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1.MX 6 Series USB Certification Guide

1.Introduction

The purpose of this document is to describe how to
perform the USB Certification Test on the i.MX 6 series
family of application processors. This document
contains the description of procedures, tools, and

criteria for the USB Compliance Test.

© 2015 Freescale Semiconductor, Inc. All rights reserved.
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Preparing for the test

2.Preparing for the test

This chapter lists all required materials for running the compliance test, including equipment,
documents, software and other necessary materials.

2.1.

Tests were performed on the following boards:

Test boards

e MCIMX6SXSDB

e MCIMX6SLEVK

e MCIMX6QAICPUL
e MCIMX6DLAICPUL
¢ MCIMX6ULEVK

2.2. Test environment

e DUTOS: Linux3.10.31 1.1.0_ GA

e Test bed computer OS: WIN7

2.3.

Test equipment

The following tables list the test equipment and the tests for which they are required.
Keysight (Agilent) USB electrical test equipment was used in testing, however you may use equipment
from other vendors instead, such as Tektronix and Lecroy.

Table 1. Digital oscilloscope, software, and accessories

Test equipment Tests
Embedded | 1, ice Low/full-
Part Number Description Manufacturer Host high- :
high-speed | speed
speed
USB 2.0 automated . .
N5416A software Keysight (Agilent) 1 1 1
igi -ti Keysight (Agilent
DSO9254A Digital real-time ysight (Agilent) 1 1 1
oscilloscope
1169A Differential probe amplifier Keysight (Agilent) 1 1 —
i i i Keysight (Agilent
N5381A Differential solder in probe ysight (Agilent) 1 1 -
head
E2697A Single-ended probe Keysight (Agilent) — — 3
N2774A Current probe Keysight (Agilent) — — 1
High-speed Embedded .
HSEHET Board | & electrical test board Allion 1 o o
Packet-Master USB-|USB protocol and electrical MQP 1 o o
PET tester
33401A Digital multimeter Keysight(Agilent) 1 1 1
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Test equipment Tests
Embedded Device Low/full-
Part Number Description Manufacturer Host high- .
high-speed | speed
speed
P40A-1P2J DC5V Power Supply SunPower 1 1 1
Table 2. Test fixtures for the USB electrical test
Test fixture Tests
Embedded Device
N . . Low/full-
Part number Description Manufacturer Host high- high-
Speed
speed speed
E2649-66401 | DeVice high-speed signal Keysight (Agilent) — 1 —
quality test fixture ysig 9
E2649-66402 Host high speed signal Keysight (Agilent) 1 — —
quality test fixture ysig 9
USB 2.0/3.0 . .
E2649-66405 Droop/Drop test fixture Keysight (Agilent) — — 1
USB inrush (SQiDD) . . o o
E2646A/B test fixture Keysight (Agilent) 1
E2649-66403 | ecelver sensitivity test Keysight (Agilent) 1 — —
fixture
Table 3. Test fixtures for the USB electrical test
Required equipment Tests
Embedded Device Low/full-
Part Number Description Manufacturer Host .
. high-speed | speed
high-speed
81130A Pulse/pattern generator Keysight (Agilent) — — —
82357A USB/GPIB interface Keysight (Agilent) — 1 —
8493C 6 dB attenuators Keysight (Agilent) — 1 —
50 ohm coaxial cable with
8120-4948 or male SMA connectors at Keysight (Agilent) — 2 —

equivalent

both ends
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Table 4. Miscellaneous cables and devices

Required equipment Tests
. Embed.ded Device Low/full-
Description Host high- high-speed | speed
speed
5 meter USB cable (any listed on USB-IF web site) 1 1 6
1.5 meter USB cable (any listed on USB-IF web site) 1 — —
1 meter USB cable (any listed on USB-IF web site) — — 1
4 inch USB cable(any listed on USB-IF web site) 1 1 1
High-speed USB hub (any listed on USB-IF web site) 4 — 4
Full-speed USB hub (any listed on USB-IF web site) 1 — 1
High-speed USB device (any listed on USB-IF web site) 1 1 —
Full-speed USB device (any listed on USB-IF web site) — — 1
Low-speed USB device (any listed on USB-IF web site) — — 1

Figure 1. E2649 high-speed test fixture set
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Figure 2. E2646A/B SQIiDD test fixture

2.4. Test software

The following table shows the software used for the USB Certification Test.
Table 5. Test software used for USB Certification Test

Name Version Description
USBET20 1.20 USB electrical analysis tool
USBHSET 1.22.1 Windows-based utility tool used to initiate test modes
USB20CV 1.4.11.0 USB 2.0 command verifier for USB 2.0 device framework testing
USB30CV 1.1.2.0 USB 3.0 command verifier for USB 3.0 device framework testing
GraphicUSB 4.47 Test software for PET test

2.5. USB-IF required tests

Devices that support the features of USB OTG & EH V2.0 will undergo additional testing beyond the
tests described in this document. This additional testing is a subset of existing tests for USB peripherals
and USB host controllers.

Table 6 describes which tests are required for full USB-IF certification by an EH with a Standard-A or
Micro-AB! connector.

Table 7 describes which tests are required for full USB-IF certification by a device with a Micro-B
connector.

The following symbols are used in these tables:

A — Always required

* Required if feature is supported

** Required if there are multiple downstream ports

! USB-IF allows Embedded Host to use the Micro-AB receptacle in 2012.

i.MX 6 Series USB Certification Guide, User's Guide, Rev. 0, 10/2015
Freescale Semiconductor, Inc. 5




Preparing for the test

Table 6. Embedded Host test requirements for a Standard-A connector
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High-speed Host A A AJF* * * A
Full-speed Host * A AJF* * * o
Low-speed Host * A AJF* A — —

Table 7. Device test requirements for a Micro-B connector
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Y Forthe peripheral, if the silicon is only compliant with the general USB 2.0 specification, it is recognized as a standard USB2.0

peripheral. The automated test Ch6 must not be launched. If the silicon is compliant to the supplement of OTG and EH rev. 2.0 (with
OTG descriptor in the declaration), the device is recognized as a B-peripheral, and the automated test channel 6 must be launched.
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2.6. Compliance checklist and TPL

Before sending the product and accessories to the certification lab, several checklists and TPLs must be
prepared. These documents include VID/PID (vendor/product information)®, features, and accessories
your product supports. To get more information about these documents contact your certification lab.
The document templates can be downloaded from the USB-IF website:
http://www.usb.org/developers/compliance/check_list/

Checklist:
e Compliance checklist for USB On-The-Go and Embedded Host Supplement revision 2.0
e USB Compliance Checklist Peripheral Silicon (excluding hub silicon)
e USB Compliance Checklist Peripherals (excluding hubs)
e USB Compliance Checklist Systems

Target Peripheral List:
e TPL Form for USB On-The-Go and Embedded Host Supplement revision 2.0
e TPL Hub Form for USB On-The-Go and Embedded Host Supplement revision 2.0

2.7. Register the product in USB-IF

After you get the test reports from your certification lab, you need to submit your product to USB-IF for
registration to get the TID.

1. Check that your company is a member of USB-IF, register, and login to your account at
https://www.usb.org/members landing.

2. Click on My Account and then click on Add a Product to enter the Product Register page,
select a product type for your product, as shown in the following figure. If you do not know
what product type you should choose, consult your test lab.

e v [selecta Product Type
e | JO R mm@] Development > Cable Assemblies & Gonnectors > Hi-Speed
I

Development = Cable Assemblies & Connectors = SuperSpeed
Development = Device Wire Adapter Silicon = Wireless
Development = Davice Wire Adapters = Wireless
m—m Development = Embedded Hosts = Full Speed
_ Development = Embedded Hosts = Hi-Speed
Development = Embedded Hosts = SuperSpeed
Product Search = C:Jl"lDIlance Meml| Development = ExpressCard = Connectaor
Development = ExpressCard = Host
. ReQ|5ter a Product fi peyeiopment = Expresscard = Module
Development = ExpressCard = Power Switch
Register a new product for testing. | Development = Host Wire Adapter Silicon = Wireless
The USB-IF reserves the right not to | Development = Host Wire Adapters = Wireless
accept or to remove a product from t) Development = Hubs Silicon = Full Speed
Integrators List for any reason. Development = Hubs Silicon = Hi-Speed
Development = Hubs Silicon = SuperSpeed
Select a Product Type |Cevelopment=IP Building Blocks = Hi-Speed
Select the type of product you are sy Development = IP Building Blocks = Low/Full Speed

*Required Field Development = [P Building Blocks = Superspeed -
Product Type* Development = Embedded Hosts = Hi-Speed

| cancel | - < Back | select>>
Figure 3. USB product type
! Use the VID of your company registered on USB-IF and not the VID of your USB silicon provider. The VID of the Freescale product on

USB-IF is 15A2 in hex or 5538 in decimal. You can download the whole Company List from the following website:
http://www.usb.org/developers/tools/comp_dump.

i.MX 6 Series USB Certification Guide, User's Guide, Rev. 0, 10/2015
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2.8.

Select the Test Lab, for example Allion Labs, Inc.

Fill in the detailed information for your product, including the marketing name*, the revision,
checklists?, the product category, and the contact window.

. Wait for USB-IF to approve your product.

Compliance test reference documents

To get to know the whole environment settings and detailed test steps of the USB Compliance Test, see
the following documents:

Universal Serial Bus Implementers Forum Full and Low Speed Electrical and Interoperability
Compliance Test Procedure (USB-IF)

http://www.usb.org/developers/compliance/electrical tests/USB-IFTestProcl 3.pdf

USB On-The-Go and Embedded Host Automated Compliance Plan for the On-The-Go&
Embedded Host Supplement (USB-IF)

http://www.usb.org/developers/onthego/otgeh compliance plan 1 2.pdf

On-The-Go and Embedded Host Supplement to the USB, Revision 2.0, Specification Revision 2.0
(USB-IF) http://www.usb.org/developers/docs/usb20 docs/usb 20 0702115.zip

USB-IF USB 2.0 Certification Mandatory Test Matrix, (USB-IF)
http://compliance.usb.org/resources/usb2.0compliancetestprogram.pdf

Universal Serial Bus Specification (USB-IF)
http://www.usb.org/developers/docs/usb20 docs/usb 20 0702115.zip

USB-IF USB 2.0 Electrical Test Specification, (USB-IF)
http://www.usb.org/developers/compliance/USB-IF USB 2 0 Electrical Test Spec081005.pdf

Embedded Host High Speed Electrical Test Procedure (USB-IF)

http://www.usb.org/developers/onthego/PIDVID USB 2 0 High Speed Electrical Embedded Host and
OTG MOI 1 0.pdf

Universal Serial Bus Implementers Forum Device Hi-Speed Electrical Test Procedure For

Agilent Infiniium (USB-IF)

http://www.usb.org/developers/compliance/Device HS Test for Agilent.pdf

Universal Serial Bus Implementers Forum Host Hi-Speed Electrical Test Procedure For Agilent
Infiniium (USB-IF)

http://www.usb.org/developers/compliance/electrical tests/Host HS Test for Agilent.pdf

Agilent N5416A USB 2.0 Compliance Test Option (Agilent)

http://www.keysight.com/upload/cmc upload/All/N5416A USB2 Compliance App Testing Not

es.pdf

Gold Suite Summary Test Procedure V1.35 Draft (USB-IF)

http://compliance.usb.org/resources/GoldSuiteTestProcedure.pdf

! Make sure the marketing name is the same as the product name in checklists.
? Save the checklists and TPLs in a zip file.

i.MX 6 Series USB Certification Guide, User’s Guide, Rev. 0, 10/2015
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« Allion HSEHET User Manual (Allion)
http://www.allion.com/TestTool/Allion-HSEHET-User-Manual.pdf

e Universal Serial Bus Rev. 2.0 USB Command Verifier Compliance Test Specification (USB-IF)
http://www.usb.org/developers/tools/usb20 tools/#usb20cv

e Universal Serial Bus Rev. 3.1 USB Command Verifier Compliance Test Specification (USB-IF)
http://www.usb.org/developers/tools/USB30CVSpec 1 4.pdf

e Universal Serial Bus Mass Storage Class Compliance Test Specification (USB-IF)
http://www.usb.org/developers/docs/devclass docs/Mass Storage Specification Overview v1.4 2-19-

2010.pdf
e i.MX 6Dual/6Quad Applications Processor Reference Manual (IMX6DQRM)

e i.MX 6Solo/6DualLite Applications Processor Reference Manual (IMX6SDLRM)
e i.MX 6SoloLite Applications Processor Reference Manual (IMX6SLRM)

e i.MX 6SoloX Applications Processor Reference Manual (IMX6SXRM)

e Configuring USB on i.MX 6 Series (AN4589)

i.MX 6 Series USB Certification Guide, User's Guide, Rev. 0, 10/2015
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Electrical test procedure and software configuration

3.

Electrical test procedure and software configuration

3.1. Software configuration for electrical test

Compared to a standard Linux/Android release, you may need to perform the software changes below to
implement the certification tests, it is applicable from the imx_3.10.31_1.1.0 Linux BSP GA release. For
the release previous to that, you may need to apply the related patches, and some examples may be
different for former releases, the user needs to change accordingly. See the detailed information in this

document: How to do USB Compliance Test for 3.10.y kernel, on the Freescale website:
https://community.freescale.com/docs/DOC-105609.

3.2.

Legacy USB compliance tests

Upstream Full-Speed Signal Quality Test
Back-Voltage Test

Device Inrush Current Test

Downstream Full-Speed Signal Quality Test
Downstream Low-Speed Signal Quality Test
Host Drop Test

3.2.1.Upstream Full Speed Signal Quality Test?

Test instructions:

1.

Select the test items in the USB Automated Test software on the oscilloscope as shown in
Figure 4. Make sure you set the test type configuration option to

Full-Speed Far End* before running the test. Connect the equipment and test fixture as shown
in Figure 5.

Select the HS electrical test tool software on the computer. Select the Device and click on the
Test button to enter the Device Test menu. See Figure 7.

On the Device Test Menu of the HS Electrical Test Tool software, click on Enumerate Bus
once. All devices attached to the host controller should appear in the device enumeration list.

Highlight the device under test and select the Loop Device Descriptor from the Device
Command drop down menu. Click on Execute once. The VID of the Freescale product in
USB-IF is 15A2 in hex or 5538 in decimal.

i.MX 6 series processors are enumerated as a MSC device, low-speed upstream is not supported. Measure the upstream full
speed EYE without the 5 tier of hubs as this has no effect on the signal integrity

2 High-speed electrical tests are performed either near-end or far-end depending on the configuration of the product. The terms

near-end and far-end are based on which end of the cable the test fixture is attached in relation to the device being tested. All
HS peripherals with a B-receptacle are tested near-end (at the peripheral's receptacle). HS devices that have a captive cable are
tested far-end (at the end of the captive cable). Full-speed electrical tests are always performed far-end, the length of the cable
used in HS electrical tests is not important.

High-speed electrical tests of downstream ports on hosts and hubs are always performed near-end. For detailed explanation of
far-end and near-end in USB-IF compliance updates see: http://compliance.usb.org/index.asp?UpdateFile=Electrical#8.

i.MX 6 Series USB Certification Guide, User’s Guide, Rev. 0, 10/2015
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5. Click on Run Tests in the USB Automated Test software on the oscilloscope. After the test is
finished you can view the report on the Html Report page.

LISB Test -- USB Device®
File Wview Help

D|=|a| =hE el Bleje

TaskFlow _| setip Select Tests ]Configure ] Caonnect ] Run Tests ] Results ] Htrnl Repart I

--0 © USE Tests
-0 Hi-Speed
+-[] © Device Hi-5peed
- Lows and Full Speed

Set Up

L Upstream Full Speed Signal Qualill:y Test
[ © Upstream Law Speed Signal Quality Test
Inrush Current Test
+ Back-voltage Test Before Enumerate
+ Back-voltage Test After Enumerate
Configure
< ?
Connect Test: {Mone Selected)

Description: (Select a Single Test)

Run Tests

iin

v 9 Tests  Check the test(s) wou would like to run Conneckion: UMEMOWEH
Figure 4. Automated Test software setting for the Upstream FS Signal Test

Host

= [eone cmerm
= = T s
Weeiiiise
T B B B
TE Ty
i 6 B 4
Ty 1] il § & B # FrobeDt in
I Adjncent Device Path H0- 0 T
000
-
=)
-
=)
Probe D- and D+ in M
Device Under Test Fath
fim Cable T
Full- Spesd Sdjacent
Davice Full- S
Under Test Device

Figure 5. Upstream FS Signal Test environment®

! A full-speed hub here can force the downstream devices to operate in full-speed mode.

i.MX 6 Series USB Certification Guide, User's Guide, Rev. 0, 10/2015
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USB-IF HS Electrical Test Tool

— Select Tupe OF Test————— —Select Host Controller Far Uze In Testing—
{* Device PCI bus 5, device 0, funchion 2 2 Ports
™ Hub

™ Haost Controller/System

INTEL

E E xit |

Figure 6. Electrical Test Tool main menu

HS Electrical Test Tool - Device Test

—Select Device — Device Control
MONE Diesace Command Device Addrezs
WID Oxdbd, PID 0=6550, Address 1, Port &
ViD 0458, PID 043254, Address 2, Pet 5 | [[ERE = F
WID Oxdbd, PID 0<BEE0, Addiess 3, Port 5 NONE
WD Oxdbd, PID 0=E550, Addiess 4, Port 5 TEST J
WID Oxdbd, PID 0=6580, &ddrezs 5, Port & TEST K
WD Owdd, PID O=c01 6, Address &, Port 5 TEST_S EQ Mak
TEST_PACKET
SUSPEMD
RESUME
Enumerate Bugs | EEE'IEETE DESCRIPT ieturn To bain I
LODP DEVICE DE PTOR

SET ADDRESS
EMAELE WAKELP
DISABLE “WaAKEUP

SIMGLE STEF SET FEATURE
SIMGLE STEP GET DEY DESC

Figure 7. Device Control Command
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speed eye diagram

Figure 8. Upstream full
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Figure 9. Upstream full-speed waveform
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3.2.2.Back-Voltage Test

Test instructions:

1. Select the test items in the USB Automated Test software on the oscilloscope as shown in

Figure 10.

2. Connect the power supply to the DUT and connect the device upstream port to the back-
voltage test fixture using a known good USB cable as shown in Figure 11. Measure and record
DC voltages on VBUS, D+ and D-. Voltages should all be less than or equal to 400 mV. Any
voltages greater than 400 mV will be recorded as a failure.

3. Plug the DUT into a known good host, and verify proper enumeration. Unplug the USB cable
from the host and reconnect the USB cable to the back-voltage test fixture. Measure and record
the DC voltages of VBUS, D+ and D-. All voltages must be less than or equal to 400 mV. Any
voltages greater than 400 mV will be recorded as a failure.

4. After the test is finished, you can view the report on the Html Report page.

USB Test -- USB Device *
File View Tools

Help

- OX

D@ Hd|

VB e Be

Task Flow _

SetUp

Select Tests

Configure

Connect

SetUp Select Tests |Conﬁgure | Connect | Run Tests | Automation I Results I Html Reportl
—

] D O Device Suspend/Resume/Reset Timing
J--[J © Device Test J/K, SEO_NAK
+-[© Device Receiver Sensitivity
=[O Low and Full Speed

OO 1nrush Current Test
] D O Upstream Full Speed Signal Quality and Transition Time Test
- © Upstream Low Speed Signal Quality and Transition Time Test
] ) Back-voltage Test Before Enumerate
© VBUS Before Enumerate
D+ Before Enumerate
D- Before Enumerate
=] O Back-voltage Test After Enumerate
§ O VBUS After Enumerate
: O D+ After Enumerate

O D- After Enumerate

[+

[+

[+ [+

A

|A

(01

Test Group: Back-voltage Test Before Enumerate

Description: Measures the voltages of VBUS, D+ and D- at upstream port of device to test that
device does not supply VBUS at its upstream port or provide power to D+/D-.

6 Tests ‘Check the test(s) you would like to run

{Connection: UNKNOWN |

Z

Figure 10. Automated Test software setting for the Back-Voltage Test
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Voltmeter

Upstream USB
Fort

30i00

Figure 11. Back-Voltage Test environment

Table 8. Back-Voltage Test record

. DC voltage before DC voltage after
Test point enumeration (mV) enumeration (mV) Expected value (VDC)
VBUS 72 72 <400 mV
D+ 0 0 <400 mVv
D- 0 0 <400 mVv

3.2.3.Device Inrush Current Test

The USB 2.0 specification enables a maximum capacity of 10 uF and therefore a maximum inrush of
50 uC. Note that it is required to have at least 1 uF of capacity in order to make ADP detection
possible. The DUT cannot consume more that 100 mA during the 100 ms starting up period. Inrush
current should be measured for a minimum of 100 ms after attachment.

Test instructions:

1.

Connect the equipment and test fixture as shown in Figure 12. Use the current probe to capture
the VBUS current waveform. Ensure the probe direction is the same. When taking the
measurement, first calibrate the current probe to 0 mA. A current probe will produce a DC
offset that will result in an incorrect measurement if not performed beforehand.

Attach the DUT to the SQIDD board, then set the switch on the SQIDD board to the discharge
position (opposite the on position).

Disconnect the DUT from the SQiIDD board, then set the switch on the SQIDD board to the on
position.

Adjust the oscilloscope settings to match the current test requirement: time base 50 ms/div,
Vertical resolution 500 mA/div, sample rate >1MS/s.

Re-connect the DUT to the SQiIDD board in order to capture the inrush current waveform, then
save the waveform as a *.wfm or *.csv.
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6. Use the analysis software USBET20 on your computer to analyze the waveform file, then a
page will show the test result as shown in Figure 14. Inrush failures mostly occur when VBUS

and GND have too large a capacity between them.

o <=n O acs 'E' 2 & g

(Self-powered) Hub

Current
Praobe

Discharge SQi0D
Switch [Section 1)
3
Im Cabls
Device
Under Tast

Figure 12. Device Inrush Current Test environment
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Inrush Current Data
|C: Work\IMX&\Documents\Compliance Test report\LISB
Inrush Current Data
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Figure 13. USBET?20 operation interface
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Figure 14. Device Inrush Current Test result

3.2.4.Downstream Full-Speed Signal Quality Test
Test instructions:

1. Select the test items in the USB Automated Test software on the oscilloscope as shown in
Figure 15. Make sure you set the test type configuration option to Full-Speed Far End before
running the test.

2. Connect the equipment and test fixture as shown in Figure 16.

3. Click on Run Tests. After the test is finished you can view the complete report on the Html
Report page.
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Figure 15. Automated Test software setting for the Downstream FS Signal Test
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Figure 16. Downstream FS Signal Test environment
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Figure 18. Downstream full-speed waveform

3.2.5.Downstream Low-Speed Signal Quality Test
Test instructions:

1. Select the test items in the USB Automated Test software on the oscilloscope as shown in

Figure 19. Ensure that you set the Test Type configuration option to Low-Speed Near End
before running the test.

2. Connect the equipment and test fixture as shown in Figure 1.

3. Click on Run Tests. After the test is finished you can view the report on the Html Report
page.
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Figure 22. Downstream low-speed waveform

3.2.6.Host Drop and Droop tests

The Drop test is a measure of a host/hub’s ability to host full load current while keeping the output
voltage above specification. To perform this test, VBUS is measured with all downstream ports loaded
with 500 mA loads (for host and self-powered hubs). The lowest value measured across all ports must be
between 4.75 V and 5.5 V* for host and self-powered hubs.

The Droop test is a transient test on adjacent ports. When a device is hot plugged into another port, the
droop in VBUS supplied to a port must be less than or equal to 330 mV for host, self-powered, and bus
powered hubs. This test is not needed there is only one host port on board.

Test instructions:

1. First, power the test fixture from your computer or a USB charger. The DS1 LED must
illuminate (green LED).

2. There are several switches/buttons used for general control of the test fixture. These include:
— Switch S5 enables you to select either the Droop or Drop test

! USB-IF has published an ECN to increase the maximum voltage on VBUS from 5.25 V t0 5.5 V in August 2014. The maximum voltage
isnow 5.5 V.
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— Switch S4 enables you to select either the 100 mA or 500 mA load
— Press and hold S1 for at least three seconds to turn the test fixture on
— While pressing and holding S2, press S1 to turn the test fixture off
— When the fixture is on, pressing S2 will enable the left port

— When the fixture is on, pressing S1 will enable the right port

3. Measure VBUS at the downstream USB connector with no cable or device inserted (no load),
then record it as V.

4. Measure VBUS at the downstream USB connector with 500 mA load, then record it as Vioaoeo.

Table 9. Host Drop Test Record

Item Port01_Voltage Expected value (VDC)
Vnon-load 519V 475V <=VBUS<=55V
VLoad 5.083V 475V <=VBUS<=5.5V
Vdrop 107 mV <750mV
Vdroop — <330mV
NOTE

Keep the following items in mind while performing the drop test:

When taking the measurement take the cable resistance/voltage drop into
account as it can be significant when operating with high currents. For
example if you have 0.25 ohm resistance for cable and connectors and a
current of 500 mA you will have a voltage drop of 0.125 V. The
measurement must be performed as near to the A-Receptacle as possible
and if accessible you can measure at the A-receptacle VBUS/GND
soldering pad. The USB specifications define that the measurements
should be taken at the A-receptacle however as the A-receptacle is often
difficult to access you may use a fixture and a cable in between. Note that
these will give some additional voltage drop. Re-test the VBUS drop when
changing the power supply during testing.
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Figure 23. Host Drop/Droop Test fixture

3.3. Device High-Speed Signal Test"

To perform the high-speed device test you must install the HS Electrical Test Tool software on your
computer, which can set the DUT to specific test patterns. To study the detailed description of the test
items in the Data Rate Test, see this document USB-IF USB 2.0 Electrical Test Specification. The
Device Receiver Sensitivity Test requires additional equipment, a digital signal generator (for example
Agilent 81130A) and related accessories.

e Device High-Speed Signal Quality Test

EL_2: Data Rate Test?

EL_4, EL_5: Eye Pattern Test
EL_6: Rise and Fall Time Test
EL_7: Non-Monotonic Edge Test

o Device Packet Parameters Test

EL_21: Sync Field Length Test

EL_25: EOP Length Test

EL_22: Measure Inter-packet Gap Between First and Second Packets
EL_22: Measure Inter-packet Gap Between Second and Third Packets

e Device CHIRP Timing Test

EL_28: Measure Device CHIRP-K Latency
EL_29: Measure Device CHIRP-K Duration
EL_31: Device Hi-Speed Terminations Enable and D+ Disconnect Time

1 For High Speed Device Test, need to install HS Electrical Test Tool software on Computer, which can set DUT into specific
test pattern.

2 To study the detailed description of the test items, see this document USB-IF USB 2.0 Electrical Test Specification.

i.MX 6 Series USB Certification Guide, User's Guide, Rev. 0, 10/2015

Freescale Semiconductor, Inc.

25


http://www.usb.org/developers/compliance/USB-IF_USB_2_0_Electrical_Test_Spec081005.pdf
http://www.usb.org/developers/compliance/USB-IF_USB_2_0_Electrical_Test_Spec081005.pdf

Electrical test procedure and software configuration

e Device Suspend/Reset/Resume Timing Test
— EL_38, EL_39: Device Suspend Timing Response
— EL_40: Device Resume Timing Response
— EL_27: Device CHIRP Response to Reset from Hi-Speed Operation
— EL_28: Device CHIRP Response to Reset from Suspend

e Device Test J/JK, SEO_NAK Test

— EL_8: Device J Test

— EL_8: Device K Test

— EL_9: Device SE0O_NAK Test
e Device Receiver Sensitivity Test

— EL_18: Minimum SYNC Field

— EL_17: Receiver Sensitivity Test

EL_16: Squelch

! The Device Receiver Sensitivity Test requires additional equipment: digital signal generator (for example the Agilent 81130A) and

related accessories.

3.3.1.HS Device Electrical Test limits

The following table shows the Electrical Test limits for the HS device.
Table 10. HS Device Electrical Test limits

Test name

Pass limits

EL_2 Data Rate

Within 480 Mb/s +/-0.05%

EL_4 Eye Pattern (without captive cable)

Must meet template 1 transform waveform
requirements at TP3

EL_5 Eye Pattern’ (with captive cable)

Must meet template 2 transform waveform
requirements at TP2

EL_6 Device Rise/Fall Time

>500 ps

EL_7 Device Non-Monotonic Edge Test

Must have monotonic data transitions over the
vertical openings

EL_21 Device Sync Field Length Test

32 hits, 65.62 ns <= VALUE <= 67.700 ns

EL_25 Device EOP Length Test

8 bits, 15.600 ns <= VALUE <= 17.700 ns

EL_22 Measure Interpacket Gap Between
Second and Third Packets

16.640 ns <= VALUE <= 399.400 ns

EL_22 Measure Interpacket Gap Between
First and Second Packets

16.640 ns <= VALUE <= 399.400 ns

EL_28 Measure Device CHIRP-K Latency

2.500 ps <= VALUE <= 6.000000 ms

EL_29 Measure Device CHIRP-K Duration

1.000 ms <= VALUE <= 7.000 ms

EL_31 Device Hi-Speed Terminations Enable
and D+ Disconnect Time

1 ns <= VALUE <= 500.000 ps

EL_40 Device Resume Timing Response

Must transition back to high speed operation within
two bit times from the end of resume time signaling

EL_27 Device CHIRP Response to Reset
from Hi-Speed Operation

3.100 ms <= VALUE <= 6.000 ms
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Test name

Pass limits

EL_28 Device CHIRP Response to Reset
from Suspend

2.500 ps <= VALUE <= 6.000000 ms

EL_38 EL_39 Device Suspend Timing
Response

3.000 ms <= VALUE <=3.125 ms

EL_8 Device J Test

360 mV <= D+ <=440 mV
-10 mV <=D-<=10 mV

EL_8 Device K Test

360 mV <= D- <= 440 mV
-10 mV <=D+ <=10 mV

EL_9 Device SEO_NAK Test

-10 mV <= D+ <=10 mV
-10 mV <= D- <= 10 mV

EL_18 Minimum SYNC Field

Detect the end of the SYNC field within 12 bit times

EL_17 Receiver sensitivity

VALUE <= +/- 200 mV

EL_16 Squelch

VALUE >= +/- 100 mV

1. Ifthe product used for certification only has a standard Micro B receptacle and no captive cable, EL_5 should not be used.

TP3 TP4

USB Cable Traces
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. /
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T 1T\
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B Transceiver
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Device Circuit Board

Figure 24. HS signal measurement planes

i.MX 6 Series USB Certification Guide, User's Guide, Rev. 0, 10/2015

Freescale Semiconductor, Inc.

27



Electrical test procedure and software configuration

Level 1
+ 400mY
taint 3 Boint & Differential
1/ \\
-’/r';.t*. 2 L\\ 0 Volts
\\ /" Differential
\\ //
\\ //
Foint 5 Point § _400mV
Differential
Level 2
Unit Interval
0% 100%

Figure 25. Template 1 for device without a captive cable

3.3.2.Device High-Speed Signal Quality Test

These tests measure the ability of transmitters to do valid high-speed signaling. The high-speed signal
quality is measured on upstream ports. A high-speed scope with differential probes is used. Signaling
data is captured with the scope and then translated to an eye pattern. The signal quality eye patterns
obtained from the measurements must adhere with the transmit eye patterns in the USB 2.0

specification.

Test Instructions:

1. Select the test items in the USB Automated Test software on the oscilloscope as shown in
Figure 26, and make sure you set the test type configuration option to Hi-Speed Near End
before running the test.

2. Connect the equipment and test fixture as shown in Figure 27.

Attach the 5 V power supply to J5 of the Device Hi-Speed signal quality test fixture
(E2649- 66401). Leave the test switch at the OFF position. Verify the green Power LED
is lit and the yellow Test LED is not lit.

Connect the Test Port of the device high-speed signal quality test fixture into the
upstream facing port of the DUT, using the 4 inch USB cable.

Connect the Init Port of the test fixture to a Hi-Speed capable port of the test bed
computer with a 5 meter USB cable.

Attach the differential probe on channel 1 to D+/D- of TP2 on the test fixture, Ensure the
+ polarity on the probe lines up with D+.

3. Invoke the HS Electrical Test Tool software on the Hi-Speed Electrical Test Bed Computer.
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Select Device and click the Test button to enter the Device Test menu. The DUT should be
enumerated with the device's VID shown together with the root port in which it is connected.

4. Select the HS Electrical Test Tool software on the hi-speed electrical test bed computer. Select
Device and click the Test button to enter the Device Test menu. The DUT should be
enumerated with the device's VID shown together with the root port in which it is connected.

5. Select TEST_PACKET from the Device Command drop down menu and click on Execute.
This forces the DUT to continuously transmit test packets.

6. Click on the Run Tests button of the Automated Test software on the oscilloscope.

7. Switch the Test Switch (S1) to the Test position according to the requirement of the
Automated Test Software. Verify the yellow test LED is lit. You should see the transmitted test
packet on the oscilloscope as shown in Figure 30.

8. When the Testing Complete dialog appears, click on Ok. The Results tab shows the test
results, and the Html Report shows the complete report.

USB Test -- USB Device *

File View Tools Help
DEE| »Wrel |& D e
Task Flow _| setup SelectTests |Conﬁgure | Connect | Run Tests | Automation | Results | Html Report
E-[JO UsBTests |~
e p =-0O Hi-speed [
| =0 O Device Hi-Speed
) = () Device Hi-Speed Signal Quality Test
() EL_2EL_4EL_5Data Eye and Mask Test
SeeciT S () EL_6 Device Rise Time 3
i O EL_6 Device Fall Time =
() EL_7 Device Non-Monotonic Edge Test
= i #-[] © Device Packet Parameters
Configure #-[J© Device CHIRP Timing
#-[J© Device Suspend/Resume/Reset Timing
#-[J© Device Test JjK, SE0_NAK
2] D (O Device Receiver Sensitivity
Connect =[O Low and Full Speed
: [ O Inrush Current Test |
Test Group: Device Hi-Speed Signal Quality Test
Run Tests Description: Tests signal quality of hi-speed test packet transmitted from the device under test, ‘ ~ \
The signal quality test looks at : signal eye, End of Packet (EOP) width, signaling rate, rise/fall =
times, consecutive jitter, paired JK jitter and paired KJ jitter, ‘?‘
4 Tests iChed( the test(s) you would like to run LConnecﬁon: UNKNOWN [ A

Figure 26. Device HS Signal Quality Test
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Figure 31. Device HS eye diagram

3.3.3.Device Packet Parameters Test
Test instructions:

1. Select the test items in the USB Automated Test software on the oscilloscope as shown in
Figure 32. Set the Test Type configuration option to Hi-Speed Near End before running the
test.

2. Connect the equipment and test fixture as shown in Figure 27.

— Attach the 5 V power supply to J5 of the device hi-speed signal quality test fixture
(E2649- 66401). Leave the test switch at the off position. Verify the green power LED is
lit and the yellow test LED is not lit.

— Connect the Test Port of the device hi-speed signal quality test fixture into the upstream
facing port of the DUT, using the 4 inch USB cable.

— Connect the Init Port of the test fixture to a hi-speed capable port of the test bed
computer with a 5 meter USB cable.

— Attach the differential probe on channel 1 to D+/D- of TP2 on the test fixture, Ensure the
+ polarity on the probe lines up with D+.

3. Reboot the device to restore the USB device to normal operation.

4. Click on Enumerate Bus on the menu of the HS Electrical Test Tool. Using the oscilloscope,
verify the SOF (Start of Frame) packets are being transmitted on the port under test. You may
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need to lower the trigger level to below 400 mV.

5. Select the Single Step Set Feature from the Device Command window. Click on Execute
once. The oscilloscope will measure the sync field length (number of bits) of the third (from
device) packet (EL_21), EOP (End of Packet) width (number of bits) of the third packet
(EL_25), inter-packet gap between the second (from host) and the third (from device in
respond to the host’s) packets (EL_22), as shown in Figure 35 to Figure 37.

6. Inthe Device Test menu of the HS Electrical Test Tool, click on Step once more. This is the
second step of the two-step Single Step Set Feature command. The oscilloscope will measure
the inter-packet gap between the first (from host) and the second (from device in respond to the
host’s) packets (EL_22), as shown in Figure 39.

7. When the Testing Complete dialog appears, click on Ok. The Results tab shows the test
results, and the Html Report shows the complete report.

USB Test -- USB Device

File View Tools Help
DSHd| W& |2 &le
SetUp SelectTests | Configure | Conmect | Rum Tests | Automation | Resuits | Himi Report |
?ﬁ () USE Tests ‘ "
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O Device Hi-Speed
#--[J© Device Hi-speed Signal Quality Test
=¥ O Device Packet Parameters
O EL_21 Device Sync Field Length Test
() EL_25 Device EQP Length Test
MO EL_22 Measure Interpacket Gap Between Second and Third Packets
: O EL_22 Measure Interpacket Gap Between First and Second Packets
‘O Device CHIRP Timing
i+ D O Device Suspend/Resume /Reset Timing
#-[J© Device Test JjK, SEO_NAK
i [+ D ) Device Receiver Sensitivity
E-[J© Low and Ful Speed
£.[J© Inrush Current Test ¥
Test Group: Device Packet Parameters

[}

Run Tests Description: Measures sync field length, end of packet (EOP) width, and interpacket gap of
transmitted packets,

Figure 32. Device Hi-Speed Packet Parameters Test
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Figure 39. EL_22 Device inter-packet gap (between first and second packets) waveform

3.3.4.Device CHIRP Timing Test
Test instructions:

1.

Select the test items in the USB Automated Test software on the oscilloscope as shown in
Figure 40, and make sure you set the Test Type configuration option to Hi-Speed Near End
before running the test.

Connect the equipment and test fixture as shown in Figure 41.

Attach the 5 V power supply to J5 of the device hi-speed signal quality test fixture (E2649-
66401). Leave the Test switch at the off position. Verify the green power LED is lit and the
yellow test LED is not lit.

Connect the Test Port of the device hi-speed signal quality test fixture into the upstream facing
port of the DUT, using the 4 inch USB cable.

Connect the Init Port of the test fixture to a hi-speed capable port of the test bed computer
with a 5 meter USB cable.

Attach the single end probes on channel 2 to D- of TP2, attach channel 3 to D+ of TP2.
Reboot the device to restore the USB device to normal operation.

Click on Enumerate Bus on the menu of the HS Electrical Test Tool. The oscilloscope will
capture and measure the Chirp handshake as shown in Figure 42.

When the Testing Complete dialog appears, click on Ok. The Results tab shows the test
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results, and the Html Report shows the complete report.
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Task Flow _| setup SelectTests lConﬁgure l Connectl Run Tests | Automation | Results I Html Reportl

=[O USB Tests ~
it =[O Hi-Speed I”‘
=+ O Device Hi-Speed
-0 © Device Hi-Speed Signal Quality Test
- O Device Test J)K, SEO_NAK
[0 © Device Receiver Sensitivity —

‘[ © Device Packet Parameters
' =+ © Low and Full Speed
t[] O Inrush Current Test

: () EL_28 Measure Device CHIRPK Latency
#-[© Upstream Full Speed Signal Quality and Transition Time Test N
Test Group: Device CHIRP Timing

L[] © EL_28 Measure Device CHIRPK Duration
O EL_31Device Hi-Speed Terminations Enable and D+ Disconnect Time
Description: Tests device CHIRP K and CHIRP ] timing response.
Figure 40. Device Chirp J/K Test
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Figure 41. Device Chirp J/K Test environment

i.MX 6 Series USB Certification Guide, User’s Guide, Rev. 0, 10/2015

38

Freescale Semiconductor, Inc.



Electrical test procedure and software configuration

File Contral Setup Measure Analyze  Utlites  Help 7:48 AM

C0.0 MSals e i e

Sto ImS;
Device Turns on HS

- Specis <500us. Termination

FDeﬁce

CHIRP -K

=)

__ |g

._.
—

) r:'l_l o K-
—

[umm—

}.Wnummnmwu_

caurp M CHRP
atency Duration ||E Bl ooooo00000

=

g
i

mm current
All MEat
min

Figure 42. Device CHIRP J/K waveform

3.3.5.Device Suspend/Reset/Resume Timing Test
Test instructions:

1.

Select the test items in the USB Automated Test software on the oscilloscope as shown in
Figure 43, and make sure you set the test type configuration option to hi-speed near end before
running the test.

Connect the equipment and test fixture as shown in Figure 41.

Attach the 5 V power supply to J5 of the device high-speed signal quality test fixture (E2649-
66401). Leave the Test switch at the off position. Verify the grepower LED is lit and the
yellow Test LED is not lit.

Connect the Test Port of the device high-speed signal quality test fixture into the upstream
facing port of the DUT, using the 4 inch USB cable.

Connect the Init Port of the test fixture to a high-speed capable port of the test bed computer
with a 5 meter USB cable.

Attach the single end probes on channel 2 to D- of TP2, and on channel 3 to D+ of TP2.
Reboot the device to restore the USB device to normal operation.

Click on Enumerate Bus on the menu of the HS Electrical Test Tool. Choose the correct
device, select Suspend from the Device Command drop down menu, then click on Execute
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10.

11.

12.

once to place the device into suspend. The captured suspend transition should appear as in

Figure 45.

Select Resume, then click on Execute once to resume the device from suspend. The captured
resume transition should appear as in Figure 47.

Select Reset, then click on Execute once to reset the device operating in high speed. The
captured transition should appear as in Figure 49.

Select Suspend, and click on Execute to place the device into suspend once more. Then select
Reset and click on Execute once to reset the device from suspend. The captured transition
should appear as in Figure 50.

When the Testing Complete dialog appears, click on Ok. The Results tab shows the test
results, and the Html Report shows the complete report.

USB Test -- USB Device *

File View Tools Help

Dl H201 (@ @le

SetUp

Select Tests

'3
r

SetUp Select Tests IConﬁgure | Connectl Run Tests | Automation | Results l Html Reportl

=[] O USB Tests |~
=[O Hi-Speed o
=[O Device Hi-Speed
#- [ © Device Hi-Speed Signal Quality Test
3 D O Device Packet Parameters
- © Device CHIRP Timing
O Device Suspend/Resume/Reset Timing
() EL_38EL_3% Device Suspend Timing Response
: O EL_40 Device Resume Timing Response
() EL_27 Device CHIRP Response to Reset from Hi-Speed Operation
() EL_28 Device CHIRP Response to Reset from Suspend
#-[ © Device Test J/K, SE0_NAK
i # [ © Device Receiver Sensitivity
=[O Low and Full Speed
+-[J O Inrush Current Test v

INRERE)

1l

Test Group: Device Suspend/Resume/Reset Timing

Description: Tests device suspend, resume and reset timing response,

Figure 43. Device Suspend/Reset/Resume Timing Test
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HS Electrical Test Tool - Device Test |
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Figure 44. Device suspend command
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Figure 45. Device suspend waveform
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HS Electrical Test Tool - Device Test _

sSefect Device

Device Contnol

MNOME
W10 Oxdbd, PID 06530, Address 1, Port 5

Enumerate Bug

Dievice Cormimand

F:E'EIJHE ;]

Device Addess

—

NOME

TEST J
TEST_K
TEST_SEO_M&K
TEST PACKET
SLSPEND

RESET
DEVICE DESCRIFTOR

LOOF DEVICE DESCRIFTOR
SET ADDRESS

Figure 46. Device resume command
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Figure 47. Device resume waveform
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HS Electrical Test Tool - Device Test '

Select Device
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Figure 48. Device reset command
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Figure 49. Device reset from high-speed waveform
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Figure 50. Device reset from suspend waveform

3.3.6.Device Test J/K, SEO_NAK Test

Test instructions:

1. Select the test items in the USB Automated Test software on the oscilloscope as shown in
Figure 51.

2. Connect the equipment and test fixture as shown in Figure 52.

— Attach the 5 V power supply to J5 of the device high-speed signal quality test fixture
(E2649- 66401). Leave the Test switch at the off position. Verify the green power LED is
lit and the yellow test LED is not lit.

— Connect the Test Port of the device high-speed signal quality test fixture into the
upstream facing port of the DUT, using the 4 inch USB cable.

— Connect the Init Port of the test fixture to a high-speed capable port of the test bed
computer with a5 m USB cable.

— Attach the single end probes on channel 2 to D- of TP2, and on channel 3 to D+ of TP2.
Reboot the device to restore the USB device to normal operation.

4. Click on Enumerate Bus on the menu of the HS Electrical Test Tool. Choose the correct
device. Select TEST_J from the Device Command drop down menu, then click on Execute
once to place the device into TEST_J test mode.

5. Switch the test fixture into the test position. Use a multimeter to measure the DC voltage on the
D+/- lines at TP2 with respect to GND, then record the measurement in the pop out dialog.
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Reboot the device to restore the USB device to normal operation.

Click on Enumerate Bus on the menu of the HS Electrical Test Tool. Choose the correct
device, Select TEST_K from the Device Command drop down menu, then click on EXECUTE
once to place the device into TEST_K test mode.

Switch the test fixture into the test position. Use a multimeter to measure the DC voltage on
the D+/- lines at TP2 with respect to GND, then record the measurement in the pop out dialog.

Reboot the device to restore the USB device to normal operation.

Click on Enumerate Bus on the menu of the HS Electrical Test Tool. Choose the correct
device, Select TEST_SEO_NAK from the Device Command drop down menu, then click on
exectute once to place the device into TEST_SEO_NAK test mode.

Switch the test fixture to the test position. Use a multimeter to measure the DC voltage on the
D+/- lines at TP2 with respect to GND, then record the measurement in the pop out dialog.

When the Testing Complete dialog appears, click on Ok. The Results tab shows the test
results, and the Html Report shows the complete report.

USB Test -- USB Device® =13
File ‘iew Help

D|@|d| &h7EE| Blefe

TaskFlow _| setp  Select Tests ]Cunfigure | connect | Run Tests | Results | Heml Report

= |!EEEH P
Sek L D
=R --[© Hi-Speed
--[ © Device Hi-Speed
\ rf +-[J © Device H-Speed Signal Quality Test

Device Packet Parameters

Select Tests

(M|
O < Device CHIRP Timing
O & Device Suspend/Resume/Reset Timing
Dievice Test Ik, SEO_MAE

][

_ EL_& ] Test
Configure EL 5K Test
EL_9 SEO_MNAK Test
+-[] O Device Receiver Sensitivity w
4 >
Connect Test: (None Selected)
Canfigure. ..
1 Description: (Select a Single Tesk)
Run Tests
v| 3 Tests  |[Check the test{s) you would like ko run Connection: UNEROW

Figure 51. Device Test_J/K, SEO_NAK Test
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Figure 52. Device Test_J/K, SE0_NAK Test environment
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Figure 53. Device Test_J command

WD Oxdbd, PID O

Table 11. Host Drop Test record

Test Mode D+ Voltage(mV) D- Voltage(mV) Expected value

360 mV <= D+ <=440 mV
-10mV <=D-<=10 mV
360 mV <= D- <= 440 mV
-10mV <=D+ <=10 mV
-10 mV <=D+ <=10 mV
-10mV <=D-<=10mV

J 415 4

K 4 417

SEO_NAK 1 1

3.3.7.Device Receiver Sensitivity Test

Receiver sensitivity and squelch measurements are to be made at the upstream port pins as defined in the
USB 2.0 Specification.
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The Transmission Envelope Detector of a A high-speed capable device must be fast enough to enable
the HS receiver to detect data transmission, achieve DLL lock, and detect the end of the SYNC field
within 12 bit times. When all packets are NAK by the device this test (EL_18) is considered to have
passed.

In Section 7.1.7.2 of USB2.0 Spec it requires squelch (EL_16) to occur below 100 mV magnitude.
Therefore no packets must be acknowledged between -100 mV and +100 mV. Full squelch may occur at
higher voltages, but it is mandatory between -100 mV and +100 mV.

Receiver sensitivity requires all packets to be reliably received down to 150 mV magnitude. Packets
may be received at lower voltages, but it is mandatory for all packets to be received at levels above
150 mV magnitude. This measurement is to be made at the upstream pins but the test fixture does not
allow this. The USB-IF requires packets to be reliably received at levels above 200 mV (50 mV waiver
to compensate for the voltage drop) for EL_17. Packets can, but do not need to be, received between
-200 mV and +200 mV.

For a detailed explanation of device receiver sensitivity, see the following:
http://compliance.usb.org/index.asp?UpdateFile=Electrical & Format=Standard#3

Fackets Don't Don't Fackets
Received ¥ * Care * I * Sguelch ¥ | * Care ? [ * Received
e _ D000 =T O e [T s [0 OO s

Combining EL_16 and EL_17 Creates Transmission Detection Envelops

Figure 54. Device sensitivity detection envelope

Test instructions:

1. Select the test items in the USB Automated Test software on the oscilloscope as shown in
Figure 55, and ensure sure the Test Type configuration option is set to Hi-Speed Near End
before running the test.

2. Connect the equipment and test fixture as shown in Figure 56.

— Attach the 5 V power supply to J5 of the Device Hi-Speed signal quality test fixture
(E2649- 66401). Leave the test switch at the off position. Verify the green power LED is
lit and the yellow test LED is not lit.

— Connect the Test Port of the device hi-speed signal quality test fixture into the upstream
facing port of the DUT, using the 4 inch USB cable.

— Connect the Init Port of the test fixture to a high-speed capable port of the test bed
computer with a 5 meter USB cable.

— Attach the differential probe on channel 1 to D+/D- of TP2 on the test fixture, Ensure the
+ polarity on the probe lines up with D+.

3. Connect the 81130A pulse generator to the oscilloscope using the 82357A USB/GPIB
Interface.

— If you choose to use the Agilent 81130A Pulse/Pattern Generator, connect the 8493C 6
dB attenuators to OUTPUT1 and OUTPUT2 of Agilent 81130A Pulse/Pattern Generator.

4. Connect OUTPUT1 to SMAL (D+) of the E2649- 66403 Device Receiver Sensitivity test
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10.

11.

12.

13.

14.

15.

fixture using the 8120- 4948 SMA cables.

Connect OUTPUT2 to SMA2 (D-) of the E2649- 66403 Device Receiver Sensitivity test
fixture using the 8120- 4948 SMA cables.

Select the Memcard soft key on the 81130A,. If Memcard is not in the menu, press the more
key until Memcard is displayed. The content of the memory will appear on the screen. Use the
cursor and the rotary knob to select the MIN_ADD1.STO setup file. Move the cursor to
Perform Operation and turn the knob to select Recall. Then press the Enter key to load it. This
generates IN packets (of compliant amplitude) with a 12-bit SYNC field packet pattern.

Reboot the device to restore the USB device to normal operation.

Click on Enumerate Bus on the menu of the HS Electrical Test Tool. Choose the right device,
Select TEST_SEO_NAK from the Device Command drop down menu, then click on Execute
once to place the device into TEST_SEOQ_NAK test mode.

Set the test fixture Test Switch (S1) to the test position. This switches the data generator in
place of the host controller. The data generator emulates the IN packets from the host
controller.

Verify that all packets from the data generator are NAK’d by the port under test as shown in
Figure 58. Record the pass/fail in EL_18.

Use the cursor and the rotary knob on the 81130A, to select the IN_ADD1.STO setup file.
Move the cursor to Perform Operation and turn the knob to select Recall. Then press the
enter key to load it. This generates “IN” packets (of compliant amplitude) with a 32-bit SYNC
field packet pattern.

Verify that all packets from the data generator are NAK’d by the port under test as shown in
Figure 59.

Adjust the output level of each channel as follows:

— Select the levels soft key, then move the cursor to the numeric value for [high] voltage
value.

— Adjust the output level with the rotary knob or using the number keys while monitoring
the actual level on the oscilloscope.

— Use the cursor arrow buttons to select the channel to change.

— Reduce the amplitude of the data generator packets in 20 mV steps (on the generator
before the attenuator) while monitoring the NAK response from the device on the
oscilloscope. The adjustment should be made to both channels such that OUTPUT1 and
OUTPUT?2 are matched, as indicated by the data generator readout.

— Reduce the amplitude until the NAK packets become intermittent.
— At this point, increase the amplitude such that the NAK packet is not intermittent.
— This is just above the minimum receiver sensitivity levels before squelch.

Using the oscilloscope markers to measure the packet amplitude, read the [Ay] and [By] values
and record the measurement in EL_17.

Further reduce the amplitude of the packet from the data generator in small steps.
— Maintain the balance between OUTPUT1 and OUTPUT2 until the receiver stops
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responding with a NAK.
16. This is the squelch level of the receiver.

17. Measure the packet amplitude. Read the [Ay] and [By] values and record the measurement in
EL_16.

18. When the Testing Complete dialog appears, click on Ok. The Results tab shows the test
results, and the Html Report shows the whole report.

File View Tools Help
Dl Wiar|aae
SetUp Select Tests IConﬁgure | Connect | Run Tests | Automation | Results | Html Report |

=[O UsE Tests ‘ A
=[O Hi-Speed (S|
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[0 © Device Packet Parameters
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[0 © Device Test 3K, SEO_NAK

20 eceiver Sensitity
: 5 _13 Receiver tivity Test - Minimum SYNC Field
e (O EL_17 Receiver sensitivity Test
: ~[¥ © EL_15 Receiver sensitivity Test @ Squelch = |

: =[O Low and Full Speed
Connect ~~[J O Inrush Current Test =
#-[J© Upstream Full Speed Signal Quality and Transition Time Test v

Test Group: Device Receiver Sensitivity

SetUp

Select Tests

1]}

O-&-E-E-E

Configure

Run Tests Description: Tests the sensitivity of the receivers on the upstream facing port of the device under
test.

Figure 55. Device Receiver Sensitivity Test
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Figure 56. Device Receiver Sensitivity Test environment
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Figure 57. Device Test_ SE0_NAK command
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Figure 59. Measuring the packet amplitude
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3.4. Host High-Speed Signal Test
e Host High-Speed Signal Quality Test
— EL_2: Data Rate Test
— EL_3: Eye Pattern and Mask Test
— EL_6: Rise and Fall Time Test
— EL_7: Non-Monotonic Edge Test
e Host Packet Parameters Test
— EL_21: Sync Field Length Test
— EL_25: EOP Length Test
— EL_23: Inter-packet Gap Between First 2 Packets Test
— EL_22: Measure Inter-packet Gap Between Host And Device Packet Test
— EL_55: SOF EOP Width Test
e Host CHIRP Timing Test
— EL_33: Measure Host CHIRP response time
— EL_34: Measure Host CHIRP-J/K duration
e Host Suspend/Resume Timing Test
— EL_39: Host Suspend Timing Response
— EL_41: Host Resume Timing Response
e Host Test J/K, SEO_NAK Test
— EL_8: Host J Test
— EL_8: Host K Test
— EL_9: Host SEO_NAK Test

3.4.1.HS host electrical test limits
Table 12. HS host Electrical Test limits

Test name Pass limits

EL_2 Datarate Within 480 Mb/s +/-0.05%

Must meet Template 1 transform waveform
requirements at TP2

EL_6 Host rise/fall time >500 ps

Must have monotonic data transitions over the
vertical openings

EL_21 Sync Field Length Test 32 bits, 65.62 ns <= VALUE <= 67.700 ns
EL_25 EOP Length Test 8 bits, 15.620 ns <= VALUE <= 17.700 ns

EL_23 Inter-packet gap between first 2
Packets Test

EL_55 SOF EOP Width Test 40 bits, 81.100 ns <= VALUE <=83.388 ns

EL_22 Inter-packet gap between Host and
Device Packet Test

EL_33 CHIRP timing response 1 ns <= VALUE <=100.000 ps
EL_34 CHIRP J/K width 40.000 ps <= VALUE <= 60.000 ps

EL_3 Data Eye and Mask Test

EL_7 Host Non-Monotonic Edge Test

183.000 ns <= VALUE <= 399.400 ns

16.640 ns <= VALUE <= 399.90 ns
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100.000 ps <= VALUE <= 500.000 ps

EL_39 Suspend Timing Response 3.000 ms <= VALUE <= 3.125 ms

EL_41 Resume Timing Response

VALUE <= 3.000 ms

EL_8 Host J Test

360 mV <= D+ <=440 mV
-10mV <=D-<=10mV

EL_8 Host K Test

360 mV <= D- <= 440 mV
-10 mV <=D+ <=10 mV

EL_9 Host SEO_NAK Test

-10 mV <= D+ <=10 mV
-10 mV <= D- <= 10 mV

3.4.2.Test method and tool

In USB Certification, the host is a product based on Windows x86 or x64 systems, which can implement

the HS Electrical Test Tool to run the Host test. An Embedded Host is a product based on Linux,
Android, or other RTOS. USB-IF defines a method of entering the specified test modes via PID/VID

detection. See chapter 6.4.1 of On-The-Go and Embedded Host Supplement to the USB specification for

further information.

The certification lab provides an HSEHET Board to perform the Host or Embedded Host test. This

board can be set to different PIDs, as shown in Figure 60.

Table 13. Test modes product ID definitions

PID Test Mode
0x0101 Test SEQ_NAK
0x0102 Test J
0x0103 Test K
0x0104 Test_Packet
0x0105 Reserved
0x0106 HS HOST_PORT_SUSPEND_RESUME
0x0107 SINGLE_STEP_GET_DEV_DESC
0x0108 SINGLE_STEP_ GET_DEV_DESC_DATA
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Figure 60. HSEHET board for Host High-Speed Test

3.4.3.Host High-speed Signal Quality Test
Test instructions:

1.

Select the test items in the USB Automated Test software on the oscilloscope as shown in

Figure 61. Make sure to set the Test Type configuration option to Hi-Speed Near End before
running the test.

Connect the equipment and test fixture as shown in Figure 63.

3. Attach the 5 V power supply to J5 of the Host Hi-Speed signal quality test fixture (E2649-

66402). Leave the test switch at the off position. Ensure the green Power LED is lit and the
yellow test LED is not lit.

Connect the Test Port of the test fixture into the downstream facing port of the DUT, using the
4 inch USB cable.

Before connecting the HSEHET Board, select the Test_Packet. Then connect the board to the
Init Port with a 5 meter cable.

Attach the differential probe on channel 1 to D+/D- of TP2 on the test fixture. Ensure the +
polarity on the probe lines up with D+.

Click on the Run Tests button of the Automated Test software on the oscilloscope.
The host enumerates the HSEHET board and responds to continuously send the test_packet.
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Switch the test fixture to switch the termination on. Ensure the yellow test LED is lit.
9. You should see the transmitted test packet on the oscilloscope as shown in Figure 64.
10. When the Testing Complete dialog appears, click on Ok. The Results tab shows the test

results, and the Html Report shows the complete report.
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m USB Test Environment Setup
—Device Under Test (DUT)
Device T int: 9
" Device Hub % Host ( On-The-Go EmbeddedHost
Select Tests
HS Test Connection:  Test Method: UserDescription: Device Identifier:
Connection Dptionl |usseT v| |(selector Type) v | |(selector Type) |
Droop Drop Ports

I New DroopDrop Fixture

—HS Signal Quality Fixture Selection
- @ Agilent Fiture (" USBIF (" Other ™ Debug and Information Only
Run Tests
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Figure 61. Select Embedded Host for HS Electrical Test

! Select Embedded Host for non-Windows products. Click on the Connection Option button here to select a differential or

single-end probe if you are using the latest software.
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Figure 62. Host HS Signal Quality test
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Figure 63. Host HS Signal Quality Test environment
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Figure 64. Host HS test packet
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Figure 65. Host HS eye diagram

i.MX 6 Series USB Certification Guide, User's Guide, Rev. 0, 10/2015

Freescale Semiconductor, Inc. 57



Electrical test procedure and software configuration

3.4.4.Host Packet Parameters Test
Test instructions:

1.

Select the test items in the USB Automated Test software on the oscilloscope as shown in
Figure 66, and make sure you set the Test Type configuration option to Hi-Speed Near End
before running the test.

Connect the equipment and test fixture as shown in Figure 63.

— Attach the 5 V power supply to J5 of the Host Hi-Speed signal quality test fixture
(E2649- 66402). Leave the test switch at the off position. Verify the green power LED is
lit and the yellow test LED is not lit.

— Connect the Test Port of the test fixture into the downstream facing port of the DUT,
using the 4 inch USB cable.

— Before connecting the HSEHET Board, select its correct position at
SINGLE_STEP _GET DEVICE_DESCRIPTOR. Then connect the board to the Init
Port with a 5 meter cable.

— Attach the differential probe on channel 1 to D+/D- of TP2 on the test fixture. Ensure the
+ polarity on the probe lines up with D+.

Click the Run Tests button of the Automated Test software on the oscilloscope.

The host enumerates the HSEHET board and responds by sending SOFs for 15 seconds. Click
on OK to close the Test Instruction dialog.

After the SOFs sending is complete the host initiates the setup phase of the GetDescriptor()
command. The host sends SETUP and DATA (first and second packet), then the device sends
an ACK. You should see the transmitted test packet on the oscilloscope as shown in Figure 70.
Click on OK to close the Test Instruction dialog.

Disconnect the HSEHET Board, select
SINGLE_STEP_GET _DEVICE_DESCRIPTOR_DATA, then reconnect it to the test
fixture.

The host enumerates the HSEHET board and requests GetDescriptor(), then waits for 15
seconds. The host then initiates an IN token, the device responds with a DATA, then the host
sends an ACK. You should see the transmitted test packet on the oscilloscope as shown in
Figure 71.

When the Testing Complete dialog appears, click on Ok. The Results tab shows the test
results, and the Html Report shows the complete report.
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USB Test -- USB Device *
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Figure 66. Host HS Packet Parameters Test
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Figure 68. EL_21 host sync field length waveform
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Figure 69. EL_25 host EOP length waveform
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Figure 70. EL_23 host inter-packet gap waveform
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Figure 71. EL_22 Host Inter-packet gap (host response to device) waveform
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3.4.5.Host CHIRP Timing Test
Test instructions:

1. Select the test items in the USB Automated Test software on the oscilloscope as shown in
Figure 72. Ensure that the Test Type configuration option is set to Hi-Speed Near End before
running the test.

2. Connect the equipment and test fixture as shown in Figure 73.

— Attach the 5 V power supply to J5 of the Host hi-speed signal quality test fixture (E2649-
66402). Leave the test switch at the off position. Ensure that the green power LED is on
and that the yellow test LED is off.

— Connect the Test Port of the test fixture into the downstream facing port of the DUT
using the 4 inch USB cable.

— Attach the single-ended probes on channel 2 to D-, and attach channel 3 to D+ of TP2 on
the test fixture.
Click the Run Tests button of the Automated Test software on the oscilloscope.

4. Connect a good high-speed device to the initialize port. You must capture the CHIRP
handshake as shown in Figure 74.

5. When the Testing Complete dialog appears, click on Ok. The Results tab shows the test
results, and the Html Report shows the complete report.

USB Test -- USB Device * i )|

File View Tools Help
D@Ed| Y2y % DO

TaskFlow _| setUp SelectTests |Conﬁgure | Connect | Run Tests | Automation | Results | Html Report
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SetUp =[O Hi-Speed

=[O HostHi-Speed
#-[J O HostHi-speed Signal Quality

I #H-O O Host Controller Packet Parameters
: Select Tests B O HostCHIRP Timir

() EL_33 CHIRP Timing Response
: O EL_34 CHIRP K Width
; O EL_34CHIRP ] Width
: () EL_35 SOF Timing Response
= [ © Host Suspend/Resume Timing
i D () EL_39 Suspend Timing Response
~-[© EL_41Resume Timing Response
#- [ © Host Test J/K, SEO_NAK
#-[J O Low and Full Speed
Test Group: Host CHIRP Timing

9V
N
\\/

v 3

Run Tests Description: Tests downstream port CHIRP K and CHIRP J timing response.

Figure 72. Host CHIRP Timing Test
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Figure 74. Host CHIRP J/K waveform
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3.4.6.Host Suspend/Resume Timing Test
Test instructions:

1.

Select the test items in the USB Automated Test software on the oscilloscope as shown in
Figure 76, and ensure that the Test Type configuration option is set to Hi-Speed Near End
before running the test.

Connect the equipment and test fixture as shown in Figure 73.

— Attach the 5 V power supply to J5 of the Host hi-speed signal quality test fixture (E2649-
66402). Leave the test switch at the off position. Ensure that the green power LED is on
and the yellow test LED is off.

— Connect the Test Port of the test fixture into the downstream facing port of the DUT
using the 4 inch USB cable.

— Attach the single-ended probes on channel 2 to D-, and attach channel 3 to D+ of TP2 on
the test fixture.

Before connecting the HSEHET Board select HS_ HOST_PORT_SUSPEND_RESUME.
Connect the board to the Init Port with a 5 meter cable.
NOTE

The HSEHET board should be attached before clicking on the Run Tests
button, in case that you capture the Bus Enumeration instead of Suspend
transition.

Click the Run Tests button of the Automated Test software on the oscilloscope.

5. After 15 seconds the host port will enter Suspend state, as shown in Figure 77. The captured

transition should be as shown in Figure 77. Click on OK to close the Test Instruction dialog.

After 15 seconds of suspend state the host shall issue a Resume K state on the bus, then
continue sending SOFs. The captured transition should be as shown in Figure 78.

When the Testing Complete dialog appears, click on Ok. The Results tab shows the test
results, and the Html Report shows the complete report.

i.MX 6 Series USB Certification Guide, User's Guide, Rev. 0, 10/2015

Freescale Semiconductor, Inc. 65



Electrical test procedure and software configuration

USB Test -- USB Device *
File View Tools Help
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Figure 76. Host Suspend/Resume Timing Test
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Figure 77. EL_39 host suspend waveform
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Figure 78. EL_41 host resume waveform

3.4.7.Host test J/K, SEO_NAK Test

Test instructions:

1. Select the test items in the USB Automated Test software on the oscilloscope as shown in
Figure 79 and make sure you set the Test Type configuration option to Hi-Speed Near End
before running the test.

2. Connect the equipment and test fixture as shown in Figure 80.

— Attach the 5V power supply to J5 of the Host Hi-Speed signal quality test fixture (E2649-
66402). Leave the test switch at the off position. Verify the green power LED is lit and
the yellow test LED is not lit.

— Connect the Test Port of the test fixture into the downstream facing port of the DUT,
using the 4 inch USB cable.

— Before connecting the HSEHET Board, put it in the right position by selecting Test_J.
Then connect the board to the Init Port with a 5m cable.

— Attach the single-ended probes on channel 2 to D-, channel 3 to D+ of TP2 on the test
fixture.

Click on the Run Tests button of Automated Test Software on the oscilloscope.

4. The host enumerates the HSEHET board and enters a hi-speed J state (D+ high; D- low).
Switch on the test fixture, this switches the termination on. Verify the yellow TEST LED is lit.
Use a multimeter to measure the DC voltage on the D+/- lines at TP2 with respect to GND,
then record the measurement in the pop out dialog.
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10.

11.

Switch the test fixture to OFF mode.
Press the RESET button on DUT or repower it to reset the system.

Detach the HSEHET board from the Init Port of the test fixture and select Test_K. Then
connect the board to the Init Port again with a 5 meter cable.

The host enumerates the HSEHET board and enters a hi-speed K state (D+ low; D- high).
Switch on the test fixture, this switches on the termination. Verify the yellow TEST LED is lit.
Use a multimeter to measure the DC voltage on the D+/- lines at TP2 with respect to GND,
then record the measurement in the pop out dialog.

Switch the test fixture to off mode.

Remove the HSEHET board from the Init Port of the test fixture and select Test. SEO_NAK.
Then connect the board to the Init Port again with a 5 meter cable.

The host enumerates the HSEHET board and enters the SEQ State (D+ low; D- low). Switch
on the test fixture, this switches on the termination. Verify the yellow test LED is lit. Use a
multimeter to measure the DC voltage on the D+/- lines at TP2 with respect to GND, then
record the measurement in the pop out dialog.

12. When the Testing Complete dialog appears, click on Ok. The Results tab shows the test

results, and the Html Report shows the complete report.

USB Test -- USB Device *

File View Tools Help
Dl 901 |@ %

Task Flow _| SetUp SelectTests IConﬁgure | Connect | Run Tests | Automation | Results | Html Report
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Test Group: Host Test J/K, SEO_NAK

Description: Measures the K and J signal amplitudes.

Figure 79. Host Test_J/K, SEO_NAK Test
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Figure 80. Host Test_J/K, SEO_NAK Test environment

Table 14. Host Drop Test record

Test mode D+ Voltage(mV) D- Voltage(mV) Expected value

360 mV <= D+ <=440 mV
-10mV <=D-<=10 mV
360 mV <= D- <= 440 mV
-10mV <=D+<=10mV
-10 mV <=D+ <=10 mV
-10mV <=D-<=10mV

J 400 4

K 4 400

SEO_NAK 1 1

3.5. i.MX 6 series USB PHY registers and software configurations

USB signal integrity depends on many factors, such as circuit design, PCB layout, stack-up, and
impedance. Each product may be different from one another, so customers need to fine-tune the
parameters in order to obtain the best signal quality.

The test board has routed out two USB Ports: one OTG*, and one host. Each of the ports has several
registers to adjust the signal voltage level and slew rate. See the detailed description of the registers in
the document Configuring USB on i.MX 6 Series (AN4589).

3.5.1.USBPHYx_TXn

The USB PHY Transmitter Control Register handles the transmit controls. Bit fields TXCAL45DP and
TXCAL45DM, D_CAL adjust the output voltage amplitude.

1 The software does not support full feature OTG, this port is usually used as a device or Embedded Host, selected by USB_ID.
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Command samples:

/unit_tests/memtool

/unit_tests/memtool

/unit_tests/memtool

/unit_tests/memtool

1 Remember to connect DUT to the corresponding host/device before adjusting the registers, otherwise the operation might be invalid or

0x20c9010 1
0x20cAQ010 1

// OTG Port Read register data
// Host Port Read register data

//write OTG_PHY_TXl
//write HOST PHY TX

0x20c9010=0x1c060607
0x20cA010=0x1c060607

Table 15. USBPHYXx_TXn register settings

Name USBPHYx_TXn
Description The USB PHY Transmitter Control Register handles the transmit controls.

Bit # 3130|229 |28 |27 |26 |25 |24 |23 |22 |21 |20 |19 |18 | 17 | 16
Reset value 0 0 0 1 0 0 0 0 0 0 0 0 0 1 1 0
|_

— v x o
E Y2 3 .
) n O pd §| < Q (92] 8
Field g w | o o 2|2 <
e (O] (@) =z > < > |
definitions 0 A > | £ N O | <
o w S| 0 14 Z | x O
! 2N VY =4 a
= <'| F =
|_
Bit # 15|14 (13|12 |11 (10| 9 8 6 5 4 3 2 1
Reset value 0 0 0 0 0 1 1 0 0 0 0 1
z
. [a) z
s | 8 |35 B 3 2
efinitions
<
3 | 0|a e 7 ©)
hd Z | &) 24 )
L X
X =
|_
Signal S
Names Description
Bit fields TXCAL45DP and TXCAL45DM enable changing of the resistance of the high-
speed termination. Increasing the termination resistor value will increase the DM/DP
TXCAL45DP | signals level.
Decode to select a 45 ohm resistance to the USB_DP output pin.
Maximum resistance = 0000.
TXCAL45DN Decc_)de to sel_ect a 45 ohm resistance to the USB_DN output pin.
Maximum resistance = 0000.
With this field the current reference for the high-speed driver can be trimmed.
Reducing the resistance will increase the driver current and therefore the amplitude of
the transmitted signal will increase.
D_CAL Resistor Trimming Code:

0000 = 0.16%
0111 = Nominal
1111 = +25%

may cause the system to crash.
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3.5.2.PMU_REG_3P0

This register defines the control and status bits for the internal LDO_USB module, which is powered by
either of the two USB VBUS pins. This regulator supplies only low-speed and full-speed transceivers of
USB PHYs. Therefore it only impacts the voltage level of full-speed and low-speed transmissions, but
not the high-speed.

Command samples:

/unit_tests/memtool 0x20c8120 1 //Read register data
/unit_tests/memtool 0x20c8120=0x00011771 //write LDO_USB 3.2 V
/unit_tests/memtool 0x20c8120=0x00010F71 // write LDO_USB 3.0 V
/unit_tests/memtool 0x20c8120=0x00010071 // write LDO_USB 2.65 V

e
.MX6Q - USB

- BE =
USE OTG_CHD ——X USBE_OTG VBUS
USBE_OTG_VBUS Eg
USB_OTS DN 25 Cx» USBE_OTG_DN -
VODUSE Fo USE_OTG_DP ¢¥y USB_OTG _DP T g
- VDDUSB_CAF :
- 10V
CB2T CE33 =
10UF 2 —n.z2uF GND
8.3V 8.3V
E10 USB_H1_VBUS
USB_H1_DF Fp ¥ USE_HOST_DP
USE_H1_DN kg > USE_HOST_DM
] USB_H1_VBUS
GHD CES51
T DB AT 104G 0.22UF
10V
GND

Figure 81. i.MX 6 USB ports
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Table 16. USBPHYx_TXn register settings

Name PMU_REG_3P0
Descriotion This register defines the control and status bits for the 3.0 V regulator powered by the
P host USB VBUS pins.
Bit # 3113029 |28 |27 |26 | 25|24 |23 |22|21|20|19 |18 | 17 | 16
Reset value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
g
8 ™ ™
o > Q19
Field definitions % >| >|
4 N
5|8
Bit # 15114 |13 |12 |11 10| 9 8 7 6 5 4 3 2 0
Reset value 0 0 0 0 1 1 1 1 0 1 1 1 0 1 0
m
0 9 = 0
2 %) 5 S |9 | x
B - ) % 3 _ m| P
. - 2 |_| o LL S I w |
Field definitions o 5 2 L o [w | 2|
@ o 1< O| 4 3 2 |
e 5 & o] Xl |2 |Q
o) | m =z Ll <
V] w prd
w L
[h4
Signal Names Description
Control bits to adjust the regulator output voltage in 25 mV steps.
Ox1F - 3.4V
OxOF - 3.0V
OUTPUT_TRG 0X00 - 2.625
Note that the chip functionality may be limited and not guaranteed near the extremes
of the programming range.
EEQBLE—UN Control bit to enable the regulator output

3.5.3.USBC_n_PORTSC1

Port control is usually

used for status port reset, suspend, and current connect status. Port control is also
used to initiate test mode or force signaling and allows software to put the PHY into low power suspend

mode and disable the PHY clock.

Command samples:

/unit tests/memtool
/unit tests/memtool
/unit tests/memtool
/unit tests/memtool
/unit tests/memtool
/unit tests/memtool

0x2184184 1 //0OTG Port Read register data
0x2184184=0x18441205 //0TG Port Test packet
0x2184184=0x18411205 //0TG Port J STATE
0x2184184=0x18421205 //0TG Port K STATE
0x2184184=0x18431205 //0TG Port SEO (host) / NAK (device)
0x2184184=0x18401305 //0TG Port Reset
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/unit_tests/memtool
/unit_tests/memtool

/unit_tests/memtool
/unit_tests/memtool
/unit_tests/memtool
/unit_tests/memtool
/unit_tests/memtool
/unit_tests/memtool
/unit_ tests/memtool

/unit_tests/memtool

0x2184184=0x18401285
0x2184184=0x18401245

0x2184384 1

0x2184384=0x18441205
0x2184384=0x18411205
0x2184384=0x18421205
0x2184384=0x18431205
0x2184384=0x18401305
0x2184384=0x18401285
0x2184384=0x18401245

Electrical test procedure and software configuration

//OTG Port Suspend
//OTG Port Resume

//Host
//Host
//Host
//Host
//Host
//Host
//Host
//Host

Port
Port
Port
Port
Port
Port
Port
Port

Read register data
Test packet
J_STATE
K_STATE
SEO (host)
Reset
Suspend

/ NAK (device)

Resume

Table 17. USBC_n_PORTSC1 register settings

Name USBC_n_PORTSC1
This register defines the control and status bits for the 3.0 V regulator powered by the
Description hqst USB VBUS pln . .
It is also used to initiate test mode or force signaling and allows software to put the PHY
into low-power suspend mode and disable the PHY clock.
Bit # 31 (30|29 |28 |27 (26| 25 |24 |23 |22 |21 |20 |19 |18 | 17 | 16
Reset value | 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0
Field oolelz] 2 |[21318|/2|8|8 $)
definitions Eolo|E| 9 |E|E T2 n
o o o o o ; ; ;
Bit # 15114 |13 |12 |11 |10 | 9 8 7 6 5 4 3 2 1 0
Reset value | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Field o a o o % r | O < | O w | Q10
definitions o g & 2 (_{—_)D-(:,))&SBH_JD'BS
Field Description
Port Test Control - Read/Write. Default = 0000 b.
Refer to Port Test Mode for the operational model for using these test modes and
chapter 7 of the USB Specification, for details on each test mode. The
FORCE_ENABLE_FS and FORCE ENABLE_LS are extensions to the test mode
support specified in the EHCI specification. Writing the PTC field to any of the
FORCE_ENABLE_{HS/FS/LS} values will force the port into the connected and enabled
state at the selected speed. Writing the PTC field back to TEST_MODE_DISABLE will
enable the port state machines to progress normally from that point.
NOTE: Low-speed operations are not supported as a peripheral device.
Any value other than zero indicates that the port is operating in test mode.
PTC e
Value Specific Test:
0000 TEST_MODE_DISABLE
0001 J STATE
0010 K_STATE
0011 SEO (host) / NAK (device)
0100 Packet
0101 FORCE_ENABLE_HS
0110 FORCE_ENABLE_FS
0111 FORCE_ENABLE_LS
1000-1111 Reserved
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Field Description

Port Reset - Read/Write or Read Only. Default = 0 b.

In Host Mode: Read/Write. 1=Port is in Reset. 0=Port is not in Reset. Default O.

When software writes a one to this bit the bus-reset sequence as defined in the USB
Specification Revision 2.0 is started. This bit will automatically change to zero after the
reset sequence is complete. This behavior is different from EHCI where the host
controller driver is required to set this bit to a zero after the reset duration is timed in the
driver. In Device Mode: This bit is a read only status bit. Device reset from the USB bus
is also indicated in the USBSTS register.

Suspend - Read/Write or Read Only. Default = 0 b.

1=Port in suspend state. 0=Port not in suspend state.

In Host Mode: Read/Write.

Port Enabled Bit and Suspend bit of this register define the port states as follows:

Bits [Port Enabled, Suspend] Port State

Ox Disable

10 Enable

11 Suspend

SUSP When in suspend state, downstream propagation of data is blocked on this port, except
for port reset. The blocking occurs at the end of the current transaction if a transaction
was in progress when this bit was written to 1. In the suspend state, the port is sensitive
to resume detection. Note that the bit status does not change until the port is
suspended and that there may be a delay in suspending a port if there is a transaction
currently in progress on the host controller will unconditionally set this bit to zero when
software sets the Force Port Resume bit to zero. The host controller ignores a write of
zero to this bit. If host software sets this bit to a one when the port is not enabled (that
is, Port enabled bit is a zero) the results are undefined.

PR

Force Port Resume -Read/Write. 1= Resume detected/driven on port. 0=No resume (K-
state) detected/driven on port. Default = 0.

In Host Mode.

Software sets this bit to one to drive resume signaling. The Host Controller sets this bit
to one if a J-to-K transition is detected while the port is in the Suspend state. When this
bit transitions to a one because a J to K transition is detected, the Port Change Detect
bit in the USBSTS register is also set to one. This bit will automatically change to zero
after the resume sequence is complete. This behavior is different from EHCI where the
FPR host controller driver is required to set this bit to a zero after the resume duration is
timed in the driver.

In Device mode.

After the device has been in Suspend State for 5 ms or more, software must set this bit
to one to drive resume signaling before clearing. The Device Controller will set this bit to
one if a J-to-K transition is detected while the port is in the Suspend state. The bit will
be cleared when the device returns to normal operation. Also, when this bit will be
cleared because a K-to-J transition detected, the Port Change Detect bit in the USBSTS
register is also set to one.

3.5.4.0ther useful commands and scripts
Command samples:

echo mem > /sys/power/state // Let the system enter suspend (standby) mode

echo enabled > /sys/class/tty/ttymxc0O/power/wakeup // Set Console as the
system wakeup source

for 1 in $(find /sys -name wakeup | grep usb);do echo enabled > $i;echo "echo
enabled > $1i";done; // USB remote wakeup (as system wakeup source) 1is not
enabled by default, user can enable this feature by using this script, after
plugging in the USB device.
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4. Device Framework Test

4.1. Introduction of Device Framework Test

When testing a USB device or hub you must test the USBCV (Command Verifier). It will automatically
test the device framework and the descriptor. All USB 2.0 peripherals seeking certification are required
to demonstrate enumeration on the USB 3.0 PDK. Both USB20CV and USB30CYV tests are required.
These test tools are available on the USB website at, http://www.usb.org/developers/tools/. Read the
installation guide carefully before you start testing.

For hi-speed peripherals, the Chapter 9 tests must be executed twice, once in full-speed mode and once
in hi-speed mode. It is not necessary to run HID, Mass-Storage (MSC), and Video Class (UVC) at both
speeds.

Download the Company List at http://www.usb.org/developers/tools/comp_dump and save as usb.if in
the same directory where USBCYV is installed. You can find the company ID from this list. Remember
this list changes very regularly, ensure you get the newest version when you use the tools.
Test items:

e USBCV Chapter 9

e USBCV Class Test

e USBCV Current Measurement Test

4.2. USBCV Chapter 9 Test

The Chapter 9 tests cover the device support of the commands set for the in Chapter 9 of the USB
specification.

To see the detailed description of test items, see the following documents:
Universal Serial Bus Revision 2.0 USB Command Verifier Compliance Test Specification
Universal Serial Bus Revision 3.1 USB Command Verifier Compliance Test Specification
Test Items:
e TD 9.1: Device Descriptor Test
e TD 9.2: Configuration Descriptor Test
e TD 9.3: Interface Association Descriptor Test
e TD 9.4: Interface Descriptor Test
e TD 9.5: Endpoint Descriptor Test
e TD 9.7: BOS Descriptor Test
e TD 9.9: Halt Endpoint Test
e TD 9.12: Remote Wakeup Test
e TD 9.13: Set Configuration Test
e TD 9.14: Suspend/Resume Test
e TD 9.16: Enumeration Test
e TD 9.17: Other Speed Configuration Descriptor Test
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TD 9.18: Device Qualifier Descriptor Test
TD 9.21: LPM L 1 Suspend Resume Test

Test instructions:

1.

Install USB20CV on the test bed computer with USB2.0 ports, and USB30CV on the test bed
Computer with USB3.0 ports.

Connect the downstream port of a HS hub to DUT, and the upstream port to the test bed
computer. Ensure that the gold-tree* HS hub is used.

Run USB20CV? on your computer. Select Chapter 9 Tests, and then click the Run button to
launch the tests.

Select the DUT device in the list, click on Ok as shown in Figure 82.

5. After Chapter 9 tests are finished, the USB20CV pop out window shows which other tests need

1

to be done, as shown in Figure 83. The i.MX 6 series acts as a mass storage in Device Mode. If
the pop-out box prompts you to do more tests than just the MSC you must check the
configuration of the supported device class.

Click the Launch Report Viewer to view the test report. From the basic Chapter 9 Tests you
can get VID, PID, and other information about the DUT. The VID must be your company
VID. The MSC Serial number characters must be 0-9 or A-F in ASCII 0x0030-0x0039 or
0x0041-0x0046. For self-powered devices ensure that the device is currently self powered?,
for bus-powered devices, verify that the device is currently bus powered.

Change the HS hub to a gold-tree FS Hub, then run the test again in full-speed mode.

Run USB30CV on your computer and perform the Chapter 9 Tests again both in high-speed
and full-speed modes.

See gold-tree devices list in Table 19.

2 When you run USBCYV it will replace the standard Microsoft EHCI host driver with its own test stack driver. Therefore all standard
peripherals on your computer such as mouse and u-disk are invalid at this moment.

3 The i.MX 6 series acts as a self-powered device in device mode.
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T A ———— T

~Select Test Mode
& Compliance Test ™ Prompt for Test Parameters Test log initidized.
€ Debug Log Level: Normal s
. User Input module initialized
\Windows 7 Enterprise (Build 7601. 18717.x86fre.win7sp1_gdr. 150113-1808)
Select Test Suite Service Pack 1.0

CVExe.exe ver 1.5.0.0
CommandVerifierLog.dll ver 1.5.0.0
TSMFCGuiDialogHelperDLL.dll ver 1.5.0.0

Current Measurement Test
Device Summary

il Testutiities.dl ver 1.5.0.0
MSC Tests TestSuiteEngine.dll ver 1.5.0.0
T Trrbn ¥ |EhcDevIOCTL.dll ver 1.4.14.0
EhciTestServices.dll ver 1.4.14.0
o e it
StackSwitcher.dll ver 1.4.5.1
USBCommandVerifier.dil ver 1.4.14.0
o [ TestNotRun | [[Action Nat Run |
Select Tes|
[Vl Chapter § Tests
- [V] For each configuration:

. [¥] Device Descriptor Test - Configured State
Device Descriptor Test - Addressed State
Interface Association Descriptor Test
SOSDEKIPIL TR Akt s SC/BOT] addi=2. VID=15a2 PID=007b
Config Descriptor Test - Configured State FS Device addi=3: VID=413c, PID=8187

Config Descriptor Test - Addressed State FS Device addi=4: VID=0a5c, PID=5801

Interface Descriptor Test HS Hub addi=1: VID=8087, PID=0020

Endpoint Descriptor Test - Configured State
Endpoint Descriptor Test - Addressed State
Halt Endpoint Test

Set Configuration Test

Suspend/Resume Test

Remote Wakeup Test - Enabled

Remote Wakeup Test - Disabled

For each other speed configuration:

Other Speed Config Descriptor Test - Addressed State

Other Speed Interface Descriptor Test - Addressed State Ad

Optional Test Description I
Abort ‘ Launch Report Viewer | Gota Reports Directory l Update Display | Exit |

Figure 82. Select USB20CV Chapter 9 Tests
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" US8 20 Command Verites - Rnning. Diplay Ofher Tests To Run S S
- — — - _
—Select Test Mode
| % Compliance Test ™ Prompt For Test Parameters i
T [ Now Starting Test: Endpoint Descriptor Test (Configuration Index 0
d OtherspeedConfiguration Index @)

Start time: Wed Dec 03 14:59:01 2014

Select Test Suite
s Testing Interface number : 0 Alternate setting : 0

Endpoint descriptor length : 7
gg;zsgtstﬂi.:f:::ment Test E| Endpoint descriptor type : 5
HID T Endpoint Type : Bulk, Mumber : 1, Direction : IN

ests . N -

Hub Tests Endpoint descriptor bmAttributes : 2
MSC Tests Endpoint descriptor raw MaxPacketSize : 200
AT Tantn ~  |Endpoint descriptor interval : 0

Endpoint descriptor length : 7

——— —_—————— ~
USE 2.0/eHCI Command Verifier =~ & =0 T
Test Mot Bun . .
Select Test Flease wn MSC Tests on this device
[v] Chapter 5 Tests
- [w] For each configuration:

(Configuration Index 0

(Ings (0) ]

oK | Te\at 150 times)

Device speed is Fall

Beginning enumeration test with 150 enumerations. This may take several
minutes to complete.

- .«.v 25 enumerations
. 50 enumerations
. 75 enumerations
. 100 enumerations
. 125 enumerations
.. 150 enumerations

- [w] For each other speed configuration:

Enumerated 150 iterations.
(Current Host: PCI bus 0, device 29, function 0
Mumber of ports: 3

Optional Test Description I -

Abort | Launch Report Yiewer | Goto Reports Direckory | Update Display | Exit

Figure 83. Prompt box after USB20CV Chapter 9 Tests
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& USB 3 Gen X Command Verifier -4 - | = |@| X
~Select Test Mode
® Compliance Test [ Prompt for Test Parameters Validating "Chapter 9 Tests [USB 2 devices].cvtests” with MSXML Version 6...
€ Debug Validation succeeded!

Select Test Suite

Billboard Tests [xHCI] (beta s
Chapter 9 Tests [USB 2 devices'

Chapter 9 Tests [USB 3 Gen X devices]

Current Measurement Test [USB 2 devices]
Current Measurement Test [USB 3 Gen X devices]

Device Summary 2l
HIN Tacte

Test Faled

Select Test

[w] Chapter 9 Tests - USB 2 ~
~[¥] Chapter 9 Tests
[V For Each Configuration:
[w| Default State
--[¥]TD 9.1: Device Descriptor Test
TD 9.2: Configuration Descriptor Test
TD 9.3 Interface Association Descriptor Test
TD 9.4: Interface Descriptor Test
TD 9.5: Endpoint Descriptor Test
TD 9.7: BOS Descriptor Test
dressed State
TD 9.1: Device Descriptor Test
TD 9.2: Configuration Descriptor Test
TD 9.3 Interface Association Descriptor Test
TD 9.4: Interface Descriptor Test
TD 9.5: Endpoint Descriptor Test
¥ |TD 9.7: BOS Descriptor Test
~[w] Configured State
[¥]TD 9.1: Device Descriptor Test 4
«| i} »

EYESESES(RIIES

H .
Z

S|=IE[=l=]=]

Optional Test Description I

Run | Launch Report Viewer | Goto Reports Directory | Update Display | Exit

Figure 84. Select USB30CV Chapter 9 Tests
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& USB 3 Gen X Command Verifier - Running: Display Other Tests To Run ‘ = | B =
[ Select Test Mode
@ Compliance Test [ Prompt for Test Parameters Test log initialized.

Log Level: Normal
" Debug User Input module initialized
\Windows 7 Ultimate (Build 7601.18798.amd64fre.win7spl_gdr.150316-1654)
Select Test Suite Service Pack 1.0

Billboard Tests [xHCI] (beta

Chapter 9 Tests [USB 3 Gen X devices]

Current Measurement Test [USB 2 devices]
Current Measurement Test [USB 3 Gen X devices]
Device Summary

m | »

CVExe.exe ver 1.5.0.0
CommandVerifierLog.dll ver 1.5.0.0
TSMFCGuiDialogHelperDLL.dIl ver 1.5.0.0
TestUtilities.dll ver 1.5.0.0
TestSuiteEngine.dll ver 1.5.0.0
xhci_DevIOCTL.dll ver 2.0.0.2

[m]»

1

HIN Tacte h .
xhci_TestServices.dll ver 2.0.0.2
- T — | &
= USB Command Verifier (xHCI - USB 3.0) -
[ TestFaied | — —
Sl T Please run MSC Tests on this device
elect Tes
[ ] Chapter © Tests - USB 2 D=0x9c31 (PCI ;20 220 % 0)
[¥] Chapter 9 Tests Mf=1: VID=15a2, PID=007b
[¢]For Each Configuration:
~|v| Default State
[l
vl
]
ZI _ tor Test (Confie 7 =
iguration Index 0)
Addressed State K
[l
- Device descriptor length : 0x12
]
Z| Device descriptor type : 0x1
Major version : 0x2
ZI Minor version : 0x0
-] Fach interface specifies its own device class type
Configured State Device sub class : 0x0
-] ~ | Device protocol : 0x0
< > Device MaxPacketSize0 : 0x40

Could not open file 'ush.if'.

Failed to get vendor information for VendorID : Ox15A2
Device ProductD : 0x7B

Device BCD : 0x310

ENGLISH_US language string descriptor is : Linux 3.10.53-02632-g8eb5fhd
with 2184000.usb
Optional Test Description I ENGLISH_US language string descriptor is : Mass Storage Gadget-g8eb5fbd  ~

Abort | Launch Report Wiewer | Goto Reparts Directory | Update Display | Exit

Figure 85. Prompt box after USB30CV Chapter 9 Tests

Upstream
Dgta Port -4—® Function Controller o~ Function

Upstream Veus _ -

1 unit load (max)

Local Power _._i Regulator
|

Supply

Figure 86. Self-powered function
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Appropriate class tests' (HID, HUB, MSC, UVC, PHDC) should be done according to the prompt of

Chapter 9 tests, as shown in Figure 83.
See the following documents for a detailed description of test items:

Universal Serial Bus Revision 2.0 USB Command Verifier Compliance Test Specification

Universal Serial Bus Mass Storage Class Compliance Test Specification.

4.3.1.MSC Test

All devices that report a mass storage class interface will be required to pass this test in order to receive
logo certification. The tests described will be run on all interfaces that report themselves as MSC.

Test items:
e TD1.1:
e TD1.2:
e TD1.3:
e TD1.3:
e TDL15:
e TDL16:
e TDL1.7:
e TDL1S8:
e TD1.09:

e TD1.10:
e TD1.11:
e TD1.12:
e TD1.13:
e TD1.14:
e TD1.15:
e TD1l.16:
e TD1.17:
e TD1.18:
e TD1.19:
e TD1.19:

1

Interface Descriptor Test
Serial Number Test
Class-Specific Request Test
Error Recovery Test

Case 1 Test
Case 2 Test
Case 3 Test
Case 4 Test
Case 5 Test
Case 6 Test
Case 7 Test
Case 8 Test
Case 9 Test
Case 10 Test
Case 11 Test
Case 12 Test
Case 13 Test

Power-Up Test
CB Length Test
CB Length Test
e TD 2.1: Required Commands Test
e TD 2.2: Optional Commands Test
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Test instructions:

1. Connect the downstream port of a HS hub to the DUT, and connect the upstream port of the
HS hub to the test bed computer. Ensure that the gold-tree HS hub is used.

2. Run USB20CV on your computer, select MSC Tests, and then click the Run button to launch
the tests.

3. Select the DUT device in the list and click on Ok as shown in Figure 87.

4. During the test, a pop-out dialog will ask you to disconnect and power off DUT, and then
repower DUT, as shown in Figure 88.

5. After the test is completed, click on Launch Report Viewer to view the test report.

6. Change the HS hub to a gold-tree FS hub, then run the test again in full-speed mode®.

7. Run USB30CV on your computer, do the MSC Tests again.

& USB 2.0 Command Verifier - Running: InitializeTestSuite I=rEs
-Select Test Mode
¢ Compliance Test I~ Prompt For Test Parameters rectlog sabaized.
o Log Level: Normal
SR User Input module initialized

\Windows 7 Enterprise (Build 7601, 18717.x86fre.win7sp1_gdr. 150113-1808)
Select Test Suite Service Pack 1.0

Chapter 9 Tests
Current Measurement Test
Device Summary ‘

*  |cvExe.exe ver 1.5.0.0

= ‘ CommandVerifierLog.dll ver 1.5.0.0

| |TSMFCGuiDialogHelperDLL.dll ver 1.5.0.0
TestUtilities.dll ver 1.5.0.0
TestSuiteEngine.dll ver 1.5.0.0
EhciDevIOCTL.dll ver 1.4.14.0
EhcTestServices.dll ver 1.4.14.0

0
Select Test
[VIMSC Tests jon 0
- [¥] For each Configuration:
[P 1s this an MSC Configuration

.. W] If this Configuration is MSC

- [¥] Serial Number Test - Device Addre:
Serial Number Test - Device Configur
Interface Descriptor Test - Device A
Interface Descriptor Test - Device C:
Class Request Test - Device Configur:
Error Recovery Test - Device Config
- [¥]Case 1 -Device Configured
- [¥] Case 2 -Device Configured
- [¥]Case 3 - Device Configured
--[¥]Case 4 -Device Configured
- [¥] Case 5 -Device Configured
- [] Case 6 - Device Configured
- [V] Case 7 -Device Configured
- [v] Case 8 - Device Configured
--[v¥] Case 9 -Device Configured i

Optional Test Description |

Abort I

e | Gota i'w:r“l Update Display | Exit |

Figure 87. USB20CV MSC Tests

1 It is only necessary to run these tests once, at either high-speed or full-speed, as described in the explanation in USB-IF
Compliance Updates.
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& USB 2.0 Command Verifier - Running: Power-Up Test - Device Configured

[~ Select Test Mode
lofte Test

I~ Prompt for Test Parameters |-—-- CBW CDB-06 = 0x0 I
|-——- CBW CDB-07 = 0x0

|---— CBW CDB-08 = 0x40
|- CBW CDB-09 = 0x0
Issuing CSW : try 1
CSW residue returned = 0x0

CSW status returned = 0x0

Issuing Command Set Test for Op Code 0x2f, Test Variation #5

| 'Chapter 9 Tests
Current Measurement Test

o »

o
I
el
i
w
1
3
=
o
<

: Issuing CBW (attempt #1):
HDTess |—— CBW LUN =0x0
|---— CBW Flags =0x0
| |----- CBW Data Transfer Length = 0x0

= 0xa

|- CBW CDB Length

l
Coestpessed ] [ - g
g |0 20 command Verre S

Test Not Run

Select Test
[V MSC Tests

Disconnect and power off MSC device, then click OK. To
abort this test, click ABORT

MSC ration
- [W] If this Configuration is MSC

15

Duration: 2 seconds.
Stopping Test [ USB Mass ge Required C d Test (Configuration
Index 0):

Number of: Fails (0); Aborts (0); Warnings (0) ]

~ |Now Starting Test: USB Mass Storage Power Up Test (Configuration Index

0,
Start time: Mon Jun 08 09:56:45 2015

[
Optional Test Description | <

Abort | Launch Report Viewer I Goto Reports Directory | Update Display I Exit

Figure 88. USBCV MSC Tests_Repower device

4.3.2.HID Test

All devices which report a Human Interface Device (HID) interface will be required to pass this test in
order to receive logo certification. The tests described in this section shall be run on all interfaces that
report themselves as HID.

Test items:

HID Descriptor Test

HID Get/Set Idle Test

HID Get/Set Protocol Test

HID Report Descriptor Test
HID Specification Version Test

Test instructions:

1.

Connect the downstream port of a HS hub to the DUT, and the upstream port of a HS hub to
the test bed computer, ensure that the gold-tree HS Hub is used.

Run USB20CV on your computer, select HID Tests, and then click the Run button to launch
the tests.
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Select the DUT device in the list and click on Ok as shown in Figure 89.

After the test is completed click on the Launch Report Viewer to view the test report.

Run USB30CV on your computer, do the HID Tests again.

3
4
5. Change the HS hub to a gold-tree FS Hub, then run the test again in full-speed mode’.
6

USE 2 Command Verifier - Running: InitializeTestSuite

Select Test Mode
= r

~

Select Test Suite

Test log initialized.

Log Level: Normal

User Input module initialized

Windows 7 Enterprise (Build 7501, 18717.x86fre.win7sp1_gdr. 150113-1808)
Service Pack 1.0

Chapter 9 Tests
Current Measurement Test
Device Summary

Hub Tests

CVExe.exe ver 1.5.0.0

=| |CommandverifierLog.dll ver 1.5.0.0
TSMFCGuiDialogHelperDLL.dll ver 1.5.0.0
TestUtilities.dll ver 1.5.0.0
TestSuiteEngine. dll ver 1.5.0.0

T |EhcDevIOCTL.dll ver 1.4,15.0
EhaTestServices.dll ver 1.4,15.0
UISBUtlities dll ver 1.4.5.0
StackSwitcher.dll ver 1.4.5.1
USBCommandverifier.dll ver 1.4.15.0
TParse.dll ver 1.4.5.0

HIDTests.dl ver 1.4.15.0

MSC Tests
AT Tt
Test Passed Action Fun
T est Failed
O D, [ TestNotRun | [[Action Mot Bur |
elect Tes
HID Tests

Which Spec Compliant

v| For each Configuration:

¥] For each Configurati

v ass Descriptor Tes

'w| HID Class Descriptor Test

Protocol Test

[w] Idle Test

| Report Descriptor Tes

v R t D iptor Test

[+] Group

v| Other Speed - Which Spec Complian

| Other Speed - Which 5 C liant

For each Other Speed Configuration:

- [w] For each Configuration

Other Speed: Descriptor Test - Device Configured
i [#] Other Speed: Descriptor Test - Device Addressed

Current Host: PCI bus 0, device 29, function 0
Mumber of ports: 3
Host selected: PCI bus 0, device 29, function 0

U3E 2.0/eHCI Command Verifier

Please select device ta test

HS Device [HID] addr=2 %ID=15a2, PID=008c

Optional Test Description |

Abart | |

| Update Display |

Figure 89. USB20CV HID Tests

4.4, USBCV current measurement test

In order to measure the power distribution of a USB device, the average current is measured during
unconfigured, configured, active, and suspend states with a digital multimeter and fixture to measure
the VBUS current. The circumstances for measuring the average current are dependent on the speed of
the device and the power mode the device is in (for instance whether they are self-powered or bus-

powered).

For a hi-speed device the average current is measured in hi-speed and full-speed mode. All hi-speed
measurements are performed by connecting the DUT after one self-powered hi-speed hub. A full-speed

! It is only necessary to run these tests once, at either high-speed or full-speed, as described in the explanation in USB-IF Compliance

Updates.
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self-powered hub is connected to the first hi-speed hub in order to force a hi-speed DUT to enter its full-
speed mode.
A device should also be measured using the supported power mode in the following circumstances:

e When a device is only capable of operating in self-powered mode, all measurements are
performed in self-powered mode. This means that the device is unable to enumerate without
being connected to an external power supply.

e When a device is capable of operating in bus-powered mode all measurements are performed in
bus-powered mode even when the device claims to be self-powered (in its device descriptor).

e When a device has battery-charging capabilities over USB, the power measurements are
performed in worst case scenario. This is most likely when the product has a dead battery.

Test items:
e Unconfigured current
e Configured current
e Active current

e Suspend current
Table 18. USBCV current requirements

Device State Measurement Current Requirement Device Feature
Unconfigured 0.17 mA <=100 mA All peripheral devices
— <=bMaxPower'<=100 mA Low-power bus-powered device
Configured 0.17 mA <=bMaxPower<=100 mA Self-powered device’
— <=bMaxPower<=500 mA High-power bus-powered device
— <=100 mA Low-power bus-powered device
Active — <=500 mA High-power bus-powered device
0.17 mA <=100 mA Self-powered device
Suspend — <0.5mA Remote wakeup unsupported device
0.17 mA <2.5mA Remote wakeup supported device
Powered state 0.17 mA <2.5mA Battery charging not supported device
suspend — <100 mA Battery charging supported device

4.4.1.Unconfigured/Configured Current Test

The USB 2.0 DUT is set to unconfigured/configured state by using the tool USB20CV. For a USB 3.0
device the unconfigured/configured state can be forced by using USB30CV.

1 bMaxPower is defined as the maximum power consumption of the USB device from the bus in this specific configuration when the
device is fully operational, expressed in 2 mA units.

2 i.MX 6 series acts as a self-powered device in device mode.
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Test instructions:

1.

Connect the downstream port of a HS hub to a DUT, and the upstream port of a HS hub to the
test bed computer, as shown in Figure 90, ensure that the gold-tree HS hub is used.

Insert a multimeter in series of the VBUS line, ensure that the connection is for current test,
and the switch is in the correct range.

Run USB20CV on your computer, select the Current Measurement Test, and then click the
Run button to launch the tests.

Select the DUT in the list, click on Ok.

A pop-out dialog will ask you to measure the unconfigured current, as shown in Figure 91.
After recording the maximum current value, click on Ok.

Another pop-out dialog will ask you to measure the configured current, as shown in Figure
92.

Record the maximum current value, then click on Ok to finish the test.

Motherboard
UHCI Hub HS1 : Hub FS1 :

'
o0
Digital

Avg Currm_]t Multimeter
Draw Test Jig
Ul Meter
Cable

Figure 90. Current measurement environment
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& USB 2.0 Command Verifier: & & &

—Select Test Mode
% Compliance Test I™ Prompt for Test Parameters Test log initialized.
i User Input module initialized
Debug Windows 7 (Build 7601)
Service Pack 1.0
Select Test Suite
CVExe.exe ver 1.4.7.0
Chapter 9 Tests *  |commandverifierLog.dll ver 1.4.8.0
. TSMFCGuiDialogHelperDLL.dll ver 1.4.7.0
aleg'?;ssm"'mma” E| Testltilities. dll ver 1.4.7.0
Hub Tests TestSuiteEngine. dll ver 1.4.7.0
MEC Tests EhcDevIOCTL.dil ver 1.4.10.2
p—— *  |EhdTestServices.dll ver 1.4.10.2
UsBUtilities. dll ver 1.4.5.0
iy e | S
USBCommandverifier.dll ver 1.4.10.2
Test Mot Fun | # Pt = e =
P = (7 B
[v] Current Measurement Test _— °
Selective Enumeration HAEEULD

Display Check Unconfigured Current | @ Measure Unconfigured Current now. Hit OK to proceed
For each Configuration:
Configuration Descriptor Test - Devie
Configured Current

| B device to Unconfigured state

Optional Test Description I

Abort | Launch Repart Yiewer Goka Reparts Direckary | Update Display | Exit |

Figure 91. USB20CV Unconfigured Current Measurement Test
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# USB 2.0 Command Verifier - Running: Configured Current == S
Select Test Mode
(= r~ EhciTestServices.dll ver 1.4.10.2 -
. UsBUtilities.dll ver 1.4.5.0
StackSwitcher.dll ver 1.4.5.1
USBCommandverifier.dll ver 1.4.10.2
Select Test Suite _ _
Chapter @ Tests . [CurrentHost: PCI bus 0, device 29, function 0
Mumber of ports: 2
. =| |Host selected: PCI bus 0, device 29, function 0
Device Summary = - _ - _
HID Tests - - = =pa5c, PID=5800
Hub Tests USE 2.0/eHCI Command Verifier
MSC Tests
T T i
Meazure Configured Current for configuration [0] now. W alidate with e device to Unconfigured state
Test Passed Makimum_ Current \{alue reported in Config Descriptor shown in the
TESREE digplay window. Hit 0K to proceed
Test Mot Fun
Select Test
Current Measurement Test evice to Unconfigured state:
Selective Enumeration fgs (0) ]
Display Check Unconfigured Current Messgl| =
For each Configuration:
: ( ] Test (Configuration Index 0)
i [w] Configured Current l

Invalid configuration value : 0
(1.1.2) Devices must support being set to Addressed/Configured state.
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Figure 92. USB20CV Configured Current Measurement Test

4.4.2. Active Current Test

The USB 2.0 DUT is operating correctly and during operation, the device current is measured in worst-

case power consumption mode. The active current must remain below the value defined in the
bMaxPower field of the descriptor.

Test instructions:

1. Connect the downstream port of a HS hub to the DUT, and the upstream port of a HS hub to
the test bed computer, ensure that the gold-tree HS Hub is used.

2. Insert a multimeter in series of the VBUS line. Ensure the connection is for the current test and
the switch is in the correct range.

3. Operating the DUT: copy a file from your computer to the DUT which is enumerated as a

MSC Device. After the copy is completed, recopy the file to your computer, then copy another
file from your computer to the DUT.

4. Record the maximum current value during the bi-direction copying period.

4.4.3.Suspend Current Test

The USB 2.0 DUT is suspended after being correctly enumerated by the host system. If the device
supports remote wakeup this feature must be enabled during measurement.
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Test Instructions:

1. Connect the downstream port of a HS hub to the DUT, and the upstream port of a HS hub to
the test bed computer, ensure that the gold-tree HS hub is used.

2. Insert a multimeter in series of the VBUS line. Ensure the connection is for the current test, and
the switch is in the correct range.

3. After the DUT is enumerated as a MSC device, by entering the following command in the
Linux console you can force the DUT into suspend mode: echo mem > /sys/power/state.

4. Record the maximum current value.

4.4.4.Suspend current powered state

Peripherals are required to support the suspend state whenever VBUS is powered on, even if the bus
reset has not occurred.

NOTE

This measurement is not the regular suspend current measurement as
described above in section 4.4.3.

Test Instructions:

1. Connect the downstream port of a HS hub to the DUT, and the upstream port of a HS hub to
the test bed computer, as shown in Figure 90. Ensure that the gold-tree HS Hub is used.

2. Insert a Multimeter in series of the VBUS line. Ensure the connection is for the current test,
and the switch is in the correct range.

3. Run USB20CV on your computer. Select the Current Measurement Test, and then click on
the Run button to launch the tests.

4. Select the DUT in the list, click on OK.

5. After the unconfigured and configured state are completed, do not switch off the USBCV. You
must detach and reattach the DUT and then measure the current.

6. Record the maximum current value, then click on OK to finish the test.
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Figure 93. Powered suspend state

5.Interoperability Tests

5.1. Device Interoperability Test

The Device Interoperability test evaluates the device’s ability to interoperate with the host system and
coexist with other USB devices. The test also provides some insight into usability issues of the device
and associated software. See the detailed description of the Embedded Host Interoperability Test and
also see the Interoperability section of the Gold Suite Summary Test Procedure V1.35 Draft.

Interoperability makes use of an arrangement of USB peripherals known as the Gold Tree. The Gold
Tree consists of these characteristics:
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e Provides isochronous, bulk, interrupt, and control traffic
e Tests the device behind 5 levels of nested hubs, the maximum allowed
e Tests the device up to 30 meters from the host, the maximum allowed
e Contains a high-speed branch and full-speed speed branch
e EHCI, UHCI and OHCI controllers available for testing
The Gold Tree is to consist of USB-IF certified consumer devices that are widely available in the

market. If a specific gold tree device cannot be obtained it may be substituted with a similar certified
device.

Table 19. Gold Tree device list

Item Class Description Example Product Qty
USB host Multicore processor
system — certified USB EHCI with integrated UHCI DELL XPS8700 (example) 1
y certified USB xHCI
. PCI host adapter using certified USB Adaptec, model AUA 4000 PCI
EHCI/ OHCI EHCI with integrated OHCI adapter 1
XHCI PCI host adapter using certified USB
(SuperSpeed — P 9 USB-IF SuperSpeed PDK 1
XHCI
host adapter)
HS hub Hub Hi-speed hub. Minimum of 4 exposed Belkin E5U233 6
(Self-powered) downstream ports
FS hub Hub zg\lll\;:gt?ggr:u%rtgl(ﬂglur?oogs aexposed Targus Numeric Keypad with 2-port 1
(bus-powered) PO y Hub, model PAUK10U
compound device)
USB mouse HID Low-speed using interrupt transport Microsoft basic optical mouse 1
HS Mass . . Memorex TravelDrive model
Storage MSC | High-speed using bulk transport 32509051 2
. N Logitech QuickCam Ultra Vision P/N:
PC Camera UVC | High-speed using isochronous transport 961471-0403 1
Average current o Fixture to measure current consumed http://www.usb.org/developers/adapt 1
draw test jig from VBus ers/
One meter (or Any listed on USB-IF Cables and
shorter) USB — : — 1
Connectors Integrators List
cable
45 metgr USB Any listed on USB-IF Cables and
cable with mini — ; — 1
Connectors Integrators List
B-plug
2 meter'USB. Any listed on USB-IF Cables and
cable with micro " | Connectors Integrators List o !
USB B-plug 9
5 meter USB Any listed on USB-IF Cables and
— ; — 8
cables Connectors Integrators List
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Test items:

Enumeration and driver installation
Operation with default drivers
Interoperability

Hot detach and reattach

Warm boot

Remote wake-up test*

S3 Active Suspend Test

S3 Active Suspend Resume Test
Root Port Test

S4 Active Hibernate Test

S4 Active Hibernate Resume Test
Topology change UHCI?
Topology change OHCI?
Topology change XHCI

Test report:

Table 20. Device interoperability test report

Num Test Item Result

1 Enumeration and driver installation Pass
2 Operation with default drivers Pass
3 Interoperability Pass
4 Hot detach and reattach Pass
5 Warm boot Pass
6 Remote Wake-Up Test —

7 S3 Active Suspend Test Pass
8 S3 Active Suspend Resume Test Pass
9 Root Port Test Pass
10 S4 Active Hibernate Test Pass
11 S4 Active Hibernate Resume Test Pass
12 | Topology change UHCI Pass
13 | Topology change OHCI Pass
14 | Topology change XHCI Pass

1If the DUT supports remote wake-up, enable it to wake up the system. If the DUT does not support remote wake-up, this test does not
need to be performed. i.MX 6 series is enumerated as a MSC Device, so it does not support remote wake-up.

2The Interoperability Test on OHCI or UHCI is for information purposes only and is not required for the purposes of certification.
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Interoperability Tests

Enumeration and driver installation

Test instructions:

1.

a > N

Construct a tree of USB devices as shown in Figure 94. Attach the Hub HS1 to a root port on
the EHCI motherboard. Attach the gold tree, via hub HS2, to hub HS1.

Plug the DUT into the open port on the multi-TT hub HS5.
Do NOT install any drivers or software prior to attaching the device.
Use a 5 meter cable if the device does not have a captive cable.

If the OS does not possess a native driver, follow OS instructions to install the driver. If the
driver still does not load install the software as directed by the software vendor.

If the driver loads, PASS with waiver and recommend the driver load via .INF file.

If reboot is requested or required as a result of driver (or application) installation, PASS with
waiver and recommend removing reboot requirement.

Check if DUT and other devices are enumerated.
Pass is considered when all following items are complete:

— The DUT enumerates behind HS5 using a 5 meter cable or its own captive cable.

— The driver installs with an .INF file (provided on a disk or a CD) or is enumerated
automatically by the system (class driver).

— The DUT does not require a reboot.

— The DUT is correctly identified by Device Manager and no yellow exclamation point is
shown for any device.

10. Fail is considered when any of the following items occur:

— The DUT cannot be installed because it requires driver installation or application
software before DUT is ever plugged in.

— The DUT does not enumerate below hub #5.
— The driver blue screens during enumeration.
— The DUT requires reboot.

— The DUT is incorrectly identified by the device manager or a device is flagged as not
operational (yellow exclamation point).
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Figure 94. Interoperability Test environment

5.1.2.Operation with default drivers
Test instructions:

1. The DUT demonstrates correct operation using the default driver connected to hub #5 with the
5 meter cable (if cable is not captive).

Check if the DUT and other devices are enumerated.
Pass is considered when the following is complete:
— The DUT operates as expected with the 5 meter cable (if cable is not captive).
4. Fail is considered when any of the following items occur:

— The DUT cannot be installed because it requires driver installation or application
software before DUT is plugged in.

— The DUT fails to operate.
— The device/application blue screens or crashes system.
— The device fails to operate as expected below Hub #5.
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5.1.3.Interoperability
Test instructions:

1. Operate all the devices in Gold Tree. Verify that the DUT functions correctly while all other
devices are operating concurrently.

— Operate the device under test.

— View live video from the Veo camera.

— Transfer a large file between the Maxtor drive and the JumpDrive Pro.

— Strike keys on the Logitech keyboard.

— Disconnect and reconnect the Logitech mouse in the same port on Hub FS3.
— Move the Logitech Mouse to ensure that it still works.

2. Pass is considered when all of the following items are complete:
— The DUT operates as expected.
— All Gold Tree devices operate well.

3. Fail is considered when any of the following items occur:
— The DUT fails to operate as expected.
— One or more Gold Tree devices fail to operate.

5.1.4.Hot detach and reattach
Test instructions:
1. You MUST stop the DUT operation.
2. Detach and reattach the DUT to same hub port.
3. Test functionality of the DUT only.
4. Pass is considered when all of the following items are completed:
— The DUT operates as expected.
5. Fail is considered when any of the following items occur:
— The DUT fails to operate as expected.

5.1.5.Warm boot
Test instructions:
1. You MUST stop operation of all devices.
2. Restart the computer.
3. Check operation of all USB devices including DUT.
4. Pass is considered when all of the following items are completed:
— DUT operates as expected.
5. Fail is considered when any of the following items occur:
— The device fails to operate as expected.
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— One or more Gold Tree devices fail to operate.

5.1.6.Remote Wake-up Test
Test instructions:

1.

If the DUT supports remote wake-up, enable the DUT to wake the system (Computer-
>Manage->Device Manager->DUT->Power Management). If it does not support remote wake-
up, go to S3 Active Suspend Tests.

While the device under test is actively operating, suspend the system. (Start->Shutdown-
>Sleep. Wait 5 — 10 seconds after device is fully shutdown.)

If the system does not go into suspend, then a message will appear saying that the active DUT
will not allow suspend to occur.

Use DUT to wake the system, check operation of all USB devices including DUT.

Pass is considered when all of the following items are complete:
— The system suspends and wakes up with no problems.
— All devices including DUT operates as expected.
Fail is considered when any of the following items occur:
— The system blue screens or locks up.
— The system cannot suspend and wake up.
— The DUT fails to operate as expected.
— One or more Gold Tree devices fail to operate.
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&= 7EE HE & B %S

A (;omputer Management (Locall| 4 &= 338367-11 ITq
4 [[} System Tools .45 Batteries
, @ Task Scheduler 9 Bluetooth Radios HID-compliant mouse Properties £3
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+ @i/ Shared Folders .-} ControlVault Device
> % Local Users and Groups b gy Disk drives 7 HID-compliant mouse
» (%) Performance . B Display adapters .
= Device Manager 5‘;-‘1 Hurnan Interface Devices
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Figure 95. Enable the device to wake up the computer
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5.1.7.S3 Active Suspend Test
Test instructions:
1. Disable remote wake-up on all USB devices, including the DUT.

2. Operate the DUT while placing the system into suspend mode (Start->Shutdown->Sleep, wait
5 — 10 seconds after the system shutdown).

3. If the system does not go into suspend mode, then a message will appear saying that the active
DUT will not allow suspend to occur.

4. Pass is considered when all of the following items are complete:
— The system suspends with no problems.
— The system notifies the user that it cannot go into suspend.

5. Fail is considered when either of the following items occur:

— The system does not enter suspend without notification.
— The system blue screens or locks up.

5.1.8.S3 Active Suspend Resume Test
Test instructions:
1. Place the system into suspend mode as described in section 5.1.7.
2. Wake the system.
3. Check operation of the DUT.
4. Pass is considered when all of the following items are completed:

— The system resumes well.
— Active operation initiated in the previous step continues without error.

5. Fail is considered when either of the following items occur:
— The system does not resume.
— The system blue screens or locks up.
— The DUT is not functional or does not continue operation in the previous step.

5.1.9.Root Port Test
Test Instructions:

1. You MUST stop operation of all devices.

2. Plug the DUT into a root port of the system’s motherboard.
3. Check operation of all USB devices including the DUT.
4

Pass is considered when all of the following items are completed:
— The DUT operates as expected.

5. Fail is considered when any of the following items occur:
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— The DUT fails to operate as expected.

5.1.10. S4 Active Hibernate Test
Test instructions:

1.
2.
3.

You must stop operation of all devices.
Plug the DUT into a root port of the system’s motherboard.

Operate the DUT while the system enters hibernation (Start->Shutdown->Hibernate, wait 5 to
10 seconds after system has shutdown)

Pass is considered when all of the following items are complete:
— The system hibernates with no problems.
Fail is considered when any of the following items occurs:

— The system fails to hibernate.
— The system blue screens or locks up.

5.1.11. S4 active Hibernate Resume Test

Test instructions:

1.

Place the system in hibernation as described in section 5.1.10.

2. Turn on the system.
3.
4

Check operation of all USB devices including the DUT.

Pass is considered when all of the following items are completed:
— The system resumes well.
— Active operation initiated in previous step continues without error.
Fail is considered when either of the following items occurs:
— The system does not resume.
— The system blue screens or locks up.
— The DUT is not functional or does not continue operation in the previous step.

5.1.12. Topology change to UHCI
Test instructions:

1.

2.
3.

Change the EHCI motherboard to UHCI motherboard. All other connections remain the same.
See Figure 94.

Run all tests from sections 5.1.1 to 5.1.11.
Record the test result.

5.1.13. Topology change to OHCI
Test instructions:
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1. Change the EHCI motherboard to the OHCI motherboard. All other connections remain the
same. See Figure 94.

2. Run all tests from sections 5.1.1 to 5.1.11.
3. Record the test result.

5.1.14. Topology change to XHCI
Test instructions:

1. Change the EHCI motherboard to the XHCI motherboard. All other connections remain the
same. See Figure 94.

2. Runall tests from 5.1.1t0 5.1.11.
3. Record the test result.

5.2. Embedded Host Interoperability Test

Targeted Hosts or an OTG acting as a host, are tested for interoperability with peripherals from the
device’s own Targeted Peripheral List plus other retail USB products which could be attached to the
Targeted Host.

Silent failures are not allowed and therefore a clear message shall be generated when any sort of error
situation occurs. For example, where hubs are non-supported, a clear Hub not supported or similar error
message appears and not a generic not supported or similarly vague error message.

For the detailed description of the Embedded Host Interoperability Test, see Chapter 7 of the USB On-
The-Go and Embedded Host Automated Compliance Plan.
Test items:
e A-UUT Functionality B-device
e A-UUT Category Functionality B-device
e A-UUT Boot Test
e 7A-UUT Legacy Speed Test
e A-UUT Concurrent and Independently Test
e A-UUT Unsupported Device Message Test
e A-UUT Hub Error Message Test
e A-UUT Hub Functionality Test
e A-UUT Hub Maximum Tier Test
e A-UUT Hub Concurrent and Independently Test
e A-UUT Bus Powered Hub Power Exceeded Test
e A-UUT Maximum Concurrent Device Exceed Message Test
e A-UUT Standby Test
e A-UUT Standby Disconnect Test
e A-UUT Standby Attach Test
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e A-UUT Standby Remote Wakeup Test

Test report:
Table 21. Embedded Host Interoperability Test report

Num Test item Result
1 | 7.3.1 A-UUT Functionality B-device" —
2 7.3.2 A-UUT Category Functionality B-device Pass
3 7.3.3 A-UUT Boot Test Pass
4 7.3.4 A-UUT Legacy Speed Test Pass
5 7.3.5 A-UUT Concurrent and Independently Test’ —
6 7.3.6 A-UUT Unsupported Device Message Test Pass
7 7.3.7 A-UUT Hub Error Message Test’ —
8 7.3.8 A-UUT Hub Functionality Test Pass
9 7.3.9 A-UUT Hub Maximum Tier Test Pass
10 7.3.10 A-UUT Hub Concurrent and Independently Test Pass
11 7.3.11 A-UUT Bus Powered Hub Power Exceeded Test Pass
7.3.12 A-UUT Maximum Concurrently Device Exceed
12 Pass
Message Test
13 7.3.13 A-UUT Standby Test Pass
14 7.3.14 A-UUT Standby Disconnect Test Pass
15 7.3.15 A-UUT Standby Attach Test Pass
16 7.3.16 A-UUT Standby Topology Change Test Pass
17 7.3.17 A-UUT Standby Remote Wakeup Test Pass
5.2.1.A-UUT functionality B-device
Purpose To prove the functionality of an OTG A-device or EH.

Applies to OTG A-devices and EHes that perform VID/PID detection of TPL peripherals.

Description Test the functionality of the TPL peripherals.

Test setup At least one TPL device corresponding to each supported category.

The A-UUT is powered ON.
Preconditions Use a Micro-A plug to Standard-A Receptacle adapter if the product is an OTG
device.
Checklist TPL2-4, TPL7
Pass Criteria Prove the functionality of all TPL B-devices in combination with the A-UUT.

Test instructions:

1. Power on the A-UUT.

— Ifthe product is an OTG device with a Micro-AB receptacle then attach a Micro-A plug
to a Standard-A Receptacle adapter.

— If the B-device requires external power, power on the B-device.
2. Attach a B-device taken from the TPL and confirm functionality.
1

2 The Concurrent and Independently test is only applied to an EH with multi ports, i.MX 6 EVK only has one downstream port, so this
test is not needed.
3

i.MX 6 series does not support peripherals identified by their VID/PID, this test is not needed.

i.MX 6 series supports hub, this test is not needed.
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3. Detach the B-device and check if the device is disconnected correctly.
4. Attach the B-device and prove functionality.
5. Repeat the above steps for each of the different supported categories.

5.2.2.A-UUT category functionality B-device

Purpose To prove the category functionality of an OTG A-device or EH.
Applies to OTG A-devices and EHes that support a certain category of device
Description Test the functionality of each of the supported categories

One B-device of each supported category with 500 mA in their descriptor, if not
available use a device with highest maximum power descriptor value.

Test setup If available one B-device of each supported category with an additional
interface(s) (composite device). If not available use a device with one interface.
The A-UUT is powered on.
Preconditions Use a Micro-A plug to Standard-A Receptacle adapter if the product is an OTG
device.
Checklist MSG2, MSG3, TPL2-4, TPL7.

Prove the functionality of the B-devices in combination with A-UUT

For the composite device it is not mandatory to prove functionality however if
the device does not operate a message shall be generated by the A-UUT.

If a device does not work an error message will be shown to the user.

Pass Criteria

Test instructions:
1. Power ON the A-UUT.

— If the product is an OTG device with a Micro-AB receptacle then attach a Micro-A plug
to Standard-A Receptacle adapter.

— If the B-device requires external power, power on the B-device.
Attach a B-device and confirm that it functions correctly.
Detach the B-device and ensure that the device is disconnected correctly.
Attach the B-device and confirm that it functions correctly.

ok~ D

Repeat the above steps for each of the different supported category with five different
peripherals.
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5.2.3.A-UUT Boot Test

Purpose To prove the functionality of an OTG A-device or EH after boot.
Applies to OTG A-devices and EHes.
Description Observe boot behavior while a B-device is attached.
Test setup One B-device of each supported category.

Preconditions

The A-UUT is powered OFF.
Use a Micro-A plug to Standard-A Receptacle adapter if the product is an OTG
device.

Checklist

C3

Pass Criteria

Prove the functionality of the B-devices in combination with A-UUT.

For the composite device it is not mandatory to prove functionality however if
the device does not operate a clear message shall be generated by the A-UUT.
If a device does not work a clear error message shall be shown to the user.

Test instructions:
1. Power OFF the A-UUT.

2
3.
4.
5

— If the product is an OTG device with a Micro-AB receptacle then attach a Micro-A plug

to Standard-A Receptacle adapter.
— If the B-device requires external power, power on the B-device.

Attach a B-device taken and prove that it functions correctly.
Power ON the A-UUT.
Prove that the B-device functions correctly.

Repeat the above steps for each of the different supported category.

5.2.4.A-UUT Legacy Speed Test

Purpose To prove the functionality of the OTG A-device or EH in full or low-speed.
High-speed OTG A-devices and EHes that have a full or low-speed device on
Applies to their TPL. Perform this test only if it has not been performed in one of the
previous tests.
Description Test the functionality of the full or low-speed TPL device.
Test setup One supported full-speed (full-speed support is mandatory) or low-speed

device.

Preconditions

The A-UUT is powered ON.
Use a Micro-A plug to Standard-A Receptacle adapter if the product is an OTG
device.

Checklist

E15, E18

Pass Criteria

The functionality of the full or low-speed device is proven.
If a device does not work a clear error message shall be shown to the user.

Test instructions:
1. Power ON the A-UUT.

— If the product is an OTG device with a Micro-AB receptacle then attach a Micro-A plug

to Standard-A Receptacle adapter.
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— If the B-device requires external power, power on the B-device.
Attach a Full Speed B-device and prove functionality.

5.2.5.A-UUT Concurrent and Independently Test

Purpose To prove the functionality of all downstream ports.
Applies to EH with multiple ports.
_— Test the concurrent and independent functioning of the TPL peripherals on
Description

each downstream port.

For each downstream port a similar device from the TPL.

If detection is made using VID/PID and/or for category support the number of B-
devices is equal to the number of ports.

This test shall be performed on each supported category.

Test setup

Preconditions The A-UUT is powered ON.

Checklist E17

The A-UUT can operate the device concurrently and independently or a
selection method is available for the end-user to select a device.

Note that a A-UUT is allowed to handle a limited number of concurrent
peripherals

Pass Criteria

Test Instructions:

1.

ok~

Power on the A-UUT.
— If the B-device requires external power, power on the B-device.
Attach a B-device to port 1.
Attach another B-device of the same category to an available downstream port.
Continue attaching B-devices of the same category until all ports are full.

Prove functionality of each attached B-device:
— Do they operate concurrently and independently?
— Or, is a selection method available such that the user can select the active B-device?

Remove one device and replace it with a device of another category if multiple categories are
supported.

Remove all peripherals.
Repeat the above steps for each of the different supported category.
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5.2.6.A-UUT Unsupported Device Message test

To prove that the OTG A-device or EH generates the correct error message

Purpose when attaching an unsupported device.
Applies to OTG A-devices and EHes.
Description Observe error messages when attaching unsupported peripherals.

- One unsupported low-speed device

- One unsupported full-speed device

Test setup - One unsupported high-speed device

- One unsupported super-speed device

- One unsupported composite device with more than 8 interfaces.
The A-UUT is powered ON.

Preconditions Use a Micro-A plug to Standard-A Receptacle adapter if the product is an OTG
device.
Checklist E15, E18.

The functionality of the full or low-speed device is proven.
If a device does not work a clear error message shall be shown to the user.

Pass Criteria

Test instructions:
1. Power on the A-UUT.

— If the product is an OTG device with a Micro-AB receptacle then attach a Micro-A plug
to Standard-A Receptacle adapter.

— If the B-device requires external power, power on the B-device.
Attach one of the peripherals listed in the test setup above.
Check if a clear message is generated to the end-user.

Repeat the above steps for each of the peripherals listed in the test setup.

a > wn

Note that an error message should be generated when attaching a device in a device class
which is not already covered by a product on the TPL. It is not permitted to support device
classes without listing corresponding products on your TPL.

5.2.7.A-UUT Hub Error Message test

To prove that the OTG A-device or EH generates the correct error message

Purpose when attaching an unsupported device.
Applies to OTG A-devices and EHes.
Description Observe error messages when attaching unsupported peripherals.

- One unsupported low-speed device

- One unsupported full-speed device

Test setup - One unsupported high-speed device

- One unsupported super-speed device

- One unsupported composite device with more than 8 interfaces.
The A-UUT is powered on.

Preconditions Use a Micro-A plug to Standard-A Receptacle adapter if the product is an OTG
device.
Checklist E15, E18

The functionality of the full or low-speed device is proven.

Pass Criteria .
If a device does not work a clear error message shall be shown to the user.
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Test instructions:
1. Power on the A-UUT.

— If the product is an OTG device with a Micro-AB receptacle then attach a Micro-A plug
to Standard-A Receptacle adapter.

— If the B-device requires external power, power on the B-device.
2. Attach the hub.
3. Aclear hub not supported message should appear.
4. Attach a TPL device downstream from the hub.
5. Check that the device does not function downstream from the hub.

5.2.8.A-UUT Hub Functionality test

PUIrDOSE To prove that a hub attached to an OTG A-device or EH hub either functions or
P causes a hub error message.
Applies to OTG A-devices and EHes which support hub(s).
Description Test the hub functionality with TPL peripherals.
- One 4 port high-speed self powered hub (If hub support is performed by
Test setu VID/PID in TPL use this hub)
P - At least one TPL device from each category
- FS device if listed on TPL (for TT stress).
The A-UUT is powered ON.
Preconditions Use a Micro-A plug to Standard-A Receptacle adapter if the product is an OTG
device.
Checklist TPL4, MSG2, MSG3, MSG5
oo Prove the functionality of the all device categories listed in TPL attached
Pass Criteria
downstream from one hub

Test instructions:
1. Power ON the A-UUT.

— If the product is an OTG device with a Micro-AB receptacle then attach a Micro-A plug
to Standard-A Receptacle adapter.

— If the B-device requires external power, power on the B-device.
Attach the hub.
Attach one supported high-speed device downstream from the hub and prove its functionality.
Prove the functionality of each supported category downstream from one hub.
Detach the high speed device.

© a bk~ w D

Attach one supported full-speed device (if supported) downstream from the hub and prove its
functionality.

7. Detach the full-speed device.
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5.2.9.A-UUT Hub Maximum Tier test

To prove that a hub attached to an OTG A-device or EH hub either functions or

Purpose causes a hub error message.
Applies to OTG A-devices and EHes which support hub(s).
Description Test the hub functionality with TPL peripherals.
- One 4 port High Speed Self Powered Hub (If hub support is performed by
VID/PID in TPL use this Hub)
Test setup

- At least one TPL device from each category
- FS device if listed on TPL (for TT stress).

Preconditions

The A-UUT is powered ON.
Use a Micro-A plug to Standard-A Receptacle adapter if the product is an OTG
device.

Checklist

TPL4, MSG2, MSG3, MSG5

Pass Criteria

Prove the functionality of the all device categories listed in TPL attached
downstream from one hub.

Test instructions:
1. Power on the A-UUT.

2
3
4.
5

— If the product is an OTG device with a Micro-AB receptacle then attach a Micro-A plug

to Standard-A Receptacle adapter.

Attach hubs to the maximum tier.

Attach one TPL device downstream from the last hub and prove functionality.

Attach another hub downstream from the max tier of hubs.

Check that an appropriate error message is generated.

5.2.10. A-UUT Hub Concurrent and Independently test

To prove that a hub attached to an OTG A-device or EH hub either functions or

Purpose if it does not function that it causes a hub error message.
Applies to OTG A-devices and EHes which support hub(s).
Description Test the hub functionality with TPL peripherals.
- One 4 port high-speed self powered hub (If hub support is performed by
VID/PID in TPL use this hub)
Test setup

- At least one TPL device from each category
- FS device if listed on TPL (for TT stress).

Preconditions

The A-UUT is powered ON.
Use a Micro-A plug to Standard-A Receptacle adapter if the product is an OTG
device.

Checklist

TPL4, MSG2, MSG3, MSG5

Pass Criteria

Prove the functionality of the all device categories listed in TPL attached
downstream from one hub.

Test instructions:
1. Power on the A-UUT.

— If the product is an OTG device with a Micro-AB receptacle then attach a Micro-A plug

to Standard-A Receptacle adapter.
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— If the B-device requires external power, power on the B-device.
2. Attach a B-device to the hub’s downstream port 1.
Attach similar peripherals to available downstream hub ports.

4. Prove the functionality of each attached device.
— Do they operate concurrently and independently?
— Or, is a selection method available such that the user can select the active device?

5. Detach one device and replace it with a device of another category if multiple categories are
supported.

Detach all peripherals.
Repeat the above steps for each of the different supported category.

5.2.11. A-UUT Bus Powered Hub Power Exceeded Test

To prove that the host generates an appropriate error message when

Purpose connecting a high power device downstream from a bus powered hub.
Applies to OTG A-device and EHes which support bus powered hubs.
_— Check that the A-UUT is able to detect and prevent an over current event on a
Description

bus powered hub.

A bus powered hub.

Test setup High power device from the TPL (Max power descriptor >100 mA). If no high
power device is available on TPL use other high power device.

The A-UUT is powered ON

Preconditions Use a Micro-A plug to Standard-A Receptacle adapter if the product is an OTG
device.
Checklist C5
Pass Criteria An appropriate error message was generated.

Test instructions:
1. Power on the A-UUT.

— If the product is an OTG device with a Micro-AB receptacle then attach a Micro-A plug
to Standard-A Receptacle adapter.

— If the B-device requires external power, power on the B-device.
2. Attach a bus powered hub.
3. Attach a high power device downstream from a bus powered hub.
4. Check that an appropriate error message is generated by the A-UUT.
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5.2.12. A-UUT Maximum Concurrent Device Exceed Message Test

To prove that the specified maximum number of concurrent peripherals function

Purpose correctly, and either that an error message is given when exceeding this
number or that it is able to handle 4 peripherals.
. OTG A-devices and EHes which support a limited number of peripherals
Applies to
concurrently
_— Test the A-UUT for appropriate behavior when exceeding the maximum number
Description . .
of supported concurrent peripherals up to a maximum of four.
May require hubs to be attached in order to exceed maximum number of
Test setup peripherals.

The number of similar peripherals that the A-UUT is able to handle concurrently
plus one up to a maximum of four.

Preconditions

The A-UUT is powered ON.
Use a Micro-A plug to Standard-A Receptacle adapter if the product is an OTG
device.

Checklist

MSG1, MSG2, MSG7

Pass Criteria

An appropriate error message was generated.

Test instructions:
1. Power on the A-UUT.

— If the product is an OTG device with a Micro-AB receptacle then attach a Micro-A plug
to Standard-A Receptacle adapter.

— If the B-device requires external power, power on the B-device.
2. Attach a B-device and prove its functionality.

3. Keep increasing the number of similar peripherals attached until the maximum number is
reached, proving their functionality each time.

4. Attach an additional similar peripherals.

Check that an appropriate error message is generated by the A-UUT or that it is able to handle
4 peripherals without error.

5.2.13. A-UUT Standby test

Purpose To prove that the host can handle standby correctly.
Applies to OTG A-devices and EH products which support standby.
Description With a B-device connected verify standby operation of the A-UUT.
Test setup At least one TPL device from each category.

Preconditions

The A-UUT is powered ON.
Use a Micro-A plug to Standard-A Receptacle adapter if the product is an OTG
device.

Checklist

Cc2

Pass Criteria

Compliant standby behavior is observed.

Test instructions:
1. Power on the A-UUT.
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— If the product is an OTG device with a Micro-AB receptacle then attach a Micro-A plug
to Standard-A Receptacle adapter.

— If the B-device requires external power, power on the B-device.
Attach a B-device and prove its functionality.

Place the A-UUT in standby (follow the A-UUT vendor guidelines to force the host into
standby mode).

Take the A-UUT out of standby mode (A-UUT may also come out of standby automatically on
detach).

Prove the functionality of the B-device.
Repeat the above steps for each of the different supported category.

5.2.14. A-UUT Standby Disconnect test

PUrDOSE To prove the standby functionality of the OTG A-device or EH when a
P peripheral is detached during standby mode.
Applies to OTG A-devices and EHes which support standby
Descrintion Detach TPL peripheral while A-UUT is in standby mode. Verify that the A-UUT
P operates correctly after the A-UUT leaves standby mode.
Test setup At least one TPL peripheral.
The A-UUT is powered ON.
Preconditions Use a Micro-A plug to Standard-A Receptacle adapter if the product is an OTG
device.
Checklist Cc2
Pass Criteria Compliant standby behavior is observed.

Test instructions:
1. Power on the A-UUT.

— If the product is an OTG device with a Micro-AB receptacle then attach a Micro-A plug
to Standard-A Receptacle adapter.

— If the B-device requires external power, power on the B-device.
Attach a peripheral and prove its functionality.

Place A-UUT into standby (follow A-UUT vendor guidelines to force the host into standby
mode).

Detach the peripheral.

Take the A-UUT out of standby (A-UUT may also come out of standby automatically on
detach).

Verify that A-UUT operates correctly.

. If different types of standby modes are supported repeat the test until all modes have been
tested.
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5.2.15. A-UUT Standby Attach test

To prove the standby functionality of the OTG A-device or EH when a

Purpose peripheral is attached during standby mode.
Applies to OTG A-devices and EHes which support standby.
Description Atte}ch a TPL peripheral while the A-UUT is in standby mode.
Verify A-UUT operates correctly after the A-UUT leaves standby mode.
Test setup At least one TPL peripheral.

Preconditions

The A-UUT is powered ON.
Use a Micro-A plug to Standard-A Receptacle adapter if the product is an OTG
device.

Checklist

c2

Pass Criteria

Compliant standby behavior is observed.

Test instructions:
1. Power on the A-UUT.

— If the product is an OTG device with a Micro-AB receptacle then attach a Micro-A plug
to Standard-A Receptacle adapter.

— If the B-device requires external power, power on the B-device.

2. Place the A-UUT into standby (follow A-UUT vendor guidelines to force the host in standby
mode).

Attach Peripheral.

4. Take the A-UUT out of standby mode (A-UUT may also come out of standby automatically on
attach).

5. Verify that A-UUT behaves normally.
6. Prove the functionality of the peripheral.
7. If different types of standby modes are supported repeat the test until all modes have been

tested.

5.2.16. A-UUT Standby Topology Change test

To prove the standby functionality of the OTG A-device or EH when the

Purpose topology changes during standby.
Applies to OTG A-devices and EHes which support standby.
Switch the topology of TPL peripherals while the A-UUT is in standby.
Description Verify that the A-UUT does not behave abnormally after the A-UUT leaves
standby mode
Test setup At least one TPL peripheral.

Preconditions

The A-UUT is powered ON.
Use a Micro-A plug to Standard-A Receptacle adapter if the product is an OTG
device.

Checklist

Cc2

Pass Criteria

Compliant standby behavior is observed.

Test instructions:
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1. Power ON the A-UUT.

— If the product is an OTG device with a Micro-AB receptacle then attach a Micro-A plug
to Standard-A Receptacle adapter.

— If the B-device requires external power, power on the B-device.
2. Attach a hub (if required).
Attach the B-device and prove functionality.

4. Place the A-UUT into standby (follow A-UUT vendor guidelines to force the host in standby
mode).

5. Detach the B-device and attach it to another EH port or another downstream hub port.

6. Take the A-UUT out of standby mode standby (A-UUT may also come out of standby
automatically on attach).

7. Verify that the A-UUT behaves normally.
Prove functionality of the B-device.

If different types of standby modes are supported repeat the test until all modes have been
tested.

5.2.17. A-UUT Standby Remote Wakeup test

Purpose To prove the remote wakeup functionality of an OTG A-device or EH.
Applies to OTG A-devices or EHes which support standby and remote wakeup.
Descrintion Perform a USB remote wakeup event and verify that the A-UUT operates

P correctly after the A-UUT leaves standby mode.
Test setup At least one TPL peripheral which supports remote wakeup.
The A-UUT is powered ON.
Preconditions Use Micro-A plug to Standard-A Receptacle adapter if the product is an OTG
device.
Checklist Cc2

Compliant standby behavior is observed when a remote wakeup event is
performed during standby.

Pass Criteria

Test instructions:
1. Power ON the A-UUT.

— If the product is an OTG device with a Micro-AB receptacle then attach a Micro-A plug
to Standard-A Receptacle adapter.

— If the B-device requires external power, power on the B-device.
2. Attach the B-device.
Prove the functionality of the A-UUT with the B-device.

4. Put the A-UUT into standby (follow A-UUT vendor guidelines to force the host in standby
mode).

5. Performa USB remote wakeup event from the B-device.

i.MX 6 Series USB Certification Guide, User's Guide, Rev. 0, 10/2015

Freescale Semiconductor, Inc. 111



Auto PET tests

6. Prove the functionality of the A-UUT with the B-device.
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6. Auto PET tests

6.1. Introduction of PET

The PET (Protocol and Electrical Tester) is a unit that is designed to perform compliance testing or
assist with development work leading towards compliance testing on Battery Charging, On-the-Go, and
other general USB applications.

The tests in this section test only a partial list of all the possible parameters and compliant behavior. The
tests should not be considered as a full validation test plan. For the detailed description of PET Test, see
Chapter 6 of USB On-The-Go and Embedded Host Automated Compliance Plan.

The Packet-Master USB-PET is used by most Compliance Test Labs, and is delivered complete with
MQP's Windows application Graphic USB for generating test reports, and also analyzer-style captures.

Aux Cenneciar

Power Pass / Fail Running Unit Under Test

Signal Trigger
Out Out

Regulated { UUT Gnd
2A X

Figure 96. Packet-Master USB-PET

6.2. Test environment

The following section outlines the test environment.

6.2.1.Test cables required
The cables required by the PET tester are described below.

Each cable should be labeled, and specify the lead loop resistance value, required to be entered into the
test dialog, if the cable is replaced. The tester application contains a check box to specify whether the
UUT has a captive cable, as in this case the captive test cable is deemed to be part of the unit under test.
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Table 22. Special test cable A

Micro-B plug to Micro-B plug

Micro-B plug Micro-B plug Purpose
(PET) (UuT)
1 1 VBUS
2 2 D-
3 3 D+
4 4 ID
5 5 GND

Table 23. Special test cable B

Micro-B plug to Standard-A plug

Micro-B plug Standard-A plug Purpose
(PET) (UuT)
1 1 VBUS
2 2 D-
3 3 D+
5 4 GND

6.2.2.Test set up
The cables required by the PET tester are described below.

Each cable should be labeled and specify the lead loop resistance value required to be entered into the
test dialog if the cable is replaced. The tester application contains a check box to specify whether the
UUT has a captive cable, as in this case the captive test cable is deemed to be part of the unit under test.

6.2.3. OTG device as Unit-Under-Test

When running a test-suite relating to an OTG device, the first test will prompt you to attach it to the PET

using special cable A.
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PC
Host for PET

High Speed USB Link

PET

Special Test Cable A

OoTG
Unit-Under-Test

Figure 97. Setup number 1: OTG device

6.2.4. Embedded Host as Unit-Under-Test

When running a test-suite relating to an Embedded Host using a Standard-A receptacle, the first test will
prompt you to attach it to the PET using special cable B.

When running a test-suite relating to an Embedded Host using a Micro-AB receptacle, the first test will
prompt you to attach it to the PET using special cable A.
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PC
Host for PET

High Speed USB Link

PET

Special Test Cable A
or
Special Test Cable B

Embedded Host
Unit-Under-Test

Figure 98. Setup number 2: Embedded Host

6.2.5. Peripheral only as Unit-Under-Test

When running a test-suite relating to a peripheral-only' OTG device, the first test will prompt you to
attach it to the PET using special cable A.

PC
Host for PET

High Speed USB Link

PET

Captive Cable, or Special Test Cable A

OTG Peripheral-
Only Device
Unit-Under-Test

Figure 99. Setup number 3: peripheral only

! I the peripheral is not compliant with OTG and the EH rev.2.0 supplement (meaning it is only compliant with
the general USB 2.0 specification), then the Auto PET test for peripheral only is not needed.
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6.2.6.User input before test runs

Before running any test suite, the PET needs to be informed of a number of parameters by the test
operator. Most of the information should be available from the checklist supplied by the vendor. The
following tables describe the information required. Typically PET software would modify the available
options to those applying to the currently chosen device type.

Table 24. Information obtained from the checklist

Input Type Purpose Checklist ref.

Automatically selected by UUT items OTG-A
or OTG-B.
Automatically selected by UUT item
Embedded Host.
Automatically selected by UUT item
Peripheral Only.
Check this box for an EH which uses a
Micro-AB receptacle instead of a Standard-A
receptacle. It will be automatically selected
for OTG devices.
Check this box if the OTG A-UUT or EH with
Micro-AB receptacle does not keep VBUS
enabled all the time that the ID pin is held
Supports low. Check this box for an EH with Standard-
Sessions Check box A receptacle which does not keep VBUS high PI10
all the time it is powered up. In either case it
is assumed that SRP or ADP is available to
detect the presence of a device.
Check this box if the UUT, as an A-device,
Check box supports detecting and acting on an SRP PI13
pulse generated by a connected device.
Check this box if the UUT, as an A-device,
Check box supports HNP to enable the connected B- PI13
device to become host if it so requires.
Check this box if the UUT, as an A-device,
HNP Polling as supports HNP polling. If it does it is allowed
. Check box .

A-device to remain as host for as long as the other
device does not set its Host Request Flag.
Check this box if the UUT, as an A-device,

OTG Device

Mutually
Embedded Host | exclusive check
boxes

PI2

Peripheral Only

Uses Micro-AB Check box Pl5a

SRP as A-
device

HNP as A-
device

PI13

ADP as A Check box supports ADP probing to detect the presence PI13
device . .
or otherwise of a connected device.
Check this box if the UUT, as a B-device,
SRP as B- Check box supports generating an SRP pulse in order to PI20
device start a session (cause the connected A-
device to turn on VBUS).
HNP as B- Check this box if the UUT, as a B-device,
device Check box supports HNP to allow it to become host if it PI20
SO requires.
Check this box if the UUT, as a B-device,
ADP as B- Check box supports ADP sensing and probing to detect PI20
device the presence or otherwise of a connected
device.
Check this box if UUT does not fully support
FS Not full-speed operation. This is not permitted for
Available Check box an OTG device, but may be for an PI11, PI18
Embedded Host.
IA_VBUS_RAT Edit box The ralted output current of an A-device in PIS
ED mA units.

i.MX 6 Series USB Certification Guide, User's Guide, Rev. 0, 10/2015

Freescale Semiconductor, Inc. 117



Auto PET tests

Input Type Purpose Checklist ref.

bMaxPower is the highest current, in mA,
declared in any of the device's Configuration
Descriptors. This value ignores current drawn
under the Battery Charging provisions.
Maximum time, in seconds, specified by
vendor from powering on the UUT until it is
TPWRUP_RDY Edit box ready to perform USB functionality. By P124
default this is set to 30 seconds, but a vendor
is permitted to specify a longer time.
The maximum time, in seconds, that VBUS is
left on for by an A-device, in the absence of a
B-device connecting. The default value is
TA_WAIT_BCO . thirty seconds. A vendor is permitted to

Edit box . .

N max specify a longer time, but should be aware
that this will have an impact on the time
taken for, and therefore possibly the cost of,
compliance testing.

The test will use the VID/PID combination
specified during tests for error messages,
Unknown Dev Edit boxes when an unknown B-device, not capable of .
(No HNP) HNP, is connected. A default value
(1A0A/0201) is used, but any other device
not on the UUT's TPL may be defined here.
The test will use the VID/PID combination
specified during tests for error messages,
Unknown Dev Edit boxes when an unknown B-device, capable of HNP, .
(HNP) is connected. A default value (1A0A/0202) is
used, but any other device not on the UUT's
TPL may be defined here.

bMaxPower Edit box P117

PI10

6.3. A-UUT tests

Test items:

A-UUT VBUS Voltage and Current Measurements

A-UUT Bypass Capacitance

A-UUT SRP

A-UUT ADP

A-UUT Leakage

EH, Capable of ADP and SRP, State Transition Test (Standard-A)
EH, Capable of ADP but not SRP, State Transition Test (Standard-A)
EH, Capable of SRP but not ADP, State Transition Test (Standard-A)
EH with no Session Support State Transition Test (Standard-A)

EH, Capable of ADP and SRP, (Micro-AB) or OTG-A , Capable of ADP and SRP but not HNP,
State Transition Test

EH, Capable of ADP but not SRP, (Micro-AB) or OTG-A , Capable of ADP but not SRP or
HNP, State Transition Test

EH, Capable of SRP but not ADP, (Micro-AB) or OTG-A , Capable of SRP but not ADP or
HNP, State Transition Test
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e EH with no Session Support State Transition Test (Micro-AB), or OTG-A with no Session or

HNP Support

e A-UUT “Device No Response” for connection timeout
e A-UUT “Unsupported Device” Message

e A-UUT “Device No Response” for HNP enable

e EH using Micro-AB “Incorrect Connection”

Test report:

Table 25. PET A-UUT test report

Num Test Item Result
1 6.7.2 A-UUT Initial Power-Up Test Pass
2 6.7.4 A-UUT VBUS Voltage and Current Measurements Pass
3 6.7.5 A-UUT Bypass Capacitance Pass
4 6.7.6 A-UUT SRP Pass
5 6.7.8 A-UUT ADP Pass
6 6.7.9 A-UUT Leakage Pass
7 6.7.14 EH, Capable of ADP and SRP, State Transition Test o
(Standard-A)

8 6.7.15 EH, Capable of ADP but not SRP, State Transition o
Test (Standard-A)

9 6.7.16 EH, Capable of SRP but not ADP, State Transition .
Test (Standard-A)
6.7.17 EH with no Session Support State Transition Test

10 1 Pass
(Standard-A)

11 6.7.18 EH, Capable of ADP and SRP, (Micro-AB) or OTG-A , .
Capable of ADP and SRP but not HNP, State Transition Test
6.7.19 EH, Capable of ADP but not SRP, (Micro-AB) or OTG-

12 A, Capable of ADP but not SRP or HNP, State Transition —
Test
6.7.20 EH, Capable of SRP but not ADP, (Micro-AB) or OTG-

13 A, Capable of SRP but not ADP or HNP, State Transition —
Test

14 6.7.21 EH with no Session Support State Transition Test .
(Micro-AB), or OTG-A with no Session or HNP Support

15 | 6.7.22 A-UUT Device No Response for connection timeout Pass

16 | 6.7.23 A-UUT Unsupported Device Message Pass

17 | 6.7.24 A-UUT Device No Response for HNP enable —

18 | 6.7.25 EH using Micro-AB Incorrect Connection i —

Test instructions:

1. Install and run GraphicUSB on your computer.

Auto PET tests

2. Click on Operation -> Compliance Tester on the menu bar. The Test Suite dialog appears as
shown in Figure 100.

3. Select the type of unit to be tested using the Unit Under Test combo box.

1
should be tested.
2

Only the Embedded Host using Micro-AB receptacle needs to run this test.

If the Embedded Host uses a standard Type A receptacle, and it does not support ADP, SRP, HNP, session. Therefore only 6.7.17
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Auto PET tests

4. Then refer to the completed Compliance Checklist, and ensure that the other Unit Under Test
checkboxes and parameters are correctly entered.

5. The appropriate tests will be loaded into the Selected Tests list box. These tests are now ready
to automatically run in sequence.

6. Specify a Product name so that the reports can be saved into an appropriate folder.
7. Click on Run to start the test suite.
8. A text report file will be created, into which the test results are written, as shown in Figure 101.

)

USB-PET Test Suites (=]
OTG 2.0 and BC 1.2 | Device Emulator | Command Verfier |
— Unit Under Test “Tests available for USB-FET™ —Options
IErnbedded Host j IA_VBUS_RATED: |100 mi I_ Do Analyser Capture
€ OTGDevice {8 EmbeddedHost |7 Uses Micro-AB bMaxPower 100 ma F Debug
= Peri Sawve Info On
Ferpheral Only I™ Supports Sessions TPWRUP_RDY [30 o by
) P Cable & IZ&D mOhm
[T SRP astdevice [T LS TA_WAIT_BCON max [30 sec
[T HNP as A-device [~ FS Not Available - - Cable B |5m mOhm
[~ HMP Paolling as A-dev [ DCD Curent Source IMAX_BC: |15DD m,
[ 4DF asdedevice [ DM v YLGC during Frim.(Info Orly) vo P Product:/Folder Name
[T SFF az B-device I" Secondan Detection IF‘roduct
[ HMP a: B-device [T ACA Detection Unkn Dev (No HNF) | 1ADA 0201 h
[T ADF as B-device [~ Has Captive Cable UnKn Dev (HNF) [180A 022 h Versions |
— Test Selection
) - - - - - = Official
Script Folder F.\Users\bmpData\Hnamlng\GlaphlcUSE\F‘I:—I' Scripts - Official"OTG_2_0_BC_1_2\ 5 Copics
HAvailable Tests Description
CT_A_PUT mpet A-UUT Power-Up Tests -
CT_A_VBUS mpet A-UUT Wbus Voltage and Cument Measurement |:|
CT_A_CAP mpet A-UUT Bypass Capacitance
CT_A_SRP mpet A-UUT SRF
CT_A_HNP mpet A-UUT HNP
CT_A_ADP mpet A-UUT ADF
CT_A_LKG mpet A-UUT Leakage
_A ST_OTG_ADP mpet AOTE, capable of ADP and SRP, State Transition Test i
T A CT AT ARD MACDD et A AT mmmabkla AF AND bt et CO0 Cidm Tmmmibine Tt
Selected Tests Description R | Remove | &dd Customm | Remaove Al |
CT_A_PUT.mpet A-UUT Power-Up Tests o
CT_A_VEUS mpet A-UUT Wbus Voltage and Cumrent Measurement =
CT_A_CAP mpet A-UUT Bypass Capacitance E
CT_A_SRP.mpet A-UUT SRP
CT_A_ADP mpet A-UUT ADP
CT_A_LKG mpet A-UUT Leakage
CT_A_ST_EH_ADF mpet EH (Standard-A), capable of ADF and SRP, State Transition Test
CT_A_ST_EH_ADP_MOSRF mpet EH (Standard-A). capable of ADF but not SRP, State Transition Test i
T A CT CU COD et CU iTtamd=rd Al Aaan-kle of CO0 bad med AND S8t n Temmaitine Toantd
— High-speed Electrical Test Modes (Host) High-speed Hectrical Test Modes (Dev), —Calibration
SED_NAK | J | K | Test Packet SEO MK | J | Quick
Check
Suspend | Dev_Desc | De\r_Desc_Datal K. | Test Packet |
Fiun | Cancel | Apply |

Figure 100. USB-PET Test suites
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Auto PET tests

=2 GraphicUSB - [Report_Final_Test_0003*]

=13

J|For Help, press F1

Ln 3167, Col 0

File Edit Wew Operations window Help - 8 x
Qo = H S| n'h nw A w == PET T )
Vhus: | 0.000V -
—|3129: -
il 3130: ADPZ9: When the A-device is ready to act in host or 0
@ Salile peripheral role does VBU3 reach VOTG_3SESS VLD
op | 313z: within TAi VBU3_ATT of an attachment event
CQ 3133: being detected by ADP unless an over-current
3134: condition is reached?
E|3135: - YES (PAZS)
= |3136:
3137: T18: Iz the dewvice ready to perform USE activity at
o | 3138: & time no longer than TPWRUP_RDY from an
3139: identifiable powering onh action or sequence of
@; 3140: actions (e.g. switching on) ?
Mo | 3141 - Wendor Declaration
3142: MNumber of untested checklist items = 0
Yc 3143 : Nunber of failing checklist items = 1
| 3144:
3145: ===End of Script=== == == = = ====
3146:
3147: ===End of Test Segquence===== == = = ====
3145:
3149: ——--RESULT 3UMMARY-——-
3150: Pass — CT_A PUT.mpet
3151: Pass — CT_ & VBUS.mpet
3152: Pass - CT_L CAP.mpet
3153: Pass - CT_A 3RP.mpet
3154: Fass — CT_ A4 HNP.mpet
3155: Pas=s - CT_L LEG.mpet
3156: Pass — CT_A 3T EH _ADP.mpet
3157: Pass - CT_AL ST EH ADP NOSRF.mpet
3158: Pass - CT_L 5T EH .mpet
3159: Pass - CT_A 3T EH NOZEZZ.mpet
3160: FPass - CT A4 DevlioRes.mpet
3161: Pass - CT_L UnsupDev.mpet
3162: Pass - CT_A NoResHnp.mpet
3163: Pass - CT_ 4 OTG_REF.mpet
3164:
3165: ===End of Report=== == == = = ====
3l66:
3167: —
|
< ! 2

Figure 101. USB-PET Test report
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Useful links

7. Useful links

Freescale i.MX 6 USB Certification Test Guide and Materials:
https://community.freescale.com/docs/DOC-105609

USB Spec:
http://www.usb.org/developers/docs/usb20 docs/usb 20 0702115.zip

OTG and Embedded Host related documents:
http://www.usb.org/developers/onthego/

OTG and Embedded Host Compliance Test Spec:
http://www.usb.org/developers/onthego/otgeh compliance plan 1 2.pdf

Full and Low Speed Compliance Test Spec:
http://www.usb.org/developers/compliance/electrical tests/USB-IFTestProcl 3.pdf

USB 2.0 Electrical Test Spec:
http://www.usb.org/developers/compliance/USB-IF USB 2 0 Electrical Test Spec081005.pdf

Gold Tree Test procedure:
http://compliance.usb.org/resources/GoldSuite%20Test%20Procedure.pdf

Test software and tools:
http://www.usb.org/developers/tools/

Checklist and TPL:

http://www.usb.org/developers/compliance/check list/
http://www.usb.org/developers/compliance/check list/TPL form otgeh2 0 v1.0 - fill-in.pdf

Electrical Test procedure for Different Oscilloscopes:
http://www.usb.org/developers/compliance/electrical tests/

Detailed Electrical Test procedure for Keysight Oscilloscope with N5416A:
http://www.keysight.com/upload/cmc_upload/All/N5416A USB2 Compliance App Testing Notes.pdf

USB-IF Compliance Updates:
http://compliance.usb.org/index.html

Search the TID for certified products:
http://www.usb.org/kcompliance/view

Company VID List:

http://www.usb.org/developers/tools/comp dump

USB-PET User Manual:
http://www.mgp.com/pdf/manuals/PET%20User%20Manual.pdf

i.MX 6 Series USB Certification Guide, User’s Guide, Rev. 0, 10/2015

122 Freescale Semiconductor, Inc.


https://community.freescale.com/docs/DOC-105609
http://www.usb.org/developers/docs/usb20_docs/usb_20_0702115.zip
http://www.usb.org/developers/onthego/
http://www.usb.org/developers/onthego/otgeh_compliance_plan_1_2.pdf
http://www.usb.org/developers/compliance/USB-IF_USB_2_0_Electrical_Test_Spec081005.pdf
http://compliance.usb.org/resources/GoldSuite%20Test%20Procedure.pdf
http://www.usb.org/developers/tools/
http://www.usb.org/developers/compliance/check_list/
http://www.keysight.com/upload/cmc_upload/All/N5416A_USB2_Compliance_App_Testing_Notes.pdf
http://www.usb.org/kcompliance/view
http://www.usb.org/developers/tools/comp_dump
http://www.mqp.com/pdf/manuals/PET%20User%20Manual.pdf

Useful links

USB-PET Software:
http://www.magp.com/sw/GraphicUSB setup.exe

Independent Test Lab:
http://www.usb.org/developers/compliance/labs/
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8. Abbreviations

Table 26. Abbreviations used in this document

Term Definition

Controller computer networked to host PC for remote

Client Computer control desktop connection

DUT Device Under Test

EHCI Enhanced Host Controller Interface(USB2.0)
XHCI Extensible Host Controller Interface(USB3.0)
OHCI Open Host Controller Interface

UHCI Universal host controller interface(USB1.1)

Server platform operated by Client PC through remote

Host Computer desktop connection

HSETT High speed electrical test tool

LAN Local area network

Legacy-free scr:r);ssystem that does not have PS/2 and other legacy
PCle Peripheral Component Interconnect Express Bus
PID Product Identification Number

PS/2 port A legacy mouse or keyboard port located on some
motherboards

UAC User Account Control
USB Universal Serial Bus
VID Vendor Identification Number
TID Product Test ID assigned by USB-IF after passing the

USB Certification Test
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9. Revision history

This table provides a revision history for this document.

Table 27. Revision history

Revision number

Date

Substantive changes

0

10/2015

Initial release
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