Maximum Deterministic Jitter (CTLE ON)
10G Far End Total Jitter at BER-12 (CTLE OM)
10G Far End Template Test (CTLE OM)
10G Far End Differential Output Voltage (CTLE OM)
[ © 106G deemphasis and preshoot test

(Click a test's name to see description)

Limit Set: USB 3. 1 Spedfication version 1.0

| 5Tests  |Check the test{s) you would like to run

Connection: UNKNOWN Y

The remaining tests in the application are not supported
currently due to known issues in the software. They will be
supported in a future release of this Compliance Test Bench and
USB application.

5. Under the Connect tab.

USB 3.1 Compliance Test Bench

a. Check | have completed the instructions.
b. Click Run Tests.
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File View Tools Help

D dE| "»W¥yE -
Task Flow _| Setlp | Select Tests | Configure  Connect | Run Tests | Automation | Results | il Report |
5 tests will -
& run. Connect to USB 3.1 receiver reference plane (SMA Connection) at TP1
1 physical
setup will be
used. Step
Followthese | 1. Connect your Device Under Test to the USB 3.0 test fixture. Apply VBUS to the test fixture by «
instructions  |the scope.
to start
testing 2. Connect two phase-matched SMA cables to the receiver
Ensure correct polarity
« Connect SSTX+ to Chamnel 1
« Connect SSTX- to Channel 3
'3. Connect SSRX+ of the test fixture to the front panel AUX OUT (or Cal Output for DSOX serie:
will automate the test pattern changing. If the automation is not successful vou will be prompted to ¢
Connection Diagram
., e
£
[ e -
Run Tests | ¥ Suppress all connection prompts
¥ 5Tests Follow instructions to connect the DUT, then press [Start] G jon: Far End itter Eye 4

Once the tests are completed, you can view the test results under the
Results tab.

File View Tools Help

0& M|

TpEE 1T

| % B

Task Flow _

SetUp

Select Tests

Configure

Connect

Run Tests

Set UDI Select Tests I Configure I Connectl Run Tests I Automation Results |Hh11| Reportl

Test Name | Actual val | Margin | Pass Limits |
/ 10G Far End Random Jitter (CTLE ON) 120 mUIL 14.9%  VALUE <= 141 mUI

/ 10G Far End Maximum Deterministic Jitter (CTLE ON) 167 mUL 68.5%  VALUE <= 530 mUI

/ 10G Far End Total Jitter at BER-12 (CTLE ON) 286 mlIL 57.4%  VALUE <=871mUI

/ 10G Far End Template Test (CTLE ON) 0,000 100.0% WVALUE = 0.000

/ 10G Far End Differential Output Veltage (CTLE ON) 156.6mV  7.7%  70.0mV <=VALUE <= 1.2000 ¥

Details: (Select an individual result)

5Tests |5 results shown. [Himl Report] tab shows details Connection: Far End Transmitter Eye 4

USB 3.1 Compliance Test Bench




You can also view the HTML report under the HTML Report tab.

File View Tools Help

Ded|l »wWrirlkRaE

'SetUp | Select Tests | Configure | Connect | Run Tests | Automation | Results  Heml Report |

Setlp USB3.1 Test Report

Overall Result: |

’—

[0GTransFunc C:\Ussrs\PublicDocumentsinfiniumiApps USB3TestiTrans ferFunctions\USB3Gen2ReferenceChannel_Fodt

[86TransFunc | |C:\Ussrs\PubiiciD iumApps\USB3TestTrans ferFunctions\USB3_TX_Device_Channelifé

it e P oevc 1

- Saved signal

Ideiade T [AuTo

BcGan o

- ‘Cban Clock

Test Session Details

No Serial

‘2 "

No

USE 3.1 Specification version 1.0

‘2{]1 5-11-19 12:07:28 UTC +05:30

Summary of Results

Failed
Passed

mm|:||

| 5 Tests |ﬁew!§aueﬂ>rint detailed HTML results. Connection: Far End Transmitter Eye

References

- For Universal Serial Bus Specification 3.1, refer to USB_3_1_r1.0.pdf.

- For USB 3.1 Reference Channel Models, refer to Channel Model
Usage_2015-02-03b.pdf and Channel Model Usage - Heck - 2014-01-10.
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