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Introduction

The USB-C 20Gbps Loopback Plug Tester is a diagnostic tool designed for testing and
troubleshooting issues with USB ports. With the USB-C 20Gbps Loopback Plug, you can:
e Verify data transfer both in and out of a USB port is error free.
e Provide additional diagnostic information about faulty USB ports, by detecting
what type of errors occur and counting how often errors happen.
e Measure the maximum read and write speed of the USB port.
e View the capabilities advertised by the USB port and cable.
e Perform stress tests on a system by applying maximum data transfer load on the
USB port.
e Negotiate and trigger different voltage levels up to a maximum of 48V, allowing
all test cases to be tested at every supported voltage level.
e Supports the use of connecting an external load, allowing test cases to be
performed while the system is under different load cases.

All the above test cases can be performed quickly and easily with the USB-C 20Gbps
Loopback Plug, making it suitable for both small-scale use and large-scale use. Examples
of small-scall use cases include diagnosing problems with a faulty PC, developing a new
product with a USB port and validating it is working correctly, or confirming what
capabilities are supported by a USB port. Large-scale use cases include quality assurance
procedures in production line environments.

Supported Specifications

The USB 3.2 Gen 2x2 and USB Power Delivery Specifications Revision 3.1 are
supported by the USB-C 20Gbps Loopback Plug. Both specifications are backwards
compatible, allowing the USB-C 20Gbps Loopback Plug to also be used to test any USB
port that supports older versions of these protocols using the same methods.

USB 3.2 Gen 2 is the USB standards that increased the data transfer speed up to 10Gbps
on a single wire (from 5Gbps previously with USB 3.2 Gen 1) and x2 is used to signify
that two pairs of wires are used to transfer the data. Combining this creates the USB 3.2
Gen 2x2 specification, which allows for a maximum of 20Gbps data transfer speeds
between devices. USB 3.2 Gen 2x2 is also a full-duplex protocol, meaning that data can
be both sent and received at 20Gbps simultaneously.

Some devices might support combinations of the above. For example.

USB 3.2 Gen 2x1 — This is generation 2 speeds on a single wire (10Gb/s)

USB 3.2 Gen 1x2 — This is generation 1 speeds on two wires (also 10Gb/s)

While the loopback plug can support both of these options, the device under test might
not. In this case the option might not be selectable and some other default speed might
need to be selected.

The USB Power Delivery Specification is used to trigger the different voltage levels
supported by the USB port under test. This has become the standard protocol now for
negotiating different voltage levels between devices, and this specification is responsible
for allowing data transfer at voltage above 5V. This specification is also used by USB
ports and cables to advertise what their capabilities are (for example, what is the
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maximum voltage and current supported), and these capability messages are retrieved and
displayed by the USB-C 20Gbps Loopback Plug.

Included Accessories and Software

The USB-C 20Gbps Loopback Plug comes included with all the accessories required to
use the device; as well as the software can be downloaded free of charge from the
products download webpage at this link: https://www.passmark.com.au/products/usb20g-

loopback/download.php
These included accessories and software are listed below:

e A high-quality USB-C to USB-C cable. This cable has a length of 0.5 metres,
supports up to 80 Gbps data transfer speeds, and is rated for 240W of power

delivery.

e The USB-C 20G Test Windows Application software. This is the software used to
connect the USB-C 20Gbps Loopback Plug to a PC and run the test procedures.

e The API documentation. There is an API used by the USB-C 20G Test Windows
Application that allows a PC to communicate with the USB-C 20Gbps Loopback
Plug. Documentation for using this API is provided to allow the possibility of
creating your own custom automated testing scripts.
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Device Interface

A 1.8" TFT LCD display is featured on the USB-C 20Gbps Loopback Plug to provide a
quick method to view basic diagnostic information about the USB port under test. This
section will explain all the functionality available through this LCD interface, as well as
an explanation of the purpose of each of the ports on the USB-C 20Gbps Loopback Plug.
The image below shows an overview of every part of the device interface.

External Load Port
(Nano-Fit Header)

Down Arrow Button

Test Unit Port

Select Button (USB-C)

Up Arrow Button

Debug Port
(USB-C)

Test Unit Port

This USB-C port is connected to the USB port to be tested. When plugged in, power is
provided by the USB port to be tested and the USB-C 20Gbps Loopback Plug will power

up.

Debug Port (Optional Use)

This USB-C port is optional to use and does not need to be connected to use the USB-C
20Gbps Loopback Plug. It has two purpose which are: it can be used to provide the main
power to the USB-C 20Gbps Loopback Plug, which may be desired in the case where the
Test Unit Port voltage is not stable; or can be connected to a different PC that is used to
collect logging data. More information about the debug port can be found in the
Command line automation and API usage

In addition to the Windows tool, there are various command line tools available, which
can also function as an API for external tools and scripts.

Availability

The console tools are available as part of the API download, which can be found here:
https://www.passmark.com/products/usb20g-loopback/download.php

Command line system requirements

The following versions of the command line tool is available.

Windows 10/11 x86 64bit — Command line tool, USB20GConsole.exe

Windows 10/11 ARM 64bit — Command line tool, USB20GConsole.exe

Linux x86 64bit (Ubuntu 26) - Command line tool, USB20GConsole

Linux ARM 64bit (Rasbery PI - Ubuntu) - Command line tool, USB20GConsole
Apple MacOS ARM 64bit - Command line tool, USB20GConsole
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The command line tool functions the same way and has the same options on each
platform. The different versions of the tool can be found in different sub-folders within
the downloaded API Zip file.

Command line usage

Usage: USB20GConsole.exe [-f] [-d] [-1i] [-m] [-e] [-o] [-s] [-t] [-1]1 [-v] [-b] [-qg]
Options:

-h,--help Shows this help message

-f,--find Finds all the USB3 loopback devices and their indexes.

-d, --device Specifies the loopback device by serial number. Device ID or "Any"

If the ID, "Any" is used then the first device detected is selected.
Default value if empty: The first detected device will be used.

-i,--index Specifies the loopback device by index.
-m, --mode Specifies the test mode. "LOOPBACK" or "BENCHMARK". Default value: LOOPBACK
-o,--operation Specifies the type of benchmark operation. "RO" or "WO" or "RW" or "RTW".
RO:read only, WO:write only, RW:read&write, RTW:read then write. Default value: RTW
-s,-—speed Specifies the connection speed. "USB2" or "USB3". Default value: USB3
-t,--time Specifies the test duration in seconds. Default value: 30 seconds
-1,--limit Specifies the maximum number of high-level errors (transfer and verification errors).
If error count exceeds this number, test will be terminated. Default value: 5
-v,--voltage Returns the VBUS voltage.
-b, --buserror Enables check bus errors.
-g, -—queue Specifies the queue size (1 to 64). Note that values above 4 might not be

supported by all host controllers & might crash the host. Default is 4.
-x,-—-transfersize The size of the send / receive buffer in KB. 1024 is a safe value (1MB)

and also the default value. Larger buffers are not supported by all

host controllers and might result in a crash of the host controller.

Max value is 2048 (2MB). Larger buffers can be faster than smaller ones.
-z,--verbose Enables verbose output.

Return Codes:
Succeed = 0
Invalid command line =
No device detected = 2
Failed to connect = 3
Failed to configure = 4
Failed to select speed = 5
Failed to find endpoints = 6
Failed to allocate memory = 7
Error limit reached = 8

1

Example:
USB3Console -d 270E029012E0 -s USB3 -t 60 -1 10

Example command line output

C:\SoftwareDev\USB20GConsole\trunk\x6U4\Release>USB20GConsole.exe -z -b —t 5 -m BENCHMARK

Plug SN:2730029012E@

FW: vli.d4 HW: v1.0 Speed: SuperSpeed Gen2x2 (20 Gbps)

Starting benchmark test, Plug SN:2730029012E@ @ SuperSpeed Gen2x2 (20 Gbps)

Transfer size: 1048576 bytes Queue depth: 4

[R #1] Speed: 10593.23 Mb/s | Errors:

[w #1] Speed: 10620.70 Mb/s | Errors:

[R #2] Speed: 163u4. Mb/s | Errors:
#2] Speed: 15154. Mb/s | Errors:
#3] Speed: 16343. Mb/s | Errors:
#3] Speed: 15125. Mb/s | Errors:
#U] Speed: 16343. Mb/s | Errors:
#4] Speed: 15155. Mb/s | Errors:
#5] Speed: 16344. Mb/s | Errors:

| Errors:

| Errors:

#5] Speed: 15159.07 Mb/s
#6] Speed: 16343.96 Mb/s
Duration=6

[cNcNoNoNoNoNoNoNoNoNol

Bytes Sent=4454350848

Bytes Received=5774508032

Avg. Rate(Mb/s)=14814.38

Avg. Read Rate(Mb/s)=15385.66
Avg. Write Rate(Mb/s)=14243.10
High-Level Error Count=0

Using The Debug Port section.
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External Load Port (Optional Use)

The external load port is a Nano-Fit header that connects to the VBUS wire from the Test
Unit Port. This is optional to use, and the port can be easily accessed using a Nano-Fit
Load Cable. The external load port is used when it is desired to connect an additional
external load for when it is required to perform data transfer tests under certain load
conditions. This port has a current limiter (1.2A) built into it to prevent damages caused
by short circuits, and it is recommended to only connect purely resistive loads to this port.
Enabling the external load and setting the current limit can be done using USB20GTest
Windows Application, see Test Configuration Settings section for more information.

For more information about the Nano-Fit Load Cable refer to this web page:
https://www.passmark.com/products/nano-fit-load-cable/index.php

The voltage on the port matches the voltage level negotiated with the device under test.
So on a USB-C device which supports power delivery (with the correct E-Marked cable)
the voltage on the external load port can vary between 5V and 48V. Meaning the power
level on the port would be 6W to 58W.

As an example of a dumb load, 100W 33R wirewound resistor would be suitable if testing
at 48Volts. If testing only at 5V, then a 25W 5R resistor would be more suitable. For
higher wattages a fan and heat sink might be required. For testing beyond these ranges, or
testing with variable loads or when fine programmatic control is needed, we suggest using
the PM240 load tester.

When the external load port is in use, especially at higher voltages and higher data rates
the plug will experience elevated temperatures and the case might feel hot to touch. The
plug will shut down if temperatures are too high in the main USB chip. But this should
not happen in normal use in normal environmental conditions.

LED Status Indicator

The LED colour is used to indicate the status; the meaning of each colour is:
Green: Power on

Blue: Data is being sent out by the USB-C 20Gbps Loopback Plug
White: Data is being received into the USB-C 20Gbps Loopback Plug
Red: An error occurred.

LCD Screen and Navigation Buttons

Home Screen

The home screen provides a display of the status of the current connection. It contains the
USB protocol version being used, which on initial connection defaults to the fastest speed
available; however, it can be overridden to test at a slower speed via the provided
Windows Application. This display also contains the current voltage profile selected, the
maximum power supported, the voltage and load measured on the VBUS wire, as well as
the serial number of the USB-C 20Gbps Loopback Plug can be found on the bottom of the
screen.
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Gen2x2 20Gb/s

iiie: PD-FIX 5V-3A
4.99Y
0.0A

SHiB41CETIE12EG

If the USB-C 20Gbps Loopback Plug attempted to connect at a higher speed but failed to
establish the connection, then the screen will instead display the speed in red. Claims is
the highest speed attempted and actual is the highest speed that successfully connected.
This may happen if the USB Port is faulty or the cable used is low quality.

Gen2x2 20Gbh/s
Gen2x1 10Gh/s
: PD-FIX 5¥/3A
4.00%
SH: BE19929012E0

Voltage Selection Screen

Holding the Select button will bring up a menu where you can view all the voltage
profiles supported by the USB port. This list can be scrolled through by using the arrow
buttons and clicking the select button will trigger the selected voltage to be output by the
USB port. See the Voltage Selection section of this guide for more information about the
meaning of each type of voltage that can appear in this list.

UcC 3a
PD-FIX 5Y-34

PD-FIX 12¥-34A
PD-FIX 15¥-3A
PD-FIX 20%-54
PD-PPS 3-20%/54A

Diagnostic Information

Pressing the Up Arrow button will bring up the diagnostic information menu where more
in-depth information can be read about the USB port and cable. Using the Up and Down
Arrow buttons, you can scroll through the following windows:

USB Link Summary page provides information about the current USB connection that has
been made. The Bus Address is assigned by the USB Host and the PHY number indicates
which of the two sets of data wires is the primary data line (there are two sets due to the
reversibility of USB-C). The selected USB data Speed is shown here, as well as the
Requested speed and Max supported speed. Link Status and Status State Machine
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(LTSSM) is a part of the USB 3.2 specifications where the value here indicates which state
the USB-C 20Gbps Loopback Plug is currently in, and Last Event is used to provide
additional debugging information.

LTSSM: U3
Last Event: Ox33

USB Signal Quality page gives details about the quality of the USB signals received by
the plug. The EYE score is measured on a scale of 1 — 12 (where 12 is the best quality) of
how open and clean the eye diagram of the USB SuperSpeed lines are. The number of
Physical Errors and Link Errors counted since connection is also displayed here to give
additional information about the signal quality. Two values are reported. One for each of
the two downlink pairs. Note that USB 3.2 utilises a link training process when a device is
connected, during this process errors are expected to occur and are acceptable. The link
training process is affected by physical noise on the link and as such isn’t fully
deterministic. Meaning that you can insert the same cable twice and get slightly different
results each time (especially if the link is marginal at higher data transfer speeds). The eye
score is currently based on the eye height, so doesn’t detect all types of signal integrity
issues. For example, excessive jitter might not be reflected in the score. This means that
while a consistently bad score is a definite indication of a bad system, a good eye score,
by itself, doesn’t mean the entire system is good. In these cases the Physical and link error
counts should also be used to get a more complete picture (plus loopback and benchmark
testing should be done). The plug only reports information about the downlink, so the
uplink could in theory be bad on the host side (while the downlink is good), and this
would not be reflected in the eye score.

Link Errs: 2
Up Time: Oh Om Os

USB Stability page provides information about the number of resets that have occurred, to
provide an indication of how stable the USB connection is. The corresponding counter is
incremented when either a Cold Reset, Warm Reset, Disconnect, Header Packet (HP)
Timeout, or Link Management Packet (LMP) Timeout.

Having a value of 1 for Cold and Warm resets after power on is expected and does not
indicate an error situation. Values higher than 1 are not desirable and not expected on a
stable link.
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Warm Rst: O
Disconnect: O

HP Timeout: O
LMP Timeout: O

USB-PD Summary page provides details about the currently established USB Power
Delivery contract. When establishing a power contract using the USB Power delivery
protocol, the USB port will provide details including what Port Roles it supports (source,
sink, or both), the Maximum Power it can provide in Watts, and if it supports EPR
(Extended Power Range) mode. The details of the currently established contract are also
listed here which state which Profile type is selected, as well as what Voltage and
Operating Current was requested by the USB-C 20Gbps Loopback Plug.

Port Roles: Source
Max Power: 15.0%
EPR Capable: No

Profile: PD-FIX 5¥-34
Req. Yoltage: 5000mY
Opr. Current: 3000mA

Cable Summary page lists the details reported by the cable (for E-Marked cables with an
embedded chip in the cable) and is read using the USB Power Delivery protocol.

Type indicates whether the cable is a passive or active cable. Note that some active cables
with re-timers might still report as passive cables however.

VID (Vendor ID) and XID (eXit ID / Cable ID) are identification numbers assigned by
USB-IF.

Speed is the maximum USB data speed that the cable claims to support per lane. So for
USB3.2/4 cables, which have two lanes, this figure can be doubled to determine the
maximum capability of the cable (2 x 20Gbit/s = 40Gbit/s). Again, the figures on this
Cable summary screen are not measured values, but claimed capability pre-programmed
into the cable. So a cable might claim faster speeds that can be achieved.

Rating displays both the maximum voltage and maximum current supported by the cable.
EPR Capable indicates if the EPR mode (Extended Power Range mode is when over
100W of power delivery is supported) can be entered when using this cable.

Latency is the time delay for signal to pass through the cable and increases proportionally
with cable length. This is the value programmed into the E-Marked chip. Not a measured
value. For passive cables, expected latency scales at roughly 5ns per 0.5 meters.
Therefore, a standard 1m passive cable is expected to return around 10 to 15ns, and a 2m
cable is typically set to 20 to 30ns. Having the wrong value here can result in high-speed
data transmission falling out of sync, leading to downgraded link performance & data
errors.
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This data is read by sniffing the CC wire when USB Host being tested requests to receive
the cables capabilities using the USB Power Delivery protocol. If the cable capability
message is not sent or sent too quickly before the USB-C 20Gbps Loopback Plug boots
up, then the cable capability is requested again when this diagnostic page is opened. This
request may fail for the following reasons:

e The USB host port stopped supplying power to the VCONN wire. This is the wire
that powers the E-Marker chip, and if power is removed the E-Marker cannot read.

e The USB host port PD controller is non-compliant. For example, it has been
observed in one case where a USB host port would incorrectly respond to
messages addressed to the cable, which prevented the cable from responding back
with its capabilities.

e The cable does not have an E-Marker chip.

Speed: 20Gbhps

Rating: 20¥-54
EPR Capable: Mo
Latency: <10ns{~1m)

Windows Application Software

The simplest method for running data transfer tests with the USB-C 20Gbps Loopback
Plug is through the USB20GTest Windows Application software provided for free with
the USB-C 20Gbps Loopback Plug. This software should be installed and used on the PC
with the USB port that is to be tested (the PC that the Test Unit Port is connected to), and
the software can be downloaded from this webpage:
https://www.passmark.com.au/products/usb20g-loopback/download.php

For the PC to connect to the USB-C 20Gbps Loopback Plug, the PC will need to have the
device drivers installed. If the USB-C 20Gbps Loopback Plug fails to connect to the
USB20GTest Windows Application software, this may be because the device drivers are
not installed. To install the device drivers, refer to the Driver Installation section in this
document.

Device

The Device drop-down box lists all the USB-C 20Gbps Loopback Plug devices that are
connected to the PC, and selecting a device in the drop-down box will make the Windows
Application connect to that USB-C 20Gbps Loopback Plug. When the application is first
opened it will automatically detect and connect to a connected USB-C 20Gbps Loopback
Plug.
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Speed

The Speed drop-down box shows the currently selected USB specification being used for
data transfer, which defines the speed of the data transfers. By default, the fastest
available speed is always selected first, however, this drop-down box allows the USB-C
20Gbps Loopback Plug to appear as a slower device. This is useful for testing backwards
compatibility of a USB port, as backwards compatibility with every slower speed is a
requirement of the USB specifications.

Voltage

The Voltage drop-down box is used to view the supported voltage and select the voltage
used. See the Voltage Selection section of this guide for more information about the
meaning of each type of voltage that can appear in this list.

USB-C 20G Loopback Test

Results

Duration: 000h 00m 00s

Running Tests

There are two types of tests that can be run using the USB-C 20Gbps Loopback Plug,
these are a loopback test and a benchmark test. A loopback test aims to test data integrity
and validity, while a benchmark test aims to test the data transfer speeds. For a
comprehensive test of a USB port, it is recommended to run both tests as both aspects are
highly important for a functional USB port.

Running a Loopback Test

A loopback test is a test designed to verify data integrity and validity. In a loopback test,
the PC will send down a data packet which the USB-C 20Gbps Loopback Plug receives
and sends back to the PC, effectively looping the data back to itself. During the process,
the USB-C 20Gbps Loopback Plug monitors the USB transaction for any errors that
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occur, as well as the PC verifies that the data is sent out matches exactly with what it
received back. If any errors occur during this process they will be listed out in the Results
log.

To begin a loopback test, click the loopback icon in the middle of the screen. After this,
enter the duration to run the loopback test for, or leave this as 0 to run forever until
manually stopped. Then click the Start button at the top to begin the test, this will switch
to a Stop button that can be used to stop the test manually. While the test is running, the
Results box will log each time a data buffer has been sent and received back in blue. The
Ts value is a Time Stamp in milliseconds, (ms). Both an average and maximum value in
megabits / second are displayed.

Because the data is looped (has to travel in both directions) and verified the measured
speeds in loopback mode are expected to be less than in benchmark mode. Smaller buffer
and queue sizes are also used in loopback mode.

If any errors occur during the test, details of the error will appear in the Results log in red
and the error counter in the top right of the box will increment. After the test has
completed, a complete summary of the test is written to the Results log. The image below
shows where each of these buttons for running a loopback test are found.

USB-C 20G Loopback Test PASSMARK

SOFTWARE

Loopback Speed Voltage
75Gb/s 50V

0 (Gen2x2 20Gbjs) Ve vt O

~
7, Loopback
‘ Benchmark

Results

Duration: 000h 00m 41s Operations: 218746 Errors: 189

Ts 265 s, 49.8 MB round-trip )91.3 Mb/s, Max 6704.5 Mb/s
Ts 2662 1s, 50.6 MB round-trip, 5136.7 Mb/s, Max 6779.6 Mb/s
1 Physical Layer error(s) occurred.
8b/10b Decode error(s) occurred.
Receive CRC-5 error(s) occurred.
Receive CRC-16 error(s) occurred.
Receive CRC-32 error(s) occurred.
Is 26724 ms, 50.5 MB round-trip, Avg 5151.3 /s, Max 6478.0 Mb/s
2 Physical Layer error(s) occurred.
8b/10b Decode error(s) occurred.
- Receive CRC-5 error(s) occurred.
- Receive CRC-16 error(s) occurred.
CRC-32 error(s) occurred.

3 ro
ound-t 5182.7 Mi

While a loopback test is running the USB-C 20Gbps Loopback Plug monitors its device
transceiver for any errors that it detects. Errors detected by the device transceiver are low
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level errors and are categorised as Physical layer errors and Link layer errors, these
errors may trigger the packet to be retransmitted. They do not represent data errors at the
application level. These errors are normally not visible to the user, but are displayed to
help identify potential problems, for example, poor quality cables, cables that are too
long, or system internals with insufficient electrical shielding with high electrical
interference on the bus. A list of the different types of these errors that are detected is
given below:

Physical layer errors:

Elastic Buffer Overflow error
Elastic Buffer Underflow error
Receive Disparity error
CRC-5 error

CRC-16 error

CRC-32 error

Training Sequence error

PHY Lock Loss error

Link layer errors:

PENDING _HP_TIMER Timeout: Header Packet acknowledgement has not been
received by PENDING HP TIMEOUT. [USB 3.2: §7.2.4.1.13, p 139]

Rx Header Sequence Number Error: Received Rx Header Sequence Number does
not match what is expected. [USB 3.2: §7.3.4.3, p 150]

Receive Header Packet Fail: Link Layer Block has failed to receive a Header
Packet for three consecutive times. Failures are CRC errors or spurious K-
symbols. [USB 3.2: §7.3.4.2, p 150]

Missing LGOOD _n Detection: LGOOD _n Sequence Number does not match
what is expected. [USB 3.2: §7.3.5, p 150]

Missing LCRD_x Detection: LGOOD n Sequence Number does not match what
is expected. [USB 3.2: §7.3.5, p 150]

CREDIT HP TIMER Timeout: Remote Rx Header Buffer Credit has not been
received by CREDIT _HP_TIMEOUT. [USB 3.2: §7.2.4.1.13, p 139]

PM_LC TIMER Timeout: This indicates that an LGO_Ux, LAU, or LXU Link
Command is missed. [USB 3.2: §7.2.4.2.1, p 142]

ACK Tx Header Sequence Number Error: Received LGOOD _n does not match
ACK Tx Header Sequence Number. [USB 3.2: §7.3.6, p 151]

Header Sequence Number Advertisement PENDING HP_ TIMER Timeout:
PENDING HP_TIMER timeout before receipt of Header Sequence Number
LGOOD n Link Command. [USB 3.2: §7.3.7, p 152]

Header Sequence Number Advertisement HP Received Error: Header Packet
received during Header Sequence Number Advertisement. [USB 3.2: §7.3.7, p
152]

Header Sequence Number Advertisement LCRD_x Received Error: LCRD_x
Link Command received during Header Sequence Number Advertisement. [USB
3.2:§7.3.7,p 152]

Header Sequence Number Advertisement LGO_Ux Received Error: LGO_Ux
Link Command received during Header Sequence Number Advertisement. [USB
3.2: §7.3.7,p 152]

Rx Header Buffer Credit Advertisement CREDIT _HP TIMER Timeout:
CREDIT_HP TIMER timeout before receipt of LCRD x Link Command during
Rx Header Buffer Credit Advertisement. [USB 3.2: §7.3.8, p 152]
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e Rx Header Buffer Credit Advertisement HP Received Error: Header Packet
received during Rx Header Buffer Credit Advertisement. [USB 3.2: §7.3.8, p 152]

e Rx Header Buffer Credit Advertisement LGO Ux Received Error: LGO Ux Link
Command received during Rx Header Buffer Credit Advertisement. [USB 3.2:
§7.3.8,p 152]

For additional details of each error, refer to the pages referenced of the USB3.2
specification, Revision 1.1. It should be noted that device transceiver errors are not an
indication that the USB port does not comply with the USB Specification.

What happens during the loopback loop?

1. Starts one OUT transfer on each of the 6 loopback endpoint pairs. Multiple
endpoints are used to speed up the transfer and apply more load to the interface. A
USB endpoint acts as a logical address, allowing a device to manage different
streams of data at the same time.

Starts one IN transfer on each of the 6 loopback endpoint pairs.

Waits for all writes to complete.

Waits for all reads to complete.

Optionally verifies the returned data, depending on user configuration settings.
Updates speed and voltage measurements in the user interface.

Applies load-control sleep if enabled, depending on user configuration settings.
Loops back to point 1) above.

e i

Running a Benchmark Test

A benchmark test is a test designed to measure the maximum read and write speed of a
USB port, as well as measure the consistency of its read and write speeds. During this test
data is sent as fast as possible and is not verified for correctness. The benchmark test also
supports a high degree of configurability, allowing for testing of many specific scenarios
to be performed. More information about configuring the benchmark test can be found in
the Test Configuration Settings section, however, the default configuration settings have
been chosen to provide a good general result for testing a USB Host and it is not
necessary to manually configure the settings.

To begin a benchmark test, click the benchmark icon in the middle of the screen. After
this, enter the duration to run the benchmark test for or leave this as 0 to run forever until
manually stopped. Then click the Start button at the top to begin the test, this will switch
to a Stop button that can be used to stop the test manually. After the test has completed,
the results can be viewed from the Results box and the results format can be switched
between either a log report of the maximum and average measured, or a graphical
representation of the different speeds measured during the test. To switch the results
format, click the buttons on the right above the results box. The image below shows
where each of these buttons for running a benchmark test are found.
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Read Speed s Write Speed
16.7Gb/s

Voltage PD-FIX 5V-3A

Results

Duration: 001h 27m 32s Operations: 40317 Errors: 0

Read Speed

Speed distribution graphs

The speed distribution graphs (see example in the screenshot above) are an indication of
how consistent the transmission speeds are. The X-Axis is the measured transfer speed
over a 500millisecond sample period, while the Y-axis is a log logarithmic frequency
count. A value of 1 on the Y-axis means that around 10 samples had that speed. A value
of 3 on the Y-axis means around 1000 samples had that measured speed. The logarithmic
transform was implemented as there are usually a very-common speeds and it isn’t
desirable that they dwarf the rarer ones visually.

Note: As data is queued before sending, it is often the case that the first 500ms sample
period is low compared to subsequent periods. So having a single initial slow sample is
not considered abnormal.

Real world speeds

Note that for benchmark tests, the maximum speed will always appear much lower than
the maximum speed of the USB specification. For USB 3.2 Gen2x2, the theoretical
maximum limit is lower than the quoted value of 20Gbps due to the 128/132b encoding
and protocol overhead. In practice, there are many other factors that further the speed
which include:

e Operating system and driver latency: Includes round trip time from application to
the device driver and back.

USB-C 20Gbps Loopback Plug— User’s Guide Page 16



PASSMARK®
SOFTWARE

e Host controller performance: USB data throughput also depends on the
performance of the USB Host controller. See table 1. Moreover, the throughput
with the USB add-on cards will be less compared to the built-in USB host
controllers due to extra latency caused by PCI/PCle protocol overhead and driver

latency.

e Other devices connected: USB can only perform one read/write transfer at a time,
which means any other device connected to USB will degrade performance of

bulk transfers.

e Additional software protocol overhead: For some USB device classes such as
storage devices, there are additional protocol overhead and device specific delays
(mass storage, read and write delay of flash chipsets) which impact the

performance.

e Error detection and recovering: Sometimes errors are frequent enough or the error
recovering is time consuming enough to have an impact on the average

performance.

Below are results collected from several different USB3.2 Gen 2x2 ports, these are the
typical speeds that are expected from a good USB port for Gen2x2, Gen2x1, and Genlx2.

CPU Queue Size, Average Max Speed
Information Host Controller Packet Size Speed (Mb/s) (Mb/s)
14th Gen Intel® In;(et@ %?Bg '2?
Core™ i5- CATISDETOS 64, 2MB 16648 16937
14600K Controller - 1.20
(Microsoft)
14th Gen Intel® XtUSBbi'sz t
Core™ i5- cATCnSIDIC TL0S 64, 2MB 15608 16814
14500K Controller - 1.20
(Microsoft)
12th Gen Intel® I“)t(et@ %?Bé'z?
Core™ i5- cATCnSIDIC TL0S 64, 2MB 16337 16820
12600K Controller - 1.20
(Microsoft)
12th Gen Intel® I:)t(ile?sli{jf}%fs?
Core™ j5- 4, IMB 15334 16937
12600K Controller - 1.20
(Microsoft)
12th Gen Intel® Asmedia U.SB 4, IMB
. 3.20 eXtensible (Max
Core™ j5- 14391 14869
12600K Host Controller - supported
1.10 (Microsoft) by driver)
Table 1. USB3.2 Gen2x2 Expected Speeds
Queue Size, Average Speed Max Speed
CPU Information Host Controller  Packet Size (Mb/s) (Mb/s)
14th Gen Intel® I:;Sﬁsﬁféfs?
Core™ i5- 64, 2MB 8493 8516
14600K Controller - 1.20
(Microsoft)
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14th Gen Intel® eXt[ir?Sb?éZSIos ¢
Core™ j5- 64, 2MB 8093 8500
14500K Controller - 1.20
(Microsoft)
12th Gen Intel® I:;f) ﬁf’é '2?
Core™ i5- ISIDE TS 64,2MB 8427 8504
12600K Controller - 1.20
(Microsoft)
12th Gen Intel® I:;f) ﬁf’é '2?
Core™ i5- ISP TS 4 1MB 8064 8344
12600K Controller - 1.20
(Microsoft)
12th Gen Intel® ~ /ASmedia USB 4, IMB
. 3.20 eXtensible (Max
Core™ i5- 7861 8598
12600K Host Controller -  supported
1.10 (Microsoft) by driver)
Table 2. USB3.2 Gen2x1 Expected Speeds
Queue Size, Average Speed Max Speed
CPU Information  Host Controller  Packet Size (Mb/s) (Mb/s)
14th Gen Intel® I“;(et@ %SI’BSQ?
Core™ i5- CATCNSIDIC TL0S 64, 2MB 7255 7470
14600K Controller - 1.20
(Microsoft)
14th Gen Intel® XtUSBb? '2§ t
Core™ i5- cATCnSIDIC TL0S 64, 2MB 6960 7448
14500K Controller - 1.20
(Microsoft)
12th Gen Intel® In)tgl? II{)SI'B}% '2?
Core™ i5- CAICNSIDIC HOSL 64 2MB 7202 7442
12600K Controller - 1.20
(Microsoft)
12th Gen Intel® I:)t(ile?sli{jf}%fs?
Core™ j5- 4, IMB 6931 7311
12600K Controller - 1.20
(Microsoft)
12th Gen Intel® Asmedia U.SB 4, IMB
. 3.20 eXtensible (Max
Core™ j5- 6496 7258
12600K Host Controller - supported
1.10 (Microsoft) by driver)

Table 3. USB3.2 Genlx2 Expected Speeds

Voltage / Current Test

Selecting the Voltage/Current test option will change the speed dials at the top of the
Application to display the measured voltage and measured current passing through the

external load. This can be used to quickly check and validate these values when adjusting

the selected voltage or the test setup.
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A Voltage / Current test can be run by setting a duration value (or leaving this at 0
minutes to run the test until manually stopped) and clicking the Start button. When the
test is running the voltage and current will be plotted in the Results box. Clicking the
icons above the Results box on the right will toggle between displaying voltage or current
on the graph.

USB-C 20G Loopback Test PASSMARK
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Duration: 000h 00m 20s Operations: 0 Errors: 0

{7‘ Voltage

Save Results Log

Clicking the save icon in the bottom left of the screen will bring up the option to save
Results log. This is saved as a .txt file that contains every entry in the Results log.

Clear Results Log

To the right of the Save Results Log button is an eraser icon that says “LOG”. Clicking
this button will clear the Results log to reset it.

Close Application

The exit icon in the bottom right corner of the screen is used to close and exit the USB-C
20G Test Windows Application software.

Test Configuration Settings

Clicking the gear icon on the right side of the screen under the speed dial will bring up the
configuration menu. From this menu the Benchmark and Loopback tests can be modified
to run more specific test case scenarios, as well as the current limiting feature of the
external load port can be configured here.
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Test configuration

Benchmark Options

Benchmark Mode |Read then Write hd

Endpoint Type m
Endpoint Buffer Size ’m
Endpoint Buffer Count ’E‘
Burst Length ’E‘
1SO Pooling Interval m

ISO Packets/PI |3 ~

Transfer Size (2MB ~
Queue Size |64 -

External Load
[~ Enable

Max Current (mA) | 0]

Benchmark Options

Loopback Options

Loopback load | 100 %

Monitoring Interval |100ms ~

Data Pattern
&+ Constant IF
" Incrementing sequence
" Random numbers
Error checking
v Verify data transferred

[~ Check bus errors

[~ Stop on error
[™ Keep system awake
[~ Verbose logging

[~ Auto logging

0K ‘ Cancel |

These settings are used to adjust the configuration when a benchmark test is run. The
default settings have been chosen based on producing a good and comparable
measurement for testing typical USB ports; however, all the configuration parameters
used in setting up a benchmark test can be modified here to run more advanced test cases
or test performance in specific scenarios. For more information about how USB data
transfers are executed and the meaning of each configurable option, refer to the Universal

Serial Bus 3.2 Specification.

Loopback Options

These options are used to adjust the configuration for when a loopback test is run.

Loopback load

The loopback load percentage sets how much data is sent and read during the test. So if
LoopbackLoad = 50, the code attempts to make the loopback thread spend about half of
its accounted time doing loopback transfer operations and half sleeping. Note that the
reported MB/sec speeds exclude the sleep time however. So even with 1% load, the

reported transfer speeds will be fairly high.

Monitoring Interval

The Monitoring Interval adjusts how often errors are checked for, lowering this means
errors appear closer to when they happen, however, short intervals slightly slows down
how quickly the loopback test is run. Adjusting this also alters the rate at which log

messages appear in the user interface.
Data Pattern

The Data Pattern used in the data buffer can be configured to either a constant value, an

incrementing sequence or random numbers.

Error checking

After a loop back of data completes there are two optional post processing that can be
enabled: Verify data transferred checks that the data buffer received back from the USB-C
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20Gbps Loopback Plug is identical to the data buffer that was sent out to it; Check bus
errors looks at if any of the error counters were incremented and adds any errors found to
the Results log.

External Load settings

These settings are used to configure the external load port. The Enable setting allows the
port to be disabled if it is not in use or used to trigger the external load to be disconnected
via software without physically touching the test setup. The maximum current limit can
also be programmed to automatically cut off the connection through the external load port
if it is exceeded. This current limiting feature can be used to protect the USB port from
having too much current drawn from it, or to help protect what is connected to the
external load port if a faulty USB port is tested.

Verbose Logging

When this setting is enabled, additional messages are added to the Results log to provide
more in-depth diagnostic information.

Command line automation and API usage

In addition to the Windows tool, there are various command line tools available, which
can also function as an API for external tools and scripts.

Availability

The console tools are available as part of the API download, which can be found here:
https://www.passmark.com/products/usb20g-loopback/download.php

Command line system requirements

The following versions of the command line tool is available.

Windows 10/11 x86 64bit — Command line tool, USB20GConsole.exe

Windows 10/11 ARM 64bit — Command line tool, USB20GConsole.exe

Linux x86 64bit (Ubuntu 26) - Command line tool, USB20GConsole

Linux ARM 64bit (Rasbery PI - Ubuntu) - Command line tool, USB20GConsole
Apple MacOS ARM 64bit - Command line tool, USB20GConsole

The command line tool functions the same way and has the same options on each
platform. The different versions of the tool can be found in different sub-folders within

the downloaded API Zip file.

Command line usage

Usage: USB20GConsole.exe [-f] [-d] [-1i] [-m] [-e] [-o] [-s] [-t] [-1] [-v] [-Db] [-qg]
Options:

-h,--help Shows this help message

-f,--find Finds all the USB3 loopback devices and their indexes.

-d, --device Specifies the loopback device by serial number. Device ID or "Any"

If the ID, "Any" is used then the first device detected is selected.
Default value if empty: The first detected device will be used.

-i,--index Specifies the loopback device by index.
-m, ——mode Specifies the test mode. "LOOPBACK" or "BENCHMARK". Default value: LOOPBACK
-0, --operation Specifies the type of benchmark operation. "RO" or "WO" or "RW" or "RTW".
RO:read only, WO:write only, RW:read&write, RTW:read then write. Default value: RTW
-s,-—-speed Specifies the connection speed. "USB2" or "USB3". Default value: USB3
-t,--time Specifies the test duration in seconds. Default value: 30 seconds
-1,--limit Specifies the maximum number of high-level errors (transfer and verification errors).
If error count exceeds this number, test will be terminated. Default value: 5
-v,--voltage Returns the VBUS voltage.
-b, --buserror Enables check bus errors.
-g, -—queue Specifies the queue size (1 to 64). Note that values above 4 might not be
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supported by all host controllers & might crash the host. Default is 4.
-x,--transfersize The size of the send / receive buffer in KB. 1024 is a safe value (1MB)

and also the default value. Larger buffers are not supported by all

host controllers and might result in a crash of the host controller.

Max value is 2048 (2MB). Larger buffers can be faster than smaller ones.
-z,--verbose Enables verbose output.

Return Codes:
Succeed = 0
Invalid command line = 1
No device detected = 2
Failed to connect = 3
Failed to configure = 4
Failed to select speed =
Failed to find endpoints 6
Failed to allocate memory = 7
Error limit reached = 8

5

Example:
USB3Console -d 270E029012E0 -s USB3 -t 60 -1 10

Example command line output

C:\SoftwareDev\USB20GConsole\trunk\x64\Release>USB20GConsole.exe -z —b —t 5 -m BENCHMARK

Plug SN:2730029012E0

FWw: vli.d4 HW: vl1.0 Speed: SuperSpeed Gen2x2 (20 Gbps)

Starting benchmark test, Plug SN:2730029012E@ @ SuperSpeed Gen2x2 (20 Gbps)

Transfer size: 1048576 bytes Queue depth: 4

[R #1] Speed: 10593.23 Mb/s | Errors:

[W #1] Speed: 10620.70 Mb/s | Errors:

[R #2] Speed: 163u4.69 Mb/s | Errors:

[w #2] Speed: 1515u4.87 Mb/s | Errors:

[R #3] Speed: 163u43.67 Mb/s | Errors:
#3] Speed: 15125.51 Mb/s | Errors:
#4] Speed: 163u43.98 Mb/s | Errors:
#4] Speed: 15155.34 Mb/s | Errors:
#5] Speed: 163u4.4u Mb/s | Errors:

| Errors:

| Errors:

#5] Speed: 15159.07 Mb/s
#6] Speed: 163U3.96 Mb/s
Duration=6

[cNcNoNoNoNoNoNoNoN ool

Bytes Sent=44543508U8

Bytes Received=5774508032

Avg. Rate(Mb/s)=14814.38

Avg. Read Rate(Mb/s)=15385.66
Avg. Write Rate(Mb/s)=142u3.10
High-Level Error Count=0

Using The Debug Port

When the voltage on the Test Port is below 4.5V and the voltage on the Debug Port is
above this, the USB-C 20Gbps Loopback Plug will switch to using the Debug Port to
power itself. This may be desirable in cases where the voltage from the Host USB port
being tested is not stable, or for detecting E-marked cable capabilities to remove the S0ms
bootup delay constraint.

Voltage Selection

In the voltage list there are three types of voltages that can appear, these are UC, PD and
EPR which correspond to the protocol used to select these voltages.

UC (USB-C) uses the Type-C specification to advertise a maximum current limit at 5V.
Every USB port must support this and the current limit that appears is determined by
reading the value of the pull-up resistor Rp of the Host USB port (up to a maximum of
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3A). When UC is selected, the USB-C 20Gbps Loopback Plug acts as a passive device
that does not support the USB Power Delivery Protocol.

PD (Power Delivery) uses the USB Power Delivery protocol which involves sending
messages using the CC wire to list out all the supported voltage levels, as well as request
a voltage level to be used. With this protocol up to 20V can be requested and the current
limit is extended up to 5A.

EPR (Extended Power Range) is an extension to the messages used in the USB Power
Delivery protocol that allows up to 48V to be supported at a maximum of 5A. This brings
USB-C power to its maximum limit of delivering up to 240W.

When a voltage is selected from the list, the USB-C 20Gbps Loopback Plug will follow
the process required to trigger that voltage from the USB port. In the case of switching
between PD/EPR and UC, this requires a power reset which the USB-C 20Gbps
Loopback Plug automatically handles. Note that the cable used can prevent certain
voltages from being selected; however, the provided USB-C cable is rated for 240W and
is compatible with all the supported protocols.
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Driver Installation

Using the USB-C 20Gbps Loopback Plug with a Windows computer requires the device
drivers to be installed. The process for how to install the device drivers is outlined below
in this section.

Driver Installation (Windows 10 and 11)

Follow the steps below to install the drivers for Windows. If you have issues with the
driver installation process, see the Driver Installation Troubleshooting (Windows 10
and 11) section below for possible solutions.

1.

4.

Download the latest drivers for the USB-C 20Gbps Loopback Plug and unzip the
downloaded folder. This can be downloaded from this webpage:
https://www.passmark.com.au/products/usb20g-loopback/download.php

usb3loopdiver_1.23 20/04/2026 1:20 PM Compressed (zipped) 6,408 KB

% Open
fo Open with
(& Open in new tab
7 Open in new window
Send to My Phone
> _Share with

l 8 Bxract AlL. ]

7 Pin to Start

¢ Add to Favorites

£D Compress to

Connect the Test Port of the USB-C 20Gbps Loopback Plug to the PC with a
USB-C cable. The USB-C 20Gbps Loopback Plug will power up when it is
connected to the PC.

Open device manager and find USB20G Loopback in the list, it will appear under
the “Other devices” section.

% Device Manager = [m] X

File Action View Help
" NEIE EREEEN R

g Mice and other pointing devices
[ Monitors
I Network adapters

v K7 Other devices

}A PCl Data Acquisition and Signal Processing Controller
B4 PCI Device
iA SM Bus Controller
[BA USB20G Loopback
= Print queues
D Processors
l* Software components
1 Software devices
i Sound, video and game controllers

Right click USB20G Loopback, then click “Update driver”. A window will appear,
in this window click “Browse my computer for drivers”. Click “Browse” and
select the x64 (if you have a 64bit Windows) or x86 (if you have 32bit Windows)
folder inside the driver folder. After selecting the folder click “Next”.
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Gl Desktop

J Documents
4 Downloads
' Micie

5. Driver installation is complete and the USB-C 20Gbps Loopback Plug is ready to
be used now.

Uninstalling The Driver (Windows 10 and 11)

When the driver is installed the USB-C 20Gbps Loopback Plug will appear as Passmark
USB-C 20G Loopback Tester under the “Universal Serial Bus controllers” in device
manager when it is connected to the PC. Find Passmark USB-C 20G Loopback Tester
device manager and right click it, then click “Uninstall device”. A window will appear,
tick the box for “Attempt to remove the driver for this device” and click “Unistall”. The
driver is now uninstalled on the PC.

ypress U ame mple Device
- C FX3 USB StreamerExa D

Waming: You are about to uninstall this device from your system

I B Attempt to remove the driver for this device. I

(Micrasoft) Note: Driver may not be removed f it is stil in use by other
0 {Mieresaft)

devices. Use the Devices by driver view to manage drivers
separately.

e

Uninstall Cancel

Driver Installation Troubleshooting (Windows 10 and 11)

If the USB-C 20Gbps Loopback Plug is connected to the PC but cannot connect to the
USB20GTest Windows Application, then the correct drivers may not be installed. If you
are unable to find USB20G Loopback in device manager, it is possible that the incorrect
drivers have been automatically loaded by the PC. To solve this problem, uninstall the
driver by following the steps in the Uninstalling The Driver (Windows 10 and 11)
section and ensuring you tick the “Attempt to remove the driver for this device” option
box. After uninstalling the driver, USB20G Loopback should appear in device manager
and the steps for driver installation can be followed now.

Driver Installation (Linux)

No specific USB installation is required as the USB-C 20Gbps Loopback Plug uses the
usblib as a standard USB device. With the computer turned on, connect the USB-C
20Gbps Loopback Plug to the USB port to be tested. The orange power light on the USB
plug should illuminate when connected and it is ready to be used.
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Technical Specification

Product Code

PM320

USB standard

USB3.2Gen1l

USB 3.2 Gen 2

USB 3.2 Gen 1x2

USB 3.2 Gen 2x2

USB Power Delivery Specification Revision 3.1

Plug and play

Compliant

Physical connector

Test port: USB-C
Debug port: USB-C
External Load port: Nano-Fit Header

Included Cables

High-quality USB-C to USB-C cable (supporting up to
80Gbps and 240W) with length of 0.5m

USB transfer modes

Bulk and Isochronous

Voltage (Test port)

4.5V - 48.0V (No external power supply is required)

Absolute maximum (Test port)

VBUS: 58V

CC: 58V

USB2 (D+D-): 4V

USB3 (SuperSpeed): 2V
SBU: Not used

Current (Test port)

80mA @ 5V (idle)
350mA @ 5V (with only speed test running)

Voltage (Debug port)

4.5V -5.5V

Current (Debug port)

When device is not powered by Test port:
80mA @ 5V (idle)
350mA @ 5V (with only speed test running)

External load current output

1.2A max
(6Watts at 5V, 18W at 15V, 57W at 48V)

External load current accuracy

+/-10% when current draw is at or above 500mA
+/-20% when current draw is from 100mA - 500mA

Voltage accuracy (Test port) +/-2%
Clock speed 24MHz
Device memory 256Mbit
Case Black ABS plastic
Size 99mm x 56mm x 14mm (3.9 x 2.2 x 0.6 inches)
Weight 59g (2.102)
Indicators White LED = Power from USB bus
Green LED = Transmit data
Blue LED = Receive data
Red LED = Error indicator
ESD immunity IEC 61000-4-2 Level 4 Protection

(Contact Voltage: 8kV; Air Gap Voltage: 15kV)

Storage Temperature

-30°C to 80°C

Usage Temperature

-10°Cto 40°C

Max speed

10Gbps per lane, 20Gbps aggregate

RoHS (Lead free)

Yes, see compliance page
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Disclaimer

This product is not warranted nor intended to be used for medical, life support, life

saving, critical control or safety applications, unless pursuant to an express written
agreement with PassMark Software. Furthermore, PassMark Software does not authorize
this product for use as critical components in life-support systems where a malfunction or
failure may reasonably be expected to result in significant injury to the user. The inclusion
of this PassMark Software product in life-support systems application implies that the
manufacturer assumes all risk of such use and in doing so indemnifies PassMark Software

against all charges.
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