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1 Introduction

This MOI & User Guide contains the procedure for testing an electrical receiver for USB4® Version
2.0 (or USB4 Gen 4) certification at 80 Gbps (40 Gbps x2) using the Anritsu MP1900A BERT, High
Performance Real-Time Oscilloscope, and GRL-USB4-V2-RXA Test Automation Software as per
USB-IF standards.

The main body of this MOI & User Guide describes how to perform automated Calibration and
Testing of USB4 Gen 4 Rx Hosts and Devices using the GRL-USB4-V2-RXA software, with an
appendix describing the manual calibration process as a technical reference.

The tests in this MOl are the tests carried out by USB Independent Test Labs (ITL’s). If performing
the tests yourself, it is important for you to follow the MOI’s as described in this document before
submitting your Device Under Test (DUT) for Certification in order for you to be confident that
your device will pass. ITL’s also provide pre-compliance test services if your company does not
have the equipment or resources to carry out the tests. Contact Granite River Labs @

support@graniteriverlabs.com for USB pre-compliance and compliance test services.

For Devices and Hosts with a USB Type-C® Connector, the USB-IF, VESA (DisplayPort over USB
Type-C), and Thunderbolt™ Compliance programs all require USB4 Gen 4 receiver compliance
testing.

In summary, this User Guide & MOI basically describes using the GRL-USB4-V2-RXA software to:
1. Calibrate and Test a USB4 Gen 4 Receiver.

2. Generate Test Report for Compliance Reporting.

GRL-USB4-V2-RXA MOI & User Guide Rev. 4.0
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2 Resource Requirements

2.1 Equipment Requirements

TABLE 1. EQUIPMENT REQUIREMENTS — SYSTEMS

System Qty. Description Key Specification Requirement
Oscilloscope 1 | High Performance Real-time e >25GHz bandwidthf
Oscilloscope e DCto25GHzat-3 db bandwidth or higher
e Sampling rate = 80 Gs/s
e Sample clock jitter/intrinsic jitter <100 fs
rms within the acquired time range of 10 to
50 psec/div
e Intrinsic vertical noise <3 mV rms within
the acquired voltage range of 10 to 100
mV/div
e SNDR=38.5dB measured using common
test methodology for ADC, by applying high
quality/low noise sine wave (3 sine-wave
test frequencies: 6,10,12.8 GHz, magnitude
800 mV p-p differential) at scope input and
measuring the output signal-to-noise-and-
distortion ratio while compensating scope
intrinsic noise as defined by USB4 V2
standard
e Scope measurement software, e.g.
Keysight InfiniiSim for Keysight scope or
Tektronix DPOJET for Tektronix scope
BERT 1 | Anritsu MP1900A Signal Quality | SQA Software Version 10.03.04 or above
Analyzer (SQA)
MP1900A Signal Quality Analyzer, with following modules:
e MU181000A/B 12.5 GHz Synthesizer
e MU181500B Jitter Modulation Source
e MU195020A 32G bit/s SI Pulse Pattern Generator
e MU196020A 64.2G bit/s or 64.2G baud PAM4 Pulse Pattern Generator (2 units
required)
e MU195050A Noise Generator
GRL-USB4-V2-RXA MOI & User Guide Rev. 4.0
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System Qty. Description Key Specification Requirement
Vector 1 | Anritsu MS46524B ShockLine™ MS46524B-020 - Frequency Domain option
Network 4-Port Performance Vector (50 kHz to 20 GHz)

Analyzer (VNA) Network Analyzer MS46524B-002 - Time Domain option
(with time gating)
Firmware Version: V2018.2.1 or above
40 GHz, 140 dB max

Or Or

ENA Vector 1 | Keysight E5080B 4-Port ENA Firmware Version: B.14.14 or above

Network Vector Network Analyzer 53 GHz, 140 dB max

Analyzer (ENA)

- For Channel calibration to
worst case condition
Control PC 1 | High-performance computer Windows 11 OS and above

with SigTest application
installed
- For automation control
(running GRL-USB4-V2-RXA
software)

High-performance CPU with Multicore

Minimum system requirements: 32GB RAM
memory

Recommended system requirements:
48GB RAM memory

le] Oscilloscope with scope bandwidth as specified in vendor specific MOI’s.

TABLE 2. EQUIPMENT REQUIREMENTS —ACCESSORIES

Accessory Qty. Description Key Specification Requirement
Plug Test 1 | USB4 Gen 4 (Case 1) Plug Test
Fixture Fixture
Receptacle 2 | USB4 Gen 4 (Case 2)
Test Fixture Receptacle Test Fixture
TP3 Test 1 | 0.8m USB Type-C Passive
Cables Cable
Microcontroller 1 | USB4 Gen 4 Microcontroller
Differential 1 | Anritsu AH54192A
Linear
Amplifier
Power Supply 1 | Anritsu AH54192A-01 Power supply for Anritsu AH54192A

GRL-USB4-V2-RXA MOI & User Guide
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Accessory Qty. Description Key Specification Requirement
Cable Deskew 4 | Anritsu V241C V-connector power splitter
Fixture
RF Coaxial 2 | Anritsu 34VKF50A DC to 40 GHz, V(m) to K(f), 50 ohm
Adapter
Power Splitter 4 | Mini-Circuits ZX10-2-183-S+ 2 Ways DC Pass Power Splitter, 1500 to 18000
MHz, 50 Q, SMA connectors
DC Block 2 Bandwidth of at least 33GHz
Attenuator 2 3dB
2 6 dB

Note: Cable connector type and length requirements may vary according to the lab setup and the
dimensions of the DUT board. Table below is a recommended list. Please also refer to the respective
manufacturer for detailed cabling recommendations related to USB4 Version 2.0.

TABLE 3. EQUIPMENT REQUIREMENTS — CONNECTION CABLES

Connection Cable Qty. Key Specification Requirement
MU181000A/B to MU181500B 1 | Anritsu J1624A SMA-SMA cable (0.3 m)
MU181500A/B to MU196020A 1 | Anritsu J1624A SMA-SMA cable (0.3 m)
MU181000A/B to MU195020A 1 | Anritsu J1624A SMA-SMA cable (0.3 m)
MU181500A/B to MU196020A 1 | SMA-SMA cable (0.5 m)

Coaxial Cable 1 pair | V-connector coaxial cable (40 cm, 1.85 mm)
SMA Cable 5(1m
1{05m
JTAG Ribbon Cable For connecting Anritsu AH54192A-01 power
1 | supply and Anritsu AH54192A differential linear
amplifier
USB Type-C Passive Cables 1 For connecting Gen 4 controller and TP2 Plug

Fixture

GRL-USB4-V2-RXA MOI & User Guide
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2.2 Software Requirements

Software Source

Granite River Labs USB4 Version 2.0 (80 Gbps) Automated Receiver
Calibration and Compliance Test Solution - www.graniteriverlabs.com

RL-USB4-V2-RXA . .
GRL-US Includes test setup and pattern files for USB4 Gen 4 Rx testing

Included with Node Locked License to single oscilloscope or PC OS

VISA Software is required to be installed on the controller PC running GRL-
USB4-V2-RXA software. GRL’s software framework has been tested to work
VISA (Virtual Instrument with all three versions of VISA available on the Market:

So;tware Architecture) APl | 1 N|.y|SA: http://www.ni.com/download/ni-visa-17.0/6646/en/
Software

2. Keysight 10 Libraries: www.keysight.com (Search on 10 Libraries)

3. Tektronix TekVISA: www.tek.com (Downloads > Software > TekVisa)

Anritsu High-Speed Serial Data Test Software - Mainframe MX190000A SQA
MX190000A Control Software (Version 10.03.04 or above). This software is located on the
MP1900A BERT.

Downloadable from USB-IF’s website. (Note: Approval and NDA as a USB-IF

SigTest Application Adopter is required to gain access to USB-IF products.)

USB4 Electrical Test Tool

(ETT) Downloadable from USB-IF’s website. See Section 3.1.1 for more details.

Downloadable from MATLAB’s website. (Note: This is required to run the USB4

MATLAB MCR R2024a (24.1 .
¢ 0242 (24.1) Gen 4 SigTest.)

GRL-USB4-V2-RXA MOI & User Guide Rev. 4.0
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3 Installing and Setting Up GRL-USB4-V2-RXA Software

This section provides the procedure for installing, configuring and verifying the operation of the
GRL-USB4-V2-RXA software. It also helps you familiarize yourself with the basic operation of the
software.

The software installer automatically creates shortcuts in the Desktop and Start Menu.

To open the software application, follow the procedure in the following section.

3.1 Download and Set Up GRL-USB4-V2-RXA Software
Install, launch and set up the GRL-USB4-V2-RXA software on a PC or an oscilloscope (where GRL-
USB4-V2-RXA is referred to as ‘Controller PC’ or ‘Scope’ respectively in this MOI & User Guide):

1. Install VISA (Virtual Instrument Software Architecture) on to the PC/Scope where GRL-USB4-
V2-RXA is to be used (see Section 2.2).

Download the GRL-USB4-V2-RXA ZIP file package from the Granite River Labs support site.
3. The ZIP file contains:

e USB4V2RxANPatternFilesInstallationxxxxxxxxxSetup.exe - Run this on the Anritsu
Signal Quality Analyzer to install the test pattern setup files.

e USB4V2RxANTestApplicationxxxxxxxxxSetup.exe - Run this on the controller PC or
scope to install the GRL-USB4-V2-RXA application.

e USB4V2RxANTestScopeSetupFilesinstallationxxxxxxxxxSetup.exe - Run this on the
scope to install the scope setup files.

4. Launch and set up the software as follows:

e Open the GRL folder from the Windows Start Menu. Click on GRL - Automated Test
Solutions within the GRL folder to launch the GRL software framework.

G
Q Get Help

&) Google Chrome

. Google Drive Vv

B o ~

@1: Uninstall
5 ™M R © H

FIGURE 1. LAUNCHING GRL SOFTWARE FRAMEWORK
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e From the Application - Rx Test Solution drop-down menu, select Anritsu USB4 V2 Rx
Test. If the selection is grayed out, it means that your license has expired.

# GFL - Automated Test Solution

Options  License

Application

Windows  Help
Framework Test Solution
R Test Solution Anritsu USB4 V2 Rx Test

FIGURE 2. LAUNCHING ANRITSU USB4 V2 RX TEST APPLICATION

e Toenable license, go to License - License Details.

# GFRL - Automated Test Sclution

Application  Options | License | Windows  Help
License Details

FIGURE 3. LICENSE DETAILS

e Review theinstalled application.

GRL Framework License n

Granite River Labs

Framework License Details

Installed Products:

Anritsu USB4 V2 Bx Test - Demo( Expires in 180 days )

Host |0 {For enquiries or license request please send this information):

g Ex06b S TAFSWw LA IIMS Bufie 5y ROJEcif+unHHy LKw Zp K 7268

whal6TZ65/ RwyAATOluhitepd I Copy to
+/1b13djtjJzuppn WhijAc KD Sp/ 2 iem 2 Ymud 15d Kt HSKwo Zp MSh B Cwy Clipboard
CiziZ TBCjk 20 3d ASGsd ThUuKK55gejFLv KESmdsFiMgJiSN5Zmy v v

For license enquiries send the Host IDto  support @Granite RiverLabs.com

Activation Key Received:

Activation License File Received:  Browse Activate

Cloze

FIGURE 4. INSTALLED APPLICATION
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e Activate a License:

[1] If you have an Activation Key, enter it in the box provided, and select Activate.
[2] If you do not have an Activation Key, select Close to use the software for 10 days free of
charge.

Note: Once the 10-day trial times out, you will need to request an Activation Key for future usage on
the same computer or oscilloscope. For Demo and Beta Customer License Keys, please request an
Activation Key by contacting support@graniteriverlabs.com.

3.1.1 Download and Install USB4 V2 Electrical Test Tools (ETT)

For USB4 V2 Rx measurements, the Host/Device’s CIO PHY must be in an active state during
testing. Its transmitters shall be transmitting PRBS31 into the analyzer measurement channel
during testing and its receivers shall have their terminations enabled during testing. Thus, a PHY
microcontroller must be used to put the DUT into the right state for USB4 V2 Rx testing.

Download ETT:

Visit the USB-IF official website and download “USB4 Electrical Test Tool” (ETT) at
https://www.usb.org/usb4tools.

Install ETT:

Before running ETT, configure the Control PC’s environment using the instructions in
USB4V2_ElectricalTestTool - Version_2.0.0_eng43.pptx from the ETT package downloaded
from USB-IF.

L » - ET » ETT.200 Search ETT

[ﬁ S (D Previe

MName

oo USB4ElectricalTestTool.exe
.ﬂ USB4ElectricalTestToolCLILexe

ll' USB4V2_ElectricalTestTool - Version_2.0.0_engd3.pptx

For USB4 V2 Host Testing:

e The ETT can be loaded on the Control PC with the GRL-USB4-V2-RXA software. In this case, the
USB4 Gen 4 microcontroller is required. The DUT is controlled using a 0.8m USB Type-C
passive cable from the USB4 Gen 4 microcontroller to the USB4 V2 Test Fixture.

For USB4 Device Testing:

e Upstream Facing Port (UFP): The ETT can be loaded on the Control PC with the GRL-USB4-
V2-RXA software. In this case, the USB4 Gen 4 microcontroller is required. The DUT is

GRL-USB4-V2-RXA MOI & User Guide Rev. 4.0
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controlled using a 0.8m USB Type-C passive cable from the USB4 Gen 4 microcontroller to the
USB4 V2 Test Fixture.

Downstream Facing Port (DFP): Connect the DUT’s UFP to any USB4 V2 Host via the USB4
Type-C cable. The ETT tools can be loaded on the Control PC with the GRL-USB4-V2-RXA
software. In this case, the USB4 Gen 4 microcontroller is required. The DUT is controlled using
a 0.8m USB Type-C passive cable from the microcontroller to the USB4 V2 Test Fixture. Take
note for the device DUT, if the port under test is a Downstream Facing Port (DFP), a USB4 V2 Host
will be required to connect to the DUT’s Upwards Facing Port (UFP).

3.1.2 Launch and Set Up GRL-USB4-V2-RXA Software
3.1.2.1 Onthe Scope or Controller PC

1.
2.

Launch GRL Host Application from Start Menu > GRL > GRL - Automated Test Solutions.
Select Application > Rx Test Solution -> Anritsu USB4 V2 Rx Test.

*
Select the Equipment Setup icon on the Anritsu USB4 V2 Rx Test Application menu.

Connect the Anritsu MP1900A BERT via LAN to the GRL automation control enabled Scope or
PC. The BERT can be connected using a connection string format similar to the following
example:

e BERT: “TCPIP0::192.168.0.14::5001::SOCKET” or “192.168.0.14:5001”

Note the addresses listed above are only examples and should be changed according to the
actual network connection being used.

On the Scope or controller PC, obtain the network addresses for all the connected instruments
from the device settings. Note these addresses as they will be used to connect the instruments
to the GRL automation software.

On the Equipment Setup page of the Anritsu USB4 V2 Rx Test Application, type in the address
of each connected instrument into the ‘Address’ field.

(Note: If the GRL software is installed on the Keysight Scope, type in the Scope IP address, for
example “TCPIP0::127.0.0.1::inst0::INSTR”.)

(Note: If the GRL software is installed on the Keysight Scope, and if there is error in connection,
type in the Scope IP address as “TCPIP0::192.168.0.35::5025::SOCKET”.)

(Note: If the GRL software is installed on the Tektronix Scope, ensure the Scope is connected via
GPIB and type in the GPIB network address, for example “GPIBS::1::INSTR”.)

If the GRL software is installed on the PC to control the Scope, type in the Scope IP address, for
example “TCPIP0::192.168.0.35::inst0::INSTR”. Note to omit the Port number from the address.

If the GRL software is installed on the PC to control the Scope, set up the Remote File Server as
described in Section 3.1.3.

GRL-USB4-V2-RXA MOI & User Guide Rev. 4.0
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y;
8. Then select the “lightning” button (7" ) for each connected instrument.

The “lightning” button should turn green ( 4 )

connection with each instrument.

once the software has successfully established

Mame D Address Type Vendor Lib
o
Scope Scope TCPIPR:127.0.0.1: Decilloscope Keysight | KeysightScope ~ [| 4 || &
BERT BERT TCPIPO-192.1680. | BERT Anitsu | Anritsul900PA ~ | </ =
NA NA 192.168.2.99:5001 Other Aglent | KeysightES080 ~ || < | =
e

FIGURE 5. GRL SOFTWARE INSTRUMENT CONNECTION SETUP
Note: Additional information for connecting the Keysight and Tektronix oscilloscopes to the
controller PC is provided in the Appendix of this document.
3.1.3 Set Up Remote File Server

1. The GRLRemoteProxyServer.exe will also be installed along with the
USB4V2RxANTestScopeSetupFilesinstallationxxxxxxxxxSetup.exe on the Scope. The
GRLRemoteProxyServer.exe is installed under the “C:\GRL\GRLRemoteProxyServer” directory.

Local Disk (C:) » GRL » GRLRemoteProxyServer

rary - Share with = Burn MNew folder

Mame

% AppFrameWork.dll
| 7| GRLIPAddress )
CEl GRLRemoteProxyServer

FIGURE 6. INSTALLED GRLREMOTEPROXYSERVER.EXE FILE DIRECTORY

2. Ifthe GRL software is installed on the PC to control the Scope, the GRLRemoteProxyServer.exe
must be run on the Scope to move large waveform files back to the controller PC. The GRL
software will then perform post-processing and analysis of these waveforms using SigTest.

3. When running the GRLRemoteProxyServer.exe, make sure that the controller PC and Scope
are connected to the same network, using IP addresses as in following example:

e Controller PCIP address: 192.168.100.8
e Scope IP address: 192.168.100.35

GRL-USB4-V2-RXA MOI & User Guide Rev. 4.0
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Status Log

TCF/IP Server Start
TCP/IP Server started
PortMo: 53320

GRL Remote Proxy Server

graniteriverlabs.com

Prosgy Server Address: 152.168.100.35

Fort Ma:

53320

FIGURE 7. VERIFY PROXY SERVER CONNECTION FOR CONTROLLER PC AND SCOPE

®

4. On the Anritsu USB4 V2 Rx Test Application, go to the Setup Configuration page and
select the “SigTest Setting” tab. Configure the Remote File Server IP Address and Remote
File Server Port parameters to match the network settings of the GRL Remote Proxy Server as

shown in the example below:

SigTest Setting ETT Setting LRD Setting

SigTest Version: 07

SigTest Path:

CAUSB4Sigtest

SigTest Max Thread Count:

“Please corfimm that the SigTest file name is” USB4_SigTest exe’.

1

Remate File Server IP Address:

Remate File Server Port:

53320

192.168.100.35

Save Sigtest Log: |True

v]

FIGURE 8. CONFIGURE GRL REMOTE PROXY SERVER NETWORK SETTINGS ON GRL SOFTWARE

Refer Section 5.4 for more details on parameters available on the Setup Configuration page.
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4 Receiver Calibration Setups

The GRL-USB4-V2-RXA test solution supports automated Rx calibration for USB4 Gen 4 electrical
specification using the SigTest signal quality and stress tolerance analysis application. To perform
calibration, the GRL-USB4-V2-RXA software is run from the PC or oscilloscope to enable
automation control for each step of calibration and signal quality test sequence.

Pre-calibration will be performed prior to calibration to measure voltage swing, BERT insertion
loss compensation and oscilloscope intrinsic noise. This will be followed by calibration at the TP3’
(Case 1) and TP3 (Case 2) test points to calibrate for level mismatch, RJ, SNDR (Signal Noise
Distortion Ratio), ACCM and PJ. Calibration will then be performed for the BERT trigger output and
clock signal output to be used as aggressor signals during the Rx DUT compliance tests. The BERT
assembly step response calibration will also be carried out to check on the BERT output data.

Next, the Gen 4 channel will need to be calibrated for the worst-case condition which will include
an ISl trace and a 0.8M USB Type-C passive cable. This includes the link operating margin
evaluation for the Rx and Tx lanes of the host/device. The cable is connected in between test
receptacle fixtures with ISI channel to measure the trace s4p file with a network analyzer. The
trace s4p file will be saved along with other files for post-processing using SigTest.

This will then be followed by adjustments of the PJ magnitude for Case 2. Lastly, calibration will
be performed for receiver frequency variation where it will apply the transmitter frequency
variation and verify that the DUT does not lose lock and record errors for Case 1 and Case 2
respectively.

If a captive device is present, calibration will be performed at the TP2 test point which is defined
at the output of a compliance plug fixture or the transmitter port connector output.

When calibration is completed, the GRL-USB4-V2-RXA software will generate a test report
detailing all results obtained from the calibration.

The following sections show the calibration setup connection diagrams using the Anritsu
MP1900A BERT and a high-performance real-time oscilloscope.

The fixtures and channels used for USB4 Gen 4 calibration and compliance testing are available
from USB-IF.

4.1 Connection Setup for Scope Intrinsic Noise Measurement (Pre-
Calibration)
Figure 9 below shows the setup diagram to measure the intrinsic noise generated by the

oscilloscope with no external signal applied. The intrinsic noise waveforms will be captured and
saved for SigTest processing in subsequent calibration steps.
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Control PC
]

7

Oscilloscope

srelele]

[slelolal

=
® @

o —
I/

50 ohm Terminator

FIGURE 9. SETUP FOR SCOPE INTRINSIC NOISE MEASUREMENT

Connection Step:

Connect 50-ohm terminators to the oscilloscope channels 1 and 3.

4.2 General Calibration Connection Setup

Figure 10 below shows the setup diagram for the following calibration types:

e Pre-Calibration (voltage swing)

e Case 1 & Case 2 Calibration (level mismatch, RJ, SNDR, ACCM and PJ)

e Aggressor Signal Calibration

e BERT Assembly Step Response Extraction Swing Calibration

e Case 2 PJ Magnitude Adjustment

e Receiver Frequency Variation Calibration

1M, SMA cable

i
& A
3

40 cm, 1.85mm V connector Coaxial cable @ 50 ohm terminator > i m;%::;

Anritsu MP1900A

Oscilloscope (At least 25+ GHz bandwidth)

ololole)
OO0

=N

L W
= -
2]
Power Splitter
1

Anritsu
AH54192A
Linear Amplifies

6ds /

Attenuators

Power Splitter

Anritsu AH54192A-01

(Power Supply
—| for AH54192A)
E E AH54192A-01 SEW[[DI
\ \ DC BlOCK Voltage V Current mA
34VKF50A i b VR ot
V to K Adapter D Rl > >

FIGURE 10. GENERAL SETUP FOR USB4 GEN 4 CALIBRATION
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Connection Steps:

1. Using J1624A SMA-SMA (0.3m) cables, connect the Clock Outputs of the MU181000A/B
Synthesizer to the Ext Clock Inputs of the MU181500B Jitter Modulator and MU195020A SI
Pulse Pattern Generator respectively.

2. Using the J1624A SMA-SMA (0.3m) cable, connect the Jittered Clock Output of the MU181500B
Jitter Modulator to the Ext Clock Input of the MU196020A PAM4 Pulse Pattern Generator.

3. Using a SMA-SMA (0.5m) cable, connect the MU181500B IQ Output Q to the AUX Input of the
MU196020A PAM4 Pulse Pattern Generator.

4. Using a SMA cable, connect the MU181500B IQ Output | to the oscilloscope AUX In/AUX Trig.

5. Using SMA cables, connect the MU195020A Data Outputs to the oscilloscope channels 2 and 4
through V-connector Power Splitters.

6. Using V-connector coaxial (40cm) cables, connect the MU196020A Data Outputs to V-
connector 6 dB Attenuators.

7. Connect the V-connector 6 dB Attenuators to the Anritsu AH54192A Differential Linear
Amplifier.

8. Usingaribbon cable, connect the Anritsu AH54192A-01 Power Supply to the Anritsu AH54192A
Differential Linear Amplifier.

9. Connect another pair of V-connector Power Splitters to the Anritsu AH54192A Differential
Linear Amplifier.

10. Using a SMA (1m) cable, connect the MU195050A Data Outputs to the V-connector Power
Splitters.

11. Connect the V-connector Power Splitters to the 34VKF50A V to K Adapter.
12. Connect K-connector DC blocks to the 34VKF50A V to K Adapter.

13. Using SMA (1m) cable, connect the K-connector DC blocks to the oscilloscope channels 1 and
3.

4.3 Connection Setup for Case 2 Link Operating Margin Evaluation (RX & TX)
Calibration
Figure 11 to Figure 14 show the calibration setup diagrams for link operating margin evaluation

for RX0, RX1, TX0 and TX1 lanes of the DUT using an ISl channel, USB-IF test receptacle fixture and
a 0.8M USB Type-C passive cable.

Note: The test receptacle fixture must be de-embedded from the physical channel s4p trace
(Test_Channel.S4P file).

Note: Calibration for the RX1 and TX1 link operating margin evaluation are optional and not
mandatory for compliance.
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e ().5 M, SMA cable

Name

complementary

Please follow USB4 Version 2 GEN4 CTS section

LRI —+ “4.1.4 Channel calibration to worst case condition”
e to generate these files and put these files in the same folder
__| Test_Channel.S4P
Must be de-embedded
Test_Channel.S4P from physical channel s4p
: with Receptacle Fixture De-embedded ;
I( 1
1

ISI Board

USB-C passive cable
0.8m

Receptacle Fixture Receptacle Fixture

FIGURE 11. SETUP FOR LINK OPERATING MARGIN EVALUATION FOR RX0

(.5 M, SMA cable

Name

~ ;::p::@ Please follow USB4 Version 2 GEN4 CTS section
R —* “4.1.4 Channel calibration to worst case condition”
|_] BERT_Sdd22.52P

to generate these files and put these files in the same folder
|| Test_Channel.S4P

Must be de-embedded
Test_Channel.S4P from physical channel s4p
with Receptacle Fixture De-embedded

USB-C passive cable
0.8m

TXIN TX1P

Receptacle Fixture Receptacle Fixture

FIGURE 12. SETUP FOR LINK OPERATING MARGIN EVALUATION FOR RX1 (OPTIONAL)
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e ().5 M, SMA cable

Name

complementary

Please follow USB4 Version 2 GEN4 CTS section
9 “4.1.4 Channel calibration to worst case condition”
to generate these files and put these files in the same folder

"] BERT_Sdd21.bin
"] BERT_Sdd22.52P

|| Test_Channel.S4P

Must be de-embedded
Test_Channel.S4P from physical channel s4p
with Receptacle Fixture De-embedded

0.8m

TXIN TX1P

Receptacle Fixture Receptacle Fixture

FIGURE 13. SETUP FOR LINK OPERATING MARGIN EVALUATION FOR TX0

()5 M, SMA cable

Name

complementary

Please follow USB4 Version 2 GEN4 CTS section

S _> “4.1.4 Channel calibration to worst case condition”
f R to generate these files and put these files in the same folder
__| Test_Channel.S4P
Must be de-embedded
Test_Channel.S4P from physical channel s4p
: with Receptacle Fixture De-embedded ;
I( )I
: |
1 151 Board X TXIN

USB-C passive cable
0.8m

TXIN TX1P

Receptacle Fixture Receptacle Fixture

FIGURE 14. SETUP FOR LINK OPERATING MARGIN EVALUATION FOR TX1 (OPTIONAL)
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Connection Steps:

1. Setup the connection as shown above.
2. Referto the procedure in USB4 Version 2 GEN 4 CTS section “4.1.4 Channel calibration to worst
case condition” to generate the following files:

e BERT_Sdd21.bin
e BERT_Sdd22.S2P
e Test_Channel.S4P

3. Place the above files in the same folder, which is the path specified in the “RX0/RX1/TX0/TX1
Channel Worst Case Condition Files Path” configuration.
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5 Calibrating Using GRL-USB4-V2-RXA Software

5.1 Enter Calibration/Test Session Information

Select@ from the software menu to access the Session Info page. Enter the information as
required for the calibration/test session that is currently being run. The information provided will
be included in the test report generated by the software once calibration/tests are completed.

e Thefields under DUT Info and Test Info are defined by the user.
e The Software Info field is automatically populated by the software.

if+® x0-> 0

DUT Info Test Info Software Info

DUT Manfacturer: GRL Commerts

DUT Model Number: USB4_V2_RX001

DUT Serial Number: 1000833ABC

FIGURE 15. ENTER CALIBRATION/TEST SESSION INFORMATION

5.2 Set Up Conditions for Calibration/Testing

Select from the software menu to access the Conditions page.
In this section, conditions for calibration and testing will need to be set.
Note: The condition options prefixed with ‘LRD’ are applicable only to LRD test cases.
1. Select the Test Point(s) for calibration and testing:
e “Case1” forthe receiver DUT setup with low insertion loss. This applies to the Case 1
calibration and tests.

e “Case2” forthe receiver DUT setup with maximum insertion loss. This applies to the Case
2a (passive cable) and Case 2b (LRD cable) calibration only.

e “Case2a” for the passive cable setup with maximum insertion loss which requires the
receiver DUT to be connected with a USB4 Gen 4 passive cable. This applies to the Case 2a
TER tests only.

e “Case2b” for the linear re-driver (LRD) cable setup with maximum insertion loss which
requires the receiver DUT to be connected with a USB Type-C LRD cable. This applies to the
Case 2b TER tests only.

e “TP2” for the captive device calibration and tests. The TP2 test point is defined at the
output of a compliance plug fixture.
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Test Point ik Type Test Lane  Pj Frequency

B Case 1

B Case 2 (For Case 2a+2b Calibration)
B Case 23 (For Case 2a TER Test)
B Case 2 (For Case 2b TER Test)
@ TP2 (For Captive Device)

FIGURE 16. SELECT TEST POINTS FOR CALIBRATION AND TESTING

*Select Case 1for Case 1 calibration and test.
“Select Case 2 for Case 2a and Case 2b
calibration only.

“Select Case 2a and Case 2b for Case 2a and
Case2 b test only.

“Select TP2 for Captive Device calibration
and test.

2. Select the USB4 Symmetric Link (where the number of TX and RX lanes are the same, e.g.
“1I*TX/1*RX” or “2*TX/2*RX”) or Asymmetric Link (where one side transmits e.g. “3*TX/1*RX”,

while the other side transmits “1*TX/3*RX”).

Test Point  Link Type  Test Lane

[C) Symmetric
[ Asymmetric_3RX
B Asymmetric_3TX

FIGURE 17. SELECT USB4 SYMMETRIC LINK AND ASYMMETRIC LINK

3. Select the Test Lane(s) for the above selected Symmetric Link or Asymmetric Link.

FIGURE 18. SELECT TEST LANES FOR SYMMETRIC OR ASYMMETRIC LINK

Test Point  Link Type  Test Lane

| Symmetric Straight RX0

| Symmetric Straight RX1

| Asymmetric Straight 3xRX Rx2
[ Asymmetric Reversed 3xRX RX2
B Asymmetric Straight 2<TX RXD
B Asymmetric Reversed 3 TX Rx1
() LRD TF1 Symmetric Rx0 Tx0
[] LRD TF1 Symmetric Rx1 Tx1

| LRD TF1 Asymmetric TxD Fx0
[] LRD TF2 Symmetric Rx0 Tx0
] LRD TF2 Symmetric Rx1 Tx1
B LRD TF2 Asmmetric Tx0 Rx0

GRL-USB4-V2-RXA MOI & User Guide
© Granite River Labs 2026

Rev. 4.0

Version 4.0, Feb 2026. Updated 02.05.2026 Page 28 of 143


http://www.graniteriverlabs.com/

o GRI‘ g?niteriverla bs.com

4. Select the PJ Frequency.

Test Point  Link Type Test Lane Fj Frequency

(] 1 MHz

[ 2 MHz

(] 10 MHz

& 50 MHz

(] 100 MHz

FIGURE 19. SELECT PJ FREQUENCY
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5.3 Select Calibration

The test selection page allows calibration/tests that need to be performed to be selected. Initially
when starting for the first time or changing anything in the setup, it is suggested to run Calibration
first. If the calibration is not completed, the Rx Tests will throw an error message.

The GRL-USB4-V2-RXA software automatically runs the selected calibration when initiated. See
Section 5.7 on running the calibration.

- € Al Tests
=B € Calibrations
----- B < voltage Swing Calibration
----- B ¢ BERT Insertion Loss Compensation
----- adc Scope Intrinsic Noise Measurement
----- B ¢ Level Mizsmatch Calibration
----- @ ¢ RJ Calibration
----- B ¢ SNDR Calibration
----- @ ¢ ACCM Calibration
----- 8 ¢ PJ Calibration
----- a8¢ Aggressor Signal Calibration
=B € Channel Calibration To Worst Case Condition
----- B ¢ VNA Calibration{Anritsu VINA)
----- B ¢ BERT Assembly Step Response Extraction Swing Calibration
----- B ¢ Differential Return-Loss measurement at BERT assembly output
----- B ¢ 2x Thru Measurement
----- B ¢ TestChannel Measurement RX0
----- B ¢ TestChannel Measurement TX0
----- B ¢ TestChannel Measurement RX1
----- B ¢ TestChannel Measurement TX1
----- B4 Link Operating Margin Evaluation RX0D
----- B4 Link Operating Margin Evaluation TXD
----- B < Link Operating Margin Evaluation RX1 (Optional)
----- B ¢ Link Operating Margin Evaluation TX1 (Optional)
=B € Case 2 Pj Magnitude Adjustment
EIH € Pj Magnitude Adjustment
- B ¢ Pj Magnitude Adjustment RX0

e B < Pj Magnitude Adjustment TX0
B < PjMagnitude Adjustment X1 (Optional)

FIGURE 20. SELECT CALIBRATION

Note: The marking shown on the left of each test parameter indicates the status of the
calibration/test result of the parameter. In the above example, € indicates that calibration/testing
has not been run for the specific calibration/test parameter. When calibration/testing has been run
and completed successfully for the specific calibration/test parameter with a Pass result, this will be
indicated with +/.
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5.4 SetUp SigTest Environment
SigTest allows waveforms captured with the oscilloscope to be analyzed and checked against the

specified pass/fail criteria.

ot
Select &Sl from the software menu to access the Setup Configuration page.
Select the SigTest Setting tab to set up the SigTest components as described below:

SigTest Sefting ETT Setting LRD Setting

Sig Test Version: 0.7

SigTest Path: CUSB4Sigtest
“Please corfim that the SigTest file name is' LUSB4_SigTest exe”.

SigTest Max Thread Count: |1 e
Remate File Server IP Address: 192.168.100.35

Remote File Server Port: 53320

Save Sigtest Loa: True e

FIGURE 21. CONFIGURE SIGTEST

1. Select the SigTest Version to be run during calibration to ensure waveform compliance. Make
sure that the SigTest application is already installed in the test controller system.

2. Enter the full SigTest Path in the test controller system. Ensure that the SigTest file name is
“USB4_SigTest.exe”.

3. Select the SigTest Max Thread Count to generate the maximum process threads for checking
the Rx device functionality when running SigTest.

4. Enter the Remote File Server IP Address and Port number for the GRL Remote Proxy Server.
See Section 3.1.3 on how to set up the remote file server.

5. Setthe Save SigTest Log to “True” to generate a detailed log of all activities during the
SigTest run.
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5.5 Configure Calibration Parameters

After selecting the desired calibration and setting up SigTest, select from the software menu
to access the Configurations page. Set the required parameters for calibration as described below.

To return all parameters to their default values, select the ‘Set Default’ button.

o Al Tests - Set Defautt
.. Aggressor Source: BERT -
. Use BERT Default Preset Setting: False v
. Reverse Signal Polarity: False -
. Skip BERT IL Compensation: False -
O Calibrations
Concument SNDR and ACCM Calibration: True V
Tektronix Channel Select: Single w
ATl Channel Skew(ps): d|
D Channel Calibration To Worst Case Condition
. Keysight VNA Calibration Method: Ecal -
. ZxThru.sdp File Path: CAGRL
. Use 150 or GRL toal: GRL “
. Use Single Tx and Rx Lane For Test: False w
. R0 Channel Worst Case Condition Files Path: C-\Channel Worst Case Condition Files\F
. R¥1 Channel Worst Case Condition File Path: C\Channel Worst Case Condition Files\F

FIGURE 22. CONFIGURE CALIBRATION PARAMETERS

TABLE 4. ALL TESTS PARAMETERS DESCRIPTION

Parameter Description

Aggressor Source Select the Aggressor source from the MP1900A BERT Sl Pulse Pattern
Generator or using an external signal generator.

Use BERT Default Preset “False” is usually the case of which the GRL software will apply the

Setting calibrated preset setting from the Preset Calibration to the TER test. If you

change this to “True”, the default preset setting of the MP1900A BERT will
be used.

Reverse Signal Polarity

“False” is usually the case. If you change this to “True”, reverse polarity for
the signal is enabled.

Skip BERT IL Compensation

“False” is usually the case. If you change this to “True”, compensation for
the insertion loss (IL) by the MP1900A BERT will be skipped.
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TABLE 5. CALIBRATION PARAMETERS DESCRIPTION

Parameter

Description

Concurrent SNDR and
ACCM Calibration

“True” is usually the case. Select “False” to disable the SNDR and ACCM
calibration from happening in tandem.

Tektronix Channel Select

If using the Tektronix scope, select either the Single-shot based scope or
the Tektronix' owned Dual Asynchronous Time Interleaving (Dual ATI)
based scope.

ATI Channel Skew (ps)

If using the Tektronix ATl based scope, enter the channel skew or timing to
perform alignment of the scope channels.

Keysight VNA Calibration
Method

If using the Keysight E5080B VNA, select the calibration method to be used
to perform the channel calibration to worst case condition - ‘Ecal’ (using
the Keysight N4433A calibration kit) or ‘Manual’.

2xThru.s4p File Path

Enter the path to save the captured test channel S-parameters in s4p
format for the receptacle test fixture trace loss de-embedding using the
2xThru structure.

Use ISD or GRL tool

Select one of the following tools to perform de-embedding of the channel
test fixture.

e The “ISD” or In-Situ De-embedding tool can be used to remove the
effects of test fixture components when measuring the USB4 V2
Case 2 test channel. If ISD is selected, the GRL software will request
the user to perform de-embedding on their own.

e |f“GRL”is selected, the GRL software will utilize the GRL tool to
perform de-embedding of the test fixture.

Use Single Tx and Rx Lane
For Test

“False” is usually the case. Select “True” to use RX0 and TXO0 lane
Calibration results for RX1 and TX1 TER tests. This configuration only
applies for Case 2.

RX0 Channel Worst Case
Condition Files Path

Enter the path to save the RX0 Channel Worst Case Condition file and the
waveform file generated from the BERT Assembly Step Response Extraction
Swing Calibration. This configuration only applies for Case 2.

RX1 Channel Worst Case
Condition Files Path

Enter the path to save the RX1 Channel Worst Case Condition file and the
waveform file generated from the BERT Assembly Step Response Extraction
Swing Calibration. This configuration only applies for Case 2.

TX0 Channel Worst Case
Condition Files Path

Enter the path to save the TX0 Channel Worst Case Condition file and the
waveform file generated from the BERT Assembly Step Response Extraction
Swing Calibration. This configuration only applies for Case 2.

TX1 Channel Worst Case
Condition Files Path

Enter the path to save the TX1 Channel Worst Case Condition file and the
waveform file generated from the BERT Assembly Step Response Extraction
Swing Calibration. This configuration only applies for Case 2.
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5.6 Configure Calibration Target Values

For debugging purposes ONLY, the default calibration target values can be changed for the

respective calibration. To do this, select {U] from the menu to access the Calibration page.

By default, the calibration target values are those defined in the specification. To change the
values, un-select the ‘Use Default Value’ checkbox. In case the default values are required again,
just select the checkbox to allow all existing values to be reset to default.

Note: The PID Control setting is used to adjust the step width for steps calculation if the target
measurement cannot be met with the current step. To adjust, use a lower PID Control value to
reduce the subsequent step or increase the control value to make the subsequent step bigger.

B Use Default Value

Aggressor Signal Calibration BERT Assembly Step Response Extraction Swing Calibration
Voltage Swing Calibration BERT Insertion Loss Compensation  Level Mismatch Calibration  RJ Calibration  SMNDR Calibration  ACCM Calibration  PJ Calibration

Casel (aze?

Initial Cal mV

200
Target Value: 1080 mV
Min Limit: 1075 mV
Ma Limit: 1108 mV
PID Control 100

FIGURE 23. CALIBRATION TARGET OVERWRITE PAGE
5.7 Run Calibration

Select. in the main software menu to access the Run Tests page.

Run Ophon

O Skip Test F Resuft Exists

Run Tests

(") Replace I Result Exists

FIGURE 24. RUN CALIBRATION
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Select the Run Option before clicking the “Run Tests” button to start selected calibration:

o Skip Test if Result Exists. If previous calibration results exist, then the software will skip the
calibration steps that have existing reports.

¢ Replace if Result Exists. If previous calibration results exist, then the software will replace
each step in the calibration with new results.

When calibration is running, the connection setup diagram of the respective calibration will
initially appear as a guide for the user to make sure all connections are proper before calibration

is performed.

Connection Diagram

40 cm, 1.85mm V connector Coaxial cable
w— ] M, SMA cable

Anritsu MP1900

@ 50 ohm terminator

Oscilloscope (At least 25+ GHz bandwidth)

lojeXele;
[ojelele]

=l

Power Spliter

-

Anritsu
E AHS4152A

L

Coea Ampites

38 |
Attenuators

Power Spliter

DC Block
34VKFS0A

Anritsu AH54192A-01
(Power Supply
for AH54192A)

AHS1920.01

=

Selector

V to K Adaptor

Instructior

wators to Di ifier(Anitsu AH547924).
5 Comnect Paner S ppwnm AHsszm el noar rfe(Frtay A1S41524) by Rbbon
1 Connect V comecior to Diferertia plfier(Anrisu AH541:

Poy

wer Splter via 1 M SMA cable.

).
apnect K comnactor DC blacm Vla K Mamar{:ﬂVKFWA}

e K connector DC block to scope channe\ 1and channel 3 via 1 M SMA cable.
nect MP 1300 MU1815008 1Q Ouput Ito scope AUX in/AUX Trig via SMA cable

.,
£95885

oK

h Cannen MPWBD\) menzﬂA Data Ompu: B Vconnemrads Mer\uaﬁm via 40 cm Veonnector Coaxial cable

FIGURE 25. CONNECTION SETUP DIAGRAM DIALOG EXAMPLE

If you need to re-run only certain calibration on certain conditions, delete the calibration results
from the Report tab and Run with Skip Test if Result Exists. The GRL software will keep track of
the missing calibration results in the report and perform those calibration only. See Section 7.2,

Delete Test Results for details.
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6 Compliance Testing Using GRL-USB4-V2-RXA Software

After calibration has completed successfully, testing for receiver TER (Trit Error Ratio) compliance
and frequency variation can then be performed. The GRL-USB4-V2-RXA software automates the
Gen 4 receiver compliance testing for TER of 1E-8 or lower without FEC (Forward Error Correction),
at the spec-defined jitter frequency steps. The DUT will also undergo signal frequency variations
during Link training for the Case 1 and Case 2 setups, before obtaining steady state.

When testing is completed, the results will be logged in an aggregated test report which can be
generated into PDF format.

6.1 Connection Setups for Receiver TER Testing

This section describes the test setups for the host/device DUT using the USB4 V2 microcontroller
and MP1900A BERT. Test scripts as listed in Section 2.2 are required to run the automation tests.
Also refer to Section 3.1.1 for options on how to configure the test setup.

6.1.1 MP1900A BERT Standard Modes

The MP1900A BERT has three modes for USB4 V2 Rx calibration and testing: Standard BERT for
PAM4 with MU196050A, Standard BERT for PAM4 with MU195050A and Standard BERT for SI.
The differences between these modes are in the BERT modules used and the slot configurations.
Therefore, the connection setup of each mode will also be different.

6.1.1.1 Standard BERT for PAM4 with MU196050A Mode

Figure 26 below shows the setup diagram using the Standard BERT for PAM4 with MU196050A
mode with the following BERT modules and slot configurations:

° MU195020A S| Pulse Pattern Generator at slot 5
° MU196020A PAM4 Pulse Pattern Generator at slot 7
. MU196050A Noise Generator at slot 8
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40 cm, 1.85mm V connector Coaxial cable @ 50 ohm terminator M
10-2-183-
s 1 M, SMA cable - : 8

Anritsu MP1900A Oscilloscope (At least 25+ GHz bandwidth)

OO0
olejele

]
]

|  E— |

Power Splitter

® Anritsu AH54192A-01
(Power Supply

1
for AH54192A)
Anritsu
AH54192A AHS541924-01
E Diffesentlal Selector
Linear Amplifier :] Vee

/

6dB Voltage v Current mA
Attenuators \ DC Block
34VKF50A oo L

bt
Power Splitter ~ V to KAdapter O » D

FIGURE 26. STANDARD BERT FOR PAM4 wiTH MU196050A SETUP

Connection Steps:

1. Using J1624A SMA-SMA (0.3m) cables, connect the Clock Outputs of the MU181000A/B
Synthesizer to the Ext Clock Inputs of the MU181500B Jitter Modulator and MU195020A SI
Pulse Pattern Generator respectively.

2. Using the J1624A SMA-SMA (0.3m) cable, connect the Jittered Clock Output of the MU181500B
Jitter Modulator to the Ext Clock Input of the MU196020A PAM4 Pulse Pattern Generator.

3. Using a SMA-SMA (0.5m) cable, connect the MU181500B IQ Output Q to the AUX Input of the
MU196020A Pulse Pattern Generator.

4. Using a SMA cable, connect the MU181500B IQ Output | to the oscilloscope AUX In/AUX Trig.

5. Using SMA cables, connect the MU195020A Data Outputs to the oscilloscope channels 2 and 4
through V-connector Power Splitters.

6. Using V-connector coaxial (40cm) cables, connect the MU196020A Data Outputs to V-
connector 6 dB Attenuators.

7. Connect the V-connector 6 dB Attenuators to the Anritsu AH54192A Differential Linear
Amplifier.
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8. Usingaribbon cable, connect the Anritsu AH54192A-01 Power Supply to the Anritsu AH54192A
Differential Linear Amplifier.

9. Connect another pair of V-connector Power Splitters to the Anritsu AH54192A Differential
Linear Amplifier.

10. Using a SMA (1m) cable, connect the MU196050A Data Outputs to the V-connector Power
Splitters.

11. Connect the V-connector Power Splitters to the 34VKF50A V to K Adapter.

12. Connect K-connector DC blocks to the 34VKF50A V to K Adapter.

13. Using SMA (1m) cable, connect the K-connector DC blocks to the oscilloscope channels 1 and
3.

6.1.1.2 Standard BERT for PAM4 with MU195050A Mode

Figure 27 below shows the setup diagram using the Standard BERT for PAM4 with MU195050A
mode with the following BERT modules and slot configurations:

° MU195020A S| Pulse Pattern Generator at slot 5
° MU196020A PAM4 Pulse Pattern Generator at slot 7
° MU195050A Noise Generator at slot 8

40 cm, 1.85mm V connector Coaxial cable @ 50 0hm terminator | Mini-Circuits
1M, SMA cable P s
Anritsu MP1900A Oscilloscope (At least 25+ GHz bandwidth)
oJolole
lojeolele;
]
]
1| | IS—

Anritsu AH54192A-01 DC Block ©

(Power Supply ’:I\

for AH54192A)

L/ !
S41920 ) E AAFESIEL: . J Power Splitter
v e | | -| @
6dB
Output Vee Vot Vamp
Attenuat 34VKF50A —
| p @ & —W V to K Adapter
FIGURE 27. STANDARD BERT FOR PAM4 wiTH MU195050A SETUP
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Connection Steps:

1.

10.
11.

Using J1624A SMA-SMA (0.3m) cables, connect the Clock Outputs of the MU181000A/B
Synthesizer to the Ext Clock Inputs of the MU181500B Jitter Modulator and MU195020A SI
Pulse Pattern Generator respectively.

Using the J1624A SMA-SMA (0.3m) cable, connect the Jittered Clock Output of the MU181500B
Jitter Modulator to the Ext Clock Input of the MU196020A PAM4 Pulse Pattern Generator.

Using a SMA-SMA (0.5m) cable, connect the MU181500B IQ Output Q to the AUX Input of the
MU196020A PAM4 Pulse Pattern Generator.

Using a SMA cable, connect the MU181500B 1Q Output | to the oscilloscope AUX In/AUX Trig.

Using SMA cables, connect the MU195020A Data Outputs to the oscilloscope channels 2 and 4
through V-connector Power Splitters.

Using V-connector coaxial (40cm) cables, connect the MU196020A Data Outputs to V-
connector 6 dB Attenuators.

Connect the V-connector 6 dB Attenuators to the Anritsu AH54192A Differential Linear
Amplifier.

Using a ribbon cable, connect the Anritsu AH54192A-01 Power Supply to the Anritsu AH54192A
Differential Linear Amplifier.

Connect the 34VKF50A V to K Adapter to the Anritsu AH54192A Differential Linear Amplifier.
Using a SMA (1m) cable, connect the 34VKF50A V to K Adapter to the MU195050A Data Inputs.

Using a SMA (1m) cable, connect the MU195050A Data Outputs to the oscilloscope channels 1
and 3 through DC blocks.

6.1.1.3 Standard BERT for S| Mode

Figure 28 below shows the setup diagram using the Standard BERT for SI mode with the following
BERT modules and slot configurations:

MU195020A S| Pulse Pattern Generator at slot 7
MU196020A PAM4 Pulse Pattern Generator at slot 5
MU195050A Noise Generator at slot 8
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40 cm, 1.85mm V connector Coaxial cable . 50 ohm terminator u | Mini-Circuits
| M, SMA cable '") ZX10-2-183-5+
Anritsu MP1900A Oscilloscope (At least 25+ GHz bandwidth)
. oJoJeole
OOOO
]
I ] —1
DC Block
&
Power Splitter .
P Anritsu AH54192A-01
(Power Supply
for AH54192A)
A ‘t J
{ AHT-.:'] 9521: = Lk Selector
T | ) s, 1 NI
/ k l Yoltage V
6dB
Attenuators 34VKF50A Output Vee Wt o Vamp
V to K Adapter » ) »

FIGURE 28. STANDARD BERT FOR Sl
Connection Steps:

1. Using J1624A SMA-SMA (0.3m) cables, connect the Clock Outputs of the MU181000A/B
Synthesizer to the Ext Clock Inputs of the MU181500B Jitter Modulator and MU195020A SI
Pulse Pattern Generator respectively.

2. Usingthe J1624A SMA-SMA (0.3m) cable, connect the Jittered Clock Output of the MU181500B
Jitter Modulator to the Ext Clock Input of the MU196020A PAM4 Pulse Pattern Generator.

3. Using a SMA-SMA (0.5m) cable, connect the MU181500B IQ Output Q to the AUX Input of the
MU196020A PAM4 Pulse Pattern Generator.

4. Using a SMA cable, connect the MU181500B IQ Output | to the oscilloscope AUX In/AUX Trig.

5. Using SMA cables, connect the MU195020A Data Outputs to the oscilloscope channels 2 and 4
through V-connector Power Splitters.

6. Using V-connector coaxial (40cm) cables, connect the MU196020A Data Outputs to V-
connector 6 dB Attenuators.
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7. Connect the V-connector 6 dB Attenuators to the Anritsu AH54192A Differential Linear
Amplifier.

8. Usingaribbon cable, connect the Anritsu AH54192A-01 Power Supply to the Anritsu AH54192A
Differential Linear Amplifier.

9. Connect the 34VKF50AV to K Adapter to the Anritsu AH54192A Differential Linear Amplifier.
10. Using a SMA (1m) cable, connect the 34VKF50A V to K Adapter to the MU195050A Data Inputs.
11. Using a SMA (1m) cable, connect the MU195050A Data Outputs to the oscilloscope channels 1
and 3 through DC blocks.
6.1.2 TER Test Setup for Case 1
6.1.2.1 Standard BERT for PAM4 with MU195050A Mode

Figure 29 shows the USB4 V2 host/device DUT test setup diagram for Case 1 using the USB4 V2
microcontroller and the MP1900A BERT for the Standard BERT for PAM4 with MU195050A mode.
The calibrated stressed signal is attached to the test fixture and crosstalk is added to the fixture
from the MP1900A MU195020A Sl Pulse Pattern Generator which generates aggressor signals. The
microcontroller is used to directly control the DUT by executing the ETT.

40 cm, 1.85mm V connector Coaxial cable @ 50 ohm terminator Bl o
Ini-Circuits
1M, SMA cable - i 2X10-2-183-5+
Anritsu MP1900A

Ethernet Cable

USB A to B cable

USB4 V2 Micro-
Controller
[PA]

USB Type=C passive cable

RXON RXOP

DUT

Anritsu AH54192A-01
(Power Supply
for AH54192A) | A
{
% ek | AP
ol | t TXIN TXIP
7 \l -l USB4 Gen4 Plug Fixture

W e 6dB
D » » > Attenuators 34VKF50A }
V to K Adapter (@)

FIGURE 29. RX TER TEST SETUP FOR CASE 1 USING PAM4 STANDARD BERT MoDE WITH MU195050A
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Connection Steps:

1.

8.

Continuing from the “Standard BERT for PAM4 with MU195050A Mode” setup in Section
6.1.1.2, disconnect and remove the oscilloscope from the setup.

Attach the USB4 Gen 4 plug fixture to the DUT.

Using a USB Type-C passive cable, connect the USB4 Gen 4 plug fixture to the USB4 V2
microcontroller.

Connect the USB4 V2 microcontroller to power supply and to the control PC using a USB Type-
Ato Type-B cable.

Connect the control PC to the MP1900A BERT using an Ethernet cable.

Connect the MU195050A data outputs through DC blocks to the RXON and RXOP pins of the
USB4 Gen 4 plug fixture.

Connect the unterminated ports of the V-connector power splitters (that are connected to the
MU195020A Data Outputs) to the RXIN and RX1P pins of the USB4 Gen 4 plug fixture.

Run the USB4 V2 microcontroller to control the DUT using ETT.

6.1.2.2 Standard BERT for PAM4 with MU196050A Mode

Figure 30 shows the USB4 V2 host/device DUT test setup diagram for Case 1 using the USB4 V2
microcontroller and the MP1900A BERT for the Standard BERT for PAM4 with MU196050A mode.

40 cm, 1.85mm V connector Coaxial cable @ 50 ohm terminator \ B incircuits
1 M, SMA cable - 7X10-2-183-5+

Anritsu MP1900A

(. MU181000A/B [ S—
B 5000 2 { S A4S

m
m
-
™
®
)= ]
o
N
[
o
m
gy

i USB A to B cable

USB4 V2 Micro-
Controller

USB Type-C passive cable

RXON  RXOP

Anritsu AH54192A-01
(Power Supply
for AH54192A)

Anritsu
Vee e % AH54192A

Differential

Linear Amplifier

Voltag mA 6dB / \
Attenuators \
Output Vee ot Vamp / |/ DC:Block
O » D O ____/ 34VKF50A

Power Splitter V to K Adapter

DUT

AHS4192A-01

FIGURE 30. RX TER TEST SETUP FOR CASE 1 USING PAM4 STANDARD BERT MoDE WITH MU196050A
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Connection Steps:

1. Continuing from the “Standard BERT for PAM4 with MU196050A Mode” setup in Section
6.1.1.1, disconnect and remove the oscilloscope from the setup.

2. Attach the USB4 Gen 4 plug fixture to the DUT.

3. Usinga USB Type-C passive cable, connect the USB4 Gen 4 plug fixture to the USB4 V2
microcontroller.

4. Connect the USB4 V2 microcontroller to power supply and to the control PC using a USB Type-
Ato Type-B cable.

5. Connect the control PC to the MP1900A BERT using an Ethernet cable.

6. Connect the unterminated ports of the V-connector power splitters (that are connected to the
MU195020A Data Outputs) to the RXIN and RX1P pins of the USB4 Gen 4 plug fixture.

7. Connectthe DC blocks (from the MU196020A Data Outputs) to the RXON and RXOP pins of the
USB4 Gen 4 plug fixture.

8. Run the USB4 V2 microcontroller to control the DUT using ETT.

6.1.2.3 Standard BERT for S| Mode

Figure 31 shows the USB4 V2 host/device DUT test setup diagram for Case 1 using the USB4 V2
microcontroller and the MP1900A BERT for the Standard BERT for SI mode.

e

40 cm, 1.85mm V connector Coaxial cable @ 50 ohm terminator

1M, SMA cable

Mini-Circuits
ZX10-2-183-5+

Anritsu MP1900A

l"!i.’l}ﬁ.':;ym, ¢

USB A to B cable USB4 V2 Micro-

Controller

USB Type-C passive cable

—a

RXON RXOP

TXOP
Anritsu AH54192A-01 TXON &
wmsngn LA o ) B —{m
or ([ ] i
o S N . ol )
0 [f oo || RX1N USB4 Gen4 Plug Fi
v R g Fixture
/ 7 \ —l bt
6dB '’ \
Attenuators 34VKF50A
V to K Adapter } .
RX1P
FIGURE 31. RX TER TEST SETUP FOR CASE 1 USING S| STANDARD BERT MODE
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Connection Steps:

1.

8.

Continuing from the “Standard BERT for SI Mode” setup in Section 6.1.1.3, disconnect and
remove the oscilloscope from the setup.

Attach the USB4 Gen 4 plug fixture to the DUT.

Using a USB Type-C passive cable, connect the USB4 Gen 4 plug fixture to the USB4 V2
microcontroller.

Connect the USB4 V2 microcontroller to power supply and to the control PC using a USB Type-
Ato Type-B cable.

Connect the control PC to the MP1900A BERT using an Ethernet cable.

Connect the DC blocks (from the MU195050A Data Outputs) to the RXON and RXOP pins of the
USB4 Gen 4 plug fixture.

Connect the unterminated ports of the V-connector power splitters (that are connected to the
MU195020A Data Outputs) to the RXIN and RX1P pins of the USB4 Gen 4 plug fixture.

Run the USB4 V2 microcontroller to control the DUT using ETT.

6.1.3 TER Test Setup for Case 2
6.1.3.1 Standard BERT for PAM4 with MU195050A Mode

Figure 32 shows the USB4 V2 host/device DUT test setup diagram for Case 2 using the USB4 V2
microcontroller and the MP1900A BERT for the Standard BERT for PAM4 with MU195050A mode.
The USB Type-C cable is disconnected from the USB4 V2 microcontroller and connected to the
host/device DUT’s USB Type-C receptacle connector.

40 cm, 1.85mm V connector Coaxial cable @ 50 ohm terminator
] M, SMA cable

Mini-Circuits
ZX10-2-183-5+

Anritsu MP1900A

V]

13]1013U0)
-ODIW ZAYESN

Anritsu AH54192A-01

(Power Supply TXIN TX1P
for AH54192A) Power Splitter
USB Type-C passive cable
. @ 0.8m
AH54192A-01 ” An”tsu J
Vee 2 AH54192A [___| TX1P
et [ t

Voluge v Current mA
T 6dB : DUT
D » » » Attenuators 34VKF50A !
V to K Adapter @]

FIGURE 32. RX TER TEST SETUP FOR CASE 2 USING PAM4 STANDARD BERT Mobe WITH MU195050A

GRL-USB4-V2-RXA MOI & User Guide Rev. 4.0
© Granite River Labs 2026 Version 4.0, Feb 2026. Updated 02.05.2026 Page 44 of 143


http://www.graniteriverlabs.com/

o GRI‘ g?niteriverla bs.com

Connection Steps:

1. Continuing from the “Standard BERT for PAM4 with MU195050A Mode” setup in Section
6.1.1.2, disconnect and remove the oscilloscope from the setup.

2. Attach the USB4 Gen 4 receptacle fixture to the USB4 V2 microcontroller.

Using a USB Type-C passive cable, connect the USB4 Gen 4 receptacle fixture to the DUT.

4. Connect the USB4 V2 microcontroller to power supply and to the control PC using a USB Type-
Ato Type-B cable.

5. Connect the control PC to the MP1900A BERT using an Ethernet cable.

6. Connect the MU195050A data outputs through DC blocks to the TXON and TXOP pins of the
USB4 Gen 4 receptacle fixture.

7. Connect the unterminated ports of the V-connector power splitters (that are connected to the
MU195020A Data Outputs) to the TX1IN and TX1P pins of the USB4 Gen 4 receptacle fixture.

8. Run the USB4 V2 microcontroller to control the DUT using ETT.

w

6.1.3.2 Standard BERT for PAM4 with MU196050A Mode

Figure 33 shows the USB4 V2 host/device DUT test setup diagram for Case 2 using the USB4 V2
microcontroller and the MP1900A BERT for the Standard BERT for PAM4 with MU196050A mode.

40 cm, 1.85mm V connector Coaxial cable @ 50 ohm terminator
1 M, SMA cable

Anritsu MP1900A
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] USB4 Gen4 Receptacle Fixture

8 TX1P TXIN

=

s USB Type-C passive cable

[==]

3

Controller

[PA]
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FIGURE 33. RX TER TEST SETUP FOR CASE 2 USING PAM4 STANDARD BERT MoDE WITH MU196050A
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Connection Steps:

1. Continuing from the “Standard BERT for PAM4 with MU196050A Mode” setup in Section
6.1.1.1, disconnect and remove the oscilloscope from the setup.

2. Attach the USB4 Gen 4 receptacle fixture to the USB4 V2 microcontroller.

Using a USB Type-C passive cable, connect the USB4 Gen 4 receptacle fixture to the DUT.

4. Connect the USB4 V2 microcontroller to power supply and to the control PC using a USB Type-
Ato Type-B cable.

5. Connect the control PC to the MP1900A BERT using an Ethernet cable.

6. Connect the unterminated ports of the V-connector power splitters (that are connected to the
MU195020A Data Outputs) to the TX1IN and TX1P pins of the USB4 Gen 4 receptacle fixture.

7. Connectthe DC blocks (from the MU196020A Data Outputs) to the TXON and TXOP pins of the
USB4 Gen 4 receptacle fixture.

8. Run the USB4 V2 microcontroller to control the DUT using ETT.

w

6.1.3.3 Standard BERT for S| Mode

Figure 34 shows the USB4 V2 host/device DUT test setup diagram for Case 2 using the USB4 V2
microcontroller and the MP1900A BERT for the Standard BERT for SI mode.

40 cm, 1.85mm V connector Coaxial cable @ 50 ohm terminator | MiniCircuits
] M, SMA cable ...) ZX10-2-183-5+

Anritsu MP1900A

Tva]

J3][0u0)
-0DIN ZAFESN

Anritsu AH54192A-01
(Power Supply :

for AH54192A) ; Power Splitter
- 0 e T ul

oo A8
/ z \

p— Y DUT
Attenuators 34VKF50A
V to K Adapter ‘

FIGURE 34. RX TER TEST SETUP FOR CASE 2 USING SI STANDARD BERT MODE

t
\ USB Type-C passive cable
0.8m
|

Connection Steps:

1. Continuing from the “Standard BERT for SI Mode” setup in Section 6.1.1.3, disconnect and
remove the oscilloscope from the setup.
2. Attach the USB4 Gen 4 receptacle fixture to the USB4 V2 microcontroller.
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3. Using a USB Type-C passive cable, connect the USB4 Gen 4 receptacle fixture to the DUT.

4. Connect the USB4 V2 microcontroller to power supply and to the control PC using a USB Type-
Ato Type-B cable.

5. Connect the control PC to the MP1900A BERT using an Ethernet cable.

6. Connectthe DC blocks (from the MU195050A Data Outputs) to the TXON and TXOP pins of the

USB4 Gen 4 receptacle fixture.

7. Connect the unterminated ports of the V-connector power splitters (that are connected to the
MU195020A Data Outputs) to the TX1N and TX1P pins of the USB4 Gen 4 receptacle fixture.

8. Run the USB4 V2 microcontroller to control the DUT using ETT.

6.2 Receiver LFPS Test Setups

Note: To access and run the LFPS tests, the user is required to purchase the “GRL-USB4V2-LFPS-AN”
license from Granite River Labs @ support@graniteriverlabs.com.

6.2.1 Standard BERT for PAM4 with MU195050A Mode

Figure 35 shows the receiver LFPS test setup diagram using the USB4 V2 microcontroller, MP1900A
BERT and oscilloscope for the Standard BERT for PAM4 with MU195050A mode. The calibrated
stressed signal is attached to the USB4 Gen4 plug fixture, and crosstalk is added to the fixture
from the MP1900A MU195020A Sl Pulse Pattern Generator which generates aggressor signals. The
microcontroller is used to directly control the DUT by executing the ETT.
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FIGURE 35. RXx LFPS TEST SETUP USING PAM4 STANDARD BERT MoDE WiTH MU195050A
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Connection Steps:

1.

9.

Continuing from the “Standard BERT for PAM4 with MU195050A Mode” setup in Section
6.1.1.2, disconnect all connections to the oscilloscope.

Remove the connection between the MU181500B I1Q Output | and the oscilloscope AUX In/AUX
Trig.

Attach the USB4 Gen 4 plug fixture to the DUT.

Using a USB Type-C passive cable, connect the USB4 Gen 4 plug fixture to the USB4 V2
microcontroller.

Connect the USB4 V2 microcontroller to power supply and to the control PC using a USB Type-
Ato Type-B cable.

Connect the MU195050A data outputs through DC blocks to the RXON and RXOP pins of the
USB4 Gen 4 plug fixture.

Terminate the other end of the port of both V-connector power splitters.

Connect the TXON and TXOP pins of the USB4 Gen 4 plug fixture to the oscilloscope channels 1
and 3 respectively.

Run the USB4 V2 microcontroller to control the DUT using ETT.

6.2.2 Standard BERT for PAM4 with MU196050A Mode

Figure 39 shows the receiver LFPS test setup diagram using the USB4 V2 microcontroller, MP1900A
BERT and oscilloscope for the Standard BERT for PAM4 with MU196050A mode.
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FIGURE 36. RX LFPS TEST SETUP USING PAM4 STANDARD BERT MoDE WITH MU196050A
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Connection Steps:

1.

9.

Continuing from the “Standard BERT for PAM4 with MU196050A Mode” setup in Section
6.1.1.1, disconnect all connections to the oscilloscope.

Remove the connection between the MU181500B I1Q Output | and the oscilloscope AUX In/AUX
Trig.

Attach the USB4 Gen 4 plug fixture to the DUT.

Using a USB Type-C passive cable, connect the USB4 Gen 4 plug fixture to the USB4 V2
microcontroller.

Connect the USB4 V2 microcontroller to power supply and to the control PC using a USB Type-
Ato Type-B cable.

Terminate the other end of the port of both V-connector power splitters.

Connect the DC blocks (from the MU196020A Data Outputs) to the RXON and RXOP pins of the
USB4 Gen 4 plug fixture.

Connect the TXOP and TXON pins of the USB4 Gen 4 plug fixture to the oscilloscope channels 1
and 3 respectively.

Run the USB4 V2 microcontroller to control the DUT using ETT.

6.2.3 Standard BERT for SI Mode

Figure 37 shows the receiver LFPS test setup diagram using the USB4 V2 microcontroller, MP1900A
BERT and oscilloscope for the Standard BERT for SI mode.
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Connection Steps:

1. Continuing from the “Standard BERT for S| Mode” setup in Section 6.1.1.3, disconnect all
connections to the oscilloscope.

2. Remove the connection between the MU181500B IQ Output | and the oscilloscope AUX In/AUX
Trig.

3. Attach the USB4 Gen 4 plug fixture to the DUT.

4. Using a USB Type-C passive cable, connect the USB4 Gen 4 plug fixture to the USB4 V2
microcontroller.

5. Connect the USB4 V2 microcontroller to power supply and to the control PC using a USB Type-
Ato Type-B cable.

6. Terminate the other end of the port of both V-connector power splitters.

7. Connectthe DC blocks (from the MU195050A Data Outputs) to the RXON and RXOP pins of the
USB4 Gen 4 plug fixture.

8. Connect the TXOP and TXON pins of the USB4 Gen 4 plug fixture to the oscilloscope channels 1
and 3 respectively.

9. Run the USB4 V2 microcontroller to control the DUT using ETT.
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6.3 Select DUT Rx Compliance, Frequency Variation, Margin Search, LFPS and
LRD Tests

On the test selection page, un-select all Calibration selections as they were completed in the
previous section. Scroll down to access the Receiver compliance test, Frequency Variation, Margin

Search test (optional), Rx LFPS and LRD test selections. Select the check boxes of the respective
tests to be run.

Note: The LFPS and LRD test selections are only available with purchase of the “GRL-USB4V2-LFPS-
AN” and “GRL-USB4V2-LRD-AN” licenses from Granite River Labs @ support@graniteriverlabs.com
respectively.

=@ Al Tests
@) € Calibrations
&[] @ Optional
=-E @ RxTest
=@ € 4.2.3 Receiver TER Tests
.. @ Case 1.TER
B¢ Case2aTER
B¢ Case2bTER
~-@¢ TP2TER
=@ € Receiver Frequency Variation Tests
'0 4.34 Receiver Frequency Variation test Case 1
°(> 4.3 4 Receiver Frequency Variation test Case 2a
B ¢ 434 Receiver Frequency Variation test Case 2b
@€ 434 Receiver Frequency Variation test TP2
= - R Margin Search Tests (Optional)
- 8¢ Pj Margin Search Tests
' @ Case 1:P] Margin Search Test - Informative
B © case 2a:Pj Margin Search Test - Informative
ﬂ € Case 2b:Pj Margin Search Test - Informative
.. @ € TP2.Pj Margin Search Test - Informative

FIGURE 38. SELECT DUT Rx COMPLIANCE, FREQUENCY VARIATION AND MARGIN SEARCH TESTS TO BE RUN

6.4 SetUpUSB4ETTEnvironment

ot
Select Il from the software menu to access the Setup Configuration page.
Select the ETT Setting tab to call the ETT script from a remote host as described below:

SigTest Setting  ETT Setting  LRD Setting
ETT Version Y T
ETT Directory CAUSBAETT
BERT Control: [Manual o
Test Port: ‘D—V‘
[ LaneReversal
TER Test Time(sec): 30
Lane Swap Nee ]
Generator Preset ||37\,‘
[T File Semaphors

FIGURE 39. SETUP FOR ETT ENVIRONMENT
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1. Selectthe ETT Version to be used.
2. Setthe ETT Directory field to the path where the ETT script is installed in the host PC.

Select the BERT Control as “Manual” (using manual BERT control) or “Anritsu_MP1900A”
(using the Anritsu MP1900A BERT automation control).

w

Select the Test Port of the DUT to validate for ETT test port mapping.
Select the Lane Reversal checkbox to enable reverse insertion of the USB Type-C connector.

Set the TER Test Time in seconds to run the Receiver TER tests.

N ok

To perform lane switching for the DUT, select the router and/or re-timer setup in the Lane
Swap field.

@

Configure the BERT to preset # as selected in the Generator Preset field.

9. Selectthe File Semaphore checkbox to enable the ETT “File Semaphore” function: Use File
Semaphore for FFE Preset Request.

6.5 SetUp LRD Test Environment

Note: To access and run the LRD tests, the user is required to purchase the “GRL-USB4V2-LRD-AN”
license from Granite River Labs @ support@graniteriverlabs.com.

it
Select &l from the software menu to access the Setup Configuration page.
Select the LRD Setting tab as described below:

SigTest Setting ETT Setting LRD Setting

LRD Minmum Swing: 300 mv
LRD Maximum Swing: 700 m
LRD SigTest Path: ClinearCableSig Test_Gend

FIGURE 40. SETUP FOR LRD TEST ENVIRONMENT

1. Setthe LRD Minimum and Maximum Swing values for the LRD swing calibration item “LRD
PRTS7 Swing Calibration”.

2. Specify the Path where the LRD SigTest files are located.
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6.6 Configure Test Parameters

After selecting the desired Rx tests and setting up the test environment, select from the
software menu to access the Configurations page. Set the required parameters for the Rx tests as
described below.

To return all parameters to their default values, select the ‘Set Default’ button.

o Rx Test - Set Defauit
DUT Retimer Counts: 0 ~
Read Emor Count Method: ETT w

Enable Check Emor Counter: True w

Save BERT Setup Only: False "

. Case 2, Skip Pj Magnitude Adjustment: False -
(=™ Receiver Frequency Variation Tests

Frequency Variation Test Pattem: 152 clksw

L Frequency Variation Test Cycle: 10

(=™ Margin Search Tests (Optional)
D Pj Margin Search Tests

Margin Limit Line: Calibrated -

Maximum Steps: 20

Max Margin TER (Pj:1MHz): 1E-8

Max Margin TER (Fj:2MHz): 1E-8

Max Margin TER (Fj:10MHz): 1E-8

FIGURE 41. CONFIGURE TEST PARAMETERS

For the USB4 V2 Rx test, as any of the four high-speed signal pairs in the USB Type-C cable can be
used as the Rx Lane, all four high-speed signal pairs need to be measured for Link Operating
Margin Evaluation. Each of the four path directories should contain the corresponding lane files as
follows:

e Test_Channel.s4p

e BERT_Sdd22.s2p

e BERT_Sdd21.[scope format]

e complementary (In the SigTest package downloaded from USB-IF)

< Link Operating Margin Evaluation » RxD > T « Link Operating Margin Evaluation > Rx1 3 2 <« Link Operating Margin Evaluation > T » 7 <« Link Operating Margin Evaluation » Tel »

~ ~ -~

Rame MName Name Name

complementary complementary complementary complementary

[] BERT_30D21.bin [ BERT_SDD21.bin [ BERT_SDD21bin [7] BERT_SDD21.bin

[7) BeRT_sDD22.52p [ eERT_SDD22.52p [] BERT_SDD22.52P [ BERT_SDD22.52P

D Test_Channel.sdp D Test_Channel.sdp D Test_Channel.s4p D Test_Channel.sdp
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Under the “Calibrations” parameters, set “Use Single Tx and Rx Lane For Test” to “True” to use
the RX0 and TXO0 lane Calibration results for RX1 and TX1 TER tests by flipping the USB Type-C
cable at the DUT side.

40 cm, 1.85mm V connector Coaxial cable @ 50 ohm terminator ; T
| Ini-Clrcuits
w— ] M, SMA cable ...) i ZX10-2-183-5+

Anritsu MP1900A

V]

13(|043U0)
-0DIN ZAYESN

TXTN

Anritsu AH54192A-01

(POWEF Supply TXIN TX1P
for AH54192A) _/ i H Type C passive cable 0.8m
. @ Flip DUT side of Cable Connector
- Selector % AArﬂglltgszg - e ¢
: il | t
6dB DUT
Output Vee vt Vamp
Attenuators 34VKF50A }
I:I ) » D __/ V to K Adapter O
TABLE 6. RX TEST PARAMETERS DESCRIPTION
Parameter Description
DUT Retimer Counts Select the count value if the DUT has an additional re-timer.

Read Error Count Method Select the “ETT” method or a “Manual” method to read the error counter.

Enable Check Error Counter | “True” is usually the case. Set to “False” if you want to disable verification
for the error count in the Rx test.

Save BERT Setup Only “False” is usually the case. Set to “True” if you are sure that you only want
to save the BERT test setup (calibrated results for Case 1 and Case 2) in the
Rx test.

Case 2, Skip PJ Magnitude | “False” is usually the case. Set to “True” if you want to keep the periodic

Adjustment jitter at its fixed spec value and calibrate the stressed eye using other
impairments.

Receiver Frequency Variation Tests

Frequency Variation Test Select the test pattern to be used in the Rx Frequency Variation tests.
Pattern

GRL-USB4-V2-RXA MOI & User Guide Rev. 4.0
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Frequency Variation Test
Cycle

Set the number of frequency variation test iterations (10 times as defined
by the CTS).

PJ Margin Search Tests (Optional)

Margin Limit Line

Select the option to use a limit based on calibrated or specification values
for margin search tests.

Maximum Steps

Set the maximum number of steps to step through margins.

Maximum Margin TER (PJ:
1 MHz, 2 MHz, 10 MHz, 50
MHz & 100 MHz)

Set the maximum target margin TER ratio for each PJ frequency: 1 MHz, 2
MHz, 10 MHz, 50 MHz and 100 MHz.

Margin Step Size Choice
(PJ: 1 MHz, 2 MHz, 10 MHz,
50 MHz & 100 MHz) (%)

Set the margin step size for each PJ frequency: 1 MHz, 2 MHz, 10 MHz, 50
MHz and 100 MHz in percentage.

LRD Test

LRD Save BERT Setup Only

“False” is usually the case. Set to “True” if you are sure that you only want
to save the BERT test setup for the LRD test.

LRD Waveform Acquirement

ETT Link Type

Select the Symmetric Link or Asymmetric Link of either Asymmetric_3RX
(transmits “1*TX/3*RX”) or Asymmetric_3TX (transmits “3*TX/1*RX”) to be
applied for LRD waveform capture.

Gen4 Receiver LFPS

Swing Setting of Setup 7 8

Select the low or high-power mode for the LFPS voltage swing at specific
configurations.

6.7 RunDUT Rx Tests

Select- from the software menu to access the Run Tests page. Select the Run Option as
desired before clicking on the Run Tests button to start testing the DUT. (This is similar to Section

5.7; refer for more details.)

Run Option

© Skip Test F Resuft Exists

() Replace f Result Exists

Run Tests

FIGURE 42. RUN TESTS
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7 Test Results and Reports Using GRL-USB4-V2-RXA
Software

The Reportﬂ page has all the results from all the test runs displayed. If some of the results are
not desired, they can be individually deleted by using the Delete button. Also for a PDF report,
select the Generate report button. To have the calibration data plotted in the report, make sure
the Plot Calibration Data box is checked.

Result
Generate report

No Test Name Result Limits Va .
1 Vaoltage Swing Calibration | pass IV Ny e Delete
2 Scope Intrinsic Moise Measurerr G N/A N/
7 Level Mismatch Calibration | pass RV N/ = © || Delete Al
4 RJ Calibration |__rass T M/
5 SNDR Calibration |__Pass G N/

ibrati | _pass [T N/
f ACCM Ca"b;f't'c’” —— . @ Fiot Calbration Data

FIGURE 43. REPORT RESULTS PAGE

7.1.1 DUT Information

This portion is populated from the information in the DUT tab from the Session Info tab.

Anritsu USB4 V2 Rx Test Report

DUT Information

DUT Manufacturer : GRL

DUT Model Number 1 USB4_V2_RX001
DUT Serial Number : 1000888ABC
DUT Comments

Test Information

Test Lab :  Granite River Labs
Test Operator : David
Test Date : 16 Apr 2024

Software Version

Software Revision : 1.00.16

FIGURE 44. DUT INFORMATION
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7.1.2 Results Summary Table

This portion is populated from the calibration and tests performed with their respective results.
This gives an overall view of all the results and test conditions.

TestName Results Test Point Link Type Test Lane Pj

Frequency

Voltage Swing Calibration T | Case 1 N/A

2 Voltage Swing Calibration N/A N/A EEEEE | Case 2 (For | N/A N/A N/A
Case 2a+2b
Calibration)

3 Level Mismatch Calibration N/A N/A [ Pass JIEEX N/A N/A N/A

4 Level Mismatch Calibration N/A N/A SN | Case 2 (For | N/A N/A N/A
Case 2a+2b
Calibration)

5 RJ Calibration N/A N/A B | Case 1 N/A N/A N/A

6 RJ Calibration N/A N/A =S | Case 2 (For | N/A N/A N/A
Case 2a+2b
Calibration)

7 SNDR Calibration N/A N/A B | Case 1 N/A N/A N/A

8 SNDR Calibration N/A N/A =R | Case 2 (For | N/A N/A N/A
Case 2a+2b
Calibration)

9 ACCM Calibration N/A N/A B [ Case 1 N/A N/A N/A

10 | ACCM Calibration N/A N/A RSN | Case 2 (For | N/A N/A N/A
Case 2a+2b
Calibration)

11 | PJ Calibration N/A N/A [ Pass [I€=X N/A N/A 1 MHz

12 | P Calibration N/A N/A [ Pass JEEEER N/A N/A 2 MHz

13 | PJ Calibration N/A N/A B [ Case 1 N/A N/A 10 MHz

14 | PJ Calibration N/A N/A [ Pass RN N/A N/A 50 MHz

15 | PJ Calibration N/A N/A B | Case 1 N/A N/A 100 MHz

16 | Pd Calibration N/A N/A =S | Case 2 (For | N/A N/A 1 MHz
Case 2a+2b
Calibration)

17 | PJ Calibration N/A N/A = | Case 2 (For | N/A N/A 2 MHz
Case 2a+2b
Calibration)

18 | PJ Calibration N/A N/A I | Case 2 (For |[N/A N/A 10 MHz
Case 2a+2b
Calibration)

FIGURE 45. RESULTS SUMMARY TABLE EXAMPLE
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7.1.3 Calibration & Test Result Details

This portion is populated with results from each of the calibration and test runs. Here the results
are explained in depth with supporting data points and screenshots. If the Plot Calibration Data
checkbox is selected, then the plots are also displayed.

19. PJ Calibration [Case2,PJ4]

Passi/Fail Stats : Pass

Cal Parameter : Pj_Case2_PJ4

Settings : 660000 mUl(p-p)
Measured Value 1 75.9005 mUl(p-p)

Pj Frequency :  50.0000 MHz

Test completed time : 07 March 2024 11:44:44 AM

Screenshots 1

Histogram: PJ/RJ

0.07 T T
[ Py
0.06 [Screenshots 2
Horizontal Bathtub Curve Tj
10°
0.05 T
———— Target
0.04
10
0.03
oy
=
e
0.02 i
0.01
0 1018}
0 0.2 04 0.6 1
un
["Fi{CaseZ_PJ4) Blot
KEVSIGHT L= 1=
s & Pj(Case2__PJ4)
102.7231 e * Pj(Case2_PJ)
— Linear Curve
g 9735
:.g
- _; 91.9941
3
£
E
5 86.6295
= -
[toons/ 0.0s 81.265
Curent | Mean Min Max
267.870 mV. 268,024 mV 267.870 mV 268178 mV E 75.9005
074 082 09 088
Setting(Ul(p-p))
FIGURE 46. CALIBRATION/TEST RESULT DETAILS EXAMPLE
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7.2 Delete Test Results

To individually delete any unwanted calibration/test results, select the corresponding result row
and Delete button.

To entirely remove all existing calibration/test results, select the Delete All button.

Result
Generate report
No Test Name Result Limits k -
(] Delete
l © || Delete Al ]

FIGURE 47. DELETE ALL RESULTS
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8 Saving and Loading GRL-USB4-V2-RXA Test Sessions

The usage model for the GRL-USB4-V2-RXA software is that the test results are created and
maintained as a ‘Live Session’ in the application. This allows the user to quit the application and
return later to continue where the user left off.

Save and Load Sessions are used to save a test session that the user may want to recall later. The
user can ‘switch’ between different sessions by saving and loading them when needed.

e Tosave a test session, with all of the test parameter information, test results, and any
waveforms, select the Options drop-down menu and then select ‘Save Session’.

e Toload a test session back into the application, including the saved test parameter settings,
select Options = ‘Load Session’.

e To create a new test session and return the application back to the default configuration,
select Options > ‘New Session’.

Application | Options | License  Windows  Help
Save App Property
Load App Property

Mew Session E
Result Save Session
Load Session

Mo

Result Limits

FIGURE 48. SAVE/LOAD/CREATE TEST SESSIONS

The test configuration and session results are saved in a file with the ‘.ses’ extension, whichis a
compressed zip-style file, containing a variety of information.
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9 Appendix A: Manual Calibration & Test Methodologies

Note the MP1900A BERT is used in the following calibration and test methodologies.

9.1 Initialize Setting of BERT and Scope for Receiver Stressed Eye Calibration
for Case 1

Set up the physical equipment connections without the ISI channel, as per Figure 10.

9.1.1 Setup the MP1900A BERT as follows:

i.  GotoMenu Bar = File = Initialize.
ii.  Switch modulation type to “PAM3”. See Figure 49.
iii.  Goto Jittertab and set Clock Source to “Unit1:Slot2:MU181000B”. See Figure 50.
iv.  Goto PPG - Misc2.
v.  Set Clock Source to “Unit1:Slot4:MU181500B”. See Figure 51.
vi.  Set Bit Rate to 25.6Gbit/s. See Figure 51.
vii.  Set Offset (ppm) to 0 ppm.
viii.  Set Output Clock Rate to “Halfrate”. See Figure 51.
ix.  Set Test Pattern on PPG to “PRTS” and Length to “377-1” bits. See Figure 52.
X.  Turnon PPG Data Output.
xi.  Goto PPG - Emphasis tab and turn on “Manual Setting”. See Figure 53.
xii.  Turnon “SSC”, with settings of 32kHz with 3400ppm triangle down spread. (SSC will
remain on for all of the following steps.) See Figure 54.
xiii.  Adjust Total Amplitude on the BERT. A differential amplitude just over the 1090mV voltage
swing should show as an initial value.
xiv.  Setinitial CM frequency to 400MHz and amplitude to 0 mVpp. Turn off CM output. See
Figure 55.
xv.  Setinitial DM frequency to 10GHz and amplitude to 0 mVpp. Turn off DM output. See
Figure 55.
xvi.  Set SJ1 frequency to 100 MHz and amplitude to 0 Ulpp. Turn off SJ1 output. See Figure 56.
xvii.  Set RJ amplitude to 0 Ulpp and turn off RJ output. See Figure 57.
xviii.  Go to PPG -> Output.
xix.  Turn on Glitch-free. See Figure 58.
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[7]1 PAM4 PPG PAM3|v c: OFF

B Output B Emphasis Error Addition Misc2
_Clock Setting

Clock Source |Unit1:5|ut4:MU1815ooa ‘v‘

Bit Rate |USE.4 Gend ‘v‘ [ 25.600 004‘ GBRaud

Offset ‘ 0‘ ppm

Output Clock Rate |Ha|frate ‘v‘ Max: 64.2006G

Reference Clock |Inte rnal ‘v‘

| —=

FIGURE 49. MODULATION TYPE “PAM3” SETTING
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[4] Jitter Modulation Source

ﬁ ssc \geiilll Bus W RJ W Ext W

10 He 0 Hz 33000 Hz  0.000 Ulp-p | 0.000 Ulp-p
Clock to PPG "
- Half-rate llﬂlﬂ '::

Ref Clock .

ALK Input Clock

Sub-rate Clock

Clock SourceIUnitl:SIot2:MU181CiDDB |71 |
i )
Center Frequency [ 12 500 000 | kHz
Offset [ [}1 ppm
Reference Clock [Internal |7]
Calibrated Module S/N [ ]
FIGURE 50. JITTER CLOCK SOURCE SETTING
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_Clock Setting
Clock Source ‘Unitl:SIotd:MUlSlSDDB ‘v‘
Bit Rate ‘usaa Gen4 ‘v‘ ‘ 25.600 004‘ GBaud
Offset ‘ 0 ‘ ppm

Output Clock Rate ‘Halfrate ‘v‘ Max: 64.2006G

Reference Clock ‘Internal ‘v‘

FIGURE 51. PPG MIsc2 SETTINGS
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n Err. Single Emr. Apphc
Output | KT Addition Addition

Menu - IEEEB

[71 PAM4 PPG = [ZAE] |v c: OFF

Length @

-

MsB, | PRBS Inv 2111 “
PRBS ; MSB

Generator 12

LsB,  PRBS Inv m
\ LSB

-

Tt M| gl
T M

w

w

FIGURE 52. PATTERN SETTING
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[Jcq Datal|w

B Output |® Emphasis |B Pattern | Error Addition | Miscl | Misc2
Channel 0 151 0
S O] —_——

> = — - —

e 1] 2] 3] .10 17 2] a] .10

File Operation Recall Store Initialize

Standard/Preset @ | USER w | - |Coefficient ¥ | - |Preset0 v

Amplitude 0.620 | Vpp

Output Monitor
Coefficient B

C-3 | p.000 DOD
C-2 | p.000 DOD
C-1| p.000 DOD
C0 | 1.000 00O
Cl | p.000 DOD
C2 | p.000 DOD
C3 | 0.000 00O
C4 | p.0o0 DOD
C5 | p.000 DOD

C6 | 0.000 00O

|

FIGURE 53. PPG EMPHASIS SETTING

Postl

Post2

Post3

Postd

Pe

Post6

Pre3

Frez

Prel

0 .GGU'l

Simulated Puls

0.000 |
U.EIEIU.l
0.000]

0.000 |

Va Vb Vie Vd Ve Vf Vg Vh Vi Vj

0.000
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[4] Jitter Modulation Source

si1 s 5.2

1000 000 Hz
| 0.168 Ulp-p |

0.000 Ulp-g

0.000 Ulp-p = 0.096 Ulp-p
| 1 |

10

Clock Source

AUX Input Clock

> Unit1:5lot2:MUL81000B.
12 800 002 kl-e

Clock to PPG
64G PFG —m

| 25.600 004 Gbit/s

Ref Clock
| 1/1 »
—_—
12 800 002 kHz

Sub-rate Clock

Freguency (Hz)

(1-&)Fc |

Profile |Triangu|ar |v|
Type |Down |v|
Offset 0| ppm
Frequency| 3z UUU| Hz
Deviation | 3400 | ppm

1 iF o
Time (s)

FIGURE 54. SSC SETUP FOR TEST CASE 1

GRL-USB4-V2-RXA MOI & User Guide
© Granite River Labs 2026

Version 4.0, Feb 2026. Updated 02.05.2026

Rev. 4.0
Page 67 of 143


http://www.graniteriverlabs.com/

nerator

External Input
External Input

.

graniteriverlabs.com

——— = Noise Output
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FIGURE 55. CM AND DM SETTING
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ssc AN ou) el = QI e il
10 Hz 32000 Hz 0.000 Up-p | 0.136 Up-p
0.000 Ulp-p | 3000 ppm|| | | |

Clock Source Clock to PPG
» Unitl:Slot2:MU1810008B - 564G PPG ———————»
| | .
12 800 002 kl—li!I 25.600 004 Gbit/s
Ref Clock

1\ 7
—
12 800 002 kHz

Sub-rate Clock
| 1/8 »
—
1600000 kHz

AUX Input Clock

Frequency | 100 000 000 | Hz
Amplitude | 0.000 | Ulp-p
[ 0.000) ps p-p

10000

100

L]
oy
=
=)
o’
']
=
£ 16
=
E
o
]
]
E
B

0001 00 01 1 10 100 250 1000
Modulation Frequency (MHzZ)

FIGURE 56. SJ1 SETTING
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SJ1 “ SJ2

100 000 000 Hz
. 0.000Upp

o

.000 Up-p 3000 ppm | |

| ssc gl sul :

0Hz 32000 Hz 0.000 Ulp§

Clock Source
—=

AUX Input Clock

Unit1:5lot2:MUL81000B.
12 800 002 K

Clock to PPG
64G PPG ——

25.600 004 Gbitfs

é |
Ref Clock

| 12 800 002 kHz

Filter|User

HPF | OFF

Amplitude |

W —————
]
v'| LPF |_JDFF |v|
u.uuu'| Ulp-p | o.ooo'| ps p-p

RMS Convert |E—12

[l 0.000 orm'| Uirms | 0.000 ooo'| ps rms

Jitter Amplitude (Ulp-p)

FIGURE 57. RJ SETTING
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[7] PAM4 PPG & JUERl 4 c: OFF -

® Output |B Emphasis B Pattern |[Error Addition | Miscl | Misc2

Output
Ext ATT Factor @
Baud Rate USB4 Gend v 25.600 004 | GBaud
0.000 | dB
Output Data @/ ON w | Clock |ON v
0.300| Vpp

Level Guard OFF Setup... | itch- ml
] p Glitch-free T

Total .
Amplitude 0300 bRy

w2 | 0.as0]
B J

’ Upper Eye

Amplitude

Voltage | 0.000 | v

0.000 W Lower Eye
Amplitude

eveld [ 0aso A A
Violtage | -0.150 | \Y

Cable for
Data Output

Half Period Jitter @ 0.000 @/]1789A 0.4m Cable (Recommend) |w
Delay W ® M/ Calibration @ mu 0 ps

Jitter Input @ OFF Relative 0 | muUl

FIGURE 58. TURN ON GLITCH-FREE

9.1.2 Set Up Oscilloscope
9.1.2.1 Oscilloscope Vertical and Horizontal Setup for Waveform Capture
Set up the Scope as listed in Table 7.

TABLE 7. OSCILLOSCOPE VERTICAL AND HORIZONTAL SETUP

Setting Setup

Vertical Ch1-Ch3 (using the full range of the Scope’s D/A)

Record Length 64M for Keysight UXR scope and 40M for other vendor scope in a single
acquisition
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Setting Setup

Sample Rate 128 Gs/s for Keysight UXR scope and 80 Gs/s for other vendor scope
Averaging OFF

Sample Mode Real Time

Bandwidth 25GHz (which allows for 3 harmonic capture at 25.6GBaud/s)
Vertical Scale Set to full screen without clipping

Sin x/x OFF

File Control Setup Display Trigger Measure Math Analyze Utilities Demos Help e

Y Acquisition N N H o 0.0V
Sampling Mode Acquisition Mode
© Real Time © Normal

@ Segmented @ Peak Detect

@ Roll Mode @ High Resolution
< - RealEdge Automatic

W on Frequency Response

= - Sin(x)/x Interpolation Flat Mag, Linear Phase —Y‘ 200 mV

[
1 131 ‘
&l off 2 B A 1 vl { R ol _
Averaging Automatic 2 W
B Enabled — c— 0 mv

VA Standard Bandwidth
Display Status
Sampling Rate B Enabled

© Automatic @ Manual
Y [ A

Memory Depth
@ Automatic © Manual

-800 mV
|2.00000 Mpts

'm"?‘. 00 ps/ [10.0s ﬂ? b

Jitter/Noise
& Results (Measure All Data)
% g Source Channel 1-3 Rims,narow 153 ps DDJpp 123ps Edge Direction  Both
RJ Method Spectral DISS 171ps DCD 123ps Measurement  TIE (Phase)
Data Rate 55000039 GHz Transitions 1.374965 M 1Sipp 00s
Pattem Length  Clock PIrms 2201s DDPWS 123 ps
TH1E-12) 2359 ps PSS 940 s Clock Recovery ~ Constant Freq

R
YTA

1

FIGURE 59. OSCILLOSCOPE VERTICAL AND HORIZONTAL SETUP
9.1.2.2 Oscilloscope AC Common Mode (ACCM) Setup
Set up the Scope as listed in Table 8.

TABLE 8. OsciLLoscoPE ACCM SETuP

Setting Setup

Sample Rate 128 Gs/s for Keysight UXR scope and 80 Gs/s for other vendor scope

Record Length 64M for Keysight UXR scope and 40M for other vendor scope in a single
acquisition

Bandwidth 25 GHz
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Setting

Setup

Vertical Scale

Set to full screen without clipping

CDR OFF
Averaging OFF
Sin x/x OFF

9.2 Voltage Swing Calibration for Case 1

ok wbdE

Turn off SJ1, RJ, DM and CM on the BERT.

Adjust the signal amplitude to achieve 1090 mV.

Set up the scope so that Channel 1 and Channel 3 scale to 80% of screen.
Capture a single-ended pair of signal waveform on the scope.

Run the SigTest tool according to section 8.3.1 of the SigTest User Manual documentation.

[7]1 PAM4 PPG = [FACERR 4 c: OFF

® oOutput B Emphasis B Pattern | Error Addition| Miscl | Misc2

Output
Ext ATT Factor @

Baud Rate USB4 Gend v 25.600 004 | GBaud

0.000 | dB
Output Data @ ON w | Clock |ON v

0.300| Vpp
Level Guard OFF Setup... itch-

=] p Glitch-free ON 0.000| v

Total N
Amplitude 0.300 AC OFF

Upper Eye

130 | mv

Levell | ) |||- v
Voltage | ['[[[| v

Offset 0.000 % I I Lower Eye
Amplitude

150 | mv

LevelD

Voltage | 0.150 |

i Cable for
Half Period Jitter ® 0.000 Data Output B/ ]1789A 0.4m Cable (Recommend) |w
Delay W © M Calibration @ mu 0 ps
Jitter Input @ OFF Relative 0 | muUl
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6. For SigTest measurement, use the following template:
e Test Point: tp3_prime
e CTSTest Template: calibration
e Command example:
\USB4_SigTest.exe gen4 rx tp3_prime calibration C:\SigTest\Waveforms\
p_prts7_preset_0.bin n_prts7_preset_0.bin calibration_report none
7. Retrieve the Voltage Swing measurement.

Electrical Compliance Test Specification for GEN4
Date: S-Mar-24
DIR: CMWORLVEx Test SolutiontApplicationsWUSB4 V2 AN RxTesth
Files: p_TempWaveform0 preset O.bin n_TempWaveform0O preset 0.bi
AT CM Measurement: AC CM: Vac [mVpZp] 32.4
EJ Iitter Meazurement mUIpp: Flpp 39.52067
RI Iitter Measurement mUIrms: RIrms 3.7258785
Informative: Symbol Rate [GHz] 25.5565 Drift [PPN -1609.37
Vertical Analysis Test:
TH _SNDE Measurement [dB]: TH SNDE [dB] 42.00339
TH LEVELS MISMATCH Measurement: T¥ LEVELS MISMATCH %
WV SWING Measurement [mVp-p]: WV SWINGpp
Histogram: PJ/RJ
0.1 4 T T T T T T T T
Pj
[ bby
Ry R |]
N(p,0)
01r \ J
0.08 | i
0.06
0.04
0.02
0
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8. Adjust the BERT voltage swing setting and repeat Steps 2 to 7 until the desired result is
achieved.

9.3 Level Mismatch Calibration for Case 1

1. Keep the Voltage Swing as calibrated in the previous step.

2. Turn off SJ1,RJ, DM and CM on the BERT.

3. Adjust the Lower Eye Percentage on the BERT to achieve 0.975.

4. Capture asingle-ended pair of signal waveform on the scope.
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[7]1 PAM4 PPG c JFECEIR S c©: OFF -

B Output |B Emphasis |B Pattern | Error Addition| Miscl | Misc2

Output
Ext ATT Factor @
Baud Rate USB4 Gend v 25.600 004 | GBaud
0.000 | dB
Output Data @ ON ¥ | Clock ON v
0.300| Vpp
Level Guard OFF Setup... itch-
] p Glitch-free ON 0.000| v

Total "
Amplitude 0-300 RS AC OFF

Level2 | ap | L ——
Voltage | 0.150 | v
N ’ Upper Eye

Amplitude

Levell | Y ,,,. \
Voltage | E'E[EJ v

0.000 W Lower Eye
Amplitude

150

Levelo | e
\oltage | -0.150 | v

' : Cable for
Half Period Jitter @ 0.000 Data Output B )1789A 0.4m Cable (Recommend) |Ww
Delay W B| MW Calibration @ mu 0 ps
Jitter Input @ OFF Relative 0| mul

5. Run the SigTest tool according to section 8.3.1 of the SigTest User Manual documentation.

6. For SigTest measurement, use the following template:
e Test Point: tp3_prime
e CTS Test Template: calibration

e Command example:

\USB4_SigTest.exe gen4 rx tp3_prime calibration C:\SigTest\Waveforms\
p_prts7_preset_0.bin n_prts7_preset_0.bin calibration_report none

7. Retrieve Level Mismatch measurement.
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Flectrical Compliance Test Specification for GEN4

Date: 5 Mar-24

DIE: CMGRELYRx Test SolutiontApplications\WUSB4 V2 AN RuTestWAppDatatWWaveformsh
Files: p_TempWaveform0 preset_0.binn_TempWaveformd preset_0.bin
AC CM Measurement: AC CM: Vac [mVp2p] 31.4

P7 Titter Measurernent mUIp-p: Plpp 39.213

RI Titter Measurement mUTrms: RIrms 3.60517

Informative: Symbol Rate [GHz] 25.5565 Drift [PPh -1699.31
Vertical Analysis Test:

T¥_SNDR Measurerment [dB]: TX _SNDR [dB] 41.46201

TX_LEVELS MISMATCH Measwrement:  TX_LEVELS MISMATCE

WV SWING Measurement [mVpn]: V _SWINGpp 1095.2

Histogram: PJ/RJ
0.1 4 T T T T T

P
Wi 1DDJ

0.1

0.08

0.06

0.04

0.02

-15 -1 -0.5 0 0.5 1 1.5
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8. Adjust the BERT Level2 Voltage setting and repeat Steps 3 to 7 until the desired result is
achieved.

9.4 RJCalibration for Case 1

1. Keep the Voltage Swing and Level Mismatch as calibrated in the previous step.
2. Turn off SJ1, DM and CM on the BERT.

3. Adjust RJ on the BERT to achieve 0.0085 Ulrms.

4.

Capture a single-ended pair of signal waveform on the scope.
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[4] Jitter Modulation Source

so1 e sv2 (i ssc “ By xt Ui
10 He 10 Hz 32000 Hz 0.000 Ulp-
| 0.000Up-p  0.000Upp 3000 ppm”

Clock Source Clock to PPG
3 Unit1:Slot2:MU181000B - 64G PPG ———»
| |
12 800 002 kl-é 25.600 004 Gbit/s
Ref Clock
| 1/1 »
_— =
12 800 002 kHz

AUX Input Clock Sub-rate Clock

Filter |User v|
HPF | OFF |v| LPF | OFF v|
amplitude | | 0.100 | Uip-p | 2.900|pspe

RMS Convert |_E-12 |v| | 0.007 1t:-i| Ulrms |m| ps rms

-
i
=
=
=
']
k-1
F]
£
=
=
S
™3
]
£
=

Modulation Frequency (Hz)

5. Runthe SigTest tool according to section 8.3.1 of the SigTest User Manual documentation.
6. Forthe SigTest measurement, use the following template:

e Test Point: tp3_prime
e CTS Test Template: calibration

e Command example:
\USB4_SigTest.exe gen4 rx tp3_prime calibration C:\SigTest\Waveforms\
p_prts7_preset_0.bin n_prts7_preset_0.bin calibration_report none
7. Retrieve the RJ measurement.
8. Adjust the BERT RJ setting and repeat Steps 3 to 7 until the desired result is achieved.
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Electrical Compliance Test Specification for GEN4

Date: 5Mar-24

DIE: CMORLYWEx Test SolutionthApplications\WUSB4_ V2 AN ExTestWAppData\iWaveformsh
Files: p_TempWaveformO preset 0.bn TempWaveform0O preset O.bin
AC CM Measurement: AC CM: Vac [mVp2p] 311

PI Titter Measurement mUIp-p: Flpp 38.208906

RI Titter Meagurement mUIrms: RI+mg

Informative: Symbol Rate [GHz] 00481 Drift [PFL -1699.96
Wertical Analysis Test:

T¥ SNDR Measurement [dB]: TH SNDR [dE] 41.468619

TX LEVELS MISMATCH Measurement: TX LEVELS MISMATCH 0.97055

WV SWING Measurement [mVp-pl: WV SWING-p-p 1093.9

Histogram: PJ/RJ

0.09 . .

0.08

0.07

0.06

0.05

0.04

0.03

0.02

0.01
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9.5 SNDR Calibration for Case 1

1. Keep the Voltage Swing, Level Mismatch and RJ as calibrated in the previous step.
2. Turn off SJ1 and CM on the BERT.

3. Setthe DM frequency setting on the BERT to 10 GHz.

4. Adjust the DM amplitude to achieve 32.5 dB.
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[8] Moise Generator

External Input
External Input

" Noise Output
Noise Output

Presets |Manua| |v|

Amplitude Frequency

20\‘ mvpp | 10.000\‘ GHz

5. Run the SigTest tool according to section 8.3.1 of the SigTest User Manual documentation.

6. Forthe SigTest measurement, use the following template:
e Test Point: tp3_prime
e CTS Test Template: calibration

e Command example:
\USB4_SigTest.exe gen4 rx tp3_prime calibration C:\SigTest\Waveforms\
p_prts7_preset_0.bin n_prts7_preset_0.bin calibration_report none

7. Retrieve the SNDR measurement.

8. Adjust the BERT DM amplitude setting and repeat Steps 4 to 7 until the desired result is
achieved.
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Electrical Compliance Test Specification for GEN4

Date: H-har24

DIR: CMORLYRx Test SolutionwApplicationsWUSB4 V2 AN RExTestWwAppDatat\Waveformsh

Files: p_TempWaveform0 _preset (n TempWaveform0 preset O.bin

AC CM Measurement: AC CM: Vac [m¥VpZp] 33

FT Titter Measurement mUIpp: Flpp 38.438502

RIT Titter Meagurement mUTrms: RI1ms 10.204135

Informative: Symbol Rate [GHz] 25.556402 Drift [PEL -1609.53

Vertical Analysis Test:

T¥_SMNDR Measurement [dB]: TX_SNDR [dE] 32.521909

TX LEVELS MISMATCH Measurement: TX LEVELS MISMATCH 0.97053

V_SWING Measurement [mVp-p]: V_SWINGpp 1094.3

Histogram: PJ/RJ
0.07 T T T T T
T P
DDJ
0.06: R |[]
N(p,0)
0.05 .
0.04 - .
0.03 I
0.02 _
0.01 .
0 1 1
-2 2
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9.6 ACCM Calibration for Case 1

1. Keep the Voltage Swing, Level Mismatch, RJ and SNDR as calibrated in the previous step.
2. Turn off SJ on the BERT.

3. Setthe CM frequency setting on the BERT to 400 MHz.

4. Adjust the CM amplitude to achieve 100 mV.
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[8] Moise Generator

o

[

> |

=

External Input
External Input

— +  Noise Qutput .
Noise Output

DM
20 mVpp @\r

| '10.000 GHz Y

o

| 0.200 m\Vrms

_

Presets |Manua|

Amplitude Frvevquvemz:wyr Band
‘ 00\ mvpp 400‘ MHzl |'|_ow ‘v‘

Run the SigTest tool according to section 8.3.1 of the SigTest User Manual documentation.

For the SigTest measurement, use the following template:
e Test Point: tp3_prime
e (TS Test Template: calibration

e Command example:
\USB4_SigTest.exe gen4 rx tp3_prime calibration C:\SigTest\Waveforms\
p_prts7_preset_0.bin n_prts7_preset_0.bin calibration_report none

Retrieve the SNDR measurement.

Adjust the BERT CM amplitude setting and repeat Steps 4 to 7 until the desired result is
achieved.
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Electrical Compliance Test Specification for GEN4|

Date:

DIR:

Files:

AC CM Measurement:

PI Titter Measurement mUTp-p:

RI Titter Measurement mUTrms:
Informative:

Vertical Analysis Test:

TX_SMDR Measurement [dB]:

TX LEVELS MISMATCH Measurement:
V_SWING Measurement [mVppl:

B-Mar-24

CMOELYWEx Test SolutiontApplicationsWISB4 V2 AN RxTestWAppDatatsWaveformsh

p_TempWaveform0_preset 0 n Temnii

veformO_preset 0.bin

AC CM: Vac [mVp2p] 108
Plpp 4300221
RIrms 6.714589

Symbol Rate [GHz]

T¥_SNDR [dB] 29.81099
T¥ LEVELS MISMATCH  0.570545
V_SWINGpp 1094.5

25.5565 Drift [P -1689.35

0.08 .

Histogram: PJ/RJ
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9.7 PJCalibration for Case 1

1. Keep the Voltage Swing, Level Mismatch, RJ, SNDR and ACCM as calibrated in the previous
step.

2. Setthe SJ1 frequency setting on the BERT to 1 MHz.
3. Adjust the SJ1 amplitude to achieve 0.085 Ulpp.

4. Runthe SigTest tool according to section 8.3.1 of the SigTest User Manual documentation.
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10 Hz
0.000 Ulp-p |

32 000 Hz
3 000 IJPITI“ 1 1 |

[4] Jitter Modulation Source

S On [T O LYY On LY OF)

graniteriverlabs.com

0.000 Ulpp|| 0.100 Ulp-p

Clock Source
"l Unit1:Slot2:MUL81000B

6

Clock to PPG
- 64G PPG ———»

12 800 002 kHZI

AUX Input Clock

10000

[
=}
[}

1

Jitter Amplitude (Ulp-p)
=

1000 000 | Hz

0.170 | Ulp-p

[ 6.640) ps p-p

0o o o1

1

Modulation Frequency (MHz)

10

| 25.600 004 Gbitfs

Ref Clock
1/1 »

—_—
I 12 800 002 kHz

Sub-rate Clock
| 1/8 >
—_—
1600000 kHz

5. Forthe SigTest measurement, use the following template:

e Test Point: tp3_prime

e CTS Test Template: calibration

e Command example:
\USB4_SigTest.exe gen4 rx tp3_prime calibration C:\SigTest\Waveforms\
p_prts7_preset_0.bin n_prts7_preset_0.bin calibration_report none

6. Retrieve PJ measurement.
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Electrical Compliance Test Specification for GEN4
Date:

DIR:

Files:

AC CM Measurement:

FI Titter Measurernent mUIp-p:

RI Jitter Measurement mUTrms:

B-har24

CMORELYEx Test SolutionApplicationsWUSE4 V2 AN RxTestWAppDatathWaveformsh

p_TempWaveform0_preset_0.hin
AC CM: Vac [mVp2p]

Plpp

RI-rms

n_TempWaveform0_preset_0.bin
. ]
86.63197

6923409

0.05

0.04

0.03

0.02

0.01

Informative: Symbol Rate [GHz] 25.5565 Drift [PPM]  -1699.21
Vertical Analyais Test:
TH_SNDR Measurement [dB]: TX_SNLDE [dE] 2001993
TH LEVELS MISMATCH Measurement: TH LEVELS MISMATCH 0970551
V_SWING Measurement [mVp-p): V_SWINGpp 1095.1
Histogram: PJ/RJ
0.08 u T T T T T T T T
Py
0.07 Epps ||
[ IRj
N(p,0)
0.06
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7. Adjust BERT SJ1 amplitude setting and repeat steps 3-7 until desired result is achieved.

8. Repeat step 2-7 for remaining PJ frequencies(2 Mhz, 10 MHz, 50 MHz, 100 MHz).
9. Save BERT setup as Test Case 1 for each PJ frequency.
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9.8 Initialize Setting of BERT and Scope for Calibrate Receiver Stressed Eye
for Case 2

Set up the physical equipment connections without the ISI channel, as per Figure 10.

9.8.1 Setup the MP1900A BERT as follows:

i.  Goto Menu Bar -> File = Initialize.
ii.  Switch modulation type to “PAM3”. See Figure 60.
iii.  Goto Jittertab and set Clock Source to “Unit1:Slot2:MU181000B”. See Figure 61.
iv.  Goto PPG = Misc2.
v.  Set Clock Source to “Unit1:Slot4:MU181500B”. See Figure 62.
vi.  SetBit Rate to 25.6 Gbit/s. See Figure 62.
vii.  Set Offset (ppm) to 0 ppm.
viii.  Set Output Clock Rate to “Halfrate”. See Figure 62.
ix.  SetTest Pattern on PPG to “PRTS” and Length to “377-1” bits. See Figure 63.
X.  Turnon PPG Data Output.
xi.  Goto PPG - Emphasis tab and turn on “Manual Setting”. See Figure 64.
xii.  Turnon “SSC”, with settings of 32kHz with 3000ppm triangle down spread. (SSC will
remain on for all of the following steps.) See Figure 65.
xiii.  Adjust Total Amplitude on the BERT. A differential amplitude just over the 820mV voltage
swing should show as an initial value.
xiv.  Setinitial CM frequency to 400MHz and amplitude to 0 mVpp. Turn off CM output. See
Figure 66.
xv.  Setinitial DM frequency to 10GHz and amplitude to 0 mVpp. Turn off DM output. See
Figure 66.
xvi.  Set SJ1frequency to 100 MHz and amplitude to 0 Ulpp. Turn off SJ1 output. See Figure 67.
xvii.  Set RJ amplitude to 0 Ulpp and turn off RJ output. See Figure 68.
xviii.  Go to PPG -> Output.
xix.  Turn on Glitch-free. See Figure 69.
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[7]1 PAM4 PPG PAM3|v c: OFF

B Output B Emphasis Error Addition Misc2
_Clock Setting

Clock Source |Unit1:5|ut4:MU1815ooa ‘v‘

Bit Rate |USE.4 Gend ‘v‘ [ 25.600 004‘ GBRaud

Offset ‘ 0‘ ppm

Output Clock Rate |Ha|frate ‘v‘ Max: 64.2006G

Reference Clock |Inte rnal ‘v‘

| —=

FIGURE 60. MODULATION TYPE “PAM3” SETTING
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[4] Jitter Modulation Source

ﬁ ssc \geiilll Bus W RJ W Ext W

10 He 0 Hz 33000 Hz  0.000 Ulp-p | 0.000 Ulp-p
Clock to PPG "
- Half-rate llﬂlﬂ '::

Ref Clock .

ALK Input Clock

Sub-rate Clock

Clock SourceIUnitl:SIot2:MU181CiDDB |71 |
i )
Center Frequency [ 12 500 000 | kHz
Offset [ [}1 ppm
Reference Clock [Internal |7]
Calibrated Module S/N [ ]
FIGURE 61. JITTER CLOCK SOURCE SETTING
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B Output |B Emphasis ErrorAdditionMiscz

_Clock Setting
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Clock Source |Unit1:SIut4:MU181SDDB

Bit Rate

Output Clock Rate | Halfrate

M
|'USE.4 Gen4 ‘v‘ ‘ 25.600 004“ GBaud
Offset ‘ 0‘ ppm

‘v“ Max: 64.2006G

Reference Clock | Internal

M

=
FIGURE 62. PPG MISC2 SETTINGS
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n Err. Single Emr. Apphc
Output | KT Addition Addition

Menu - IEEEB

[71 PAM4 PPG = [ZAE] |v c: OFF

Length @

-

MsB, | PRBS Inv 2111 “
PRBS ; MSB

Generator 12

LsB,  PRBS Inv m
\ LSB

-

Tt M| gl
T M

w

w

FIGURE 63. PATTERN SETTING
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[Jcq Datal|w

B Output |® Emphasis |B Pattern | Error Addition | Miscl | Misc2
Channel 0 151 0
S O] —_——

> = — - —

e 1] 2] 3] .10 17 2] a] .10

File Operation Recall Store Initialize

Standard/Preset @ | USER w | - |Coefficient ¥ | - |Preset0 v

Amplitude 0.620 | Vpp

Output Monitor
Coefficient B

C-3 | p.000 DOD
C-2 | p.000 DOD
C-1| p.000 DOD
C0 | 1.000 00O
Cl | p.000 DOD
C2 | p.000 DOD
C3 | 0.000 00O
C4 | p.0o0 DOD
C5 | p.000 DOD

C6 | 0.000 00O

|

FIGURE 64. PPG EMPHASIS SETTING

Postl

Post2

Post3

Postd

Pe

Post6

Pre3

Frez

Prel

0 .GGU'l

Simulated Puls

0.000 |
U.EIEIU.l
0.000]

0.000 |
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0.000
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[4] Jitter Modulation Source

s)1 I 02 | Ao | MU GHEETY On IR OFF
1000 000 Hz 10 0.000 Ulpp = 0.136 Ulp-p
| 2.716 Ulp-p | 0.000 Ulp- | 1 |

Clock Source Clock to PPG
,l Unit1:Slot2:MUL81000B

12 800 002 kHé

64G PPG —m
| 25.600 004 Gbitfs

Ref Clock

1/1 »
—_—
12 800 002 kHz

Sub-rate Clock

AUX Input Clock

Profile |Triangu|ar |v|
Type |Down |v|
Offset 0| ppm
Frequency| 3z UUU| Hz
Deviation | 3000 | ppm

(1-8)Fc [

—
[}
=
—
o=
2
=
[}
=
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FIGURE 65. SSC SETTING FOR TEST CASE 2
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FIGURE 66. CM AND DM SETTING
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ssc AN ou) el = QI e il
10 Hz 32000 Hz 0.000 Up-p | 0.136 Up-p
0.000 Ulp-p | 3000 ppm|| | | |

Clock Source Clock to PPG
» Unitl:Slot2:MU1810008B - 564G PPG ———————»
| | .
12 800 002 kl—li!I 25.600 004 Gbit/s
Ref Clock

1\ 7
—
12 800 002 kHz

Sub-rate Clock
| 1/8 »
—
1600000 kHz

AUX Input Clock

Frequency | 100 000 000 | Hz
Amplitude | 0.000 | Ulp-p
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FIGURE 67.SJ1 SETTING
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Clock Source
—=

AUX Input Clock

Unit1:5lot2:MUL81000B.
12 800 002 K

Clock to PPG
64G PPG ——

25.600 004 Gbitfs

é |
Ref Clock

| 12 800 002 kHz

Filter|User

HPF | OFF

Amplitude |

W —————
]
v'| LPF |_JDFF |v|
u.uuu'| Ulp-p | o.ooo'| ps p-p
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FIGURE 68. RJ SETTING
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[7] PAM4 PPG & GECERR S cC: OFF

® Output |B Emphasis [B Pattern [Error Addition | Miscl | Misc2

Output
Ext ATT Factor @
Baud Rate USB4 Gend v 25.600 004 | GBaud
0.000 | dB
Output Data @ ON w | Clock |ON v
0.250| Vpp
Level Guard OFF Setup... itch- m
] p Glitch-free T

Total .
arplitude ] VPP AC OFF

Upper Eye
Amplitude

125 | mv

Levell | ) ,,,' \
Voltage | 0.000 | v

Offset 0.000 [N I I Lower Eye
Amplitude

50.000 [ [ 195

£ | mv

Leveld [ 9125 A A
Voltage |£| v

A Cable for
Half Period Jitter @ 0.000 Data Output @/]1789A 0.4m Cable (Recommend) |w
Delay m ® M/Calibration @ mu 0 ps
Jitter Input @ OFF Relative 0 | mul

e

FIGURE 69. TURN ON GLITCH-FREE

9.8.2 Set Up Oscilloscope
9.8.2.1 Oscilloscope Vertical and Horizontal Setup for Waveform Capture
Set up the Scope as listed in Table 9.

TABLE 9. OSCILLOSCOPE VERTICAL AND HORIZONTAL SETUP

Setting Setup

Vertical Ch1-Ch3 (using the full range of the Scope’s D/A)

Record Length 64M for Keysight UXR scope and 40M for other vendor scope in a single
acquisition
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Setting Setup

Sample Rate 128 Gs/s for Keysight UXR scope and 80 Gs/s for other vendor scope
Averaging OFF

Sample Mode Real Time

Bandwidth 25GHz (which allows for 3 harmonic capture at 25.6GBaud/s)
Vertical Scale Set to full screen without clipping

Sin x/x OFF

File Control Setup Display Trigger Measure Math Analyze Utilities Demos Help e

Y Acquisition N N H o 0.0V
Sampling Mode Acquisition Mode
© Real Time © Normal

@ Segmented @ Peak Detect

@ Roll Mode @ High Resolution
< - RealEdge Automatic

W on Frequency Response

= - Sin(x)/x Interpolation Flat Mag, Linear Phase —Y‘ 200 mV

[
1 131 ‘
&l off 2 B A 1 vl { R ol _
Averaging Automatic 2 W
B Enabled — c— 0 mv

VA Standard Bandwidth
Display Status
Sampling Rate B Enabled

© Automatic @ Manual
Y [ A

Memory Depth
@ Automatic © Manual

-800 mV
|2.00000 Mpts

'm"?‘. 00 ps/ [10.0s ﬂ? b

Jitter/Noise
& Results (Measure All Data)
% g Source Channel 1-3 Rims,narow 153 ps DDJpp 123ps Edge Direction  Both
RJ Method Spectral DISS 171ps DCD 123ps Measurement  TIE (Phase)
Data Rate 55000039 GHz Transitions 1.374965 M 1Sipp 00s
Pattem Length  Clock PIrms 2201s DDPWS 123 ps
TH1E-12) 2359 ps PSS 940 s Clock Recovery ~ Constant Freq

R
YTA

1

FIGURE 70. OSCILLOSCOPE VERTICAL AND HORIZONTAL SETUP
9.8.2.2 Oscilloscope AC Common Mode (ACCM) Setup
Set up the Scope as listed in Table 10.

TABLE 10. OsciLLoscorPe ACCM SETuP

Setting Setup

Sample Rate 128 Gs/s for Keysight UXR scope and 80 Gs/s for other vendor scope

Record Length 64M for Keysight UXR scope and 40M for other vendor scope in a single
acquisition

Bandwidth 25GHz
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Setting Setup

Vertical Scale Set to full screen without clipping
CDR OFF

Averaging OFF

Sin x/x OFF

9.9 Voltage Swing Calibration for Case 2

Turn off SJ1, RJ, DM and CM on the BERT.
Adjust the signal amplitude to achieve 820 mV.

Capture a single-ended pair of signal waveform on the scope.

ok wbdE

[7] PAMA PPG = EACENR c: OFF

@ Output | Emphasis @ Pattern | Error Addition | Miscl | Misc2

Output

Baud Rate USB4 Gend ¥ || 25.600 004 | GBaud
Output Data B/ ON w | Clock [ON v
Level Guard @ OFF Setup... Glitch-free ON

Total v
Amplitude 0250 Il AC OFF

Level2

Voltage | 0.125 | v

Levell | ) |||. iy
Voltage | 0-000 | v

Leveld | q1.c)
Voltage | EI'LLJ, A

Set up the scope so that Channel 1 and Channel 3 scale to 80% of screen.

Ext ATT Factor @

0.000
0.250| Vpp

0.000| V

Upper Eye
Ampli

Offset 0.000 % I I Lower Eye
Ay

Lo Cable for
Half Period Jitter ®| 0.000 Data Output B )J1789A 0.4m Cable (Recommend)
Delay W ® M Calibration @ mu 0 ps
Jitker Input @ OFF Relative

Run the SigTest tool according to section 8.3.1 of the SigTest User Manual documentation.
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6. For SigTest measurement, use the following template:

e Test Point: tp3_prime

e CTSTest Template: calibration

e Command example:

\USB4_SigTest.exe gen4 rx tp3_prime calibration C:\SigTest\Waveforms\
p_prts7_preset_0.bin n_prts7_preset_0.bin calibration_report none
7. Retrieve Voltage Swing measurement.

Electrical Compliance Test Specification for GEN4
Date:
DIR:
Files:

7-Mar-24

CHMORLYWEX Test SolutionhApplicationsWUSB4 V2 AN RxTest\AppDatai aveformsh

p_TempWaveformO preset O.bin n_TempWaveform _preset 0.hin

0.1

0.08

0.06

0.04

0.02

-1.5

AC CM Measurement: AC CM: Vac [mVpZp] 7.5
P Titter Measurement mUIp-p: Floop 36.6214
RI Titter Measurement mUTrms: RIrms 3.576a55
Informative: Symbol Rate [GHz] 2556162 Drift [PPM]  -1499.24
Vertical Analysis Test:
T¥_SNDE Measurement [dB]: TX_SNDE [dB)] 4181246
T _LEVELS MISMATCH Measurement: TE LEVELS MISMATCH
V_SWING Measurement [mVp-p]: YV _SWINGpp I 8338 I
Histogram: PJ/RJ
O .1 4 T T T T T T T
Pj
ooy
a2 R |[]
N(p,0)

0.5 1 1.5
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Horizontal Bathtub Curve Tj
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[prob]
T
|

10-10 1o -

10-15 = 2|
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8. Adjust the BERT voltage swing setting and repeat steps 2-7 until the desired result is achieved.

9.10 Level Mismatch Calibration for Case 2

Keep Voltage Swing as calibrated in previous step.

Turn off SJ1, RJ, DM and CM on the BERT.
Adjust the Lower Eye Percentage on the BERT to achieve 0.975.

Ll N

Capture a single-ended pair of signal waveform on the scope.
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[7] PAM4 PPG c RGN 4 c: OFF

® Output |B Emphasis [B Pattern [Error Addition | Miscl | Misc2

Output
Ext ATT Factor @
Baud Rate USB4 Gend v 25 0 004 | GBaud
0.000 | dB
Output Data @ ON w | Clock |ON v
0.250| Vpp
Level Guard OFF Setup... itch- m
] p Glitch-free T

Total ,.
arplitude ] VPP AC OFF

Upper Eye
Amplitude

125 | mv

Levell | ) ,,,' .
Voltage | 0.000 | v

Offset 0.000 [N I I Lower Eye
Amplitude

50.000 [ [ 195

<2 mv

ewelo, | 0a2s A A
Voltage | -0.125 | v

A Cable for
Half Period Jitter @ 0.000 Data Output @/]1789A 0.4m Cable (Recommend) |w
Delay m ® M/Calibration @ mu 0 ps
Jitter Input @ OFF Relative 0 | mul

e

5. Runthe SigTest tool according to section 8.3.1 of the SigTest User Manual documentation.

6. For SigTest measurement, use the following template:
e Test Point: tp3_prime
e CTS Test Template: calibration

e Command example:
\USB4_SigTest.exe gen4 rx tp3_prime calibration C:\SigTest\Waveforms\
p_prts7_preset_0.bin n_prts7_preset_0.bin calibration_report none

7. Retrieve the Level Mismatch measurement.
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Electrical Compliance Test Specification for GEN4
Date:

DIR:

Files:

AC CM Measurement:

FI Titter Measurement mUIp-p:

RT Jitter Meagurement mUTrms:
Informative:

Vertical Analvsis Test:

TX_SNDR Measurement [dB]:
TX_LEVELS MISMATCH Measurement:
V_SWING Measurement [mVppl:

T Mar-24
CHMORLYWRx Test SolutiontApplicationstUSB4 V2 AN ExTesttAppDataiWWaveformst
p_TempWaveform0 preset 0.bin  n TempWaveformO preset 0.bin
AC CM: Vac [mVp2p] 27
Flpp 38.38484
RIrms 3.749269
Symbol Rate [GHz] 25,5616 Drift [PPM]  -1499.97
TX_SNDR [dB] 41 464
TX_LEVELS MISMATCH
V_SWINGpp 0260.0

0.12 . T

0.1

0.08

0.06

0.04

0.02

Histogram: PJ/RJ

2 T T

-0.5 0 0.5 1 1.5

[pS]
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8. Adjust the BERT Level2 Voltage setting and repeat steps 3-7 until the desired result is achieved.

9.11 RJ Calibration for Case 2

1. Keep the Voltage Swing and Level Mismatch as calibrated in the previous step.
2. Turn off SJ1, DM and CM on the BERT.

3. Adjust RJ on the BERT to achieve 0.0085 Ulrms.

4.

Capture a single-ended pair of signal waveform on the scope.
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[4] Jitter Modulation Source

SJ1 M sJ2 |

10 He
| o.000upp

0.000 Ulp-p = 3 000 ppm||

| ssc el BuJ

10 Hz 32 000 Hz

- |

Clock Source
>

AUX Input Clock

Unit1:5lot2:MUL81000B.
12 800 002 kl-e

Clock to PPG

[

64G PPG —™™ ™
| 25.600 004 Gbit/s

Ref Clock
| 1/1 »
—_—
12 800 002 kHz

Sub-rate Clock

RMS Convert |E-12

' 1600000kHz*
FiIter|User |v|
HPF | OFF |v| LPF | OFF |¥|
Amplitude | 0.100 | Ulp-p | 3.900-| ps p-p
|v| | 0.007 1t:-i| Ulrms | 0.277 61?.| ps rms

-
i
=
=
=
']
k-1
F]
£
=
=
S
™3
]
£
=

Modulation Frequency (Hz)

Run the SigTest tool according to section 8.3.1 of the SigTest User Manual documentation.

\USB4_SigTest.exe gen4 rx tp3_prime calibration C:\SigTest\Waveforms\
p_prts7_preset_0.bin n_prts7_preset_0.bin calibration_report none

5.

6. For SigTest measurement, use the following template:
e Test Point: tp3_prime
e CTS Test Template: calibration
e Command example:

7. Retrieve the RJ measurement.

8.

Adjust the BERT RJ setting and repeat steps 3-7 until the desired result is achieved.
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Date:

DIR:

Files:

AC CM Measurement:

PI Titter Meagurement mUTp-p:

RIT Titter Measurement mUTrmes:
Informative:

Wertical Analvsis Test:

TX_SNDE Measurement [dB]:
TX_LEVELS MISMATCH Measurement:
V_SWING Measurement [mVp-p]:

Electrical Compliance Test Specification for GEN4

7 Mar-24

CMORLWRx Test SolutionWApplications\WUISB4 V2 AN RxTestWAppDatathWaveformsh

p_TempWaveform_preset O.bin  n_TempWaweformO_preset_0.bin

AC CMW: Vac [mVp2p) 215
Flpp 37.40819
RIrms 8.475799

Symbol Rate [GHz] 25.5016 Drift [PPM]  -1500.02
TX_SNDE [dB] 41.42645
THX_LEVELS MISMATCH 0.973961
V_SWINGpp 8764

Histogram: PJ/RJ

0.09 .

0.08

0.07

0.06

0.05

0.04

0.03

0.02

0.01

-1 -0.5 0 0.5 1 1.5
[pS]
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9.12 SNDR Calibration for Case 2

1. Keep the Voltage Swing, Level Mismatch and RJ as calibrated in the previous step.
2. Turn off SJ1 and CM on the BERT.

3. Setthe DM frequency setting on the BERT to 10 GHz.

4. Adjust the DM amplitude to achieve 32.5 dB.
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[8] Moise Generator

External Input
External Input

" Noise Output
Noise Output

Presets |Manua| |v|

Amplitude Frequency

20\‘ mvpp | 10.000\‘ GHz

5. Run the SigTest tool according to section 8.3.1 of the SigTest User Manual documentation.

6. For SigTest measurement, use the following template:
e Test Point: tp3_prime
e CTS Test Template: calibration

e Command example:
\USB4_SigTest.exe gen4 rx tp3_prime calibration C:\SigTest\Waveforms\
p_prts7_preset_0.bin n_prts7_preset_0.bin calibration_report none

7. Retrieve the SNDR measurement.

8. Adjust the BERT DM amplitude setting and repeat steps 4-7 until the desired result is achieved.
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Electrical Compliance Test Specification for GEN4 |
Date: 7-Mar24
DIR: CMORLYWRx Test Solution\\ApplicationsWUSB4 V2 AN RuTestWAppDatatvWaveformsh
Files: p_TempWaveformO_preset Obin - n_TempWaveform0_preset 0.bin
AC CM Measurerment: AC CM: Vac [mVpZp] 270
PJ Titter Measurement mUIpp: Plpp 37.37844
RI Jitter Meagurement mUTrms: RIrms 10.02875
Informative: Symbol Rate [GHz] 2550162 Dnift [PPM]  -1499.42
Vertical Analysis Test:
TX_SNDE Measurement [dB]: TX _SNDE [dB] 33.23645
TX LEVELS MISMATCH Measurement: TX LEVELS MISMATCH 0.973053
V_SWING Measurement [mVp-pl: V_SWINGpp 828.4
Histogram: PJ/RJ
O .O 7 T T T T T T T T T
Ry
ooy
0BT R |[]
N(p,0)
0051 §
0.04 -
0.03 &
0.02 - -
0.01 |||||' ‘l ‘ II '||l|||||| i
ll”I | ‘ lj
L l Wi
; il L —
-4 -3 -2 -1 0 1 2 3 4
[PS]
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9.13 ACCM Calibration for Case 2
Keep the Voltage Swing, Level Mismatch, RJ and SNDR as calibrated in the previous step.
Turn off SJ on the BERT.

1.
2.
3. Setthe CM frequency setting on the BERT to 400 MHz.
4. Adjust the CM amplitude to achieve 100 mV.
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[8] Moise Generator

o
External Input - | i .
External Input — +  Noise Qutput -

ﬁ Noise Output

DM

20 mVpp b4

| '10.000 GHz @_

o

| 0.200 m\Vrms

Presets |Manua|
Amplltude Freque ncy Band
100 ‘ mvpp 400 ‘ MHz |Low ‘v‘

Run the SigTest tool according to section 8.3.1 of the SigTest User Manual documentation.

For SigTest measurement, use the following template:
e Test Point: tp3_prime
e (TS Test Template: calibration

e Command example:
\USB4_SigTest.exe gen4 rx tp3_prime calibration C:\SigTest\Waveforms\
p_prts7_preset_0.bin n_prts7_preset_0.bin calibration_report none

Retrieve the ACCM measurement.

Adjust the BERT CM amplitude setting and repeat steps 4-7 until the desired result is achieved.
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Electrical Compliance Test Specification for GEN4
Date: T-Mar-24
DIR: CMORLWEx Test SolutionWApplicationsWISB4 V2 AN ExTestWAppDatat\Waveformsh
Files: p_TempWaveform0 preset 0.hin n_TermniWaveformO preset 0.bin
AC CM Measurernent: AC CM: Vac [mVp2p] 106.7
FI Titter Measurement mUIp-p: Flop 45 52237
RI Titter Meagurement mUTrms: RIrms £.964004
Informative: Symbol Rate [GHz] 2556162 Drift [PPM]  -1409.25
Vertical Analysis Test:
TX_SMDE Measurement [dB]: T¥ _SNDRE [dB] 26.3622
TX_LEVELS MISMATCH Measurement: T¥_LEVELS MISMATCH 0.973046
VW OSWING Measurement [mVp-p): WV OSWING-pp g27.3
Histogram: PJ/RJ
0.08 . . . . . :
Cpj
0.07 - [ boy il
CR;
N(p,0)
0.06 | i
0.05 .
0.04 | .
0.03 | i
0.02 | .
0.01r .
0 1
3
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9.14 PJ Calibration for Case 2

1. Keep the Voltage Swing, Level Mismatch, RJ, SNDR and ACCM as calibrated in the previous
step.

2. Setthe SJ1 frequency setting on the BERT to 1 MHz.
3. Adjust the SJ1 amplitude to achieve 0.075 Ulpp.

4. Run the SigTest tool according to section 8.3.1 of the SigTest User Manual documentation.
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[4] Jitter Modulation Source

S On [T O LYY On LY OF)

0.000 Ulpp|| 0.100 Ulp-p

Clock Source
"l Unit1:Slot2:MUL81000B

6

Clock to PPG
- 64G PPG ———»

12 800 002 kHZI

AUX Input Clock

10000

[
=}
[}

1

Jitter Amplitude (Ulp-p)
=

1000 000 | Hz

0.170 | Ulp-p

[ 6.640) ps p-p

0o o o1

1

Modulation Frequency (MHz)

10

| 25.600 004 Gbitfs

Ref Clock
1/1 »

—_—
I 12 800 002 kHz

Sub-rate Clock
| 1/8 >
—_—
1600000 kHz

niteriverlabs.com

5. For SigTest measurement, use the following template:

e Test Point: tp3_prime

e CTS Test Template: calibration

e Command example:
\USB4_SigTest.exe gen4 rx tp3_prime calibration C:\SigTest\Waveforms\
p_prts7_preset_0.bin n_prts7_preset_0.bin calibration_report none

6. Retrieve the PJ measurement.
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Electrical Compliance Test Specification for GEN4

Date:

DIR:

Files:

AC CM Measurement:

FI Jitter Measurement mUIp-p:
RT Jitter Meagurement mlUTrms:
Informative;

“ertical Analysis Test:

T Mar-24

CWGRELWRx Test Solution'wApplicationsWiISB4 V2 AN ExTestwAppDatatwWaveforms

p_Temp'Waveform(_preset 0.bin

AC CM: Vac [mVp2p) (6, 4
Plop 7595034
RIrms 7051537

Symbol Rate [GHz] 25,5616 Drift [PPM]

TH _SNDR Measurement [dB]: T¥ SHDR [dB] 28.20769
TH_LEVELS MISMATCH WMeasurement: THX_LEVELS MISMATCH 0.973865
Y SWING Measurement [mVp-pl: YV SWINGpp 828.1

n_Temp'Waveform0_preset_0.bin

-1499.92

0.07

Histogram: PJ/RJ

0.06

0.05

0.04

0.03

0.02

0.01

Horizontal Bathtub Curve Tj

[prob]

T
————:Target

0.2 0.4 0.6 08 1
(1

7. Adjust the BERT SJ1 amplitude setting and repeat steps 3-7 until the desired result is achieved.
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8. Repeat steps 2-7 for the remaining PJ frequencies (2 MHz, 10 MHz, 50 MHz, 100 MHz).
9. Save the BERT setup as Test Case 2 for each PJ frequency.

9.15 BERT Model Extraction for Case 2

Extract the BERT assembly model by measuring:
a. Differential Return Loss measured at the BERT assembly output.

b. Differential Insertion Loss of the BERT assembly extracted by measuring step response at
its output.

Set up the network analyzer as listed in Table 11.

TABLE 11. NETWORK ANALYZER SETUP

Setting Setup

Standard Class Single Ended
Frequency Range 50 MHz to 20 GHz
IF Bandwidth 1KHz

Points At least 1600 points
S-Parameter File Single Ended

Mode

4-Port System Port 1->2,3->4
Mapping

9.15.1 Differential Return Loss Measurement at BERT Assembly Output
1. Calibrate the Network Analyzer and test cables using a proper calibration kit.
2. Connect the test setup as shown in Figure 71 below.

3. Configure the BERT to transmit PAM2 SQ256 (128 Level2 and 128 Level0) with Swing of 800mV
PP-

e SQ256 pattern file location on the BERT: “C:\UserPatterns\Anritsu USB4 V2 Rx
Test\SQ256.ptn”

4. Turn off all impairments (RJ, PJ, Differential Interference, Level Mismatch, SSC).

5. Capture and save the S-parameter to a file in the s2p format as “BERT_Sdd22.s2p” on the
network analyzer. (It will be used later on in the Link Operating Margin Evaluation stages.)
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40 cm, 1.85mm V connector Coaxial cable @ 50 ohm terminator Mink-Clrcuits
w— ] M, SMA cable ZX10-2-183-5+
Anritsu MP1900A )
o Anritsu Network Analyzer

,
i
.

3
"

MU196020A § ol e —

96050, = %
S esp @& @

Anritsu AH54192A-01

| (Power Supply
. for AH54192A)
E i OO s
Gnea Ampites I
3d8 /
Attenuators

34VKF50A

Power Splitter ~ V to KAdapter

FIGURE 71. TEST SETUP FOR BERT ASSEMBLY RETURN LOSS EXTRACTION

(71 Pama PPG = LZVERRG  c: OFF

B Emphasis |@ Pattern

Test Pattern @ ‘JAII List ‘v‘

Lo ~ B

Edit File Name 5Q256.ptn

Length‘ 512‘ bits M Loading... 5
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9.15.2 BERT Assembly Step Response Extraction
Set up the oscilloscope as listed in Table 12 below.

TABLE 12. OSCILLOSCOPE SETUP FOR BERT ASSEMBLY STEP RESPONSE EXTRACTION

Setting Setup

Sample Rate 128 Gs/s for Keysight UXR scope and 80 Gs/s for other vendor scope

Record Length 64M for Keysight UXR scope and 40M for other vendor scope in a single
acquisition

Bandwidth 25GHz

Vertical Scale Set to full screen without clipping

CDR OFF

Averaging OFF

Sin x/x OFF

1. Connect the test setup as shown in Figure 72 below.

2. Configure the BERT to transmit PAM2 SQ256 (128 Level2 and 128 Level0) with Swing of 800mV
PP-

e SQ256 pattern file location on the BERT: “C:\UserPatterns\Anritsu USB4 V2 Rx
Test\SQ256.ptn”

3. Turn off allimpairments (RJ, PJ, Differential Interference, Level Mismatch, SSC).

4. Capture the differential output signal waveform and save it to a file as “BERT_Sdd21.[scope
format]”. (It will be used later on in the Differential Insertion Loss of the BERT assembly
extraction and Link Operating Margin Evaluation stages.)

40 cm, 1.85mm V connector Coaxial cable @ 50 0hm terminator Mini-Circuits
] M, SMA cable ES o W Zx10218354

Anritsu MP1900A Oscilloscope (At least 25+ GHz bandwidth)
H "Eras LR R | H 0000
gl : /[l
Ty e :]
o e - e
3 =EA] A . PP @ ®
1 [ ]
~
T
Anritsu AH54192A-01 DC Block PY
(Power Supply
for AH54192A)
L
e g | AA}ET,,"?Z‘;‘ [ _I Power Splitter
18340] et ®
Vige v Curent 1 ‘
Oupat e v e 6dB / !
Attenuators 34VKF50A
I:I ’ ’ ) Vto K Adapter

FIGURE 72. TEST SETUP FOR BERT ASSEMBLY STEP RESPONSE EXTRACTION
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9.15.3 Differential Insertion Loss of the BERT Assembly Extraction

1. Run the SigTest tool according to section 8.3.2 of the SigTest User Manual documentation.

e Inputfileis ‘BERT_Sdd21.[scope format]’ captured in Section 9.15.2.

2. Acquire the BERT assembly insertion loss (BERT_IL) @ 12.8dB result from SigTest. [Note: This
will be used in the next section.]

3. For SigTest measurement, use the following template:
e TestPoint: tp3
e CTS Test Template: calibration_bert_il_extraction

e Command example:
.\USB4_SigTest.exe gen4 rx tp3 calibration_bert_il_extraction C:\SigTest\Waveforms\
BERT_Sdd21.bin none bert_il_extraction.csv none
9.15.4 Test Channel Measurement

Set up the oscilloscope as listed in Table 13 below.

TABLE 13. OSCILLOSCOPE SETUP FOR TEST CHANNEL MEASUREMENT

Setting Setup

Standard Class Differential
Frequency Range 50 MHz to 20 GHz
IF Bandwidth 1 KHz

Points At least 1600 points
S-Parameter File Differential

Mode

4-Port System Port 1->2,3->4
Mapping

1. Measure the S-parameters of the Test channel defined by the Tx PCB fixture and cable
assembly.

BERT TX PCB Cable Reference
Fixture Assembly Host RX
Test Channel Measurement
GRL-USB4-V2-RXA MOI & User Guide Rev. 4.0
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Must be de-embedded
Test_Channel.S4p from physical channel s4p
with Receptacle Fixture De-embedded

-

' 1SI Board
|}

Type C passive cable
0.8m

TXIN TX1P

Receptacle Fixture Receptacle Fixture

2. The test channel with receptacle fixture de-embedded insertion loss target should be (-19dB -
BERT_IL) @ 12.8GHz + 0.5dB.

3. IftheInsertion Loss target is not achieved, adjust the PCB fixture Insertion Loss.

4. Ifthe Insertion Loss target is achieved, save the test channel with receptacle fixture trace de-
embedded S-parameters to a file in the s4p format as “Test_Channel.s4p” (it will be used later
on in the link operating margin evaluation stage).

9.15.5 Link operating margin evaluation
1. For SigTest measurement, use the following template:
e TestPoint: tp3

e CTS Test Template: calibration

e Command example:
\USB4_SigTest.exe gen4 rx tp3 calibration C:\SigTest\Waveforms\ BERT_Sdd21.bin none
channel_calibration_to_worst_case_condition_result_result.csv none none

2. Runthe SigTest tool according to section 8.3.2 of the SigTest User Manual documentation.
e Inputfiles are as follows:

o Test_Channel.s4p
o BERT_Sdd22.s2p
o BERT_Sdd21.[scope format]

< Link Operating Margin Evaluation

MName

complementary
[7] BERT_SDD21.bin
[ ] BERT_SDD22.52P

D Test_Channel.sdp

o ‘complementary’ folder and other files can be found in the SigTest package
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Output parameters are as follows:

o The extracted end-to-end channel ILfit at Nyquist.

graniteriverlabs.com

o The amount of BERT SJ magnitude which shall be adjusted (the amount is relative
number for addition/reduction, the amount is after applying reference CDR mask).

Single value for all SJ frequencies.

o ECOM convergence values

E  LinkoperatingMarginEvaluationRX X +

File Edit  View

Electrical Compliance Test Specification for GEN4
Date:,@8-Jul-2024

DIR:,C:\\202408705_USBAV2_Case2a Test_channel\\RX@Y
File:, BERT_S5dd21.bin

Calibration:,End-to-End Channel ILfit at Nvguist,-28.1,[dB],CTS: Min ,-29,CTS: Max,-28
Calibrate to:,TX_S]_increase [mUIp-p],}10.0000088CTS: Min,-18,CTS: Max,+18

Calibration: ,ECOM Convergence init value,-8.2910088
Calibration: ,ECOM Convergence final value,-8.81188@,CTS: Min,-.1,C(TS: Max,+.1
Informative:,Symbol Rate [GHz],25.6080004,Drift [PPM],0.160000

3. Perform the following required adjustments:

e Recall the BERT calibration setup for Test Case 2.

Adjust the SJ magnitude for every SJ frequency.

9.16 USB4Gen4 TER Test Case 1

After completing the Case 1 calibration, proceed to perform the test as follows:

1. Setup the physical equipment connections, as shown below.

40 cm, 1.85mm V connector Coaxial cable @ 50 ohm terminator 2 B
| M, SMA cable ,_,) i zx?ozﬁ;lz-sy
Anritsu MP1900A
-
USB A to B cable
USB4 V2 Micro-
Controller
PA
USB Type-C passive cable

—a

RXON  RXOP
Anritsu AH54192A-01 TXOP
(Power Supply TXON
for AH54192A) = Ut
] OH#
Anritsu ® 240
A [ | Avsaroza [ RX1P RX1P
| ) oo, 1 ) t TXIN TXIP
7 | -I USB4 Gen4 Plug Fixture
Qutput Vee vt Vamp. 6d8 !
H 5 5 »_ lenaes—s Vokadpter @
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2. Recall the BERT test Case 1 calibrated setup.

3. Activate the Receiver under test with maximum number of aggressor lanes configured as
transmitters generating PRTS19 with preset#0 to 50Q termination. Activate the remaining
Receivers, incoming signal detection is not required (refer to the CTS Appendix A.1 for correct
Lane configuration and CTS Appendix A.2 for correct Aggressors setup activation).

4. Initiate negotiation with the preset chosen in calibration.

5. Perform the following error counter check phase (skip this section if already performed for this
Lane):

e Runand follow the ETT procedure to change the preset and pattern of the BERT as
requested by the ETT.

e Initiate continuous random error stream injection targeting TER ratio of 1E-6 using the
BERT.

e Start the TER test for 3 seconds.

e Readthe TERratio as reported by the ETT.

e Ifthe TER ratioresultis 1E-6 + 1.5E-7 then the test is considered as Passed, or otherwise
Failed.

e Errorinjection with reduced/disabled jitter impairments is acceptable.

e Error counter check shall be performed once per lane.

6. Perform the following TER test phase:

e Runand follow the ETT procedure to change the preset and pattern of the BERT as
requested by the ETT.

e Start the TER test for 30 seconds.

e Read the TERratio as reported by the ETT.

e Ifthe TERratiois<1E-8 then the testis considered as Passed, or otherwise Failed.

7. Repeat all steps above including equalization training for each PJ frequency: 1MHz, 2MHz,
10MHz, 50MHz and 100MHz.
8. Repeat all steps above for each Receiver Lane.
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9.17 USB4Gen4 TER Test Case 2

After completing the Case 2 calibration, proceed to perform the test as follows:
1. Setup the physical equipment connections, as shown below.

40 cm, 1.85mm V connector Coaxial cable @ 50 ohm terminator —
1 -Clrcuit
— M. SMACabI whe i Mokt

Anritsu MP1900A

257 Gl I
PP Sorers 4 MU196020A

Tva]

13]j043U0)
-ODIN TAFESN

Anritsu AH54192A-01
(Power Supply
for AH54192A)

TXIN TX1P

USB Type-C passive cable
0.8m

AH54192A-01

e

% Anritsu J

Vee S E AH541924 D TX1P
e Amptie t

Vi |

1
6dB DUT
Cutput a
D v; m' r; Attenuators " 34VKF50A {
V to K Adapter @

2. Recallthe BERT test Case 2 calibrated setup.

3. Activate the Receiver under test with maximum number of aggressor lanes configured as
transmitters generating PRTS19 with preset#0 to 50Q termination. Activate the remaining
Receivers, incoming signal detection is not required (refer to the CTS Appendix A.1 for correct
Lane configuration and CTS Appendix A.2 for correct Aggressors setup activation).

4. Initiate negotiation with the preset chosen in calibration.

5. Perform the following error counter check phase (skip this section if already performed for this
Lane):

e Runand follow the ETT procedure to change the preset and pattern of the BERT as
requested by the ETT.

e Initiate continuous random error stream injection targeting TER ratio of 1E-6 using the
BERT.

e Start the TER test for 3 seconds.

e Read the TERratio as reported by the ETT.

e |Ifthe TERratioresultis 1E-6 + 1.5E-7 then the test is considered as Passed, or otherwise
Failed.

e Errorinjection with reduced/disabled jitter impairments is acceptable.

e Error counter check shall be performed once per lane.
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6. Perform the following TER test phase:

e Runand follow the ETT procedure to change the preset and pattern of the BERT as
requested by the ETT.

e Startthe TER test for 30 seconds.

e Read the TERratio as reported by the ETT.

e Ifthe TERratiois<1E-8 then the test is considered as Passed, or otherwise Failed.

7. Repeat all steps above including equalization training for each PJ frequency: 1MHz, 2MHz,
10MHz, 50MHz and 100MHz.
8. Repeat all steps above for each Receiver Lane.
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9.18 Receiver Frequency Variation Calibration for Case 1

After completing the Case 1 calibration, proceed to perform the receiver frequency variation
calibration for Case 1 as follows:

TABLE 14. OSCILLOSCOPE SETUP FOR RECEIVER FREQUENCY VARIATION CALIBRATION FOR CASE 1

Setting Setup

Sample Rate 128 Gs/s for Keysight UXR scope and 80 Gs/s for other vendor scope

Record Length 64M for Keysight UXR scope and 40M for other vendor scope in a single
acquisition

Bandwidth 25GHz

Vertical Scale Set to full screen without clipping

CDR OFF

Averaging OFF

Sin x/x OFF

1. Setup the physical equipment connections, as shown below.

Mini-Circuits
ZX10-2-183-5+

40 cm, 1.85mm V connector Coaxial cable @ 50 ohm terminator |
m— 1M, SMA cable =P

Anritsu MP1900A Oscilloscope (At least 25+ GHz bandwidth)

OO0
QO OO

__[=h

Anritsu AH54192A-01 DC Block »

(Power Supply
for AH54192A) |
L

Anritsu J i
, Slecor % R [ Power Splitter
7 Differential

Linear Am:mnm [:' 1 .
|
)

y

6dB
Output
I:] v; V; W; Attenuators =" 34VKF50A ——)
V to K Adapter
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2. Recall the BERT test Case 1 calibrated setup for PJ 100MHz.

Configure BERT to output PRTS7 with SSC down-spreading disabled.

4. Construct the frequency variation dynamics as shown in Figure 73 below. Refer to USB4
Version 2.0 Specification Table 3-26. Tolerance is + 25ppm with respect to USB4 Version 2.0
Specification targets.

w

600 ppm  Oppm -300ppm

|

\

300 ppm

il

.________.._____

.~ -300ppm

\
|
:
|
|
|
|
|
|
|
|

o' >l >
0.5us ’ 0.8us
0.2us

FIGURE 73. FREQUENCY VARIATION DYNAMICS FOR CASE 1

5. Capture the differential output signal with frequency variation dynamics waveform on the
scope.

6. Runthe SigTest tool according to section 8.4.1 of the SigTest User Manual documentation.

7. Check the SigTest report for the frequency variation parameters if all Passed.

8. If Failed, adjust the frequency variation parameters on the BERT setting and repeat steps 5-8
until all desired results are achieved.
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Electrical Compliance Test Specification for GEN4

Date: R
DIE: CaGELWEx Test Solution®ApplicationsWUSE4 V2 AN ExTesthAppDataWiWay
File: Frequency VariationCal.bin
E¥ Frequency Variation Training hMeasurement:
INIT_FREQ_WVARIATION: PASS ¥_INIT, 200.285 CTS: Min 275 CTS: Maz 325
DELTA_FREQ_200n3: FASS ¥_DEL 581.063 CTS: Min 575 CTS: Maz B2
DELTA_FREQ_1000nS: PASS ¥_DEL" 89892 CTS: Min 875 CTS: Maz 025
FREQ_OVERSHOOT: FASS ¥_FRE( 598.155 CTS: Min 575 CTS: Maz G5
STEADY _STATE_FREQ_WARIATION: PASS ¥_STE# -320.73 CTS: Min 2325 CTS: Max 275
Informative: Symbol B 25.5983 Drift [FFL  H£5.28
f(t)_ppm - FrequencyVariationCal.bin
600 T %v‘cak. 598 T T T
500 - Init: 300 ’ -
400 Rise: 303 i
200 - ]
£ f(t)
v 100 |- ¢ Initreq_tart 7
+  spec
OF| © Init_freq_end ‘Step_0.2uS: -14 1
+ spec
100 - O Overshoot_peak ‘ |
+  spec
step200_start
-200 + step200_end -
- spec
& step1000_start
300 7| o step1000_end ¢ ' i 7
+  spec | ! ! ;
_400 Il | 1 | |
1.8 2 2.2 24 2.6 2.8 3
Sec x107

9. Forthe SigTest measurement, use the following template:

e Test Point: tp3_prime

e (TS Test Template: frequency_variation_training

e Command example:

.\USB4_SigTest.exe gen4 rx tp3_prime frequency_variation_training
C:\SigTest_USB4_CTS\Waveforms\ rx_frequency_variation_gen4_tp3_prime.bin none
rx_frequency_variation_calibration_tp3_prime none
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9.19 Receiver Frequency Variation Calibration for Case 2

After completing the Case 2 calibration, proceed to perform the receiver frequency variation
calibration for Case 2 as follows:

TABLE 15. OSCILLOSCOPE SETUP FOR RECEIVER FREQUENCY VARIATION CALIBRATION FOR CASE 2

Setting Setup

Sample Rate 128 Gs/s for Keysight UXR scope and 80 Gs/s for other vendor scope

Record Length 64M for Keysight UXR scope and 40M for other vendor scope in a single
acquisition

Bandwidth 25GHz

Vertical Scale Set to full screen without clipping

CDR OFF

Averaging OFF

Sin x/x OFF

1. Setup the physical equipment connections, as shown below.

Mini-Circuits
ZX10-2-183-5+

40 cm, 1.85mm V connector Coaxial cable @ 50 ohm terminator |
m— 1M, SMA cable =P

Anritsu MP1900A Oscilloscope (At least 25+ GHz bandwidth)

OO0
QO OO

__[=h

Anritsu AH54192A-01 DC Block »

(Power Supply
for AH54192A) |
L

Anritsu J i
, Slecor % R [ Power Splitter
7 Differential

Linear Am:mnm [:' 1 .
|
)

y

6dB
Output
I:] v; V; W; Attenuators =" 34VKF50A ——)
V to K Adapter
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2. Recall the BERT test Case 2 calibrated setup for PJ 100MHz.

3. Configure the BERT to output PRTS7 with SSC down-spreading disabled.

4. Construct the frequency variation dynamics as shown in Figure 74 below. Refer to the USB4
Version 2.0 Specification Table 3-26. Tolerance is + 25ppm with respect to the USB4 Version 2.0
Specification targets.

600 ppm Oppm -300ppm

| | |
[ (| [
| o I
| (AN I
| (N |

300 ppm | | \ | [
| [ TR
| I |
| I "‘ |
| (I |
| [ I
| (I |
| I | -300 ppm
| (I I
| (I |
| (I |
| (I |
| (I |
| (I |

(I
| I |
| I |
! R >
0.5us l 0.8us
0.2us
FIGURE 74. FREQUENCY VARIATION DYNAMICS FOR CASE 2

5. Capture the differential output signal with frequency variation dynamics waveform on the
scope.

6. Run the SigTest tool according to section 8.4.1 of the SigTest User Manual documentation.

7. Check the SigTest report for frequency variation parameters if all Passed.

8. If Failed, adjust the frequency variation parameters on the BERT setting and repeat steps 5-8
until all the desired results are achieved.
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Electrical Compliance Test Specification for GEN4
Date: SRR
DIR: CMGRLWEx Test SolutiondwApplicationsWhWISEd_V2_AN_ExTestWAppDatahhWavelorms!
File: Frequency VariationCal.bin
R Frequency Variation Traini) ent:
INIT_FREQ_VARIATION: H_INIT, 300,308 CTS: Min 275 CTS: Maz 325
DELTA_FREQ _200ns: H_DEL" 594451 CTS: Min 575 CTS: Maz 625
DELTA_FREQ_1000nS: H_DEL 910401 CTS: Min 875 CTS: Maz 025
FREQ_OVERSHOOT: ¥_FRE{ 61985 CTS: Min 575 CTS: Maz 625
STEADY STATE FREQD VAR H_STES 29955 CTS: Min 2325 CT5: Maz 275
Informative: vmbol £ 25.5988 Drift [FFL 4788
i f(t)_ppm - FrequencyVariationCal.bin
T T T T
600 - (Peak: 620 |
Init: 300
400 + |Rise: 300 -
£ ft)
& 200 - ¢ Initreq tart 7
+  spec
O Init_freq_end
+  spec
orl o Overshoot_peak| ~Step_0.2uS:-3 1
+ spec
step200_start ‘
step200_end |
-200 spec | -
&  step1000_start | ‘ _
O soptoo0_end | AR
+  spec '
_400 I | | |
1.8 2 2.2 24 2.6 2.8 3
Sec x10™

9. Forthe SigTest measurement, use the following template:

e TestPoint: tp3

e (TS Test Template: frequency_variation_training

e Command example:
.\USB4_SigTest.exe gen4 rx tp3 frequency_variation_training
C:\SigTest_USB4_CTS\Waveforms\ rx_frequency_variation_gen4_tp3.bin none
rx_frequency_variation_calibration_tp3 none
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9.20 Receiver Frequency Variation Test Case 1

After completing the Case 1 calibration, proceed to perform the receiver frequency variation test
Case 1 as follows:

1. Recall the receiver frequency variation calibrated results for Case 1 from Section 9.18.

2. Activate the receiver under test with maximum number of aggressor lanes configured as
transmitters generating PRTS19 with preset#0 to 50Q termination. Activate the remaining
receivers, incoming signal detection is not required.

3. Perform the following TER test phase:

e |Ifthe TS2.clksw pattern is not required for this test by the DUT, follow the TER test TYPE |
or TYPE II.
o |Ifthe TS2.clksw pattern is required for this test by the DUT, follow the TER test TYPE Il only.

a) Forthe TER test TYPE I:
e  Startthe TER test on PRTST.
e  Run the frequency variation test on the ETT and start link training.

e  Waitforthe ETT prompt window to appear to start sending frequency variation
dynamics.

e Click on the “OK” button and send the frequency variation dynamics on the BERT in 1
second.

e  Waitfor 2 seconds.
e Readthe TER ratio asreported by the ETT.

e |Ifthe TERratiois < 1E-4 then the test is considered as Passed, or otherwise Failed.

b) Forthe TER test TYPE Il
e  Startthe TER test on PRTST.
e  Switch to the TS2.clksw pattern right after the TER test starts.
e  Wait for 2 useconds.
e  Apply the clock switch event within the next 8 puseconds.
e  Switch back to the PRTS7 after 10 pseconds after switching to TS2.clksw.
e  Waitfor 2 seconds.
e Readthe TER ratio as reported by the ETT.
e Ifthe TERratiois <1E-4 then the testis considered as Passed, or otherwise Failed.

4. Repeat steps 1-3 10 times.
5. Repeat all the above steps for each Receiver Lane.
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Note: Refer to the CTS Appendix F for TYPE | and TYPE Il.

9.21 Receiver Frequency Variation Test Case 2

After completing the Case 1 calibration, proceed to perform the receiver frequency variation test
Case 2 as follows:

1. Recall the receiver frequency variation calibrated results for Case 2 from Section 9.19.

2. Activate the receiver under test with maximum number of aggressor lanes configured as
transmitters generating PRTS19 with preset#0 to 50Q termination. Activate the remaining
receivers, incoming signal detection is not required.

3. Perform the following TER test phase:

e Ifthe TS2.clksw pattern is not required for this test by the DUT, follow the TER test TYPE |
or TYPE II.
o |Ifthe TS2.clksw pattern is required for this test by the DUT, follow the TER test TYPE Il only.

a) Forthe TER test TYPE I:
e  Startthe TER test on PRTST7.
e  Run the frequency variation test on the ETT and start link training.

e  Waituntil the ETT prompt window to appear to start sending frequency variation
dynamics.

e Click on the “OK” button and send the frequency variation dynamics on the BERT in 1
second.

e  Wait for 2 seconds.

e Readthe TER ratio as reported by the ETT.

e Ifthe TERratiois < 1E-4 then the test is considered as Passed, or otherwise Failed.
b) Forthe TER test TYPE Il

e  Startthe TER test on PRTST.

e  Switch to the TS2.clksw pattern right after the TER test starts.

e  Wait for 2 useconds.

e  Apply the clock switch event within the next 8 puseconds.

e  Switch back to PRTST after 10 useconds after switching to TS2.clksw.

e  Wait for 2 seconds.

e Readthe TER ratio as reported by the ETT.

e Ifthe TERratiois <1E-4 then the testis considered as Passed, or otherwise Failed.

4. Repeat steps 1-3 10 times.
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5. Repeat all the above steps for each Receiver Lane.

Note: Refer to the CTS Appendix F for TYPE | and TYPE II.
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10 Appendix B: Receiver Stressed Eye Calibration Using
SigTest

The SigTest post processing analysis application can be run to ensure signal quality compliance

for the USB4 V2 receiver stressed eye calibration.

Below provides a summary of the SigTest requirements. Please refer to the USB4 V2 SigTest User
Manual from USB-IF for the full set of instructions to perform SigTest measurements.

Note: It is required that you are a member of USB-IF and have attained the proper permissions
from USB-IF in order to have access to the USB4 V2 SigTest User Manual.

10.1 Install and Run SigTest

[Note: The following procedure was extracted from the “USB4 SigTest installation and running:”
section in the USB4 V2 SigTest User Manual.]

First, make sure that = 16GB RAM (or recommended 32GB RAM and higher) is available on the
Controller PC or Scope where SigTest is to be run.

1. Install Matlab Runtime Compiler MCR R2024a (24.1).

2. Create a new folder, for example “SigTest_USB4_CTS” and place the “USB4_SigTest.exe”
file into the folder. Run the “USB4_SigTest.exe”.

3. Open PowerShell window from the folder by pressing SHIFT + Right mouse button and
then click on “Open PowerShell window here”.

10.2 Set Up Scope for Saving Waveforms

[Note: The following description was extracted from the “Scope definitions for saving waveforms:”
section in the USB4 V2 SigTest User Manual.]

a) Scope requirements and settings:
e Sampling Rate: = 80GSa/s
e Evaluated record length: 500us per channel
e No CDR, no average, no interpolation and no equalization applied
e Bandwidth: 16GHz (for USB4 Gen2) or 21GHz (for USB4 Gen3)
e Adjust vertical scale to fit signal into Scope screen

b) The saved waveforms for all receiver tests should be differential (for example: CH1 - CH3),
except of the waveform for the AC Common Mode test that should be common (for
example: (CH1 + CH3)/2).

c) The waveforms should use the correct test pattern type and length for the respective test
as specified in the CTS to avoid test interruption and termination.
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11 Appendix C: Connecting Keysight Oscilloscope to PC

If using a Keysight oscilloscope, refer to the following procedure on how to connect the Scope to
be used with a controller PC. The Keysight Scope can be connected to the controller PC through
GPIB, USB or LAN.

1. Download the latest version of the Keysight |10 Libraries Suite software from the Keysight
website and install on the controller PC.

2. When installed successfully, the 10 icon () will appear in the taskbar notification area of the
controller PC.
3. Selectthe O icon to launch the Keysight Connection Expert.

4. Click Rescan.

Keysight Connection Expert

Instruments PXI/AXIe Chassis Manual Configuration S

G Rescan Filter Instruments: Clear

Unknown Instrument D

TCPIPO::localhost: :inst0:: INSTR

DSAV334A, KEYSIGHT TECHNOLOGIES

L = =

USBO: :0x2ABD: :0x902C: :MYS55170106::0: :INSTR
Click to view instrument details

FIGURE 75. KEYSIGHT CONNECTION EXPERT

5. Refresh the system. The Keysight Scope is shown on the left pane and the VISA address is
shown on the right pane.
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Keysight Connection Expert 7 - X

Instruments PXI/AXIe Chassis Manual Configuration Settings

€9 Rescan  Filter Instruments: Clear
Unknown Instrument Details for KEYSIGHT TECHNOLOGIES DSAV334A
TCPIPD::locathost: :inst0: :INSTR
Manufacturer: KEYSIGHT TECHNOLOGIES View Instrument Information Online
DSAV334A, KEYSIGHT TECHNOLOGIES Magel: DSAVIHMA
Serial Number: MY55170106

USBO::0x2A80::0x902C::MYS5170106::0:: INSTR
irmware Version: 05.50.0010
Chick to view mstrument details

PCSERNO, Agilent

o Connection Strings
TCPIPO: :WINDOWS-13983-2.local: hislip0: : INSTR
VISA Addresses
Send Commands To This Instrument
o USB0::0x2A8D::0x902C::MY55170106::0::INSTR
Start 10 Monitor
Ses
Add or Change Aliases
¥ SICL Addresses
Messages: 5 | Cuse Remote 10 Server Off  32-Bit Keysight VISA is Primary  17.1.19313.5

T4 02:48:37 Removed connection TCPIPO:: WINDOWS-6LSIQFE: :inst0::INSTR from agilent,infinsium,js33635236

T4 02:48:37 Updated connection TCPIPO::localhost::inst0::INSTR

T4 02:47:31 Rescan requested

T& 02:36:10 Instruments are already discovered and configured a
T4 02:36:10 User interface session started

FIGURE 76. OscILLOSCOPE’S VISA ADDRESS

6. When connecting the Keysight Scope to the PC through GPIB/USB, type in the VISA address
into the ‘Address’ field on the Equipment Setup page of the GRL-USB4-V2-RXA application. If
the GRL-USB4-V2-RXA application is installed on the Keysight Scope, type in the Scope IP
address, for example “TCPIP0::127.0.0.1::inst0::INSTR”. If the GRL software is installed on the
controller PC to control the Scope via LAN, type in the Scope IP address, for example
“TCPIP0::192.168.0.100::inst0::INSTR”. Note to omit the Port number from the address.

If there is error in connection, type in the Scope IP address as “TCPIPO::
192.168.0.100::5025::SOCKET”.
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12 Appendix D: Connecting Tektronix Oscilloscope to PC

If using a Tektronix DPOJET Series oscilloscope, refer to the following procedure on how to
connect the Scope to be used with a controller PC. The Tektronix Scope can be connected to the
controller PC through GPIB, USB or LAN.

1. Download the latest version of the Tektronix TekVISA software from the Tektronix website and
install on the controller PC.

2. When installed successfully, open the OpenChoice Instrument Manager application.

GRL - Automated Test Solutions

Jj Notepad

TekScope

Tek_Local_Admin

Documents

-_‘_- Windows Explorer ]
- Pictures
'@ Internet Explorer 3
Music

E Launch DisplayPort AUX Control
Games

H TeamViewer 10 —
Computer

USB 3.0 Receiver Testing Control Panel
Control Pane

.'::gf" Paint > Devices and Printers

u CLE1000 Default Programs

‘ OpenChoice Instrument Manager ‘ Help and Support

» Al Programs

2|

(SRS

| |55:r:r" programs and files

FIGURE 77. OPENCHOICE INSTRUMENT MANAGER IN START MENU

3. The left “Instruments” panel on the OpenChoice Instrument Manager will display all
connected instruments. The functional buttons below the “Instruments” panel - “Instrument
List Update”, “Search Criteria”, “Instrument Identify” and “Properties” can be used to detect
the Scope in case it does not initially appear under “Instruments”.

e “Instrument List Update”: Select to refresh the instrument list and locate new instruments
connected to the controller PC.

e “Search Criteria”: Select to configure the instrument search function.

e “Instrument Identify”: Select to use a supported programming language to send a query to
identify the selected instrument.
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e “Properties”: Select to display and view the selected instrument properties.

DpenChoiceInstrumentManager EI =]

File Edit Help

Instruments Applications and Utilities

[IE1ElE GPIBS::1::INSTR OpenChoice Call Monitor
[Bocket| TCPIP::192.168.0.39::23::80CKET OpenChoice Talker Liste...
LUSE [USB::0:x0699::0x0345::C022203:INSTR

1| m

Last Updated: 5/10/2015 8:25 PM

Instrument List Instrument
Update Identify...

Start Applicatio.ﬂ or Utility

Search Criteria.. Properties.

Tektronix

FIGURE 78. OPENCHOICE INSTRUMENT MANAGER MENU

4. If connecting the Tektronix Scope to the controller PC via USB, select the “Search Criteria”
function to ensure that USB connection is enabled, and then select the “Instrument List
Update” function. When the Scope appears on the “Instruments” panel, select it and then go
to the “Instrument Identify” function. This will display the model and serial number of the
Scope once detected. Select the “Properties” function to view the Scope address.

5. If connecting the Tektronix Scope to the controller PC via LAN, the Scope IP address must be
pre-determined beforehand. Then select the “Search Criteria” function to ensure that LAN
connection is enabled and type in the Scope IP address. When the Scope shows up in the list,
select it followed by “Search”. The Scope should then appear on the “Instruments” panel.
Select it and access the “Instrument Identify” function to view the Scope model and serial
number as well as the “Properties” function to view the Scope address.

6. Onthe Equipment Setup page of the GRL-USB4-V2-RXA application, type in the Scope address
into the ‘Address’ field. If the GRL-USB4-V2-RXA application is installed on the Tektronix Scope,
ensure the Scope is connected via GPIB and type in the GPIB network address, for example
“GPIB8::1::INSTR”. If the GRL-USB4-V2-RXA application is installed on the controller PC to
control the Scope, type in the Scope IP address, for example “TCPIPO::
192.168.0.100::inst0::INSTR”. Note to omit the Port number from the address.
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