GRL USB Type-C Power Delivery and Alt Mode Test Method
of Implementation (MOI) and User Guide

for GRL Power Deliver Compliance Test Software and USB
Type-C Test Controller

(GRL-USB-PD, GRL-USB-PD-C1)

This material is provided as a reference to install Rev 1.2 of Granite River Labs (GRL) USB-PD
Power Delivery Compliance Test Software.

For software support, contact support@graniteriverlabs.com.
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1 Reference Documents

The test methods outlined in this document are tests required by various technology adoptions of the
USB Type-C Connector. Specifications that have adopted the USB Type-C Connector and may be
referenced in this document include, but are not limited to, the following specification versions.

Note: In order to have access to all specifications, it may be required that you are a member of an
industry group and have attained the proper permissions.

1.1 USB-IF
All of the following specifications are part of the USB3.1 Specification download at:
http://www.usb.org/developers/docs/

Type-C Cable and Connector Specification

USB Power Delivery Specification Rev2 Version 1.2

USB-PD Compliance Test Plan Rev 1.0, Version 2.0, June 2016
USB-C_Source_Power_Test_Specification_2017_03_03, version 0.71

PD Communications Engine USB PD Compliance MOI March 24 2017, Version 1.06

1.2 VESA and Display Port
Download the Display Port document from the VESA web site:
http://www.vesa.org/join-vesamemberships/member-downloads/?action=stamp&fileid=3033
Display Port Alt Mode on USB Type-C Standard, Ver.1.0a, August 5", 2015
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2 Scope of this MOI and Quick Start Guide

This MOI (Method of Implementation) and Quick Start Guide serves as the primary user
documentation for GRL-USB-PD Compliance Test Software and GRL-USB-C1 USB Type-C Test
Controller Hardware. It also provides the technical implementation detail for testing to the various
specifications. The subsequent sections provide step-by-step test procedures for specific tests in Test
Plans and Compliance Test Specifications for USB Type-C technologies.

The Appendices provide additional technical information and user guidance that falls outside the
general flow of testing to the test specifications.

3 Getting Started with GRL-USB-PD Test Solution

This section describes in detail how to get started with the GRL-USB-PD test solution for USB-PD
compliance testing. Whether you are installing for the first time or doing an upgrade, please make
sure to follow all the steps in this section to verify your setup prior to testing a DUT. The procedure is
as follows:

Install the latest version of GRL-USB-PD SW.
Activate the license if necessary (if needed).
Update the GRL-USB-PD-C1 Controller Firmware. Refer to section 3.3

Setup Oscilloscope VISA Communication with GRL-USB-PD Software. Refer to
section15

5. Setup Electronic Load VISA Communication with GRL-USB-PD Software. Refer to
section15

A w o

6. Calibrate the Noise Source Board. Refer to section Error! Reference source not
found.

7. In case the signal is not captured in the oscilloscope run Verify Test Setup, Refer to
section 4.9

8. Perform a test on the 25cm GRL EMark Cable. Refer to section 5.21f this procedure is
followed and any issues arise, please contact support@graniteriverlabs.com.

3.1 Install GRL-USB-PD Software

1) Download the GRL-USB-PD Software from the Trials and Licenses tab at
http://graniteriverlabs.com/usb-pd/ from Support Tab.

2) On the Win7 (or above) Oscilloscope to be used for testing, create a folder with an
executable of the software.

GRL USB-PD MOI and User Guide Revision 1.2.6.0.
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FIGURE 1: INSTALLING GRL-USB-PD SOFTWARE

3) Run the Executable to Install the Software. You will see the following screens during
installation:

1. Welcome to GRL Automated Test Solutions Software:

Y7 g GAL A
Installing GRL Automated Test Solutions

to the GRL
Solutions Installation!

GRL USB-PD MOI and User Guide Revision 1.2.6.0.
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2. License Agreement:
Installing GRL Automnsa !

License Agreement
To proceed with the installation, you must accept this License Agreement.
Please read it carefully.

GRANITE RIVER LABS SOFTWARE LICENSE AGREEMENT
INSTALLATION NOTICE:

THIS IS ACONTRACT. BEFORE YOU DOWMNLOAD THE SOFTWARE ANDIOR.
COMPLETE THE INSTALLATION PROCESS, CAREFULLY READ THIS AGREEMENT.
BY DOWMLOADING THE SOFTWARE AMD/OR CLICKING THE APPLICABLE BUTTOMN
TO COMPLETE THE INSTALLATION PROCESS, YOU CONSENT TO THE TERMS OF
THIS AGREEMENT AND YOU AGREE TO BE BOUND BY THIS AGREEMENT. IF YOU
DO NOT WISH TO BECOME APARTY TO THIS AGREEMENT AMD BE BOUND BY ALL
OF ITS TERMS AND CONDITIONS, CLICK THE APPROPRIATE BUTTON TO CANCEL
THE INSTALLATION PROCESS, DO NOT INSTALL OR USE THE SOFTWARE, AND
RETURN THE SOFTWARE WITHIN THIRTY (30) DAYS OF RECEIPT OF THE
SOFTWARE (WITH ALL ACCOMPANYING WRITTEN MATERIALS, ALONG WITH THEIR

@ | agree with the above terms and conditions
) | do not accept the agreement

3. Readme:

Readme
Please read the following information

Product : GRL-USB-PD Compliance Test Solution Software
Date :December, 2015

Version :v1.2.0.0

1. System Requirements

The GRL-USB-PD Compliance Test Solution Software can
be installed and used in Windows based oscilloscopes

System Memory  : 2GB or more

Operating System : Windows 7 or higher version
Dot MET Runtime - MET 4.0 or higher version

GRL Automated Test Solutions

GRL USB-PD MOI and User Guide Revision 1.2.6.0.
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4. Installation Location:

Installation folder

Select a destination folder where GRL Automated Test Solutions will be
installed.

Setup will install files in the following folder.

If you would like to install GRL Automated Test Solutions into a different folder then

click Browse and select another folder.

Destination folder

C\Program Files (x86)\GRL

Space required: 204.28MB
Space available: 158.19GB

GRL Automated Test Solutions

| | cancel

5. Ready to Install:

Ready To Install

Setup is now ready to begin installing GRL Automated Test Solutions on your :,

computer.

Click 'Install to continue with the installation, or click Back' if you want to change any
seftings.

Destination folder:
C:Program Files (x86)\GRL

Application Files:
CAGRL\

GRL Automated Test Solutions

= Back l Install I Cancel

GRL USB-PD MOI and User Guide
© Granite River Labs 2016, 2017

Revision 1.2.6.0.
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6. Installing:

Installing Files o
Copying GRL Automated Test Solutions files to your computer. E

To interrupt or pause e installation process. click Cancel.

Directory: CAGRL\Documents
File: HDMI_CuickStartGuide. pdf

GRL Automated Test Solutions

Mext | Cancel

7. Finish:

Finish
GRL Automated Test Solutions has been successfully installed!

Click Finish to complete the installation.

GRL Automated Test Solutions

4) In Windows, Pin GRL Software to Task Bar for easy access.

GRL » Automated Tact Salutinne
Open

» / Paint %  Run as administrator

,J Calet

a Teant
J Norty

Pin to Taskbar -

Pin to Start Menu

Remove from this list

Properties

3 l Diamond Programmer

—
WordPad

Nl
ﬁ), Component Serices

»  All Programs

GRL USB-PD MOI and User Guide
© Granite River Labs 2016, 2017
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3.1.1 GRL-USB-PD Software Navigation

5) Launch the SW by choosing the GRL Icon on the Windows Task Bar.

6) Once SW launches, the Test Steps menu will appear.

1. Quick Start Steps - This menu gives a tutorial on the test steps navigation buttons that appear

across the top of the application.

Application  Options  License  Help

Test Steps

0 90 v ot o e 20 - -

"5
o

GJE

Quick Start Steps | User Interface

bottom & S

creen
- Click the *Stop" button inthe  Action menu tem in order to siop the
decoding process

v &

dafE-;

Step 6

+ B

 Select the Star @
« Fillthe DUT information and Test
+ Select the Repot format
 Select the output foider

- Click Generate Report

Click = toview report generation options

Checkthe required ftsms inthe "Select Report Contert” panel.
nd Stop index in the “Frame Range” pane!
and Test information

m

2. User Interface - This menu shows how to navigate the GRL-USB-PD SW. You can navigate

left to right on the top menu or use the Previous and Next buttons on each side of the
application to navigate to the left and right.

US6-P0 Protacol Decod

Application  Options  License  Help

Test Steps

]

{Quick Start }

Quick Start Steps | User Interface

The Action ftem Bar contains actions
Action Item Bar ". ®+> -0

Previous
Action Item

Next
Action Item

{
)

buttons which load different action tems.

Navigate to the previous action item.

Navigate to next action item.

GRL USB-PD MOI and User Guide
© Granite River Labs 2016, 2017
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3.2 GRL-USB-PD Software License Activation (if needed)

There are two Licensing options for GRL-USB-PD. Option (1) is a ‘node locked license’ that is
assigned to the host Oscilloscope’s MAC Address through an encrypted key; in this case the software
can only be used on the host oscilloscope. Option (2) is a USB Dongle HW ‘single user license’; in
this case the software license can be moved from oscilloscope to oscilloscope in the lab for testing, or
can be used on a separate PC for post-processing saved waveforms.

7) For Option (1) — Node Locked License, follow this procedure to activate either a
Permanent License or a Demo License.

o Permanent License — Available to customers who have purchased the SW from
GRL or Instrument Vendor.

o Demo License — Time Limited license available from GRL for customer
evaluation or Sales demo purposes.

1. Goto the License > License Details.

USB-PD Protocol

Application  Option: [ License | Help )
T Steps License Details | o |Z
q
“"‘“--. Quick Start 0
Quick Start Steps | User Interface
{Step 1}
Click | toconfigure oscilloscope
RSN I | oo o
{Step 2 } .
Click &7 towview test setup
ATNETTEENE | oo omean -
FIGURE 2: ACTIVATING GRL-USB-PD SOFTWARE LICENSE
GRL USB-PD MOI and User Guide Revision 1.2.6.0.

© Granite River Labs 2016, 2017 Page 17 of 309



2. Inthe GRL Framework License Window:
1) Copy the existing Host ID to the PC’s Clipboard using Copy to Clipboard.
— =

GRL Framework License

Granite River Labs

Framework License Details

Installed Products:
Licensed To: GRL

USB-PD Protocol Decode Software - Permanent
Host 1D (For enquinies or license request please send this information): |

- {
(QqEx06b S TAEVUrFbs2AZ0ZglydilnwEP 1apPVQaikOLHcMMXeEjpe '
/P Higmit 3gEVES +k AQnmmmiENEwNYCGmx6206SsnijPoBIkV; Copy to
52j0+g== | Cipboard

For icense enquiries send the Host IDto  suppod @GranteRiverlabs com

Activation Key Received:
|

Activation License File Received: | Browse Activate |

if) Click on the support@GraniteRiverLabs.com link to open your PC’s email.
|

Host ID (For enquiries or license request please send this information) |

QqEx06bS TAEVUOrFbs2AZ0ZglydiIinw 8P 1apP\VQalkOLHcMMXe Ejpe S
/PHjgmit 3gEVES +k AQnmmmiENEwNYCGmx6206SsnKjPoBIIkV/FOvxQ | Copyto
52 Clipboard

[ForboemmmmdtheHoI IDto  suppot @GraniteRiverlabs com H

Activation Key Received:
’l
iii) Paste the Host ID into the email body.
iv) Send the email to GRL.

v) You will receive an email response with and updated Host ID string.
vi) Copy and Paste the new Host ID string into the Activation Key Received field in the

application.

Qg Ex06bS TAEVUOrFbs 2AZ 0Zgiydiilnw 8P 1apPVQaljkOLHcMMXe Ejpe S
/PHjqmit IgEVES+kAQnmmmiENEwNYCGmxbzo6SsnKjPoBIIkV/FOwxQ | Copyto
52j0+g== Clipboard
For license enquiries send the Host IDto  support @Granite RiverLabs com
Activation Key Received:
Q3XeY6F6lxt+FEcob/MCIOVBbQJCCewTebusKe4S31 Re2/
Qwi78pRpcqULYUE2Go6+4gNEOBAE +WSNI
+¢i5XI0hpxiSt3g5gasL DeRnBXeUBvkqIWFmiBE3LQUDR44LIRQWUKBH340xPeCHCRada7 Yuls
FRhUDPOYVEXBAWIIMART! .. o cemccioc eccn. scarmem srecmassas ]
Activation License File Received:

GRL USB-PD MOI and User Guide Revision 1.2.6.0.
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vii) Click on the Activate Button.

QqEx06b S TAEVUOrFbs2AZ0ZgiydilnwBP 1apPVQalkOLHcMMXeEipe S
/PHigmit 3gEVES +k AQnmmmiENEwN YCGmx6206SsnKPoBIkV/FOKQ | Copyto
5zj(+g== Clipboard

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

Activation Key Received:

'LqaXeY6F8ixt+ FEcobMCIOvBbQICCewTe6usKa4Sa1 Re2!
Qwi78pRpcqULYUE2GCE+4gNEOBAE+WSNI

+Ci5Xi0hpxIStag5gasL DeRnBXeUbvkqIWFmMBE3LQUDR44LIRQWUKBH340xPeCHCRIdaTYufs
Fatluhgxl/qDPoYv2X84WtjUlaa7/

Activation License File Received: Activate

—

viii)  Activation Status will appear under the Installed Products field.

ix) Click the Close button to begin using the Licensed application.

— =

GRL Framework License

=

)

Granite River Labs
e Details

{| [ installed Products:

Licensed To: GRL _

USB-PD Protocol Decode Software - Permanent
J

-

GRL Framework License

Granite River Labs

Framework License Details

——

Installed Products:
Licensed To: GRL
USB-PD Protocol Decode Software - Permanent

Host ID (For enquiries or license request please send this information):

QqEx06bS TAEVuOrFbs2AZ0Zgiydilnw8P 1apPVQaljkOLHcMMXeEjpe S

/PHiqmit 3gEVES +kAQnmmmiENEwNYCGmx6206SsnKPoBIkV/FOWQ | Copyto
52j0+g== Clipboard

For license enquiries send the Host IDto  support @Granite Riverlabs com

Activation Key Received:

8) For Option (2) — Single User USB Dongle License, it is not necessary to contact GRL for

a license.

GRL USB-PD MOI and User Guide
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1. Download and install the software.

2. Insert the USB dongle in any one of the Scope’s USB ports.
3. Open the application and start using it.

3.3 Update GRL-USB-PD-C1 Firmware and FPGA

Along with each GRL-USB-PD software revision, a new version of FW and FPGA code is provided.
Use the following procedure to update the controller’s firmware and FPGA code.

1) Install the latest USB-PD Compliance Test Solution software.

2) Launch the application and Click “Update Firmware” button in “Scope Connection Setup”
Menu as shown.

TE1 USB-PD Protocol Decodt Software (Version: LLAT) =R =
Applicstion  Opbiors  License  Windmas  Help
Oscilloscope Configuration (7] ‘l
%)
Scops VISA Name: | RIE:) o] [ R e |
IO Vendor Specific Instrument IDN will be displayed
| =2 Test Conrection | G
E-Load VISA Name: |Ssiect nstrument [=] [ & metresn

[ Select VISAAlias Name and Chek “Test Connection” to display IDN

| = Test connecton |

Lipdabe Firmwan
Teater Status Connected Q
Firrmwang Vergion V1281, ]
E Uipaiale Finmwan: j

Holse Board C alibration Cable IR Drop Status
Mois# Board Viersion: &) Gend Gen?  Show Selup Cable IR Drop SttS. Calibeated L3
Calibrabed Cable Mame GRICABLE
Moise Board Status Q Genl Calibrated [ Calibrate ] R (ohm): 010734

Calibrated Date Time:  2Q7/201T 11558 PM

Figure 3: Oscilloscope Configuration Window for Updating the Firmware

3) Pop up appears; ensure that the USB 3.0 Cable is connected to the Scopes USB3.0 or
USB2.0 Port. Ensure that the mini-USB Cable provided with the GRL-USB-PD-C1
controller is connected to a USB2.0 port on the Scope.

GRL USB-PD MOI and User Guide Revision 1.2.6.0.
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r
GRL-USB-PD Compliance Test Solution = ‘ =

Connect USB 3.0 Control cable for —
Firmware upgrade Connect USB Programming
cable for FPGA upgrade

4) Pop up appears as shown below. Turn off the Controller (Tester) using “On/Off” switch,
hold “Reset” button down in the rear panel on the controller and power on the Tester.
Verify Tester Status is ‘Connected’ and press OK.

ANV

v
Probe
U
Tester Status: Connected Q DualR
. : Type-C P/C
Firmware Version: Test Cable Uni
iUpdate Firmware I
-
USB-PD Compliance Test Solution &
o Please turn off Tester, then push and hold the 'System Reset' switch on the Tester
back panel and power on the Tester to start firmware upgrade.
E: OK ; Cancel
\

5) Observe “CC Line” LED of the front Panel, starts blinking to ensure Application
Processor entered in to Boot Mode, Firmware version will appear as “F.X.3.P.R.0.G”. As
shown in Error! Reference source not found.. While updating firmware status appears a
s “Firmware update in progress”.

Tester Status: Connected Q

Firmware Version: F.X.3.P.R.0.G.

Update Firmware

Firmware update in progress...

GRL USB-PD MOI and User Guide Revision 1.2.6.0.
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6) Application Processor Firmware completes as shown below. To perform FPGA update
Application must not be in Boot mode, a popup appears as shown below, Turn Off and
Turn On (without holding Reset switch) the tester and press OK.

E¥]1s UL lemnerea o1 a2 o9 o4
-- cc W |
& & & &
USE-PD Compliance Test Salution @
Power cycle the Tester and Click OK, to continue upgrading firmare
Ok |
Tester Status: Connected 9
Elmware Version: F.X3.P.R.0.G. J T _TypeC
Test Cabl
| Update Firmmware
I Programming Succeeded I

7) FPGA update starts with the status as shown below. During this step, two FPGA’s such as
1K and 8K will be updated. Observe status message for both the devices.

IJ Passive
Probe
F
'_
Tester Status: Connected Q
Firmware Version: V.1.2.7.8.
Update Firmware
Firmware(1K) update in progress... It may take a few minutes.

8) Once FPGA Flash is completed, you will get a Pop-Up as follows. Press OK.

! USB-PD Compliance Test Soluticn Iﬁ[

FPGA Flash updated successfully

Power Cycle tester to Update Latest FPGA File

Tester Status: Connected Q

Firmware Version: V.1.2.7.8.

Update Firmware

FPGA Flash updated successfully

9) Reset Controller by Toggling the On/Off button one last time. Then Controller is updated
and ready for use.

FroLe

Tester Status: Connected Q

Firmware Version: V.1.2.7.8.

Update Firmware

3.4 Calibration of the BMC-RX Noise Source Generator

The procedure to calibrate the voltage reference of the Noise board is required when the
Controller is used for the first time or replaced with a different one. The calibrated VVoltage
reference value and Amplitude of the connected Controller will be retained in the software. Upon

GRL USB-PD MOI and User Guide Revision 1.2.6.0.
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changing the Controller, the user has to calibrate the new Controller again. The Trigger Channel
is checked and set to CH4 as shown in Figure 13. Make sure that the Controller is Reset before
starting the Noise Calibration.

Note: Noise calibration for Gen2 is under development. This feature would be supported in future
release.

Step 1: Remove the DUT or cable and make sure nothing connected on Port A as shown below
and power cycle the controller once. Make sure to Connect Controller USB cable to USB 2.0 port
of scope.

......

Unplug
the DUT Connect BNC
Cable Trigger Out
to Ch4 of

Oscilloscope

Connect CC1 to Ch1i
of Oscilloscope

FIGURE 4: RECEIVER NOISE SOURCE CALIBRATION SETUP

Step 2: Open GRL Application and Click Refresh button in Oscilloscope Configuration panel and
connect scope as shown in below figure.
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m USB-PD Protacal Decode Software (Version: 1.2.4.7) =0 | e
Application  Options  License  Windows  Help
Oscilloscope Configuration (9] EI
—
Scope Connection Setup 0
Scope WISA Name: [ [EEE0GIEE : €= Select Refresh button
to update the
Select Test C i (In1gR WVendor Specific Instrument IDN will be displayed : P L
elect lest Connection E nstrument List
$ [_ z Test Connection W Q
button to connect to
scope E-Load WISA Narne: |Se|ed Instrument |Z|| [ S Refresh l
[D: Select VISAAlias Name and Click "Test Connection” to display IDN
[ z Test Connection l
Update Firmware
Tester Status: Connected Q
Firrrware Yersion: V.1.2.8.1.
[ Update Firmware ]
Noise Board Version: Gen1 Gen2 Show Setup Cable IR Drop Status:  calibrated Q
Calibrated Cahle Name: GRLCABLE
Noise Board Status: Q Mot Connected Calibrate R {ohmj: 010734
- Calibrated Date Time:  2i27/2017 1:15:59 P
Step 3: Click on Calibration button as shown below
T3 USS-P0 Protocol Decade Software (Version: L2.41) oo e

Application  Options  License  Windows  Help

Osalloscope Configuration

{ Scope Connection Selup }
Scope VISAName [ ECTIEIEIETIISE [~} [-£3 Rowesn ]
IDN Vendor Soecific Instrument IDN will be disolaved
I = Test Connection | Q
E-Load VISAName; [Seiect nstrument =1 | & rorean |
DN Select VISAAlias Name and Click “Test Connection® to display IDN
[ §=Rrentcomecton |
Update Frmwase
Tester Status Connected Q
Fumware Version VA28,
| upoateFrmware |
Noise BoaraCalibration Cable IR Drop Status
Noise Board Version Genl Gen2 Show Setup Cable IR Drop Status.  Caibrated Q
; Calibrated Cable Name: GRLCABLE
Noise Board Status: @) Not Connected R(ohm): 010734
- Calibrated Date Time: 227/2017 1:15:59 PM
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Step4: Group Noise calibration would start first followed by BUSIDLE Calibration .This
process could take some time. Message box showing “Noise Calibration Succeeded” would
appear.

Step 5: Once the BUSIDLE calibration completes, Noise Board status updates as Genl
calibrated as shown below

| Noise BoardCalibration |

Moise Board “ersion: Gen1 Gen2 Show Setup

Moise Board Status: O Genl Calibrated Calibrate

Step 6: The following figure is the snapshot of the oscilloscope showing the voltage levels after
the completion of Calibration. The Peak to Peak Noise Source Amplitude should be in the
range of 1.04V to 1.20V for the Calibration to succeed.

|
Q7 Cursor Results 1 (I x
1 GEE——TTT V1 35.85mV.
v2 9659 V.
At 10 ms AV
174t 100 Hz AV/At

7 ¥¥Hz
tome (T @ B reck wovetorn

In case of Failure Please Contact support@graniteriverlabs.com for further support.

4 Connection and Setup of Hardware
Figure 6 shows an example setup for testing a USB-PD Provider/Consumer or Dual Role Device.

The GRL-USB-PD Software, which is loaded on a Win7 (or higher) oscilloscope’s operating system,
uses the oscilloscope’s instruments VISA (Virtual Instrument Software Architecture) to automate the
following equipment for testing using GPIB (General Purpose Interface Bus) commands. Below is a
procedure for connecting HW and verifying proper HW connections.
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1) Connect Power Supply to Controller.
2) Connect the GRL-USB-PD-C1 Controller using physical USB connection to the Scope.

3) Setup the Oscilloscope and Electronic Load (eLoad) using its internal GPIB/VISA
connection.

4) Verify the Controller’s USB drivers are properly installed on the Scope’s OS.

Note: Automation of Power Supply switching in the GRL-USB-PD-C1 is handled internally to the
controller unit. Thus, there is no USB or GPIB connection attached to the Power Supply.

USB eload %’f
Windows Scope with . -
GRL-USB-PD
Il AC Line
1 Power
GRL-USB-PD-C1
Power Brick USB Type-C™ Test
Cl C2 C3 c4 24Vicn Controller
cCc v, I Tig
/

Passive

or Active
Probes

(Ch1, Ch2)

CC Line
Trigger Out
Current DB
v Dual Role
Probe N =
Type-C P/C or C/P
Test Cable DUT
© GRL

FIGURE 5: HARDWARE SETUP FOR PROVIDER/CONSUMER OR DUAL ROLE DEVICE

4.1 Connect Power Supply to Controller
To setup the GRL-USB-PD-C1 Test Controller, do the following:
1) Connect the GRL-USB-PD-C1 Power Interface using one of three methods:

1. Using the 24V, 120W Power Brick included with the controller (recommended for most
applications),

2. Using a Lab Power Supply (24V, 120W) to connect to the “+’ and -’ terminals of the
controller, or

3. Using a Lab Power Supply to connect Vbus directly to the ‘+” and ‘-’ terminals of the
controller.
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GRL-USB-PD-C1 Rear Panel

USB Control

ToPC/
Oscilloscope System

Reset

4.2 Connect USB Cable and Turn On Controller

2) Connect the GRL-USB-PD-C1 Device (Type-B) connector to one of the oscilloscope’s
USB Host (Type-A) connector using a USB2.0 or USB3.0 Cable.

GRL-USB-PD-C1 Rear Panel

3) Turn on the GRL-USB-PD-CL1 controller using the On/Off button.
GRL-USB-PD-C1 Rear Panel

Type-C SBU

4.3 Oscilloscope and eL.oad Connection Setup
To setup the Oscilloscope do the following:
4) Select the Scope Connection Setup menu (second icon from the left).
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[l USE-PD Protacol Decode Software (Wersion: L2,4.7) =0 | e
Application  Options  License  Windows  Help

Cscilloscope Configuration

Scope Connection Setup 0

Select Refresh button
L4

to update the

Scope WISA Narme:

. (In1gR Wendor Specific Instrument IDN will be displayed .
Select Test Connection Instrument List
[ z Test Connection l Q
button to connect to
scope E-Load WISA Name: |Se|ed Instrument |Z|| [ S Refresh l
IDI: Select WISAAlias MName and Click "Test Connection” to display IDN
[ z Test Connection l

' Update Firmware

\ Tester Status: Connected Q

Firrrware Yersion: V.1.2.8.1.

Update Firmware

Moise BoardCalibration

Cable IR Drop Status
Moise Board Version: @ Genf Gen? Show Setup Cable IR Drop Status:  calibrated Q

Calibrated Cahle Name: GRLCABLE
Moise Board Status: Q Genl Calibrated Calibrate Riohrm): 010734

Calibrated Date Time: 272772017 1:15:59 P

5) Press the Refresh Button next to the Scope VISA Name to refresh the connected
instruments.

6) If there are multiple VISA Instruments connected, select the TCPIPO: localhost from the
pull down menu, which is the Internal GPIB connection to the oscilloscope.

Scope Connection Sehp | o

[S(cpe VISA Name TCPPO focathost instd: NSTR ! |- Retrash }h

o Vendor Specific Instrument IDN will show up here

— Prewcoman——|

7) Press the Test Connection Button to verify the connection. The green icon will show up
when it is verified.

Scope Comnecton Setp °

Scope VISA Name TCPPD locabost mstd MISTR - | & ratresn

o Vendor Specific Instrument IDN will show up here)
- !-_'vwm — Q

To setup the eLoad do the following:

The Oscilloscope is now setup.

8) As in the above diagram, connect the ‘+’ and ‘-‘Terminals of the eLoad to the eLoad
terminals on the rear panel of the GRL-USB-PD-C1 controller. Refer to the readme.txt file
for supported electronic loads.
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GRL-USB-PD-C1 Rear Panel

Type-C SBU

System

Reset
Upgrade

9) Connect the eLoad’s USB Device (Type-B) connector to one of the oscilloscope’s USB
Host (Type-A) connector using a USB2.0 Cable.

10) Make sure the USB driver for the eLoad being used is installed on the oscilloscope’s OS.

11) In the GRL-USB-PD Software, Press the Refresh Button next to the eLoad VISA Name
to refresh the connected instruments.

[ oLoad VISA Name USBO 2665 2122 6312A0003262 0. IN = [ Retreshy \] <
IDN Chroma 6312A,0,03.01,17,0

{ =2 Test Connection Q

12) Press the Test Connection Button to verify the connection. The green icon will show up
when it is verified.

oLoad VISA Name USB0 2665 2122 6312A0003262 0. IN[=] [ Retresiy]
DN Chroma,6312A.0.03.01.17.0
=2 Tost Connection Q

4.4 Verifying GRL-USB-PD-C1 Windows Driver Installation

The USB drivers for the GRL-USB-PD-C1 Controller are automatically installed to the oscilloscopes
OS with the GRL-USB-PD software installation.

When the USB connection is made between the Oscilloscope and the Controller unit using the blue

USB3.0 cable, the drivers will be automatically updated. It may take some time for the Windows OS
to update the drivers the first time the controller is connected.

r "
| Driver Software Installation ﬁ

Your device is ready to use

USE Serial Converter A +f Ready to use
USE Serial Converter B +f Ready to use
GRL USB-PD Tester +f Ready to use
USE Serial Port (COMS51) oiReadyto use
USE Serial Port (COMS0) oiReadyto use

Close

FIGURE 6: INSTALLATION OF USB DRIVERS WHEN INITIALLY CONNECTED
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Before proceeding with the HW setup, it is recommended that you verify in the oscilloscope’s device
manager that there are no unrecognized USB connections. This is an indication that all drivers have
been properly installed and connected.

The GRL-USB-PD-C1 controller is now setup and ready for use.

Before running any tests, it is recommended that you verify all connections are communicating using
the procedure in this Section. Sometimes communication errors occur between equipment.

If a connection is lost and cannot be restored to its ‘green state’, close the GRL-USB-PD SW
application and re-start it. No work will be lost if the application is closed and re-started.

4.5 Verify Test Setup

To verify the Test Setup navigate to Test Setup Window and click Verify Setup Button as shown
below. This feature checks if the Probe, E-Load and Controller Connections are correct. In case of
any connection error message showing the reason for failure is shown.

[l USE-PD Protacol Decode Software (Wersion: L2,4.7) =0 | e
Application  Options  License  Windows  Help

Test Setup Connection o EI
{Test Setup: Use the following test setup]I 0
DRP Setup Diagram
UUT Device Type: |[DRP -
USB
Windows Scope with
[O1s UUT Tethered pivindgirag o
1[ Lil AC Line
P
Select Setup Status Scope ower 5 ER-FD-C
— g RL-USB-PD-C1
M prove connection M4 == USB Type-C™ Test
-- Cl C2 C3 C4 24V/6A Controller
= | CC Vv, fy,  Trig |
' EE—LDadConnedion A H - @ | v
ETesterOperation A L _'
= FPassive
Werify Setup or Active
- Frobes
{Chl, Ch2)
CC Line
Trigger Out
USB-PD
Dual Role
Probe ~— =
Type-C P/C or C/P
Test Cable DUT
@ GRL

4.6 Cable IR Drop Calibration Procedure

This Procedure is to remove the IR drop in the USB-C Test Cable during Power Load testing. This
procedure is required before the compliance testing.

Step 1: Make the setup as shown below for Cable IR drop measurement
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frand PortB

FIGURE 7: TEST CABLE IR DROP CALIBRATION SETUP

Step2: Click Refresh button in Oscilloscope Configuration panel and connect scope as shown
in below figure.
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m USE-PD Protocol Decode Software (Wersion: 1.2.4.7)

=N FeR 5
Application  Options  License  Windows — Help

Cscilloscope Configuration

Scope Connection Setup

Scope VISA Name: | EE0EGIS [=] Select Refresh button
. (In1gR WVendor Specific Instrument IDN will be displayed L update th?
Select Test Connection Instrument List
[ z Test Connection l Q
button to connect to
scope E-Load WISA Narne: |Se|ed Instrument |Z|| [ S Refresh l
1DM:

Select VISAAlias Name and Click "Test Connection” to display IDN

[ z Test Connection l

Update Firmware

\ Tester Status: Connected Q

Firrrware Yersion: V.1.2.8.1.

Update Firmware

Moise Board Calibration

Cable IR Drop Status
Show Setup Cahle IR Drop Status:  calibrated Q

Calibrated Cahle Name: GRLCABLE
Moise Board Status: Q Genl Calibrated Calibrate R (ohrm): 010734

Calibrated Date Time:  2i27/2017 1:15:59 P

Moise Board Yersion: @ Genl Gen2

Scope VISA Name: |TCPIPO::192.168.1.37::inst0::INSTR Eﬂ [ cRefresh ]

IDN: Vender Specific instrument IDN will show up here

= Test Connection

Step 3: Move to Decoder Configuration Tab, Open Config Controller Window and click on
Cable IR Drop Tab mention the Cable Name as shown below.
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[ RERL TP R IR NI (=l ]~ ]

]_Conﬁ_qure | Commands | Alt Mode |Advanced E-Load Setup |VDM Settings | Power Testing
Cable IR Drop | Misc Testing

Cable Irmp: 010734 {Calibration_time 2/27/2017 1:15:58 PM}

Cable Mame: | GRLCABLE

Part A Channel: F'ortEIChanne\:

Setup: @ Scope Dkt

Select Scope: [Tcplpu 192.168.1.37:inst0- INSTR v]

Select E-Loar: | TCPIP0:192.168.1.37-inst0-INSTR -]

Current Limit: @ 54 0 34 Show Setup

s

0 491046 491205 0.001580 0

05 4795317 474791 0.05026 0.09681 0.505
1 475893 465704 010276 010036 1.01
16 473043 457282 015761 0.10338 1.5125
2 470335 4.49154 021181 010523 2.00375
25 4B7917 440504 027413 010927 250688
3 465232 432112 03312 010923 301
35 461829 42389 037939 010789 351313 o

o~ 0 M s W) k=
m M m M m m

[ RU
Scope Acg Settings: | SINGLE STOP 2 (sec) | Scope Setup
Set Trigger Channel: VBus Toggle Tryg

Step 4: To View setup connection click on Show Setup label as shown below, the

setup image will pop up.

GRL USB-PD MOI and User Guide
© Granite River Labs 2016, 2017

Revision 1.2.6.0.
Page 33 of 309



Canfigure | Commands | Alt Mode | Advanced | E-Load Setup | WO Settings | Power Testing
Cable IR Drop | Misc Testing

Cable Imp: 0.10734 [Calibration_time 2/27/2017 1:15:59 PM}

Port A Channel:  |CH1

Cable Mame:  GRLCABLE|

| PotB Channel:

Setup: @ Scope

Dt

Select Scope: ’

’]

Select E-Load: ’

7

0 4.91046
0.5 479817
1 4.7598

1.5 4.73043
470335
25 467917
3 465232
35 461829

IR T
M m m M M m Jm M
~a

Current Limit: @ 54 0 34

451205 -0.00189 0 0
4.74791 0.05026 0.09681 0.505
4.65704 0.10276 0.10036 1.01
457252 0.15761 0.10335 1.5125
4.49154 021181 0.10893 2.00375
4.40504 027413 0.10927 2.506858
432112 03312 010993 3.01
42389 037939 0.10789 3.51313

R ) E-Loadily

4

[ RUN /
Scope Acg Settings: | SINGLE STOP 2 (sec) | Scope Setup
Set Trigger Channel: Toggle Try

Step 5: Select ‘Port —A’ in Port A Channel drop down list and select the Scope ‘Port-
B’ in Port B channel drop down list as shown below.
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Configure | Commands | Alt Mode | Advanced | E-Load Setup | WD Settings | Power Testing
Cable IR Drop | Misc Testing

Cable Irmp: 0.10734 {Calibration_tirme 2/27/2017 1:15:59 PM}

Cable Mame:  GRLCABLE|

Port A Channel: ||| CH1 ~ || Port B Channe

Setup: @ Scope Ditthd
Select Scope: ’ v]
Select E-Load ’ v]
Current Limit: @ 54 @ 3A  Show Setup
o Yo C Y ) E-Loadl IS

0 4.91048 4.91205 -0.00159 0 0

0.5 475817 474791 0.05026 0.09651 0505
1 47598 465704 0.10276 010036 1.01
1.5 473043 4.57282 0.15761 0.10335 1.5125
470335 4.48154 0.21181 010893 200375
25 467917 440504 0.27413 0.10927 250688
3 465232 432112 03312 010993 3.01
35 461825 42389 037938 010789 351313 o

m o~ 0y MR W k)=
h h h h th th h
~a

" RUN /
Scope Acq Settings: | SINGLE STOP 2 [sec) | Scope Setup
Set Trigger Channel: VBus Toggle Try

Step 6: Select scope and eLoad VISA identifiers in the respective drop down list as shown
below.
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Configure | Commands | Alt Mode | Advanced | E-Load Setup |VDM Settings | Power Testing
Cable IR Drop | Misc Testing

Cahble Imp: 0.10734 {Calibration_time 2/27/2017 1:15:59 PM}

Cable Mame:  GRLCABLE|

Part A Channel:  |CH1 ¢ F'ortElChanneI:

Setup: @ Scope Dittha
Select Scope: | TCPIP0::192.168.1.37 :inst0:INSTR v]
Select E-Load: | TCPIP0::192.168.1.37-:inst0:INSTR v]
Current Limit: @ 54 @ 3A  Show Setup
0 p k) E-Load) [

0 491046 451205 -0.00155 0 0

0.5 479817 474791 0.05026 0.096531 0.505

1 47598 465704 010276 010036 1.01
1.5 473043 457282 015761 0.103358 1.5125
470335 449154 0.21181 010893 2.00375
25 467917 440804 0.27413 010927 250688
3 465232 43212 03312 010993 3.01
36 461829 42389 037939 010789 351313

[= e = S RS R = TR S
M M m m m M mm
~a

! RUN /
Scope Acg Settings: [ SINGLE STOP 2 (sec) | Scope Setup
Set Trigger Channel: VYBus Toggle Trg

Step 7: Set Current limit as 3A or 5A. 5A is the default value. Based on the current limit set
the Grid values will be populated.
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Configure | Commands | Alt Mode |Advanced E-Load Setup |VDM Settings | Poweer Testing
Cable IR Drop | Misc Testing

Cable Irmp: 010734 {Calibration_tirme 2/27/2017 1:15:59 PM}

Cable Name:  GRLCABLE|

Part A Channel: | CH1 ¢ PonBChanneI:

Setup @ Scope Dt
Select Scope: | TCPIPO:192.168.1.37:inst0: INSTR -
Select E-Load: ’TCF'IPlJ 192 168 1.37-:inst0::INSTR v]
Current Limit; @ 5A [ | © 3A | Show Setup

E-Load(T)

Py

0 491046 4.91205 -0.00159 0 0
0.5 478817 474791 0.05026 0.096531 0.505
1 47598 465704 010276 010036 1.01
16 473043 457282 0.15761 0.10338 1.5125
2 470335 4.49154 02181 010593 2.00375
25 467917 440504 027413 010927 250685
3 485232 432112 03312 010983 3.01
345 461829 42389 037939 010789 351313

o~ M s W) k=
M m M Mom Mmoo

Scope Acg Settings: | SINGLE E.?g; 2 (sec) | Scope Setup
Set Trigger Channel: m Toggle Try

Step 8: Click on Run button. The port-A voltage, Port-B voltage, difference in voltage,

impedance and measured current values are as displayed.
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P — e —

Configure | Commands | Alt Made |Advanced E-Load Setup |VDM Settings | Power Testing
Cable IR Drop | Misc Testing

Cable Imp:  0.10734 {Calibration_time 2/27/2017 1:15:59 PM}

Cable Mame: GRLCABLE]

Part A Channel: | CHT ¢ F'ortEIChanneI:

Setup: @ Scope Dt
Select Scope: [Tcplpu 192.168.1.37-inst0: INSTR -]
Select E-Load: ’TCF'IF'O 192.168.1.37inst0::INSTR v]

Current Limit: @ 54 ) 34  Show Setup RUN

C Paort it RiOhrm)  E-LoadD) |
0 491046 4.91205 -0.00158 0 0

05 479517 474791 005026 009681 0505

1 47598 4.65704 0.10276 0.10036 1.01

1.6 473043 457282 015761 0.10338 1.5125
2 470335 4.49154 0.21181 010593 2.00375
25 467917 4.40504 0.27413 010927 250653
3 465232 432112 03312 010993 301
35 461829 42389 037939 010782 351313

W ~ 3 M = W k=
M m M Mom Mmoo

! RUN /
Scope Acg Settings: | SINGLE STOP 2 (sec) | Scope Setup
Set Trigger Channel: VBus Toggle Try

Step 9: After completing the IR calibration check the Cable impedance, time and date of calibration
are as shown below
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Configure | Commands | Alt ModelAdvanced E-Load Setup | ¥DM Settings | Power Testing
Cable IR Drop | Misc Testing

Cable Imp: 010734 Calibration_time 2/27 /2017 1:15:59 PM

Cable Name:  GRLCABLE|

Part A Channel:  |CH1 v F'ortEIChanneI:

Setup: @ Scope Dkt

Select Scope: ’TCF'IF'O 192.168.1.37-:inst0::INSTR

Select E-Load" | TCPIP0-192 168.1.37-inst0. INSTR

1]

Current Limit: @ 5A O 3A  Show Setup
\ag i

Cur.. P )
0 491046 4.91205 -0.00159 0 0

05 479817 474791 005026 0.08651 0.505
1 47595 465704 010276 0.10036 1.01
15 473043 457282 015761 0.10338 1.5125
470335 4.49154 021181 0.10893 2.00375
25 467917 440504 027413 0.10927 250688
3 485232 432112 03312 010993 3.01
345 461829 42389 0357939 0.10789 3.51313

1 Parthi

[ R T =
;o o ;oo o
]

Ay RiOhrm)  E-Load(D)

-

- RUN /
Scope Acq Settings: | SINGLE STOP 2 (sec)
Set Trigger Channel: m m

Scope Setup

Toggle Try

Step 10: In the case when IR drop calibration is already done on the cable, the values in Cable IR
Drop Tab will updated based on previous calibrated values including the date and time.

Step 11: Navigate to the Oscilloscope Configuration Window. The IR Drop status would be displayed

as shown below.
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m USE-PD Protocol Decode Software (Wersion: 1.2.4.7)
Application  Options  License  Windows — Help

Cscilloscope Configuration

Scope Connection Setup
Scope VISA Name: | [EIEDHIE st TR
(In1gR Wendor Specific Instrument IDN will be displayed
[ z Test Connection l Q
E-Load WISA Narne: |Se|ed Instrument |Z|| [ c Refresh ]

[D: Select VISAAlias Name and Click "Test Connection” to display IDN

[ z Test Connection l

' Update Firmware

\ Tester Status: Connected Q

Firrrware Yersion: V.1.2.8.1.

Update Firmware

Moise Board Calibration

Cable IR Drop Status
Moise Board Version: @ Genl Gen2 Show Setup Cable IR Drop Status:  calibrated Q

Calibrated Cahle Name: GRLCABLE
Moise Board Status: Q Genl Calibrated Calibrate R (ohrm): 010734

Calibrated Date Time:  2i27/2017 1:15:59 P

4.7 Run Test on GRL eMarker Cable to verify update

To verify the update, it is recommended that you run a test on the GRL ‘eMarker’ cable that is
included with the GRL-USB-PD-C1 controller. Follow the procedure in Section 5.10 for the test

procedure. Once completed the eMark cable test should show all Pass when testing the GRL eMarker
cable.

GRL USB-PD MOI and User Guide
© Granite River Labs 2016, 2017

Revision 1.2.6.0.
Page 40 of 309



Appicaton  Opbons

Lcense  Windows  Meb

|VC‘:;§-'-QV.¢ Test Result',

4 b x [Packen wio

Corplance Tet Remit Do Exe Dage Packets
3 Q CABLE -
5 Q canLs 3> 2> BIST CM2
Q. 1 SOPINONE. . 1 BIST BIST Cam . 3031 31249 Ox . 0x5000
7 Q CanLs 2 SOPINONE. 1 GoodCRC 77435, 30189 0Ox
Q 3 NO.. NONE. 0 BIST 1353930183 Ox
Y QQ ; 4 5> PD_CCLine <<
5 @ cat . o |I5 SOPINONE . 2 VendorDefi . Discover 1D 524 61. 31253 Ox . 0xFF00
Q@ BIST oan 5 SOP1NONE. . 2 GoodCRC T77.80.. 30187 Ox
5 Q BuC PH 7 SOPINONE 0 VendoeDefi . DiscoverID. 24142 30189 Ox . 0xFF00
R 8 SOP1NONE. . 0 GoodCRC 16229 31238 Ox
9 >>.. >>>> PD_CCLine <<<e
M 1 SOPTNONE. . 3 VendoDefi. Oscover S 502 18 11247 Ox  OWFF00
Q" “4 Jl1. SOP1NONE 3 GoodCRC T77.70.. 30187 O
1 SOPINONE. . 1 VendorDefi. Discover S . 23974 30129 Ox  OuFF00
A 1.50P1 NONE 1 GoodCRC 120363123 Ox
A 15> PO_CABP <c<<
M 1. SOP1NONE 4 BIST BIST Yost_ . 47584 31237 Ox . 0x2000
3 © sy 1. SOP1NONE 4 GoodCRC 15460, 30191 0x
Q 15> >35> PO CABP <<<<
3 @ cat 1 SOP1NONE. 5 BIST WST Yost_ 34099 31247 Ox  0x3000
Q 1. SOP1NONE 5 GoodCRC 15447 30196 Ox
> Q cal 2 3> . »»> PO_CABP <c<<
. = 2 SOP1NONE . 6 BIST BIST Tost_ . 46002 31237 Ox . 0x8000
Q" Kb 2 SOP1NONE. 6 GoodCRC 15457 30190 Ox
by < Kt - 2 >> >>>> PD_CA&. <<<<
o Co T——— - » 2 SOPTNHONE 3 BiST £17 £ 0 201 v

FIGURE 8: EMARK CABLE TEST RESULT ON GRL TEST CABLE

5 USB Power Delivery (USB-PD) Compliance Testing

5.1 Test Plan Overview

The USB-IF USB Power Delivery Test Plan is developed by the USB-IF’s Power Delivery Working
Group.

Chapter 12, MOI Assertion, of the Test Plan provides the listing of required tests for Certification.
Based on the Test Plan, device types include:

¢ Electronic Mark ‘E-Mark’ Cable — A USB Type-C Cable that has a USB-PD electronic
marking chip which indicates through USB-PD messaging its capabilities and vendor
information.

e Dual Role Port - A Consumer/Provider or Provider/Consumer capable port that is a port capable
of operating as either a Source or a Sink.

e Power Provider — A device with a PD Port (typically a Host, Hub, or Wall Wart DFP) which is
able to source power over the power conductor (e.g. Vbus).

e Power Consumer — A device with a PD Port (typically a Device’s upstream port) which is able
to sink power from the power conductor (e.g. Vbus).

e Consumer/Provider - A Power Consumer which can also act as a Power Provider.

e Provider/Consumer - A Power Provider which can also act as a Power Consumer.
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The following sections include summaries of Primary and Secondary tests that must be run on each
USB-PD Device type. Primary tests are required tests. Secondary tests are tests that must be run on
specific PD messages when they occur.

The ‘Test Name’ in the following tables can be cross-referenced with the table in Chapter 12 of the
test plan, to identify the test assertions covered by each test. The ‘Test Ref #’ is used to organize the
tests between the Primary and Secondary test suites, and to provide logical grouping for the test
report.
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5.2 Electronic Mark ‘E-Mark’ Cable Tests

5.2.1 Primary eMark Cable Tests

Test Ref # Test Name \ Test Description
Cable Physical Layer Tests - Transmit
TDA.1.1.1.1.1 | CAB-PHY-TX-EYE Cable Transmitter Eye Diagram (SOP Prime)
TDA.1.1.1.1.2 | CAB-DP-PHY-TX-EYE Cable Transmitter Eye Diagram (SOP Double Prime)
TDA.1.1.1.2.1 | CAB-PHY-TX-BIT Cable Transmit Bit Rate and Bit Rate Drift (SOP Prime)
TDA.1.1.1.2.2 | CAB-DP-PHY-TX-BIT Cable Transmit Bit Rate & Bit Rate Drift (SOP Double Prime)
Cable Physical Layer Tests - Receive
TDA.1.1.2.1.1 | CAB-PHY-RX-BUSIDL Cable Bus Idle Detection (SOP Prime)
TDA.1.1.2.1.2 | CAB-DP-PHY-RX-BUSIDL | Cable Bus Idle Detection (SOP Double Prime)
TDA.1.1.2.2.1 | CAB-PHY-RX-INT-REJ Cable Receive Interference Rejection (SOP Prime)
TDA.1.1.2.2.2 | CAB-DP-PHY-RX-INT-REJ | Cable Receive Interference Rejection (SOP Double Prime)
Cable Physical Layer Tests - Miscellaneous
TDA.1.1.3.1.1 | CAB-PHY-TERM Cable Termination Impedance (SOP Prime)
TDA.1.1.3.1.2 | CAB-DP-PHY-TERM Cable Termination Impedance (SOP Double Prime)
TDA.1.1.3.2.1 | CAB-PHY-MSG Cable PHY Level Message Test (SOP Prime)
TDA.1.1.3.2.2 | CAB-DP-PHY-MSG Cable PHY Level Message Test (SOP Double Prime)
Cable Protocol-Specific Tests
TDA.1.2.1 CAB-PROT-DISCOV ‘ Cable ID Checks

5.2.2 Secondary eMark Cable Tests
5.2.2.1 Secondary Message Checks

Test Ref # Test Name Test Description
TDB.1.1.1 PHY-MSG-GEN PHY Level General Message (SOP¥*)
TDB.2.1.2.1 PROT-MSG-HDR Message Header Checks — except GoodCRC
TDB.2.1.2.2 PROT-MSG-HDR-GCRC Message Header Checks — GoodCRC
TDB.2.1.3 PROT-MSG-CTRL Control Message Checks
TDB.2.1.4.3 PROT-MSG-DATA-VEND Vendor Defined Message Checks
TDB.2.1.4.4.1.2 | PROT-MSG-DATA-VDM-ID-ACK Discover ID ACK Message Checks
TDB.2.14.4.2.2 | PROT-MSG-DATA-VDM-SVID-ACK Discover SVIDs ACK Message Checks
TDB.2.1.4.4.3.2 | PROT-MSG-DATA-VDM-MODE-ACK Discover Modes ACK Message Check
TDB.2.1.4.4.4 PROT-MSG-DATA-VDM-ENTER- Enter Mode Message Check

MODE
TDB.2.1.4.45 PROT-MSG-DATA-VDM-EXIT-MODE | Exit Mode Message Check
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5.2.2.2 Secondary Procedure Checks

Test Ref # Test Name Test Description

TDB.2.2.1.1 PROT-PROC-AMS _1 Atomic Message Sequence

TDB.2.2.2.1 PROT-PROC-GOODCRC-TSTR GoodCRC sent by Tester

TDB.2.2.2.2 PROT-PROC-GOODCRC-DUT GoodCRC sent by Unit Under Test (DUT)
TDB.2.2.12.1 PROT-PROC-SR-TSTR Tester Originated Soft Reset
TDB.2.2.12.2 PROT-PROC-SR-DUT DUT Originated Soft Reset

TDB.2.2.13.1 PROT-PROC-HR-TSTR Tester Originated Hard Reset
TDB.2.2.13.2 PROT-PROC-HR-DUT DUT Originated Hard Reset

TDB.2.2.14 PROT-PROC-BIST-TSTR Tester Originated BIST
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5.3 Dual-Role Port (DRP) Tests

5.3.1 Primary DRP Tests

Note that test BMC-PROT-BIST-NOT-5V-SRC is required only for devices which support greater
than 5 volts.

Test Ref # Test Name ‘ Test Description
Power Rules Tests
PDSPEC10.10.2 | SOURCE-POWER-RULES Provider Power Rules Test
PDSPEC10.10.3 | SINK-POWER-RULES Consumer Power Rules Test
BMC Physical Layer Tests - Transmit
TDA.2.1.1.1 BMC-PHY-TX-EYE BMC Transmitter Eye Diagram
TDA.2.1.1.2 BMC-PHY-TX-BIT BMC Transmit Bit Rate and Bit Drift Rate
BMC Physical Layer Tests - Receive
TDA.2.1.2.1 BMC-PHY-RX-BUSIDL BMC Bus Idle Detection
TDA.2.1.2.2 CAB-DP-PHY-RX-BUSIDL BMC Receive Interference Rejection
BMC Physical Layer Tests - Miscellaneous
TDA.2.1.3.1 BMC-PHY-TERM BMC Termination Impedance
TDA.2.1.3.2 BMC-PHY-MSG BMC PHY Level Message
Protocol-Specific Message Check Tests
TDA.2.2.1 BMC-PROT-SEQ-GETCAPS Get_Source_Cap and Get_Sink_Cap
TDA.2.2.2.1 BMC-PROT-SEQ-CHKCAP-P-PC Check Capabilities (3A Marked)
TDA.2.2.2.2 BMC-PROT-SEQ-CHKCAP-NOMRK-P-PC | Check Capabilities (Unmarked)
TDA.2.2.2.3 BMC-PROT-SEQ-CHKCAP-CP-ACC Check Capabilities (3A Marked) — After PR
Swap
TDA.2.2.2.4 BMC-PROT-SEQ-CHKCAP-NOMRK-CP- Check Capabilities (Unmarked) — After PR
ACC Swap
TDA.2.2.3 BMC-PROT-SEQ-DRSWAP Dual Role Swap
TDA.2.2.4 BMC-PROT-SEQ-VCSWAP Vconn Swap
TDA.2.2.5 BMC-PROT-DISCOV ID Check
TDA.2.2.6 BMC-SEQ-SWAP-REJ Reject Swap — Consumer / Provider
TDA.2.2.7 BMC-PROT-BIST-NOT-5V-SRC BIST Functionality at Above 5V
TDA.2.2.8 BMC-PROT-REV-NUM Revision Number
TDA.2.2.9 BMC-PROT-GSC-REC Get_Source_Cap Received Test
Power Source/Sink Tests
TDA.2.3.1.1 BMC-POW-SRC-LOAD-P-PC Source Dynamic Load — Provider or Provider/Consumer
TDA.2.3.1.2 BMC-POW-SRC-LOAD-CP-ACC | Source Dynamic Load — Consumer/Provider Accepting
Swap
TDA.2.3.2.1 BMC-POW-SRC-TRANS-P-PC PDO Transition — Source, Provider or Provider/Consumer
TDA.2.3.2.2 BMC-POW-SRC-TRANS-CP- PDO Transition — Source, Consumer/Provider Accepting
ACC Swap
TDA.2.3.3.1 BMC-POW-SNK-TRANS-C-CP PDO Transition — Current Draw and Suspend — Sink,
Consumer
TDA.2.3.3.2 BMC-POW-SNK-TRANS-PC PDO Transition — Current Draw and Suspend — Sink,
Provider/Consumer
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5.3.2 Secondary DRP Tests
5.3.2.1 Secondary Message Checks

Test Ref # Test Name Test Description
TDB.1.1.1 PHY-MSG-GEN PHY Level General Message (SOP*)
TDB.2.1.2.1 PROT-MSG-HDR Message Header Checks — except GoodCRC
TDB.2.1.2.2 PROT-MSG-HDR-GCRC Message Header Checks — GoodCRC
TDB.2.1.3 PROT-MSG-CTRL Control Message Checks
TDB.2.1.3.1 PROT-MSG-CTRL-PING Ping Checks
TDB.2.1.4.1.1 PROT-MSG-DATA-SRC-CAP Source Capability Message Checks
TDB.2.1.4.1.2 PROT-MSG-DATA-SNK-CAP Sink Capability Message Checks
TDB.2.1.4.2 PROT-MSG-DATA-REQ Request Message Checks
TDB.2.1.4.3 PROT-MSG-DATA-VEND Vendor Defined Message Checks
TDB.2.1.4.4.1.1 | PROT-MSG-DATA-VDM-ID-INIT Discover ID Initiator Message Checks
TDB.2.14.4.1.2 | PROT-MSG-DATA-VDM-ID-ACK Discover ID ACK Message Checks
TDB.2.1.4.4.2.1 | PROT-MSG-DATA-VDM-SVID-INIT Discover SVIDs Initiator Message Checks
TDB.2.1.4.4.2.2 | PROT-MSG-DATA-VDM-SVID-ACK Discover SVIDs ACK Message Checks
TDB.2.1.4.4.3.1 | PROT-MSG-DATA-VDM-MODE-INIT Discover Modes Initiator Message Check
TDB.2.1.4.4.3.2 | PROT-MSG-DATA-VDM-MODE-ACK Discover Modes ACK Message Check
TDB.2.1.4.4.4 PROT-MSG-DATA-VDM-ENTER- Enter Mode Message Check

MODE
TDB.2.1.4.45 PROT-MSG-DATA-VDM-EXIT-MODE Exit Mode Message Check
TDB.2.1.4.4.6 PROT-MSG-DATA-VDM-ATT Attention Message Check
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5.3.2.2 Secondary Procedure Checks

Test Ref # Test Name Test Description

TDB.2.2.1.1 PROT-PROC-AMS _1 Atomic Message Sequence

TDB.2.2.2.1 PROT-PROC-GOODCRC-TSTR GoodCRC sent by Tester

TDB.2.2.2.2 PROT-PROC-GOODCRC-DUT Go0odCRC sent by Unit Under Test (DUT)
TDB.2.2.3.1.1 | PROT-PROC-SWAP-TSTR-SNK Tester (Sink) Originated Swap
TDB.2.2.3.1.2 | PROT-PROC-SWAP-TSTR-SRC Tester (Source) Originated Swap
TDB.2.2.3.2.1 | PROT-PROC-SWAP-DUT-SNK DUT (Sink) Originated Swap
TDB.2.2.3.2.2 | PROT-PROC-SWAP-DUT-SRC DUT (Source) Originated Swap
TDB.2.2.4 PROT-PROC-PSSOURCEOFFTIMER | Test PSSourceOffTimer when not Swapped
TDB.2.2.5 PROT-PROC-PSSOURCEONTIMER | Test PSSourceOnTimer when not Swapped
TDB.2.2.6 PROT-PROC-PING Send Ping from Tester

TDB.2.2.7.1 PROT-PROC-REQ-TSTR Tester Originated Request

TDB.2.2.7.2 PROT-PROC-REQ-UUR DUT Originated Request

TDB.2.2.8.1 PROT-PROC-SRCCAPS-TSTR Tester Originated Source Capabilities
TDB.2.2.8.2 PROT-PROC-SRCCAPS-DUT DUT Originated Source Capabilities
TDB.2.2.9.1 PROT-PROC-GETSRCCAPS-TSTR Tester Originated Get_Source_Cap
TDB.2.2.9.2 PROT-PROC-GETSRCCAPS-DUT DUT Originated Get_Source_Cap
TDB.2.2.10.1 PROT-PROC-GETSNKCAPS-TSTR Tester Originated Get_Sink_Cap
TDB.2.2.10.2 PROT-PROC-GETSNKCAPS-DUT DUT Originated Get_Sink_Cap
TDB.2.2.11.1 PROT-PROC-GOTOMIN-TSTR Tester Originated GoToMin
TDB.2.2.11.2 PROT-PROC-GOTOMIN-DUT DUT Originated GoToMin

TDB.2.2.12.1 PROT-PROC-SR-TSTR Tester Originated Soft Reset
TDB.2.2.12.2 PROT-PROC-SR-DUT DUT Originated Soft Reset

TDB.2.2.13.1 PROT-PROC-HR-TSTR Tester Originated Hard Reset
TDB.2.2.13.2 PROT-PROC-HR-DUT DUT Originated Hard Reset

TDB.2.2.14 PROT-PROC-BIST-TSTR Tester Originated BIST
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5.4 Provider-Only Tests

5.4.1 Primary Provider-Only Tests

Note that test BMC-PROT-BIST-NOT-5V-SRC is required only for devices which support greater
than 5 volts.

Test Ref # Test Name ‘ Test Description
Power Rules Tests
PDSPEC10.10.2 | SOURCE-POWER-RULES \ Provider Power Rules Test
BMC Physical Layer Tests - Transmit
TDA.2.1.1.1 BMC-PHY-TX-EYE BMC Transmitter Eye Diagram
TDA.2.1.1.2 BMC-PHY-TX-BIT BMC Transmit Bit Rate and Bit Drift Rate
BMC Physical Layer Tests - Receive
TDA.2.1.2.1 BMC-PHY-RX-BUSIDL BMC Bus Idle Detection
TDA.2.1.2.2 CAB-DP-PHY-RX-BUSIDL BMC Receive Interference Rejection
BMC Physical Layer Tests - Miscellaneous
TDA.2.1.3.1 BMC-PHY-TERM BMC Termination Impedance
TDA.2.1.3.2 BMC-PHY-MSG BMC PHY Level Message
Protocol-Specific Message Check Tests
TDA.2.2.1 BMC-PROT-SEQ-GETCAPS Get_Source_Cap and Get_Sink_Cap
TDA.2.2.2.1 BMC-PROT-SEQ-CHKCAP-P-PC Check Capabilities (3A Marked)
TDA.2.2.2.2 BMC-PROT-SEQ-CHKCAP-NOMRK-P- Check Capabilities (Unmarked)
PC
TDA.2.2.3 BMC-PROT-SEQ-DRSWAP Dual Role Swap
TDA.2.2.6 BMC-SEQ-SWAP-REJ Reject Swap — Consumer / Provider
TDA.2.2.7 BMC-PROT-BIST-NOT-5V-SRC BIST Functionality at Above 5V
TDA.2.2.8 BMC-PROT-REV-NUM Revision Number
Power Source/Sink Tests
TDA.2.3.1.1 BMC-POW-SRC-LOAD-P- | Source Dynamic Load — Provider or Provider/Consumer
PC
TDA.2.3.2.1 BMC-POW-SRC-TRANS-P- | PDO Transition — Source, Provider or Provider/Consumer
PC

5.4.2 Secondary Provider-Only Tests
5.4.2.1 Secondary Message Checks
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Test Ref # Test Name Test Description

TDB.1.1.1 PHY-MSG-GEN PHY Level General Message (SOP*)
TDB.2.1.2.1 PROT-MSG-HDR Message Header Checks — except GoodCRC
TDB.2.1.2.2 PROT-MSG-HDR-GCRC Message Header Checks — GoodCRC
TDB.2.1.3 PROT-MSG-CTRL Control Message Checks

TDB.2.1.3.1 PROT-MSG-CTRL-PING Ping Checks

TDB.2.1.4.1.1 PROT-MSG-DATA-SRC-CAP Source Capability Message Checks
TDB.2.1.4.3 PROT-MSG-DATA-VEND Vendor Defined Message Checks
TDB.2.1.4.4.1.1 | PROT-MSG-DATA-VDM-ID-INIT Discover ID Initiator Message Checks
TDB.2.1.4.4.1.2 | PROT-MSG-DATA-VDM-ID-ACK Discover ID ACK Message Checks
TDB.2.1.4.4.21 | PROT-MSG-DATA-VDM-SVID-INIT Discover SVIDs Initiator Message Checks
TDB.2.1.4.4.2.2 | PROT-MSG-DATA-VDM-SVID-ACK Discover SVIDs ACK Message Checks
TDB.2.1.4.43.1 | PROT-MSG-DATA-VDM-MODE-INIT Discover Modes Initiator Message Check
TDB.2.1.4.4.3.2 | PROT-MSG-DATA-VDM-MODE-ACK Discover Modes ACK Message Check
TDB.2.1.4.4.4 PROT-MSG-DATA-VDM-ENTER-MODE | Enter Mode Message Check
TDB.2.1.4.45 PROT-MSG-DATA-VDM-EXIT-MODE Exit Mode Message Check

TDB.2.1.4.4.6 PROT-MSG-DATA-VDM-ATT Attention Message Check

5.4.2.2 Secondary Procedure Checks

Test Ref # Test Name Test Description

TDB.2.2.1.1 PROT-PROC-AMS _1 Atomic Message Sequence
TDB.2.2.2.1 PROT-PROC-GOODCRC-TSTR GoodCRC sent by Tester
TDB.2.2.2.2 PROT-PROC-GOODCRC-DUT GoodCRC sent by Unit Under Test (DUT)
TDB.2.2.6 PROT-PROC-PING Send Ping from Tester

TDB.2.2.7.1 PROT-PROC-REQ-TSTR Tester Originated Request
TDB.2.2.8.2 PROT-PROC-SRCCAPS-DUT DUT Originated Source Capabilities
TDB.2.2.9.1 PROT-PROC-GETSRCCAPS-TSTR Tester Originated Get_Source_Cap
TDB.2.2.9.2 PROT-PROC-GETSRCCAPS-DUT DUT Originated Get_Source_Cap
TDB.2.2.10.1 PROT-PROC-GETSNKCAPS-TSTR Tester Originated Get_Sink_Cap
TDB.2.2.10.2 PROT-PROC-GETSNKCAPS-DUT DUT Originated Get_Sink_Cap
TDB.2.2.11.2 PROT-PROC-GOTOMIN-DUT DUT Originated GoToMin
TDB.2.2.12.1 PROT-PROC-SR-TSTR Tester Originated Soft Reset
TDB.2.2.12.2 PROT-PROC-SR-DUT DUT Originated Soft Reset
TDB.2.2.13.1 PROT-PROC-HR-TSTR Tester Originated Hard Reset
TDB.2.2.13.2 PROT-PROC-HR-DUT DUT Originated Hard Reset
TDB.2.2.14 PROT-PROC-BIST-TSTR Tester Originated BIST
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5.5 Consumer-Only Tests

5.5.1 Primary Consumer-Only Tests

Test Ref # Test Name ‘ Test Description
Power Rules Tests
PDSPEC10.10.3 | SINK-POWER-RULES \ Consumer Power Rules Test
BMC Physical Layer Tests - Transmit
TDA.2.1.1.1 BMC-PHY-TX-EYE BMC Transmitter Eye Diagram
TDA.2.1.1.2 BMC-PHY-TX-BIT BMC Transmit Bit Rate and Bit Drift Rate
BMC Physical Layer Tests - Receive
TDA.2.1.2.1 BMC-PHY-RX-BUSIDL BMC Bus Idle Detection
TDA.2.1.2.2 CAB-DP-PHY-RX-BUSIDL BMC Receive Interference Rejection
BMC Physical Layer Tests - Miscellaneous
TDA.2.1.3.1 BMC-PHY-TERM BMC Termination Impedance
TDA.2.1.3.2 BMC-PHY-MSG BMC PHY Level Message
Protocol-Specific Message Check Tests
TDA.2.2.1 BMC-PROT-SEQ-GETCAPS Get_Source_Cap and Get_Sink_Cap
TDA.2.2.3 BMC-PROT-SEQ-DRSWAP Dual Role Swap
TDA.2.2.4 BMC-PROT-SEQ-VCSWAP Vconn Swap
TDA.2.2.5 BMC-PROT-DISCOV ID Check
TDA.2.2.8 BMC-PROT-REV-NUM Revision Number
Power Source/Sink Tests
TDA.2.3.3.1 BMC-POW-SNK-TRANS-C-CP | PDO Transition — Current Draw and Suspend — Sink,
Consumer

5.5.2 Secondary Consumer-Only Tests
5.5.2.1 Secondary Message Checks

Test Ref # Test Name Test Description
TDB.1.1.1 PHY-MSG-GEN PHY Level General Message (SOP*)
TDB.2.1.2.1 PROT-MSG-HDR Message Header Checks — except GoodCRC
TDB.2.1.2.2 PROT-MSG-HDR-GCRC Message Header Checks — GoodCRC
TDB.2.1.3 PROT-MSG-CTRL Control Message Checks
TDB.2.1.4.1.2 PROT-MSG-DATA-SNK-CAP Sink Capability Message Checks
TDB.2.1.4.2 PROT-MSG-DATA-REQ Request Message Checks
TDB.2.1.4.3 PROT-MSG-DATA-VEND Vendor Defined Message Checks
TDB.2.1.4.4.1.1 | PROT-MSG-DATA-VDM-ID-INIT Discover ID Initiator Message Checks
TDB.2.1.4.4.1.2 | PROT-MSG-DATA-VDM-ID-ACK Discover ID ACK Message Checks
TDB.2.1.4.4.2.1 | PROT-MSG-DATA-VDM-SVID-INIT Discover SVIDs Initiator Message Checks
TDB.2.1.4.4.2.2 | PROT-MSG-DATA-VDM-SVID-ACK Discover SVIDs ACK Message Checks
TDB.2.1.4.4.3.1 | PROT-MSG-DATA-VDM-MODE-INIT Discover Modes Initiator Message Check
TDB.2.1.4.4.3.2 | PROT-MSG-DATA-VDM-MODE-ACK Discover Modes ACK Message Check
TDB.2.1.4.4.4 PROT-MSG-DATA-VDM-ENTER-MODE | Enter Mode Message Check
TDB.2.1.4.45 PROT-MSG-DATA-VDM-EXIT-MODE Exit Mode Message Check
TDB.2.1.4.4.6 PROT-MSG-DATA-VDM-ATT Attention Message Check
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5.5.2.2 Secondary Procedure Checks

Test Ref # Test Name Test Description

TDB.2.2.1.1 PROT-PROC-AMS _1 Atomic Message Sequence
TDB.2.2.2.1 PROT-PROC-GOODCRC-TSTR GoodCRC sent by Tester
TDB.2.2.2.2 PROT-PROC-GOODCRC-DUT GoodCRC sent by Unit Under Test (DUT)
TDB.2.2.6 PROT-PROC-PING Send Ping from Tester

TDB.2.2.7.2 PROT-PROC-REQ-UUR DUT Originated Request
TDB.2.2.8.1 PROT-PROC-SRCCAPS-TSTR Tester Originated Source Capabilities
TDB.2.2.9.1 PROT-PROC-GETSRCCAPS-TSTR Tester Originated Get_Source_Cap
TDB.2.2.9.2 PROT-PROC-GETSRCCAPS-DUT DUT Originated Get_Source_Cap
TDB.2.2.10.1 PROT-PROC-GETSNKCAPS-TSTR Tester Originated Get_Sink_Cap
TDB.2.2.10.2 PROT-PROC-GETSNKCAPS-DUT DUT Originated Get_Sink_Cap
TDB.2.2.11.1 PROT-PROC-GOTOMIN-TSTR Tester Originated GoToMin
TDB.2.2.12.1 PROT-PROC-SR-TSTR Tester Originated Soft Reset
TDB.2.2.12.2 PROT-PROC-SR-DUT DUT Originated Soft Reset
TDB.2.2.13.1 PROT-PROC-HR-TSTR Tester Originated Hard Reset
TDB.2.2.13.2 PROT-PROC-HR-DUT DUT Originated Hard Reset
TDB.2.2.14 PROT-PROC-BIST-TSTR Tester Originated BIST
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5.6 Dual-Role Device — Consumer/Provider Tests

5.6.1 Primary Dual-Role Device — Consumer/Provider Tests

Test Ref # Test Name \ Test Description
Power Rule Tests
PDSPEC10.10.2 | SOURCE-POWER-RULES Provider Power Rules Test
PDSPEC10.10.3 | SINK-POWER-RULES Consumer Power Rules Test
BMC Physical Layer Tests - Transmit
TDA.2.1.1.1 BMC-PHY-TX-EYE BMC Transmitter Eye Diagram
TDA.2.1.1.2 BMC-PHY-TX-BIT BMC Transmit Bit Rate and Bit Drift Rate
BMC Physical Layer Tests - Receive
TDA.2.1.2.1 BMC-PHY-RX-BUSIDL BMC Bus Idle Detection
TDA.2.1.2.2 CAB-DP-PHY-RX-BUSIDL BMC Receive Interference Rejection
BMC Physical Layer Tests - Miscellaneous
TDA.2.1.3.1 BMC-PHY-TERM BMC Termination Impedance
TDA.2.1.3.2 BMC-PHY-MSG BMC PHY Level Message
Protocol-Specific Message Check Tests
TDA.2.2.1 BMC-PROT-SEQ-GETCAPS Get_Source_Cap and Get_Sink_Cap
TDA.2.2.2.3 BMC-PROT-SEQ-CHKCAP-CP-ACC Check Capabilities (3A Marked) — After PR
Swap
TDA.2.2.2.4 BMC-PROT-SEQ-CHKCAP-NOMRK-CP- Check Capabilities (Unmarked) — After PR
ACC Swap
TDA.2.2.3 BMC-PROT-SEQ-DRSWAP Dual Role Swap
TDA.2.2.4 BMC-PROT-SEQ-VCSWAP Vconn Swap
TDA.2.2.5 BMC-PROT-DISCOV ID Check
TDA.2.2.8 BMC-PROT-REV-NUM Revision Number
Power Source/Sink Tests
TDA.2.3.1.2 BMC-POW-SRC-LOAD-CP-ACC Source Dynamic Load — Consumer/Provider
Accepting Swap
TDA.2.3.2.2 BMC-POW-SRC-TRANS-CP-ACC PDO Transition — Source, Consumer/Provider
Accepting Swap
TDA.2.3.3.1 BMC-POW-SNK-TRANS-C-CP PDO Transition — Current Draw and Suspend —
Sink, Consumer

5.6.2 Secondary Dual-Role Device — Consumer/Provider Tests

5.6.2.1 Secondary Message Checks
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Test Ref # Test Name Test Description
TDB.1.1.1 PHY-MSG-GEN PHY Level General Message (SOP*)
TDB.2.1.2.1 PROT-MSG-HDR Message Header Checks — except GoodCRC
TDB.2.1.2.2 PROT-MSG-HDR-GCRC Message Header Checks — GoodCRC
TDB.2.1.3 PROT-MSG-CTRL Control Message Checks
TDB.2.1.3.1 PROT-MSG-CTRL-PING Ping Checks
TDB.2.1.4.1.1 PROT-MSG-DATA-SRC-CAP Source Capability Message Checks
TDB.2.1.4.1.2 PROT-MSG-DATA-SNK-CAP Sink Capability Message Checks
TDB.2.1.4.2 PROT-MSG-DATA-REQ Request Message Checks
TDB.2.1.4.3 PROT-MSG-DATA-VEND Vendor Defined Message Checks
TDB.2.1.4.4.1.1 | PROT-MSG-DATA-VDM-ID-INIT Discover ID Initiator Message Checks
TDB.2.1.4.4.1.2 | PROT-MSG-DATA-VDM-ID-ACK Discover ID ACK Message Checks
TDB.2.1.4.4.2.1 | PROT-MSG-DATA-VDM-SVID-INIT Discover SVIDs Initiator Message Checks
TDB.2.1.4.4.2.2 | PROT-MSG-DATA-VDM-SVID-ACK Discover SVIDs ACK Message Checks
TDB.2.1.4.4.3.1 | PROT-MSG-DATA-VDM-MODE-INIT Discover Modes Initiator Message Check
TDB.2.1.4.4.3.2 | PROT-MSG-DATA-VDM-MODE-ACK Discover Modes ACK Message Check
TDB.2.1.4.4.4 PROT-MSG-DATA-VDM-ENTER-MODE | Enter Mode Message Check
TDB.2.1.4.45 PROT-MSG-DATA-VDM-EXIT-MODE Exit Mode Message Check
TDB.2.1.4.4.6 PROT-MSG-DATA-VDM-ATT Attention Message Check
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5.6.2.2 Secondary Procedure Checks

Test Ref # Test Name Test Description

TDB.2.2.1.1 PROT-PROC-AMS _1 Atomic Message Sequence

TDB.2.2.2.1 PROT-PROC-GOODCRC-TSTR GoodCRC sent by Tester

TDB.2.2.2.2 PROT-PROC-GOODCRC-DUT GoodCRC sent by Unit Under Test (DUT)
TDB.2.2.3.1.1 PROT-PROC-SWAP-TSTR-SNK Tester (Sink) Originated Swap
TDB.2.2.3.1.2 PROT-PROC-SWAP-TSTR-SRC Tester (Source) Originated Swap
TDB.2.2.3.2.1 PROT-PROC-SWAP-DUT-SNK DUT (Sink) Originated Swap
TDB.2.2.3.2.2 PROT-PROC-SWAP-DUT-SRC DUT (Source) Originated Swap
TDB.2.2.4 PROT-PROC-PSSOURCEOFFTIMER Test PSSourceOffTimer when not Swapped
TDB.2.2.5 PROT-PROC-PSSOURCEONTIMER Test PSSourceOnTimer when not Swapped
TDB.2.2.6 PROT-PROC-PING Send Ping from Tester

TDB.2.2.7.1 PROT-PROC-REQ-TSTR Tester Originated Request

TDB.2.2.7.2 PROT-PROC-REQ-UUR DUT Originated Request

TDB.2.2.8.1 PROT-PROC-SRCCAPS-TSTR Tester Originated Source Capabilities
TDB.2.2.8.2 PROT-PROC-SRCCAPS-DUT DUT Originated Source Capabilities
TDB.2.2.9.1 PROT-PROC-GETSRCCAPS-TSTR Tester Originated Get_Source_Cap
TDB.2.2.9.2 PROT-PROC-GETSRCCAPS-DUT DUT Originated Get_Source_Cap
TDB.2.2.10.1 PROT-PROC-GETSNKCAPS-TSTR Tester Originated Get_Sink_Cap
TDB.2.2.10.2 PROT-PROC-GETSNKCAPS-DUT DUT Originated Get_Sink_Cap
TDB.2.2.11.1 PROT-PROC-GOTOMIN-TSTR Tester Originated GoToMin
TDB.2.2.11.2 PROT-PROC-GOTOMIN-DUT DUT Originated GoToMin

TDB.2.2.12.1 PROT-PROC-SR-TSTR Tester Originated Soft Reset
TDB.2.2.12.2 PROT-PROC-SR-DUT DUT Originated Soft Reset

TDB.2.2.13.1 PROT-PROC-HR-TSTR Tester Originated Hard Reset
TDB.2.2.13.2 PROT-PROC-HR-DUT DUT Originated Hard Reset

TDB.2.2.14 PROT-PROC-BIST-TSTR Tester Originated BIST
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5.7 Dual-Role Device — Provider/Consumer Tests

5.7.1 Primary Dual Role Device — Provider/Consumer Tests

Note that test BMC-PROT-BIST-NOT-5V-SRC is required only for devices which support greater
than 5 volts.

Test Ref # Test Name ‘ Test Description
Power Rules Tests
PDSPEC10.10.2 | SOURCE-POWER-RULES Provider Power Rules Test
PDSPEC10.10.3 | SINK-POWER-RULES Consumer Power Rules Test
BMC Physical Layer Tests - Transmit
TDA.2.1.1.1 BMC-PHY-TX-EYE BMC Transmitter Eye Diagram
TDA2.1.1.2 BMC-PHY-TX-BIT BMC Transmit Bit Rate and Bit Drift Rate
BMC Physical Layer Tests - Receive
TDA.2.1.2.1 BMC-PHY-RX-BUSIDL BMC Bus Idle Detection
TDA.2.1.2.2 CAB-DP-PHY-RX-BUSIDL BMC Receive Interference Rejection
BMC Physical Layer Tests - Miscellaneous
TDA.2.1.3.1 BMC-PHY-TERM BMC Termination Impedance
TDA.2.1.3.2 BMC-PHY-MSG BMC PHY Level Message
Protocol-Specific Message Check Tests
TDA.2.2.1 BMC-PROT-SEQ-GETCAPS Get_Source_Cap and Get_Sink_Cap
TDA.2.2.2.1 BMC-PROT-SEQ-CHKCAP-P-PC Check Capabilities (3A Marked)
TDA.2.2.2.2 BMC-PROT-SEQ-CHKCAP-NOMRK-P- Check Capabilities (Unmarked)
PC
TDA.2.2.3 BMC-PROT-SEQ-DRSWAP Dual Role Swap
TDA.2.2.4 BMC-PROT-SEQ-VCSWAP Vconn Swap
TDA.2.2.6 BMC-SEQ-PRSWAP Reject Swap — Consumer / Provider
TDA.2.2.7 BMC-PROT-BIST-NOT-5V-SRC BIST Functionality at Above 5V
TDA.2.2.8 BMC-PROT-REV-NUM Revision Number
Power Source/Sink Tests
TDA.2.3.1.1 BMC-POW-SRC-LOAD-P-PC Source Dynamic Load - Provider or
Provider/Consumer
TDA.2.3.2.1 BMC-POW-SRC-TRANS-P-PC PDO Transition — Source, Provider or
Provider/Consumer
TDA.2.3.3.2 BMC-POW-SNK-TRANS-PC PDO Transition — Current Draw and Suspend —
Sink, Provider/Consumer

5.7.2 Secondary Dual-Role Device — Provider/Consumer Tests
5.7.2.1 Secondary Message Check Tests
Each of the following tests is performed whenever the message named in the Test Description is used.

Test Ref # Test Name Test Description
TDB.1.1.1 PHY-MSG-GEN PHY Level General Message (SOP*)
TDB.2.1.2.1 PROT-MSG-HDR Message Header Checks — except GoodCRC
TDB.2.1.2.2 PROT-MSG-HDR-GCRC Message Header Checks — GoodCRC
TDB.2.1.3 PROT-MSG-CTRL Control Message Checks
TDB.2.1.3.1 PROT-MSG-CTRL-PING Ping Checks
TDB.2.14.1.1 PROT-MSG-DATA-SRC-CAP Source Capability Message Checks
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Test Ref # Test Name Test Description

TDB.2.1.4.1.2 PROT-MSG-DATA-SNK-CAP Sink Capability Message Checks
TDB.2.1.4.2 PROT-MSG-DATA-REQ Request Message Checks

TDB.2.1.4.3 PROT-MSG-DATA-VEND Vendor Defined Message Checks
TDB.2.1.4.4.1.1 | PROT-MSG-DATA-VDM-ID-INIT Discover ID Initiator Message Checks
TDB.2.1.4.4.1.2 | PROT-MSG-DATA-VDM-ID-ACK Discover ID ACK Message Checks
TDB.2.1.4.4.21 | PROT-MSG-DATA-VDM-SVID-INIT Discover SVIDs Initiator Message Checks
TDB.2.1.4.4.2.2 | PROT-MSG-DATA-VDM-SVID-ACK Discover SVIDs ACK Message Checks
TDB.2.1.4.4.3.1 | PROT-MSG-DATA-VDM-MODE-INIT Discover Modes Initiator Message Check
TDB.2.1.4.4.3.2 | PROT-MSG-DATA-VDM-MODE-ACK Discover Modes ACK Message Check
TDB.2.1.4.4.4 PROT-MSG-DATA-VDM-ENTER-MODE Enter Mode Message Check
TDB.2.1.4.45 PROT-MSG-DATA-VDM-EXIT-MODE Exit Mode Message Check
TDB.2.1.4.4.6 PROT-MSG-DATA-VDM-ATT Attention Message Check

5.7.2.2 Secondary Procedure Check Tests

Each of the following tests is performed whenever the message named in the Test Description is used.

Test Ref # Test Name Test Description

TDB.2.2.1.1 PROT-PROC-AMS_1 Atomic Message Sequence

TDB.2.2.2.1 PROT-PROC-GOODCRC-TSTR GoodCRC sent by Tester

TDB.2.2.2.2 PROT-PROC-GOODCRC-DUT GoodCRC sent by Unit Under Test (DUT)
TDB.2.2.3.1.1 | PROT-PROC-SWAP-TSTR-SNK Tester (Sink) Originated Swap
TDB.2.2.3.1.2 | PROT-PROC-SWAP-TSTR-SRC Tester (Source) Originated Swap
TDB.2.2.3.2.1 | PROT-PROC-SWAP-DUT-SNK DUT (Sink) Originated Swap
TDB.2.2.3.2.2 | PROT-PROC-SWAP-DUT-SRC DUT (Source) Originated Swap
TDB.2.2.4 PROT-PROC-PSSOURCEOFFTIMER Test PSSourceOffTimer when not Swapped
TDB.2.2.5 PROT-PROC-PSSOURCEONTIMER Test PSSourceOnTimer when not Swapped
TDB.2.2.6 PROT-PROC-PING Send Ping from Tester

TDB.2.2.7.1 PROT-PROC-REQ-TSTR Tester Originated Request

TDB.2.2.7.2 PROT-PROC-REQ-UUR DUT Originated Request

TDB.2.2.8.1 PROT-PROC-SRCCAPS-TSTR Tester Originated Source Capabilities
TDB.2.2.8.2 PROT-PROC-SRCCAPS-DUT DUT Originated Source Capabilities
TDB.2.2.9.1 PROT-PROC-GETSRCCAPS-TSTR Tester Originated Get_Source_Cap
TDB.2.2.9.2 PROT-PROC-GETSRCCAPS-DUT DUT Originated Get_Source_Cap
TDB.2.2.10.1 | PROT-PROC-GETSNKCAPS-TSTR Tester Originated Get_Sink_Cap
TDB.2.2.10.2 | PROT-PROC-GETSNKCAPS-DUT DUT Originated Get_Sink_Cap
TDB.2.2.11.1 | PROT-PROC-GOTOMIN-TSTR Tester Originated GoToMin
TDB.2.2.11.2 | PROT-PROC-GOTOMIN-DUT DUT Originated GoToMin

TDB.2.2.12.1 | PROT-PROC-SR-TSTR Tester Originated Soft Reset
TDB.2.2.12.2 | PROT-PROC-SR-DUT DUT Originated Soft Reset

TDB.2.2.13.1 | PROT-PROC-HR-TSTR Tester Originated Hard Reset
TDB.2.2.13.2 | PROT-PROC-HR-DUT DUT Originated Hard Reset

TDB.2.2.14 PROT-PROC-BIST-TSTR Tester Originated BIST

Chapter 13 of the Test Plan describes in detail the test steps for each of the tests in the overview.
Detailed description of each test goes beyond the scope of this MOI. Please refer to the test plan for
detailed understanding of the tests.
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5.8 Granite River Labs USB-PD Test Methodology

GRL’s test solutions provide automated testing. GRL Power Delivery Compliance Test Software
(GRL-USB-PDO0) Rev.1.2 and higher is used in conjunction with GRL USB Type-C Test Controller
(GRL-USB-PD-C1) to automate the tests in the USB Power Delivery Test Plan. GRL USB Power
Delivery Software is run on a Win7 (or higher) oscilloscope. Three channels of the oscilloscope are
used to capture the signals needed for testing. Channel 1 captures the active CC Line, Channel 2
captures Vbus, and Channel 3 captures the load current on Vbus.

5.9 Required Test Equipment

The required equipment needed to test USB Type-C components, reference designs, and end products
is shown in the following table. The equipment referenced is based on each of the subsequent sections
of this MOI.

For testing of all devices that support USB-PD:
o 1ea. Win7 (or higher) Oscilloscope
o 1ea. GRL’s USB Power Delivery Compliance Software (GRL-USB-PD) installed on
the oscilloscope’s operating system
o 1 ea. GRL’s USB Type-C Test Controller (GRL-USB-PD-C1) with external Power
Supply
o 2 ea. Voltage Probes (see probe requirements below)
If device is a Power Consumer, Provider or DRP.
o Add 1 ea. Current Probe
If device is a Provider or DRP.
o Add 1 ea. Electronic Load (E-Load)

5.9.1 Oscilloscope, Probes, and Electronic Load

GRL-USB-PD Software supports multiple oscilloscope and electronic load platforms for testing. Refer
to the vendor specific data sheets at http://graniteriverlabs.com/usb-pd/ for recommended oscilloscope,
passive probes, current probes and electronic loads.

The oscilloscope should provide, at least:
Bandwidth of 500MHz or higher
Channel depth of 10-M samples is required for each Channel in high resolution mode. All the
four channels have to be enabled.
Windows 7 OS, for running the GRL-USB-PD application
Adobe Reader, for viewing PDF files
Picture Viewer, for viewing waveform files
HighRes acquisition mode to average out sample-to-sample noise in the acquisition

The probes should provide at least:
For Oscilloscopes with 1 megohm input impedance:

e For CC probing use passive probes with low input capacitance
e For Vbus probing use passive probes with low input capacitance

For High Performance Oscilloscopes with 500hm input impedance:

e For CC probing use active probes for lowest noise performance
e For Vbus probing use passive probe with high impedance adapter

GRL USB-PD MOI and User Guide Revision 1.2.6.0.
© Granite River Labs 2016, 2017 Page 57 of 309


http://graniteriverlabs.com/usb-pd/

For Current measurement use Hall Effect current probe measurement to 5 Amps

The electronic Load should provide at least:
20 Volts
5 Amps — adjustable slew rate to 150mA/us, as defined in Chapter 7 of the USB-PD
Specification

5.9.2 USB Power Delivery Compliance Software (GRL-USB-PD)

GRL’s USB Power Delivery (GRL-USB-PD) Compliance Test Software is an oscilloscope-based
software tool designed for testing to the USB Power Delivery (USB-PD) specification. GRL-USB-PD
software, when used ‘stand-alone” on any Windows-based oscilloscope, provides a simple and
efficient way to perform USB-PD electrical parametric and protocol measurements. GRL-USB-PD
provides waveform visibility and protocol analysis, making it ideal for design and debug of USB
Type-C Power Delivery silicon and end products.

5.9.3 USB Type-C Test Controller (GRL-USB-PD-C1)

GRL’s USB Type-C Test Controller Hardware (GRL-USB-PD-C1) works with GRL-USB-PD to
perform compliance tests on USB Power Delivery or Type-C designs, supporting USB Power
Delivery Protocol, Compliance, Decode, and Debug along with Electrical Measurements.
Bi-Phase Mark Coded (BMC)

Physical layer (BMC-PHY) tests - Chapter 5 of the USB-PD Specification

Protocol layer (BMC-PROT) tests — Chapter 6 of the USB-PD Specification

Power state (BMC-POW) tests — Chapter 7 of the USB-PD Specification

GRL-USB-PD-C1 automates testing through user-selected test suites.

5.10 Compliance Test Work Flow and Test Procedure
Figure 9 shows the work flow for USB-PD Compliance testing with GRL-USB-P test solutions.
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Product Registration
(.txt or .xml)

Capabilities l

Provide
Product

.to USB-IF/VESA .

GRL Automation Framework

Import/ Create Test
Validate Plan from
. Capabilities [l _Capabilities |

Confirm Test
Setup

Submit

Resulis To
. USB-IF/VESA _

PDF, .csv, & .xml

Save Test
Report

Run Tests View Results

FIGURE 9: TEST WORK FLOW DIAGRAM

5.10.1 Providing Product Capabilities for Testing

Before testing can begin, a device vendor text file must be created. This file is created using the USB
PD Vendor Info File Generator available for download at the USB-IF website at:
http://www.usb.org/developers/tools/PDVendorInfoFileGenerator 1.0.0.1.exe

5.10.2 Confirm the Test Setup for the Device Under Test

1) Follow Procedures in Appendix A, B, and C for initial Software, Hardware and Controller
Setup.

2) Go to the GRL-USB-PD Software Test Setup Connection menu, select the DUT Device
Type and make the oscilloscope probe connections shown in the Setup Diagram
appropriate for the device type.

1. If the device is a tethered device (Type-C Cable permanently attached to the DUT), then select
the DUT Tethered checkbox. This applies the Rx Mask when performing the BMC Eye
testing. Otherwise, use the 25cm (10 inch) test cable for testing, and the Tx Mask will be
applied. The RX Mask testing is done with no load on Vbus.
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IF THE DEVICE IS A DRP, CONSUMER/PROVIDER, PROVIDER/CONSUMER, OR PROVIDER

NODANILINT TUENI AL LT MA/ TUE CCTIID NIACD AN INI
[Test Setup: Use the following test semp}

Provider/Consumer Setup Diagram

UUT Device Type: |Provider/Consumer

Consumer Only ( T
Consumer/Provider Windows Scope with f
Provider/Consumer GRL-USB-PD |

Provider Only

Select Setup DRP
Cable GRL-USB-PD-C1
A Type-C Only L J USB Type-C™ Test
Probe Connectiol S
E Alternate Mode Device (] (‘E(': (\:'_2 ?3 Lo Controllier
E E-Load Connectij OnePortPowerTest t & '8 /
TwoPortPowerTest
ETesteereration MA
Passive
Verify Setup or Active
Probes
{Ch1, Ch2)
| CC Line
[ Trigger Out
USB-PD
- Dual Role
TypeC P/C or C/P
Test Cable DuT
@ GRL

3) Figure 10,

[ Test Setup: Use the following test setup}

Provider/Consumer Setup Diagram
UUT Device Type: |Provider/Consumer
Consumer Only ( ) r'jjfﬁ_
Consumer/Provider Windows Scope with f
Provider/Consumer GRL-USB-PD | )
Pravider Only s I \ Ll 't%b;?
\ \
Select Setup  |DRP cope - \ -
Cable —— GRL-USB-PD-C1
- Type-C Only L J USB Type-C™ Test
Probe C cli S
E robebonne Im..t'ﬁ.ltern:ate Mode Device - (Q(': (\:-_2 ?_3 TE; Controller
EE—LOadConnecﬁ OnePortPowerTest = A= — 7
woPortPowerTest
ETesteereration NA ’
Passive | ene
) i
— o;rozg;c |Cable
\
[Ch1, Ch2) \
| CC Line
/[ Trigger Qut
USB-PD
Dual Role
Type-C F/C or C/P
Test Cable DUT
© GRL

FIGURE 10: DUT TEST SETUP DIAGRAM #1

1. Connect Ch1l Passive Probe to CC1-GND at Port-A Probing Points input of GRL-USB-PD-
C1 using the Probe-Ext1 board.
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Note: CC1 and CC2 signals may be swapped depending on the ‘flip orientation’ of the test
cable. If CC1 does not appear on Chl on initial test, then either flip the test cable or change
the probe to CC2.

2. Connect Ch2 Passive Probe to Vbus and GND at Port-A Probing Points input.

Note: Before testing, follow the vendor-specific procedures for compensating the passive
probes being used for voltage measurement. This may include automatic and/or manual
adjustments.

3. Connect Ch3 Current Probe to the Current Loop input of GRL-USB-PD-C1 using the
Current Loop connector.

Note: When testing, the software will prompt you for which direction to orient the current
flow direct on the current probe, referenced to the Current Loop direction on the front panel.

Note: Follow the oscilloscope vendor’s procedures for setting up the current probe for proper
measurement Units and Offset, and for proper Degauss of the current probe.

Connect Ch4 to Trigger Output connector using BNC cable.

Connect the Type-C Test Cable connected to the DUT to the Type-C Port A Connection on
GRL-USB-PD-C1.

6. Confirm that the setup appears as shown in Figure 11 and Figure 12.

oA~

FIGURE 11: FRONT PANEL SETUP
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FIGURE 12: REAR PANEL SETUP

IF THE DEVICE 1S A CONSUMER ONLY PRODUCT, THEN FOLLOW THE SETUP DIAGRAM IN

[ Test Setup: Use the following test setup |

Provider/Consumer Setup Diagram

Provider/Consumer  ~

Consumer Only
Consumer/Provider
Provider/Consumer

UUT Device Type:

Provider Only
Select Setup DRP
Cable
A Type-C Only
Frobe C cli
E robeonne Im.."&ltern;ate Mode Device
E E-Load Connecti| @nePortPowerTest

TwoPortPowerTest

UsB

| Windows Scope with ' B
GRL-USB-PD
11l AC Line

I |'|| \ Power

—)
Power Brick
24V A

E Tester Operation MA

Verify Setup

GRL-USB-PD-C1
USB Type-C™ Test

Cl C2 C3 c4 [—
- cC v, I, Tig | Controlier
— @ . /
Passive T
or Active |I BNC
Probes |Cable
(Ch1, Ch2) hoad |
CC Line
Trigger Out
/ USB-PD
' Dual Role
Type-C P/C or C/P
Test Cable DUT

© GRL

4) Figure 10, except that E-Load is not required.
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Ir Tuc NnevzirE 1c AN E_NMADIY CADI E DDANLIAT TLERN CAL L AW/ TLE CETIID NIACDAR INI

[Test Setup: Use the following test semp}

Emark Cable Setup Diagram
UUT Device Type: Cable w Windows Scope with
GRL-USB-PD
FA s uuT Tethered Avtomation SW
Scope ! Ll AC Line
r = . FPower
Select Setup Status N GRL-USB-PD-C1
— o _ USB Type-C™ Test
ProbeConnecﬂon NA o CIReap S %i‘é - Controller
£ o T
E—LoadConnedion MNA d - P
Testeereration NA d : i
Passive - — = —=
Verify Setup or Active HD - CC Line
Probes Trigger Out
Connect one side of eMark ~ \
Cable To Port-A
USB Type-C ‘eMarker’
Cable Under Test
@ GRL
5) Figure 13.
[Test Setup: Use the following test semp}
Emark Cable Setup Diagram
UUT Device Type: Cable w Windows Scope with

FA s uuT Tethered

GRL-USB-PD
Avutomation SW

L1l AC Line

Select Setup Status

Probe Connection

. FPower

GRL-USB-PD-C1
USB Type-C™ Test
Controller

Cl C2 C3 C4

cC Trig
g O O®

Power Brick
o 24V 6

E-Load Connection

ETesteereration MNA thad = @ _B
Passive - =
Verify Setup or Active c=! ' CC Line
Probes I Trigger Out

—)

RO

Connect one side of eMark - \
Cabile To Porf-A

USB Type-C ‘eMarker’

‘ Cable Under Test

@ GRL

FIGURE 13: E-MARK CABLE TEST SETUP DIAGRAM
1. Connect Chl Passive Probe to CC1-GND at Port-A Probing Points input of GRL-USB-PD-

C1 using the Probe-Ext1 board.
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Note: CC1 and CC2 signals may be swapped depending on the ‘flip orientation’ of the test cable. If
CC1 does not appear on Ch1l on initial test, then either flip the test cable.

2.

agrwn

Connect one end of the USB Type-C Cable DUT to the Type-C Port-A Connection on GRL-
USB-PD-C1.

6) Go to the Decoder Configuration menu.

Select Live as the Source Type. Offline is used to analyze offline waveforms that were
previously captured. (See Section 11 for details on how to analyze waveforms offline.)
Confirm CC Line voltage is shown as being captured by Chl.

Confirm Vbus voltage is shown as being captured by Ch2.

Confirm ILoad current is shown as being captured by Ch3.

Confirm the Trigger Channel checkbox is selected and set to Ch4.

Note: The required scope channel selections depend on the type of device being tested.

6.

10.

Confirm Reference is selected as Absolute at VVoltage of 0.5625V (default). (See Section 12
for example of how the Reference control can be used to adjust the reference level on BMC
Eye Clock recovery.)

Confirm Compliance Test is selected in the App Mode section. (See Section 11 for the use
of Packet Decode and PHY Test feature.)

Confirm Use TX Mask is selected | the Mask Option.

i) If testing the DUT with a Type-C Test Cable. If the DUT is a Tethered Device (Cable
permanently attached to the DUT, then Use Rx Mask will be selected with Neutral Power
condition.

For Compliance Testing, use the Trigger Out Connector in the Front Panel of the controller as
an oscilloscope trigger. Check the Trigger Channel box and use CH4 as trigger source. The
Trigger Channel selection in the Configuration Panel may remain un-checked if it is desired
to trigger on CC line only.

i) For debug purposes, this selection is provided to set which oscilloscope channel is used to
connect to the Trigger BMC Connector on the front panel. When this connection is made,
a trigger signal is sent to the oscilloscope every time a CC packet is detected on the CC1
line.

For Compliance Testing, leave the Noise Floor unchecked, and the Scope Acquisition Delay
and Capture Delay at their default values.
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[l USB-PD Protocal Decode Software (Version: 1.2.4.7)
Application  Options  License  Help

Decoder Configuration

Signal Source

O Packet Decode and PHY Test

App Mode
® Compliance Test

O Source Power Test

[Mask Options |
Use Tx Mask ‘

A Trigger Channel- CH4 v Use Rx Mask: | Sourcing Power

[DINoise Floor(my) - Miimi Eyeto bits
E Scope Acq Delay: sec
ECapture Delay: sec

Rp Selection: | 900mA (Default) ~

===

Source Type: @ Live O Offline

CC Line: |CH1 ~
E\c’bus: CH2 ~
EILoad: CH3 ~

Reference

EAuto Find

Type: Percentage

Vaoltage: 50 %
Hysteresis: 10

% Config Controller

11. In case of Rohde & Schwarz oscilloscope when the current channel is not automatically
detected by the scope the Current Channel model can be configured manually as show below.

EL§ UdB-FU Frotocol Vecoqe dSOTDare (VEersion: L&)

Application  Options  License  Help

Decoder Configuration

Source Type: @ Live ) Offline

v
Fliow

Signal Source App Mode

(=[] = ]

O A

) Packet Decode and PHY Test
© Compliance Test

) Source Power Test

EAuto Find
Type: Absolute
Voltage: 0.5625

Hysteresis: (0.2

Current Probe Model: }{ZC20 v Mask Options
ZC10 @ Use Tx Mask
ETrigger Channel:|| ZC20 Use Ry Mask: | Meutral Power
ZC30
ZD01A100
[Cl]Noise Floor(r Z001A1000 M LimitEyeto 2640 | bits

730

E Scope Acq Delay: sec
ECapture Delay: sec
Rp Selection: |900mA (Default) ~

Config Controller

)

I) The default Rp value is 900mA for the Compliance Test. Each time before running the compliance
test the Rp value can be customized as shown below.
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Rp Selection: [900mA (Default) -~

FIGURE 14: DECODER CONFIGURATION MENU

5.10.3 Import and Validate DUT Capabilities

7) Copy the Vendor Information File created (as created by the USB-IF tool, referenced in
5.10.1) over to the oscilloscope being used for testing.

8) Go to the GRL-USB-PD Software Product Capabilities menu.
9) Select the Reset Capabilities button to clear the menu for a new test.
10) The version of the ISB-IF vendor information tool supported is displayed as shown below

[l USE-PD Protocel Decede Software (Version: 1.24.7) - X
Application  Options  License  Help

Product Capability o lzl
)
Device Info Power Capabilities Cable/AMA Info  USB Type-C Packet Capture
Parameter Vendor File Info
UUT Device Type
Vendor Name
Product Name
Version Info
TID
Type C = =
SOP Capable - -
E SOP P Capable = =
Reset
SOP PP Capable - - H
SOP P Debug Capable = =
SOP PP Debug Capable l
PD Specification Revision = = Load
USB Comms Capable - - Capabilities
DR Swap To DFP Supported - - J
DR Swap To UFP Supported - -
Extemnally Powered = = b
*Supporting Vendor Info File Generator v1.0.0.1 and Later Versions
FIGURE 15: PRODUCT CAPABILITIES MENU
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11) Select the Load Capabilities button.

1. Navigate to the Vendor Info.txt file on the file system and press Open.
2. Once the vendor file has been loaded, the Device Info tab shows the fields loaded from the
Vendor Info file for device information.

B Select Product Capability smi fle ==

@\ Jw| L+ Computer » Remavabie Disk (D) » Wendee info files - [ 4 faf 2

Ceganize = New lolder = [l @

Libraries GRL_eMarker_05.17_0_ta S/12/2016 93 PM_ Tet Dogumnant
GRL Teas-lratruments_DRP_D917_0_Sa. 4 733 A

able Dk |

File ramne:  GRL_eMarker_0517_0_ta w  TAT file (")

Application ~ Opfions  License  Help

Product Capability o Izl
)
Device Info |  Power Capabilities | Cable/AMAInfo |USB Type-C |
Parameter Vendor File Info DeviceInfo
UUT Device Type Cable
Vendor Name Granite River Labs
Product Name eMarker
Version Info 0917 3
TID 0
Type C NONE -
SOP Capable NO -
SOP P Capable YES -
SOP PP Capable NO -
SOP P Debug Capable NO -
SOP PP Debug Capable NO - *
USB Comms Capable NONE - Load ]
DR Swap To DFP Supported NONE -
DR Swap To UFP Supported NONE - *
Extemnally Powered NONE
VCONN Swap To On Supported NONE - = Get
Capabilities

FIGURE 16: LoAD CAPABILITIES FROM FILE

12) Reset PD Controller and then press the Get Capabilities button. This causes the
Controller to do a “Get Capabilities” from the DUT using USB-PD Protocol. When
properly executed, the left-hand column is then populated with the device’s information. A
message in the StatusLogger indicates that the “Product Capabilities updated”. Now the
Vendor File Info (right-hand column) and actual Device Info (left-hand column) can be
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compared for inconsistencies. Data from the Vendor Info file is used for many of the
compliance tests.

Note: The presence of a Vendor Info file is not required to perform a test on the DUT. However,
not all tests can be completed without the information from the Vendor Info file. If a Vendor Info
file is not available for testing, then Step #11), above, can be skipped.

Applicaion  Options  License  Help

Product Capability o IZ'
)
Device Info | Power Capabilties | Cable/AMA Info_[USB TypeC
UUT Device Type Cable -
Vendor Name Granite River Labs Granite River Labs
Product Name eMarker -
Version Info 0.9.17 - -
TID 0 0x0
Type C NONE =
E SOF Capable NO - E

SOP P Capable YES -

Reset

SOP PP Capable NO - Capabilities

SOP P Debug Capable NO -

S0P PP Debug Capable NO *

USB Comms Capable NONE Load

DR Swap To DFP Supported NONE Capabilities

DR Swap To UFP Supported NONE : *

Extemnally Powerad NONE -
VCONN Swap To On Supported NONE - -

5/13/2016 9:01:00 PM 548ms] Product capabiliti

FIGURE 17: GET CAPABILITIES TRANSACTION

Note: If the left-hand column does not populate with the Vendor Name, then reset the
Controller’s power, disconnect and reconnect the DUT to the Controller, and try again.

1. The Device Info tab summarizes all of the device information. Shown in Figure 18 is the
information for the eMark Cable included with the Controller. The Vendor Name, Product
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Type, USB PID (Product ID), USB VID (Vendor ID) are all read from the cable’s eMarker

chip.

Dewce Info

Power Capabilities

| Cable/AMA Info [USB Type-C

I

116 9:00:51

UUT Device Type Cable -
Vendor Name Granite River Labs Granite River Labs
Product Name eMarker
Version Info 09.17 . |
TID 0 0x0
Type C NONE
SOP Capable NO
SOP P Capable YES
SOP PP Capable NO
SOP P Debug Capable NO
SOP PP Debug Capable NO
USB Comms Capable NONE -
DR Swap To DFP Supported NONE
DR Swap To UFP Supported NONE
Accepts PR Swap As Src NONE
Accepts PR SwapAs Snk NONE
Requests PR Swap As Src NONE
Requests PR Swap As Snk NONE
XiD 0
Structured VDM Version V10
Data Capable as USB Host NO NO
Data Capable as USB Device NO NO
Product Type Passive Cable Passive Cable
Modal Operation Supported YES YES
USB VID 0x227F 0x227F
PID 0x0003 0x3 =
bcdDevice 0x0000 0x0
SVIDs Min 0
SVIDs Max 0
SVID Fixed NO v

FIGURE 18: DEVICE INFORMATION

2. The Cable/AMA tab provides information on Cable and Alt Mode Adapter SVIDs, as read
from the DUT. An example is shown in Figure 19.

| Device Info_|

Power Capabilities

| Cable/AMAInfo |USB Type-C |

Parameter Vendor File
Cable HW version 0x0
Cable FW version 0x0
Type-C to Type-A/B/C Type-C
Type-C to Plug/Receptacle Plug
Cable Latency <10ns
Cable Termination Type Both ends Passive
S5TX1 Directionality Support Fixed
SSTX2 Directionality Support Fixed
SSRX1 Directionality Support Fixed
SSRX2 Directionality Support Fixed
Cable VBUS current 5A
VBUS through cable YES
Cable SOP” Controller NOMNE
Cable Superspeed support USB31G

Info

TYPE-C
Plug
10ns
, VCONN ... Both ends passive, VCONN ...
NO
NO
NO
NO
EA
YES
NO
en 2 USB 3.1 Gen 2

FIGURE 19: CABLE/AMA INFORMATION
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3. The Power Capabilities tab provides the DUT’s Source and Sink PID information. In Figure

20, the DUT is a Provider which supports three PDOs — 5V and 12V at 3A.

Cable/AMA Info [USB Type-C |

PD Power as Source

Rp Value

USB Suspend may be cleared
Send Ping

Mo of Source PDOs

Supply Type #1
Peak Current #1

Voltage #1
Mazx Current #1

Supply Type #2
Peak Current #2

Voltage #2
Mazx Current #2

Vendor File Info

Device Info

NO
NONE

Fixed

Fixed

12

FIGURE 20: POWER CAPABILITIES

4. The Type-C tab provides Type-C capabilities and termination of the DUT and its accessory
support. In Figure 21, the DUT’s pull-up termination is 1.5A, and there is no accessory

support.

Device Info Power Capabilities

Cable/AMA Info  USB Type-C

Parameter

Vendor File Info

Device Info

Captive Cable
RP Value

Type C State Machine
Type C Can Act As Host

Type C Host Speed

Type C Can Act As Device

Type C Device Speed

Type C Implements Try SRC

Type C Implements Try SNK

Type C Is VCONN Powered Accessory

Type C Supports VCOMNN Powered Accessory
Type C Supports Audio Accessory

MO
1.5A
SRC

MO

NO

MNONE
MNOMNE
MNONE
MNONE
MO

FIGURE 21: USB TYPE-C CAPABILITIES
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5.10.4 Create Test Plan from

Capabilities

The combination of the Device Type and the Device Capabilities allows the GRL-USB-PD software

to determine what tests need to

be performed on the DUT.

Go to the Test Selection Menu and Select the desired tests to perform. All listed tests must be run for

Compliance.
Applcation  Options  License  Windows  Help
Test Selection
| Select Tests |
= E Compliance Test List b=

A PT_10_10_2_SOURCE_POWER_RULES

~FA PT_10_10_3_SINK_POWER_RULES

PT_13_7_1_BMC_PHY_TX_EYE

FA PT_13_7_2_8MC_PHY_TX_BIT
A PT_13_8_2_BMC_PHY_RX_INT_REJ

A PT_13_8_1_BMC_PHY_RX_BUSIDL
BAPT_13_9_1_BMC_PHY_TERM
B P7_13_9_2 BMC_PHY_MSG
BA PT_13_10_1_PHY_MSG_GEN
A PT_13_11_1_PROT_MSG_HDR
A PT_13_11_2_PROT_MSG_HDR_GCRC
FA P1_13_11_3_PROT_MSG_CTRL
A PT_13_11_13_PROT_PROC_GOODCRC_TSTR
A PT_13_11_20_PROT_PROC_GOODCRC_UUT
A PT_13_11_21_PROT_PROC_SWAP_TSTR_SNK
A PT_13_11_22_PROT_PROC_SWAP_TSTR_SRC
A PT_13_11_25_PROT_PROC_PSSOURCEOFFTIMER

e e e —————

ol »

FIGURE 22: TEST SELECTION MENU

5.10.5 Run Tests

1) To run the tests, press the Run button.

Application  Options  License Help

Test Selection

Select Tests

FIGURE 23: “RUN” BUTTON

= Ecmnnlanr:e Test List
PT_13_7_1_BMC_PHY_TX_EYE
PT_13_7_2 BMC_PHY _TX_BIT
PT_13_11_1_PROT_MSG_HDR
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2) The screen will display a wait icon while the tests are executing.

EE-E X N B i 0 (A

FIGURE 24: “EXECUTION” WINDOW

3) The GRL-USB-PD software automates all the tests that are selected. During test
execution, some messages would appear to make sure the proper oscilloscope acquisition
is seen by the operator as shown below.

Test Summary: Connection Setup:
Test narne 4] Status
SINK-POWER-RULES L) PassS
BMC-PHY-TH-EYE € FaIL
BMC-PHY-T-BIT \_) PASS
BMC-PHY-RX-INT-REJ & FaL
BMC-PHY-RX-BUSIDL \_) PASS
BMC-FPHY-TERM § RUNMMI
BMC-PHY-MESG
PROT-PROC-SR-ULUT \_) PAZS
BMC-PROT-SEQ-GETCAPS ) FalL selocten Toat Resul
EMC-PROT-SEQ-DREVYAR QPrss | mrormeEe S e =
BMC-PROT-SEQ-vCSWAPR-DFP \) PASS Protocol response for BIST Reguest
BMC-PROT-DISCOY 3 PASS 2 valid BIST response pattern -
& 3 Eye diagram plot 1
BMC-PROT-SEQ-PREWAP \) FASS 4 BIST pattern duration 50.1885473
BMC-PROT-REV-NUM @ pass || Limit <= B0ms)
5 Rise time
Auerage value = 159127875 nS
Minimum walue = 154 G5BT 30 nS
Maximum value = 163.129234 nS i

PDC: PT_13_9_1_BMC_PHY_TERM_POC_Tstr_
Tester Mode: Source
Check scope acquisition

FIGURE 25: TEST RESULTS DISPLAY
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4) The Compliance Test Results will be updated dynamically during test execution. While
the tests are running, by clicking the test that had failed the operator would be able to see
the failure description as shown below.

Test Summary: Connection Setup:
Test narne

SINK-POWER-BLI FS [ & N=IA

BMC-PHY-TX-EYE 0 FalL

BMC-PHY-TA-BIT L PASS

BMC-PHY-RX¥-INT-REJ 0 FaAlL

BMC-PHY-RX-BUSIDL L PASS

BMC-PHY-TERM § RUNNL..

BMC-PHY-MSG

PROT-PROC-SR-ULIT L PASS

BMC-PROT-SEQ-GETCAPS 0 FAJL P ——

BMC-PROT-SEQ-DRSWAF L PASS BMO-PHY-TH-EYE — 1 alid "

BMC-PROT-SEQ-YCEWAR-DFP L PASS Pratocol response for BIST Request

EMC-PROT-DISCOY O Pass 2 Malid EIST response pattern =
3 .Eve diagrarm plot

BMC-PROT-SEQ-PRSWAP L PASS 4 BIST pattern duration 501895473

BMC-PROT-REV-NUM (3 pagg | |mS Limit <= BOms,
5 Rise time:
Average value = 159127974 nS
Minimum value = 154 BS6730 nS
Maximum value = 163.129234 nS &

FIGURE 26: FAILURE DESCRIPTION
Note: Some dialog boxes DO require user input during testing. Examples are:

1. Current Probe Orientation— Image showing the Current probe orientation is displayed
during the execution of e-Load Test Cases. The user has to connect the Current probe in the
proper orientation with respect to the Load arrow on the front panel of the Controller. When
this image appears, confirm the current probe arrow current flow is in the direction of the
current being measured. For current flowing towards the eLoad (source testing), the current
probe should be connected to the current loop on the front of the controller such that the arrow
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on the probe is in in the opposite direction of the current flow as shown below. For Consumer
test the probe is connected so that the arrows are in the same direction.

Current Loop

Current Probe Direction

FIGURE 27: CONNECTING CURRENT PROBE

5.10.6 View Results

1) Once the compliance testing is complete, the test results will appear in the Results
window. Pass/Fail results on left hand side of the window and Packet information appears
on the right.

Aophcaton  Cptore  trse  Tindess b

0 v|
Comphance Test Fasat g0
Conglarce Tet fuut 2w Lre Daraes Packste
5@ - | 3
» Q 2> 200> SebCCine “ccc
Q [t SOP DFPIS. 0 SowceCap FS SVIAL T6729 29982 Ox . Ow0801
* Qe ol |2 S0P UFPIS § GeodCREC 15838 1242 Ox
¥ ) S0P UFPIS 6 Request 91 kop» 1A 36926 31253 Ox  Ox1800
*=Q ot i SOP OFP!S. 6 GoodCRC LM 29972 O
0 5 S0P DFPIS._ 1 Accept 30488 29995 Ox
Q 6 SOP UFPIS. 1 GoodCRC 95965 31240 Ox
 Q X it SOP DFPIS. 2 PS_ROY H59). 268 Ox
. B S0P UFPS 2 GeodCRC &7 W 1258 On
19 >3 233> BST_CM2 <
1 SOP UFPIS 7 BST EST Caen 3084 31252 Ox  OxS000
o fx SOP DFPTS 7 GoodCRC G511 29876 0x
) 0 12995 29979 On

FS SVIA 55621 29583 Ox. On0E01
137121 3260
M kkpr 1A D&M 1248
49541 29552
88527 299 %0
94208 260
“Hr mer
46846 21245 O«

PRERER

ccxc
FS SV3IA T4308 29597 Ox . OxdS01
S820 123 Qp '

FIGURE 28: TEST RESULTS WINDOW
2) To view the BMC Eye Diagram, click the Show Eye Diagram link.
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025 U1

0.25 Ul 05Ul

075U

FIGURE 29: VIEWING EYE DIAGRAM

5.10.7 Save and Archive Test Results
1) Go to the Report Generation menu to create reports.

Application  Options  License  Windows  Help

Report Generation

Select Report Content

EConflgurat\on
Epacket List
Tesl Results
Eye Diagrams
Saved Images

Saved
Screenshots

DUT Information

Report Generation

Manufacturer: ‘My Company ‘

Model number: ‘VIDJMBDW ‘

Serial Number: ‘TID_nxO ‘

Choose Report Format:
Mesv (csv) XML(me]
EF‘DF (.pdf)

Report Folder Location:

Test Information

‘C \Users\Administrator\Desktop! 3]-'\| [E

Test Lab: [GRL |

Folder

{D Generate Report

’ '._ OpenReport

Test Engineer: ‘Mike E. ‘

Remarks: ‘Thls Device has Issues| ‘

E Copy waveform captures into report folder

0]@

Minimum Limit- 270 Kbps
Maximum Limit: 330 Kbps

2 S0P

UFP/S__ 1 Request

PDO#1: Op. -1467

31247 0x . 0x1800

2. SOP DFP/S...1 GoodCRC -1.466... 297.23... 0x...
BMC-PHY-TX-BIT-4 2 SOP DFP/S_ 1 Accept 1462 29711 Ox
pBitRate Te 2 SOP UFP/IS 1 GoodCRC 1462 31249 Ox
; . —1 |l2_sop pFpis 2 ps DY 1366 20724 (@ -

FIGURE 30: REPORT GENERATION MENU

2) Select the desired report content in the Select Report Content section.

3) Enter DUT Information and Tester Information that you would like to appear in the

report.

4) Choose the Report Format you would like to have created.
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5) Choose the Report Folder Location where you would like the report and test results to be

saved.
-
Browse For Folder ) —— e — ——=N0 X
«' - )
(| > Control Panel
@j o _ane . Choose Report Format:
Il £ Recycle Bin facturer: |I\u'1y Company |
4 || PD-Testing Dec2015 | | humber: |V\D_0x1 a1 | ECSV (.cav) EXML {xml)
> | FWnBitFile
Google S 3 umber: |TID_UXU | E BIF )
. s MacBo;k Report Folder Location:
y ' Misc Tool |C:'\Users'uﬂ\dm|nlstrator'\Desktop'\PD-ﬂ
- - ™ Test Information
OpenReport
- Generate Re b
[ Make New Folder ] [ OK ] [ Cancel ] st Lab: |GRL | ‘ D port ‘ Folder
ngineer: |Mike E. | !
“ Screenshois | = : ECopy waveform captures into report folder
;/ Remarks: [This Device has lssues| |

FIGURE 31: SELECT REPORT LOCATION

6) If you would like the waveforms used for testing copied over to the results folder, check
the ‘Copy waveform captures into report folder’ check box. It is recommended that
waveforms be saved for later analysis or debug.

7) Press the Generate Report button to create the report.

T e S e i
[fle Edt Yiew Window belp : T | —
L/ Open ) 53 Rl aalsioni~i] a8 2 IS  Tools  Fill &Sign = Comment ]’ A
e 5 [
Ao Lngmor P08 @
USD PO Protecel Decode Report Coonmrt TOF 1803 16 Wend o4 £
RSy s Setedt 10F P
(RSP Ce— % G
— o e T
tor e 0. »
Tav ofarmatnn Coownt To &
Tt - "~
Moot Woed [T doca) ~ 1
Toat (ngaen - |
— T Do e s
- S s Bacogrite Test m EoginhlS. |
Change |
Lot dohr o
¥ |
A - Comt
e S T 1080 ]
» Create POF
» Edn POF
* Send Fies
» Stare Files
800
Cashat el
akate Toae S0P LFPS_ 1 GosdlRC T2 31249 Ox
2308 DEPS 2 FS ROy

FIGURE 32: GENERATED REPORT
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8) A PDF report, .csv, and .xml file will all be created and placed in the results folder.

S ER=)
_————-
@Qﬂ v PD-Testing Dec2015 + Google_PS ~ [ 42 || Search Google_Ps ol
Organize ~ Include in library + Share with + New folder =~ O ‘@‘
‘¢ Favorites MName ’ Date modified Type Size
B Desktop || BIST_CM2_CCline.bin 12, 6 PM  BIN File 39,063 KB
& Downloads | CCline_PROT TesterCons_ModePDCont... 1. M BIN File 31,251 KB
| Recent Places | CCline_PROT TesterCons_ModePDCont... 12 BIN File 31,251 KB
USB-PD || CCline_PT_13 13 4 POW _SRC_TRANS P.. 12 BIN File 31,251 KB
|| CCline_PT_13 13 4 POW _SRC_TRANS P.. 12 BIN File 31,251 KB
| = Libraries || CCline_PT_13 13 4 POW _SRC_TRANS P.. 12 BIN File 31,251 KB
5 Documents | CCLine_PT_13_13 4 POW_SRC_TRANS_P.. 1 M BIM File 31251 KB
&' Music || CClLine_PT_13 13 4 POW_SRC_TRANS_P.. L JPM  BIM File 31251 KB
k=] Pictures || CClLine_PT_13 13 4 POW_SRC_TRANS_P.. L A BIM File 31251 KB
E Videos || Google_Power-Brick_0_0:0__bxt 12/8, Text Document 2KB
|| GRL_USB_PD_Report_12_10_20153_14 54 .. 1 M CSV File SKB
18 Computer 7 GRL_USB_PD_Report 12 10_20153 14 54 ... 1 M Adobe Acrobat D... 123 KB
&, LocalDisk (T) |£| GRL_USB_PD_Report 12 10 2015314 54 .. 1. XML Document 5KB
== Removable Disk (D7) |_| PDContract_Tstr_SinkCCline.bin 1. A BIN File 31,251 KB
52 Public (\\192.168.0.100) (Z) |_| PDContract_Tstr_SinkVBus.bin 1. A BIN File 31,251 KB
|| VBus PT_13 13 4 POW SRC_TRANS P P.. 12 BIN File 31,251 KB
€l Network || VBus PT_13 13 4 POW SRC_TRANS P P.. 12 BIN File 31,251 KB
|| VBus PT_13 13 4 POW SRC_TRANS P P.. 12 BIN File 31,251 KB
|| VBus PT_13 13 4 POW SRC_TRANS P P.. 12 BIN File 31,251 KB
|| VBus_PT_13 13 4 POW_SRC_TRANS_P_P.. 12/10 BIN File 31251 KB
LI VBus PT_13 13 4 POW_SRC_TRANS_P_P.. 12/10/20153:09PM  BINFile 31251 KB
21 items

FIGURE 33: REPORT FILE LISTING

6 DisplayPort Over USB Type-C Test Methods

This section describes test methods for decoding DisplayPort over USB Type-C packets as defined in
Section 5 (Discovery and USB-PD) of the DisplayPort Alt Mode on USB Type-C Standard, Ver.1.0a,
August 5", 2015.

Review Section 10, Appendix B: Using the Configuration Utility, before using the test methods.
6.1 Validating PD Messaging for DisplayPort Alt Mode

6.1.1 Test Setup for Validating PD Messaging for DisplayPort Alt Mode

This section describes how to validate the DP Messaging for DisplayPort Alt Mode. The test setup
uses the GRL-USB-PD-C1 Controller as a Link Partner for DisplayPort Alt Mode negotiation. If the
DUT is a Source the controller emulates a Sink and if the DUT is a Sink, the controller emulates a DP
Source. The common setup is to connect the controller Port-A directly to the DUT using the provided
USB Type-C Cable or if the DUT is a tethered DUT, connected directly to Port-A.

1) Connect the DUT to Port-A of the GRL-USB-C1 Controller as follows.

GRL USB-PD MOI and User Guide Revision 1.2.6.0.
© Granite River Labs 2016, 2017 Page 77 of 309



Windows Scope with

GRL-USB-PD
1 Power
Supply
24V/6A GRL-USB-PD-C1

USB Type-C™ Test
Cl C2/.C3 C4 yP

CC Vi i Controller
fhee® /
Passive
Probe
Passive
Probe
DisplayPort DUT
it Type-C Source or Sink
Probe Test Cable
© GRL
FIGURE 34: CONNECTING THE DUT FOR DISPLAYPORT OVER TYPE-C
2) In the Setup Selection Menu, select Alt Mode as the the type of device.
[E USB-PD Protocol Decode Software (Version: 1.2.4.7) - X
Test Setup Connection o IZ|
{TsstSstup:Usethe fu\luwingtestsemp} é

Alternate Mode Device Setup Diagram (High Speed Testing)

UUT Device Type:  Alternate Mode Device ~ HTgh BW Scope

FAs uUT Tethered

B N1 co cace GRL-USB-PD-C1
| Select Setup Status USB T'y'pe-C"" Test
|E Probe Connection |MA 0 ; o Eehiee
|E E-Load Connection | NA " SBU Alt Mode
|Testeereratmn NA " Cgr?rr;;:er i _DUI j
Verify Setup |

Matched
SMA Cables

Plug Fixture

®GRL

FIGURE 35: SELECTING ALT MoDE DEvICE AS DUT

6.1.2 Establishing PD Mode in the DUT
The following test steps refer to details on the Configure Controller window.

Section numbers in the major steps refer to sections in the DisplayPort Alt Mode on USB Type-C
Standard.
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1) If the DUT is a Source, then get the DUT into PD Mode.
1. Unplug the DUT from Tester or simulate DUT detach condition by clicking Simulate

Detach.

2. Set the controller mode to UFP/Sink in the Configure Tab of the Configure Controller

window.

3. Plug-in the DUT if it is not connected to Tester to get the DUT into PD source mode.

m Cenfigure Controller

Cable IR Drop Misc Testing

Controller Mode: | UFP/Sink

Detach

Attach

- O

Configure  Commands Alt Mode Advanced E-Load Setup VDM Settings Power Testing

i

Request Message settings:
PDO Index: |1 e

054
Max Crt: (0-5A)

Cperation: | Assign w

Request
Command

Set Caps Mismatch Flag
[ Clear GiveBack Flag

Set Source Capabilities:

MNo.Of PDO's “

] Include External VBUS

UUT Device Type:
Mode Settings:
Read Status

Provider/Consumer ~

V

>

Scope Acq Settings: lSII’IGLE| l E-ll-lgﬁr ||:sec} Scope Setup
Set Trigger Channel: | VBus | |'CC-Line| Toggle Trg

FIGURE 36: CONFIGURE TAB IN CONFIGURE CONTROLLER WINDOW
2) If the device is a Sink, then Get the DUT into PD Mode.
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1. Unplug the DUT from Tester or simulate DUT detach condition by clicking Simulate
Detach.

2. Set the controller mode to DFP/Source in the Configure Tab of the Configure Controller
window.

3. Plug-in the DUT if it is not connected to Tester to get the DUT into PD sink mode.

3) Decode and Analyze Protocol Messages:

1. Click on Scope Setup button to load the Scope horizontal and vertical settings to capture PD
messages.

2. Click on SINGLE button to enable the Scope acquisition.

3. Set the trigger source to Vbus or CC-Line by clicking the corresponding button shown in
Figure 42, to capture PD Contract message sequence. Need to ensure that the “Signal Source
Section” of “Decode Configuration” window CC-Line and Vbus is enabled, and selects the
channels to which these signals are connected.

4. After selecting trigger channel to VVbus or CC-Line, click Single button to wait for the trigger
to occur on the Scope.

5. After signal acquisition, click to Run without Acquisition button (Green arrow with prefixed
yellow line) in the USB-PD Software window.

FIGURE 37: RUN BUTTON IN CONFIGURE CONTROLLER WINDOW

6.1.3 Verifying the VDM Header

This section shows detail on decoding the Structured VDM Header for DisplayPort as described in
Section 5.2.1 (Table 5-1) of the DisplayPort Alt Mode on USB Type-C specification.

1) Get the DUT into PD UFP/Sink mode. If DUT is a Provider Only device, then switch the
data role of the DUT to respond Discover Initiator from Tester:

1. Getthe DUT into Source mode.
2. Issue Data Role Swap message from Commands Tab.

2) Enable oscilloscope acquisition.
3) Select VDM Discover ID Initiator item in the Commands Tab and click on Send button.
4) Decode and analyze the response message from DUT
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G Configure Controller

Configure

FFO1

Alt Mode | Advanced | eLoad Setup | VDM Settings

SOP Type: | SOP v Send

® VDM Discover ID Initiator
(O VDM SVID Initiator

(O VDM Mode Initiator

(O VDM Enter Mode Initiator
() VDM Exit Mode Initiator
(O Data Role Swap

) Power Role Swap

O Vconn Swap

_) Hard Reset

() Cable Reset

) Soft Reset

) Get Sink capability

() Get Source capability

(O BIST Carrier Mode2

O Ping

Set Trigger Channel: l VBus l [CC-LineI

Scope Acq Settings: ISINGLEI ngjg'; I 2 (sec) | Scope Setup

Toggle Trg

FIGURE 38: COMMANDS TAB IN CONFIGURE CONTROLLER WINDOW

6.1.4 Verifying DisplayPort Enter Mode

This section shows detail on decoding DisplayPort Enter Mode for DisplayPort as described in

Section 5.2.2 (Table 5-2) of the DisplayPort Alt Mode on USB Type-C specification.

1) Get the DUT into PD UFP/Sink mode. For Provider Only DUT, switch the data role of

the DUT:
Get the DUT into Source mode.

=

2. Issue Data Role Swap message from Commands Tab.

2) Enable oscilloscope acquisition.

3) Select VDM Enter Mode Initiator item in the Commands Tab and click on Send

button.

4) Decode and analyze the response message from DUT.

6.1.5 Verifying DisplayPort Status Update

This section shows detail on decoding the Status Update as described in Section 5.2.3 (Table 5-3) of

the DisplayPort Alt Mode on USB Type-C specification.
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1) Get the DUT into PD UFP/Sink mode. For Provider Only DUT, switch the data role of
the DUT:

1. Get the DUT into Source mode.
2. Issue Data role swap message from Commands Tab.

2) Enable Scope acquisition.

3) Configure DisplayPort Status Update message in Alt Mode Tab.
4) Click on Send Command button.

5) Decode and analyze the response message from DUT.

G Configure Controller = =
Configure | Commands | Alt Mode | Advanced | eLoad Setup | VDM Settings

Tester as: |DFP v Send Command

® :Displayport Status Update

Displayport Status Update:
) Set Raw VDO (GCCCOGXK) |:|

® Set Displayport Status Update

DFP_DYVUFP_D Connected: | DFP_D is connected (1) v
Power Low: |Mormal Function or Disabled (0) v

Adaptor DP Functionality: | Enabled and Operational(1) v
Multi-function Preferred: | Mo Multi-function preference (0) v
USB Config Request: |Maintain current configuration(0) v

Exit DP Mode Request: | Maintain current mode (0) v
HPD State: 'HPD_High(1) v

IRQ_HPD: |Mo IRQ_HPD since last status message

() Displayport Configuration

1 ‘ >

Scope Acq Settings: [5INGLE| l E—lrjg; ‘ 2 ([sec) | Scope Setup
Set Trigger Channel: [ VBus I lCC-Line‘ Toggle Trg

FIGURE 39: ALT MODE TAB IN CONFIGURE CONTROLLER WINDOW — DFP_D

6.1.6 Verifying DisplayPort Configuration

This section shows detail on decoding the DisplayPort Configuration as described in Section 5.2.4
(Table 5-4) of the DisplayPort Alt Mode on USB Type-C specification.

1) Get the DUT into PD UFP/Sink mode. For Provider Only DUT, switch the data role of
the DUT:
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1. Get the DUT into Source mode.
2. Issue Data Role Swap message from Commands Tab.

2) Enable Scope acquisition.

3) Configure DisplayPort Configuration message in Alt Mode Tab.
4) Click on Send Command button.

5) Decode and analyze the response message from DUT.

m® Canfigure Controller = =
Configure | Commands | Alt Mode | Advanced | eLoad Setup | VDM Settings

Tester as: |[DFP v Send Command

Maintain current configuration(0)

Maintain current mode (0)
HPD_High(1)

No IRQ_HPD since last status message

(® Displayport Configuration

Dlsgl ayport Configuration Settings:

) Set Raw VDO (oooooo) ||

® Set Displayport Configuration

Select Configuration: [USB (D) P v
Signaling Support: | Signaling unspecified (0) v
Configure UFP_U with | Select pin assignment v

DFP_D Pin Assi t:
D Pin Assignmen YA OB (¢ o CE OF

Configure UFP_U with |De-select UFP_D pin assignment v

DFF_D Pin Assignment: A B C D E F

RUN /
STOP ‘ 2 |(sec) | Scope Setup
Set Trigger Channel: l VBus ‘ lCC-Line‘ Toggle Trg

Scope Acg Settings: ISIHGLE ‘

FIGURE 40: ALT MODE TAB IN CONFIGURE CONTROLLER WINDOW — USB(0)

6.1.7 Verifying DisplayPort Attention

This section shows detail on decoding the DisplayPort Attention as described I Section 5.2.5 of the
DisplayPort Alt Mode on USB Type-C specification.

1) Get the DUT into PD UFP/Sink mode. For Provider Only DUT, switch the data role of
the DUT:

1. Get the DUT into Source mode.
2. Issue Data Role Swap message from Commands Tab.

2) Enable Scope acquisition.
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3) Configure DisplayPort Status Update section in Alt Mode Tab and click on Send Run-
time Attention Message.

4) Decode and analyze the message from DUT.

[ Configure Controller E@

| Configure | Commands | Alt Mode |

Tester as: [ Configure

Set Displayport Status Update Responder  Send Run-time Attention Message

Displayport Status Update:

© SetRawVDOpoo000CX) | |

@ Set Displayport Status Update

DFP_D/UFP_D Connected: |DFP_D is connected (1) -
Power Low: [Normal Function or Disabled (0) 'i
Adaptor DP Functionality: [Enahled and Operational(1) 'i
Multi-function Preferred: [ND Multi-function preference (0) vl
USB Config Request: [Maintain current configuration(0) vl

Exit DF Mode Request: [Maintain current mode (0) 'i 1
HPD State: |HPD_High(1) -|

IRQ_HPD: [Nu IRQ_HPD since last status message 'i

FIGURE 41: ALT MODE TAB IN CONFIGURE CONTROLLER WINDOW — RUN-TIME ATTN

6.1.8 Verifying Exit Mode

This section shows detail on decoding the DisplayPort Exit Mode as described in Section 5.2.6 of the
DisplayPort Alt Mode on USB Type-C specification.

1) Get the DUT into PD UFP/Sink mode. For Provider Only DUT, first get the DUT into
Source mode then issue Data Role Swap message from Commands tab to switch the data
role of the DUT to respond Discover Initiator from Tester.

2) Enable Scope acquisition.
3) Select VDM Exit Mode Initiator item in the Commands Tab and click on Send button.
4) Decode and analyze the response message from DUT.
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6.2 DisplayPort on Type-C DP 1.2b PHY Source Testing

The DP over Type-C PHY CTS from VESA requires testing of DisplayPort Source and Sink Signal
Quality over the USB Type-C Connector. For devices that support 2 lanes of DisplayPort and USB3.1
Genl/Gen2 Tx/Rx on the other two signal pairs (known as 2+2 Mode), crosstalk must be tested. Also
if the device is a Power Provider, the DisplayPort PHY signaling needs to be compliant under
maximum power conditions. This section describes how to use the GRL-USB-PD-C1 Controller
manually to achieve these PHY test modes on a device with DisplayPort over USB-C. The PHY
testing itself is done using existing DisplayPort 1.2b PHY test solutions.

6.2.1 4 Lane DisplayPort PHY testing on USB Type-C
6.2.1.1 Test setup for 4 Lane DisplayPort PHY testing on USB Type-C
Following test setup required for DisplayPort over Type C testing:

High BW Scope

DP USB
Source
@ @ @ ) USB Type-C™ Test
SMA ' Controller
Diff Probes DPR-100 B /
J
DP Cable ,— Alt Mode
. DUT
Wilder B % B
AUX Board ~ \
AUXpT| AUXn |
e |
Matched — ‘
SMA Cables SBU SMA

Type-C PHY Plug Fixture
(With SBU on SMAs and CC on Flying leads)

FIGURE 42: DISPLAYPORT PHY TEST SETUP 4 LANE MODE

Note: the PHY test fixture used in this example has the SBU lines broken out into SMAs. Thus, the
AUXp and AUXn lines are fed directly from the AUX controller to the test fixture SBU lines. The
AUX/SBU connection to the controller is fixture manufacturer dependent. The GRL-USB-PD-C1 is
designed to work with multiple vendor’s USB Type-C test fixtures and connection method may vary.

Follow below mentioned steps to make the connection setup that shown in Figure 42:

1) Connect Type-C CC line communication signals from the GRL-USB-PD-C1 to DUT with
the help of “Probe EXT-1" and “Type-C cable extender” and which in turn must be
connected to CC1, CC2, Vbus and Ground of “Type-C PHY Plug Fixture”.

2) Connect Main Link signals from “Type-C PHY Plug Fixture” to the Scope using
differential probe.
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3) SBUI & SBU2 (A8 & B8) signals from “Type-C PHY Plug Fixture” to Wilder AUX
Board.

4) Optional: CC line communication between DUT and GRL-USB-PD-C1 can be monitored
by probing CC1 & Vbus on “Probe EXT-1"" (not shown in Figure 42).

5) Using DisplayPort cable connects Wilder Fixture and DPR-100, to update DisplayPort
DPCD register.

6.2.1.2 Initiating Alt Mode for DisplayPort 4 Lane PHY Testing
1) Create the test setup as shown in Figure 42.
2) Unplug the DUT from the test setup by removing “Type-C PHY Plug Fixture”.
3) Open the GRL-USB-PD application and navigate to Configure Controller, as in Figure 43.
Follow the step by step process to initiate Alt Mode Setting for Display Port.

1. Select Configure Tab. Select Controller Mode as UFP/Sink. Select “Enable VDM” as Mode
Settings and click Send button to set the configuration in the Tester.
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B Configure Controller
Configure Commands Alt Mode Advanced E-Load Setup VDM Settings Power Testing Cable IR Drop Misc Testing

Contraller Mode: | UFP/Sink v
Detach  Attach

Request Message settings:

PDO Index: |1 v
Request
o 054
I(max) : (0-54) 7] Set Caps Mismatch Flag
Operation: | Assign ~ [ Clear GiveBack Flag

Set Source Capabilities:

MNo.Of PDO's 1 v [ Include External VBUS

PDO#1; |5V Current (0.1A-5A]

UUT Davice Type: | Provider/Consumer v

Mode Settings:} | Enable VDM v

Read Status | -

Scope Acq Settings: ISIHGLE‘ l §¥$ ‘ (sec} Scope Setup
Set Trigger Channel: l VBus ‘ lCC-Line‘ Toggle Trg

FIGURE 43: CONFIGURE — ENABLE VDM SETTING

2. To settester in VDM Source Configuration select VDMConfig_TesterSink_ACK in the Mode
Settings of the Configure tab, and click Send button to set the configuration in the Tester. See
Figure 44.

*

FIGURE 44: CONFIGURE — SET VDMCONFIG_TESTERSINK_ACK

4) Select Alt Mode Tab from Config Controller.

i) Check “Set SVID Responder” check box. Input hexadecimal values for bcdDevice (0158)
and USB Product ID (1013) in the Product VDO field for enumerating for USB 3.0 or 2.0
Set USB Vendor ID in the PDO2-ID Header LSB bytes to 05AC as shown in
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- pm—
B Configure Controller E‘M

Cable IR Drop I Misc Testing|

Configure I Commands | Alt Mode lAdvanced l E-Load Setup I VDM Settings l Power Testing I

Tester as: [—Conﬂguw—"] 3

Set SVID Responder(XXXX, XX00(, XXX, etc): 4]

Set Discover ID Responder

Set Discover Mode Responder

|FF01.18D1] | Ex: SVID1,SVID2,SVID3...SVID12

D Response: — -
jerlD: [FF008041 USB-VendoriD: 0000 00000
L :60000000 Modal Operation Support: [Supported ,]
tat: :00000000 ProductType: | Alternate Mode Adapt: ~ | =/ I !
{D- 3101301 53 USB Device Capability: [Supponed v]

/DO- (51000039

< |

1

USB Host Capability: | Not-Supported v|

VDM Discover Mode Responder Settings:
@ Set Raw VDO (X0O0XXXX)

@ Set Displayport Capabilities
Port Capability: |UFP_D-capable (1) v

Qirnalina Qunnart- [I’\D wd 21N -] —

<|

1 | ’

Scope Acq Settings: | SINGLE "%ﬂ 2 (sec) | Scope Setup
Set Trigger Channel: | VBus ~ Toggle Trg
L
ii) Figure 45.
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-
Configure Controller

Cable IR Drop I Misc Testing|
Configure | Commands] Alt Mode lAdvanced | E-Load Setup l VDM Settings | Power Testing

Testeras: |UFP  ~ I—ﬁm_l =

Set SVID Responder(XXXX, X)X, XXXX, etc): s

>

>

IFF01,1SD1 | Ex: SVID1,SVID2,SVID3...8VID12
| Set Discover ID Resgonder
' VDM Discover ID Response: = (]
i PDO1-DiscoverlD: USB-VendoriD: 0000
\ PDO2-D Header- Modal Operation Support: @
\ PDO3-Cert Stat: ProquctType:  [Atem: | |
l T USB Device Capability:  [Suppc
i USB Host Capability:  [Not-S
PDOS-AMA-VDO: -
" Tt m I Cal

\ Set Discover Mode Responder
VDM Discover Mode Responder Settings:

! © SetRawVDO poooooo) [ ]

@ Set Displayport Capabilities
Port Capability: |UFP_D-capable (1) -

Qinvinlineg Quinnan- DA =) LI

< | L] | »

£

Scope Acq Settings: | SINGLE l“g.ll!&;(’” 7 (sec) | Scope Setup

Set Trigger Channel: (NVBUSH [etwne ' Toggle Trg

| —

— —— ———
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. .
Configure Controller E‘M

Cable IR Drop I Misc Testing[
Configure I Commands | Alt Mode lAdvanced I E-Load Setup I VDM Settings I Power Testing I

Tester as: [ Configure ] -

Set SVID Responder(XXXX, X)X, XXXX, etc): 4]
[FFo1,18D1] | Ex: SVID1,SVID2,SVID3.._SVID12

>

Set Discover ID Responder

D Response: — -
erlD: [FF008041 USB-VendorlD: 0000 00000
L :60000000 Modal Operation Support: [Supported ,]
tat: 100000000 ProductType: | Alternate Mode Adapt: ~ | =/ I !
{D- :10130158 USB Device Capability: [Supponed v]

/DO- (51000039

< |

Set Discover Mode Responder

1

USB Host Capabilit. | Not-Supported -|

VDM Discover Mode Responder Settings:
@ Set Raw VDO (X0O0XXXX)

@ Set Displayport Capabilities
Port Capability: | UFP_D-capable (1) -

Qirnalina Qunnart- [I’\D wd 21N -]

< | 1 | »

Scope Acq Settings: | SINGLE g.l"!gé o (sec) | Scope Setup

Set Trigger Channel: | VBus

— T E 3

Figure 45: Alt Mode - Set Discover SVID Responder Configuration

iii) Enter the SVID’s in the format “FF01, 18D1”. Upto 12 SVID’s can be set. An example
is shown in Figure 46.
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(A= - -
[ Configure Controller

Configure I Commands }é_ﬁ!}__,'}{!_ggg Advancedﬁ[ieiLoad Setup [VDM Settings |
Tester as: iUFP v]
V] Set SVID Responder(}000<, X000, XX, etc): =
IFF01,18D1 l Ex: SVID1,SVID2,SVID3...SVID12
/| Set Discover ID Responder
=

VDM Discover ID Response:

i

v Set Discover Mode Responder

PDO1-Discover ID (000000 - |[FFO0B041 Ex: FFOOB041
PDO2-ID Header (3400000 - |BCO005AC Ex: 6C000000
PDO3-Cent Stat VDO (0000004 - (00000000 Ex: 00000000
PDO4-Product VDO (00C000K) 10130158 Ex: 10130158
PDOS-AMA Cable etc (0000004 - 51000038 Ex: 510000339

D SetRawVDO (00000 [ |

© Set Displayport Capabilities

Port Capability: [UFP_D-capable (1)

Scope Acq Settings: 'SMGLQ 2 (sec)

Set Trigger Channel: i Wlb':i kCClel Toggle Trg

FIGURE 46: ALT MODE - SET SVID’S RESPONDER

Iv) Set signaling support to DP v1.3 in DisplayPort Capabilities section, for configuring the

controller as Sink, shown in Figure 47.
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Configure Controller = '_L:_]_|
Configure f Commands A“M'Jde Advanced ] eload Setup | VOM Settings

Tester as: |UFP N | Configure 7‘

7| Set Discover Mode Responder -

=T = T
SetRawVDO Q0000009 [ ]

@ Set Displayport Capabilities
Port Capability 'UF'P_DcapabIe (1) v

Signaling Support:  |DP ¥1.3 (1) v

Receptacle Indication: | Plug (0) v

USE r20 Signaling: |Required on AB-A7 or B5-B7 (0) - =

DFP_D Pin Assignments: | Supported v
CA EIB mIc EID E EF
UFP_D Pin Assignments: | Not Supported v

B ( D E

7| Set Displaypont Status Update Responder  Send Run-time Attention Message

Displayport Status Update: =

-

Scope Acq Settings: |SINGLEl 'Slggl;l | 2 (sec) | Scope Setup
Set Trigger Channel: | VBus | iCCLlnej ! Toggle Tryg J

FIGURE 47: ALT MODE - SET DISCOVER MODE RESPONDER

Note: Select the Pin Assignments based on the connected Sink device. Refer to “Pin Assignment and
Description” section of the DP Alt Mode on Type-C specification for configuration.

v) Enable oscilloscope acquisition if required to monitor CC line communication between
GRL-USB-PD-C1 and DUT connected.

6.2.1.3 Performing Display Port 4 Lane DP 1.2b Source PHY Testing

After performing the above procedure for Alt Mode Initiation, the DUT is prepared to receive
commands from the AUX Controller. To perform the test, the timing of HPD/IRQ must be managed
by the host PC that is controlling the Unigraf AUX Controller and the GRL-USB-PD-C1 PD
Controller. GRL has developed a software utility called GRL AUX Config Tool (described in the next
section) to configure the DUT in the proper test mode. To test the Source using the Test Equipment
(TE) vendor specific software:

1) Configure DisplayPort AUX controller (DPR-100) based on the DUT capability as
mentioned to start the DisplayPort PHY testing.

2) Select ‘Manual’ test mode in the TE vendor specific PHY test software.
3) Run the test script from the TE vendor specific PHY test software.
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4) When the TE vendor specific PHY test software prompts the user for Data Rate, Pattern,
Swing, and pre-emphasis setting, use the GRL AUX Config Tool to send the proper test

signal.

5) Press ‘OK’ to continue testing using the TE vendor specific PHY test software.

Note: This procedure describes the way to manually execute the PHY testing. This is a very time
consuming method for testing. Thus, GRL has provided a DLL version of the GRL AUX Config
Tool to the major TE vendors to be integrated into their automation tools. Please consult with
your TE vendor of choice for details on integration timelines.

6.2.2 2+2 Lane DisplayPort PHY testing on USB Type-C
6.2.2.1 DisplayPort 2+2 lane Test Setup

For testing the DUT in 2+2 mode, where 2 lanes are used for sending DisplayPort signal and
remaining 2 lanes are used for USB3.1 communication.

The setup required for testing the DUT with the 2+2 mode is shown in Figure 48.

High BW Scope

DP Source
Test
Software

_/\ eload g_—+
UsSB SA -

Cl1 C2 C3C4

L0 LY

UsB
Q@ Q0O
I
Unigraf

GRL-USB-PD-C1
USB Type-C™ Test

DPR-100

"‘ﬁ'ﬁf’ Controller
DP Cable e
DUT

Diff
Probes
CC1,CccC2 |

Vbus, GND
SBU1, SBUZ |

Matched
SMA Cables

-

— Lanel ¢
Vbus & GND =
 —— -
$S USB = =
Thumb Drive o
Talk Matched Type-C PHY Plug Fixture
SMA Cables

SS USB (With SBU and CC on Type-C Cable)
SMA Breakout Fixture

FIGURE 48: DispLAY PORT PHY TEST SETUP 2+2 LANE MODE

Note: the PHY test fixture used in this example has the SBU lines embedded in a USB Type-C Cable
that attaches directly to the controller. Thus, the AUXp and AUXn lines are fed into the SBU1 and
SBU2 input connectors on the back of the controller. SBU1 and SBU2 lines are presented to the test
fixture through the Type-C tethered cable. The AUX/SBU connection to the controller is fixture
manufacturer dependent The GRL-USB-PD-CL1 is designed to work with multiple vendors” USB
Type-C test fixtures and connection method may vary.
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1) Two lanes of Main link (MLO & ML1) must be connected to SS USB Breakout Board.
Ensure that the USB 3.0 device is connected from RX1 / ML1 of the Type-C fixture
connected to SSTX+ & SSTX-, and then connect TX1 / MLO of the Type-C fixture to
SSRX+ & SSRX- on the SS USB Breakout fixture.

2) Only two signals of Main Link (ML2 & ML3) from “Type-C PHY Plug Fixture” must be
connected to the Scope using differential probe.

3) SBUI & SBU2 (A8 & B8) signals from “Type-C PHY Plug Fixture” to Wilder AUX
Board.

4) Using DP cable, connect Wilder Fixture and DPR-100 to update DisplayPort DPCD
register automatically while performing test. Connect USB cable between DPR-100 and
Scope where the DPR-100 software is installed.

5) Optional: CC line communication between DUT and GRL-USB-PD-C1 can be monitored
by probing CC1 & Vbus on “Probe EXT-1"" (not shown in Figure 48).

6.2.2.2 Initiating Alt Mode for DisplayPort 2+2 Lane PHY Testing

1) Create the test setup as shown in the previous section.

2) Unplug the DUT from the test setup by removing “Type-C PHY Plug Fixture”.
3) Open the GRL-USB-PD application and navigate to configure controller.

1. Set “Enable VDM” in the Mode Settings of the Configure tab, and click Send button to set the
configuration in the Tester, as shown in Figure 49.
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ot | Configure Controller
Configure  Commands Alt Mode Advanced E-Load Setup VDM Settings Power Testing Cable IR Drop  Misc Testing

Controller Mode: | UFP/Sink ~
Detach  Attach

Request Message settings:

PDO Index: |1 w
Request

I{op) - (0-5A) Command

I{max) - |1

II

(0-54) [] Set Caps Mismatch Flag
Operation: |Assign w [] Clear GiveBack Flag

Set Source Capabilities:

MNo.Of PDO's |1 w [ Include External VBUS

PDO#1: |5V Current [0.1A-54]

UUT Device Type: | Provider/Consumer w
Maode Settings:|| | Enable VDM w
Read Status

Scope Acq Settings: lSIHGLE‘ [ EITJ$ l [sec} Scope Setup
Set Trigger Channel: l VBus ‘ [CC-Linel Toggle Trg

FIGURE 49: CONFIGURE — ENABLE VDM SETTING
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2. To set tester in VDM Source Configuration select VDMConfig_TesterSink_ACK in the Mode
Settings of the Configure tab, and click Send button to set the configuration in the Tester, as
shown in Figure 50.

m Configure Centroller
Configure  Commands Alt Mode Advanced E-Load Setup VDM Settings Power Testing Cable IR Drop  Misc Testing

Controller Mode: | UFP/Sink ~
Detach  Attach

Request Message settings:

PDO Index: |1 -
Request

[ o
[{max) : |:| (0-5A) [] Set Caps Mismatch Flag

Operation: | Assign w [] Clear GiveBack Flag

Set Source Capabilities:

MNo.Of PDO's |1 e [ Include External VBUS

PDO#1: |5V Current [0.1A-54]

UUT Device Type: | Provider/Consumer v
Mode Settings: | | WVDMConfig_TesterSink_ACK w
Read Status

Scope Acq Settings: [SIHGLE‘ l Fst-lrig‘:': I(sec} Scope Setup
Set Trigger Channel: [ VBus ‘ lCC-LineI Toggle Trg

FIGURE 50: CONFIGURE — SET VDMCONFIG_TESTERSINK_ACK

Select Alt Mode Tab .Configure SVID Responder, Discover Mode Responder, DisplayPort Status
Update Responder messages details in Alt Mode Tab to test DisplayPort Source.
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3. Discover SVID Responder: Configure Tester SVID acknowledgement:

1) Set hex value of bcdDevice (0158) and USB Product ID (1013) in the Product VDO field
for enumerating for USB 3.0 or 2.0 as shown in Figure 51.
i) Set USB Vendor ID in the PDO2-ID Header LSB bytes to 05AC.

ﬂ -Conﬁgure Controller '.i@

Taster as: |UFP v] ' Configure ]

V] Set SVID Responder(S0X, X0X, X0, etc): L2
FFO1,18D1 I Ex: SVID1,SVID2,3VID3...SVID12

V| Set Discover ID Responder

ALl

VDM Discover ID Response:
PDO1-Discover ID 0O0C000) - |FFODB041 Ex: FFO0B041

PDO2-ID Header (X000 - [6CODD5AC Ex: 6CO00000
PDO3-Cert Stat VDO (XX0000¢) - (00000000 Ex: 00000000

PDO4-Product VDO (OGO 10130158 Ex: 10130158
PDO5-AMA Cable etc (0000000 - |51000039 Ex: 51000039

V| Set Discover Mode Responder

) SetRawVDO (00OCCGK) [ ]

@ Set Displayport Capabilities

Port Capability: | UFP_D-capable (1) -

Scope Acq Settings: ISINGI.‘EI 2 (sec) ‘-'Swptsm]
Set Trigger Channel: ‘Ww] [omm]

FIGURE 51: ALT MODE — SET DISCOVER SVID RESPONDER CONFIGURATION
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4. Set SVID by selecting “SVID Responder” with the SVID’s in the format such as “FF01,

18D1”, Up to 12 SVID’s can be set. An example is shown in Figure 52.

| Configure | Commands || Alt Made || Advanced | eLoad Setup | VDM Settings |

Tester as: |UFP - [:E

V] Set SVID Responder(}00XK, X000, XX, etc):

[FFO1,18D1 | Ex: SVID1,5VID2,5VID3.

.SvID12

V| Set Discover ID Responder

VDM Discover ID Response:
PDO1-Discover ID (00000000 - [FFODB041 Ex

PDO2-ID Header (X000004) - [6CO00SAC Ex
PDO3-Cert Stat VDO (00000009 - (00000000 Ex

PDO4-Product VDO (00000000 - |10130158 Ex

PDOS-AMA Cable etc (00000000 - [51000038 Ex

. FFODB041
: 6CO00000
; DO0D00OO
110130158
: 510000339

V| Set Discover Mode Responder

© SetRawVDO (o00000) [ |

@ Set Displayport Capabilities

Port Capability: |UFP_D-capable (1)

f

Scope Acq Settings: @ m(}ﬂ 2 (sec)

Set Trigger Channel: t"\fﬂu":‘ t@lﬂlﬁj

FIGURE 52: ALT MODE — SET SVIDs
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5. Select signaling support to DP v1.3 in DisplayPort Capabilities section, for configuring the
controller as sink, as shown in Figure 53.

[ Configure Controller @ |

Tester as: LUFP 'l | Configure
7| Set Discover Mode Responder o
VDM Discover Mode Responder Settings:
D SetRawVDO (00009 [ |

@ Set Displayport Capabilities

Port Capability: iUFP_D-capable (1) v
Signaling Support: {DP v1.3 (1) v
Receptacle Indication: Plug iU) . v;

4
m

USE r2 0 Signaling: {Requured on AB-A7 or B5-B7 (0)

DFP_D Pin Assignments: ilSupportad -
CA EIB WIC WD EE [EF
UFP_D Pin Assignments iﬁSupponed v
A B C D E
7] Set Displaypont Status Update Responder i i S
Displayport Status Update: ‘ =

Scope Acq Settings: 'ISINGLEI Lg% 2 (sec) iSwplSmp
Set Trigger Channel: l VBus ] [mme] l Toggle Trg

FIGURE 53: ALT MODE — SET DISCOVER MODE RESPONDER

Note: Select the Pin Assignments based on the connected Sink device. Refer “Pin Assignment and
Description” section of the DP Alt Mode on Type-C specification for configuration.
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6. Send Status message with the configuration as shown in Figure 54. Status message is used for
sending attention message whenever there is a change in the Aux signaling to take effect.

A Configure Controller EE@

[Véonﬁgt;rer I Commands:;f Alt Mode | Advanced I el.oad Setup I YO Semngs'{

Tester as: |UFP v] ' Configure ‘

UFP_D Pin Assignments: | Not Supported . -

A B ( C E

V] Set Displayport Status Update Responder  Send Run-time Altention Message

Displayport Status Update:
Set RawVDO 000000009 [ |

© Set Displayport Status Update

DFP_D/UFP_D Connected: |UFP_D is connected (2) v]
Power Low. | Normal Function or Disabled (0) v\
Adaptor DP Functionality: | Enabled and Operational(1) v}
Multi-function Preferred: | Multi-function preferred (1) - J
USB Config Request: :Maintam current configuration(0) v‘ |
Exit DP Mode Request :Maimam current mode (0) v“ :
HPD State: [HPD_High(1) -
IRG_HPD:  No IRQ_HPD since last status message vi

Scope Acq Seftings: | SINGLE| ‘_g}'_g,:’_' 2 (sec) |ScopeSetup
Set Trigger Channel. | WBus | | €C:Line] Toggle Trg

FIGURE 54: ALT MODE — SET STATUS MESSAGE
6.2.2.3 Performing DisplayPort 2+2 Lane DP 1.2b Source PHY Testing
Refer to Section above for the PHY Test procedure using TE vendor specific PHY test software.
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6.2.3 Combining Max Power Provider Configuration with Above Test Conditions

1) Assign maximum PDO Index supported by DUT in Request Message settings in
Configure tab as shown in Figure 55.

2) Configure the GRL-USB-PD-C1 PDO request message setting with the maximum current
PDO index of the DUT as shown in Figure 55.

3) In Operation dropdown, select Assign from the drop down.
4) Click Request Command button.

5) Based on the number of lanes in the Display Port refer to section 6.2.1.1 or 6.2.2 for the
configurations to be set.

Request Message settings:

POO Index: |3 - Request
Command
Current Limit: 3 (0-5 A)
Operation: |Assign -

FIGURE 55: CONFIGURE TAB — REQUEST MESSAGE SETTINGS FOR PDO

In the e-Lload setup it is preferred to set the maximum current for testing.
Note: Refer to section below for the Oscilloscope and eLoad Connection Setup.
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[ Cenfigure Controller — O

Cable IR Drop Misc Testing
Configure Commands Alt Mode Advanced ; E-Load Setup: VDM Settings Power Testing

SetCurent: [4  |(v) |01 |(05A) Set
Turn load: OM OFF
Read W/A: Voltage Current

P

Scope Acq Settings: lSIHGLE‘ [ E¥$ l(sec} Scope Setup
Set Trigger Channel: l VBus ‘ [CC-Linel Toggle Trg

6) Follow the DisplayPort testing described in the previous sections after configuring the

controller with the PDO index request message setting.
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6.2.4 GRL Aux Configuration Tool

After configuring the GRL-USB-PD-C1 as explained in the above section, Display Port PHY testing
follows the steps below. A “GRL Aux Config Tool” is used for configuring the DPCD registers of
DPR-100 is shown in Figure 56.

1) Before configuring DP Sink or Source Device supply a correct DPR-100 license key to the
Serial Key field of the “GRL Aux Config Tool” application.

2) Based on the DUT capability select the drop down list from Aux Config Tool Application
and press “Set”.

3) After above step, the DUT screen will blink once indicating the new DPCD register
configuration has been set and Attention command being initiated using CC line from the
GRL-USB-PD-C1 controller.

4) After step 3, DUT will initiate read request on Aux line and read DPCD registers from
DPR-100, then link training starts. Status of the command will be displayed next to
“Status:”

5) With all above steps executed successfully, the DisplayPort Main Link signals connected
to the Scope from the DUT should be observed for a change with respect to the
configuration set in the “GRL Aux Config Tool”.

@ GRL Aux Config Tool =™
AuxConfig
Lane No 4 -
Aux Port :
Data Rate 5.4 Gbps v
Level Swing0 v
Serial Key
PreEmphasis Pre-Emphasis0
SSC SSC_Disabled
Pattem D10.2 -
Post Cursor2 Level 0 v Set
&
Status :

FIGURE 56: GRL UTILITY FOR DISPLAYPORT DPCD SETTING
6.3 DisplayPort on Type-C DP 1.2b PHY Sink Testing

6.3.1 Configuring a DUT for Sink Testing

1) Configure SVID Responder, Discover Mode Responder, DisplayPort Status Update
Responder messages details in Alt mode tab as shown in Figure 40. For configuring
controller in Source 2+2 mode, follow the example mentioned in each section below. Up
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to Discover Mode VDM message, the Tester will initiate automatically after setting
“Enable VDM” and “VDMConfig TesterSource ACK” in the Mode Settings of the
Configure tab and click Send button to set the configuration in the Tester.

2) To SEND ENTER MODE, STATUS UPDATE AND DP CONFIGURATION MESSAGES, USE THE
COMMAND TAB AND the Alt Mode tabs:

1. Select signaling support to DP v1.3 in DisplayPort Capabilities section. The table below
may be considered for configuring the Controller as Source for 2+2 mode, with 2 lanes for DP
main link and 2 lanes for USB3.0 data signaling.

Note: Select the Pin Assignments based on the connected Sink device. Refer “Pin Assignment and
Description” section of the DP Alt Mode on Type-C specification.

2. The configuration in Figure 58 may be taken as an example for setting the Status message of
the Sink, and for sending attention message whenever change in the Aux signaling or in the
VDM configuration to have impact on the DUT.

Enable oscilloscope acquisition.

Get the DUT into PD Source mode.

5. Decode and analyze the message sequence.

3) Getthe DUT into PD Sink mode.

4) Assign SVID value as FFO1 in the Commands tab.

5) Send Enter Mode Initiator message.

6) Configure and send the DisplayPort Status message sections as shown in Figure 57, based
on the DUT capabilities.

How
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Configure | Commands | Alt Mode | Advanced | eLoad Setup | VDM Settings |

Tester as; [DFP '] M

@ Displayport Status Update L
Displayport Status Update:
© SetRawVDO (00000009 [ |

© Set Displayport Status Update

DFP_D/UFP_D Connected: | DFP_D is connected (1) -
Power Low. [Normal Function or Disabled (0) v] 3
Adaptor DP Functionality: [Disabled ©) v_]
Multi-function Preferred: [No Multi-function preference (0) .v]
USB Config Regquest: (Maimain current configuration(0) v]
Exit DP Mode Request: [_Maintain current mode (0) '] ‘
HPD State: [HPD_Low @) -

IRG_HPD: [Np IRQ_HPD since last status message v]

_ Displayport Configuration

Displayport Configuration Settings:

Scope Acq Settings:

Set Trigger Channel: - s

FIGURE 57: ALT MODE TAB IN CONFIGURE CONTROLLER — 2+2 LANE SINK STATUS
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[ Configure Controller (o] ® |5
| Configure | Commands | Alt Mode  Advanced | eLoad Setup | VDM Settings |

Tester as: :DFP v»‘ lgn‘mﬂd]

f st | Maintain current configuration{D) =
= Feguest  Maintain current mode (0)
HPD_Low (0)
No IRG_HPD since last status message
@ Displayport Configuration
Displayport Configuration Settings:

SetRawVDO (ooooooe [ |

@ Set Displaypont Configuration

Select Configuration: [UFP_U as UFP_D (2) vi
Signaling Support: [DP vli.3 (1) - =
Configure UFP_U with [Select pin assignment v

DFP_D Pin Assignment: :
- A BB @C ®ID EIE EIF

Configure UFP_U with [De-seiect UFP_D pin assignment |
DFP_D Pin Assignment:

A B C D E F |
Scope Acq Settings: l WLE‘ Lg!_&{_’ 2 (sec) iSup'tSﬂup
Set Trigger Channel; [ VBus ] }cca.mj Toggle Trg

FIGURE 58: ALT MODE TAB IN CONFIGURE CONTROLLER — 2+2 LANE SINK CONFIG

7) Select the signaling support to DP v1.3 and assign the pin configurations based on the
DUT capabilities and send the DisplayPort Configuration message section as shown in
Figure 58.

8) Select the signaling support to USB Gen2 and assign the pin configurations based on the
DUT capabilities and send the DisplayPort Configuration message section as shown in
Figure 58.
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6.3.2 Combining Max Power Provider Configuration with Above Test Conditions.

1) Assign maximum PDO Index supported by DUT in Request Message settings in
Configure tab as shown in Figure 59.

2) Set maximum current offered by DUT for the selected PDO index.

3) Choose Assign in the Operation drop down and click on Request Command button.

4) Get the DUT into PD Source mode.

5) Based on the number of lanes in the Display Port refer to section 6.2.1.1 or 6.2.2 for the
configurations to be set.

Request Message settings:

POO Index: |3 - Request
Command
Current Limit: 3 (0-5 A)
Operation: |Assign -

FIGURE 59: CONFIGURE TAB — REQUEST MESSAGE SETTINGS FOR PDO
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@ Configure Controller
Configure  Commands Alt Mode Advanced E-Load Setup VDM Settings Power Testing Cable IR Drop Misc Testing

Controller Mode: | UFP/Sink ~
Detach  Attach

Request Message settings:

PDO Index: |1 v
Request

o) o .
I{max]) : (0-54) [] Set Caps Mismatch Flag

Operation: | Assign e [] Clear GiveBack Flag

Set Source Capabilities:

MNo.Of PDO's |1 ~ [ Include External VBUS

PDO#1: |5V Current [0.1A-54]

UUT Device Type: | Provider/Consumer “
Mode Settings:)| | Enable VDM “
Read Status | -

Scope Acqg Settings: [SIHGLE‘ [ E!'I-j$ I (sec} Scope Setup
Set Trigger Channel: [ VBus ‘ [CC-LineI Toggle Trg

FIGURE 60: ALT MODE TAB IN CONFIGURE CONTROLLER — 2+2 LANE SINK ENABLE VDM
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EA Configure Controller
Configure  Commands Alt Mode Advanced E-Load Setup VDM Settings Power Testing Cable IR Drop  Misc Testing

Controller Mode: | UFP/Sink w
Detach  Attach

Request Message settings:
PDO Index: 1 w

Request
(en) 05 Command
I{max) : (0-54) [] Set Caps Mismatch Flag
Operation: | Assign w [] Clear GiveBack Flag

Set Source Capabilities:

No.Of PDO's |1 w 1 Include External VBUS
PDO#1: |5V Current [0.14-54)
UUT Device Type: | Provider/Consumer ~
Mode Settings: || VDMConfig TesterSink ACK
Read Status

Scope Acg Settings: lSIHGLE‘ [ E-lrjg ‘ [sec] Scope Setup
Set Trigger Channel: l VBus ‘ [CC—Line‘ Toggle Trg

FIGURE 61: ALT MODE TAB IN CONFIGURE CONTROLLER — 2+2 LANE SINK VDMCONFIG

GRL USB-PD MOI and User Guide Revision 1.2.6.0.
© Granite River Labs 2016, 2017 Page 109 of 309



| Configure | Commands ||Alt Mode | Advanced | eLoad Setup | VOM Settings | ’
Tester as: [UFP 'J M

¥ Set SVID Responder(}000X, X000, XXX, etc).
IIFFD1,IBDl ] Ex: SVID1,SVID2,SVID3. .SWD'I2|

A

V| Set Discover ID Responder
PDO1-Discover ID (09000009 Ex: FFO0B041
PDO2ID Header (00000004 - Ex:6C000000 | | |
PDO3-Cert Stat VDO (0000000 Ex: 00000000

PDO4-Product VDO (X0C00XX) 10130158 Ex: 10130158

PDO5-AMA Cableetc (00000000 . (51000038 Ex: 51000039

V| Set Discover Mode Responder

© Set Raw VDO (000000 i |

© Set Displayport Capabilities
Port Capability: |UFP_D-capable (1) .

Set Trigger Channel: H H E

FIGURE 62: ALT MODE TAB IN CONFIGURE CONTROLLER — 2+2 LANE SINK SVID VDM
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[ c&m& | Commands |{Alt Mode | Advanced | eLoad Setup | VOM Settings |

Testeras: \UFP  ~| M

7] Set SVID Responder(X000X, X000, X0, etc)
[FF01.1BD1 I Ex: SVID1,SVID2,SVID3...SVID12

Y

¥ Set Discover ID Responder

VDM Discover D Response:

PDO1-Discover ID POR0000X) FFO08041 Ex: FFDOB041

PDO2-ID Header (X000 :  |6COD05AC Ex: 6C000000
PDO3-Cert Stat VDO (XXC0XXX) 00000000 Ex: 00000000

PDO4-Product VDO (RX000XX) 10130158 Ex: 10130158

PDO5-AMA Cable etc PO00000X) 51000038 Ex: 510000339

V| Set Discover Mode Responder

@ Set Raw VDO (00000050 i

@ Set Displayport Capabilities
Port Capabilty. |UFP_D-capable (1) -

FIGURE 63: ALT MODE TAB IN CONFIGURE CONTROLLER — 2+2 LANE SINK DiscoverR VDM
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| éonfqﬁrn | Commands |[Alt Mode || Advanced | eLoad Setup | VOM Settings |

Tester as: |UFP - M

¥ Set Discover Mode Responder a
VDM Discover Mode Responder Settings:

© SetRawVDOQo000000) [ |

@ Set Displayport Capabilities

Pont Capability: |UFP_D-capable (1) -
Signaling Support [DP v1.3 (1) ']
Receptacle Indication: [Pluoﬂ) v]
USB 120 Signaling: |Required on AB-A7 or B6-B7 (0) = ||I=
DFP_D Pin Assignments: |Supported .
DA B C WD EE @F
UFP_D Pin Assignments: [Not Supported v] i
MA OB c b E

V] Set Displayport Status Update Responder  Send Run-time Attention Message
Displayport Status Update: | ~

[—

| Scope Acq Settings: E m 2 (sec) E
Set Trigger Channel: H M E

FIGURE 64: ALT MODE TAB IN CONFIGURE CONTROLLER — 2+2 LANE SINK RESPONDER
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A Configure Contraller =N ON %™

Configure | Commands | Alt Mode | Advanced | eLoad Setup | VOM Settings

Tester as: |UFP v .~ Configure

UFP_D Pin Assignments: | Not Supported - -
E

v Set Displayport Status Update Responder  Send Run-time Attention Message

Displayport Status Update:
St R 00 950000 N

@ Set Displayport Status Update

DFP_D/UFP_D Connected: |UFP_D is connected (2) -
Power Low: | Normal Function or Disabled (0) -
Adaptor DP Functionality: | Enabled and Operational(1) -
Multi-function Preferred: | Multi-function preferred (1) -
USB Config Request: | Maintain current configuration(0) -

Exit DP Mode Request: | Maintain current mode (0) v 1
HPD State: |HPD_High(1) -

IRQ_HPD: No IRQ_HPD since last stalus message ~

Scope Acq Settings: | SINGLE ng}g_' 2 (sec) |Seop.S.lup‘
Set Trigger Channel: | \WBus"| | €C:tine| ' Toggle Trg

FIGURE 65: ALT MODE TAB IN CONFIGURE CONTROLLER — 2+2 LANE SINK STATUS

7 Additional Test Procedures

7.1 Procedure to Enable Vbus from external power supply
1. By default, GRL USB-PD-C1 test solution provides three VBus source voltage levels (5V,
12V and 20V). To have customized VVBus source voltage level, user can make use of external

DC power supply by connecting it to theTester rear panel and with following software
configuration.

2. Configure external DC power supply to provide required VVBus voltage level (5V - 20V) and
connect it to Tester's rear panel Vbus IN socket.

3. Open Config Controller Window from Decoder Configuration panel in GRL USB-PD SW.
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4. Configure required power profiles under Set Source Capabilities section and check “Include
External Vbus” option to select choose Vbus from external DC power supply for one of the
source power profile.

5. Choose the power profile index where external Vbus has to be configured in the drop down
box next to “Include External Vbus” as shown in below figure.

6. Click on Configure button to set the source capabilities.

7. Configure the controller mode as DFP/Source at the top of the Config Controller window and
click Set button next to it to configure Tester as Source.

8. Probe CC-Line and Vbus to scope to verify the Vbus voltage level.

9. Connect the DUT and click on Attach link under the Controller mode to negotiate the PD
contract.

@ Configure Controller - O X

Cable IR Drop Misc Testing
Configure  Commands Alt Mode Advanced E-Load Setup VDM Settings Power Testing
Controller Mode: | UFP/Sink v
Set
Detach Attach

Request Message settings:

PDO Index: |1 w
Request

I(op) : (0-54) Command
I(max) : (0-8A) [] Set Caps Mismatch Flag

Operation: | Assign ~ [ Clear GiveBack Flag

I

Set Source Capabilities:

Mo .Of PDO's |3 i [ Include External VBUS

PDO#1: 5V Current: [0.1A-54]
PDO#Z: |5V v current [0.14-54]
PDO#3: |5V v current [0.14-54]

UUT Device Type: | Provider/Consumer

Mode Settings:  VDMConfig_TesterSink_ACK w _

Read Status | -

Scope Acq Settings: | SINGLE F;#g; (sec} Scope Setup
Set Trigger Channel: VBus CC-Line Toggle Trg
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7.2 Procedure to Test External VConn (3V)
Following is the step by step description to perform for the external VConn(3V) testing

Stepl: Connect Probe of External Power Supply to CC2-GND at Probing Points input of GRL-
USB-PD-C1 using the Probe-Ext1 board.

Step2: Set the Voltage Level to 3V in the External Power Supply

Step3: Connect Ch1l Passive Probe to CC1-GND at Port-A Probing Points input of GRL-USB-PD-
C1 using the Probe-Ext1 board.

Step4: Make sure VVBus is not connected.

Step5: Navigate to Test Step Connection Panel.

Step6: Select Cable as UUT Device Type

Step7: Make Sure the Cable type DUT is connected to the Controller.
Step8: Check the External VConn Supply (3V) option as shown below.

UUT Device Type: Cable w

[O]Is UUT Tethered

E External VCONM Supply(3V)

Select Setup Status

E Probe Connection | MA
E E-Load Connection | MA

ETester Cperation NA

[ Verify Setup |

Step9: Navigate to Test Selection Panel. Select the Tests as shown below and run the Compliance
Test as shown below.

Select Tests

E--E Compliance Test List
- [/ CABLE-PHY-TX-EYE
-4 CABLE-PHY-TX-BIT
[/ CABLE-PHY-RX-INT-REJ
- 4] CABLE-PHY-RX-BUSIDL
-] CAB-PHY-TERM
- [ CAB-PHYMSG
-4 cAB-PROT-DISCOV

IE Enable external VBUS
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Stepl10: Carefully follow the instruction as to turn ON/OFF the power supply during test execution as
shown below.

GRL USB-PD Test Status

Test Summary: -

CABLE-PHY-TX-EYE

CABLE-PHY-TX-BIT
CABLE-PHY-RX-INT-REJ
CABLE-PHY-RX-BUSIDL
CAB-PHY-TERM
CAB-PHY-MSG
CAB-PROT-DISCOV

m

Selected Test Result Details:

Turn ON(¥”) external power supply(3V) to VCONN pin(CC2) in the probing
fixture and Click OK

[ [

Cancel Stop

Step11: Once the Compliance test execution is completed for all cases reverse the cable and connect
it to the controller. If required Save the Reports.

Step12: Re Run the Compliance Test

Step13: Once the Compliance test execution is completed for all Navigate to Test Selection Panel and
un check the External VConn Supply (3V) option. Turn Off External Power Supply.

Stepl4: Re Run the Compliance Test for Internal 5V Power Supply for both ends of the cable.

7.3 Procedure to Test Alt-Mode for ThunderBolt Device

Stepl: Open Config Controller window and Send Enable VDM command in Mode Settings Drop
down Box.

UUT Device Type: |Provider/Consumer w

Mode Settings: § Enable VDM

Read Status

Step2: Send VDM _ConfigTestersink_ ACK command from Mode-Settings Drop down Box.
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UUT Device Type: | Provider/Consumer w

Mode Settings: | VDMConfig_TesterSink ACK ~ ~ | Send |

Read Status | -

Step3: Navigate to Alt mode tab and Select Tester as UFP
Step4: Select SVID responder and Set SVID as “8087”.
Step5: Then select Discover-1D responder and Configure as shown below.

Cable IR Drop Misc Testing
Configure Commands :

t Advanced E-lLoad Setup VDM Settings Power Testin

Tester as: |UFP

Set SVID Responder(000(, X0, XXX,
|BDBT,UDUU B SVIDA SVID2 SVID3. . SVIDN2

Set Discover ID Responder

VDM Discover 1D Response:

4] PDO1-DiscoverD: |FEO08041 USB-VendorD:  [0C

PDO2-D Header: |D4000000 Maodal Cperation Suppaort: =1l

[©] PDO3-Cert Stat-  |00000000 Product-Type: | Pt

PDO4-ProductlD:- |10130158 Data Capable as USB-Device: Sl

[] PDO5-AMAVDO: |51000039 Data Capable as USB-Host: =] -

Set Discover Mode Responder

O Nigrnwvor Mado Boenande ottinme:
® Set Raw VDO (000000 |00000001 |

(O Set Displayport Capabilities

DFP _D-capable (2)

DP v1.3 (1)

Step6: In Discover-1D responder select ID-Header as shown below.
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Set Discover ID Responder

scover 1D Response:

1-DiscoverlD: |FFO08041

10 Header: |D4000000
3-Cert Stat: (00000000

A-ProductiD: |10130158 Diata Capable as USB-Device: Supparted

LI5B-VendarlD: 0000

Modal Operation Support: Supported

Product-Type: § Peripheral

E-AMANDO- 151000039 Data Capable as USB-Host: Supported

£

Step7: Select Discover mode responder and select Raw data and set ”’0x00000001”.
Step8: Click Configure Button.
Step9: Perform PD-Contract.

Stepl10: Navigate to Packet Capture Tab in Product Capability Window and verify that the device has
initiated the Enter Mode.

8 Universal Serial Bus Type-C and Power Delivery Source
Power Requirements Testing

8.1 Test Plan Overview
The USB-C_Source_Power_Test_is developed by the USB-IF’s Power Delivery Working Group.

The following sections include summaries of tests that are covered from Chapter 2 of the test plan
USB-C_Source_Power_Test_Specification_2015 12 30 for the Certification.

The ‘Test Name’ in the following table can be cross-referenced with the test cases in Chapter 2 of the
test plan, to identify the test assertions covered by each test.

Test Ref # Test Name Test Description

2.1 Load Test The Load test verifies that when each port is fully loaded at voltage
V the Source can still deliver voltage in the tolerance range of
vSrcNew or vSafe5V.

2.3 Hard Reset Test The Hard Reset Test verifies that the PD Source port follows the
voltage requirements for a PD Hard Reset.

25 Over Current Test The Over Current Test verifies that the PD Source port follows the
overcurrent requirements

Note:
1. The supported test cases are can be run on one USB PD port at a time.

2. For the values of vSrcNew, vSrcNeg ,vSrcSlewPos ,vSafe5V,tSrcSettle ,tSrcReady ,tSrcReady
,vSrcNew and tSrcTransient refer to the USB Power Delivery Specification.
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Refer to section 3 and 4 for installing the software and doing the oscilloscope and E-Load setup.

In Decoder Configuration Window choose Source Power Test in the App Mode Setting as shown
below.

m USB-PD Protocol Decode Software (Version: 1.2.4.7)
Application  Options  License  Help

Decoder Configuration
Signal Source App Mode
O Packet Decode and PHY Test
Source Type: @ Live O Offline ‘ ‘ Oc : T
omeliance Tes
CC Line: |CH1 ~ @l Source Power Test
Vbus‘ CH2 - Mask Options
Use Tx Mask
ILoad. CH3 ~ ETngger Channel: | CH4 ~ Use Rx Mask: | Sourcing Power
Reference
E ] lE‘ MNoise Floor(mV) - E Limit Eye to 2640 | bits
Auto Find
wern A scope Acq Delay sec
Type:
® Percentage ECapture Delay: sec
. = o
Voltage: 50 ] Rp Selection: | 900mA (Default) -~
Hysteresis: 10 Y% Config Controller

In Test Setup Connection, select UUT type as one of the following options.
e Consumer\Provider
e Provider\Consumer
e Provider Only
e DRP

Navigate to Product Capability Window. Import and Validate the DUT Capabilities as shown in 5.10.3.
Verify that the Power Capabilities of the DUT is updated correctly in Power Capabilities tab.

Got to Test Selection Window. Select the Source Power Tests as shown below and Run the Test Cases.

[ USE-PD Protocel Decode Software (Version: 1.2.4.7) - X
Application  Options  License  Help

Test Selection

 Select Tests |

=/ SOURCE POWER TESTLIST
- LoaD_TEST
- HARDRESET_TEST
-] OVERCURRENT _TEST

E‘ Enable extemal VBUS
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8.1.1 Load Test
A. Purpose:

1. The Load test verifies that when each port is fully loaded at voltage V the Source can still
deliver voltage in the tolerance range of vSrcNew or vSafe5V. 2.

2. This test is required for all USB Type-C source-capable ports.
B. Asserts Covered:
1. 7.1.4#2
2. 7.1.4#3
3. 7.1.4#4
4, 7.1.4#5
5. 7.1.4#6
6. 7.1.4#7
7.7.1.4#8
8.7.1.9#1
9.7.1.9#2
10. 7.1.9#3
C. Procedure:

1. For each attached port the SPT (Source Power Tester) connects and utilizes a Sink
Capability of 5V, 0 A

2. During each port attach process the SPT verifies:
a. If the Source voltage initially droops, it shall not fall below vSrcNeg.

b. After the Source transitions its voltage out of vSafeOV range, its voltage increases
monotonically under vSrcSlewPos rate until the voltage passes vSafe5V min.

c. The Source voltage remains within vSafe5V once it crosses vSafe5V min.

d. The Source settles into vSafe5V within tSrcSettle from its initial transition out of
vSafeQV range.

e. The remaining attached ports do not droop more than 330mV or for longer than
tSrcTransient

3. For the first port Px with which the SPT establishes a contract:

a. SPT requests max current for the next untested Source Capability PDO (let V be the
Voltage of this PDO):

1. The SPT sends a Request for the PDO
2. The SPT verifies:

a. If the Source voltage initially droops, it shall not fall below
vSafe5VTransition.
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b. After the Source transitions its voltage out of vSafe5V range, its
voltage increases monotonically under vSrcSlewPos rate until the
voltage passes vSrcValid min.

c. The Source voltage remains within vSrcValid range once it crosses
vSrcValid min.

d. The Source settles into vSrcNew within tSrcSettle from its transition
out of vSafe5V range.

e. The remaining attached ports do not droop more than 330mV or for
longer than vSrcTransient.

3. After tSrcReady from the initial voltage transition, the SPT enables the max
load in 25% increments.

4. The SPT verifies:

a. If the Source voltage leaves vSrcNew range, it stays within
vSrcValid and returns to vSrcNew within tSrcTransient.

b. The remaining ports do not droop below max (330mV, vSrcNew) or
droop for longer than vSrcTransient.

b. If nNumPorts > 1, then for each remaining port Py:
1. If the port supports PD:

a. The SPT requests max current for the Source Capability PDO at
voltage V.

i. If the PDO at V does not exist, skip the port and continue
with the next port at step 0.

ii. The SPT sends a Request for the PDO.
iii. The SPT verifies:

1. If the Source voltage initially droops, it shall not fall
below vSafe5VTransition.

2. After the Source transitions its voltage out of vSafe5V
range, its voltage increases monotonically under
vSrcSlewPos rate until the voltage passes vSrcValid
min.

3. The Source voltage remains within vSrcValid range
once it crosses vSrcValid min.

4. The Source settles into vSrcNew within tSrcSettle
from its transition out of vSafe5V range.

5. The remaining attached ports do not droop more than
max (330mV, vSrcNew) or for longer than
tSrcTransient.

iv. After tSrcReady from the initial voltage transition, the SPT
enables the max load in 25% increments.
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v. The SPT verifies:

1. If the Source voltage leaves the vSrcNew range, it
stays within vSrcValid and settles to vSrcNew within
tSrcTransient.

2. The remaining ports do not droop below max
(330mV, vSrcNew) or droop for longer than
tSrcTransient.

2. If the port does not support PD the SPT loads the max current advertised on
Rp.

a. The SPT verifies:

i. The Source voltage does not droop more than 330mV or for
longer than tSrcTransient.

ii. The remaining ports do not droop below max (330mV,
vSrcNew) or droop for longer than tSrcTransient.

3. Move to step 0 for the next remaining port.

c. For each port Py loaded in step 0
1. The SPT disables the load in 25% increments.
2. The SPT verifies:

a. If the Source voltage leaves the vSrcNew range, it stays within
vSrcValid and settles to vSrcNew within tSrcTransient.

b. The remaining ports do not leave vSafe5V or vSrcNew range.
3. Move to step 0 for the next loaded port.
d. For port Px loaded in step O
1. The SPT disables the load in 25% increments.
2. The SPT verifies:

a. If the Source voltage leaves the vSrcNew range, it stays within
vSrcValid and settles to vSrcNew within tSrcTransient.

b. The remaining ports do not leave vSafe5V or vSrcNew range.

e. If the Source Capability PDO (at voltage V) on Port Px advertised peak current
capability, return to step 0, Request the PDO again and step through the test while
utilizing the peak current with operating current at 2/3 max current advertised on Port
PX.

f. Move to step 0 to test the next Source Capability PDO.
4. If no port supports USB PD:
a. For each port Px:
1. The SPT loads the max current advertised on Rp.
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2. The SPT verifies:

a. If the Source voltage does not droop or drop below 330mV or for
longer than tSrcTransient.

b. The remaining ports do not droop more than 330mV during the
transient load on the port Px or for longer than tSrcTransient.
8.1.2 Hard Reset
A. Purpose:

1. The Hard Reset Test verifies that the PD Source port follows the voltage requirements for a
PD Hard Reset.

2. This test is required for all USB Type-C source-capable ports.
B. Asserts Covered:
1. 7.1.6#1
2. 7.1.6#4
3. 7.4.1#17
Test Procedure:
1. The SPT attaches all ports and utilizes a Sink Capability of 5V, 0A.
2. For each port with which the SPT establishes a PD contract:
a. Request the max current for the highest voltage Source Capability PDO.
b. The SPT verifies the PD request is accepted and a contract is established.
c. The SPT applies the max load in 25% increments.
d. The SPT sends a Hard Reset.
e. The SPT verifies that from the start of the Source voltage transition:
1. The Source voltage drops to vSafe5V within tSafe5V
2. The Source voltage drops to vSafeOV within tSafe0V
f. The SPT disables the load on the port.
g. The SPT verifies:
1. The Source voltage remains within vSafeQV for tSrcRecover
2. The Source voltage does not dip below vSrcNeg for the duration of the Hard Reset.

8.1.3 Over Current Test
A. Purpose:

1. The Over Current Test verifies that the PD Source port follows the overcurrent
requirements.

2. This test is required for any PD source-capable port.
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B. Asserts Covered:
1. 7.1.8.3#1
2. 7.1.8.3#2
C. Test Procedure:
1. The SPT attaches all ports and utilizes a Sink Capability of 5V, 0A.
2. For each port with which the SPT establishes a PD contract:
a. The SPT requests the max current for the negotiated source PDO
b. The SPT applies the negotiated current load to the port in 25% increments
c. The SPT increases the load by 100mA
d. If a hard reset is detected, the SPT verifies:

1. The voltage transition below vSrcValid min occurs within tSrcOcPresent after the
load was increased.

2. After transition below vSrcValid, the voltage decreases monotonically toward
vSafeOV

e. Else if the load =< 5.5A, Repeat step C.2.cc. f. Disable the load

g. The SPT informs the user of the value at which the over current condition triggered or the
maximum current applied if it did not trigger.

h. Repeat step C.2.a for the next advertised Source Capability PDO until no more exist

9 Appendix A: USB Type-C Controller (GRL-USB-PD-C1)
9.1 General Information

9.2 GRL-USB-PD-C1 Shipping Box Contents

GRL-USB-PD-C1 Controller

9.2.1.1.1 USB Type-C Test Cable — 25cm (10 inch) Type-C 5A
eMark Cable, used for connecting the UUT to the
Controller.

Probe EXT-1 helps to probe CC Line & Vbus to Oscilloscope.
This fixture will be connected into Port A probe points.
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Probe EXT-2 helps to probe CC line & Vbus from the Port B
Type C Port. This fixture will be connected into Port B probe
points.

E-Load / Vbus connectors. Helps to connect Vbus & E-Load to
controller.

Vbus in and Power input connectors. Using this port VVbus can
be supplied from the external power supply.

Current loop to connect the current probe. This should be

installed for the normal operation of the controller.

Text fixture connector cable

USB 3.0 Control cable used to connect the tester and

Oscilloscope.

USB Programming cable used to update the FPGA data and will

be connected into system upgrade USB port.

Power Supply & Power Cord

1M BMC Cable
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9.3 GRL-USB-PD-C1 Connection Details
Step 1 Install the current loop on the front panel of USB-PD-C1

Current Loop

USB Type-C™ Test Controller Front Panel

Step 2 Plug on E-Load connector in the rear panel as shown below.

Power supply
E-Load Connector

USB Type-C™ Test Controller Rear Panel

Step 3 Connect power supply adapter to the Power port in the rear panel.

Step 4 Connect Probe EXT-1 into Port-A probe points on the front panel. Connect Vbus
and CC1/CC2 of Probe EXT-1 to oscilloscope channels.

Step 5 Connect the tester through USB 3 Connector (given on the rear panel) to the
Oscilloscope. Install the drivers if they are not installed.

Step 7 There are 5 LEDs on the front panel.
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Power LED Once the power supply switch is on, the Power LED
turns red, while the remaining LEDs turn orange which
indicates that the tester is in Sink state.

Attach/Detach Connect any DUT using Type C Cable. The
(Green/Orange) Attach/Detach LED turns green once the DUT is
attached, and it turns orange when the DUT is detached.

Source/Sink When the tester is configured as Source, the LED turns
(Green/Orange) green, and when the tester is attached as Sink the LED
turns orange.

DFP/UFP Once the data role is in DFP, the LED turns green. In
(Green/Orange) UFP it turns orange.
Contract Flip If tester’s CC1 is connected to CC2 of the DUT, a Flip
occurs.
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10 Appendix B: Using the Configuration Utility

This section describes how to use the Config Controller utility, which is used to manually send
USB-PD Commands from the GRL-USB-PD-C1 controller. To access the Config Controller utility,
go to the Decoder Configuration menu and press the Config Controller button.

Application  Options  License  Help

)
—{ Signal Source |- < - ~{App Mode |
SouiceType: @ Live" © Oline Packet Decode and PHY Test
© Compliance Test
CCLine: {CH1 : —
B (———{ Mask Options }———
Vbus |CH2 ® Use Tx Mask
Mioaa [crs - Use Rx Mask
— Reference |- . =
i 1 J | [Enoise Froormvy - [
| | A Auto Find
‘ Type ;
e Voltage | —
| Hysteresis v ’ Config Controller | 4—

FIGURE 66: CONFIGURE CONTROLLER
10.1 Configuration Tab

Testing DUT for particular scenario can be performed using Configure controller. The functions that
are provided in this utility by the application as explained below.
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i’ Configure Controller = =
Configure | Commands | Alt Mode | Advanced | eload Setup | VDM Settings
Controller Mode: | UFP/Sink v
Set
Detach Attach
Request Message settings:
PDO Indexc |1 v Request
Command
Current Limit: |1 (0-5 A)
Operation: | Assign v
Current settings:
Source Cap Current: |1 (0-5 A) Set Sre/Snk
Capabili
Sink Cap Current: |01 (05 A) i
UUT Device Type: | Provider/Consumer v
Mode Settings:  |Reject PR_Swap v
Read Status | -
o RUN [
Scope Acqg Settings: | SINGLE sTOP | 2 (sec) | Scope Setup
Set Trigger Channel: Toggle Trg

FIGURE 67: CONFIGURE CONTROLLER — CONFIGURE

1) Set Controller Mode. The Controller Mode drop down helps to set the controller’s mode of
operation.

1. Select the appropriate mode from below list:

i) UFP/Sink
i) DFP/Source
iii) DRP
iv) Cable Tester
2. Click on Set button.

2) Request Message Settings. This field gives provision to assign the Request message
settings which are sent from the Controller during PD Contract phase, and also to send a
run-time Request message.

1. Assign PDO Index and Current limit. Choose either Assign or Send option in operation drop
down to assign the Request message settings and to send the run-time command respectively.

2. Set Current Settings. This field helps to assign the current parameter value in Source and Sink
Capability message send from Controller.

3) Select UUT device type.
1. Select the appropriate mode from below list:

i) Consumer Only
i) Consumer/Provider
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iii) Provider/Consumer
iv) Provider Only

v) Cable

vi) DRP

vii) Alternate mode

2. Click on Send button.

4) Mode Settings: The drop down list of this field can be used for configuring the Controller
with any specific data for checking the behavior of DUT. For example, if the Controller
should not accept the PR_SWAP command received from the DUT, it can be configured
by selecting “Reject PR_ SWAP” from drop down list, and can be applied to the Controller
by pressing Send button. Table 1 shows details about how each command can be used.

TABLE 1: MODE SETTINGS

Mode Setting

Command Description

Reject PR_SWAP

If PR_SWAP command to be rejected

Send PR_SWAP

To initiate PR_SWAP command

Accept_PR_SWAP

Accept PR_SWAP

Send_Accept PR_SWAP

Initiate PR_SWAP & Accept if PR_SWAP received

Send PR_Swap_ DONT _Send_First_PS_

RDY Initiate PR SWAP & Don’t Send PS RDY

HARD_RESET Send Hard Reset to DUT
CABLE_RESET Send Cable Reset command to DUT
PHY_RESET Reset PHY layer of the Controller

BIST Carrier Mode2

Send BIST Carrier Mode 2 command to DUT

Vbus_CAPACITANCE_DEFAULT

All capacitance is m

Vbus_CAPACITANCE_1MF

1uF Capacitance is applied on Vbus pin

Vbus_CAPACITANCE_10MF

10uF Capacitance is applied on Vbus pin

Vbus_CAPACITANCE_100MF

100uF Capacitance is applied on Vbus pin

RP_36K_900mA

Assert 36K Rp resistance

RP_12K_1500mA

Assert 12K Rp resistance

RP_4_7K_3000mA

Assert 4.7K Rp resistance

VDMConfig_TesterSource_ ACK

Update Controller with the VDM Source Data

VDMConfig_TesterSink_ACK

Update Controller with the VDM Sink ACK Data

DPAItMode_Config

Configure controller with VDM message to respond to any DUT

DPAItMode_Machook

Configure controller with VDM message to respond to Macbook

ERROR_Clear

Clear all the error inserted

ERROR_CRC_Before_Encode

Insert Corrupt CRC data before 4B/5B encoding while transmitting packet
from Controller

ERROR_CRC_After_Encode

Insert Corrupt CRC data after 4B/5B encoding while transmitting packet
from Controller

ERROR_Payload_Before_Encode

Insert Corrupt payload data before 4B/5B encoding while transmitting
packet from Controller

ERROR_Payload_After_Encode

Insert Corrupt payload data after 4B/5B encoding while transmitting packet
from Controller

Simulate Attach

Simulate Attaching Type-C connector without manual intervention

Simulate Detach

Simulate Detach of Type-C connector without manual intervention

VDM_ID_INIT

Configure the Controller with the VDM Discover ID initialize data

VDM_SVID_INIT

Configure the Controller with the VDM Discover SVID data
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Mode Setting

Command Description

VDM_MODE_INIT

Configure the Controller with the VDM Discover Mode data

SOFT_RESET Send Soft Reset to DUT

INIT_Src_Cap Configure Controller with the Source Capability PDO

Vbus_OFF Disconnect Vbus from the Type-C connector on the controller
Vbus_5V Connect 5V Vbus supply to Type-C Connection on the controller
Vbus_12V Connect 12V Vbus supply to Type-C Connection on the controller
Vbus_20V Connect 20V Vbus supply to Type-C Connection on the controller

Set_Src_Capl

Configure controller with the 5V, 900ma PDO

Set_Src_Cap2

Configure controller with the 12V, 1.5A PDO

Set_Src_Cap3

Configure controller with the 20V, 3.0A PDO

Enable eLoad Mo

Enable E-Load Connected to the Controller

Disable eLoad Mo

Disable E-Load Connected to the Controller

Enable VDM

Enable VDM, So controller will respond to VDM messages

Disable VDM

Disable VDM, So controller will respond with NAK for VDM messages

Reject DR_SWAP

Configure controller to reject DR swap if received from DUT

Accept DR_SWAP

Configure controller to Accept DR swap if received from DUT

Send_Accept DR_SWAP Send DR_SWAP or Accept DR_SWAP

Tester_Reset Reset the Controller

10.2 Commands Tab

The Command tab gives provision to send the run-time messages from Controller after successful PD
Contract between Controller and connected device. Choose the required message type given in Figure
68 and click on Send button to send the run-time messages from Controller.

The commands that can be sent from this tab for observing the behavior of the DUT are as follows:

1) Set SOP Type. The SOP Type drop down allows user to select the SOP type in the
message sent from Controller. It includes SOP, SOP” and SOP”.

2) Set SVID. The SVID field allows user to set the SVID value of the mode related messages
sent from Controller. VDM Mode Initiator, VDM Enter Mode Initiator and VDM EXxit
mode Initiator are mode related messages.

3) Power, Data and VVconn swap can initiate by selecting appropriate radio button in the
command tab.

4) Reset such as Hard Reset, Cable Reset and Soft reset can be sent from controller by
selecting the radio button in the command tab.
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Gl

Commands | Alt Mode | Advanced | eLoad Setup | VDM Settings

SOP Type: |SOP v | Send |

SVID(XXXX): |[FF01

® VDM Discover ID Initiator
) VDM SVID Initiator

) VDM Mode Initiator

) VDM Enter Mode Initiator
) VDM Exit Mode Initiator
(Z) Data Role Swap

) Power Role Swap

) Vconn Swap
0 Hard Reset

() Cable Resat

) Soft Reset

) Get Sink capability
() Get Source capability
) BIST Carrier Mode2
) Ping

Scope Acqg Settings: M STOP [sec} E
Set Trigger Channel: M [-eemﬂ E

FIGURE 68. CONFIGURE CONTROLLER- COMMANDS TAB

5) Capability command like Get Sink Capability and Source capability can be sent from this
tab.

6) Ping command also can be sent to DUT by selecting the ping radio button.

7) After selecting the required command as mentioned above, need to send button for
sending command
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10.3 Alt Mode Tab

The feature in this tab is used for testing DUT in the Alternate Mode. Refer to Section 6 for more
detailed description of what configuration GRL-USB-PD-C1 can support and test.

10.4 Advanced Tab

The Advanced Tab in the Configure Controller has advance feature such as managing delay, Swap
and Trigger as shown in the figure below.

Configure Controller = B

| eLoad Setup | VDM Settings

PS_RDY Settings:

PS_RDY Type: |PD_Contract v
Enable/Disable: | Enable v
Delay (in ms): |10 Configure
Role Swap Messages: |Accept PR Swap v Config/Send
PD Message Trigger: |Accept v Configure
PD Analyser: [ Start | [ Stop | [ Read |
Noise (RX Test): v Configure
Send BIST
Message Count: |2 Test Data
Read GoodCRC count :
Noise

Calibration | (Vref-01V)

Scope Acq Settings: | SINGLE §¥3F‘: 2  |(sec) | Scope Setup
Set Trigger Channel: VBus CC-Line Toggle Trg

1

FIGURE 69: CONFIGURE CONTROLLER- ADVANCED TAB

1) PS_RDY Settings: This feature used when the user wants to have controlled PS_RDY
message being sent during PD contract or during PR_SWAP. PS_RDY can be configured
to be sent, or not sent, by selecting Enable/Disable dropdown list. For enabled PS_RDY, a
sequence delay can be inserted to ensure that the Controller is sending PS_RDY only after
the delay configured in the Delay field has expired.

2) Role Swap Messages: This field is used to test the Role Swap handling behavior, to
change whether to select Accept Role swap or Reject or Send Role swap messages. Using
these settings, the DUT can be tested to see how it responds based on the configuration.

3) PD Message Trigger: This feature is used for triggering a pulse from the front panel
connector before any of the listed messages in the dropdown list are sent from the
Controller.
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4) PD Analyzer: This is used for capturing CC Line message transactions, without probing

the CC Line on the Scope.

5) Noise (RX Test): This is used for disabling or enabling any one of 4 different noise

features supported by the Controller.

6) Message Count: This field is used to set number of BIST Test data messages which need
to be sent from the Controller upon clicking Send BIST Test Data.

7) Read GoodCRC Count: Clicking this will give total number of GoodCRC received from
DUT for the actual sent BIST Test Data, after setting Message count and sending BIST

Test Data.

8) Noise Calibration: This is used to calibrate the voltage reference of the Noise board. This
should be done whenever the Controller is used for the first time. The calibrated voltage
reference value of the connected Controller will be retained in the software. Upon
changing the Controller, the user is recommended to calibrate the new Controller again.

10.5 eLoad Setup Tab

eLoad setup tab in the configure controller is used for setting the eLoad current and turning ON or

Off of eLoad.

Configure Controller

_— |

Set Current: 0.1 (0-5 A)

Turn load: ON OFF

Read V/A: Voltage Current

Set Trigger Channel: VBus CCline

Configure | Commands | Alt Mode | Advanced | eLoad Setup} VDM Settings

Scope Acq Settings: | SINGLE §¥3é 2 |(sec) | Scope Setup

FIGURE 70: CONFIGURE CONTROLLER- ELOAD SETUP TAB

1) Set Current: This field used to set the current that an eLoad can draw from the DUT.

2) Turn load: Used to Turn On or off the eLoad.
3) Read V/A: Used to read the configured Voltage and Current of the eLoad.
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10.6 Power Testing Tab

Power Test is required for the Multiple Port Devices. Based on the device capabilities for each power
profile the configured power will be loaded from VBus and a constant of 1.5 Watt power will be
loaded from Vconn. In case of Multi-port device VVconn and Vbus power will be loaded
simultaneously from all the power ports.

Step 1: Make sure that the setup for power testing is as shown below.

Windows Scope with USB Vbus =
GRL-USB-PD elLoad _

Scope 1
- P . 4! AC Line
:;E Power GRL-USB-PD-C1
— L USB Type-C™ Test
Cl C2 C3 c4 -
gcc V. I, Tig Pm;fgr/élinck Y, Controller

Passive
or Active
Probes
(Ch1, Ch2)

CC Line

Trigger
|Lood (%%t

PD
Type-C Coupon

1 Port Type-C
- Host DUT

Vaus

Veonn DMM
]

7 pr

A

Step2: Click Refresh button in Oscilloscope Configuration panel and connect Scope as shown
in below figure.
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yHddmm-)

Scope Connection Setup

Scops VISAName:  [TCPIP0-192 168 1 37-inst0-INSTR [ =]l #¥ Refresh |h Click Refresh button to

update Instruments

IDN: Click "Test Connection” to get the instrument name
= Test Connection | k Click Test Connection to

connect scope

eload VISA Name: |Se|9ct Instrument | [ s Refresh }

IDN: Select VISAAlias Name and Click "Test Connection” to display IDN

[ 4__’Tesl Connection 1

Scope VISAName:  [TCPIP0::192.168.1.37:inst0:INSTR [=] [ &> Refresh |

IDN: Vender Specific instrument IDN will show up here

= Test Connection ‘

Step3: Select UUT device type as OnePortPowerTest in Test Setup connection panel.
Note:

For single- Port Power Testing select OnePortPowerTest,
For dual- Port Power Testing select TwoPortPowerTest.

Application  Options  License  Help

Test Setup Connection

{Tesﬂ Setup: Use the followil ,teatselup}

One Port Power Test Setup Diagram (High power Testing)

Windows Scope with | Usg
GRL-USB-PD

[

Scope

p—— GRL-USB-PD-C1
USB Type-C™ Test

Controller

UUT Device Type: OnePortPowerTest

O)is LUT Tethered

Tester Status: Not Connected Q
Firmware Version:

‘Update Firmware

Step4: Open Config Controller Window in Decoder Configuration Tab.
Click on Refresh Button in the Power Testing Tab.
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[ Configure Controller = O X

Commands Alt Mode Advanced eload Setup VDM Settingsf|: Power Testing §Cable IR1 * | *

Ll
Mo. of Controllers Connected : -

The Power Testing Tab values will be displayed based on the number of controllers
connected. For single port power testing one controller is connected and panel will get
updated as shown in below figure.
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il Configure Controller
Configure Commands Alt Mode Advanced eload Setup VDM Settings Power Testing

Mo. of Controllers Connected © 1

¢ Click Refresh Button

Fort Info: |

Controller: 1
FW Version:
UUT Type: | Provider Only w

Inc Crnt Steps: 0% 25% [« 50%[«] 75%[~] 100%
Dec Crnt Steps: T5% ] 50%[~] 25%[~] 0%

ReadPDO |
4: Power Testing Panel

Select Vbus: e
Select Wconn: e
[ ] DMM Vbus:

] DMM Vconn:

Current  Vbus(Meas... VCOMNMN{M...

For dual-Port Power testing two controllers must be connected. The Panels are updated after
clicking Refresh button.

GRL USB-PD MOI and User Guide Revision 1.2.6.0.
© Granite River Labs 2016, 2017 Page 138 of 309



A Cenfigure Controller

Configure Commands Alt Mode Advanced eload Setup VDM Settings Power Testing  Cable IR Drop

MNo. of Controllers Connected: 2 I

FortInfo:

Controller: 1
FWw\ersion: V.1.2.7.

UUT Type: | Provider Only ~

ReadPDO |

SelectVbus:
Select Veconn:
[] DMK Vbus:

[] DMK Veonn:

Inc Crnt Steps: 0% 252 50% 75% 100%
Dec Crnt Steps: 75% 50% 25% 0%

<

Fort Info:

Controller: 2

BFW Version: WV.1.27.9K

UUT Type: | Provider Only ~

Inc Crnt Steps: 0% 250 50% 75% 100%
Dec Crnt Steps: 75% 50% 258 0%

ReadPDO |

Select Vbus:

] DMM Vbus:

[] DMK Veonn:

Mo Voltage Current VI

Select Vconn: ~

@ 2 Port Power testing

Step 6: Enter the DUT name as Port Information.

m Configure Controller

Configure Commands Alt Mode Advanced eload Setup VDM Settings Power Testing Cab

Mo. of Controllers Connected : 1

Fort Info:

||¢ Mention name of the

Controller :
FW Version:
UUT Type:

age

]
VAZ2T.

Provider Only

Select Vconn:
[ oMM vbus:

[ oMM veonn:

Current Vb

e

Inc Crnt Steps: 0% 25% 50% 75%
Dec Crnt Steps: 75% 50% 258 0%

ReadPDO |

Select Vbus:

DUT

100%

(Meas... MeasVBusCr...

Mext
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Step 7: Select UUT Type in the UUT drop down box.

El Configure Controller

Configure Commands Alt Mode Advanced eload Setup VDM Settings Power Testing

i Refresh | Mo. of Controllers Connected - 1

PortInfo: | |

Controller: 1
Eﬂgﬁﬁ'nn' V10T
Select UUT Type
UUT Type: | Provider Only v I$

Inc Crnt Steps: 0% 2585 50% 75% 100%
Dec Crnt Steps: 75% [ 50% 258 0%

ReadPDO |

Select Vbus:

Select Vconn:
[] DMM Vbus:

] DMM Veonn:

No Voltage Current Vbus(Measu... Veonn(Meas... MeasVBusCr...

Step 8: Select Check boxes with respect to Current increment and decrement steps.

For example if 0% and 100% are selected as incremental steps the PDO Object’s minimum

and maximum current values would be altered to 0 % and 100% of PD Object’s current
value.

If 0%, 50% and 100% are selected as incremental steps then PD Object’s current incremental
steps will be minimum , half of the PD Object’s current and maximum current.
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BN Configure Controller
Configure Commands Alt Mode Advanced eload Setup VDM Settings Fower Testing Cable IR Dr

Refresh Mo. of Controllers Connected - 1

Port Info: | |

Controller: 1
EW Version: V427 % of Current increment

UUTType: |Provideronly  ~| St€Ps 4

Inc Crnt Steps: 0% 25% 50% 5% 100%
Dec Crnt Steps: T5% 50% FR% 0%

Read PDO

SelectVbus: | USBO-2665-2122-631240003250-0-nsT ~| 7¢ O current decrement

SelectVeonn: | USBO:2665:2122:631240003259:-0:INST ~ STEPS

<

<

DMM Vbous: USBO0:2665:2122:6312A0003259:0:INST

<

7] DMM Veonn: | USB0:2665:2122:6312A0003259::0:INST

| Supported DMM's Keysight 344614 | RUN

Mo Voltage Current Vbus{Measu... Vconn(Meas... MeasVBusCr...

Mext

Step 9: Click Read PDO button as shown in below figure.
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m Configure Controller
Configure Commands Alt Mode Advanced eload Setup VDM Settings Power Testing

No. of Controllers Connected : 1

Portinfo: |

Controller: 1
FW Version
UUT Type: | Provider Only v
Inc Crnt Steps: [7] 0% 25% [ 50% ] 75%[] 100%
Dec Crnt Steps: 75% ] 50% [~ 25% ] 0%
Src-Profile’FS: 5W 1.54,;

Read PDO Source and Sink
Snk-Prafile: .
capabilities
Select Vbus: v
Select Voconn ~
[ DWW Vbus:
[ DMM veonn:

Step 10: Select eLoad connected to Vbus in ‘Select Vbus’ drop- down list.

Select eLoad connected to VVconn in ‘Select Vconn’ drop-down list. As shown in below
figure.
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il Configure Controller
Configure  Commands Alt Mode Advanced eload Setup VDM Settir

Mo. of Controllers Connected : 1

Port Info: |

Controller: 1
FW WVersion: V.1.2.7.
UUT Type: | Provider Only ~

Inc Crnt Steps: 0% 26% 50% 75% 100%
Dec Crnt Steps: 75% 50% 255 0%

Read PDO |

Select Vbus:

USB0:2665:2122:631240003259::02INST ~ I

I Select Vconn: USB0:12665:2122:6312A0003259:0:INST

[ oMm vous:

[ oMm veonn:

Mo Voltage Current Vbus{Measu... Vconn{Meas... MeasVBusCr...

Step 11: If Digital Millimeter is connected for Vbus and Vconn, select checkbox of DMM for
Vbus and Vconn and set the DMM’s VISA identifier respectively. As shown in below figure.
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E Configure Controller
Configure Commands Alt Mode Advanced eload Setup VDM Settings Fower Testing Cable IR Drop

Mo. of Controllers Connected : 1

Port Info: |

Controller: 1
FMN Version: V1.2.7.
UUT Type: | Provider Qnly ~

Inc Crnt Steps: 0% 255, 50% 75% 100%
Dec Crnt Steps: T5% 50% 250 0%

Read PDO |

Select Vbus: USB0:2665:2122:6312A0003259::0::INST

<

Select Voconn: LISB0:2665:2122:6312A0003259::0:INST

<

USB0:2665:2122:6312A0003259:0:IMST
LUSB0:2665:2122:6312A0003259:0:IMST

Voltage Current Vbus(Measu... Vconn(Meas... MeasVBusCr...

Scope Acqg Settings: |51HGLE‘ | E_lrj‘:l';;‘ ‘I:SEC} Scope Setup
Set Trigger Channel: | VBus ‘ |CC—Line‘ Toggle Trg

Step12: After Selecting eLoad for Vbus and VVconn, Select the DMM(Digital Multi Meter) for
Vbus and Vconn. Click Run Button.
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B Cordiquse Conivoliar
Configue Commands Ak Mode Adanced esload Setup VDAY
[DRsimshey|  Ho of Controllers Comnecied © 1

Pt il
Conviroled - 1
Pl VEpos: WI13THK
LT Typst | Praoider Dnly -
ne St Saeid B 0% B 2ew B 4w B s B s
Dac Ol Steps: & 758 B sow B 29w EH oo
Bro-Profia FE: 5 1.54 F5: 127 14

| | TN
Seled Vous USD0 2685 21 E AN IIADOOIEG DL INET ~
Sabedd Vemon -
] o ek
[ Cm wessn

"B
s 03T -
L ove
] T -
5

15

Step 13: In the case where DMM is used to measure Vbus and VVconn, the measured values
are displayed in Vbus column and Vconn column as shown below.
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[ Configure Controller

Configure Commands Alt Mode Advanced eload Setup VDM Settings Power Testing Cable IR Drop

Mo. of Controllers Connected : 1

VB

Port Info:
Controller :
FW \Version:
UUT Type:

|RickTek

1
V2T 9K
Provider Only w

Inc Crnt Steps: 0% 25% 50% 75% 100%
Dec Crnt Steps: 75% 50% 25% 0%

Src-ProfilelFS: BV 1.6AFS 12V 14,
e Snk-Frofile:;

Select Vbus:

USB0:2665:2122:6312A0003259::0INST ~

Select Veconn: ~

[] DMM Vbus:

VCONN measuring Column

DMK Voonn:
measure col

(Meas

. Yconn I: Mea..

— b P o e
o thithm m
e
=
[54]

1

1.5

: Current Measure updating Column

Configured 5V 04 Row Vdrop Column

Click Mext button for Next PDO

Note: In the case where DMM is not connected for VVbus or VVconn then we need to measure
voltage using multi-meter or from scope and update values in respective column.

Stepl4: After updating the Vbus and VVconn values, Click Next button as shown in Figure.
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it | Configure Controller
Configure Commands Alt Mode Advanced eload Setup VDM Settings Power Testing Cable IR Drop

Mo. of Controllers Connected - 1

Fart Info: | Vendar Name

Controller: 1
FW Wersion: V.1.27.9K.
UUT Type: | Provider Only ~

Inc Crnt Steps: 0% 2504, 50% T5% 100%
Dec Crnt Steps: 75% 50% 25% 0%

— Src-ProfilelFS: 5V 1.5A FS: 12V 1A,
- Snk-Profile:

SelectVbus: USB0:-2665:2122:6312A0003259: 0 INST ~
SelectWVconn: ~

] DMM Vbus:

] DMM Veonn:

Mo Voltage Current Vbus(Meas... Vconn(Mea... Me
5 0 512
1 5 0375 508 526
1 5 075 - -
1 5 1125 - - -
115 15 Click Next to continue for Next PDO Current
Configured 5V 0.754Row Vdrop Column ]
Click Mext button for Next PDO

Scope Acq Settings: lSiHGLEl l EI'TJ{';:': ‘ (sec} Scope Setup
Set Trigger Channel: l VBus l lCC-Line‘ Toggle Trg

Step 15: After measuring all the current values for all the PDQO’s, check the report in
C\GRL\GRL-USB_PD\ based on DUT*‘s name and current timing.
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EA Configure Contraller
Configure Commands Alt Mode Advanced eload Setup VDM Settings Fower Testing Cable IR Drop

Mo. of Controllers Connected : 1

Portinfo: | Vendar Name

Contraller: 1
FWWersion: V.1.2.7.9.K.
UUT Type: | Provider Only ~

Inc Crnt Steps: 0% 250 50% T5% 100%
Dec Cmt Steps; 75% 5% 25% 0%

Src-ProfilecFS: BY 1.5A F5: 12V 1A,
R Snk-Profile:

Select Vbus: USB0:2665:2122::631240003259::00INST
Select Vconn: e

[] DMM Vbus:

] oMM veonn:

No Voltage Current Vbus(Meas... Vconn(Mea... Meas

1 5 0 512 526 0.02 E
1 5 0.375 5.08 5.26 0.38

1 45 0.74 501 525 0.76

1 |6 1125 495 526 1.13

1 5 1.5 493 5.26 1.51

-
Test Completed..
Reportis Saved in C\GRL\GRL-USB_PD

Scope Acqg Settings: ISIHGLEl l g_l;& l (sec} Scope Setup
Set Trigger Channel: l VBus l [CC-Linel Toggle Trg

11 Appendix C: Packet Decode and PHY Testing

11.1 Decoding and Analyzing a Captured Waveform using GRL-USB-
PD Software

This section shows how to use GRL-USB-PD Software to decode a packets and using the Signal
View window to analyze a waveform. This is done by decoding the waveform after it is captured on
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the scope. This can be done on a live waveform of saved waveform using the same procedure. It is
often useful to decode and debug physical layer signaling and timing issues.

1) Capture the CC line signal on Channel 1 using the methodology outlined in Section 4 or

some other means. The signal captured signal can be live on the Scope or recalled by
selecting Offline and navigating to the desired waveform.

Application  Options  License  Windows ~ Help
Decoder Configuration
{Signal Source } { App Mode |
Source Type: @ Live Offfine © Packet Decode and PHY Test
Compkance Test
CC Line: |CH1 = -
{ Mask Options }
B (o  Use Tx Mask
Mioss: [ci3 Use Rx Mask
[ [ e bl — (Bl noise Fiooemy) - 2 PHY Teston. [DFP and UFP =
‘ | Plasoros
| ‘ Type
i Voltage:

‘ Hysteresis

|| Contig Controter

() lLe

2) Select Packet Decode and PHY Test selection under App Mode.

Apphcation  Options  License  Windows

Help

Decoder Configuration

Sowce Type. @ Live
CC Line. |CH1
Mo (o

E RLoad |CH3

M auorng
Type
Voltage

Hysteresis

Oftine

{Reference |-

[Bnosse Fioorimv) -

{App Mods }

@ Packet Decode and PHY Test

Comphance Test
© Use Tx Mask
| Use Rx Mask

PHY Teston. DFPand UFP  «

3) Press the Run w/o Acquisition button.

Apphcation Options License e
Decoder Configuration © A
ECTE: — - (Fp s} ‘
Sence T 5 OGe @ Packet Decode and PHY Test
Comghance Test
CCLine: [CH1 =
| [Wask Opticrs
I vbes
M (o2  Use Tx Mask
[Fioas [0 Use Rx Mask 1
{ |
- Reference - - |
’ E Noise Fioor(mv) PHY Teston: |DFP.and UFP |
M auoFing |
Type.
Voitage
Hysteresss Config Controller |
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4) This will decode and analyze the waveform that has been captured on Ch1 or the Offline

waveform selected.

Apphcaton Optiens  Loewe  Windows  Hep

Decoder Configuration

‘ Procassed % | Witing Channel? data to hard disk for analysis N

EEET I = OITEJ

(
[ J
® GrRL
Y

5) One the analysis is complete; configure the windows as follows to optimize for Protocol
Decoding. Go to the Windows menu and select Signal/Bus Diagram, Packets Decode

and Packets Info.

Application Options  License | Windows | Help

| ¥ | Signal/Bus Diagram
[v] Packets Details

IM X | One Bit Eye Diagram

Packets 7| Update Test ¢ Zero Bit Eye Diagram
v | PacketsInfo
Test Results

... DFP/S... 0 Source Cap.
1 SO... UFP/S... 0 Good CRC
2 SO... UFP/S... 1 Request Eye Diagram
3 SO.. DFP/S.. 1 Good CRC |LY| Statuslogger

Compliance Test Result

0x... 0xA064 ... é_

B-Source Capabilities( Header = 0x31 0x61)
PDO[1] = Fixed Supply-Source (0x2C 0x91 0x01 0x0A )

0x1800 ‘

R31 30 Fixad Sunnlv

6) The resulting display will look like the following.

The Packets Info Window — shows all the packets (Byte Level) that have been captured in the
acquisition. Click on the Packet you would like to analyze further.

The Packets Details Window — Shows detailed (Bit Level) decode of the selected packet, for
example, the PDO information of the selected Source Capabilities Packet.
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Signal/Bus Diagram — Shows the waveform of the captured signals and the BMC Decoded
packet information. This can be used for debug purposes.

Application ~ Options  License  Windows Help

V] Update Test detads on packet select T

Messge Tumestsc B retel~ -Source Capabilities( Header = 0x31 0x61)
0/ SO.. DFP/S... 0. Source Cap... FS: 6V 3A .. 147015 2972K 0. 0xA064 | L 001~ F. ' o Source (0x2C 0x91 0x01 0x0A)
1S0:7 {URR(S10)iCood CRO piAGI2S 312 0 K ke §-PDOJ2] = Fixed Supply-Source (0x2C 0xC1 0x03 0x0A )
2 SO.. UFP/S..1 Request  PDOH: Op... 1467653125 K 0x..0x1800.. llL cois — e ie oo oo o 0 a1 0x06 0x0A)
3 SO.. DFP/S.. 1 Good CRC 146695 297.2K  Ox
4 SO... DFP/S... 1 Accept -14628S 2972K 0x Bit(s) Field Description Raw Data
5 SO... UFP/S... 1 Good CRC 146228 3125K  Ox 831,30 Supply Type 00 Fixed Supply
6 SO.. DFP/S... 2 PS_RDY 1.3564S2972K Ox B29 Dual-Role Power 0x0 False
7'SO... UFPIS.. 2 Good CRC 135685 3125K  Ox B25 USB Suspend... 0x0 False
8 SO... DFP/S... 3 Get Sink C 134485 2972 K | Ox g7 Extemally Po... 10x1 True
9 SO.. UFP/S.. 3 Good CRC 1.344353125K  Ox 526 USB Commun._. 0x0 False
1.80... UFP/S... 1 Sink Capab... FS: 5V 1A; -1.3429S3125K  0x...0x3801 B25 Data Role Swap 0x1 True
1.S0... DFP/S.. 1 Good CRC 134235297 2K  Ox 62422 esarved ey
1821 20 Peak Curent L_;i] L’A_‘:i'; cugent eguals I0CI ¥
C

I — Double Click Here to Expand Window to Full Screen ,

Data Msg-Source Capabilites
PD Object(s) Fxed Supply Fored Supply Fowed Supply
10 ok [ W) ', .

-147TM21S

Vmax: 53252V

Vmin: 168.67 mV/
-1 47TM21S

7) To Expend the Signal/Bus Diagram to full screen, double click on the double bars on the
top of the Window. This ‘un-docks’ the window to full screen.

7] Signal  [#] Bus Diagram

Data Msg-Source Gapabilities — Cirl Msg-Good CRG
[ Preamble $OP¥iead?D Object(s) Fixed Supply FECRC-0x4(E—  Preamble SOPHeat
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8) Zoom can be used to zoom into waveform detail and how it relates to the PD messaging.

Split Analysis [ Signal  [#] Bus Diagram

- 14632

Split Analysis [ Signal [f] Bus Diagram ] Marker M1:-1.46925 M. &M :41.829 uS

Data. Msg-Source Capabiliics

= -1.4692¢
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10) Select the Camera icon to give the image a Title and Remark for a report.
11) Press the floppy drive icon to save the Image.

Click to Give Image
A Title for Report

Double Click to Return
Window to original location

Save
Image

12) Double Click on the Window’s title bar to reduce the window back to its original size
docked into in the application.

Application  Opticns  License  Windows  Help

|Paciets Info
Packets: ¥| Update Test details on packet select

it Type A Mess: POO ... Eit rate(... He..
.. DFP/S... 0 Source Cap.. FS: 5V 3A; 147015 2972 K
1 S0... UFPS... 0 Good CRC 146925 25K Ox

M || &-Source Capabilities{ Header = 0x31 0x61 )
#-PDO[1] = Fixed Supply-Source (1x2C 0x31 0xD1 0xDA )

2 S0.. UFPIS.. 1 Request PDO#1: Op... 146765 125K Ox. 0x1800 !
3 S0... DFPIS 146695 2972 K Ox B31.30 |Supply Type  0x0 Fixed Supply
4 50 DFPIS 146285 2972 K Ox 529 Duah-Role Power 0x0 False

5 SO... UFPIS 3
6 SO.. DFP/S.. 2 PS_RI

o

146225 125K Ox B28 USB Suspend,.. (x0 False
135645 29T 2 K (Ox

7 S0.. UFP/S G 135585 25K Ox TestResults 4bx
5 S0 DFPIS. 3 Get SinkC 134485 972K Ox Selected Packet Test et

9 50.. UFPIS.. 3 Good CRC 134438 H25K O Tes TestRe.. Testlimt Average V... Minimum.. Masimum .
1.80.. UFP/S.. 1 Sink Capab.. FS: 5V 1A; 134285 M25K Ox.. (%3801

1.80.. DFPIS.. 1 Good CRC 134235 2972 K Ox
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13) In the report generator window, you can Select the Images you want to have added to the

report.

Application  Options  License  Windows  Help

Report Generation

r
{ Select Report Content } =\ — {DUT Information |-

B Configuration Manufacturer: |My Company

EPacke! List

Model number: [VID_0x18D1

ETcsl Results Serial Number: [TID_0x0
E Eye Diagrams

E Saved Images

k ‘a Saved.
! Screenshots

E]

Choose Report Format

ECSVI csv)
BPDF (.pdf)

Report Folder Location

Oj

{Report Generation |

BXML (xmi)

14) When the report is created, the saved screenshots with Title and Remarks are added to the

end of the report.

Bz <
& o-cle s
5 GRL_USB_PD_Report_12_10_2015 3_32_43 PM.pdf - Adobe Reader =8 i
l File Edit View Window Help *
=) open | ] 2 | /8 ‘ 519% [ -] ‘ R ‘ Tools  Fill & Sign = Comment
Signin
v Export PDF
Adobe ExportPDF @
Convert PDF files to Word or Excel
online,
Select PDF File:

8 PD Protocol Decode Softwan

Title: Timing between Transition of CC after Source Caps to GoodCRC

Remarks: This Timing is within Spec.

F GRL.USB_PD_Report 12 10 .

1 file /148 KB

Convert To:
Microsoft Word (*.docx) X ‘

Recognize Text in English(U.S.)
Change

| comvet |

» Create PDF

» Edit PDF

» Send Files

» Store Files
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11.2 BMC-PHY Test Method using GRL-USB-PD Software

This section shows how to use GRL-USB-PD Software is used to perform Eye Diagram and BMC-
PHY measurement testing on a BIST pattern. This test is done as part of Compliance testing, but the
software can also be used to analyze the Eye Diagram and measurements in more detail.

1) Capture a USB-PD BIST Packet using the oscilloscope. Settings of the oscilloscope are as
follows:

1. Scope BW limited as follows:

1) > 100 MHz so not to introduce measurement errors in the Rise/Fall Measurements.
i) <500 MHz as passive probes are limited to 500MHz BW and additional BW with
introduce unwanted noise.

2. Scope Sample Rate sufficient to capture >5 sample points on 300nS rise time signal
(50MS/sec recommended).

3. Scope Record Length to capture > 100mS of BIST data. The specification limit for BIST
pattern length is 60mS.

4. Oscilloscope Acquisition Mode set to High Res Mode to minimize noise.

5. CC Signal captured using as much of the oscilloscope’s A/D range between VhicH and Viow
(>7 Divisions) to minimize quantization errors on the scope.

6. Scope set to trigger to capture the full BIST Signal including header and BIST Carrier 2
content.

The captured waveform below shows typical waveform with BIST initiation packet from the link
partner (GRL-USB-PD-C1 test controller for example) and the BIST response packet from the
DUT.

200 ms 40.0 ms 60.0 ms 80.0 ms 100 ms 120 ms 140 ms 160 ms 18
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2) Run GRL-USB-PD software on the oscilloscope.

1. The following shows the View selections optimized for PHY-BMC signal analysis.

Application  Options  License | Windows | Help

I Signal/Bus Diagram

Packets Details

[Packets Info v One Bit Eye Diagram
N——————)
Packets V! Update Test{| v  Zero Bit Eye Diagram
v Packetsinfo

4 b X FPackets Details’

Source Capabilities( Header = 0x31 0x61)

0 SO.. DFP/S.. 0 Source Cap. v IestResults 0x... 0XA064 .. g

1 SO... UFP/S... 0 Good CRC Compiance Test Restt 0x e ————

2 SO... UFP/S... 1 Request Eye Diagram 0x... 0x1800

3 SO.. DFP/S.. 1 Good CRC |[LY| Statuslogger 0x Fixed Supply
4 SO... DFP/S... 1 Accept 1462852972 K Ox

False

2. Select Packet Decode and PHY Test selection under App Mode.

B B e T ———— .
Apphcation Options  License Windows Help

Source Type: @ Live Offine

CCLine: [CH RS _
= ———— Mask Options [———
Vbus, (G2 ® Use Tx Mask
Mrow (o - Use Rx Mask
|
[ 1 —

; Reference - e -y
[ t ) [ENosoFloorimv): 250 | PHY Teston: [OFPandUFP ~
| M autoFnd
| Type Absolut
|
\r Voltage v Y

Hysteresis: 02 v Config Controller |

3. Press the Run w/o Acquisition button.

[ SEE—

Application  Options T’(ﬂ\ﬂ' Windows I(p
Decoder Configuration o (A
e — )
{Signal Source } peaistion § ng Mode }
Source Type: ® Live Offline 9 Packet Decode and PHY Test
Compliance Test
CC Line: |CH1 - —
= Mask Options
H -
BVbus C 2 - © Use Tx Mask
E lLoad: |CH3 M| Use Rx Mask
: (Reference} :
T el =3 [BInoise Floor(mv) PHY Teston: [DFP and UFP +
E Auto Find
‘ Type t
— Voltage. —
Hysteresis Z V Config Controlles
§
|
|

4. The GRL-USB-PD software post processes the waveform.

i) The timing reference (clock recovery) of the BMC Signal is performed per Section 5.4 of
the USB Power Delivery Test Plan.

5. Select the BIST Response Packet, which is Packet 3 in the Packet Info list.
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i) Packet 1 — BIST Request Packet from tester.
i) Packet 2 — Good CRC from DUT
iii) Packet 3 — Header + BIST Carrier 2 Packet from DUT.

6. Refer to Section 5.9 of the USB-PD Specification for proper signal definition.
7. Make sure the Update Test details on packet select checkbox are selected.

Application  Options  License  Windows  Help

| [ tadmm-> + -+ B o v
Packets Info ™ 4 b % [TestResulis™, 4b %
Packets: ] Update Test details on packet select Selected Packet Test Resut
L. SOP PortType d. Message PDO  Timesta. Bit rate[.. He... Payload ... | [in
0 SO... -#/Sink 0 BIST -160.0... 3125 K  0x.. 0x5000... |§{1 Eye Diagram One Mas... PASS
1 S0... DFP/S... 0 Good CRC 1593 297.8K Ox 2 Eye Diagram Zero Mas... PASS.
2 -+NONE 0 BIST -1586 297 8K 3 CRC Test PASS - - - -
4 Rise Time Test PASS X 300 ns 378.874... 371.620... 383.984 ..
5 Fall Time Test PASS X =300 ns465 879 458429 472661
6 Symbol Encoding Test  PASS. - - - -
7 Packet Format Test PASS - - -
& Bit Rate Test PASS (270 <X 297851 296767 298684
9 Inter-Frame Gap Test PASS X=>26ps 123.691... 123.691... 123.691...
10 Unit Interval Test PASS (3.03<.. 335738.. 3.34801. 336964..
[Zero Bit Eve Disgram 4 » x [One Bt Eye Diagram ™, 4px

BMC Tx "Zero™ Mask BMC Tx "One” Mask (0]

—

o gy 1008PM
- 12/18/2015

In this screenshot, the ‘One Eye’ and ‘Zero Eye’ Windows are selected. In this case BMC logic
‘1s’ are separated from BMC logic ‘0s’, and plotted on the individual masks as defined in Section
5.8.3.2 of the USB Power Delivery Specification. If ‘Tethered Device’ is selected in the Device
Type menu, which means that the DUT has an attached cable, then the Rx Masks are used. If not,
then the TX Masks are used, and a USB Type-C Test Cable of short length is used for testing.

[r—

In this screenshot, the ‘Eye Diagram’ Window is selected. In this case the Eye diagrams for BMC
logic ‘0’ and BMC logic ‘1’ are overlaid so all of the BIST Carrier2 signal is captured in a single
picture. This is the Compliance requirement as described in Section 5.4 of the USB PD Test Plan.

3) The Test Results Window shows the PHY measurements made on the BIST Packet. PHY
measurements in this section are defined in Chapter 5 of the USB-PD Specification.

11.3 RX Mask Test Method using GRL-USB PD Software

For Rx Mask testing in Packet Decode Mode following steps have to be followed.
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1. Use Config Controller and configure the DUT to generate BIST Carrier Mode 2 command with
load on Vbus.

2. Capture the Signal in the Oscilloscope and save the waveform

3. Select Packet Decode Mode with RX testing Enabled and run the Mask test.

12 Appendix D: Reference Level Adjustment

12.1 Using Ref Level Adjustment to Correct Clock Recovery Errors

This section shows how to use the Reference level feature in the decoder configuration menu to
optimize the clock recovery for BMC-Eye Diagram testing.

=
Applicstion  Options  License  Windows  Help

Decoder Configuration ‘f a @ ow.-+> |‘ + B o Y

{Signal Source }

Source Type: @ Live Offiine

CC Line: CH1

E - { Mask Options |———
\ H
Vbus: |CH2 Use Tx Mask
B ILoad: |CH3 = @ Ise Rx Mask
f {Reference | .
b / ﬂNuls! Floos(my) l:l PHY Teston |DFP and UFP =
BAum Find
Type .

Voltage

Hysteresis. 1 | Config Controller

The default mode is Auto Find. With Auto Find, the Vertical Reference level used for clock recovery
on the eye diagram is [VHicH —VLow] /2. This works well for BMC Transmitters that have balanced
Rise/Fall times and Crossing Voltage of the BMC Logic 0 is at the midpoint of the signal swing. In
some cases, however, imbalance in Rise/Fall time can cause the crossing voltage to be above or
below the mid level. In this case, the Eye diagram will exhibit crossing voltages well above the masks
mid-level, and the eye diagram may look to not be properly time aligned (resembling ‘jitter’ on the
edges of the BMC LogicO signal). In this case, the reference level can sometimes be adjusted to
correct this clock recovery error and make an otherwise Failing eye to instead Pass the Eye Mask test.
The following shows an example of how to use this adjustment.

GRL USB-PD MOI and User Guide Revision 1.2.6.0.
© Granite River Labs 2016, 2017 Page 158 of 309



In this example we start with a BIST Compliance result that Fails the Mask just slightly during the
BMC ‘1’ transition in the middle of the mask.

Application  Options  License  Windows  He

0 SO S
1 SO.. DFP/S.. 0 Good CRC
+NONE 0 BIST

V| Update Test detads on pac

159.3. 2978K Ox
-1586.. 2978K

Double Click
Here to bring
‘Zero’ Bit to full
to full screen

160 125K | 0x..C

Fall

7 Packet Format T
8  Bit Rate Test
9 Inter-Frame Gap

10 Unit Interval Test

6  Symbol Encoding Test

est

X>

Eye Diagram
‘One’ Bit Mask
300 nS A 371 620

X > 300 ns 465.879.. 458429

(270 < X.. 297.956 .. 289598

(3.03 <

25ps  123.593.. 123593

472 6616

3.35738... 3.26411.. 345300

383.9847..|

4 b X JOne Bt Eye Diagras

BMC Tx "Zero™ Mask

To correct this clock recovery error, do the following:

BMC Tx "One” Mask

1) To perform this adjustment, make sure you are in the Compliance Test to Packet Decode
and PHY Test in the Decode Configuration Menu.

2) Double Click on the Double Dotted line on the BMC TX ‘Zero’ Mask Plot to expand it

to full screen.

1. Note that while the failure occurred on the ‘One’ Bit Mask, the Clock Recovery is done on the
‘Zero’ bit mask, so the reference level adjustment will be determined on the ‘Zero’ Mask Plot.

3) Use the mouse over feature in the Plot Window to determine the Voltage level where the
‘Zero’ Bit Rise/Fall transitions cross. In this case the voltage is 0.67V.
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Zera Bit Eye Diagram

Voltage: 0.67 UL -0.01

BMC Tx "Zero™ Mask

Unit Interval

4) Return to the Decoder Configuration menu.

5) Uncheck the Auto Find Box.

6) Enter the measured crossing voltage above from Step 3 into the Voltage box.

Voltage: 0.67]

Hysteresis: 0.1

——————{Reference
Auto Find
Type Absolute v

@No:se Floor(mV) : [25(

‘ Config Controller ‘

PHY Test on

DFP and UFP v

7) Press the Run without Acquisition button on the top of the software GUI to re-run the

same waveform with the new reference level setting.
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8) The result of the new test is a Passing Eye result with the Clock recovery corrected.

Application  Options  License  Windows ~ Help

| ) P 5O @ + -+ B 0 (v |
[Pachets Infe™, 4 b % fTestResults ™ 40 x
Packets: | Update Test details on packet select Selected Packst Test Result:
P Port Type A, ] . Minimu.
0 SO... -/Sink 0 BIST -160.0... 3125 K  Ox..0x5000.._ |§|1 Eye Diagram One Mas_.. PASS
1 S0 DFP/S__|0 Good CRC -1693 297 8K Ox__ |2 Eye Diagram Zero Mas_.. PASS
12 -/NONE 0 BIST -168.6._ 297 8 K 3 CRC Test PASS - - - -
14 Rise Time Test PASS X > 300 ns 378.874... 371.620... 383.984...
5 Fall Time Test PASS X > 300 ns 465879 458429 472,661
5 Symbol Encoding Test  PASS
7 Packet Format Test PASS - - - -
& Bit Rate Test PASS (270 < X... 297.851 ... 296.767 ... 298.684 ..
9 Inter-Frame Gap Test PASS X =25ps 123.591... 123.591.. 123.591...
10 Unit Interval Test PASS (3.03<__ 335738 3.34801 . 336964 _ L
[2ero Bit Eye Diagram 4 b X [One Bit Eye Diagram b x

BMC Tx "Zero™ Mask

0w ~—0 <

Uit Irterval

ﬁii;Eh-------------------------------l

BMC Tx "One” Mask

Unit Interval
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13 Appendix E: Troubleshooting Techniques
This section describes some known techniques for troubleshooting.
13.1 Recovering from Scope Not Triggering on Expected Signal

While testing, sequencing between the UUT and the controller can in some cases get out of sync. This
can result in the scope not triggering on the proper signal. The following screenshot shows what
might happen if this occur. The scope trigger is armed, but no signal is present on the line to trigger

on.

GRL USB-PD Test Status

Test Summary: Connection Setup:

BMC-PHY-TX-EYE

Selected Test Result:

Check cable attach

If signal is not acquired,

please unplug the cable at Tester-end and plug it back
Click "es' if signal is acquired in scope

Click 'No' if signal is not acquired in scope

Click 'Cancel to abort this test

Yes ‘ No | Cance\‘ Stop

When this occurs, do the following:
1. Disconnect the DUT from the Controller.
2. Power cycle the Controller by switching the controller ‘Off” and then ‘On’ again.
3. Reset the DUT by cycling its power.
4. Connect the DUT to the Controller.
5. Press OK

This should recover and result in getting the proper signal for Cable Detach<>Attach as described in
Section 5.

13.2 Wrong Signal Captured Automatically Recovered in Software

Another possible issue that can occur during testing is that an unexpected signal is captured for the
test being performed. In this case the software automatically recovers. When this happens, the
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following signal is displayed and a message to check cable attach is presented. However, the
repeating signal does not represent a valid PD contract.

GRL USB-PD Test Status

Test Summary: Connection Setup:

Test name

BMC-PHY-TX-EYE

Selected Test Result:

Check cable attach

If signal is not acquired,

please unplug the cable at Tester-end and plug it back
Click "Yes' if signal is acquired in scope

Click "Mo’ if signal is not acquired in scope

Click 'Cancel' to abort this test

Yes | No | Cancel| Stop

When this occurs, do the following:

|

1. Press Yes.

2. The software will automatically retry, however, on the retry it determines that the controller
is not getting the proper response, so it provides the following message.
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GRL USB-PD Test Status

Test Summary: Connection Setup:

Test name

BMC-PHY-TX-EYE

Selected Test Result:

PD Contract failed
Tester mode: Source

Unplug the DUT, power cycle the Tester and then plug-in the DUT to retry
Click on OK to retry

Click on Cancel to abort the test

BIST PDC_Tstr

OK Cancel Stop

l

3. Follow the onscreen instructions:
a. Unplug the DUT.
b. Power cycle the Controller by switching the controller ‘Off” and then ‘On’ again.
c. Power cycle the DUT
d. Plug Cable between DUT and Controller.
e. Press OK.
4. When recovered the proper PD Contract is captured by the Scope trigger.
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GRL USB-PD Test Status

Test Summary: Connection Setup:

BMC-PHY-TX-EYE

Selected Test Result:

Check cable attach

If signal is not acquired,

please unplug the cable at Tester-end and plug it back
Click "Yes' if signal is acquired in scope

Click 'No' if signal is not acquired in scope

Click ‘Cancel  to abort this test

Yes | No Cancel ‘ Stop

5. Press Yes to proceed with testing.
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14 Appendix F: Test Descriptions

The following sections describe in detail each of the tests from Section 12 of the USBPD Compliance
Specification.

For each category of UUT, there is a primary list of tests which shall be performed.

It is a requirement that the names of the tests, and the corresponding failure names be included in any
test reports. Test Reference Numbers may also be included in reports. The report generated by GRL-
USB-PD software includes all tests run on the UUT and the Pass/Fail disposition of each test.
Optionally, waveforms may also be saved with the test report for future analysis and debug.

14.1 Power Rules Tests

The Power Rules Test verifies that the DUT meets its advertised Power Rating. When performing Get
Capabilities on the DUT, the DUT advertises to the tester its maximum Power Rating through a
combination of PDOs (Voltage and current combinations).

The Power Rules tests check compliance to Sections 10.2 and 10.3 of the Power Delivery
Specification.

For Providers, the following rules must be followed for the ‘declared’ power rating from the vendor.
6

Current (A)
o = N w EY (6]

0 10 20 30 40 50 60 70 80 90 100
Source Power Rating (W)

FIGURE 71: POWER SOURCE RATING GRAPH

For example, if an adapter with a rating at 50W. The adapter is required to support 20V at 2.5A, 15V
at 3A, 9V at 3A and 5V at 3A.
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12.1.1 PDSPEC 10.10.2 SRC-POW-RULE Source Power Rules

Status

Primary Test

Purpose

To ensure the Source PD Power (PDP) of UUT specified in watts
explicitly defines the voltages and currents at each voltage the UUT
supports.

Also, to ensure that UUT with a large PDP are always capable of
providing the power to devices designed with a smaller PDP

Critical for Safety

Applies to DRP, Provider, Provider/Consumer or Consumer/Provider

Description The Tester verifies the voltage and current values in source capability
message sent from UUT with normative voltages and currents in table
10-2 in PD specification for the PD Power specified by vendor.

Test setup Protocol Tester.

Ping Policy n/a

Preconditions

The UUT vendor is assumed to have provided Source PD Power
(PDP).

Test Condition

For a Provider, the PDO defines how much current can be sourced to
a sink at each advertised voltage. The DUT can support more voltages
than the spec requires, but the minimum voltages supported must
include the standard voltages defined in the spec.

Assertions Tested

n/a

Parameters Tested

Advertised voltage and current

Pass /Fail Criteria

For a Provider:

If the DUTs advertised PDOs do not match the required voltage
levels for its max advertised power rating, the DUT will Fail.

If the DUTSs advertised PDOs do not match it’s Vendor
Information File (VIF), the DUT will Fail.

If the DUTS fails to provide 100% of the current advertised in the
PDO while performing Provider Power Tests, the DUT will Fail

Checklist
References

Test Procedure
1. During the following, the Tester is assumed to be running a PD Communications engine,
which interacts correctly with all communications encountered. All messages are assumed to
be checked in detail against the appropriate sections of this Plan, and the timing between
messages and significant power supply events is also checked against the appropriate sections
of this Plan. Specific Compliance Plan sections which will be checked in this test are shown
above in 'Assertions Tested'.
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2. The connection to the UUT is via a short 5A cable with a cable e-marker, or the e-marker may
be absent, and the tester may simulate the 5A cable responses. If the UUT has a captive cable
then it shall be connected directly to the tester, and the tester shall not simulate a cable
marker.

3. During the following, if Ping messages are received from the UUT, check that Ping messages
timing meets requirements in PROT-PROC-PING.

4. The Tester gets the UUT into PD Mode (PROC-PD-MODE), initially requesting PDO#1 at
100mA.

5. Verify that the voltage and current values advertised by UUT (through Source Capabilities
message) are meeting the normative voltage and current values given in table 10-2 of USB PD
Specification for the PD Power specified by the vendor.

6. Emulate a Tester end detach.

12.1.2 PDSPEC 10.10.2 SNK-POW-RULE Sink Power Rules

Status Primary Test

Purpose To ensure that the UUT with Sink PD Power (PDP) operate or charge
from source that have a PD Power greater than its own PD Power.

To ensure that the UUT with Sink PD Power (PDP) either operate,
charge or indicate a capability mismatch from Sources that have a
PDP lesser than UUT’s PD Power and greater than equal to 0.5W

Critical for Safety

Applies to DRP, Consumer, Provider/Consumer or Consumer/Provider
Description The Tester verifies the UUT operation with the source which has PD
Power anything greater than 0.5W.
Test setup Protocol Tester.
Ping Policy n/a
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Preconditions The UUT vendor is assumed to have provided Sink PD Power (PDP).

Test Condition For a Consumer, the PDO defines how much current will be

sinked for a source at each voltage. The DUT can operate at
other voltages, but the DUT shall not sink more than its max
current at each standard voltage.

Assertions Tested n/a

Parameters Tested | p/a

Pass/Fail Criteria For a Consumer:

If the DUTs advertised PDOs do not match the required current
levels for its max advertised power rating, the DUT will Fail.

If the DUTSs advertised PDOs do not match its Vendor
Information File (VIF), the DUT will Fail.

If the DUTSs fail to consume more than 100% of its advertised
current draw at any supported voltage, the DUT will Fail.

Checklist
References

Test Procedure

1.

During the following, the Tester is assumed to be running a PD Communications engine,
which interacts correctly with all communications encountered. All messages are assumed to
be checked in detail against the appropriate sections of this Plan, and the timing between
messages and significant power supply events is also checked against the appropriate sections
of this Plan. Specific Compliance Plan sections which will be checked in this test are shown
above in 'Assertions Tested'.

The connection to the UUT is via a short 5A cable with a cable e-marker, or the e-marker may
be absent, and the tester may simulate the 5A cable responses. If the UUT has a captive cable
then it shall be connected directly to the tester, and the tester shall not simulate a cable
marker.

During the following, if Ping messages are received from the UUT, check that Ping messages
timing meets requirements in PROT-PROC-PING.

The Tester gets the UUT into PD Mode (PROC-PD-MODE), initially advertising source
power greater than the UUT’s Sink PD Power.

Verify that the UUT sends Request message with voltage and current values assigned within
in the limit specified by vendor (Sink PD Power).

Emulate a Tester end detach.

The Tester gets the UUT into PD Mode (PROC-PD-MODE), initially advertising source
power lesser than the UUT’s Sink PD Power and greater than 0.5W.

Verify that the UUT sends Request message with voltage and current values assigned within
in the limit specified by vendor (Sink PD Power) and capability mismatch flag setto 1 in
Request message.

Emulate a Tester end detach.
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14.2 Cable Markers - Primary Tests

14.2.1 Physical Layer — Transmit
It is normally not required to repeat these tests for SOP". The results from SOP" will suffice.
14.2.1.1 TDA.1.1.1.1.1: CAB-PHY-TX-EYE

TDA.1.1.1.1.2: CAB-DP-PHY-TX-EYE Cable Transmitter Eye Diagram Test (SOP
Prime or Double Prime)

Status CAB-PHY-TX-EYE

Test Title Transmitter Eye Diagram Test (SOP Prime or Double Prime)
Status Primary Test

Purpose To confirm that the transmitted data fulfills the eye diagram mask

requirements in Figures 5-23 and 5-24 of the specification.

Also checks that Cable UUT correctly implements BIST Carrier
Mode 2.

It is normally not required to repeat this test for SOP". The results
from SOP' will suffice.

Critical for Safety

Applies to Electronically Marked C-Cable

Description The Protocol Tester sends a BIST request to a Cable UUT specifying
'‘BIST Carrier Mode 2'.

The Cable UUT will then transmit a continuous string of BMC
encoded alternating "1"s and “0”’s in accordance with Section 5.9.4.

The eye pattern is measured using the method specified below.

Test setup Protocol Tester, plus oscilloscope function.
Preconditions

Assertions Tested | 5832 1#1, 5.8.3.5#1, 5.9.4#1, 6.4.3#7, 6.4.3.6#1, 6.4.3.6#2, plus
assertions in any appropriate secondary checks.

Parameters Tested

Checklist
References

This test must be performed twice. Once with VCONN at 5V, and once with VCONN at 3V.

Test Procedure
1. During the following, the Tester is assumed to be running a PD Communications engine,
which interacts correctly with all communications encountered. All messages are assumed to
be checked in detail against the appropriate sections of this Plan, and the timing between
messages and significant power supply events is also checked against the appropriate sections
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of this Plan. Specific Compliance Plan sections which will be checked in this test are shown
above in 'Assertions Tested'.

2. The Tester applies VBUS, VCONN, Rp (4.7kQ to 3.3V) and Rd (5.1kQ to OV) to one cable
end. The capacitive load of the tester is as close to 400pF as practical.

3. The Tester sends a BIST request to the Cable UUT, specifying 'BIST Carrier Mode 2', and
checks for a valid and correctly timed protocol response [CAB_PHY _TX EYE_1].

4. Check that the UUT is transmitting a continuous string of alternating '0' and '1' bits. This
functional check shall be sufficiently accurate to ensure that the desired BIST continuous test
pattern is present, and not one of the other four, nor a non-continuous transmission mode
[CAB_PHY_TX_EYE_2]. The method used for this is left to the discretion of the test
equipment vendor. The detailed parameters of the mode will be measured below.

5. Feed the output of the UUT into an oscilloscope type function.

6. Produce an Eye Diagram, using the method specified in section BMC-ALG-CLK-RECOV,
and check that the parameters meet the requirements of Figures 5-23 and 5-24 of the
Specification [CAB_PHY_TX EYE_3].

7. Check that the continuous test pattern stops within tBISTContMode max (60ms) of starting
[CAB_PHY_TX_ EYE _4].

8. Check that the rise/fall times meet the specification in Table 5-25 [CAB_PHY_TX_ EYE _5].

9. Reset Cable UUT by simulating a tester end cable detaches, in order to guarantee exiting the
BIST Mode.

10. Repeat test using the other end of the cable.

14.2.1.2 TDA.1.1.1.2.1 CAB-PHY-TX-BIT
14.2.1.3 TDA.1.1.1.2.2: CAB-DP-PHY-TX-BIT
Cable Transmit Bit Rate and Bit Rate Drift (SOP Prime or Double Prime)

Test Name CAB-PHY-TX-BIT

Test Title Cable Transmit Bit Rate and Bit Rate Drift (SOP Prime or Double
Prime)

Status Primary Test

Purpose The Protocol Tester sends a BIST request to a Cable UUT specifying

'‘BIST Carrier Mode 2'. The Cable UUT will then transmit a
continuous string of alternating "1"s and “0’s.

The data being transmitted are fed into a clock/data recovery function,
and the output of this into a frequency counter function.

During one or more period’s equivalent to the longest possible packet
length, the bit rate is measured according to section??? And Table?
This is validated against pBitRate and fBitRate

Critical for Safety

Applies to Electronically Marked C-Cable
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Description The Protocol Tester sends a BIST request to a Cable UUT specifying
'BIST Carrier Mode 2'. The Cable UUT will then transmit a
continuous string of alternating "1"s and “0”’s.

The data being transmitted are fed into a clock/data recovery function,
and the output of this into a frequency counter function.

During one or more period’s equivalent to the longest possible packet
length, the bit rate is measured according to section??? And Table?
This is validated against pBitRate and fBitRate.

Test setup Protocol Tester, plus clock/data recovery function, plus counter/timer
function.

The Cable UUT is connected by one chosen end to the tester, the other
end is left unconnected. The test is repeated using the other cable end.

Preconditions

Assertions Tested | 5812 1#1,5.8.1.2.1#2, 5.9.4#1, 6.4.3#7, 6.4.3.6#2

Plus assertions in any appropriate secondary checks.

Parameters
Parameters Tested | pBijtRate, fBitRate.
Checklist
References

This test must be performed twice. Once with VCONN at 5V, and once with VCONN at 3V

Note: The sample data collected for this test is likely to be the same data collected during the Tx Eye
Diagram test CAB-PHY-TX-EYE. Combining these tests is valid if the Tester VVendor considers this
appropriate.
Test Procedure
1. During the following, the Tester is assumed to be running a PD Communications engine,
which interacts correctly with all communications encountered. All messages are assumed to
be checked in detail against the appropriate sections of this Plan, and the timing between
messages and significant power supply events is also checked against the appropriate sections
of this Plan. Specific Compliance Plan sections which will be checked in this test are shown
above in 'Assertions Tested'.
2. The Tester applies VBUS, VCONN, Rp (4.7kQ to 3.3V) and Rd (5.1kQ to OV) to one cable
end.
3. The Tester sends a BIST request to the Cable UUT, specifying 'BIST Carrier Mode 2', and
checks for a valid and correctly timed protocol response [CAB_PHY _TX BIT_1].
4. Check that the UUT is transmitting a continuous string of alternating '0' and '1' bits. This
functional check shall be sufficiently accurate to ensure that the desired BIST continuous test
pattern is present, and not one of the other four, nor a non-continuous transmission mode
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[CAB_PHY_TX_BIT_2]. The method used for this is left to the discretion of the test
equipment vendor. The detailed parameters of the mode will be measured below.

5. Use a clock/data recovery function to monitor the signal during the next step. The
measurement shall be made using the positive bit edge at the start of a group of four
modulated "0101" bits as the significant reference points. (The first zero is therefore a high
level.) This reduces the effect of:

a) Different rise and fall wave forms
b) Different rise times dependent on value of previous bit.

6. Ensure that at least 32 bits have been detected before starting measurement. The first bit to be
included starts at a reference point as defined above, and is referred to below as data bit 0.

7. Measure the bit rate during a 32 bit period. Calculate this as 32, divided by the total period
between 9 reference points.

8. Do this from data bit O to data bit 31, and then from data bit 4 to data bit 35, and repeat until
there are 256 bit rate measurements.

9. The bit rate measured from data bit O to data bit 31 is taken as the measured fBitRate.

10. Calculate pBitRate as the largest deviation from fBitRate divided by fBitRate, expressed as a

percentage.

11. Check that the lowest and highest bit rate values measured fall within fBitRate (270-330 kbps)
[CAB_PHY_TX_ BIT_3], and that pBitRate (less than 0.25%) is within permitted range
[CAB_PHY_TX_BIT 4].

12. Check that the continuous test pattern stops within tBISTContMode max (60ms) of starting
[CAB_PHY_TX BIT_5].

13. Reset Cable UUT by simulating a tester end cable detaches, in order to guarantee exiting the

BIST Mode.

14. Repeat test using the other end of the cable.

14.2.2 Physical Layer — Receive

It is normally not required to repeat this test for SOP". The results from SOP' will suffice.
14.2.2.1 TDA.1.1.2.1.1: CAB-PHY-RX-BUSIDL

TDA.1.1.2.1.2: CAB-DP-PHY-RX-BUSIDL Cable Bus Idle Detection Test (SOP Prime
or Double Prime)

Test Name CAB-PHY-RX-BUSIDL

Test Title Cable Bus Idle Detection (SOP Prime or Double Prime)

Status Primary Test

Purpose Confirm that the UUT accurately recognizes the Bus Idle Condition,
and does not interpret valid noise interference as a false Bus Idle
Condition.

Critical for Safety | No
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Applies to Electronically Marked C-Cable

Description Messages are sent to the Cable UUT under conditions which check
the receiver's ability to detect Bus Idle.

In steps 1-5, the tester verifies that if the bus is not idle, the UUT
does not send a GoodCRC. It achieves this by sending valid
transitions during the time window during which the GoodCRC is
allowed to be sent.

In steps 6-8, the tester verifies that expected levels of noise on the CC
line do not prevent the UUT from detecting Bus Idle. It achieves this
by sending noise during a time window, and ensuring that the last part
of a GoodCRC is sent, but not a complete GoodCRC.

Test setup Protocol Tester with programmable transmit signal waveform.
Preconditions

Assertions Tested | 581 444, 6.4.3#7, 6.4.3#10, 6.4.3.9#1, 5.7#1, 5.7#2, 5.8.3.2.2#7, plus
assertions in any appropriate secondary checks.

Parameters Tested

Checklist
References

This test must be performed twice. Once with VCONN at 5V, and once with VCONN at 3V.

Test Procedure

1. During the following, the Tester is assumed to be running a PD Communications engine, which
interacts correctly with all communications encountered. All messages are assumed to be
checked in detail against the appropriate sections of this Plan, and the timing between messages
and significant power supply events is also checked against the appropriate sections of this Plan.
Specific Compliance Plan sections which will be checked in this test are shown above in
'Assertions Tested'.

2. The Tester applies VBUS, VCONN, Rp (4.7kQ to 3.3V) and Rd (5.1kQ to 0V) to one cable
end.

3. The Protocol Tester sends a BIST request to the Cable UUT, specifying 'BIST Test Data’, and
checks for a valid and correctly timed protocol response [CAB_PHY_RX BUSIDL_1]. This
shows that the basic test mechanism is working and prevents the UUT from sending any other
messages during the following steps.

4 Send BIST Test Data message, disable Tester receiver and then immediately continue sending
data zeros for 195us, then open receiver. (This step prevents the UUT from sending a
GoodCRC, because the CC line will not be idle during the time in which it is valid to start
sending one.)
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Listen for data from UUT. There must be nothing for 10 ms [CAB_PHY_RX BUSIDL_2]. If
we see a GoodCRC message ending, or a complete GoodCRC, the UUT is deemed to have
failed the test. See Figure below for explanation.

Send BIST Test Data message, disable tester receiver then continue sending noise (see
definition below) for 195+237+6.6us=438.6us, then open receiver. We are expecting the UUT
to ignore the noise, and respond with a GoodCRC, so we should detect the end of an already
started GoodCRC. The time chosen to re-enable the receiver is a point in time during which a
legally timed GoodCRC will be encountered at a point after the start of its SOP and before the
end of the CRC, regardless of whether this message is sent at the earliest possible opportunity
at the fastest rate allowed, or at the latest opportunity at the slowest rate possible.

Listen for data from other end - check that we see data present, but do not receive a valid
GoodCRC [CAB_PHY_RX_BUSIDL_3]. If we see a GoodCRC it means that it was started
later than permitted, for whatever reason. If we see no data then it means that the UUT
incorrectly saw the noise as an interfering signal and did not transmit the GoodCRC.

Reset Cable UUT by simulating a tester end cable detach, in order to guarantee exiting the
BIST Mode.

Repeat test using the other end of the cable.

76.6 Hs |
\ 18 bit of
Listen | SOP* left to
25 us Late, slow / hear
f [ I
<t 195 us —| )
| l fe— 237 us —> 12.7 bit |
- 38.; us
| [T .
Early, fast
| T -

Message sent too late

FIGURE 72: Bus IDLE DETECTION TIMINGS
14.2.2.1.1 Timing details

237us is the longest time required to send a preamble.
6.6us is a margin to ensure not seeing SOP.

Message could be over in 25us + 149 bits at fastest speed = 472us (leaves minimum 38.4us or
12.7 bits)

14.2.2.1.2 Definition of Noise

The noise signal shall be transmitted by the same transmit amplifier as the preceding signal,
remaining at the same output impedance, to ensure the correct level.
It shall be a square wave at a frequency of 600 kHz.
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e It shall have an amplitude of 250mV p/p, biased around 0.55V.

14.2.2.2 TDA 1.1.2.1.2 CAB-DP-PHY-RX-BUSIDL
TDA.1.1.2.2.2: CAB-DP-PHY-RX-INT-REJ
Cable Receive Interference Rejection Test (SOP Prime or Double Prime)

Test Name CAB-DP-PHY-RX-BUSIDL

Test Title Cable Bus Idle Detection (SOP Prime or Double Prime)

Status Primary Test

Purpose Checks the ability of the receiver to correctly receive signals which

are degraded by the worst case aggressor signal, and both the zero
offset and worst case offset in the appropriate direction, whilst the
bitrate is also set to both minimum and maximum extremes.

The test applies equally to SOP' and, for cables with an SOP”
controller present, to SOP".

Critical for Safety | No

Applies to Electronically Marked C-Cable

Description Messages are sent to the Cable UUT under conditions which check
the receiver's ability to detect Bus Idle. See additional details in
Section 14.2.2.1.

Test setup Protocol Tester with programmable transmit signal waveform.
Preconditions

Assertions Tested | 54,3410, 5.8.1.1#1, 5.8.3.4.1#1, 5.8.3.6#1, plus assertions in any
appropriate secondary checks.

Parameters Tested

Checklist
References

14223 TDA1.1.2.2.1
14.2.2.4 CAB-PHY-RX-INT-REJ Cable Receiver Interference Rejection Test
TDA 1.1.2.2.2 CAB-DP-PHY-RX-INT-REJ Cable Receiver Interference Rejection Test

Test Name CAB-PHY-RX-INT_REJ

Test Title Cable Receiver Interference Rejection (SOP Prime or Double Prime)
Status Primary Test

Purpose Checks the ability of the receiver to correctly receive signals which

are degraded by the worst case aggressor signal, and both the zero
offset and worst case offset in the appropriate direction, whilst the
bitrate is also set to both minimum and maximum extremes.
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The test applies equally to SOP' and, for cables with an SOP”
controller present, to SOP".

Critical for Safety

No

Applies to Electronically Marked C-Cable

Description The Protocol Tester uses BIST Test Data messages, in the presence of
injected interference. The UUT is required to respond with GoodCRC
messages, without missing any.

Test setup USB PD Tester (with ability to add an aggressor signal and an offset

to the data signal, while sending minimum and maximum permitted
bitrates).

Preconditions

Assertions Tested

6.4.3#10, 5.8.1.1#1, 5.8.3.4.1#1, 5.8.3.6#1, plus assertions in any
appropriate secondary checks.

Parameters Tested

Checklist References

This test must be performed twice. Once with VCONN at 5V, and once with VCONN at 3V.

This is achieved by using a short cable, and artificially adding an aggressor signal to the transmitted
signal. The tester will add voltage offset, corresponding to ground differential, artificially to the

signal.

The basic signal transmitted will represent the minimum swing likely to reach the receiver.

The aggressor signal will be a non-synchronized square wave at maximum defined noise level (see
table below for parameters)..

Test Procedure

1. Test Procedure During the following, the Tester is assumed to be running a PD
Communications engine, which interacts correctly with all communications encountered. All
messages are assumed to be checked in detail against the appropriate sections of this Plan, and
the timing between messages and significant power supply events is also checked

against the appropriate sections of this Plan. Specific Compliance Plan sections which will be
checked in this test are shown above in 'Assertions Tested'.

2. The Tester applies VBUS, VCONN, Rp (4.7kQ to 3.3V) and Rd (5.1k€ to OV) to one cable

end.

3. The Protocol Tester sends a BIST request to the Cable UUT (with incremented MessagelD
as normal*), specifying 'BIST Test Data’, and checks for a valid and correctly timed protocol
response [CAB_PHY_RX_INT_REJ_1]. This shows that the basic test mechanism is working
and prevents the UUT from sending any other messages during the following steps.

4. Wait 15ms to ensure that the UUT understands it is in a BIST test mode, and should not
initiate any message sequences™.
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5. In the following step, send BIST Test Data message using the signal and the distortions
defined in Tx Group 1 below.

6. Send the 'BIST Test Data' message (without incrementing MessagelD*) 13362 times to
validate BER, and check that the UUT fails to respond with GoodCRC no more 0 times
[CAB_PHY_RX_INT_REJ_2]. n=4502*(1024/345).

7. In the following step, send BIST Test Data message using the signal and the distortions
defined in Tx Group 2 below.

8. Send the 'BIST Test Data' message (without incrementing MessagelD) 13362 times to
validate BER, and check that the UUT fails to respond with GoodCRC no more 0 times
[CAB_PHY_RX_INT_REJ_3]. n=4502*(1024/345).

9. In the following step, send BIST Test Data message using the signal and the distortions
defined in Tx Group 3 below.

10. Send the 'BIST Test Data' message (without incrementing MessagelD) 13362 times to
validate BER, and check that the UUT fails to respond with GoodCRC no more 0 times
[CAB_PHY_RX_INT_REJ_3]. n=4502*(1024/345).

11. Reset Cable UUT by simulating a tester end cable detach, in order to guarantee exiting the
BIST Mode.

12. Repeat test using the other end of the cable.

Note: The Signaling Groups shown in Table 2 are from Revision 0.908 of the USB Power Delivery
Compliance Test Specification. These represent testing at the most recent USB Workshops. The
Receiver Interference definition in Revision 1.0 of the CTS is under development.
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TABLE 2: GROUP 1/2/3 SIGNAL SPECIFICATIONS

Nominal Group 1 Signal | Group 2 Signal | Group 3 Signal

Signal
High Level (nom) 1100 mV 1200 mV 790 mV 1290 mV
Low Level (nom) 25 mV 0mVv -250 mV 250 mV
Bit Rate 300 kb/s 270 kb/s 330 kb/s 330 kb/s
Noise Period ** N/A 608 ns 608 ns 608 ns
Noise Amplitude ** 0mV p/p 100 mV p/p 100 mV p/p 100 mV p/p
Rise/Fall Time 735 ns 735 ns 735ns 735ns

Notes on Table 2:

1)

2)

The signal rise and fall time shall be increased till the eye of Nominal Signal well touches
the Tx Eye Mask. The same rise and fall time shall be used for Group 1, 2, and 3 Signal.

The nature of this test is to send a BIST Test Data message repeatedly, with minimum
delay between the GoodCRC response from the UUT and the next BIST Test Data
message from the tester. There would be a potential for a UUT not to be able to deal with
messages of such frequency if the test were not implemented exactly as described above.
The first BIST Test Data message must have an incremented MessagelD so that the UUT
recognizes it as a significant message, and stops originating its own traffic. The 15ms
delay before further messages ensures that the UUT has had time to recognize the
message. The fact that the MessagelD is then not incremented is specified so that the UUT
Protocol Engine will not pass the messages up to the Policy Engine, but will respond with
GoodCRC. This behavior is specified in the PD Specification.

14.2.3 Physical Layer — Miscellaneous

It is normally not required to repeat this test for SOP". The results from SOP" will suffice.
14.2.3.1 TDA.1.1.3.1.1 CAB-PHY-TERM Cable Termination Impedance Test

Test Name CAB-PHY-TERM
Test Title Cable Termination Impedance (SOP Prime or Double Prime)
Status Primary Test

Purpose

To confirm that a UUT has a valid impedance when not transmitting.

The test applies equally to SOP' and, for cables with an SOP”
controller present, to SOP".

Critical for Safety

Applies to Electronically Marked C-Cable
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Description The Protocol Tester chooses a time when the UUT is not transmitting,

and measures the impedance of the receiver using a voltage source
and resistor.

Test setup Protocol Tester with voltage generator, resistor, and voltage

measurement function.

Preconditions

Assertions Tested | 6.4.3#10, 6.4.3.9#1, plus assertions in any appropriate secondary

checks.

Parameters Tested

Checklist
References

This test must be performed twice. Once with VCONN at 5V, and once with VCONN at 3V.

Note: It is not practical to directly measure the input impedance of the receiver in the UUT (required
to be >= 1 MQ), as it is masked by the Rp / Rd resistors. Instead we will assume the presence of these
resistors and measure that the resulting resistance falls within a valid range.

Test Procedure

1.

During the following, the Tester is assumed to be running a PD Communications engine,
which interacts correctly with all communications encountered. All messages are assumed to
be checked in detail against the appropriate sections of this Plan, and the timing between
messages and significant power supply events is also checked against the appropriate sections
of this Plan. Specific Compliance Plan sections which will be checked in this test are shown
above in 'Assertions Tested'.

The Tester applies VBUS, VCONN, Rp (4.7kQ to 3.3V) and Rd (5.1kQ to OV) to one cable
end.

The Protocol Tester sends a BIST request to the Cable UUT, specifying 'BIST Test Data', and
checks for a valid and correctly timed protocol response [CAB_PHY_TERM_1]. This shows
that the basic test mechanism is working and prevents the UUT from sending any other
messages during the following steps.

Check that the voltage on the CC line falls within the expected range, knowing the value of
these resistors [CAB_PHY_TERM_2].

Reset Cable UUT by simulating a tester end cable detaches, in order to guarantee exiting the
BIST Mode. Verify that UUT does not modify voltage levels in any received message
waveform when VCONN is off

The Tester applies VBUS, Rp (4.7kQ to 3.3V) and Rd (5.1kQ to 0V) [but not VCONN] to
one cable end.

Check that signal voltages on the CC line of -300mV and 1500mV are not modified at the
receiver input by more than the tester tolerances may produce. The actual test method is left to
the discretion of the implementer.
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8. Reset Cable UUT by simulating a tester end cable detaches, in order to guarantee exiting the
BIST Mode. Verify that UUT does not modify voltage levels in any received message
waveform when VCONN is on

9. Repeat the last 3 steps, but with VCONN applied.

10. Repeat test using the other end of the cable.

14.2.3.2 TDA 1.1.3.1.2 CAB-DP-PHY-TERM DP Cable Termination Impedance Test
Refer TDA1.1.3.1.1

14.2.3.3 TDA.1.1.3.2.1 CAB-PHY-MSG Cable PHY Level Message Test

Test Name CAB-PHY-MSG

Test Title Cable PHY Level Message (SOP Prime or Double Prime)
Status Primary Test

Purpose To validate the PHY level behavior of message exchanges.

To confirm the PHY level behavior of the UUT in relation to Cable
Reset and Hard Reset.

The test applies equally to SOP' and, for cables with an SOP”
controller present, to SOP".

Critical for Safety

Applies to Electronically Marked C-Cable

Description The Protocol Tester sends a sequence of messages both correct and
with deliberate errors and validates the correct behavior in each case.

Protocol Tester sends Hard Reset and Cable Reset messages to the
Cable UUT, and confirms correct operation by the UUT.

While running the test for SOP', SOP' is referred to as the Primary
SOP type and SOP" as the alternative SOP type.

While running the test for SOP", SOP" is referred to as the Primary
SOP type and SOP' as the alternative SOP type.

Test setup Protocol Tester with control over low level packet generation.
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Preconditions

Assertions Tested 5.6.1.2.1#2,5.6.1.2.1#4, 5.6.1.2.2#1, 5.6.1.2.2#3, 5.6.1.2.3#3,
5.6.1.2.3#5, 5.6.1.3#1, 5.6.1.5#4, 5.6.3#1, 6.2.1.3#1, 6.2.1.3#2,
6.3.1#2, 6.4.3.9#1, 6.4.4.3.4#8, 6.6.1#4, 6.6.1#5, 6.6.1.1#1, 6.6.1.2#2,
6.8.2.3.1#2

plus assertions in any appropriate secondary checks.

Parameters Tested

Checklist
References

This test must be performed twice. Once with VCONN at 5V, and once with VCONN at 3V
Test Procedure

1. During the following, the Tester is assumed to be running a PD Communications engine,
which interacts correctly with all communications encountered. All messages are assumed to
be checked in detail against the appropriate sections of this Plan, and the timing between
messages and significant power supply events is also checked against the appropriate sections
of this Plan. Specific Compliance Plan sections which will be checked in this test are shown
above in 'Assertions Tested'.

The following messages are sent using the Primary SOP type unless otherwise stated.

1. The Tester applies VBUS, VCONN, Rp (4.7kQ to 3.3V) and Rd (5.1kQ to 0V) to one
cable end. .

2. Send a BIST Test Data message to the Cable. Check that it responds with a GoodCRC
[CAB_PHY_MSG _1].

3. Send a BIST Test Data message to the Cable using SOP. Check that it only responds if the
vendor information states that it will [CAB_PHY_MSG_2].

4. Send a BIST Test Data message to the Cable using the alternative SOP type. Check that it
only responds if the vendor information states that it will [CAB_PHY_MSG_3].

5. Send a BIST Test Data message to the Cable using Debug_SOP'. Check that it only
responds if the vendor information states that it will [CAB_PHY_MSG_4].

6. SendaBIST Test Data message to the Cable using Debug_SOP". Check that it only
responds if the vendor information states that it will [CAB_PHY_MSG_5].

7. Reset Cable UUT by simulating a tester end cable detach, in order to guarantee exiting the
BIST Mode.

In the following the Tester will send ‘Enter Mode Initiator' messages with an SVID not
recognized by the UUT, and an Object position of 1. The UUT is expected to respond with
GoodCRC and 'Enter Mode NAK", if the message is recognized. This particular message is
used as it is equally valid for SOP' and SOP™ in a Cable.
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8. The Tester applies VBUS, VCONN, Rp (4.7kQ to 3.3V) and Rd (5.1kQ to 0V) to one
cable end.

9. In each of the following steps the Tester will send an Enter Mode Initiator message to the
Cable UUT and check the cable's response is correct.

10. Send the normal error-free version of the message. Check that an Enter Mode NAK is
received [CAB_PHY_MSG_6].

11. Check that GoodCRC is not received and that no Enter Mode NAK is received, from the
Cable if a message is sent, with the CRC deliberately corrupted before 4b5b encoding
[CAB_PHY_MSG 7].

12. Check that GoodCRC is not received and that no Enter Mode NAK is received, from the
Cable if a message is sent, with the CRC deliberately corrupted after 4b5b encoding
[CAB_PHY_MSG_8].

13. Check that GoodCRC is not received and that no Enter Mode NAK is received, from the

Cable if a message is sent with the payload, deliberately corrupted before 4b5b encoding but
after being used for the CRC generation [CAB_PHY_MSG _9].

14. Check that GoodCRC is not received and that no Enter Mode NAK is received, from the
Cable if a message is sent with the payload, deliberately corrupted after 4b5b encoding
[CAB_PHY_MSG_10].

15. Check that GoodCRC is not received and that no Enter Mode NAK is received, from the
Cable if a message is sent containing a reserved 5-bit code used in place of a valid hex
code [CAB_PHY_MSG_11].

16. Reset Cable UUT by simulating a tester end cable detach, in order to guarantee exiting the
BIST Mode.

Procedure for Determining if the Cable UUT Recognizes Hard Reset, Cable Reset and Soft
Reset, and acts on them correctly

17. The Tester applies VBUS, VCONN, Rp (4.7kQ to 3.3V) and Rd (5.1kQ to 0V) to one
cable end. Confirm that out-going Message ID is initialized correctly

18. Send an Enter Mode Initiator message to the UUT (using MessagelD = 000b). Check that
UUT sends an Enter Mode NAK message, and check that the MessagelD in that message
header is 000b [CAB_PHY_MSG_12]. Confirm that out-going Message ID is incremented
correctly

19. Send an Enter Mode Initiator message to the UUT (using an incremented MessagelD).
Check that UUT sends an Enter Mode NAK message, and check that the MessagelD in
that message header is also incremented [CAB_PHY_MSG_13].

20. Repeat previous step until MessagelDs (sent and received) reach 001b for the second time.
21. - For the first pass through this test, send a Cable Reset message.
- For the second pass through this test, send a Hard Reset message.

- For the third pass through this test, send a Soft Reset Message. Check that an Accept
message is received with MessagelD = 000b [CAB_PHY_MSG_14].

Confirm that out-going Message ID is reset correctly
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22. Send an Enter Mode Initiator message to the UUT (using MessagelD = 000b), or 001b in
the case of Soft Reset). Check that UUT sends an Enter Mode NAK message, and check
that the MessagelD in that message header is 000b, or 001b in the case of Soft Reset.

Cable Reset: [CAB_PHY_MSG_15],

Hard Reset: [CAB_PHY_MSG_16],

Soft Reset: [CAB_PHY_MSG_17].

Confirm that repeated incoming Message ID is ignored

23. Send an Enter Mode Initiator message to the UUT (using MessagelD = 000b). Check that
UUT does not send a response (other than GoodCRC) [CAB_PHY_MSG_18].

24. Send an Enter Mode Initiator message to the UUT (using an incremented MessagelD). Check
that UUT sends an Enter Mode NAK message, and check that the MessagelD in that message
header is also incremented [CAB_PHY_MSG_19].

25. Repeat previous step until MessagelD (sent) reaches 000b for the second time. - For the first
pass through this test, send a Cable Reset message. - For the second pass through this test,
send a Hard Reset message.

Confirm that repeated incoming Message ID is not ignored for Soft Reset

- For the third pass through this test, send a Soft Reset Message. Check that an Accept
message is received with MessagelD = 000b [CAB_PHY_MSG_20].

Confirm that incoming Message ID is reset correctly

26. Send an Enter Mode Initiator message to the UUT (using MessagelD = 000b, or 001b in the
case of Soft Reset). Check that UUT sends an Enter Mode NAK message, and check that the
MessagelD in that message header is 000b, or 001b in the case of Soft Reset. Cable Reset:
[CAB_PHY_MSG_21], Hard Reset: [CAB_PHY_MSG_22], Soft Reset:
[CAB_PHY_MSG_23].

27. Reset Cable UUT by simulating a tester end cable detach, in order to guarantee exiting the
BIST Mode.

28. Repeat the test using the appropriate versions of steps 22 and 26.

Confirm that the CRC is correctly verified according to the rules in Chapter 5 of the PD
Specification

29. The Tester applies VBUS, VCONN, Rp (4.7kQ to 3.3V) and Rd (5.1k€Q to 0V) to one cable
end.

30. The Tester constructs and sends a message consisting of:
a. preamble
b. SOP
c. header, indicating anything BUT Soft Reset or Ping

d. payload, consisting of a number of bytes not being a multiple of 4, and not being related to
the number of PDOs specified in the header

e. CRC
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f. EOP
31. Check that the message is acknowledged by a GoodCRC message.
32. Reset Cable UUT by simulating a tester end cable detach.

33. Repeat test using the other end of the cable. Check that both ends respond with the same

information.
14.2.3.4 TDA 1.1.3.2.2 CAB-DP-PHY-MSG DP Cable PHY Level Message Test
See Section 14.2.3.3.

14.2.4 Protocol Specific
14.2.4.1 TDA 1.2.1 CAB-PROT-DISCOV Cable ID Checks

Test Name CAB-PROT_DISCOV

Test Title Cable ID Check

Status Primary Test

Purpose To perform the appropriate protocol checks relating a Cable Discovery
sequence.

Critical for Safety

Applies to Electronically Marked C-Cable

Description This test performs a Discovery procedure for a cable, using SOP' and
then if necessary SOP" messages.

Test setup The Cable UUT is connected by one chosen end to the tester, the other
end is left unconnected.

Preconditions

Assertions Tested | 56.1.2.2#1, 6.2.1.7#2, 6.4.4.2#1, 6.4.4.3#1, 6.4.4.3.448, 6.4.4.3.4#15,
6.4.4.4#3, 6.5.13#1, plus assertions in any appropriate secondary
checks.

Parameters Tested

Checklist
References

This test must be performed twice. Once with VCONN at 5V, and once with VCONN at 3V.
Test Procedurel. During the following, the Tester is assumed to be running a PD

Communications engine, which interacts correctly with all communications encountered. All
messages are assumed to be checked in detail against the appropriate sections of this Plan, and
the timing between messages and significant power supply events is also checked against the
appropriate sections of this Plan. Specific Compliance Plan sections which will be checked in

this test are shown above in 'Assertions Tested'.

2. The Tester applies VBUS, VCONN, Rp (4.7kQ to 3.3V) and Rd (5.1kQ to 0V) to one cable

end.
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3. Wait for tVCONNStable max (100ms) before sending any messages.

4. During the following, respond to any messages received and behave accordingly. Check the
appropriateness of such messages.

If the VIF claims that this is a Rev 2.0 cable

5.Send a Discover ID Initiator to the Cable UUT, using SOP', with the Specification Revision
set to Rev 3.0.

6. Check that the Cable UUT responds with a valid Discover ID ACK message, using SOP',
and with the Specification Revision set to Rev 2.0. [CAB_PROT_DISCOV_1].

7. Send a Discover ID Initiator to the Cable UUT, using SOP', with the Specification Revision
set to reserved value 11b.

8. Check that the Cable UUT responds with a valid Discover ID ACK message, using SOP',
and with the Specification Revision set to Rev 2.0. [CAB_PROT_DISCOV_1].

If the VIF claims that this is a Rev 3.0 cable

9. Send a Discover ID Initiator to the Cable UUT, using SOP', with the Specification Revision
set to reserved value 11b.

10. Check that the Cable UUT responds with a valid Discover ID ACK message, using SOP',
and with the Specification Revision set to Rev 2.0. [CAB_PROT_DISCOV_1].

From now on set the Specification Revision set to Rev 2.0
11. Send a Discover ID Initiator to the Cable UUT, using SOP'.

12. Check that the Cable UUT responds with a valid Discover ID ACK message, using SOP'
[CAB_PROT_DISCOV_1]. If the Cable UUT responds with NAK it is deemed to have
failed. If the Cable UUT responds with BUSY, then the Tester will make four further
attempts, with a delay in between of tVDMBusy min (100ms) between each attempt. If the
Cable UUT does not respond with ACK after one of these attempts, it is deemed to have
failed, and is concluded by proceeding to the last step.

13. Check that the first bit of the preamble of this message is sent after tCableMessage min
(750us) but before tVDMReceiverResponse max (15ms), after the last bit of the EOP of the
GoodCRC [CAB_PROT_DISCOV_2]. Check that the values in the Discover ID ACK
message meet the requirements of PROT-MSG-DATA-VDM-ID-ACK.

14. Send a Discover SVIDs Initiator to the Cable UUT, using SOP".

15. Check that the Cable UUT responds with a valid Discover SVIDs ACK message or NAK
message, using SOP' [CAB_PROT_DISCOV_3]. If the response is NAK, the test is
concluded by proceeding to the last step. In the case of a NAK, if the UUT has indicated in its
response to 'Discover ID' that it supports Modal Operation, then it is deemed to have failed. If
the response is ACK, and the UUT has indicated in its response to 'Discover ID' that it does
not support Modal Operation, then it is deemed to have failed. If the Cable UUT responds
with BUSY, then the Tester will make four further attempts, with a delay in between of
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tVDMBusy min (100ms) between each attempt. If the Cable UUT does not respond with
ACK after one of these attempts, it is deemed to have failed.

16. Check that the first bit of the preamble of this message is sent after tCableMessage min
(750us) but before tVDMReceiverResponse max (15ms), after the last bit of the EOP of the
GoodCRC [CAB_PROT_DISCOV_4]. Check that the values in the Discover SVID ACK
message meet the requirements of PROT-MSG-DATA-VDM-SVID-ACK.

17. If the Discover SVID ACK message indicates that there are further SVIDs to fetch, the
sequence is repeated from [7] until there are no further SVIDs.

For each SVID:
18. Send a Discover Modes Initiator to the Cable UUT, using SOP".

19. Check that the Cable UUT responds with a valid Discover Modes ACK message or NAK
message, using SOP' [CAB_PROT_DISCOV_5]. If the Cable UUT responds with NAK it is
deemed to have failed. If the Cable UUT responds with BUSY, then the Tester will make four
further attempts, with a delay in between of tVDMBusy min (100ms) between each attempt. If
the Cable UUT does not respond with ACK after one of these attempts, it is deemed to have
failed.

20. Check that the first bit of the preamble of this message is sent after tCableMessage min
(750us) but before tVDMReceiverResponse max (15ms), after the last bit of the EOP of the
GoodCRC [CAB_PROT_DISCOV_6]. Check that the values in the Discover MODES ACK
message meet the requirements of PROT-MSG-DATA-VDM-MODES-ACK.

For each of these Modes: In the following we attempt to enter, then exit each mode
advertised. Some modes may not be enterable without first entering some other mode. It must
be possible to enter at least one mode.

21. Send an Enter Mode Initiator to the Cable UUT, using SOP".

22. Check that the Cable UUT responds with a valid Enter Mode ACK message or NAK
message, using SOP' [CAB_PROT_DISCOV_7]. If the Cable UUT responds with BUSY,
then the Tester will make four further attempts, with a delay in between of tVDMBuUsy min
(100ms) between each attempt. If the Cable UUT does not respond with ACK or NAK after
one of these attempts, it is deemed to have failed.

23. If the Enter Mode response was an ACK, send an Exit Modes Initiator to the Cable UUT,
using SOP'.

24. Check that the Cable UUT responds with a valid Exit Modes ACK message, using SOP
[CAB_PROT_DISCOV_8]. If the response is NAK or BUSY, the test is deemed to have
failed.

If the cable has an SOP" Controller Present, then for each of these same Modes: In the
following we attempt to enter, then exit each mode advertised. Some modes may not be
enterable without first entering some other mode. It must be possible to enter at least one
mode.

25. Send an Enter Mode Initiator to the Cable UUT, using SOP".
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26. Check that the Cable UUT responds with a valid Enter Mode ACK message or NAK
message, using SOP' [CAB_PROT_DISCOV_7]. If the Cable UUT responds with BUSY,
then the Tester will make four further attempts, with a delay in between of tVDMBusy min
(100ms) between each attempt. If the Cable UUT does not respond with ACK or NAK after
one of these attempts, it is deemed to have failed.

27. If the Enter Mode response was an ACK, send an Exit Modes Initiator to the Cable UUT,
using SOP'.

28. Check that the Cable UUT responds with a valid Exit Modes ACK message, using SOP"
[CAB_PROT_DISCOV_8]. If the response is NAK or BUSY, the test is deemed to have
failed.

29. Reset Cable UUT by removing VCONN.
30. Repeat test using the other end of the cable.

14.3 Power Delivery Devices - Primary Tests

14.3.1 Physical Layer — Transmit
14.3.1.1 TDA 2.1.1.1 BMC-PHY-TX-EYE BMC Transmitter Eye Diagram Test

Test Name BMC-PHY-TX-EYE

Test Title Transmitter Eye Diagram Test

Status Primary Test

Purpose To confirm that the transmitted data fulfills the eye diagram mask

requirements in Figures 5-23 and 5-24 of the specification.
Also checks that UUT correctly implements BIST Carrier Mode 2.

Critical for Safety
Applies to Any PD Capable UUT except Cable

Description The Protocol Tester sends a BIST request to a UUT specifying 'BIST
Carrier Mode 2'.

The UUT will then transmit a continuous string of BMC encoded
alternating "1"s and “0”s in accordance with Section 5.9.4.

The eye pattern is measured using the method specified below.

Test setup Protocol Tester, plus oscilloscope function.
Ping Policy Send no Pings
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Preconditions

Assertions Tested | 5825 2#1, 5.8.3.2.1#2, 5.8.3.2.1#3, 5.9.4#1, 6.4.3#7, 6.4.3.641,

6.4.3.6#2, plus assertions in any appropriate secondary checks.

Parameters Tested

Checklist
References

Test Procedure

1.

10.

During the following, the Tester is assumed to be running a PD Communications engine,
which interacts correctly with all communications encountered. All messages are assumed to
be checked in detail against the appropriate sections of this Plan, and the timing between
messages and significant power supply events is also checked against the appropriate sections
of this Plan. Specific Compliance Plan sections which will be checked in this test are shown
above in 'Assertions Tested'.

The connection to the UUT is via a short 5A cable with a cable e-marker, or the e-marker may
be absent, and the tester may simulate the 5A cable responses. If the UUT has a captive cable
then it shall be connected directly to the tester, and the tester shall not simulate a cable
marker.

The Tester gets the UUT into PD Mode (BMC-PROC-PD-MODE). Note that fora UUT
behaving as a Sink, Rp is implemented as a 4.7k€Q resistor to 3.3V, to give the worst case
pullup. The role chosen for the UUT is Sink whenever possible. The capacitive load of the
tester is as close to 400pF as practical.

The Tester sends a BIST request to the UUT, specifying 'BIST Carrier Mode 2', and checks
for a valid and correctly timed protocol response [BMC_PHY_TX_ EYE _1].

Check that the UUT is transmitting a continuous string of alternating ‘0" and '1' bits. This
functional check shall be sufficiently accurate to ensure that the desired BIST continuous test
pattern is present, and not one of the other four, nor a non-continuous transmission mode
[BMC_PHY_TX_ EYE_2]. The method used for this is left to the discretion of the test
equipment vendor. The detailed parameters of the mode will be measured below.

Feed the output of the UUT into an oscilloscope type function.

Produce an Eye Diagram, using the method specified in section BMC-ALG-CLK-RECOV,
and check that the parameters meet the requirements of Figures 5-23 and 5-24 of the
Specification [BMC_PHY_TX EYE_3].

Check that the continuous test pattern stops within tBISTContMode max (60ms) of starting
[BMC_PHY_TX_ EYE 4].

Check that the rise/fall times meet the specification in Table 5-25 [BMC_PHY_TX_ EYE _5].
Resets UUT by simulating a tester end cable detach in order to guarantee exiting the BIST
Mode.
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14.3.1.2 TDA 2.1.1.2 BMC-PHY-TX-BIT BMC Transmit Bit Rate and Bit Rate Drift Test

Test Name BMC-PHY-TX-BIT

Test Title Transmitter Bit Rate and Bit Rate Drift Test

Status Primary Test

Purpose To confirm that the drift in the transmitted bit rate of a UUT falls

within acceptable limits.
Also checks that UUT correctly implements BIST Carrier Mode 2.

Critical for Safety

Applies to Any PD Capable UUT except Cable

The Protocol Tester sends a BIST request to a UUT specifying 'BIST
Carrier Mode 2'. The UUT will then transmit a continuous string of
alternating "1"s and “0”s.

Description

The data being transmitted are fed into a clock/data recovery function,
and the output of this into a frequency counter function.

During one or more periods equivalent to the longest possible packet
length, the bit rate is measured according to Section 5.8.1.2.1 and
Table 5-13 and Table 5-14. This is validated against pBitRate and
fBitRate.

Protocol Tester, plus clock/data recovery function, plus counter/timer
function.

Test setup

The UUT is connected by one chosen end to the tester, the other end
is left unconnected. The test is repeated using the other cable end.

Ping Policy
Preconditions

Send no Pings

Assertions Tested | 581.2.1#1, 5.8.1.2.142, 5.9.4#1, 6.4.3#7, 6.4.3.1#3, 6.4.3.941,

6.5.8.4#1, plus assertions in any appropriate secondary checks.
pBitRate, fBitRate.

Parameters Tested

Checklist
References

Note: The sample data collected for this test is likely to be the same data collected during the Tx Eye
Diagram test BMC-PHY-TX-EYE. Combining these tests is valid if the Tester Vendor considers this
appropriate.
Test Procedure
1. During the following, the Tester is assumed to be running a PD Communications engine,
which interacts correctly with all communications encountered. All messages are assumed to
be checked in detail against the appropriate sections of this Plan, and the timing between
messages and significant power supply events is also checked against the appropriate sections
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of this Plan. Specific Compliance Plan sections which will be checked in this test are shown
above in 'Assertions Tested'.

2. The connection to the UUT is via a short 5A cable with a cable e-marker, or the e-marker may
be absent, and the tester may simulate the 5A cable responses. If the UUT has a captive cable
then it shall be connected directly to the tester, and the tester shall not simulate a cable
marker.

3. The Tester gets the UUT into PD Mode (BMC-PROC-PD-MODE).

4. The Tester sends a BIST request to the UUT, specifying 'BIST Carrier Mode 2', and checks
for a valid and correctly timed protocol response [BMC_PHY_TX_ BIT_1].

5. Check that the UUT is transmitting a continuous string of alternating '0' and '1' bits. This
functional check shall be sufficiently accurate to ensure that the desired BIST continuous test
pattern is present, and not one of the other four, nor a non-continuous transmission mode
[BMC_PHY_TX_BIT_2]. The method used for this is left to the discretion of the test
equipment vendor. The detailed parameters of the mode will be measured below.

6. Use a clock/data recovery function to monitor the signal during the next step. The
measurement shall be made using the positive bit edge at the start of a group of four
modulated "0101" bits as the significant reference points. (The first zero is therefore a high
level.) This reduces the effect of:

a) Different rise and fall wave forms
b) Different rise times dependent on value of previous bit.
7. Ensure that at least 32 bits have been detected before starting measurement. The first bit to be

included starts at a reference point as defined above, and is referred to below as data bit 0.

8. Measure the bit rate during a 32 bit period. Calculate this as 32, divided by the total period
between 9 reference points.

9. Do this from data bit O to data bit 31, then from data bit 4 to data bit 35, and repeat until there
are 256 bit rate measurements.

10. The bit rate measured from data bit O to data bit 31 is taken as the measured fBitRate.

11. Calculate pBitRate as the largest deviation from fBitRate divided by fBitRate, expressed as a
percentage.

12. Check that the lowest and highest bit rate values measured fall within fBitRate (270-330 kbps)
[BMC_PHY_TX_BIT_3], and that pBitRate (less than 0.25%) is within permitted range
[BMC_PHY_TX BIT_4].

13. Check that the continuous test pattern stops within tBISTContMode max (60ms) of starting
[BMC_PHY_TX BIT_5].

14. Resets UUT by simulating a tester end cable detach, in order to guarantee exiting the BIST
Mode.
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14.3.2 Physical Layer — Receive
14.3.2.1 TDA 2.1.2.1 BMC-PHY-RX-BUSIDL BMC Bus Idle Detection Test

Test Name BMC-PHY-RX-BUSIDL
Test Title Bus Idle Detection Test Test
Status Primary Test
Confirm that the UUT accurately recognizes the Bus Idle Condition,
Purpose and does not interpret valid noise interference as a false Bus Idle
Condition

Critical for Safety | No
Applies to Any PD Capable UUT except Cable

Description Messages are sent to the UUT under conditions which check the
receiver's ability to detect Bus Idle.

In steps 1-5, the tester verifies that if the bus is not idle, the UUT does
not send a GoodCRC. It achieves this by sending valid transitions
during the time window during which the GoodCRC is allowed to be
sent.

In steps 6-8, the tester verifies that expected levels of noise on the CC
line do not prevent the UUT from detecting Bus Idle. It achieves this
by sending noise during a time window, and ensuring that the last part
of a GoodCRC is sent, but not a complete GoodCRC.

Test setup Protocol Tester with programmable transmit signal waveform.

Ping Policy Send no Pings.
Preconditions

Assertions Tested | 6.4.34#10, 6.4.3.9#1 plus assertions in any appropriate secondary
checks.

Parameters Tested

Checklist
References

Test Procedure

1. During the following, the Tester is assumed to be running a PD Communications engine,
which interacts correctly with all communications encountered. All messages are assumed to
be checked in detail against the appropriate sections of this Plan, and the timing between
messages and significant power supply events is also checked against the appropriate sections
of this Plan. Specific Compliance Plan sections which will be checked in this test are shown
above in 'Assertions Tested'.

2. The connection to the UUT is via a short 5A cable with a cable e-marker, or the e-marker may
be absent, and the tester may simulate the 5A cable responses. If the UUT has a captive cable
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then it shall be connected directly to the tester, and the tester shall not simulate a cable
marker.

The Tester gets the UUT into PD Mode (BMC-PROC-PD-MODE).

The Protocol Tester sends a BIST request to the UUT, specifying 'BIST Test Data’, and
checks for a valid and correctly timed protocol response [BMC_PHY_RX_BUSIDL _1]. This
shows that the basic test mechanism is working and prevents the UUT from sending any other
messages during the following steps.

Send BIST Test Data message, and then immediately continue sending data zeros for 195us,
then open receiver. (This step prevents the UUT from sending a GoodCRC, because the CC
line will not be idle during the time in which it is valid to start sending one.)

Listen for data from UUT. There must be nothing for 10 ms [BMC_PHY_RX_BUSIDL_2]. If
we see a GoodCRC message ending, or a complete GoodCRC, the UUT is deemed to have
failed the test.

See Figure 72 for explanation.

Send BIST Test Data message, then continue sending noise (see definition below) for
195+237+6.6us=438.6us, then open receiver. We are expecting the UUT to ignore the noise,
and respond with a GoodCRC, so we should detect the end of an already started GoodCRC.
The time chosen to re-enable the receiver is a point in time during which a legally timed
GoodCRC will be encountered at a point after the start of its SOP and before the end of the
CRC, regardless of whether this message is sent at the earliest possible opportunity at the
fastest rate allowed, or at the latest opportunity at the slowest rate possible.

Listen for data from other end - check that we see data present, but do not receive a valid
GoodCRC [BMC_PHY_RX BUSIDL_3]. If we see a GoodCRC it means that it was started
later than permitted, for whatever reason.

If we see no data, then it means that the UUT incorrectly saw the noise as an interfering signal
and did not transmit the GoodCRC.

Reset UUT by simulating a tester end cable detach, in order to guarantee exiting the BIST
Mode.

14.3.2.1.1 Timing details

237us is the longest time required to send a preamble.

6.6us is a margin to ensure not seeing SOP.

Message could be over in 25us + 149 bits at fastest speed = 472us (leaves minimum 38.4us or
12.7 bits)

14.3.2.1.2 Definition of Noise

The noise signal shall be transmitted by the same transmit amplifier as the preceding signal,
remaining at the same output impedance, to ensure the correct level.

It shall be a square wave at a frequency of 600 kHz.

It shall have amplitude of 250mV p/p, biased around 0.55V.
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14.3.2.2 TDA 2.1.2.2 BMC-PHY-RX-INT-REJ BMC Receive Interference Rejection Test

Test Name BMC-PHY-RX-INT-REJ

Test Title Receive Interference Rejection Test

Status Primary Test

Purpose Checks the ability of the receiver to correctly receive signals which

are degraded by the worst case aggressor signal, and both the zero
offset and worst case offset in the appropriate direction, whilst the
bitrate is also set to both minimum and maximum extremes.

Critical for Safety

No

Applies to Any PD Capable UUT except Cable

Description The Protocol Tester uses BIST Test Data messages, in the presence of
injected interference. The UUT is required to respond with GoodCRC
messages, without missing any.

Test setup USB PD Tester (with ability to add an aggressor signal and an offset
to the data signal, while sending minimum and maximum permitted
bitrates).

Ping Policy Send no Pings.

Preconditions

Assertions Tested

5.8.2.6.4#2, 6.4.3#10, plus assertions in any appropriate secondary
checks.

Parameters Tested

Checklist
References

This is achieved by using a short cable, and artificially adding an aggressor signal to the transmitted

signal. The tester will add voltage offset, corresponding to ground differential, artificially to the

signal.

The basic signal transmitted will represent the minimum swing likely to reach the receiver.

Test Procedure

1. During the following, the Tester is assumed to be running a PD Communications engine,

which interacts correctly with all communications encountered. All messages are assumed to

be checked in detail against the appropriate sections of this plan, and the timing between

messages and significant power supply events is also checked against the appropriate sections
of this Plan. Specific Compliance Plan sections which will be checked in this test are shown

above in 'Assertions Tested'.

2. The connection to the UUT is via a short 5A cable with a cable e-marker, or the e-marker may
be absent, and the tester may simulate the 5A cable responses. If the UUT has a captive cable

then it shall be connected directly to the tester, and the tester shall not simulate a cable

marker.
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For a UUT which can be a Sink:

3. The Tester gets the UUT into PD Mode as a Sink (BMC-PROC-PD-MODE).

4. The Protocol Tester sends a BIST request to the UUT (with incremented MessagelD as
normal*), specifying 'BIST Test Data’, and checks for a valid and correctly timed protocol
response [BMC_PHY_RX_INT_REJ_1]. This shows that the basic test mechanism is working
and prevents the UUT from sending any other messages during the following steps.

5. Wait 15ms to ensure that the UUT understands it is in a BIST test mode, and should not
initiate any message sequences™.

6. In the following step, send BIST Test Data message using Group 1 Signal and the noise
waveform generated from one of the three approaches described below.

7. Send the 'BIST Test Data’ message (without incrementing MessagelD*) 13362 times to
validate BER, and check that the UUT fails to respond with GoodCRC no more 0 times
[BMC_PHY_RX_INT_REJ_2]. n=4502*(1024/345).

8. In the following step, send BIST Test Data message using Group 2 Signal and the noise
waveform generated from one of the three approaches described below.

9. Send the 'BIST Test Data’ message (without incrementing MessagelD*) 13362 times to
validate BER, and check that the UUT fails to respond with GoodCRC no more 0 times
[BMC_PHY_RX_INT_REJ_3]. n=4502*(1024/345).

10. Resets UUT by simulating a tester end cable detach, in order to guarantee exiting the BIST
Mode.

For a UUT which can be a Source:

11. The Tester gets the UUT into PD Mode as a Source (BMC-PROC-PD-MODE).

12. The Protocol Tester sends a BIST request to the UUT (with incremented MessagelD as
normal*), specifying 'BIST Test Data', and checks for a valid and correctly timed protocol
response [BMC_PHY_RX_INT_REJ_4]. This shows that the basic test mechanism is working
and prevents the UUT from sending any other messages during the following steps.

13. Wait 15ms to ensure that the UUT understands it is in a BIST test mode, and should not
initiate any message sequences*.

14. In the following step, send BIST Test Data message using Group 1 Signal and the noise
waveform generated from one of the three approaches described below.

15. Send the 'BIST Test Data' message (without incrementing MessagelD*) 13362 times to
validate BER, and check that the UUT fails to respond with GoodCRC no more 0 times
[BMC_PHY_RX_INT_REJ_2]. n=4502*(1024/345).

16. In the following step, send BIST Test Data message using Group 3 Signal and the noise
waveform generated from one of the three approaches described below.

17. Send the 'BIST Test Data' message (without incrementing MessagelD*) 13362 times to
validate BER, and check that the UUT fails to respond with GoodCRC no more 0 times
[BMC_PHY_RX_INT_REJ_5]. n=4502*(1024/345).

18. Resets UUT by simulating a tester end cable detach, in order to guarantee exiting the BIST
Mode.
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Note: The Signaling Groups shown in Table 3 are from Revision 0.908 of the USB Power Delivery
Compliance Test Specification. These represent testing at the most recent USB Workshops. The
Receiver Interference definition in Revision 1.0 of the CTS is under development.

TABLE 3: GROUP 1/2/3 SIGNAL SPECIFICATIONS

Nominal Group 1 Signal | Group 2 Signal | Group 3 Signal

Signal
High Level (nom) 1100 mV 1200 mV 790 mV 1290 mV
Low Level (nom) 25 mV 0mVv -250 mV 250 mV
Bit Rate 300 kb/s 270 kb/s 330 kb/s 330 kb/s
Noise Period ** N/A 608 ns 608 ns 608 ns
Noise Amplitude ** 0mV p/p 100 mV p/p 100 mV p/p 100 mV p/p
Rise/Fall Time 735ns 735 ns 735ns 735ns

Notes on Table 3:

1)

2)

The signal rise and fall time shall be increased till the eye of Nominal Signal well touches
the Tx Eye Mask. The same rise and fall time shall be used for Group 1, 2, and 3 Signal.

The nature of this test is to send a BIST Test Data message repeatedly, with minimum
delay between the GoodCRC response from the UUT and the next BIST Test Data
message from the tester. There would be a potential for a UUT not to be able to deal with
messages of such frequency if the test were not implemented exactly as described above.
The first BIST Test Data message must have an incremented MessagelD so that the UUT
recognizes it as a significant message, and stops originating its own traffic. The 15ms
delay before further messages ensures that the UUT has had time to recognize the
message. The fact that the MessagelD is then not incremented is specified so that the UUT
Protocol Engine will not pass the messages up to the Policy Engine, but will respond with
GoodCRC. This behavior is specified in the PD Specification.

14.3.3 Physical Layer — Miscellaneous
14.3.3.1 TDA 2.1.3.1 BMC-PHY-TERM BMC Termination Impedance Test

Status

Primary Test

Purpose

To confirm that a UUT has a valid impedance when not transmitting.

Critical for Safety

Applies to Any PD Capable UUT except Cable

Description The Protocol Tester chooses a time when the UUT is not transmitting,
and measures the impedance of the receiver using a voltage source
and resistor.

Test setup Protocol Tester with voltage generator, resistor, and voltage

measurement function.
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Ping Policy Send no Pings

Preconditions

Assertions Tested | 6.4.3#10, 6.4.3.9#1, plus assertions in any appropriate secondary

checks.

Parameters Tested

Checklist
References

Note: It is not practical to directly measure the input impedance of the receiver in the UUT (required

to be >= 1 MQ), as it is masked by the Rp / Rd resistors. Instead we will assume the presence
of these resistors and measure that the resulting resistance falls within a valid range.

Test Procedure

Hw

10.

During the following, the Tester is assumed to be running a PD Communications engine,
which interacts correctly with all communications encountered. All messages are assumed to
be checked in detail against the appropriate sections of this Plan, and the timing between
messages and significant power supply events is also checked against the appropriate sections
of this Plan. Specific Compliance Plan sections which will be checked in this test are shown
above in 'Assertions Tested'.
The connection to the UUT is via a short 5A cable with a cable e-marker, or the e-marker may
be absent, and the tester may simulate the 5A cable responses. If the UUT has a captive cable
then it shall be connected directly to the tester, and the tester shall not simulate a cable

marker.
The Tester gets the UUT into PD Mode (BMC-PROC-PD-MODE).
The Tester sends a BIST request to the UUT, specifying 'BIST Test Data’, and checks for a
valid and correctly timed protocol response [BMC_PHY_TERM_1]. This shows that the basic
test mechanism is working and prevents the UUT from sending any other messages during the
following steps.

Check that the voltage on the CC line falls within the expected range, knowing the range of
values of the Rp and Rd resistors [BMC_PHY_TERM_2].

Reset UUT by simulating a tester end cable detach, in order to guarantee exiting the BIST
Mode. Verify that UUT does not modify voltage levels in any received message waveform.
The Tester gets the UUT into PD Mode (BMC-PROC-PD-MODE).

The Tester sends a BIST request to the UUT, specifying 'BIST Test Data’, and checks for a
valid and correctly timed protocol response [BMC_PHY_TERM_1]. This shows that the basic
test mechanism is working and prevents the UUT from sending any other messages during the
following steps.

Check that signal voltages on the CC line of -300mV and 1500mV are not modified at the
receiver input by more than the tester tolerances may produce. The actual test method is left to
the discretion of the implementer.

Reset UUT by simulating a tester end cable detach, in order to guarantee exiting the BIST
Mode.
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14.3.3.2 TDA 2.1.3.2 BMC-PHY-MSG BMC PHY Level Message Test

Status Primary Test

Purpose To validate the PHY level behavior of message exchanges.

To confirm the PHY level behavior of the UUT in relation to Cable
Reset and Hard Reset.

Critical for Safety
Applies to Any PD Capable UUT except Cable

Description The Protocol Tester sends a sequence of messages both correct and
with deliberate errors and validates the correct behavior in each case.

Protocol Tester sends Hard Reset, Soft Reset and Cable Reset
messages to the UUT, and confirms correct operation by the UUT.

Test setup Protocol Tester with control over low level packet generation.

Ping Policy Send no Pings
Preconditions

Assertions Tested | 5341 53#2, 5.5#1, 5.5#2, 5.6#1, 5.6.1.1#2, 5.6.1.1#3, 5.6.1.1#4,
5.6.1.2.2#5, 5.6.1.2.2#6, 5.6.1.2.3#7, 5.6.1.3#1, 5.6.1.5#4, 5.6.1.5#5,
5.6.3#1, 6.2.1.3#1,1.3#2, 6.3.1#2, 6.4.3.9#1, 6.6.1.1#1, 6.8.2.3.1#1,
8.3.3.8.1.2#1, 8.3.3.8.1.2#2, 8.3.3.9.1.1#2, 8.3.3.10.2.2#1,
8.3.3.10.2.2#2, 8.3.3.10.2.3#1, 8.3.3.10.2.3#2, 8.3.3.10.11.1#5

plus assertions in any appropriate secondary checks.

Parameters Tested

Checklist
References

Test Procedure

1.During the following, the Tester is assumed to be running a PD Communications engine,
which interacts correctly with all communications encountered. All messages are assumed to
be checked in detail against the appropriate sections of this Plan, and the timing between
messages and significant power supply events is also checked against the appropriate sections
xof this Plan. Specific Compliance Plan sections which will be checked in this test are shown
above in 'Assertions Tested'.

2. The connection to the UUT is via a short 5A cable with a cable e-marker, or the e-marker
may be absent, and the tester may simulate the 5A cable responses. If the UUT has a captive
cable then it shall be connected directly to the tester, and the tester shall not simulate a cable
marker. The following messages are sent using SOP unless otherwise stated.

3. The Tester gets the UUT into PD Mode (as a Sink if possible, otherwise as a Source)
(BMCPROC-PD-MODE).

4. Send a BIST Test Data message to the UUT. Check that it responds with a GoodCRC
[BMC_PHY_MSG_1].
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5. If the UUT is a DFP, and vendor specifies that it will not respond to SOP’, send a BIST Test
Data message to the UUT using SOP' and check that it does not respond. If the UUT is a UFP,
send a BIST Test Data message to the UUT using SOP' and check that it does not respond. If
the UUT is a DFP, and vendor specifies that it will respond to SOP' skip this step.
[BMC_PHY_MSG_2].

6. If the UUT is a DFP, and vendor specifies that it will not respond to SOP", send a BIST
Test Data message to the UUT using SOP" and check that it does not respond. If the UUT is a
UFP, send a BIST Test Data message to the UUT using SOP' and check that it does not
respond. If the UUT is a DFP, and vendor specifies that it will respond to SOP" skip this step.
[BMC_PHY_MSG_3].

7. Send a BIST Test Data message to the UUT using Debug_SOP'. Check that it does not
respond, unless specified by vendor that it will [BMC_PHY_MSG_4].

8. Send a BIST Test Data message to the UUT using Debug_SOP". Check that it does not
respond, unless specified by vendor that it will [BMC_PHY_MSG_5].

9. Reset UUT by simulating a tester end cable detach, in order to guarantee exiting the BIST
Mode.

In each of the following steps referring to 'the message’, the Tester will send a
Get_Source_Cap message to the UUT if it is being tested as a Sink, or a Get_Sink_Cap
message to the UUT if it is being tested as a Source, UUT and check the UUT's response is
correct. We expect either a Reject message or an appropriate Capabilities message, if the
message is recognized, otherwise no related response.

10. The Tester gets the UUT into PD Mode (as a Sink if possible, otherwise as a Source)
(BMCPROC-PD-MODE).

11. Send the normal error-free version of the message. Check that a valid response message is
received [BMC_PHY_MSG_6].

12. Check that GoodCRC is not received and that no response message is received, from the
UUT if a message is sent, with the CRC deliberately corrupted before 4b5b encoding
[BMC_PHY_MSG_7]. 13. Check that GoodCRC is not received and that no response
message is received, from the UUT if a message is sent, with the CRC deliberately corrupted
after 4b5b encoding [BMC_PHY_MSG _8].

14. Check that GoodCRC is not received and that no response message is received, from the
UUT if a message is sent with the payload, deliberately corrupted before 4b5b encoding but
after being used for the CRC generation [BMC_PHY_MSG_9].

15. Check that GoodCRC is not received and that no response message is received, from the
UUT if a message is sent with the payload, deliberately corrupted after 4b5b encoding
[BMC_PHY_MSG_10].

16. Check that GoodCRC is not received and that no response message is received, from the
UUT if a message is sent containing a reserved 5-bit code used in place of a valid hex code
[BMC_PHY_MSG_11]. [Note exactly which code]

17. Reset UUT by simulating a tester end cable detach, in order to start again from a known
state.
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Confirm that out-going Message ID is initialized correctly (on establish PD-Mode) Confirm
that out-going Message ID is incremented correctly (on any message)

18. The Tester gets the UUT into PD Mode (as a Sink if possible, otherwise as a Source)
(BMCPROC-PD-MODE].

19. Send an appropriate Get Capabilities message to the UUT. Check that UUT sends an
appropriate response message.

20. During the previous two steps check that the MessagelD contained in the messages from
the UUT follow the rules about initial value [BMC_PHY_MSG_12] and incrementing
[BMC_PHY_MSG_13].

Confirm that the UUT ignores Cable Reset (Skip to Step 27 if UUT can only behave as a
Source)

21. Send an appropriate Get Capabilities message to the UUT. Check that UUT sends an
appropriate response message.

22. Send a Cable Reset to the UUT.

23. Send an appropriate Get Capabilities message to the UUT. Check that UUT sends an
appropriate response message.

24. Send a Cable Reset to the UUT.

25. Send an appropriate Get Capabilities message to the UUT. Check that UUT sends an
appropriate response message.

26. Check that the MessagelD in any messages received from the UUT (including unexpected
ones) starting at step 20 are always incrementing [BMC_PHY_MSG_15].

27. Reset UUT by simulating a tester end cable detach, in order to start again from a known
state.

Confirm that repeated incoming Message ID is ignored

28. The Tester gets the UUT into PD Mode (as a Sink if possible, otherwise as a Source)
(BMCPROC-PD-MODE].

29. Send appropriate Get Capabilities message to the UUT with NO MessagelD increment.
Check that UUT does not send a response (other than GoodCRC). [BMC_PHY_MSG_18].

30. Reset UUT by simulating a tester end cable detach, in order to start again from a known
state.

Confirm that out-going Message ID is reset correctly on Hard Reset

31. The Tester gets the UUT into PD Mode(as a Sink if possible, otherwise as a Source)
(BMCPROC-PD-MODE].

32. The Tester sends Hard Reset to UUT.

33. Check that the UUT performs the correct steps to re-enter PD-MODE (whether it is a
source or a sink). The tester automatically performs its role in this. [BMC_PHY_MSG_16]

34. Reset UUT by simulating a tester end cable detach, in order to start again from a known
state.
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Confirm that out-going Message ID is reset correctly on Soft Reset

35. The Tester gets the UUT into PD Mode (as a Sink if possible, otherwise as a Source)
(BMCPROC-PD-MODE].

36. The Tester sends Soft Reset to UUT.

37. Check that the UUT sends an Accept message [BMC_PHY_MSG_14], and then performs
the correct steps to re-cover from Soft Reset (whether it is a source or a sink). The tester
automatically performs its role in this.

38. Reset UUT by simulating a tester end cable detach, in order to start again from a known
state.

Confirm that the CRC is correctly verified according to the rules in Chapter 5 of the PD
Specification 39. The Tester gets the UUT into PD Mode (as a Sink if possible, otherwise as a
Source) (BMCPROC-PD-MODE].

40. The Tester sends a BIST Test Data message to the UUT. Check that it responds with a
GoodCRC [BMC_PHY_MSG _1].

41. The Tester constructs and sends a message consisting of:
a. preamble
b. SOP
c. header, indicating anything BUT Soft Reset or Ping

d. payload, consisting of a number of bytes not being a multiple of 4, and not being
related to the number of PDOs specified in the header

e. CRC
f. EOP
42. Check that the message is acknowledged by a GoodCRC message.

43. Reset UUT by simulating a tester end cable detach, in order to start again from a known
state.

(Only if Testing to Rev 2.0) Confirm that a Rev 3.0 Extended Message is responded to with a
GoodCRC

44. The Tester gets the UUT into PD Mode(as a Sink if possible, otherwise as a Source)
(BMCPROC-PD-MODE].

45, The Tester sends a Get_Manufacturer_Info Extended message (with Rev 3.0)
46. Check that the message is acknowledged by a GoodCRC message.

47. Reset UUT by simulating a tester end cable detach, in order to start again from a known
state.
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14.3.4 Protocol Specific
14.3.4.1 TDA 2.2.1 BMC-PROT-SEQ-GETCAPS Get_Source_Cap and Get_Sink_Cap Test

Status Primary Test

Purpose To confirm that a UUT responds correctly to a Get_Source_Cap and

Get_Sink_Cap request.

Critical for Safety | No

Applies to Any PD Capable UUT except Cable

Description A Get_Source_Cap message is sent to the UUT, to verify that it

responds correctly. A Get_Sink_Cap message is sent to the UUT, to
verify that it responds correctly.

Test setup Protocol Tester

Ping Policy Send Pings where possible

Preconditions

Assertions Tested | 6.3.7#1, 6.3.7#2, 6.3.8#1, 6.3.8#2, plus assertions in any appropriate

secondary checks.

Parameters Tested

Checklist
References

Test Procedure

For UUT capable of being a provider

1. During the following, the Tester is assumed to be running a PD Communications engine,
which interacts correctly with all communications encountered. All messages are assumed to
be checked in detail against the appropriate sections of this Plan, and the timing between
messages and significant power supply events is also checked against the appropriate sections
of this Plan. Specific Compliance Plan sections which will be checked in this test are shown
above in 'Assertions Tested'.

2. The connection to the UUT is via a short 5A cable with a cable e-marker, or the e-marker may
be absent, and the tester may simulate the 5A cable responses. If the UUT has a captive cable
then it shall be connected directly to the tester, and the tester shall not simulate a cable
marker.

3. The Tester gets the UUT into PD Mode as a Source(PROC-PD-MODE).

4. Send Get_Source_Cap.

5. Check that a Reject message is received if the UUT is a Consumer only
[BMC_PROT_SEQ_GETCAPS_1]. Else check that valid Source Capabilities are received. (If
the UUT is currently a Source, a Request will be sent by the Tester.)
[BMC_PROT_SEQ_GETCAPS 2]

6. Send Get_Sink_Cap.
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7. Check that a Reject message is received if the UUT is a Provider only
[BMC_PROT_SEQ_GETCAPS _3]. Else check that valid Sink Capabilities are received.
[BMC_PROT_SEQ GETCAPS 4]

8. Emulate a tester-end detach.

For UUT capable of being a consumer

9. During the following, the Tester is assumed to be running a PD Communications engine,
which interacts correctly with all communications encountered. All messages are assumed to
be checked in detail against the appropriate sections of this Plan, and the timing between
messages and significant power supply events is also checked against the appropriate sections
of this Plan. Specific Compliance Plan sections which will be checked in this test are shown
above in 'Assertions Tested'.

10. The connection to the UUT is via a short 5A cable with a cable e-marker, or the e-marker may
be absent, and the tester may simulate the 5A cable responses. If the UUT has a captive cable
then it shall be connected directly to the tester, and the tester shall not simulate a cable
marker.

11. The Tester gets the UUT into PD Mode as a Sink (PROC-PD-MODE).

12. Send Get_Source_Cap.

13. Check that a Reject message is received if the UUT is a Consumer only
[BMC_PROT_SEQ_GETCAPS_1]. Else check that valid Source Capabilities are received. (If
the UUT is currently a Source, a Request will be sent by the Tester.)

[BMC_PROT_SEQ _GETCAPS_2]

14. Send Get_Sink_Cap.

15. Check that a Reject message is received if the UUT is a Provider only
[BMC_PROT_SEQ GETCAPS _3]. Else check that valid Sink Capabilities are received.
[BMC_PROT_SEQ_GETCAPS _4]

16. Emulate a tester-end detach.

14.3.4.2 TDA 2.2.2.1 BMC-PROT-SEQ-CHKCAB-P-PC Check Cable Capabilities (3A
Marked)

Status Primary Test

Purpose To confirm that a UUT does not offer more than 3A, on a 3A-only
cable.

Critical for Safety | No

Applies to DRP, Provider, or Provider/Consumer

Description The Source Capabilities from the UUT are checked to ensure that the
UUT does not offer more current than the connecting cable is capable
of supporting.

The UUT is also checked to confirm that it sends Discover ID to the
cable (using SOP").
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Test setup Protocol Tester

Ping Policy Send Pings where possible
Preconditions

Assertions Tested | 3.3.2#1, 6.4.4.2#1, 6.4.4.3.1#2, plus assertions in any appropriate
secondary checks.

Parameters Tested

Checklist
References

Test Procedure

If the vendor declared source capabilities never exceed 3A, then the test is for information only.
The following test is performed, either with an E-marked cable cable of supporting 3A only, or
by using a special unmarked test cable, and simulating an E-marker in the Tester, supporting
3A only.

1. During the following, the Tester is assumed to be running a PD Communications engine,
which interacts correctly with all communications encountered. All messages are assumed to
be checked in detail against the appropriate sections of this Plan, and the timing between
messages and significant power supply events is also checked against the appropriate sections
of this Plan. Specific Compliance Plan sections which will be checked in this test are shown
above in 'Assertions Tested'.

2. The connection to the UUT is via a short 3A cable with a cable e-marker, or the e-marker may
be absent, and the tester may simulate the 3A cable responses. If the UUT has a captive cable
then it shall be connected directly to the tester, and the tester shall not simulate a cable
marker.

3. The Tester gets the UUT into PD Mode as a Source (PROC-PD-MODE).

4. Check that the UUT sends a DiscoverID message to the cable, using SOP'.
[BMC_PROT_SEQ CHKCAB P _PC 1]

5. For a 'Fixed' or '"Variable' supply, check that none of the Source Capabilities offered exceeds
3A. For a 'Battery' supply check that the power offered does not exceed the max Voltage
offered times 3A. [BMC_PROT_SEQ_CHKCAB_P_PC 2]

6. Emulate a tester-end detach.
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14.3.4.3 TDA 2.2.2.2 BMC-PROT-SEQ-NOMRK-P-PC Check Cable Capabilities (Unmarked)

Status Primary Test
Purpose To confirm that a UUT does not offer more than 3A, on an unmarked
cable.

Critical for Safety | No

Applies to DRP, Provider, or Provider/Consumer

Description The Source Capabilities from the UUT are checked to ensure that the

UUT does not offer more current than the connecting cable is capable
of supporting.

The UUT is also checked to confirm that it sends Discover ID to the
cable (using SOP").

Test setup Protocol Tester

Ping Policy Send Pings where possible

Preconditions

Assertions Tested | 3.32#1, 6.4.4.2#1, 6.4.4.3.1#2, plus assertions in any appropriate

secondary checks.

Parameters Tested

Checklist
References

Test Procedure

If the vendor declared source capabilities never exceed 3A, then the test is for information only.
The following test is performed using a special unmarked test cable, and NOT simulating an E-
marker in the Tester.

1. During the following, the Tester is assumed to be running a PD Communications engine,
which interacts correctly with all communications encountered. All messages are assumed to
be checked in detail against the appropriate sections of this Plan, and the timing between
messages and significant power supply events is also checked against the appropriate sections
of this Plan. Specific Compliance Plan sections which will be checked in this test are shown
above in 'Assertions Tested'.

2. The connection to the UUT is via a short 3A or 5A unmarked cable. If the UUT has a captive
cable then it shall be connected directly to the tester, and the tester shall not simulate a cable
marker.

3. The Tester gets the UUT into PD Mode as a Source (PROC-PD-MODE).

4. For a'Fixed' or 'Variable' supply, check that none of the Source Capabilities offered exceeds
3A. For a 'Battery' supply check that the power offered does not exceed the max Voltage
offered times 3A. [BMC_PROT_SEQ_NOMRK_P_PC 2]

5. Emulate a tester-end detach.
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14.3.4.4 TDA 2.2.2.3 BMC-PROT-SEQ-CHKCAB-CP-ACC Check Cable Capabilities (3A
Marked) After PR_Swap

Status

Primary Test

Purpose

To confirm that a UUT does not offer more than 3A, on a 3A-only
cable, in a power swapped state.

Critical for Safety

No

Applies to DRP, Consumer / Provider

Description The Source Capabilities from the UUT are checked to ensure that the
UUT does not offer more current than the connecting cable is capable
of supporting.
The UUT is also checked to confirm that it sends Discover ID to the
cable (using SOP").

Test setup Protocol Tester

Ping Policy Send Pings where possible

Preconditions

Assertions Tested

3.3.2#1, 6.4.4.2#1, 6.4.4.3.1#2, plus assertions in any appropriate
secondary checks.

Parameters Tested

Checklist
References

Test Procedure

If the vendor declared source capabilities never exceed 3A, then the test is for information only.
The following test is performed, either with an E-marked cable cable of supporting 3A only, or
by using a special unmarked test cable, and simulating an E-marker in the Tester, supporting

3A only.

1. During the following, the Tester is assumed to be running a PD Communications engine,

which interacts correctly with all communications encountered. All messages are assumed to

be checked in detail against the appropriate sections of this Plan, and the timing between

messages and significant power supply events is also checked against the appropriate sections
of this Plan. Specific Compliance Plan sections which will be checked in this test are shown

above in 'Assertions Tested'.

2. The connection to the UUT is via a short 3A cable with a cable e-marker, or the e-marker may
be absent, and the tester may simulate the 3A cable responses. If the UUT has a captive cable

then it shall be connected directly to the tester, and the tester shall not simulate a cable

marker.

3. The Tester gets the UUT into PD Mode as a Sink (PROC-PD-MODE).
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4. Change Tester from being a Source to being a Sink as follows:
a. The Tester requests a power role swap (PROT-PROC-SWAP-TSTR), which may

initially be declined with a Wait, while the UUT establishes what the Tester sink
requirements are.

b. After having been asked for and then having sent the Sink Capabilities, the Tester once
again requests a role swap (PROT-PROC-SWAP-TSTR).

c. As the vendor has stated that the PR_Swap will be accepted, and the correct condition
Is met, a failure to role swap at this point is deemed a test failure.
[BMC_PROT_SEQ CHKCAB_CP_ACC 1]

5. Check that the UUT sends a DiscoverID message to the cable, using SOP".
[BMC_PROT_SEQ_CHKCAB_CP_ACC 2]

6. For a 'Fixed' or 'Variable' supply, check that none of the Source Capabilities offered exceeds
3A. For a 'Battery' supply check that the power offered does not exceed the max Voltage
offered times 3A. [BMC_PROT_SEQ_CHKCAB_ CP_ACC _3]

7. Emulate a tester-end detach.

14.3.4.5 TDA 2.2.2.4 BMC-PROT-SEQ-CHKCAB-NOMRK-CP-ACC Check Cable
Capabilities (Unmarked) After PR_Swap

Status Primary Test

Purpose To confirm that a UUT does not offer more than 3A, on an unmarked
cable, in a power swapped state.

Critical for Safety | No

Applies to DRP, Consumer / Provider

Description The Source Capabilities from the UUT are checked to ensure that the
UUT does not offer more current than the connecting cable is capable
of supporting.

The UUT is also checked to confirm that it sends Discover ID to the
cable (using SOP").

Test setup Protocol Tester
Ping Policy Send Pings where possible
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Preconditions

Assertions Tested | 3.32#1, 6.4.4.2#1, 6.4.4.3.1#2, plus assertions in any appropriate

secondary checks.

Parameters Tested

Checklist
References

Test Procedure

If the vendor declared source capabilities never exceed 3A, then the test is for information only.
The following test is performed using a special unmarked test cable, and NOT simulating an E-
marker in the Tester.

1.

6.

During the following, the Tester is assumed to be running a PD Communications engine,
which interacts correctly with all communications encountered. All messages are assumed to
be checked in detail against the appropriate sections of this Plan, and the timing between
messages and significant power supply events is also checked against the appropriate sections
of this Plan. Specific Compliance Plan sections which will be checked in this test are shown
above in 'Assertions Tested'.

The connection to the UUT is via a short 3A or 5A unmarked cable. If the UUT has a captive
cable then it shall be connected directly to the tester, and the tester shall not simulate a cable
marker.

The Tester gets the UUT into PD Mode as a Sink (PROC-PD-MODE).

Change Tester from being a Source to being a Sink as follows:
a. The Tester requests a power role swap (PROT-PROC-SWAP-TSTR), which may

initially be declined with a Wait, while the UUT establishes what the Tester sink
requirements are.

b. After having been asked for and then having sent the Sink Capabilities, the Tester once
again requests a role swap (PROT-PROC-SWAP-TSTR).

c. As the vendor has stated that the PR_Swap will be accepted, and the correct condition
is met, a failure to role swap at this point is deemed a test failure.
[BMC_PROT_SEQ_NOMRK_CP_ACC _1]

For a 'Fixed' or 'Variable' supply, check that none of the Source Capabilities offered exceeds
3A. For a 'Battery' supply check that the power offered does not exceed the max Voltage
offered times 3A. [BMC_PROT_SEQ_NOMRK_CP_ACC _3]

Emulate a tester-end detach.

14.3.4.6 TDA 2.2.3 BMC-PROT-SEQ-DRSWAP DR_Swap Test

Status Primary Test

Purpose To confirm that a UUT responds correctly to a DR_Swap request.

Critical for Safety | No

Applies to Any PD Capable UUT except Cable
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Description A DR_Swap message is sent to the UUT, to verify that it responds
correctly.

Test setup Protocol Tester

Ping Policy Send Pings where possible

Preconditions

Assertions Tested

4.4.1#4, 6.3.10#6, 6.4.4.2#1, plus assertions in any appropriate
secondary checks.

Parameters Tested

Checklist
References

Test Procedure

1. During the following, the Tester is assumed to be running a PD Communications engine,
which interacts correctly with all communications encountered. All messages are assumed to
be checked in detail against the appropriate sections of this Plan, and the timing between
messages and significant power supply events is also checked against the appropriate sections
of this Plan. Specific Compliance Plan sections which will be checked in this test are shown
above in 'Assertions Tested'.

2. The connection to the UUT is via a short 5A cable with a cable e-marker, or the e-marker
may be absent, and the tester may simulate the 5A cable responses. If the UUT has a captive
cable then it shall be connected directly to the tester, and the tester shall not simulate a cable

marker.

3. Set default tester response to PR_Swap to Reject.

Set default tester response to DR_Swap to Reject.

Set default tester response to VCONN_Swap to Reject.

4. The Tester gets the UUT into PD Mode as a Source (PROC-PD-MODE).

5. At the earliest possible stage the Tester requests a DR_Swap. The UUT may initially send a
Wait and then perform other operations. The Tester continues, for up to 10 seconds, to
request a DR_Swap, until either Reject or Accept is received.

6. Check that a Reject message is received from the UUT, if DR_Swap_to_UFP is not
supported [BMC_PROT_SEQ_DRSWAP_1]. Else check that an Accept message is received
from the UUT. [BMC_PROT_SEQ_ DRSWAP_2]

7. If the DR_Swap was rejected, then skip to step 10.

8. At the earliest possible stage the Tester requests a further DR_Swap. The UUT may
initially send a Wait and then perform other operations. The Tester continues, for up to 10
seconds, to request a DR_Swap, until either Reject or Accept is received.

9. Check that a Reject message is received from the UUT, if DR_Swap_to_DFP is not
supported [BMC_PROT_SEQ_DRSWAP_3]. Else check that an Accept message is received
from the UUT. [BMC_PROT_SEQ_DRSWAP_4]

10. Emulate a tester-end detach.
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If UUT is able to start as Sink

11. The Tester gets the UUT into PD Mode as a Sink (PROC-PD-MODE).

12. At the earliest possible stage the Tester requests a DR_Swap. The UUT may initially send
a Wait and then perform other operations. The Tester continues, for up to 10 seconds, to
request a DR_Swap, until either Reject or Accept is received.

13. Check that a Reject message is received from the UUT, if DR_Swap_to_DFP is not
supported [BMC_PROT_SEQ DRSWAP_5]. Else check that an Accept message is received
from the UUT. [BMC_PROT_SEQ_ DRSWAP_6]

14. If the DR_Swap was rejected, then skip to step 17.

15. At the earliest possible stage the Tester requests a further DR_Swap. The UUT may
initially send a Wait and then perform other operations. The Tester continues, for up to 10
seconds, to request a DR_Swap, until either Reject or Accept is received.

16. Check that a Reject message is received from the UUT, if DR_Swap_to UFP is not
supported [BMC_PROT_SEQ DRSWAP_7]. Else check that an Accept message is received
from the UUT. [BMC_PROT_SEQ_ DRSWAP_8]

17. Emulate a tester-end detach.

14.3.4.7 TDA 2.2.4 BMC-PROT-SEQ-VCSWAP Vconn_Swap Test

Status

Primary Test

Purpose

To confirm that a UUT responds correctly to a Vconn Swap request.

Critical for Safety

No

Applies to Any PD Capable UUT except Cable

Description A DR_Swap message is sent to the UUT, to verify that it responds
correctly.

Test setup Protocol Tester

Ping Policy Send Pings where possible

Preconditions

Assertions Tested

4.4.1#4, 6.3.10#6, 6.4.4.2#1, plus assertions in any appropriate
secondary checks.

Parameters Tested

Checklist
References

Test Procedure

1. During the following, the Tester is assumed to be running a PD Communications engine,
which interacts correctly with all communications encountered. All messages are assumed to
be checked in detail against the appropriate sections of this Plan, and the timing between
messages and significant power supply events is also checked against the appropriate sections
of this Plan. Specific Compliance Plan sections which will be checked in this test are shown
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above in 'Assertions Tested'. 2. The connection to the UUT is via a short 5A cable with a
cable e-marker, or the e-marker may be absent, and the tester may simulate the 5A cable
responses. If the UUT has a captive cable then it shall be connected directly to the tester, and
the tester shall not simulate a cable marker.

3. Set default tester response to PR_Swap to Reject.
Set default tester response to DR_Swap to Accept.
Set default tester response to VCONN_Swap to Reject.

If UUT is able to start as Source

4. The Tester gets the UUT into PD Mode as a Source (PROC-PD-MODE), applying Ra to
the remote end of the non-CC line.

5. Check that, if Type_C_Sources VCONN is YES, then VCONN is present at the remote
end of the non-CC line [BMC_PROT_SEQ_VCSWAP_6]. Check that, if

Type_C_Sources VCONN is NO, then VCONN is not present at the remote end of the non-
CC line [BMC_PROT_SEQ_VCSWAP_6].

6. At the earliest possible stage the Tester requests a VCONN_Swap. The UUT may initially
send a Wait and then perform other operations. The Tester continues, for up to 10 seconds, to
request a VCONN_Swap, until either Reject or Accept is received.

7. Check that a Reject message is received from the UUT, if VCONN_Swap_to_Off is not
supported [BMC_PROT_SEQ_VCSWAP _1]. Else check that an Accept message is
received from the UUT. [BMC_PROT_SEQ_ VCSWAP 2]

8. If the VCONN_Swap was rejected, then skip to step 15.
9. Send a PS_RDY message.

10. Check that VCONN is not present at the remote end of the non-CC line
[BMC_PROT_SEQ_VCSWAP_7].

11. At the earliest possible stage the Tester requests a further VCONN _Swap. The UUT may
initially send a Wait and then perform other operations. The Tester continues, for up to 10
seconds, to request a VCONN _Swap, until either Reject or Accept is received.

12. Check that a Reject message is received from the UUT, if VCONN_Swap_to_On is not
supported [BMC_PROT_SEQ_VCSWAP _3]. Else check that an Accept message is
received from the UUT. [BMC_PROT_SEQ_ VCSWAP 4]

13. Check that a PS_RDY message is received from the UUT
[BMC_PROT_SEQ_VCSWAP_5].

14. Check that VCONN is present at the remote end of the non-CC line
[BMC_PROT_SEQ_VCSWAP_6].

15. Emulate a tester-end detach.
If UUT is able to start as sink

GRL USB-PD MOI and User Guide Revision 1.2.6.0.
© Granite River Labs 2016, 2017 Page 211 of 309



16. The Tester gets the UUT into PD Mode as a Sink (PROC-PD-MODE), applying Ra to the
remote end of the non-CC line.

17. Check that VCONN is not present at the remote end of the non-CC line
[BMC_PROT_SEQ_VCSWAP_7].

18. At the earliest possible stage the Tester requests a VCONN _Swap. The UUT may initially
send a Wait and then perform other operations. The Tester continues, for up to 10 seconds, to
request a VCONN _Swap, until either Reject or Accept is received.

19. Check that a Reject message is received from the UUT, if VCONN_Swap_to_On is not
supported [BMC_PROT_SEQ_VCSWAP _8]. Else check that can Accept message is
received from the UUT. [BMC_PROT_SEQ_ VCSWAP 9]

20. If the VCONN_Swap was rejected, then skip to step 28.

21. Check that a PS_RDY message is received from the UUT
[BMC_PROT_SEQ VCSWAP_10]. 22. Check that VCONN is present at the remote end of
the non-CC line [BMC_PROT_SEQ_VCSWAP_11].

23. At the earliest possible stage the Tester requests a further VCONN_Swap. The UUT may
initially send a Wait and then perform other operations. The Tester continues, for up to 10

seconds, to request a VCONN_Swap, until either Reject or Accept is received.

24. Check that a Reject message is received from the UUT, if VCONN_Swap_to_Off is not
supported [BMC_PROT_SEQ_VCSWAP _12]. Else check that an Accept message is
received from the UUT. [BMC_PROT_SEQ_VCSWAP_13]

25. If the VCONN _Swap was rejected, then skip to step 11.
26. Send a PS_RDY message.

27. Check that VCONN is not present at the remote end of the non-CC line
[BMC_PROT_SEQ VCSWAP_1

28. Emulate a tester-end detach

14.3.4.8 TDA 2.2.5 BMC-PROT-DISCOV ID Checks Test

Status

Primary Test

Purpose

To perform the appropriate protocol checks relating a Cable
Discovery sequence.

Critical for Safety

Applies to DRP, Consumer, Consumer/Provider

Description This test performs a Discovery procedure for a UUT, using SOP
messages.

Test setup The UUT is connected to the tester.
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Ping Policy Send Pings where possible
Preconditions

Assertions Tested | 53,343, 6.3.4#3, 6.3.9#6, 6.3.9#7, 6.3.9#8, 6.3.9#9, 6.3.12#3 plus
assertions in any appropriate secondary checks.

Parameters

Parameters Tested

Checklist
References

Test Procedure
1. During the following, the Tester is assumed to be running a PD Communications engine, which
interacts correctly with all communications encountered. All messages are assumed to be checked
in detail against the appropriate sections of this Plan, and the timing between messages and
significant power supply events is also checked against the appropriate sections of this Plan.
Specific Compliance Plan sections which will be checked in this test are shown above in
'Assertions Tested'.
2. The connection to the UUT is via a short 5A cable with a cable e-marker, or the e-marker may
be absent, and the tester may simulate the 5A cable responses. If the UUT has a captive cable then
it shall be connected directly to the tester, and the tester shall not simulate a cable marker.

1. The Tester gets the UUT into PD Mode (PROC-PD-MODE) as a Consumer.
2. During the following, respond to any messages received and behave accordingly. Check the
appropriateness of such messages.

5. Send a Discover ID Initiator to the UUT, using SOP.

6. Check that the UUT responds with a valid Discover ID ACK message, using SOP
[BMC_PROT_DISCOV_1]. If the UUT responds with NAK it is deemed to have failed. If the
UUT responds with BUSY, then the Tester will make four further attempts, with a delay in
between of tVDMBusy min (100ms) between each attempt. If the UUT does not respond with
ACK after one of these attempts, it is deemed to have failed, and is concluded by proceeding to
the last step.

7. Check that the first bit of the preamble of this message is sent after tinterFrameGap min
(25us) but before tVDMReceiverResponse max (15ms), after the last bit of the EOP of the
GoodCRC [BMC_PROT_DISCOV _2]. Check that the values in the Discover ID ACK
message meet the requirements of PROT-MSG-DATA-VDM-ID-ACK,

8. Send a Discover SVIDs Initiator to the UUT, using SOP.

GRL USB-PD MOI and User Guide Revision 1.2.6.0.
© Granite River Labs 2016, 2017 Page 213 of 309



9. Check that the UUT responds with a valid Discover SVIDs ACK message or NAK message,
using SOP [BMC_PROT_DISCOV_3]. If the response is NAK, the test is concluded by
proceeding to the last step. In the case of a NAK, if the UUT has indicated in its response to
'Discover ID' that it supports Modal Operation, and then it is deemed to have failed. If the
response is ACK, and the UUT has indicated in its response to 'Discover ID' that it does not
support Modal Operation, then it is deemed to have failed. If the UUT responds with BUSY,
then the Tester will make four further attempts, with a delay in between of tVDMBusy min
(100ms) between each attempt. If the UUT does not respond with ACK after one of these
attempts, it is deemed to have failed.

10. Check that the first bit of the preamble of this message is sent after tinterFrameGap min
(25us) but before tVDMReceiverResponse max (15ms), after the last bit of the EOP of the
GoodCRC [BMC_PROT_DISCOV_4]. Check that the values in the Discover SVID ACK
message meet the requirements of PROT-MSG-DATA-VDM-SVID-ACK.

11. If the Discover SVID ACK message indicates that there are further SVIDs to fetch, the
sequence is repeated from [7] until there are no further SVIDs.

For each SVID:
11. Send a Discover Modes Initiator to the UUT, using SOP.

13. Check that the UUT responds with a valid Discover Modes ACK message or NAK message,
using SOP [BMC_PROT_DISCOV_5]. If the UUT responds with NAK it is deemed to have
failed. If the UUT responds with BUSY, then the Tester will make four further attempts, with a
delay in between of tVDMBusy min (100ms) between each attempt. If the UUT does not respond
with ACK after one of these attempts, it is deemed to have failed.

14. Check that the first bit of the preamble of this message is sent after tinterFrameGap min
(25us) but before tVDMReceiverResponse max (15ms), after the last bit of the EOP of the
GoodCRC [BMC_PROT_DISCOV_6]. Check that the values in the Discover MODES ACK
message meet the requirements of PROT-MSG-DATA-VDM-MODES-ACK.

For each of these Modes: In the following we attempt to enter, then exit each mode advertised.
Some modes may not be enterable without first entering some other mode. It must be possible to
enter at least one mode.

15. Send an Enter Mode Initiator to the UUT, using SOP.

16. Check that the UUT responds with a valid Enter Mode ACK message or NAK message, using
SOP [BMC_PROT_DISCOV _7]. If the UUT responds with BUSY, then the Tester will make
four further attempts, with a delay in between of tVDMBusy min (100ms) between each
attempt. If the UUT does not respond with ACK or NAK after one of these attempts, it is
deemed to have failed.
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17. If the Enter Mode response was an ACK, send an Exit Modes Initiator to the UUT, using

SOP.
18. Check that the UUT responds with a valid Exit Modes ACK message, using SOP
[BMC_PROT_DISCOV_8]. If the response is NAK or BUSY, the test is deemed to have

failed.

19. Emulate a tester-end detach.

14.3.4.9 TDA 2.2.6 BMC-PROT-SEQ-PRSWAP PR_Swap Test (Provider/Consumer)

Status Primary Test
Purpose To confirm that a UUT always responds appropriately to PR_Swap
requests..

Critical for Safety | No
Applies to Any UUT

Description The UUT is requested to do a Power Role Swap, under conditions
favourable to such a swap.

We confirm that the PR_Swap is responded to in the way specified in
the Vendor Information File

Test setup Protocol Tester

Ping Policy Send Pings where possible
Preconditions

Assertions Tested | 6.3.3#4, 6.3.4#4, 6.3.11#3, 6.3.11#5, 6.3.11#7, 6.3.11#8, 6.3.12#4

plus assertions in any appropriate secondary checks.

Parameters Tested

Checklist
References

Test Procedure
For any UUT capable of being a Source (else proceed to the second half of the test description

1. During the following, the Tester is assumed to be running a PD Communications engine,
which interacts correctly with all communications encountered. All messages are assumed to
be checked in detail against the appropriate sections of this Plan, and the timing between
messages and significant power supply events is also checked against the appropriate sections
of this Plan. Specific Compliance Plan sections which will be checked in this test are shown
above in 'Assertions Tested'. 2. The connection to the UUT is via a short 5A cable with a
cable e-marker, or the e-marker may be absent, and the tester may simulate the 5A cable
responses. If the UUT has a captive cable then it shall be connected directly to the tester, and
the tester shall not simulate a cable marker.
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3. Set default tester response to PR_Swap to Reject.

Set default tester response to DR_Swap to Accept.

Set default tester response to VCONN_Swap to Accept.
Set the Tester Unconstrained Power bit to 1.

Set Tester Dual-Role Power to 1.

4. The Tester gets the UUT into PD Mode as a Source (PROC-PD-MODE).

5. The Tester gets the UUT Sink Capabilities, and changes its own Source Capabilities to
match the UUT Sink Capabilities, and changes its Unconstrained Power bit to 1, giving the
best conditions for the PR_Swap to be accepted.

6. At the earliest possible stage the Tester requests a PR_Swap. The UUT may initially send a
Wait and then fetch the Tester Source Capabilities. The Tester continues, for up to 10
seconds, to request a PR_Swap.

7. By the end of this time, check that the response from the UUT matches the VIF declared
response (Accepts PR_Swap_as_Source: YES/NO) [BMC_PROT_SEQ _SWAP_REJ 1].
Accept and Reject are the only options to be considered for a PASS. Continued Wait response
after 10 seconds is considered to be a FAIL.

8. If the UUT has sent a Reject message then skip to step 12.

9. (The UUT is now a Sink, the tester is Source; has just completed a PR_Swap and has a
contract.) The Tester gets the UUT Source Capabilities, and changes its own Sink
Capabilities to match the first PDO of the UUT Source Capabilities, and changes its
Unconstrained Power bit to 0, giving the best conditions for the PR_Swap to be accepted.
Send these new Capabilities to the UUT, and allow it to request a new contract.

10. Now request a PR_Swap. The UUT may initially send a Wait and then fetch the Tester
Sink Capabilities. The Tester continues, for up to 10 seconds, to request a PR_Swap.

11. By the end of this time, check that the response from the UUT matches the VIF declared
response (Accepts PR_Swap_as_Sink: YES/NO) [BMC_PROT_SEQ_SWAP_REJ 2].
Accept and Reject are the only options to be considered for a PASS. Continued Wait response
after 10 seconds is considered to be a FAIL.

12. Emulate a tester-end detach.
For any UUT capable of being a Sink (if not, test is complete)

13. During the following, the Tester is assumed to be running a PD Communications engine,
which interacts correctly with all communications encountered. All messages are assumed to
be checked in detail against the appropriate sections of this Plan, and the timing between
messages and significant power supply events is also checked against the appropriate sections
of this Plan. Specific Compliance Plan sections which will be checked in this test are shown
above in 'Assertions Tested'.

14. The connection to the UUT is via a short 5A cable with a cable e-marker, or the e-marker
may be absent, and the tester may simulate the 5A cable responses. If the UUT has a captive
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cable then it shall be connected directly to the tester, and the tester shall not simulate a cable
marker.

15. Set default tester response to PR_Swap to Reject.
Set default tester response to DR_Swap to Accept.

Set default tester response to VCONN_Swap to Accept.
Set the Tester Unconstrained Power bit to O.

Set Tester Dual-Role Power to 1.

16. The Tester gets the UUT into PD Mode as a Sink (PROC-PD-MODE).

17. The Tester gets the UUT Source Capabilities, and changes its own Sink Capabilities to
match the first PDO of the UUT Source Capabilities, and to state that the Tester does not have
Unconstrained Power, giving the best conditions for the PR_Swap to be accepted.

18. At the earliest possible stage the Tester requests a PR_Swap. The UUT may initially send
a Wait and then fetch the Tester Sink Capabilities. The Tester continues, for up to 10
seconds, to request a PR_Swap.

19. By the end of this time, check that the response from the UUT matches the VIF declared
response (Accepts PR_Swap_as_Sink: YES/NO) [BMC_PROT_SEQ_SWAP_REJ 3].
Accept and Reject are the only options to be considered for a PASS. Continued Wait response
after 10 seconds is considered to be a FAIL.

20. If the UUT has sent a Reject message then skip to step 24.

21. (The UUT is now a Source, the tester is Sink; has just completed a PR_Swap and has a
contract.) The Tester gets the UUT Sink Capabilities, and changes its own Source
Capabilities to match the UUT Sink Capabilities, and changes its Unconstrained Power bit to
1, giving the best conditions for the PR_Swap to be accepted.

22. Now request a PR_Swap. The UUT may initially send a Wait and then fetch the Tester
Sink Capabilities. The Tester continues, for up to 10 seconds, to request a PR_Swap.

23. By the end of this time, check that the response from the UUT matches the VIF declared
response (Accepts PR_Swap_as_Source: YES/NO) [BMC_PROT_SEQ_SWAP_REJ 4].
Accept and Reject are the only options to be considered for a PASS. Continued Wait response
after 10 seconds is considered to be a FAIL. Sending Reject when parameter
Accepts_ PR _Swap_as_Source is YES, is deemed to only attract a WARNING.

Note: this WARNING would result from the UUT assuming the state of the Unconstrained
Power bit, rather than the logically correct behaviour of sending a Wait, and then fetching the
Tester Sink Capabilities to determine the up-to-date state of this bit.

24. Emulate a tester-end detach.
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14.3.4.10 TDA 2.2.7 BMC-PROT-BIST-NOT-5V-SRC BIST Functionality at Above 5V Test

Status Primary Test

Purpose To confirm that the UUT ignores BIST messages if Vbus is above 5V.

Critical for Safety | Yes

Applies to DRP, Provider, Provider/Consumer (capable of supplying a voltage
above 5V).

Description The Source is made to supply a voltage above 5V, and then a BIST
message is sent to it. It is confirmed that the message is ignored.

Test setup Protocol Tester.

Ping Policy Send Pings where possible

Preconditions

Assertions Tested | 5.8 1 4#2 5.8.1.4#3, 6.4.4.3.1#4, 6.4.4.3.2#4, 6.4.4.3.342, 6.4.4.3.4#4,

6.4.4.4#1, 6.5.11.1#6, 6.5.11.1#7, plus assertions in any appropriate
secondary checks.

Parameters Tested

Checklist
References

Test Procedure for Provider or Provider/Consumer

1.

o ok w

During the following, the Tester is assumed to be running a PD Communications engine,
which interacts correctly with all communications encountered. All messages are assumed to
be checked in detail against the appropriate sections of this Plan, and the timing between
messages and significant power supply events is also checked against the appropriate sections
of this Plan. Specific Compliance Plan sections which will be checked in this test are shown
above in 'Assertions Tested'.

The connection to the UUT is via a short 5A cable with a cable e-marker, or the e-marker may
be absent, and the tester may simulate the 5A cable responses. If the UUT has a captive cable
then it shall be connected directly to the tester, and the tester shall not simulate a cable
marker.

The Tester gets the UUT into PD Mode (PROC-PD-MODE).

The Tester makes a Request for a voltage above 5V (PROT-PROC-REQ-TSTR).

The Tester sends a BIST request for Mode 2.

Check that the UUT does not start sending BIST Mode 2 data.
[BMC_PROT_BIST_NOT 5V_SRC 1]
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143411 TDA 2.2.8 BMC-PROT-REV-NUM Revision Number Test
Status Primary Test
Purpose To confirm that on receipt of a message header with a higher revision

number than that supported, a port responds using the highest revision
number it supports.

Critical for Safety

No

Applies to DRP, Provider, Consumer, Provider / Consumer, Consumer/Provider

Description A message containing a revision number higher than the current
revision is sent to the UUT. The UUT is checked to see that it
responds correctly by returning the correct current revision number in
a Request message.

Test setup Protocol Tester.

Ping Policy Send Pings where possible

Preconditions

Assertions Tested

6.3.4#2, 6.3.4#7, 8.2.6.2#2
plus assertions in any appropriate secondary checks

Parameters Tested

Checklist
References

Test Procedure

1. During the following, the Tester is assumed to be running a PD Communications engine,

which interacts correctly with all communications encountered. All messages are assumed to

be checked in detail against the appropriate sections of this Plan, and the timing between

messages and significant power supply events is also checked against the appropriate sections

of this Plan. Specific Compliance Plan sections which will be checked in this test are shown

above in 'Assertions Tested'.

The connection to the UUT is via a short 5A cable with a cable e-marker, or the e-marker may

be absent, and the tester may simulate the 5A cable responses. If the UUT has a captive cable

then it shall be connected directly to the tester, and the tester shall not simulate a cable

marker.

The Tester gets the UUT into PD Mode (PROC-PD-MODE). During this procedure, the

Tester sends the Source Capabilities message to the UUT using the value 10b for its

Specification Revision field.

. Check that the UUT responds with a Request, and that this contains the Specification Revision
value 01b [BMC_PROT_REV_NUM _1].

Test is now repeated, using reserved value 11b for the Source Capability message

Specification Revision field.
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14.3.4.12 TDA.2.2.9: BMC-PROT-GSC-REC Get_Source_Cap Received Test

Status

Primary Test

Purpose

To confirm that on receipt of a Get_Source_Cap message in the
PE_SRC_Ready state, the port properly transitions to the
PE_SRC_Send_Capabilities state.

Critical for Safety

No

Applies to DRP, Provider, Provider/Consumer, Consumer/Provider

Description A Get_Source_Cap message is send to a UUT that is in the
PE_SRC_Ready state. After sending a Source_Capabilities message,
the UUT should then expect a Request message in response. When
one is not received, the UUT should timeout to PE SRC Hard Reset.

Test setup Protocol Tester.

Ping Policy Send Pings where possible

Preconditions

Assertions Tested

Parameters Tested

Checklist
References

Test Procedure

For UUTSs that can be started as Source
1. During the following, the Tester is assumed to be running a PD Communications engine,

which interacts correctly with all communications encountered, except as explicitly described.
All messages are assumed to be checked in detail against the appropriate sections of this Plan,
and the timing between messages and significant power supply events is also checked against
the appropriate sections of this Plan. Specific Compliance Plan sections which will be
checked in this test are shown above in 'Assertions Tested'.

2. The connection to the UUT is via a short 5A cable with a cable e-marker, or the e-marker
may be absent, and the tester may simulate the 5A cable responses. If the UUT has a captive
cable then it shall be connected directly to the tester, and the tester shall not simulate a cable
marker.

3. The Tester gets the UUT into PD Mode as a Source (PROC-PD-MODE).

4. The Tester sends a Get_Source_Cap message to the UUT.

5. Check that a Source_Capabilities message is received from the UUT.
[BMC_PROT_GSC_REC 1]

6. The Tester does not send a Request message.

7. Check that after tSenderResponse timeout (30 ms), the UUT issues a Hard Reset.
[BMC_PROT_GSC_REC 2]
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For UUTs that are Consumer/Providers

1. During the following, the Tester is assumed to be running a PD Communications engine,
which interacts correctly with all communications encountered, except as explicitly described.
All messages are assumed to be checked in detail against the appropriate sections of this Plan,
and the timing between messages and significant power supply events is also checked against
the appropriate sections of this Plan. Specific Compliance Plan sections which will be
checked in this test are shown above in 'Assertions Tested'.

2. The connection to the UUT is via a short 5A cable with a cable e-marker, or the e-marker
may be absent, and the tester may simulate the 5A cable responses. If the UUT has a captive
cable then it shall be connected directly to the tester, and the tester shall not simulate a cable
marker.

3. The Tester gets the UUT into PD Mode as a Sink (PROC-PD-MODE).

4. Request a PR_Swap to make the UUT a Source (offering the most favourable conditions to
allow a PR_Swap to take place). Wait till there is an explicit contract in place.

5. The Tester sends a Get_Source_Cap message to the UUT.

6. Check that a Source_Capabilities message is received from the UUT.
[BMC_PROT_GSC_REC 1]

7. The Tester does not send a Request message.

8. Check that after tSenderResponse timeout (30 ms), the UUT issues a Hard Reset.
[BMC_PROT_GSC_REC_2]

14.3.5 Power Source/Sink
14.3.5.1 TDA 2.3.1.1 BMC-POW-SRC-LOAD-P-PC Source Dynamic Load (P or P/C)

Status Primary Test

Purpose To verify that the static and dynamic electrical capabilities of a Source
UUT meet the requirements for each PDO offered, and that the
procedure for requesting a change in current functions correctly. Also
verifies the behavior when a Hard Reset is sent to the UUT.

Critical for Safety

Applies to DRP, Provider or Provider/Consumer

Description The Tester requests power under the terms of each available PDO, and
checks the static voltage provided at five equally spaced current loads,
and that the voltage remains in specification while the current is
increased or decreased at a rate of 200mA per ps, from one specified
level to another.

Test setup Dynamic voltage measurement equipment, protocol Tester, adjustable
load.
Ping Policy n/a
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Preconditions

The UUT vendor is assumed to have provided a list of source PDOs,
to be the list offered by the UUT.,

Assertions Tested

6.4.1#4, 7.1.3#2, 7.1.3#3, 7.1.3#4, plus assertions in any appropriate
secondary checks.

Parameters Tested

tPSTransition, tSinkRequest, tSourceActivity

Checklist
References

Test Procedure

1. During the following, the Tester is assumed to be running a PD Communications engine, which
interacts correctly with all communications encountered. All messages are assumed to be checked
in detail against the appropriate sections of this Plan, and the timing between messages and
significant power supply events is also checked against the appropriate sections of this Plan.
Specific Compliance Plan sections which will be checked in this test are shown above in
'Assertions Tested'.

2. The connection to the UUT is via a short 5A cable with a cable e-marker, or the e-marker may
be absent, and the tester may simulate the 5A cable responses. If the UUT has a captive cable then
it shall be connected directly to the tester, and the tester shall not simulate a cable marker.

3. During the following, if Ping messages are received from the UUT, check that Ping messages
timing meets requirements in PROT-PROC-PING.

4. The Tester gets the UUT into PD Mode (PROC-PD-MODE), initially requesting PDO#1 at
100mA.

5. Wait until a Source Capabilities message is received, note the number of Power Data Objects,
and record their contents. Check that they are identical to the list provided by the vendor
[BMC_POW_SRC LOAD_P_PC 1]. If at any time during the following steps a further
Capabilities message is received, the PDOs shall be compared to the previous ones. If they differ,
report the details, and the test ends as a failure.

Repeat the following steps for each of these Power Data Objects, starting with PDO#1.:

6. Repeat the next 4 steps at no load, 25% full load, 50% full load, 75% full load, 100% full load,
75% full load, 50% full load, 25% full load and no load (9 separate Requests per PDO).

7. Monitor the voltage during the next step from just before the Request until a time sufficiently
later to capture any significant perturbation in the voltage caused by the applied current change.
8. Send a Request for power under the conditions of the current Power Data Object requesting the
appropriate current (or power) (use checks in PROT-PROC-REQ-TSTR).

9. Set the Tester to draw the requested current, changing the current drawn at a rate of 2700mA per
M.

10. Check that the extremes of the voltage measured remain within the required limits of
vSrcNew (for fixed supplies) or within the limits specified for the battery or variable supply, and
confirm that the timing of the VBUS waveform versus the messages meets the
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11. Start to monitor the voltage on VBUS; send a Hard Reset and confirm that the timing of the
VBUS waveform versus the messages meets the requirements for Hard Reset defined in PROT-
PROC-HR-TSTR. [BMC_POW_SRC_LOAD_P_PC 3]

12. Emulate a tester-end detach.

13. The Tester follows the procedure to get the UUT into PD Mode (PROC-PD-MODE), however
it makes its first request for the highest voltage advertised, but requests 10ma (or 250mW if it is a
battery supply)) more than was offered.

14. Check that the UUT Rejects the Request, [BMC_POW_SRC LOAD_P _PC 4]

14.3.5.2 TDA 2.3.1.2 BMC-POW-SRC-LOAD-CP-ACC Source Dynamic Load CP Accepting
Swap

Status Primary Test

Purpose To verify that the static and dynamic electrical capabilities of a Source
meet the requirements for each PDO offered, and that the procedure
for requesting an increase in current functions correctly.

Critical for Safety

Applies to DRP or Consumer/Provider which is able to accept a Swap

Description The Tester requests power under the terms of each available PDO,
initially 25% of the offered power, and then requesting an increase to
100%. It then checks the static voltage provided at five equally spaced
current loads, and that the voltage remains in specification while the
current is increased or decreased at a rate of 200mA per us, from one
specified level to another.

Test setup Dynamic voltage measurement equipment, protocol Tester, adjustable
load.

Ping Policy Send Pings where possible

Preconditions The UUT vendor is assumed to have provided a list of source PDOs,

to be the list offered by the UUT; and to have stated that the UUT will
accept a Power Role Swap request under the test conditions.

Assertions Tested | 64,144, 7.1.3#2, 7.1.3#3, 7.1.3#4, plus assertions in any appropriate
secondary checks.

Parameters Tested | tpSTransition, tSinkRequest, tSourceActivity

Checklist
References

Test Procedure

1. During the following, the Tester is assumed to be running a PD Communications engine,
which interacts correctly with all communications encountered. All messages are assumed to
be checked in detail against the appropriate sections of this Plan, and the timing between
messages and significant power supply events is also checked against the appropriate sections
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of this Plan. Specific Compliance Plan sections which will be checked in this test are shown
above in 'Assertions Tested'.

2. The connection to the UUT is via a short 5A cable with a cable e-marker, or the e-marker
may be absent, and the tester may simulate the 5A cable responses. If the UUT has a captive
cable then it shall be connected directly to the tester, and the tester shall not simulate a cable
marker.

3. During the following, whenever the UUT is acting as a Source, if Ping messages are
received from the UUT, check that Ping messages timing meets requirements in PROT-
PROC-PING.

4. The Tester gets the UUT into PD Mode (PROC-PD-MODE).

5. Get the UUT Source Capabilities.

6. Set the Tester Sink Capabilities to match this, and set 'Not Externally Powered'.
Change Tester from being a Source to being a Sink as follows:

7. The Tester requests a power role swap (PROT-PROC-SWAP-TSTR), which may initially
be declined with a Wait, while the UUT establishes what the Tester sink requirements are.
After having been asked for and then having sent the Sink Capabilities, the Tester once again
requests a role swap (PROT-PROC-SWAP-TSTR). As the vendor has stated that the
PR_Swap will be accepted, and the correct condition is met, a failure to role swap at this point
is deemed a test failure. [BMC_POW_SRC_LOAD_CP_ACC_1]

8. On receiving Source Capabilities from the UUT, after the Swap, the Tester initially requests
PDO#1 at 100mA.

9. In this Source Capabilities message, note the number of Power Data Objects, and record
their contents. Check that they are identical to the list provided by the vendor
[BMC_POW_SRC LOAD_CP_ACC_2]. If at any time during the following steps a further
Capabilities message is received, the PDOs shall be compared to the previous ones. If they
differ, report the details, and the test ends as a failure.

Repeat the following steps for each of these Power Data Objects, starting with PDO#1.:

10. Repeat the next 4 steps at no load, 25% full load, 50% full load, 75% full load, 100% full
load, 75% full load, 50% full load, 25% full load and no load (9 separate Requests per PDO).

11. Monitor the voltage during the next step from just before the Request until a time
sufficiently later to capture any significant perturbation in the voltage caused by the applied
current change.

12. Send a Request for power under the conditions of the current Power Data Object
requesting the appropriate current (or power) (use checks in PROT-PROC-REQ-TSTR).

13. Set the Tester to draw the requested current, changing the current drawn at a rate of
100mA per ps.

GRL USB-PD MOI and User Guide Revision 1.2.6.0.
© Granite River Labs 2016, 2017 Page 224 of 309



14. Check that the extremes of the voltage measured remain within the required limits of
vSrcNew (for fixed supplies) or within the limits specified for the battery or variable supply,
and confirm that the timing of the VBUS waveform versus the messages meets the
requirements defined in PROT-PROC-REQ-TSTR.
[BMC_POW_SRC_LOAD_CP_ACC_3]

After doing this for each of these Power Data Objects:

15. Start to monitor the voltage on VBUS; send a Hard Reset and confirm that the timing of the
VBUS waveform versus the messages meets the requirements for Hard Reset defined in
PROT-PROC-HR-TSTR. [BMC_POW_SRC_LOAD_P_PC_4]

14.3.5.3 TDA 2.3.2.1 BMC-POW-SRC-TRANS-P-PC Source PDO Transition Test (P or P/C)

Status Primary Test

Purpose To verify the timing, electrical and protocol compliance of a positive
or negative voltage or current transition from a Source.

Critical for Safety

Applies to DRP, Provider or Provider/Consumer

Description The Tester causes the UUT to perform each possible transition
between sourcing different voltages, and by monitoring VVbus and the
protocol messages, verifies that the appropriate conditions are met.

Test setup Voltage measurement equipment, protocol Tester, adjustable load.

Preconditions The UUT vendor is assumed to have provided a list of source PDOs,
to be the list offered by the UUT.

Ping Policy n/a

Assertions Tested | 52 1#1, 5.2.3#1, 7.1.4#1-8, 7.1.5#1-8, 7.1.7#1, plus assertions in any
appropriate secondary checks.

Parameters Tested | tSinkRequest

Checklist
References

Test Procedure
1. During the following, the Tester is assumed to be running a PD Communications engine,
which interacts correctly with all communications encountered. All messages are assumed to
be checked in detail against the appropriate sections of this Plan, and the timing between
messages and significant power supply events is also checked against the appropriate sections
of this Plan. Specific Compliance Plan sections which will be checked in this test are shown
above in 'Assertions Tested'.
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The connection to the UUT is via a short 5A cable with a cable e-marker, or the e-marker may
be absent, and the tester may simulate the 5A cable responses. If the UUT has a captive cable
then it shall be connected directly to the tester, and the tester shall not simulate a cable
marker.

During the following, if Ping messages are received from the UUT, check that Ping messages
timing meets requirements in PROT-PROC-PING.

The Tester gets the UUT into PD Mode (PROC-PD-MODE), initially requesting PDO#1 at
100mA.

Wait until a Source Capabilities message is received, note the number of Power Data Objects,
and record their contents. Check that they are identical to the list provided by the vendor
[BMC_POW_SRC_TRANS_P_PC_1]. If at any time during the following steps a further
Capabilities message is received, the PDOs shall be compared to the previous ones. If they
differ, report the details, and the test ends as a failure.

Choose a sequence of Requests which, starting from PDO #1 will, by their completion, have
demonstrated every transition between two different available PDOs, and end back at PDO #1.
For each of these transitions, and starting with the Tester applying a nominal capacitance of
cSnkBulk min (1uF) across Vbus:

6.

Send a Request for power under the conditions of the next PDO in question, with a current of
100mA (or a power of 500mW if Battery) or less if less is offered (use the checks in PROT-
PROC-REQ-TSTR). Start monitoring Vbus continuously.

Check that the Vbus trace measured and the message timing satisfy the requirements in
PROT-PROC-REQ-TSTR. [POW_SRC_TRANS P_PC 2]

If not all PDO voltage transitions have been tested, repeat from step 5.

Repeat all transition tests from step 5 while the Tester loads VVbus with a nominal cSnkBulk
max (10pF).

14.3.5.4 TDA 2.3.2.2 BMC-POW-SRC-TRANS-CP-ACC Source PDO C/P Accepting Swap

Status Primary Test

Purpose To verify the timing, electrical and protocol compliance of a positive

or negative voltage or current transition from a Source.

Critical for Safety | No

Applies to DRP or Consumer/Provider, able to accept a Swap request

Description The Tester causes the UUT to perform each possible transition

between sourcing different voltages for available sets of Source
Capabilities, and by monitoring Vbus and the protocol messages,
verifies that the appropriate conditions are met.

Test setup Voltage measurement equipment, protocol Tester, adjustable load.
Ping Policy Send Pings where possible
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Preconditions The UUT vendor is assumed to have provided a list of source PDOs,

to be the list offered by the UUT; and to have stated that the UUT will
accept a Power Role Swap request under the test conditions.

Assertions Tested | 52 1#1, 5.2.3#1, 7.1.4#1, 7.1.4#2, 7.1.443, 7.1.4#4, 7.1.445, 7.1.4#6,

7.1.44#7,7.1.4#8, 7.1.5#1, 7.1.5#2, 7.1.5#3, 7.1.5#4, 7.1.5#5, 7.1.5#6,
7.1.5#7, 7.1.5#8, 7.1.7#1, 7.1.12#1, 7.1.12#2, 7.1.12#1, 7.1.12#2, plus
assertions in any appropriate secondary checks.

Parameters Tested | tSinkRequest

Checklist
References

Test Procedure

1.

No ok

During the following, the Tester is assumed to be running a PD Communications engine,
which interacts correctly with all communications encountered. All messages are assumed to
be checked in detail against the appropriate sections of this Plan, and the timing between
messages and significant power supply events is also checked against the appropriate sections
of this Plan. Specific Compliance Plan sections which will be checked in this test are shown
above in 'Assertions Tested'.

The connection to the UUT is via a short 5A cable with a cable e-marker, or the e-marker may
be absent, and the tester may simulate the 5A cable responses. If the UUT has a captive cable
then it shall be connected directly to the tester, and the tester shall not simulate a cable
marker.

During the following, whenever the UUT is acting as a Source, if Ping messages are received
from the UUT, check that Ping messages timing meets requirements in PROT-PROC-PING.
The Tester gets the UUT into PD Mode (PROC-PD-MODE).

Get the UUT Source Capabilities.

Set the Tester Sink Capabilities to match this, and set 'Not Externally Powered'.

Change Tester from being a Source to being a Sink as follows:
a. The Tester requests a power role swap (PROT-PROC-SWAP-TSTR), which may

initially be declined with a Wait, while the UUT establishes what the Tester sink
requirements are. After having been asked for and then having sent the Sink
Capabilities, the Tester once again requests a role swap (PROT-PROC-SWAP-TSTR).
As the vendor has stated that the PR_Swap will be accepted, and the correct condition
are met, a failure to role swap at this point is deemed a test failure.
[BMC_POW_SRC_TRANS CP_ACC 1]
On receiving Source Capabilities from the UUT, after the Swap, the Tester initially requests
PDO#1 at 100mA.
In this Source Capabilities message, note the number of Power Data Objects, and record their
contents. Check that they are identical to the list provided by the vendor [BMC_POW_SRC _
TRANS _CP_ACC_2]. If at any time during the following steps a further Capabilities
message is received, the PDOs shall be compared to the previous ones. If they differ, report
the details, and the test ends as a failure.
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Choose a sequence of Requests which, starting from PDO #1 will, by their completion, have
demonstrated every transition between two different available PDOs, and end back at PDO #1.
For each of these transitions, and starting with the Tester applying a nominal capacitance of
cSnkBulk min (1uF) across Vbus:

10. Send a Request for power under the conditions of the next PDO in question, requesting the
largest current offered (use checks in PROT-PROC-REQ-TSTR). Start monitoring Vbus
continuously.

11. Check that the Vbus trace measured and the message timing satisfy the requirements in
PROT-PROC-REQ-TSTR. [BMC_POW_SRC_TRANS CP_ACC 3]

12. If not all PDO voltage transitions have been tested, repeat from step 9.

13. Repeat all transition tests from step #8 while the Tester loads Vbus with a nominal cSnkBulk
max (10uF).

14.3.5.5 TDA 2.3.3.1 BMC-POW-SNK-TRANS-C-CP Sink PDO Transition Test (C or C/P)

Status Primary Test

Purpose To verify the timing, electrical and protocol compliance of a voltage
or current transition for a Sink, and that the Sink does not draw more
current than contracted for.

Critical for Safety | No

Applies to Consumer or Consumer/Provider

Description The Tester causes the UUT to make a request for power under the
terms of a new PDO, selected at the discretion of the test operator. It
then checks that the UUT meets the protocol and protocol timing
requirements and does not draw more current than permitted at any
time during or after the transition.

Finally the Sink is suspended and its current draw checked against
permitted suspend current.

Test setup Current measurement equipment, protocol Tester, adjustable supply.
Ping Policy Send Pings where possible
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Preconditions The Tester attempts to encourage the UUT to make a request for a

transition from 5V to the highest voltage it can make use of.

If no better alternative is available, a transition from 5V/100mA to 5V
at a higher current may be used as the test example. Except for this
case we will be testing a voltage and a current increase type transition.

Assertions Tested | 52 1#1, 5.2.3#1, 7.2.3#1-5, 7.3.1#1-5, 7.3.2#1-6, 7.3.3#1-6, 7.3.4#1-

6, 7.3.5#1-6, 7.3.6#1-6, 7.3.7#1-6, 7.3.8#1-6, 7.3.19#1-3, plus
assertions in any appropriate secondary checks.

Parameters Tested | tSourceActivity, tNewSnk

Checklist
References

Test Procedure

1.

During the following, the Tester is assumed to be running a PD Communications engine,
which interacts correctly with all communications encountered. All messages are assumed to
be checked in detail against the appropriate sections of this Plan, and the timing between
messages and significant power supply events is also checked against the appropriate sections
of this Plan. Specific Compliance Plan sections which will be checked in this test are shown
above in 'Assertions Tested'.

The connection to the UUT is via a short 5A cable with a cable e-marker, or the e-marker may
be absent, and the tester may simulate the 5A cable responses. If the UUT has a captive cable
then it shall be connected directly to the tester, and the tester shall not simulate a cable
marker.

During the following, Ping messages are sent by the Tester, as specified in PROT-PROC-
PING. (Although optional, it is desirable to check that Ping does not cause any misbehavior.)
The Tester gets the UUT into PD Mode (PROC-PD-MODE), initially offering only PDO#1 at
100mA.

After a contract has been established, fetch the UUT Sink Capabilities.

The Tester sends a Get_Sink_Cap message to the UUT (use checks in PROT-PROC-
GETSNKCAPS-TSTR).

Check this Sink Capabilities message to ensure that it matches the PDOs specified by the
vendor. [POW_SNK_TRANS_C_CP_1] Note the PDO# with the highest voltage for
subsequent tests.

The Tester changes its capabilities to offer OmA for PDO#1, and the full requested current
(power) at PDO#2 corresponding to the sink PDO# noted above, and sends out a new Source
Capabilities message as a result (use checks in PROT-PROC-SRCCAPS-TSTR). (If only 5V
is specified in the Sink Capabilities, offer only PDO#1 at the full current required.)

Check that we receive a request from the UUT for PDO#2 (or PDO#1 if 5V only), starting to
monitor Vbus voltage and current at this point. Check that the transition timing is correct
according to Section 7.4.1.

10. Change the Tester Source Capabilities to OmA at each of the offered PDOs.
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11. Check that we receive a valid request for OmA from the UUT, and Accept that Request.
[POW_SNK_TRANS C CP_2]

12. Check that the current draw after the transition corresponds to a power draw of 25mW.
[POW_SNK_TRANS C CP_3]

13. The Tester simulates a cable detach.

14.3.5.6 TDA 2.3.3.2 BMC-POW-SNK-TRANS-PC Sink PDO Transition Test (P/C)

Status Primary Test

Purpose To verify the timing, electrical and protocol compliance of a voltage
or current transition for a Sink, after a Role Swap, and that the Sink
does not draw more current than contracted for.

Critical for Safety | No

Applies to DRP, Provider/Consumer
Description The Tester performs a Power Role Swap to make the UUT into a
Sink.

It then attempts to encourage the UUT to make a request for a
transition from 5V to the highest voltage it can make use of.

If no better alternative is available, a transition from 5V/100mA to 5V
at a higher current may be used as the test example. Except for this
case we will be testing a voltage and a current increase type transition.

Finally the Sink is suspended and its current draw checked against
permitted suspend current.

Test setup Current measurement equipment, protocol Tester, adjustable supply.
Ping Policy Send Pings where possible
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Preconditions The UUT vendor is assumed to have provided instructions, and any

special equipment required, to force the UUT to accept a role swap,

and then request and use a particular Sink PDO, preferably a voltage
higher than vSafe5V.

If no better alternative is available, a transition from 5V/100mA to
5Vat a higher may be used as the test example. Except for this case we
will be testing a voltage and a current increase type transition.

For each PDO the vendor is assumed to have specified how long the
Tester should wait before the maximum expected load will be drawn.
This period has a default minimum of 5 seconds.

Assertions Tested 5.2.1#1, 5.2.3#1, 7.2.3#1-5, 7.3.1#1-5, 7.3.2#1-6, 7.3.3#1-6, 7.3.4#1-
6, 7.3.5#1-6, 7.3.6#1-6, 7.3.7#1-6, 7.3.8#1-6, 7.3.19#1-3, plus
assertions in any appropriate secondary checks.

Parameters Tested | tSourceActivity, tNewSnk

Checklist
References

Note: A Provider/Consumer is guaranteed to accept a swap request, under defined conditions.
Test Procedure

The following procedure make use of a configuration which will guarantee a Swap will be
accepted. Essentially this means that the Provider/Consumer UUT will not be externally

powered, and that the Tester will be pre-programmed with the Source Capabilities matching
the vendor specified Sink Capabilities are considered to satisfy its condition to accept a Role

Swap.

Note: As this is a sink and also as it is role swapped we limit the test to one or two transitions,

depending on the circumstances.

1. Follow the appropriate instructions supplied by the vendor to guarantee that the Role Swap

will occur.
2. During the following, the Tester is assumed to be running a PD Communications engine,

which interacts correctly with all communications encountered. All messages are assumed to

be checked in detail against the appropriate sections of this Plan, and the timing between

messages and significant power supply events is also checked against the appropriate sections
of this Plan. Specific Compliance Plan sections which will be checked in this test are shown

above in 'Assertions Tested'.

3. The connection to the UUT is via a short 5A cable with a cable e-marker, or the e-marker may
be absent, and the tester may simulate the 5A cable responses. If the UUT has a captive cable

then it shall be connected directly to the tester, and the tester shall not simulate a cable
marker.

4. The Tester gets the UUT into PD Mode (PROC-PD-MODE). By default, its Source
Capabilities will only offer PDO#1 at 100mA, and its Sink Capabilities will only require
PDO#1 at 100mA. [BMC_POW_SNK_TRANS_PC_1]
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5. Change the Source Capabilities offered to a list which matches the vendor Sink Capabilities.

6. Change Tester from being a Sink to being a Source as follows:
a. The Tester requests a role swap (use checks in PROT-PROC-SWAP-TSTR-SNK),

which may initially be declined with a Wait, while the UUT establishes what the
Tester Source Capabilities are. After having been asked for and then having sent the
Source Capabilities, the Tester once again requests a role swap (use checks in PROT-
PROC-SWAP-TSTR-SNK). As the Tester is meeting the vendor description which
guarantees a swap will be accepted, a failure to role swap at this point is deemed a test
failure. [BMC_POW_SNK_TRANS_PC 2]

7. The Tester sends the Source Capabilities specified by the vendor (use checks in PROT-
PROC-SRCCAPS-TSTR) (not to offer these capabilities would result in the possibility of the
UUT requesting a further role swap.)

8. The Sink is obliged to make a request at this point (use checks in PROT-PROC-REQ-UUT).
This may be for the target PDO or for an intermediate one. Perform the Transition Checks
specified below in PROT-PROC-REQ-UUT.

9. Send a Get_Sink_Cap message (use checks in PROT-PROC-REQ-UUT).

10. Check this Sink Capabilities message to ensure that it matches the PDOs specified by the
vendor. [BMC_POW_SNK_TRANS_PC_3] Note the PDO# with the highest voltage for
subsequent tests.

11. The Tester changes its capabilities to offer OmA for PDO#1, and the full requested current
(power) at PDO#2 corresponding to the sink PDO# noted above, and sends out a new Source
Capabilities message as a result (use checks in PROT-PROC-SRCCAPS-TSTR). (If only 5V
is specified in the Sink Capabilities, offer only PDO#1 at the full current required.)

12. Check that we receive a request from the UUT for PDO#2 (or PDO#1 if 5V only), starting to
monitor Vbus voltage and current at this point. [BMC_POW_SNK_TRANS_PC_4] Check
that the transition timing is correct according to Section 7.4.1.

13. The Tester changes its capabilities to offer OmA at each of the previously offered voltages,
and sends out a new Source Capabilities message as a result (use checks in PROT-PROC-
SRCCAPS-TSTR).

14. Check that we receive a valid request for OmA from the UUT (use checks in PROT-PROC-
REQ-UUT), and Accept that Request. [BMC_POW_SNK_TRANS PC 5]

15. Check that the current draw after the transition corresponds to a power draw of 25mW.
[BMC_POW_SNK_TRANS_PC 6]

16. The Tester simulates a cable detach.
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14.4 All Devices - Secondary Checks

14.4.1 Message Checks
The following are checks to be performed on messages, whenever they are encountered during a

Primary Test.

14.4.1.1 TDB 1.1.1 PHY-MSG-GEN PHY Level General Message Test

Status Secondary Checks performed during any Primary Test where the
specified situation is encountered
Purpose To validate the PHY level behavior of message format.

Critical for Safety

Applies to Any UUT

Description This section is a list of specific checks to be made in the course of any
other test when a message from the UUT is seen.

Test setup Depends on test being carried out.

Preconditions

Assertions Tested

5.6.1.1#3, 5.6.1.1#4

Parameters Tested

Checklist
References

Test Procedure

1. Check that Preamble is a 64-bit sequence of alternating '0's and '1's. (In practice the last 60
bits are checked as there is some uncertainty about detecting the initial bits.)
[PHY_MSG_GEN_1]

2. Check that Preamble ends with '1". [PHY_MSG_GEN 2]
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14.4.1.2 TDB 2.1.2.1 PROT-MSG-HDR Message Header Checks — Except GoodCRC

Status Secondary Checks performed during any Primary Test where the
specified situation is encountered

Purpose To perform the appropriate protocol checks relating to any Message
Header sent by the UUT (except GoodCRC).

Critical for Safety

Applies to Cable, DRP, Provider, Provider/Consumer, Consumer/Provider,
Consumer
Description This section is a list of specific checks to be made in the course of any

other test in this document which refers to this section.

Test setup Depends on test referring to this section.

Preconditions

Assertions Tested 6.2.1#1, 6.2.1.1#1, 6.2.1.1#2, 6.2.1.2#1, 6.2.1.3#1, 6.2.1.3#2,
6.2.1.4#1, 6.2.1.4#2, 6.2.1.4#3, 6.2.1.4#4, 6.2.1.4#5, 6.2.1.4#7,
6.2.1.5#1, 6.2.1.6#1, 6.2.1.6#2, 6.2.1.8#1, 6.3#1, 6.3#2

Parameters Tested | n\MessagelDCount

Checklist
References

Test Procedure - Message Header Checks

During any test which refers to this section, ensure that the following checks are carried out:
1. That bit 15 (reserved) of the Message Header is set to 0. [PROT_MSG_HDR_1]

2. That the size in bytes of the message following the Message Header is 4 times the Number of
Data Objects represented by the value in bits 14:12. [PROT_MSG_HDR_2]
3. That the MessagelD represented by the value in bits 11:9 of the Message Header is the
expected value, i.e.:
o if this is first message after a Hard Reset was sent or received by the sender of this
message, or after attachment, or after a Swap, or (in the case of a cable plug or DFP or
UFP talking to a Cable Plug) after a Cable Reset, the value shall be 000b.
[PROT_MSG_HDR_3]
e if the message is a Soft Reset, the value shall be 000b. [PROT_MSG_HDR_4]
e if the message is the first message after a Soft Reset was received by the sender of the
message, the value shall be 000b. [PROT_MSG_HDR_5]
e thatitis incremented by one compared with the previously received message (modulo-
[nMessagelDCount+1]), with the following exceptions:
o during 'Discovery', when the Source Capabilities message shall have the
MessagelD value 000b until after a GoodCRC is received, and
o if the message is an exact repeat of the previous message then it is valid for the
MessagelD to be the same as for that previous message, on the assumption that
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the re-sender of this message did not see a GoodCRC.
[PROT_MSG_HDR_6]
e if the message is Returned BIST Counters, then No check is performed on MessagelD.

4. That the Port Power Role represented by the value in bit 8 of the Message Header for an SOP
Packet Type is the expected value, based on the tester's knowledge of the UUT port role.
Additionally, confirm that for a Ping or GotoMin, the Port Power Role is Source (bit 8 ='1"),
and for a Request, the Port Power Role is Sink (bit 8 ='0"). The Port Power Role bit in the first
PS_RDY during a Swap shall to set to Sink.

[PROT_MSG_HDR_11]

5. That the Cable Plug role represented by the value in bit 8 of the Message Header for any
packet type other than an SOP Type is the expected value, based on the tester's knowledge of
the UUT. [PROT_MSG_HDR_12]

6. That the Specification Revision represented by the value in bits 7:6 of the Message Header is
01b. [PROT_MSG_HDR_13]

That if BMC is in use, the Specification Revision represented by the value in bits 7:6 of the
Message Header is not 00b. [PROT_MSG_HDR_18]
7. That the Port Data Role represented by the value in bit 5 of the Message Header for an SOP

Packet Type is the expected value, based on the tester's knowledge of the UUT port role.
[PROT_MSG_HDR_14]

8. That the reserved field represented by the value in bit 5 of the Message Header for any packet
type other than an SOP is zero. [PROT_MSG_HDR_15]

9. That the reserved field represented by the value in bit 4 of the Message is zero.
[PROT_MSG_HDR_16]

10. That the MessageType represented by the value in bits 3:0 of the Message Header is not a
reserved value. [PROT_MSG_HDR_17]

a. Reserved values for Control Messages (defined by Number of Data Objects = 0) for an
SOP packet type are 0000b, 1110b and 1111b.

Additional reserved values for BMC are 1001b and 1011b.

b. Reserved values for Control Messages (defined by Number of Data Objects = 0) for
any packet type other than an SOP Type are 0000b, 0010b, 0100b, 0110b, 0111b,
1000b, 1001b, 1010b, 1011b, 1100b, 1110b and 1111b.

c. Reserved values for Data Messages (defined by Number of Data Objects > 0) for an
SOP packet type are 0000b and 0101 to 1110b.

d. Reserved values for Data Messages (defined by Number of Data Objects > 0) for any
packet type other than an SOP Type are 0000b to 0010b, and 0100 to 1110b.
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Informational Tables

TABLE 4. VALID CONTROL MESSAGETYPES (V1.3)

MessageType | Message Name
0000b (reserved)
0001b GoodCRC
0010b GotoMin
0011b Accept
0100b Reject
0101b Ping
0110b PS RDY
0111b Get Source Cap
1000b Get_Sink_Cap
1001b Protocol Error (deprecated)
1010b Swap
1011b (reserved)
1100b Wait
1101b Soft Reset
1110b-1111b | (reserved)
TABLE 5. VALID DATA MESSAGETYPES (V1.3)
MessageType | Number of | Message Name
Data
Objects
0000b - (reserved)
0001b lto7 Source Capabilities
0010b 1 Request
0011b 1 BIST
0100b 1to7 Sink Capabilities
0101b-1110b | - (reserved)
1111b lto7 Vendor Defined
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TABLE 6. VALID CONTROL MESSAGETYPES (SOP - V2.0)

MessageType | Message Name
0000b (reserved)
0001b GoodCRC
0010b GotoMin

0011b Accept

0100b Reject

0101b Ping

0110b PS RDY
0111b Get Source Cap
1000b Get_Sink_Cap
1001b DR _Swap
1010b Swap

1011b Vconn_Swap
1100b Wait

1101b Soft Reset
1110b-1111b | (reserved)

TABLE 7. VALID CONTROL MESSAGETYPES (NOT SOP V2.0)

MessageType | Message Name
0000b (reserved)
0001b GoodCRC
0010b (reserved)
0011b Accept
0100b-1100b | (reserved)
1101b Soft Reset
1110b-1111b | (reserved)
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TABLE 8. VALID DATA MESSAGETYPES (SOP - VV2.0)

MessageType | Number of | Message Name
Data
Objects
0000b - (reserved)
0001b lto7 Source Capabilities
0010b 1 Request
0011b 1 BIST
0100b lto7 Sink Capabilities
0101b-1110b | - (reserved)
1111b lto7 Vendor Defined

TABLE 9. VALID DATA MESSAGETYPES (NOT SOP - VV2.0)

MessageType | Number of | Message Name
Data
Objects
0000b-0010b | - (reserved)
0011b 1 BIST
0100b-1110b | - (reserved)
1111b lto7 Vendor Defined
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14.4.1.3 TDB 2.1.2.2 PROT-MSG-HDR-GCRC Message Header Check — Good CRC

Status Secondary Checks performed during any Primary Test where the
specified situation is encountered
Purpose To perform the appropriate protocol checks relating to any

circumstance in which the GoodCRC message is received by the
Tester.

Critical for Safety

Applies to Cable, DRP, Provider, Provider/Consumer, Consumer/Provider,
Consumer

Description This section is a list of specific checks to be made in the course of any
other test in this document which refers to this section.
The correct formatting of the GoodCRC message is checked.

Test setup Depends on test referring to this section.

Preconditions

Assertions Tested

6.2.1.1#2, 6.2.1.2#1, 6.2.1.3#1, 6.2.1.4#1, 6.2.1.4#7, 6.2.1.5#1,
6.2.1.6#1, 6.2.1.6#3, 6.2.1.7#1, 6.2.1.7#2, 6.3.1#1, 6.3.1#2, 6.3.1#3

Parameters Tested

Checklist
References

Test Procedure - GoodCRC Checks

This set of checks assumes that the message in which the header appears has already been
identified as GoodCRC, because it has the correct value of 000b for the Number of Data
Objects in bits 14:12, and the correct MessageType of 0001b in bits 3:0.

During any test which refers to this section, ensure that the following checks are carried out:
1. That bit 15 (reserved) of the Message Header is set to 0. [PROT_MSG_HDR_GCRC _1]

2. That the size in bytes of the message following the Message Header is zero.
[PROT_MSG_HDR_GCRC 2]

3. That the MessagelD represented by the value in bits 11:9 of the Message Header is the
expected value, i.e., the same as the value in the preceding message from the tester.
[PROT_MSG_HDR_GCRC_3]

4. That the Port Power Role represented by the value in bit 8 of the Message Header for an SOP
Packet Type is the expected value, based on the tester's knowledge of the UUT port role.
There is an ambiguous case in the GoodCRC responding to the first PS_RDY during a Swap.
The PS_RDY is sent by the new Sink, but the GoodCRC will, in most implementations, be
from the old Sink. In practice we will not check this during Compliance.
[PROT_MSG_HDR_GCRC_7]
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5. That the Cable Plug role represented by the value in bit 8 of the Message Header for any
packet type other than an SOP Type is the expected value, based on the tester's knowledge of
the UUT. [PROT_MSG_HDR_GCRC_8]

6. That the Specification Revision represented by the value in bits 7:6 of the Message Header is
01b. [PROT_MSG_HDR_GCRC_9]

7. That if BMC is in use, the Specification Revision represented by the value in bits 7:6 of the
Message Header is not 00b. [PROT_MSG_HDR_GCRC_14]

8. That the Port Data Role represented by the value in bit 5 of the Message Header for an SOP
Packet Type is the expected value, based on the tester's knowledge of the UUT port role.
[PROT_MSG_HDR_GCRC_10]

9. That the reserved field represented by the value in bit 5 of the Message Header for any packet
type other than an SOP is zero. [PROT_MSG_HDR_GCRC_11]

10. That the reserved field represented by the value in bit 4 of the Message is zero.
[PROT_MSG_HDR_GCRC_12]

11. That the first bit of the GoodCRC is returned within tTransmit max (195us) of the last bit of
the previous message. [PROT_MSG_HDR_GCRC_13]

14.4.1.4 TDB 2.1.3 PROT-MSG-CTRL Control Message Checks

Status Secondary Checks performed during any Primary Test where the
specified situation is encountered

Purpose To perform the appropriate protocol checks relating to any
circumstance in which one of the following Control messages is sent
by the UUT:

GoodCRC, GoToMin, Accept, Reject, Ping, PS_RDY,
Get_Source_Cap, Get_Sink_Cap, Protocol Error, DR_Swap,
PR _Swap, Vconn_Swap, Wait, Soft Reset

Critical for Safety

Applies to Cable, DRP, Provider, Provider/Consumer, Consumer/Provider,
Consumer
Description This section is a list of specific checks to be made in the course of any

other test in this document which refers to this section.
The correct formatting of the GoodCRC message is checked.

Test setup Depends on test referring to this section.
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Preconditions

Assertions Tested | §.2.1.2#1, 6.5.1#6, 6.5.1#7, 6.5.246, 6.6.1.1#1, 6.6.1.1#2, 6.6.1.1#3,
6.6.1.2#1, 6.6.1.2#2, 6.6.1.2#3, plus assertions in checks:

PROT-HDR
PROT-HDR-GCRC

Parameters Tested

Checklist
References

Test Procedure

This set of checks assumes that the message has already been identified as the one being tested,
because it has the correct value of 000b for the Number of Data Objects in bits 14:12, and the
correct MessageType in bits 3:0.

During any test which refers to this section, ensure that the following checks are carried out:
1. All the Message Header Checks detailed in PROT-HDR or PROT-HDR-GCRC.

2. That the number of bytes of the payload, following the header, is zero.
[PROT_MSG_CTRL_1]
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14.4.1.5 TDB 2.1.3.1 PROT-MDG-CTRL-PING Ping Checks

Status Secondary Checks performed during any Primary Test where the
specified situation is encountered

Purpose To perform the appropriate protocol checks relating to any
circumstance in which the Ping message is sent by the UUT.

Critical for Safety

Applies to DRP, Provider, Provider/Consumer or Consumer/Provider

Description This section is a list of specific checks to be made in the course of any
other test in this document which refers to this section.

The correct formatting of the Ping message is checked.

Test setup Depends on test referring to this section.

Preconditions

Assertions Tested | 6.3.5.1#1, 6.5.3.1#2, 6.5.3.1#3, plus assertions in checks:
PROT-MSG-CTRL

Parameters Tested

Checklist
References

Test Procedure

This set of checks assumes that the message has already been identified as the one being tested,
because it has the correct value of 000b for the Number of Data Objects in bits 14:12, and the
correct Message Type 0101b in bits 3:0.

During any test which refers to this section, ensure that the following checks are carried out:
1. That the Control Message Checks (PROT-MSG-CTRL) are correct.

2. That the partnered devices currently have a contract. [PROT_MSG_CTRL_PING_1]
3. That Pings are sent periodically when a Source is operating at a voltage other than vSafe5V,
or if the Source is in a Swapped state. [PROT_MSG_CTRL_PING_2]
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14.4.1.6 TDB 2.1.4.1.1 PROT-MSG-DATA-SRC-CAP Source Capability Message Checks

Status Secondary Checks performed during any Primary Test where the
specified situation is encountered
Purpose To perform the appropriate protocol checks relating to any

circumstance in which the (Source) Capabilities message is sent by
the UUT.

Critical for Safety

Applies to DRP, Provider, Provider/Consumer, Consumer/Provider
Description This section is a list of specific checks to be made in the course of any
other test in this document which refers to this section.
The correct formatting of the Source Capabilities message is checked.
Test setup Depends on test referring to this section.

Preconditions

Assertions Tested

6.2.1.2#1, 6.2.1.8#1, 6.4.1#1, 6.4.1#3, 6.4.1.2#2, 6.4.1.2.3#1,
6.4.1.2.3#2, 6.4.1.2.3#3, 6.4.1.2.3.1#1, 6.4.1.2.3.1#2, 6.4.1.2.3.2#2,
6.4.1.2.3.3#1, 6.4.1.2.3.4#1, 6.4.1.2.3.5#1, 6.4.1.2.3.5#2,
6.4.1.2.3.6#2, 6.4.1.2.3.6#3, 6.4.1.2.3.6#4, 6.4.1.2.4#1, 6.4.1.2.4#2,
6.4.1.2.5#1, 6.4.1.2.5#2, plus assertions in checks: PROT-HDR

Parameters Tested

Checklist
References

Test Procedure

During any test which refers to this section, ensure that the following checks are carried out:
1. All the Message Header Checks detailed in PROT-HDR.

2. That the Number of Data Objects represented by the value in bits 14:12 is at least 1
[PROT_MSG_DATA SRC _CAP_1].

3. That the Message Type represented by the value in bits 3:0 of the Message Header is 0001b
[PROT_MSG_DATA SRC _CAP_2].

4. That for the first PDO in a Source Capabilities message, bits B31:B30 are set to 00b
(representing a Fixed supply) [PROT_MSG_DATA _SRC_CAP_3].

5. That for the first PDO in a Source Capabilities message, the state of bit B29 matches the
vendor supplied information as to whether the UUT is a dual role PD device
[PROT_MSG_DATA_SRC_CAP_4].

6. That for the first PDO in a Source Capabilities message, the state of bit B28 matches the
vendor supplied information as to whether the UUT supports USB Suspend
[PROT_MSG_DATA_SRC_CAP_5].
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7. That for the first PDO in a Source Capabilities message, the state of bit B27 matches the
current known state of whether the UUT is Externally Powered, in tests where this
information is known [PROT_MSG_DATA_SRC_CAP_6].

8. That for the first PDO in a Source Capabilities message, the state of bit B26 matches the
vendor supplied information as to whether the UUT is USB Communications capable
[PROT_MSG_DATA_SRC_CAP_T7].

9. That for the first PDO in a Source Capabilities message, the state of bit B25 matches the
vendor supplied information as to whether the UUT is Type-C and performs DR_Swap
[PROT_MSG_DATA_SRC_CAP_3].

10. That for the first PDO in a Source Capabilities message, bits B24:B22 are setto 0
[PROT_MSG_DATA SRC_CAP_9].

11. That for the first PDO in a Source Capabilities message, the value bit B21:B20 contain a value
for Peak Power equal to the one declared for this PDO by the vendor
[PROT_MSG_DATA_SRC_CAP_10].

12. That for the first PDO in a Source Capabilities message, the voltage represented by bits
B19:B10 is 5V [PROT_MSG_DATA_SRC_CAP_11].

13. That for the first PDO in a Source Capabilities message, bits B9:B0 contains a value equal to
the one declared for this PDO by the vendor [PROT_MSG_DATA _SRC_CAP_12].

14. That a PDO in a Source Capabilities message has a value in B31:B30 of 00b (referred to as a
Fixed PDO), 01b (referred to as a Battery PDO) or 10b (referred to as a Variable PDO), but
never 11b [PROT_MSG_DATA_SRC_CAP_13].

15. That any PDOs following the first one, are in the correct order: Fixed PDOs in increasing
voltage sequence, Battery PDOs in increasing minimum voltage sequence and finally Variable
PDOs in increasing minimum voltage sequence [PROT_MSG_DATA SRC_CAP_14].

16. That for any Fixed PDO in a Source Capabilities message, other than the first, bits B29:B22
are set to 0 [PROT_MSG_DATA_SRC_CAP_15].

17. That for any Fixed PDO in a Source Capabilities message, bits B21:B20 contain a value for
Peak Power equal to the one declared for this PDO by the vendor
[PROT_MSG_DATA SRC_CAP_16].

18. That for any Fixed PDO in a Source Capabilities message, other than the first, the voltage
represented by bits B19:B10 equal to that declared by the vendor
[PROT_MSG_DATA _SRC_CAP_17].

19. That for any Fixed PDO in a Source Capabilities message, the current represented by bits
B9:BO0 is equal to that declared by the vendor [PROT_MSG_DATA_SRC_CAP_18].

20. That for any Variable PDO in a Source Capabilities message, the Maximum Voltage
represented by bits B29:B20 is equal to that declared by the vendor
[PROT_MSG_DATA SRC_CAP_19].

21. That for any Variable PDO in a Source Capabilities message, the Minimum Voltage
represented by bits B19:B10 is equal to that declared by the vendor
[PROT_MSG_DATA SRC_CAP_20].

22. That for any Variable PDO in a Source Capabilities message, the current represented by bits
B9:B0 is equal to that declared by the vendor [PROT_MSG_DATA_SRC_CAP_21].
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23. That for any Battery PDO in a Source Capabilities message, the Maximum Voltage
represented by bits B29:B20 is equal to that declared by the vendor
[PROT_MSG_DATA_SRC_CAP_22].

24. That for any Battery PDO in a Source Capabilities message, the Minimum Voltage
represented by bits B19:B10 is equal to that declared by the vendor
[PROT_MSG_DATA_SRC_CAP_23].

25. That for any Battery PDO in a Source Capabilities message, the current represented by bits
B9:BO0 is equal to that declared by the vendor [PROT_MSG_DATA _SRC_CAP_24].

26. That no Fixed PDO has the same voltage as any other [PROT_MSG_DATA_SRC_CAP_25].

27. That no Variable PDO has the same voltage range as any other
[PROT_MSG_DATA_SRC_CAP_26].

28. That no Battery PDO has the same voltage as any other
[PROT_MSG_DATA_SRC_CAP_27].

29. That the Source Capabilities offered are consistent with the PD Power As Source specified by
the vendor [PROT_MSG_DATA_SRC_CAP_28]. This means that the Source Capabilities
shall meet the Power Rules in the latest specification 2.x version.

30. That the Source Capabilities message differs from the previously sent one, unless it is sent in
response to from a Get_Source_Cap message, or during 'Discovery'
[PROT_MSG_DATA_SRC_CAP_29].

GRL USB-PD MOI and User Guide Revision 1.2.6.0.
© Granite River Labs 2016, 2017 Page 245 of 309



14.4.1.7 TDB 2.1.4.2.2 PROT-MSG-DATA-SNK-CAP Sink Capability Message Checks

Status Secondary Checks performed during any Primary Test where the
specified situation is encountered

Purpose To perform the appropriate protocol checks relating to any
circumstance in which the (Sink) Capabilities message is sent by the
UUT.

Critical for Safety

Applies to DRP, Provider/Consumer, Consumer/Provider or Consumer

Description This section is a list of specific checks to be made in the course of any
other test in this document which refers to this section.

The correct formatting of the Sink Capabilities message is checked.

Test setup Depends on test referring to this section.

Preconditions

Assertions Tested | §.2.1.2#1, 6.2.1.8#1, 6.4.1#1, 6.4.1#3, 6.4.1.2.3#4, 6.4.1.2.3.1#1,
6.4.1.2.3.1#2,6.4.1.2.3.3#1, 6.4.1.2.3.4#1, 6.4.1.2.3.5#1,
6.4.1.2.3.5#2, 6.4.1.2.4#1, 6.4.1.2.4#2, 6.4.1.2.5#1, 6.4.1.2.5#2,
6.4.1.3#1, 6.4.1.3#2, 6.4.1.3#3, 6.4.1.3#4, 6.4.1.3#6, 6.4.1.3#7,
6.4.1.3.1#1, 6.4.1.3.1#2, 6.4.1.3.1#3, 6.4.1.3.1#4, 6.4.1.3.1.1#1,
6.4.1.3.1.1#2,6.4.1.3.1.2#1, 6.4.1.3.1.4#1, 6.4.1.3.2#1, 6.4.1.3.2#2,
6.4.1.3.3#1, 6.4.1.3.3#2plus assertions in checks: PROT-HDR

Parameters Tested

Checklist
References

Test Procedure

During any test which refers to this section, ensure that the following checks are carried out:
1. All the Message Header Checks detailed in PROT-HDR.

2. That the Number of Data Objects represented by the value in bits 14:12 is at least 1
[PROT_MSG_DATA_SNK_CAP_1].

3. That the MessageType represented by the value in bits 3:0 of the Message Header is 0100b
[PROT_MSG_DATA_SNK_CAP_2].

4. That for the first PDO in a Sink Capabilities message, bits B31:B30 are set to 00b
(representing a Fixed supply) [PROT_MSG_DATA SNK_CAP_3].

5. That for the first PDO in a Sink Capabilities message, the state of bit B29 matches the vendor
supplied information as to whether the UUT is a dual role PD device
[PROT_MSG_DATA_SNK_CAP_4].

6. That for the first PDO in a Sink Capabilities message, the state of bit B28 (Higher Capability)
matches the vendor supplied information as to whether the UUT needs more than vSafe5V to
provide full functionality [PROT_MSG_DATA _SNK_CAP_5].
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7. That for the first PDO in a Sink Capabilities message, the state of bit B27 matches the current
known state of whether the UUT is Externally Powered, in tests where this information is
known [PROT_MSG_DATA _SNK_CAP_6].

8. That for the first PDO in a Sink Capabilities message, the state of bit B26 matches the vendor
supplied information as to whether the UUT is USB Communications capable
[PROT_MSG_DATA_SNK_CAP_T7].

9. That for the first PDO in a Source Capabilities message, the state of bit B25 (Data Role Swap)
matches the vendor supplied information as to whether the UUT is Type-C and performs
DR_Swap [PROT_MSG_DATA_SNK_CAP_8].

10. That for the first PDO in a Sink Capabilities message, bit B24:B20 (reserved) are set to 0
[PROT_MSG_DATA SNK_CAP_9].

11. That for the first PDO in a Sink Capabilities message, the voltage represented by bits
B19:B10 is 5V [PROT_MSG_DATA _SNK_CAP_10].

12. That for the first PDO in a Sink Capabilities message, bits B9:B0 contains a value no larger
than the one declared for this PDO by the vendor [PROT_MSG_DATA_SNK_CAP_11].

13. That a PDO in a Sink Capabilities message has a value in B31:B30 of 00b (referred to as a
Fixed PDO), 01b (referred to as a Battery PDO) or 10b (referred to as a Variable PDO), but
never 11b [PROT_MSG_DATA SNK_CAP_12].

14. That any PDOs following the first one, are in the correct order: Fixed PDOs in increasing
voltage sequence, Battery PDOs in increasing minimum voltage sequence and finally Variable
PDOs in increasing minimum voltage sequence [PROT_MSG_DATA_SNK_CAP_13].

15. That for any Fixed PDO in a Sink Capabilities message, other than the first, bits B29:B20 are
setto 0 [PROT_MSG_DATA_SNK_CAP_14].

16. That for any Fixed PDO in a Sink Capabilities message, other than the first, the voltage
represented by bits B19:B10 is the value declared by the vendor
[PROT_MSG_DATA_SNK_CAP_15].

17. That for any Fixed PDO in a Sink Capabilities message, the current represented by bits B9:B0
does not exceed the value declared by the vendor [PROT_MSG_DATA_SNK_CAP_16].

18. That for any Variable PDO in a Sink Capabilities message, the Maximum Voltage represented
by bits B29:B20 is the value declared by the vendor [PROT_MSG_DATA _SNK_CAP_17].

19. That for any Variable PDO in a Sink Capabilities message, the Minimum Voltage represented
by bits B19:B10 is the value declared by the vendor [PROT_MSG_DATA SNK_CAP_18].

20. That for any Variable PDO in a Sink Capabilities message, the current represented by bits
B9:B0 does not exceed the value declared by the vendor
[PROT_MSG_DATA SNK_CAP_19].

21. That for any Battery PDO in a Sink Capabilities message, the Maximum Voltage represented
by bits B29:B20 is the value declared by the vendor [PROT_MSG_DATA _SNK_CAP_20].

22. That for any Battery PDO in a Sink Capabilities message, the Minimum Voltage represented
by bits B19:B10 is the value declared by the vendor [PROT_MSG_DATA_SNK_CAP_21].

23. That for any Battery PDO in a Sink Capabilities message, the current represented by bits
B9:B0 does not exceed the value declared by the vendor
[PROT_MSG_DATA _SNK_CAP_22].
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24. That no Fixed PDO has the same voltage as any other [PROT_MSG_DATA _SNK
_CAP_23].

25. That no Variable PDO has the same voltage range as any other [PROT_MSG_DATA _SNK
_CAP_24].

26. That no Battery PDO has the same voltage as any other [PROT_MSG_DATA_ SNK
_CAP_25].

27. That the Sink Capabilities specified are consistent with the PD Power As Sink specified by the
vendor [PROT_MSG_DATA_SNK _CAP_26]. This means that the Sink Capabilities shall
meet the Power Rules in the latest specification 2.x version.

14.4.1.8 TDB 2.1.4.2 PROT-MSG-DATA-REQ Request Message Checks

Status Secondary Checks performed during any Primary Test where the
specified situation is encountered

Purpose To perform the appropriate protocol checks relating to any
circumstance in which the Request message is sent by the UUT.

Critical for Safety

Applies to DRP, Provider/Consumer, Consumer/Provider or Consumer

Description This section is a list of specific checks to be made in the course of any
other test in this document which refers to this section.

The correct formatting of the Source Capabilities message is checked.

Test setup Depends on test referring to this section.

Preconditions

Assertions Tested | §.2.1.2#1, 6.2.1.8#1, 6.4.2#3, 6.4.2#4, 6.4.2#5, 6.4.2.1#1, 6.4.2.2#1,
6.4.2.3#3, 6.4.2.3#4, 6.4.2.3#5, 6.4.2.4#1, 6.4.2.6#1, 6.4.2.6#3,
6.4.2.7#1, 6.4.2.7#2, 6.4.2.7#3, 6.4.2.8#1, 6.4.2.8#2, 6.4.2.84#3,
6.4.2.9#1, 6.4.2.9#2, 6.4.2.10#1, 6.4.2.10#2, 6.4.2.10#3, 6.4.2.10#4,
6.4.2.11#1, 6.4.2.11#2, plus assertions in checks: PROT-HDR

Parameters Tested

Checklist
References

Test Procedure

During any test which refers to this section, ensure that the following checks are carried out:
1. All the Message Header Checks detailed in Section 14.4.1.3.

2. That the Number of Data Objects represented by the value in bits 14:12 is exactly 1
[PROT_MSG_DATA REQ _1].

3. That the MessageType represented by the value in bits 3:0 of the Message Header is 0010b
[PROT_MSG_DATA REQ_2].

4. That B31 of the Request Data Object (RDO) is set to Ob [PROT_MSG_DATA_REQ_3].
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5. That the Object Position represented by B30:28 is not 000b [PROT_MSG_DATA REQ 4],
and is not greater than the number of PDOs offered in the Source Capabilities message most
recently received by the UUT [PROT_MSG_DATA_REQ _5].

6. That B25, the USB Communications Capable bit, matches the statement provided by the
Vendor as to whether the UUT is USB Communications capable
[PROT_MSG_DATA _REQ_6].

7. That B24, the No USB Suspend bit, matches the statement provided by the Vendor as to
whether the UUT sets this bit [PROT_MSG_DATA_REQ 7].

8. That B23:20 are set to 0000b [PROT_MSG_DATA_REQ _8].

If the PDO requested is a Fixed or Variable supply and B27 (Giveback flag) is 0:

9. That the Operating Current represented by B19:10 (10mA units) does not exceed the current
offered by the referenced PDO [PROT_MSG_DATA_REQ 9].

10. That, if the Maximum Operating Current represented by B9:0 (10mA units) exceeds the
current offered by the referenced PDO, then B26 (the Capability Mismatch bit) is also set
[PROT_MSG_DATA REQ_10].

11. That the Operating Current represented by B19:10 (10mA units) does not exceed the
Maximum Operating Current represented by B9:0 (10mA units)
[PROT_MSG_DATA_REQ 11].

If the PDO requested is a Fixed or Variable supply and B27 (Giveback flag) is 1:

12. That the Operating Current represented by B19:10 (10mA units) does not exceed the current
offered by the referenced PDO [PROT_MSG_DATA_REQ 12].

13. That the Minimum Operating Current represented by B9:0 (10mA units) does not exceed the
current offered by the referenced PDO [PROT_MSG_DATA REQ _13].

14. That the Minimum Operating Current represented by B9:0 (10mA units) is less than does not
exceed the Operating Current represented by B19:10 (10mA units)
[PROT_MSG_DATA_REQ 14].

If the PDO requested is a Battery supply and B27 (Giveback flag) is O:

15. That the Operating Power represented by B19:10 (250mW units) does not exceed the current
offered by the referenced PDO [PROT_MSG_DATA_REQ_15].

16. That, if the Maximum Operating Power represented by B9:0 (250mW units) exceeds the
power offered by the referenced PDO, then B26 (the Capability Mismatch bit) is also set
[PROT_MSG_DATA_REQ _16].

17. That the Operating Power represented by B19:10 (250mW units) does not exceed the
Maximum Operating Power represented by B9:0 (250mW units)
[PROT_MSG_DATA REQ 17].

If the PDO requested is a Battery supply and B27 (Giveback flag) is 1:

18. That the Operating Power represented by B19:10 (250mW units) does not exceed the current
offered by the referenced PDO [PROT_MSG_DATA_REQ_18].
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19. That the Minimum Operating Power represented by B9:0 (250mW units) does not exceed the
power offered by the referenced PDO [PROT_MSG_DATA _REQ_19].

20. That the Minimum Operating Power represented by B9:0 (250mW units) is less than does not
exceed the Operating Power represented by B19:10 (250mW units)
[PROT_MSG_DATA REQ_20].

14.4.1.9 TDB 2.1.4.3 PROT-MSG-DATA-VEND Vendor Defined Message Checks

Status Secondary Checks performed during any Primary Test where the
specified situation is encountered

Purpose To perform the appropriate protocol checks relating to any
circumstance in which an Unstructured Vendor Defined message is
sent by the UUT.

Critical for Safety | No

Applies to Any UUT

Description Checks the validity of formatting of a Vendor message to ensure that
it will not cause problems to PD devices which do not recognize it.

Test setup

Preconditions The checks will be performed on any occasion when a Vendor

message is encountered.
Assertions Tested | 6.2.1.8#1, 6.4.4#1, 6.4.4#2, plus assertions in checks:
PROT-HDR

Parameters Tested

Checklist
References

14.4.1.9.1 Test Procedure

During any test which refers to this section, ensure that the following checks are carried out:
1. All the Message Header Checks detailed in PROT-HDR.

2. That the MessageType represented by the value in bits 3:0 of the Message Header is 1111b
[PROT_MSG_DATA_VEND 1]

3. That B31:16 of the Data Object contains the Vendor ID (VID) value, as specified by the
Vendor. [PROT_MSG_DATA_VEND_2]
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14.4.1.10 TDB 2.1.4.4.1.1 PROT-MSG-DATA-VDM-ID-INIT Discover ID Initiator
Message Checks

Status Secondary Checks performed during any Primary Test where the
specified situation is encountered

Purpose To perform the appropriate protocol checks relating to any
circumstance in which the Discover ID Initiator message is sent by the
UUT.

Also used for the Discover ID NAK, and Discover ID Busy messages.

Critical for Safety

Applies to DRP, Provider, Provider/Consumer, Consumer/Provider, Consumer

Description This section is a list of specific checks to be made in the course of any
other test in this document which refers to this section.

The correct formatting of the Discover ID Initiator message is
checked.

Test setup Depends on test referring to this section.

Preconditions

Assertions Tested | 6.2.1.2#1, 6.2.1.8#1, 6.4.4#7, 6.4.4.2#8, 6.4.4.2#10, 6.4.4.2.1#1,
6.4.4.2.3#1, 6.4.4.2.445, 6.4.4.2.5#1, 6.4.4.2.542, 6.4.4.3.1#5, plus
assertions in checks:

PROT-HDR

Parameters Tested

Checklist
References

Test Procedure

During any test which refers to this section, ensure that the following checks are carried out:
1. All the Message Header Checks detailed in PROT-HDR.

2. That the Number of Data Objects represented by the value in bits 14:12 is 1
[PROT_MSG_DATA VDM _ID_INIT_1].

3. That the MessageType represented by the value in bits 3:0 of the Message Header is 1111b
[PROT_MSG_DATA VDM _ID_INIT_2].

VDO #1 (VDM Header)

4. That, for the first VDO in a Discover ID Initiator, NAK or BUSY message, bits B31:B16 are
set to 0XxFFOO (defining PD SID) [PROT_MSG_DATA_VDM_ID_INIT_3].

5. That, for the first VDO in a Discover ID Initiator, NAK or BUSY message, bit B15 is 1b
(defining a structured VDM) [PROT_MSG_DATA_VDM_ID_INIT_4].
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6. That, for the first VDO in a Discover ID Initiator, NAK or BUSY message, bits B14:B13
(Structured VDM Version) are 00b (representing Structured VDM V1.0)
[PROT_MSG_DATA VDM_ID_INIT_5].

7. That, for the first VDO in a Discover ID Initiator, NAK or BUSY message, bits B12:B11
(reserved) are set to 00b [PROT_MSG_DATA _VDM_ID_INIT_6].

8. That, for the first VDO in a Discover ID Initiator, NAK or BUSY message, bits B10:B8
(Object Position) are set to 000b [PROT_MSG_DATA VDM _ID_INIT_7].

9. That, for the first VDO in a Discover ID Initiator, NAK or BUSY message, bits B7:B6
(Command Type) is set to 00b (Initiator), 10b (NAK) or 11b (BUSY)
[PROT_MSG_DATA VDM _ID_INIT_8].

10. That, for the first VDO in a Discover ID Initiator, NAK or BUSY message, bit B5 (reserved)
is setto Ob [PROT_MSG_DATA_VDM_ID_INIT_9].

11. That, for the first VDO in a Discover ID Initiator, NAK or BUSY message, bits B4:BO0 are set
to 00001b (Discover Identity) [PROT_MSG_DATA_VDM_ID_INIT_10].
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144111 TDB 2.1.4.4.1.2 PROT-MSG-DATA-VDM-ID-ACK Discover ID ACK Message

Checks

Status Secondary Checks performed during any Primary Test where the
specified situation is encountered

Purpose To perform the appropriate protocol checks relating to any
circumstance in which the Discover ID ACK message is sent by the
UUT.

Critical for Safety

Applies to Cable, DRP, Provider, Provider/Consumer, Consumer/Provider or
Consumer

Description This section is a list of specific checks to be made in the course of any

other test in this document which refers to this section.
The correct formatting of the Discover ID ACK message is checked.

Test setup Depends on test referring to this section.

Preconditions

Assertions Tested | 6.2 1.2#1, 6.2.1.8#1, 6.4.4#7, 6.4.4.248, 6.4.4.2#10, 6.4.4.2.1#1,
6.4.4.2.3#1, 6.4.4.2.445, 6.4.4.2.5#1, 6.4.4.3.1#5, 6.4.4.3.1#6,
6.4.4.3.1.1#2, 6.4.4.3.1.1#3, 6.4.4.3.1.1#4, 6.4.4.3.1.1#5,
6.4.4.3.1.4#1, 6.4.4.3.1.6#1, 6.4.4.3.1.T#1, 6.4.4.3.1.T#2,
6.4.4.3.1.8#1, 6.4.4.3.1.9#1, 6.4.4.3.1.9#2, 6.4.4.3.1.943,
6.4.4.3.1.10#1, 6.4.4.3.1.10#2, 6.4.4.3.1.10#3, plus assertions in

checks:
PROT-HDR
Parameters Tested
Checklist
References

Test Procedure

During any test which refers to this section, ensure that the following checks are carried out:
1. All the Message Header Checks detailed in PROT-HDR.

2. That the Number of Data Objects represented by the value in bits 14:12 is4 or 5
[PROT_MSG_DATA VDM_ID_ACK 1].

3. That the MessageType represented by the value in bits 3:0 of the Message Header is 1111b
[PROT_MSG_DATA VDM _ID_ACK_2].

VDO #1 (VDM Header)

4. That, for the first VDO in a Discover ID ACK message, bits B31:B16 are set to OxFF00
(defining PD SID) [PROT_MSG_DATA VDM ID _ACK_3].

5. That, for the first VDO in a Discover ID ACK message, bit B15 is 1b (defining a structured
VDM) [PROT_MSG_DATA VDM _ID_ACK 4].
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10.

11.

That, for the first VDO in a Discover ID ACK message, bits B14:B13 (Structured VDM
Version) are 00b (representing Structured VDM V1.0)

[PROT_MSG_DATA VDM_ID_ACK 5].

That, for the first VDO in a Discover ID ACK message, bits B12:B11 (reserved) are set to 00b
[PROT_MSG_DATA VDM _ID_ACK_6].

That, for the first VDO in a Discover ID ACK message, bits B10:B8 (Object Position) are set
to 000b [PROT_MSG_DATA_VDM_ID_ACK_7].

That, for the first VDO in a Discover ID ACK message, bits B7:B6 (Command Type) is set to
01b (ACK) [PROT_MSG_DATA_VDM_ID_ACK_8].

That, for the first VDO in a Discover ID ACK message, bit B5 (reserved) is set to Ob
[PROT_MSG_DATA VDM _ID _ACK 9].

That, for the first VDO in a Discover ID ACK message, bits B4:BO0 are set to 00001b
(Discover Identity) [PROT_MSG_DATA_VDM_ID_ACK_10].

VDO #2 (ID Header)

12.

13.

14.

15.

16.

17.

That, for the second VDO in a Discover ID ACK message, bit B31 (Data Capable as USB
Host) is set to the expected value based on the vendor supplied information
[PROT_MSG_DATA VDM _ID_ACK_11].

That, for the second VDO in a Discover ID ACK message, bit B30 (Data Capable as USB
Device) is set to the expected value based on the vendor supplied information
[PROT_MSG_DATA VDM _ID_ACK_12].

That, for the second VDO in a Discover ID ACK message, bits B29:B27 (Product Type) are
set to the expected value based on the vendor supplied information, and not to a reserved
value (110b or 111b) [PROT_MSG_DATA_VDM_ID_ACK_13].

That, for the second VDO in a Discover ID ACK message, bit B26 (Modal Operation
supported) is set to the expected value based on the vendor supplied information
[PROT_MSG_DATA VDM ID_ACK_14].

That, for the second VDO in a Discover ID ACK message, bits B25:B16 (reserved) are set to
0000000000b [PROT_MSG_DATA VDM _ID_ACK 15].

That, for the second VDO in a Discover ID ACK message, bits B15:B0 (Vendor ID) are set to
the expected value based on the vendor supplied information. The value Vendor ID
Unassigned (0000h) is permitted if the vendor does not have an assigned Vendor 1D
[PROT_MSG_DATA _VDM_ID_ACK_16].

VDO #3 (Cert Stat VDO)

18.

That, for the third VDO in a Discover ID ACK message, bits B31:B0 (Test ID) are set to the
XID allocated (in decimal) by USB-IF before certification
[PROT_MSG_DATA VDM _ID_ACK_18].
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VDO #4 (Product VDO)

19.

20.

21.

22.

23.

That, for the fourth VDO in a Discover ID ACK message, bits B31:B16 (USB Product ID) are
set to the expected value based on the vendor supplied information
[PROT_MSG_DATA_VDM_ID_ACK_19].

That, for the fourth VDO in a Discover ID ACK message, bits B15:B0 (USB bcdDevice) are
set to the expected value based on the vendor supplied information
[PROT_MSG_DATA_VDM_ID_ACK_20].

That if the Product Type in the ID Header is 'Undefined’, 'Hub' or 'Peripheral’, there are
exactly 4 VDOs, and this is the end of this check list
[PROT_MSG_DATA_VDM_ID_ACK_21].

That if the Product Type in the ID Header is 'Active Cable' or 'Passive Cable' the checks in
VDO #5 (Cable VDO)' are satisfied. [PROT_MSG_DATA _VDM_ID_ACK 49]

That if the Product Type in the ID Header is 'Alternate Mode Adapter' the checks in 'VDO #5
(AMA VDO)' are satisfied. [PROT_MSG_DATA_VDM_ID_ACK_50]

VDO #5 (Cable VDO)

24,

25.

26.

27.

28.

29.

30.

31.

That, for the fifth VDO in a Discover ID ACK message, bits B31:B28 (HW Version) are set
to the expected value based on the vendor supplied information

[PROT_MSG_DATA VDM _ID_ACK_22].

That, for the fifth VDO in a Discover ID ACK message, bits B27:B24 (Firmware Version) are
set to the expected value based on the vendor supplied information
[PROT_MSG_DATA_VDM_ID_ACK_23].

That, for the fifth VDO in a Discover ID ACK message, bits B23:B20 (reserved) are set to
0000b [PROT_MSG_DATA VDM _ID_ACK 24].

That, for the fifth VDO in a Discover ID ACK message, bits B19:B18 (Type-C to Type-
A/BI/C) are set to the expected value based on the vendor supplied information
[PROT_MSG_DATA VDM ID_ACK_25].

That, for the fifth VDO in a Discover ID ACK message, bit B17 (Type-C to Plug/Receptacle)
Is set to the expected value based on the vendor supplied information
[PROT_MSG_DATA _VDM_ID_ACK_26].

That, for the fifth VDO in a Discover ID ACK message, bits B16:B13 (Cable Latency) are set
to the expected value based on the vendor supplied information. Check that the value is not a
reserved value (0000b, 1011b, 1100b, 1101b, 1110b or 1111b)

[PROT_MSG_DATA VDM _ID_ACK_27].

That, for the fifth VDO in a Discover ID ACK message, bits B12:B11 (Cable Termination
type) are set to the expected value based on the vendor supplied information
[PROT_MSG_DATA VDM _ID_ACK_28].

That, for the fifth VDO in a Discover ID ACK message, bits B10:B7 (Reserved) are set zero
[PROT_MSG_DATA VDM _ID_ACK_51].
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32. That, for the fifth VDO in a Discover ID ACK message, bits B6:B5 (Vbus Current Handling
Capability) are set to the expected value based on the vendor supplied information
[PROT_MSG_DATA_VDM_ID_ACK_33].

33. That, for the fifth VDO in a Discover ID ACK message from an Active Cable, bit B4 (VVbus
through cable) is set to the expected value based on the vendor supplied information
[PROT_MSG_DATA _VDM_ID_ACK_34].

34. That, for the fifth VDO in a Discover ID ACK message from a Passive Cable, bit B4
(Reserved) is set to zero [PROT_MSG_DATA VDM _ID_ACK 52].

35. That, for the fifth VDO in a Discover ID ACK message from an Active Cable, bit B3 (SOP”
controller present) is set to the expected value based on the vendor supplied information
[PROT_MSG_DATA_VDM_ID_ACK_35].

36. That, for the fifth VDO in a Discover ID ACK message from a Passive Cable, bit B3
(Reserved) is set to zero [PROT_MSG_DATA VDM _ID_ACK 53].

37. That, for the fifth VDO in a Discover ID ACK message, bits B2:B0 (USB Superspeed
Signaling Support) are set to the expected value based on the vendor supplied information.
Check that the value is not a reserved value (011b, 100b, 101b, 110b or 111b)
[PROT_MSG_DATA VDM_ID_ACK_36].

38. That there are no following VDOs [PROT_MSG_DATA VDM _ID_ACK_48].

VDO #5 (AMA VDO)

39. That, for the fifth VDO in a Discover ID ACK message, bits B31:B28 (HW Version) are set
to the expected value based on the vendor supplied information
[PROT_MSG_DATA_VDM_ID_ACK_37].

40. That, for the fifth VDO in a Discover ID ACK message, bits B27:B24 (Firmware Version) are
set to the expected value based on the vendor supplied information
[PROT_MSG_DATA _VDM_ID_ACK_38].

41. That, for the fifth VDO in a Discover ID ACK message, bits B23:B12 (reserved) are set to
000000000000b [PROT_MSG_DATA _VDM_ID_ACK 39].

42. That, for the fifth VDO in a Discover ID ACK message, bit B11:B8 (Reserved) is set to zero
[PROT_MSG_DATA VDM ID_ACK_54].

43. That, for the fifth VDO in a Discover ID ACK message, bits B7:B5 (VVconn power) are set to
the expected value based on the vendor supplied information. Check that the value is not a
reserved value (111b) [PROT_MSG_DATA VDM ID_ACK 44].

44. That, for the fifth VDO in a Discover ID ACK message, bit B4 (\Vconn required) is set to the
expected value based on the vendor supplied information
[PROT_MSG_DATA VDM ID_ACK_45].

45. That, for the fifth VDO in a Discover ID ACK message, bit B3 (VVbus required) is set to the
expected value based on the vendor supplied information
[PROT_MSG_DATA_VDM_ID_ACK_46].

46. That, for the fifth VDO in a Discover ID ACK message, bits B2:B0 (USB Superspeed
Signaling Support) are set to the expected value based on the vendor supplied information.
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Check that the value is not a reserved value (100b, 101b, 110b or 111b)
[PROT_MSG_DATA VDM _ID_ACK_47].
47. That there are no following VDOs [PROT_MSG_DATA VDM _ID_ACK_48].

14.4.1.12 TDB 2.1.4.4.2.1 PROT-MSG-DATA-VDM-SVID-INIT Discover SVIDs Initiator
Message Checks

Status Secondary Checks performed during any Primary Test where the
specified situation is encountered

Purpose To perform the appropriate protocol checks relating to any
circumstance in which the Discover SVIDs Initiator message is sent
by the UUT.

Also used for the Discover SVIDs NAK, and Discover SVIDs Busy
messages.

Critical for Safety

Applies to DRP, Provider, Provider/Consumer, Consumer/Provider, Consumer

Description This section is a list of specific checks to be made in the course of any
other test in this document which refers to this section.

The correct formatting of the Discover SVIDs Initiator message is
checked.

Test setup Depends on test referring to this section.

Preconditions

Assertions Tested 6.2.1.2#1, 6.2.1.8#1, 6.4.4#7, 6.4.4.2#8, 6.4.4.2#10, 6.4.4.2.1#1,
6.4.4.2.3#1, 6.4.4.2.4#5, 6.4.4.2.5#1, 6.4.4.2.5#2, 6.4.4.3.2#4, plus
assertions in checks: PROT-HDR

Parameters Tested

Checklist
References

Test Procedure
During any test which refers to this section, ensure that the following checks are carried out:
1. All the Message Header Checks detailed in PROT-HDR.
2. That the Number of Data Objects represented by the value in bits 14:12 is 1
[PROT_MSG_DATA VDM _SVID_INIT_1].
3. That the MessageType represented by the value in bits 3:0 of the Message Header is 1111b
[PROT_MSG_DATA VDM _SVID_INIT_2].

VDO #1 (VDM Header)

4. That, for the first VDO in a Discover SVIDs Initiator, NAK or BUSY message, bits B31:B16
are set to OXFFOO (defining PD SID) [PROT_MSG_DATA VDM _SVID_INIT_3].
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5. That, for the first VDO in a Discover SVIDs Initiator, NAK or BUSY message, bit B15 is 1b
(defining a structured VDM) [PROT_MSG_DATA_VDM_SVID_INIT_4].

6. That, for the first VDO in a Discover SVIDs Initiator, NAK or BUSY message, bits B14:B13
(Structured VDM Version) are 00b (representing Structured VDM V1.0)
[PROT_MSG_DATA VDM _SVID_INIT_5].

7. That, for the first VDO in a Discover SVIDs Initiator, NAK or BUSY message, bits B12:B11
(reserved) are set to 00b [PROT_MSG_DATA VDM _SVID_INIT_6].

8. That, for the first VDO in a Discover SVIDs Initiator, NAK or BUSY message, bits B10:B8
(Object Position) are set to 000b [PROT_MSG_DATA VDM _SVID_INIT_7].

9. That, for the first VDO in a Discover SVIDs Initiator, NAK or BUSY message, bits B7:B6
(Command Type) is set to 00b (Initiator), 10b (NAK) or 11b (BUSY)
[PROT_MSG_DATA VDM _SVID_INIT_8].

10. That, for the first VDO in a Discover SVIDs Initiator, NAK or BUSY message, bit B5
(reserved) is set to Ob [PROT_MSG_DATA_VDM_SVID_INIT_9].

11. That, for the first VDO in a Discover SVIDs Initiator, NAK or BUSY message, bits B4:B0 are
set to 00010b (Discover SVIDs) [PROT_MSG_DATA_VDM_SVID_INIT_10].

14.4.1.13 TDB 2.1.4.4.2.2 PROT-MSG-DATA-VDM-SVID-ACK Discover SVIDs ACK
Message Checks

Status Secondary Checks performed during any Primary Test where the
specified situation is encountered

Purpose To perform the appropriate protocol checks relating to any
circumstance in which the Discover SVIDs ACK message is sent by
the UUT.

Critical for Safety

Applies to Cable, DRP, Provider, Provider/Consumer, Consumer/Provider or
Consumer
Description This section is a list of specific checks to be made in the course of any

other test in this document which refers to this section.

Test setup Depends on test referring to this section.

Preconditions

Assertions Tested | 6.2.1.2#1, 6.2.1.8#1, 6.4.4#7, 6.4.4.2#8, 6.4.4.2#10, 6.4.4.2.1#1,
6.4.4.2.3#1, 6.4.4.2.4#5, 6.4.4.2.5#1, 6.4.4.3.2#4, plus assertions in
checks: PROT-HDR

Parameters Tested

Checklist
References

Test Procedure
During any test which refers to this section, ensure that the following checks are carried out:
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All the Message Header Checks detailed in PROT-HDR.

That the Number of Data Objects represented by the value in bits 14:12 is at least 2
[PROT_MSG_DATA VDM SVID_ACK_1].

That the MessageType represented by the value in bits 3:0 of the Message Header is 1111b
[PROT_MSG_DATA VDM SVID_ACK_2].

VDO #1 (VDM Header)

4.

10.

11.

That, for the first VDO in a Discover SVIDs ACK message, bits B31:B16 are set to OXxFF00
(defining PD SID) [PROT_MSG_DATA_VDM_SVID_ACK_3].

That, for the first VDO in a Discover SVIDs ACK message, bit B15 is 1b (defining a
structured VDM) [PROT_MSG_DATA_VDM_SVID_ACK_4].

That, for the first VDO in a Discover SVIDs ACK message, bits B14:B13 (Structured VDM
Version) are 00b (representing Structured VDM V1.0)
[PROT_MSG_DATA_VDM_SVID_ACK_5].

That, for the first VDO in a Discover SVIDs ACK message, bits B12:B11 (reserved) are set to
00b [PROT_MSG_DATA_VDM_SVID_ACK 6].

That, for the first VDO in a Discover SVIDs ACK message, bits B10:B8 (Object Position) are
set to 000b [PROT_MSG_DATA_VDM_SVID_ACK _7].

That, for the first VDO in a Discover SVIDs ACK message, bits B7:B6 (Command Type) is
set to 01b (ACK) [PROT_MSG_DATA_VDM SVID_ACK_8].

That, for the first VDO in a Discover SVIDs ACK message, bit B5 (reserved) is set to Ob
[PROT_MSG_DATA_VDM_SVID_ACK_9].

That, for the first VDO in a Discover SVIDs ACK message, bits B4:BO0 are set to 00010b
(Discover SVIDs) [PROT_MSG_DATA_VDM_SVID_ACK_10].

Each following VDO (Discover SVIDs Responder VDO)

12.

13.

14.

That, for this VDO in a Discover SVIDs ACK message, bits B31:B16 (SVID n) are set to the
expected value based on the vendor supplied information. This means either a valid SID or
VID, or the value zero. If zero, this marks the end of the list; in this case check that the next
value is zero [PROT_MSG_DATA_VDM _SVID_ACK 11].

Check that the first Discover SVIDs ACK VDO, in the first Discover SVIDs ACK message
received, contains at least one (non-zero) SVID

[PROT_MSG_DATA VDM_SVID_ACK_12].

That, for this VDO in a Discover SVIDs ACK message, bits B15:B0 (SVID n+1) are set to the
expected value based on the vendor supplied information. This means either a valid SID or
VID, or the value zero. If zero, this marks the end of the list; in this case check that no further
VDOs are present [PROT_MSG_DATA VDM _SVID_ACK_13].
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14.4.1.14 TDB 2.1.4.4.3.1 PROT-MSG-DATA-VDM-MODE-INIT Discover Modes
Initiator Message Checks

Status Secondary Checks performed during any Primary Test where the
specified situation is encountered

Purpose To perform the appropriate protocol checks relating to any
circumstance in which the Discover Modes Initiator message is sent
by the UUT.

Also used for the Discover Modes NAK, and Discover Modes Busy
messages.

Critical for Safety

Applies to DRP, Provider, Provider/Consumer, Consumer/Provider, Consumer

Description This section is a list of specific checks to be made in the course of any
other test in this document which refers to this section.

The correct formatting of the Discover Modes Initiator, NAK or Busy
message is checked.

Test setup Depends on test referring to this section.

Preconditions

Assertions Tested 6.2.1.2#1, 6.2.1.8#1, 6.4.4#7, 6.4.4.2#8, 6.4.4.2#10, 6.4.4.2.1#1,
6.4.4.2.3#1, 6.4.4.2.4#5, 6.4.4.2.5#1, 6.4.4.2.5#2, plus assertions in
checks: PROT-HDR

Parameters Tested

Checklist
References

Test Procedure
During any test which refers to this section, ensure that the following checks are carried out:
1. All the Message Header Checks detailed in PROT-HDR.
2. That the Number of Data Objects represented by the value in bits 14:12 is 1
[PROT_MSG_DATA VDM_MODE_INIT_1].
3. That the MessageType represented by the value in bits 3:0 of the Message Header is 1111b
[PROT_MSG_DATA VDM_MODE_INIT_2].

VDO #1 (VDM Header)

4. That, for the first VDO in a Discover Modes Initiator, NAK or BUSY message, bits B31:B16
are set to OxFFOO (defining PD SID) [PROT_MSG_DATA_VDM_MODE_INIT_3].

5. That, for the first VDO in a Discover Modes Initiator, NAK or BUSY message, bit B15 is 1b
(defining a structured VDM) [PROT_MSG_DATA_VDM_MODE_INIT_4].
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6. That, for the first VDO in a Discover Modes Initiator, NAK or BUSY message, bits B14:B13
(Structured VDM Version) are 00b (representing Structured VDM V1.0)
[PROT_MSG_DATA VDM_MODE_INIT_5].

7. That, for the first VDO in a Discover Modes Initiator, NAK or BUSY message, bits B12:B11
(reserved) are set to 00b [PROT_MSG_DATA_VDM_MODE_INIT_6].

8. That, for the first VDO in a Discover Modes Initiator, NAK or BUSY message, bits B10:B8
(Object Position) are set to 000b [PROT_MSG_DATA VDM_MODE_INIT_7].

9. That, for the first VDO in a Discover Modes Initiator, NAK or BUSY message, bits B7:B6
(Command Type) is set to 00b (Initiator), 10b (NAK) or 11b (BUSY)

[PROT_MSG_DATA VDM_MODE_INIT_8].

10. That, for the first VDO in a Discover Modes Initiator, NAK or BUSY message, bit B5
(reserved) is set to Ob [PROT_MSG_DATA_VDM_MODE_INIT_9].

11. That, for the first VDO in a Discover Modes Initiator, NAK or BUSY message, bits B4:B0 are
set to 00011b (Discover Modes) [PROT_MSG_DATA_VDM_MODE_INIT_10].

14.4.1.15 TDB 2.1.4.4.3.2 PROT-MSG-DATA-VDM-MODE-ACK Discover Modes ACK
Message Check

Status Secondary Checks performed during any Primary Test where the
specified situation is encountered

Purpose To perform the appropriate protocol checks relating to any
circumstance in which the Discover Modes ACK message is sent by
the UUT.

Critical for Safety

Applies to Cable, DRP, Provider, Provider/Consumer, Consumer/Provider or
Consumer
Description This section is a list of specific checks to be made in the course of any

other test in this document which refers to this section.

Test setup Depends on test referring to this section.

Preconditions

Assertions Tested 6.2.1.2#1, 6.2.1.8#1, 6.4.4#7, 6.4.4.2#8, 6.4.4.2#10, 6.4.4.2.1#1,
6.4.4.2.3#1, 6.4.4.2.4#5, 6.4.4.2.5#1, 6.4.4.3.3#1, plus assertions in
checks: PROT-HDR

Parameters Tested

Checklist
References

Test Procedure

During any test which refers to this section, ensure that the following checks are carried out:
1. All the Message Header Checks detailed in PROT-HDR.
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2. That the Number of Data Objects represented by the value in bits 14:12 is at least 2
[PROT_MSG_DATA VDM_MODE_ACK 1].

3. That the MessageType represented by the value in bits 3:0 of the Message Header is 1111b
[PROT_MSG_DATA VDM_MODE_ACK 2].

VDO #1 (VDM Header)

4. That, for the first VDO in a Discover Modes ACK message, bits B31:B16 are set to the SVID
specified in the preceding Discover Modes initiator message
[PROT_MSG_DATA VDM_MODE_ACK_3].

5. That, for the first VDO in a Discover Modes ACK message, bit B15 is 1b (defining a
structured VDM) [PROT_MSG_DATA_VDM_MODE_ACK_4].

6. That, for the first VDO in a Discover Modes ACK message, bits B14:B13 (Structured VDM
Version) are 00b (representing Structured VDM V1.0)
[PROT_MSG_DATA_VDM_MODE_ACK_5].

7. That, for the first VDO in a Discover Modes ACK message, bits B12:B11 (reserved) are set to
00b [PROT_MSG_DATA_VDM_MODE_ACK_6].

8. That, for the first VDO in a Discover Modes ACK message, bits B10:B8 (Object Position) are
set to 000b [PROT_MSG_DATA_VDM_MODE_ACK_7].

9. That, for the first VDO in a Discover Modes ACK message, bits B7:B6 (Command Type) is
set to 01b (ACK) [PROT_MSG_DATA_VDM_MODE_ACK_8].

10. That, for the first VDO in a Discover Modes ACK message, bit B5 (reserved) is set to Ob
[PROT_MSG_DATA_VDM_MODE_ACK_9].

11. That, for the first VDO in a Discover Modes ACK message, bits B4:BO0 are set to 00011b
(Discover Modes) [PROT_MSG_DATA_VDM_MODE_ACK 10].

Each following VDO (Discover Modes Responder VDO)
12. The content of the Discover Modes Responder VDO is currently not checked.

14.4.1.16 TDB 2.1.4.4.4 PROT-MSG-DATA-VDM-ENTER-MODE Enter Mode Message

Checks
Status Secondary Checks performed during any Primary Test where the
specified situation is encountered
Purpose To perform the appropriate protocol checks relating to any
circumstance in which the Enter Mode message is sent by the UUT.
Critical for Safety
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Applies to DRP, Provider, Provider/Consumer, Consumer/Provider, Consumer or
Cable

Description This section is a list of specific checks to be made in the course of any
other test in this document which refers to this section.

Test setup Depends on test referring to this section.

Preconditions

Assertions Tested 6.2.1.2#1, 6.2.1.8#1, 6.4.4#7, 6.4.4.2#8, 6.4.4.2.1#1, 6.4.4.2.3#1,
6.4.4.2.445, 6.4.4.2.5#1, 6.4.4.2.5#2, 6.4.4.3.4#1, 6.4.4.3.4#4, plus
assertions in checks: PROT-HDR

Parameters Tested

Checklist
References

Test Procedure

During any test which refers to this section, ensure that the following checks are carried out:
1. All the Message Header Checks detailed in PROT-HDR.

2. That the Number of Data Objects represented by the value in bits 14:12 is 1.
[PROT_MSG_DATA VDM _ENTER_MODE_1].

3. That the MessageType represented by the value in bits 3:0 of the Message Header is 1111b
[PROT_MSG_DATA VDM_ENTER_MODE_2].

VDO #1 (VDM Header)

4. That, for the first VDO in an Enter Mode message, bits B31:B16 are set to an SVID specified
in a preceding Discover SVIDs ACK message and, if the current message is not an initiator,
that the SVID matches the one specified in the corresponding previous initiator
[PROT_MSG_DATA VDM_ENTER_MODE_3].

5. That, for the first VDO in an Enter Mode message, bit B15 is 1b (defining a structured VDM)
[PROT_MSG_DATA VDM_ENTER_MODE _4].

6. That, for the first VDO in an Enter Mode message, bits B14:B13 (Structured VDM Version)
are 00b (representing Structured VDM V1.0)

[PROT_MSG_DATA VDM_ENTER_MODE_5].

7. That, for the first VDO in an Enter Mode message, bits B12:B11 (reserved) are set to 00b
[PROT_MSG_DATA VDM_ENTER_MODE_6].

8. That, for the first VDO in an Enter Mode message, bits B10:B8 (Object Position) are set to an
Obiject Position specified in a preceding Discover Modes ACK message and, if the current
message is not an initiator, that the Object Position matches the one specified in the
corresponding previous initiator [PROT_MSG_DATA_VDM_ENTER_MODE_7].

9. That, for the first VDO in an Enter Mode message, bits B7:B6 (Command Type) is set to 00b
(Initiator), 01b (ACK) or 10b (NAK) [PROT_MSG_DATA _VDM_ENTER_MODE _38].

10. That, for the first VDO in an Enter Mode message, bit B5 (reserved) is set to Ob
[PROT_MSG_DATA_VDM_ENTER_MODE_9].
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11. That, for the first VDO in an Enter Mode message, bits B4:BO0 are set to 00100b (Enter Mode)
[PROT_MSG_DATA VDM _ENTER_MODE_10].

Following VDOs
12. Check that there are no further VDOs [PROT_MSG_DATA _VDM_ENTER_MODE_11].

14.4.1.17 TDB 2.1.4.4.5 PROT-MSG-DATA-VDM-EXIT-MODE Exit Mode Message

Checks
Status Secondary Checks performed during any Primary Test where the
specified situation is encountered
Purpose To perform the appropriate protocol checks relating to any

circumstance in which the Exit Mode message is sent by the UUT.

Critical for Safety

Applies to DRP, Provider, Provider/Consumer, Consumer/Provider, Consumer or
Cable
Description This section is a list of specific checks to be made in the course of any

other test in this document which refers to this section.

Test setup Depends on test referring to this section.

Preconditions

Assertions Tested | 5.2.1.2#1, 6.2.1.8#1, 6.4.4#7, 6.4.4.248, 6.4.4.2.1#1, 6.4.4.2.3#1,
6.4.4.2.4#5, 6.4.4.2.541, 6.4.4.2.5#2, 6.4.4.3.5#1, 6.4.4.3.5#3, plus
assertions in checks: PROT-HDR

Parameters Tested

Checklist
References

Test Procedure

During any test which refers to this section, ensure that the following checks are carried out:
1. All the Message Header Checks detailed in PROT-HDR.

2. That the Number of Data Objects represented by the value in bits 14:12 is 1.
[PROT_MSG_DATA _VDM_EXIT_MODE_1].

3. That the MessageType represented by the value in bits 3:0 of the Message Header is 1111b
[PROT_MSG_DATA _VDM_EXIT_MODE_2].

VDO #1 (VDM Header)

4. That, for the first VDO in an Exit Mode ACK message, bits B31:B16 are set to the SVID
specified in the preceding Exit Mode initiator message
[PROT_MSG_DATA_VDM_EXIT_MODE_3].

5. That, for the first VDO in an Exit Mode ACK message, bit B15 is 1b (defining a structured
VDM) [PROT_MSG_DATA VDM _EXIT_MODE_4].
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6. That, for the first VDO in an Exit Mode ACK message, bits B14:B13 (Structured VDM
Version) are 00b (representing Structured VDM V1.0)
[PROT_MSG_DATA_VDM_EXIT_MODE_5].

7. That, for the first VDO in an Exit Mode ACK message, bits B12:B11 (reserved) are set to 00b
[PROT_MSG_DATA_VDM_EXIT_MODE_6].

8. That, for the first VDO in an Exit Mode ACK message, bits B10:B8 (Object Position) are set
to the value specified in the preceding EXIT Mode initiator message
[PROT_MSG_DATA _VDM_EXIT_MODE _7].

9. That, for the first VDO in an EXIT Mode ACK message, bits B7:B6 (Command Type) is set
to 00b (Initiator) or 01b (ACK) [PROT_MSG_DATA_VDM_EXIT_MODE_8].

10. That, for the first VDO in an EXIT Mode ACK message, bit B5 (reserved) is set to Ob
[PROT_MSG_DATA_VDM_EXIT_MODE_9].

11. That, for the first VDO in an EXIT Mode ACK message, bits B4:B0 are set to 00100b (Exit
Mode) [PROT_MSG_DATA_VDM_EXIT_MODE_10].

Following VDOs
12. Check that there are no further VDOs [PROT_MSG_DATA VDM _EXIT_MODE_11].

14.4.1.18 TDB 2.1.4.4.6 PROT-MSG-DATA-VDM-ATT Attention Message Checks

Status Secondary Checks performed during any Primary Test where the
specified situation is encountered

Purpose To perform the appropriate protocol checks relating to any
circumstance in which the Attention message is sent by the UUT.

Critical for Safety

Applies to DRP, Provider, Provider/Consumer, Consumer/Provider, Consumer

Description This section is a list of specific checks to be made in the course of any
other test in this document which refers to this section.

Test setup Depends on test referring to this section.

Preconditions

Assertions Tested 6.2.1.2#1, 6.2.1.8#1, 6.4.4#7, 6.4.4.2#2, 6.4.4.2#8, 6.4.4.2.1#1,
6.4.4.2.3#1, 6.4.4.2.5#1, 6.4.4.2.5#2, 6.4.4.3.6#1, 6.4.4.3.6#3, plus
assertions in checks: PROT-HDR

Parameters Tested

Checklist
References

Test Procedure

During any test which refers to this section, ensure that the following checks are carried out:
1. All the Message Header Checks detailed in PROT-HDR.
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2.

3.

4.

That the Number of Data Objects represented by the value in bits 14:12 is 1
[PROT_MSG_DATA VDM _ATT 1].

That the MessageType represented by the value in bits 3:0 of the Message Header is 1111b
[PROT_MSG_DATA VDM _ATT 2].

That this message was not sent by a Cable Marker, and was not sent using SOP' or SOP"
[PROT_MSG_DATA VDM_ATT_12].

VDO #1 (VDM Header)

5.

That, for the first VDO in an Attention message, bits B31:B16 are set to the SVID specified in
the preceding Enter Mode initiator message [PROT_MSG_DATA _VDM_ATT _3].

That, for the first VDO in an Attention message, bit B15 is 1b (defining a structured VDM)
[PROT_MSG_DATA _VDM_ATT 4].

That, for the first VDO in an Attention message, bits B14:B13 (Structured VDM Version) are
00b (representing Structured VDM V1.0) [PROT_MSG_DATA_VDM_ATT_5].

That, for the first VDO in an Attention message, bits B12:B11 (reserved) are set to 00b
[PROT_MSG_DATA VDM_ATT 6].

That, for the first VDO in an Attention message, bits B10:B8 (Object Position) are set to the
value specified in the preceding Enter Mode initiator message
[PROT_MSG_DATA_VDM_ATT_7].

10. That, for the first VDO in an Attention message, bits B7:B6 (Command Type) is set to 00b

(Initiator - no other value is allowed) [PROT_MSG_DATA_VDM_ATT _8].

11. That, for the first VDO in an Attention message, bit B5 (reserved) is set to Ob

[PROT_MSG_DATA_VDM_ATT 9].

12. That, for the first VDO in an Attention message, bits B4:B0 are set to 00100b (Exit Mode)

[PROT_MSG_DATA_VDM_ATT _10].

Following VDOs
13. Check that there are no further VDOs [PROT_MSG_DATA VDM_ATT _11].

14.4.2 Procedures and Procedure Checks

The following are checks to be performed on procedures, whenever they are encountered during a
Primary Test.
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14.4.2.1 TDB 2.2.1.1 PROT-PROC-AMS for Atomic Message Sequence

Status Secondary Checks performed during any Primary Test where the
specified situation is encountered
Purpose To perform the appropriate protocol checks relating to any

circumstance in which a message is sent in response to another
message as part of an Atomic Message Sequence.

Critical for Safety | No

Applies to Any

Description The correct formatting, sequence and timing of the messages involved
is checked.

Test setup Depends on test referring to this section.

Preconditions

Assertions Tested

6.5.2#5, plus assertions in checks:
PROT-MSG-CTRL

Parameters Tested

Checklist
References

Test Procedure

During any test in which a message from the UUT is in response to a message from the Tester
as part of an Atomic Message Sequence:

1. Check that the time from the last bit of the message sent by the Tester until the start of the
response does not exceed 15ms (except in cases where another criterion is specified e.g.
power transition timings). [PROT_PROC_AMS 1]
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14.4.2.2 TDB 2.2.2.1 PROT-PROC-GOODCRC-TSTR for GoodCRC from Tester

Status Secondary Checks performed during any Primary Test where the
specified situation is encountered

Purpose To perform the appropriate protocol checks relating to any
circumstance in which a GoodCRC is sent by the Tester in response to
any other message.

Critical for Safety | No

Applies to Cable, DRP, Provider, Consumer , Provider/Consumer,
Consumer/Provider

Description This section describes the procedure which starts with a Tester
originated GoodCRC message. The checks described are made any
time the sequence is encountered during testing.

The correct formatting, sequence and timing of the messages involved
is checked.

Test setup Depends on test referring to this section.

Preconditions

Assertions Tested | assertions in checks:

PROT-MSG-CTRL

Parameters Tested

Checklist
References

Test Procedure
During any test which refers to this section, follow this procedure:

1. Send a GoodCRC message, alternately starting the preamble after tinterframeGap min (25us)
and tTransmit max (195 ps) of the last bit of the previously received message.
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14.4.2.3 TDB 2.2.2.2 PROT-PROC-GOODCRC-UUT for GoodCRC from UUT

Status Secondary Checks performed during any Primary Test where the
specified situation is encountered

Purpose To perform the appropriate protocol checks relating to any
circumstance in which a GoodCRC is sent by the UUT in response to
any other message.

Critical for Safety | No

Applies to Cable, DRP, Provider, Consumer , Provider/Consumer,
Consumer/Provider

Description This section describes the procedure which starts with a UUT
originated GoodCRC message. The checks described are made any
time the sequence is encountered during testing.

The correct formatting, sequence and timing of the messages involved
Is checked.

Test setup Depends on test referring to this section.

Preconditions

Assertions Tested 6.3.1#3, 6.5.1#6, 6.5.1#7, plus assertions in checks:
PROT-MSG-CTRL
Parameters Tested | tBysidle, tTransmit

Checklist
References

Test Procedure
During any test which refers to this section, follow this procedure:

1. Check that the first bit of the preamble of a GoodCRC is received after tinterframeGap min
(25us) to tTransmit max (195 ps) of the last bit of the previously sent message.
[PROT_PROC_GOODCRC_UUT 1]

2. Check that this GoodCRC message meets the requirements of PROT-MSG-CTRL.
[PROT_PROC_GOODCRC_UUT 2]
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14.4.2.4 TDB 2.2.3.1.1 PROT-PROC-SWAP-TSTR-SNK Tester (Sink) Originated Swap

Status Secondary Checks performed during any Primary Test where the
specified situation is encountered

Purpose To perform the appropriate protocol checks relating to any
circumstance in which the Swap message is sent by the Tester acting
as a Sink.

Critical for Safety No

Applies to DRP, Provider/Consumer, Consumer/Provider

14.4.2.4.1 Description | This section describes the procedure which starts with a Tester
originated Swap message. The checks described are made any time
the sequence is encountered during testing.

The correct formatting, sequence and timing of the messages involved
Is checked.

Test setup Depends on test referring to this section.

Preconditions

Assertions Tested 6.3.3#2, 6.3.3#6, 6.3.6#1, 6.3.10#1, 6.3.10#2, 6.5.2#5, 6.5.3.1#1,
6.5.3.1#2, 6.5.3.1#3, 6.5.6.2#2, 7.1.11#1, 7.1.11#2, 7.1.11#3, 7.2.4#2,
7.2.4#4, 7.3.9#1, 7.3.9#2, 7.3.9#3, 7.3.9#4, 7.3.9#6, plus assertions in
checks:

PROT-PROC-GOODCRC-TSTR
PROT-PROC-GOODCRC-UUT
PROT-MSG-CTRL

Parameters Tested | tReceiverResponse, tTypeCSinkWaitCap, tSourceActivity,
Checklist References

Test Procedure
During any test which refers to this section, follow this procedure:

1. Send a Swap message to the UUT (Source).

2. Check that an Accept message is received from UUT within tReceiverResponse max (15ms)
of the last bit of the Request message. [PROT_PROC_SWAP_TSTR_SNK 1]

3. Check that this Accept message meets the requirements of PROT-MSG-CTRL.

4. Ensure that we are drawing no more than iSwapStandby within tSrcTransition min (25ms)
after we sent the last GoodCRC.

5. Check that the UUT reduces its Vbus voltage to vSafeOV max (0.8V) within tSrcTransition
max (35ms) plus tSrcSwapStdby max (650ms) after the last bit of GoodCRC was sent in
response to the received Accept. [PROT_PROC_SWAP_TSTR_SNK 3] We do not check
that the UUT stops driving Vbus.
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6. The UUT may sends Ping(s) if it is attempting to meet the timing tSourceActivity (40ms to
50ms). However, this is optional, so not checked.

7. Check that we receive a PS_RDY message after Vbus reaches vSafeQV, and by no later than
tSrcTransition max (35ms) plus tSrcSwapStdby max (650ms) after after the last bit of
GoodCRC was sent in response to the received Accept.

[PROT_PROC_SWAP_TSTR_SNK 5]

8. Check that this PS_RDY message meets the requirements of PROT-MSG-CTRL.

9. If the Tester Ping Policy is currently to send Pings, from now on send Ping messages if
required to meet the timing tSourceActivity (40ms to 50ms). If the Ping Policy for the test is
not to send Pings, then do not send Pings.

10. Turn on Vbus drive and take it to vSafe5V completing the transition before sending PS_RDY,
both within tNewSRC max (275ms) of the GoodCRC we sent in response to the PS_RDY
from the UUT.

11. If we are in a 'PSSourceOnTimer Test', then go to PROT-PROC-PSSOURCEONTIMER or
PROT-PROC-PSSOURCEONTIMER-SWPD as appropriate, and complete test there.

12. Send this PS_RDY.

13. Wait 300ms from the time when Vbus rose above vSafeOV (so just under
tTypeCSinkWaitCap min) and then send Source Capabilities. This is deliberate 'out of spec'
behavior to test the tTypeCSinkWaitCap parameter.

14. Check that we receive a Request and that the UUT draws no more than pSnkSusp max/5 (25/5
=5mA\) until we Accept the Request. [PROT_PROC_SWAP_TSTR_SNK 6]

15. Continue using procedure PROT-PROC-REQ-UUT.
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14.4.2.5 TDB 2.2.3.1.2 PROT-PROC-SWAP-TSTR-SRC Tester (Source) Originated Swap

Status Secondary Checks performed during any Primary Test where the
specified situation is encountered

Purpose To perform the appropriate protocol checks relating to any
circumstance in which the Swap message is sent by the Tester acting
as a Source.

Critical for Safety | No

Applies to DRP, Provider/Consumer, Consumer/Provider

Description This section describes the procedure which starts with a Tester
originated Swap message. The checks described are made any time
the sequence is encountered during testing.

The correct formatting, sequence and timing of the messages involved
Is checked.

Test setup Depends on test referring to this section.

Preconditions

Assertions Tested | 63342, 6.3.3#6, 6.3.6#1, 6.3.10#1, 6.3.10#2, 6.5.3.1#1, 6.5.3.1#2,
6.5.3.1#3, 6.5.6.3#1, 6.5.9.2#1, 7.1.2#4, 7.1.11#1, 7.1.11#2, 7.1.11#3,
7.1.11#4,7.2.2#5, 7.2.T#1, 7.2.7T#2, 7.2.7#3, 7.2.7#4, plus assertions
in checks:

PROT-PROC-GOODCRC-TSTR
PROT-PROC-GOODCRC-UUT
PROT-MSG-CTRL

Parameters Tested | tTypeCSinkWaitCap, tSourceActivity

Checklist
References

Test Procedure
During any test which refers to this section, follow this procedure:

1. Send a Swap message to the UUT (Sink).

2. Check that an Accept message is received from UUT within tReceiverResponse max (15ms)
of the last bit of the Request message. [PROT_PROC_SWAP_TSTR_SRC 1]

3. Check this message (PROT-MSG-CTRL).

4. If the Tester Ping Policy is currently to send Pings, from now on send Ping messages if
required to meet the timing tSourceActivity (40ms to 50ms). If the Ping Policy for the test is
not to send Pings, then do not send Pings.

5. Check that UUT is not drawing more than iSwapStandby after a time tSourceTransition min
(25ms) after the last bit of GoodCRC is sent in response to the Accept we received.
[PROT_PROC_SWAP_TSTR_SRC 2]
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6. Starting at tSinkTransition max (35ms) after the last bit of GoodCRC was sent in response to
the Accept we received, reduce the Vbus voltage to less than vSafe0V max (0.8V) within
tSrcSwapStdby max (650ms) and stop driving Vbus.

7. If we are in a 'PSSourceOffTimer Test', then go to PROT-PROC-PSSOURCEOFFTIMER or
PROT-PROC-PSSOURCEOFFTIMER-SWPD as appropriate, and complete test there.

8. Send PS_RDY immediately following this tSrcSwapStdby period.

9. Check that the UUT takes Vbus to vSafe5V (4.75V to 5.5V) and only once it is in this range
that it sends PS_RDY [PROT_PROC_SWAP_TSTR_SRC 4]

10. Check this message (PROT-MSG-CTRL).

11. Check that this PS_RDY was started within tNewSrc max (275ms) of the GoodCRC we sent
in response to the PS_RDY from the UUT [PROT_PROC_SWAP_TSTR_SRC_6]

12. Check that the UUT sends a Source Capabilities message within tFirstSourceCap max
(250ms). [PROT_PROC_SWAP_TSTR_SRC_7]
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14.4.2.6 TDB 2.2.3.2.1 PROT-PROC-SWAP-UUT-SNK UUT (Sink) Originated Swap

Status Secondary Checks performed during any Primary Test where the
specified situation is encountered
Purpose To perform the appropriate protocol checks relating to any

circumstance in which the Swap message is sent by the UUT acting as
a Sink.

Critical for Safety

No

Applies to

DRP, Provider/Consumer, Consumer/Provider

Description

This section describes the procedure which starts with a Tester
originated Swap message. The checks described are made any time
the sequence is encountered during testing.

The correct formatting, sequence and timing of the messages involved
Is checked.

Test setup

Depends on test referring to this section.

Preconditions

Assertions Tested

6.3.6#1, 6.5.3.1#1, 6.5.3.1#2, 6.5.3.1#3, 7.1.2#4, 7.1.11#1, 7.1.11#2,
7.1.11#3, 7.1.11#4, 7.1.11#5, 7.2.2#5, 7.2.7#1, 7.2.7#2, 7.2.7#3,
7.2.7#4,7.2.7T#5, 7.3.9#1, 7.3.9#2, 7.3.9#3, 7.3.9#4, 7.3.9#6, plus
assertions in checks:

PROT-PROC-GOODCRC-TSTR
PROT-PROC-GOODCRC-UUT
PROT-MSG-CTRL

Parameters Tested

tSinkWaitCap, tSourceActivity

Checklist
References

14.4.2.6.1 Test Procedure
During any test which refers to this section, follow this procedure:

1. The Tester receives a PR_Swap message from the UUT. Check that the details of this
message are valid, and as expected (PROT-MSG-CTRL).

2. Send an Accept message after slightly less than tSenderResponse min (24-1=23ms) from the

last bit of the GoodCRC message sent (this is out of spec, in order to test the parameter

tSenderResponse, but should not cause misoperation). [PROT_PROC_SWAP_UUT_SNK 1]

3. If the Tester Ping Policy is currently to send Pings, from now on send Ping messages if

required to meet the timing tSourceActivity (40ms to 50ms). If the Ping Policy for the test is

not to send Pings, then do not send Pings.
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4. Check that UUT is not drawing more than iSnkSwapStandby after a time tSrcTransition max
(35ms) after the last bit of GoodCRC is received in response to the Accept we sent.
[PROT_PROC_SWAP_UUT_SNK_3]

5. Starting at tSrcTransition max (35ms) after the last bit of GoodCRC is received in response to
the Accept we sent, reduce the VVbus voltage to less than vSafeOV max (0.8V) within
tSrcSwapStdby max (650ms) and stop driving Vbus [PROT_PROC_SWAP_UUT_SNK 4]

6. If we are in a 'PSSourceOffTimer Test', then go to PROT-PROC-PSSOURCEOFFTIMER or
PROT-PROC-PSSOURCEOFFTIMER-SWPD as appropriate, and complete test there.

7. Send PS_RDY immediately following this tSrcSwapStdby period.
[PROT_PROC_SWAP_UUT SNK_5]

8. Check that the UUT takes Vbus to vSafe5V (4.75V to 5.50V) and only once it is in this range
that it sends PS_RDY [PROT_PROC_SWAP_UUT _SNK_6]

9. Check that this PS_RDY was finished within tPSSourceOn max (480ms) of the GoodCRC we
sent in response to the PS_RDY from the UUT [PROT_PROC_SWAP_UUT_SNK 8]

10. Check this PS_RDY message (PROT-MSG-CTRL)

11. Check that the UUT sends a Source Capabilities message within tFirstSourceCap
max(250ms). [PROT_PROC_SWAP_UUT_SNK 9]

14.4.2.7 TDB 2.2.3.2.2 PROT-PROC-SWAP-UUT-SRC UUT (Source) Originated Swap

Status Secondary Checks performed during any Primary Test where the
specified situation is encountered

Purpose To perform the appropriate protocol checks relating to any
circumstance in which the Swap message is sent by the UUT acting as
a Source.

Critical for Safety | No
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Applies to DRP, Provider/Consumer, Consumer/Provider

Description This section describes the procedure which starts with a Tester

originated Swap message. The checks described are made any time
the sequence is encountered during testing.

The correct formatting, sequence and timing of the messages involved
Is checked.

Test setup Depends on test referring to this section.

Preconditions

Assertions Tested | 6.3.6#1, 6.5.3.1#1, 6.5.3.1#2, 6.5.3.1#3, 7.1.11#1, 7.3.10#4, 7.3.10#6,

7.3.10#7, plus assertions in checks:
PROT-PROC-GOODCRC-TSTR
PROT-PROC-GOODCRC-UUT
PROT-MSG-CTRL

Parameters Tested | tTypeCSinkWaitCap, tSourceActivity

Checklist
References

Test Procedure

During any test which refers to this section, follow this procedure:

1.

The Tester receives a Swap message from the UUT. Check that the details of this message are
valid, and as expected (PROT-MSG-CTRL).

Send an Accept message after slightly less than tSenderResponse min (24-1=23ms) from the
last bit of the GoodCRC message sent (this is out of spec, in order to test the parameter
tSenderResponse, but should not cause misoperation).

Ensure that we are drawing no more than iSwapStandby within tSrcTransition max (35ms)
after we sent the last GoodCRC.

Check that the UUT reduces its VVbus voltage to vSafeOV max (0.8V) within tSrcTransition
max (35ms) plus tSrcSwapStdby max (650ms) after the last bit of GoodCRC was sent in
response to the received Accept. We do not check that the UUT stops driving Vbus.
[PROT_PROC_SWAP_UUT_SRC 1]

Check that we receive a PS_RDY message after VVbus reaches vSafeOV and by no later than
tPSSourceOff max (920ms) after the last bit of GoodCRC was sent in response to the received
Accept. [PROT_PROC_SWAP_UUT_SRC_2]

Check this message (PROT-MSG-CTRL).

If the Tester Ping Policy is currently to send Pings, from now on send Ping messages if
required to meet the timing tSourceActivity (40ms to 50ms). If the Ping Policy for the test is
not to send Pings, then do not send Pings.

Turn on Vbus drive and take it to vSafe5V, with a rise time within tNewSRC max (275ms),
and completing the transition in time to send PS_RDY timed to arrive at just under
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tPSSourceOn max (480ms) of the GoodCRC we sent in response to the PS_RDY from the
UUT. [PROT_PROC_SWAP_UUT_SRC_3]

9. If we are in a 'PSSourceOnTimer Test', then go to PROT-PROC-PSSOURCEONTIMER or
PROT-PROC-PSSOURCEONTIMER-SWPD as appropriate, and complete test there.

10. Send this PS_RDY

11. Wait just under tTypeCSinkWaitCap min (310ms - 10ms = 300ms) and then send Source
Capabilities. This is deliberate 'out of spec’ behavior to test the tTypeCSinkWaitCap
parameter.

12. Check that we receive a Request and that the UUT draws no more than pSnkSusp max/5 (25/5
=5mA) until we Accept the Request. [PROT_PROC_SWAP_UUT_SRC 4]
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14.4.2.8 TDB 2.2.4 PROT-PROC-PSSOURCEOFFTIMER PSSourceOffTimer

Status Secondary Checks performed during any Primary Test where the
specified situation is encountered

Purpose To perform the PSSourceOffTimer test, as an alternative to
completing the a appropriate Swap test.

Critical for Safety | No

Applies to DRP, Provider /Consumer, Consumer/Provider

Description This section describes the procedure to test PSSourceOffTimer. The
main element is the failure to send the first PS_RDY when expected
by the UUT.

The correct formatting, sequence and timing of the messages involved
is checked.

Test setup Depends on test referring to this section.

Preconditions

Assertions Tested | 656241, 6.5.6.2#2, 6.5.6.2#3, 6.5.6.2#4, 7.1.1#4, plus assertions in
checks:

PROT-PROC-GOODCRC-TSTR
PROT-PROC-GOODCRC-UUT
PROT-MSG-CTRL

Parameters Tested | ySafe0V, tPSSourceOff, tSwapRecover

Checklist
References

Test Procedure for Not Sending First PS_RDY
During any test which refers to this section, follow this procedure:

Note: We are testing PSSourceOffTimer by failing to send PS_RDY, so we were the Source and
have just turned off VVbus.

1. Do not send this (1st) PS_RDY (also stop sending Pings if we were sending them). Maintain
Rp at 4k7 to 3.3V.

2. Check that within tPSSourceOff max (920ms) of the last bit of the EOP that we sent in
response to receiving the Accept from the UUT, the UUT transitions to Error Recovery.
[PROT_PROC_PSSOURCEOFFTIMER_1]

3. The test which contains this sequence ends at this point, by simulating a tester end cable
detach.
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14.4.2.9 TDB 2.2.5 PROT-PROC-PSSOURCEONTIMER PSSourceOnTimer

Status Secondary Checks performed during any Primary Test where the
specified situation is encountered

Purpose To perform the PSSourceOnTimer test, as an alternative to completing
the a appropriate Swap test.

Critical for Safety | No

Applies to DRP, Provider /Consumer, Consumer/Provider

Description This section describes the procedure to test PSSourceOnTimer. The
main element is the failure to send the second PS_RDY when
expected by the UUT.

The correct formatting, sequence and timing of the messages involved
is checked.

Test setup Depends on test referring to this section.

Preconditions

Assertions Tested | 656341, 6.5.6.3#2, 6.5.9.1#1, 7.1.1#4, plus assertions in checks:
PROT-PROC-GOODCRC-TSTR
PROT-PROC-GOODCRC-UUT

PROT-MSG-CTRL

Parameters Tested | ySafeQV, vSafe5V, tPSSourceOn, tSwapRecover

Checklist
References

Test Procedure for Not Sending Second PS_RDY
During any test which refers to this section, follow this procedure:

Note: We are testing PSSourceOnTimer by failing to send PS_RDY, so we have become Source,
connected Rp and just turned on vSafe5V; UUT has connected Rd.

1. Do not send this (2nd) PS_RDY (also do not send any Pings).
2. Check that within tPSSourceOn max (480ms) of receiving the PS_RDY from the UUT, the
UUT transitions to Error Recovery. [PROT_PROC_PSSOURCEONTIMER_1]

3. The test which contains this sequence ends at this point, by simulating a tester end cable
detach.

14.4.2.10 TDB 2.2.6 PROT-PROC-PING Ping from Tester

Status Secondary Checks performed during any Primary Test where the
specified situation is encountered

Purpose To check that the timing of any Ping sent by the UUT is appropriate.

Critical for Safety | No
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Applies to DRP, Consumer/Provider, Provider/Consumer, Provider, Consumer

Description This section describes the procedure to test Pings sent by a UUT
The correct formatting, sequence and timing of the messages involved
is checked.

Test setup Depends on test referring to this section.

Preconditions

Assertions Tested | 6.5.3.1#2, 6.3.5.1#1, 6.2.1.4#2, plus assertions in checks:
PROT-PROC-GOODCRC-TSTR
PROT-PROC-GOODCRC-UUT

PROT-MSG-CTRL

Parameters Tested

Checklist
References

Test Procedure
Assuming that a Ping has been received from the UUT:

1. Check that the UUT is acting as a Source at the time. [PROT_PROC_PING_1]

2. Check that at least tSourceActivity min (40ms) has elapsed since the previous message on the
bus, and that no more than tSourceActivity min (50ms) has elapsed since the previous
message on the bus. [PROT_PROC_PING_2]
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144211

TDB 2.2.7.1 PROT-PROC-REQ-TSTR Tester Originated Request

Status Secondary Checks performed during any Primary Test where the
specified situation is encountered
Purpose To perform the appropriate protocol checks relating to any

circumstance in which the Request message is sent by the Tester.

Critical for Safety

No

Applies to

DRP, Provider, Provider/Consumer, Consumer/Provider

Description

This section describes the procedure which starts with a Tester
originated Request message. The checks described are made any time
the sequence is encountered during testing.

The correct formatting, sequence and timing of the messages involved
is checked.

Test setup

Depends on test referring to this section.

Preconditions

Assertions Tested

6.3.3#1, 6.3.3#6, 6.3.4#1, 6.3.6#1, 6.5.2#5, 6.5.3.1#1, 6.5.3.1#2,
6.5.3.1#3, 6.5.6.1#2, 7.1.4#4, 7.1.4#5, 7.1.5#2, 7.1.5#4, 7.3.2#2,
7.3.2#3, 7.3.6#3, plus assertions in checks:

PROT-PROC-GOODCRC-TSTR
PROT-PROC-GOODCRC-UUT
PROT-MSG-CTRL

Parameters Tested

tReceiverResponse , tSourceActivity, tPSTransition

Checklist
References

1442111

Test Procedure

During any test which refers to this section, follow this procedure. If this is a test requiring

Vbus voltage transition measurement, perform the appropriate measurements specified below

at the same time:

1. Send a Request for the Power Data Object in question at a specified power not exceeding that

offered.

2. Check that an Accept message is received from UUT within tReceiverResponse max (15ms)

of the last bit of the Request message. [PROT_PROC_REQ _TSTR_1].

3. If Reject or Wait is received from the UUT instead of the Accept, check that it is received

within tReceiverResponse max (15ms) of the last bit of the Request message. Retry the
Request from step 1, three times and then abandon the test as a failure.
[PROT_PROC_REQ TSTR_Z2]
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a.

If the transition involves a current decrease, decrease it to the new value within
tSinkTransition min (20ms) of the last bit of the GoodCRC we sent in response to the
Accept message we received.

If the transition involves a voltage change, decrease the current drawn by the Tester to
less than pSnkStdby/ Vbus mA within tSinkTransition min (20ms) of the last bit of the
GoodCRC we sent in response to the Accept message we received.

4. Check that the last bit of a PS_RDY message is received from UUT by tPSTransition min
(450ms) from the receipt of the last bit of the Accept message.
[PROT_PROC_REQ TSTR_3]

5. Voltage Measurement Checks for a Rise in Voltage:

a.

g.

Check that from the end of the GoodCRC we sent in response to the Accept till the
voltage leaves its initially valid range was not less than tSrcTransition min (25ms).
[PROT_PROC_REQ TSTR_4]

Check that the voltage was within its target range of nominal voltage £5%, by
tSrcSettlePos from time voltage started to rise, and remained in range for the next
80ms from that time. [PROT_PROC_REQ _TSTR_5]

Check that the slew rate was not greater than 30mV/ps.

[PROT_PROC_REQ TSTR_6]

Check that VVbus does not exceed nominal + 10% of the target voltage during the
tSrcSettlePos period from time voltage started to rise. [PROT_PROC_REQ_TSTR_7]
Check that once Vbus has crossed nominal — 20% of the target voltage, it does not fall
below this value again during the tSrcSettlePos period from time voltage started to
rise. [PROT_PROC_REQ_TSTR_8]

Check that PS_RDY was not received from the UUT before the voltage was within its
target range. [PROT_PROC_REQ _TSTR 9]

Check that the last bit of a PS_RDY message is received from UUT by tPSTransition
min (450ms) from the end of the Accept message. [PROT_PROC_REQ_TSTR_10]

6. Voltage Measurement Checks for a Fall in Voltage:

a.

Check that from the end of the GoodCRC we sent in response to the Accept till the
voltage leaves its initially valid range was not less than tSrcTransition min (25ms).
[PROT_PROC_REQ_TSTR_11]

Check that the voltage was within its target range of nominal voltage £5%, by
tSrcSettleNeg from time voltage started to fall, and remained in range for the next
80ms from that time. [PROT_PROC_REQ _TSTR_12]

Check that the slew rate was not greater than 30mV/ps.

[PROT_PROC_REQ TSTR_13]

Check that VVbus does not go lower than nominal - 10% of the target voltage during the
tSrcSettlePos period from time voltage started to fall. [PROT_PROC_REQ_TSTR_14]
Check that once Vbus has crossed nominal +20% of the target voltage, it does not rise
above this value again during the tSrcSettlePos period from time voltage started to fall.
[PROT_PROC_REQ _TSTR_15]
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f. Check that PS_RDY was not received from the UUT before the voltage was within its
target range. [PROT_PROC_REQ_TSTR_16]

g. Check that the last bit of a PS_RDY message is received from UUT by tPSTransition
min (450ms) from the end of the Accept message. [PROT_PROC_REQ_TSTR_17]

14.4.2.12 TDB 2.2.7.2 PROT-PROC-REQ-UUT UUT Originated Request

Status Secondary Checks performed during any Primary Test where the
specified situation is encountered

Purpose To perform the appropriate protocol checks relating to any
circumstance in which the Request message is sent by the UUT.

Critical for Safety | No

Applies to DRP, Consumer, Provider/Consumer, Consumer/Provider

Description This section describes the procedure which starts with a UUT
originated Request message. The checks described are made any time
the sequence is encountered during testing.

The correct formatting, sequence and timing of the messages involved
Is checked.

Test setup Depends on test referring to this section.

Preconditions

Assertions Tested | 64,145 6.4.1.2#7, 6.4.2#1, 6.5.3.1#2, 6.5.3.143, 7.2.342, 7.3.2#4,
7.3.3#4, 7.3.4#4, 7.3.5#4, 7.3.6#5, 7.3.7#4, plus assertions in checks:

PROT-PROC-GOODCRC-TSTR
PROT-PROC-GOODCRC-UUT

PROT-MSG-CTRL
Parameters Tested tSourceActivity,

Checklist
References

Test Procedure
During any test which refers to this section, follow this procedure:

1. Check that a Request message is sent by the UUT. Check that the details of this Request are valid,
and as expected. [PROT_PROC_REQ_UUT 1]

2. Send an Accept message after slightly less than tReceiverResponse min (15-1=14ms) from the
last bit of the GoodCRC message sent.

3. For voltage change (with or without current change):

a. After a total of tSrcTransition min (25 ms), check that current drawn by the UUT does
not exceed pSnkStdby max / Vbus (150 mW / Vbus) mA.
[PROT_PROC_REQ _UUT_2]
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Wait a nominal tSrcTransition (30 ms) from the GoodCRC message, and then change
VDbus voltage requested to the new value and/or be prepared to supply more or less
current within tSrcTransition max (35ms) plus tSrcReady max (285ms) as appropriate
(total 315ms).

As soon as the voltage on Vbus has stopped changing, check that current drawn by the
UUT does not exceed pSnkStdby max / Vbus (150 mW / Vbus) mA.
[PROT_PROC_REQ _UUT_3]

The Protocol Tester sends a PS_RDY message to the UUT, and checks for receipt of a
GoodCRC message. [PROT_PROC_REQ _UUT 4]

The Protocol Tester checks that the current drawn by the UUT is not in excess of the
level specified in the current PDO over the next 5 seconds.
[PROT_PROC_REQ _UUT 5]

Over the same 5 seconds, if the test in question requires it, the Tester sends a Ping
message every tSourceActivity max (50ms) and checks for receipt of a GoodCRC
message. [PROT_PROC_REQ UUT 6]

4. For current change only:

a.

Wait a nominal tSrcTransition (30 ms) from the GoodCRC message, and then be
prepared to supply more or less current as appropriate, within tSrcTransition max
(35ms) plus tSrcReady max (285ms) (total 315ms).

After this 315ms, check that the current drawn from Vbus does not exceed the
previously contracted current [PROT_PROC_REQ UUT 7]

The Protocol Tester sends a PS_RDY message to the UUT, and checks for receipt of a
GoodCRC message. [PROT_PROC_REQ UUT 8]

The Protocol Tester checks that the current drawn by the UUT is not in excess of the
level specified in the current PDO over the next 5 seconds.
[PROT_PROC_REQ _UUT 9]

Over the same 5 seconds, if the test in question requires it, the Tester sends a Ping
message every tSourceActivity max (50ms) and checks for receipt of a GoodCRC
message. [PROT_PROC_REQ _UUT_10]
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14.4.2.13

TDB 2.2.8.1 PROT-PROC-SRCCAPS-TSTR Tester Originated Source

Capabilities
Status Secondary Checks performed during any Primary Test where the
specified situation is encountered
Purpose To perform the appropriate protocol checks relating to any

circumstance in which the Source Capabilities message is sent by the
Tester. The assumption is that this has occurred while the Tester is
acting as a Source.

Critical for Safety

No

Applies to

DRP, Provider, Provider/Consumer, Consumer/Provider or Consumer

Description

This section describes the procedure which starts with a Tester
originated Source Capabilities message. The checks described are
made any time the sequence is encountered during testing.

The correct formatting, sequence and timing of the messages involved
is checked.

Test setup

Depends on test referring to this section.

Preconditions

Assertions Tested

PROT-PROC-GOODCRC-TSTR
PROT-PROC-GOODCRC-UUT
PROT-MSG-CTRL

Parameters Tested

Checklist
References

Test Procedure

During any test which refers to this section, follow this procedure:

1. The Tester sends a Source Capabilities message containing the pre-determined information

required.

2. If the UUT is acting as a Sink, now continue to the procedure PROT-PROC-REQ-UUT,

ensuring that the Request message is received by the Tester within tReceiverResponse max

(15ms), from the last bit of the GoodCRC message.
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14.4.2.14 TDB 2.2.8.2 PROT-PROC-SRCCAPS-UUT UUT Originated Source Capabilities

Status Secondary Checks performed during any Primary Test where the
specified situation is encountered

Purpose To perform the appropriate protocol checks relating to any
circumstance in which the Source Capabilities message is sent by the
UUT. The assumption is that this has occurred while the Tester is
acting as a Sink.

Critical for Safety | No

Applies to DRP, Provider, Provider/Consumer or Consumer/Provider

Description This section describes the procedure which starts with a Tester
originated Source Capabilities message. The checks described are
made any time the sequence is encountered during testing.

The correct formatting, sequence and timing of the messages involved
is checked.

Test setup Depends on test referring to this section.

Preconditions

Assertions Tested | 6 4.1#1, 6.4.1#2, 6.4.1#3, 6.4.1.2#1, 6.4.1.24#2, 6.4.1.243, plus
assertions in checks:

PROT-PROC-GOODCRC-TSTR
PROT-PROC-GOODCRC-UUT
PROT-MSG-CTRL

Parameters Tested

Checklist
References

Test Procedure
During any test which refers to this section, follow this procedure:

1. The Tester receives a Source Capabilities message.

2. Ifthe UUT is acting as a Source, now continue to the procedure PROT-PROC-REQ-TSTR,
sending the Request message tReceiverResponse max (15ms) from the last bit of the
GoodCRC message received.
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14.4.2.15 TDB 2.2.9.1 PROT-PROC-GETSRCCAPS-TSTR Tester Originated
Get_Source_Cap

Status Secondary Checks performed during any Primary Test where the
specified situation is encountered

Purpose To perform the appropriate protocol checks relating to any
circumstance in which the Get_Source_Cap message is sent by the
Tester.

Critical for Safety | No

Applies to DRP, Provider, Provider/Consumer, Consumer/Provider or Consumer

Description This section describes the procedure which starts with a Tester
originated Get_Source_Cap message. The checks described are made
any time the sequence is encountered during testing.

The correct formatting, sequence and timing of the messages involved
is checked.

Test setup Depends on test referring to this section.

Preconditions

Assertions Tested | 63,741, 6.3.7#2, plus assertions in checks:
PROT-MSG-CTRL
PROT-PROC-GOODCRC-TSTR
PROT-PROC-GOODCRC-UUT
PROT-MSG-DATA-SRC-CAP

Parameters Tested | tBysidle, tTransmit, tSenderResponse tReceiverResponse

Checklist
References

14.4.2.15.1  Test Procedure
During any test which refers to this section, follow this procedure:

1. The Tester sends a Get_Source_Cap message to the UUT.

2. Check that for a Provider, Provider/Consumer, or Consumer/Provider UUT, a Source
Capabilities message is received by the Tester within tReceiverResponse max (15ms), from
the last bit of the GoodCRC message. [PROT_PROC_GETSRCCAPS_TSTR_1]

3. Check that this message meets all the requirements detailed in PROT-MSG-DATA-SRC-
CAP. [PROT_PROC_GETSRCCAPS_TSTR_2]

4. Check that for a Consumer UUT, a Reject message is received by the Tester within
tReceiverResponse max (15ms) from the last bit of the GoodCRC message.
[PROT_PROC_GETSRCCAPS_TSTR_3]

5. Check that this message meets all the requirements detailed in PROT-MSG-CTRL.
[PROT_PROC_GETSRCCAPS_TSTR_4]
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6. If the Tester is acting as a Sink, now continue to the procedure PROT-PROC-REQ-TSTR,
ensuring that the Request is sent within tReceiverResponse max (15ms), from the last bit of
the GoodCRC message.

14.4.2.16 TDB 2.2.9.2 PROT-PROC-GETSRCCAPS-UUT UUT Originated
Get_Source_Cap

Status Secondary Checks performed during any Primary Test where the
specified situation is encountered

Purpose To perform the appropriate protocol checks relating to any
circumstance in which the Get_Source_Cap message is sent by the
UUT.

Critical for Safety | No

Applies to DRP, Provider, Provider/Consumer, Consumer/Provider or Consumer

Description This section describes the procedure which starts with a UUT
originated Get_Source_Cap message. The checks described are made
any time the sequence is encountered during testing.

The correct formatting, sequence and timing of the messages involved
is checked.

Test setup Depends on test referring to this section.

Preconditions

Assertions Tested | 6.3.8#1, 6.3.8#2, plus assertions in checks:
PROT-MSG-CTRL
PROT-PROC-GOODCRC-TSTR
PROT-PROC-GOODCRC-UUT
PROT-MSG-DATA-SRC-CAP

Parameters Tested | tBuslidle, tTransmit, tSenderResponse

Checklist
References

14.4.2.16.1  Test Procedure
During any test which refers to this section, follow this procedure:

1. The Tester receives a Get_Source_Cap message from the UUT.

2. If the tester is emulating a Provider, Provider/Consumer, or Consumer/Provider, send a valid
Source Capabilities message to the UUT after tReceiverResponse max (15ms), from the last
bit of the GoodCRC message.

3. If the tester is emulating a Consumer, send a valid Reject message to the UUT after
tSenderResponse max (30ms), from the last bit of the GoodCRC message.
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4. If the UUT is acting as a Sink, now continue to the procedure PROT-PROC-REQ-UUT,
ensuring that the Request message is received by the Tester within tReceiverResponse max
(15ms) of the last bit of the GoodCRC message.

14.4.2.17 TDB 2.2.10.1 PROT-PROC-GETSNKCAPS-TSTR Tester Originated
Get_Sink_Cap

Status Secondary Checks performed during any Primary Test where the
specified situation is encountered

Purpose To perform the appropriate protocol checks relating to any
circumstance in which the Get_Sink_Cap message is sent by the
Tester.

Critical for Safety | No

Applies to DRP, Provider, Provider/Consumer, Consumer/Provider or Consumer

Description This section describes the procedure which starts with a Tester
originated Get_Sink_Cap message. The checks described are made
any time the sequence is encountered during testing.

The correct formatting, sequence and timing of the messages involved
Is checked.

Test setup Depends on test referring to this section.

Preconditions

Assertions Tested | 63,841, 6.3.8#2, plus assertions in checks:
PROT-MSG-CTRL
PROT-PROC-GOODCRC-TSTR
PROT-PROC-GOODCRC-UUT
PROT-MSG-DATA-SNK-CAP

Parameters Tested | tBysidle, tTransmit, tSenderResponse

Checklist
References

Test Procedure
During any test which refers to this section, follow this procedure:

1. The Tester sends a Get_Sink_Cap message to the UUT.

2. Check that for a Consumer, Consumer/Provider, or Provider/Consumer UUT, a Sink
Capabilities message is received by the Tester within tReceiverResponse max (15ms) of the
last bit of the GoodCRC message. [PROT_PROC_GETSNKCAPS TSTR_1]

3. Check that this message meets all the requirements detailed in PROT-MSG-DATA-SNK-
CAP. [PROT_PROC_GETSNKCAPS_TSTR_2]
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4. Check that for a Provider UUT, a Reject message is received by the Tester within
tReceiverResponse max (15ms) of the last bit of the GoodCRC message.
[PROT_PROC_GETSNKCAPS TSTR_3]

5. Check that this message meets all the requirements detailed in PROT-MSG-CTRL.
[PROT_PROC_GETSNKCAPS TSTR_4]

14.4.2.18 TDB 2.2.10.2 PROT-PROC-GETSNKCAPS-UUT UUT Originated
Get_Sink_Cap
Status Secondary Checks performed during any Primary Test where the
specified situation is encountered
Purpose To perform the appropriate protocol checks relating to any

circumstance in which the Get_Sink_Cap message is sent by the
UUT.

Critical for Safety

No

Applies to

DRP, Provider, Provider/Consumer, Consumer/Provider or Consumer

Description

This section describes the procedure which starts with a UUT
originated Get_Sink_Cap message. The checks described are made
any time the sequence is encountered during testing.

The correct formatting, sequence and timing of the messages involved
is checked.

Test setup

Depends on test referring to this section.

Preconditions

Assertions Tested

6.3.8#1, 6.3.8#2, plus assertions in checks:
PROT-MSG-CTRL
PROT-PROC-GOODCRC-TSTR
PROT-PROC-GOODCRC-UUT
PROT-MSG-DATA-SRC-CAP

Parameters Tested

tBusldle, tTransmit, tSenderResponse tReceiverResponse

Checklist
References

Test Procedure

During any test which refers to this section, follow this procedure:

1. The Tester receives a Get_Sink_Cap message from the UUT.
2. Check that this message meets all the Control Message Checks detailed in PROT-MSG-
CTRL. [PROT_PROC_GETSNKCAPS_UUT 1]
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3. If the tester is emulating a Consumer, Consumer/Provider, or Provider/Consumer, send a valid
Sink Capabilities message to the UUT after tSenderRespense-max{30ms) tReceiverResponse

max (15ms), from the last bit of the GoodCRC message.
4. If the tester is emulating a Provider, send a valid Reject message to the UUT after
tReceiverResponse max (15ms), from the last bit of the GoodCRC message.

14.4.2.19 TDB 2.2.11.1 PROT-PROC-GOTOMIN-TSTR Tester Originated GotoMin
Status Secondary Checks performed during any Primary Test where the
specified situation is encountered
Purpose To perform the appropriate protocol checks relating to any

circumstance in which the GotoMin message is sent by the Tester.

Critical for Safety

No

Applies to

DRP, Provider/Consumer, Consumer/Provider or Consumer

Description

This section describes the procedure which starts with a Tester
originated GotoMin message. The checks described are made any
time the sequence is encountered during testing.

The correct formatting, sequence and timing of the messages involved
Is checked.

Test setup

Depends on test referring to this section.

Preconditions

Assertions Tested

7.3.11#1, 7.3.11#2, 7.3.11#3, 7.3.11#4, plus assertions in checks:
PROT-MSG-CTRL

PROT-PROC-GOODCRC-TSTR
PROT-PROC-GOODCRC-UUT
PROT-MSG-DATA-SNK-CAP

Parameters Tested

tSnkTransition

Checklist
References

Test Procedure

During any test which refers to this section, follow this procedure:

1. The Tester sends a GotoMin message to the UUT.
2. Check that the Sink current is reduced to the Minimum Operating Current specified by the

previous UUT Request, within tSrcTransition max (35ms) from the last bit of the GoodCRC
message received in response to the GoToMin message. [PROT_PROC_GOTOMIN_TSTR_1]
3. From the last bit of the GoToMin message wait for tSrcTransition min plus tSnkNewPower

max (25+15 = 40ms), then send PS_RDY.
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14.4.2.20 TDB 2.2.11.2 PROT-PROC-GOTOMIN_UUT UUT Originated GotoMin

Status Secondary Checks performed during any Primary Test where the
specified situation is encountered

Purpose To perform the appropriate protocol checks relating to any
circumstance in which the GotoMin message is sent by the UUT.

Critical for Safety | No

Applies to DRP, Provider, Provider/Consumer, Consumer/Provider

Description This section describes the procedure which starts with a UUT
originated GotoMin message. The checks described are made any
time the sequence is encountered during testing.

The correct formatting, sequence and timing of the messages involved
is checked.

Test setup Depends on test referring to this section.

Preconditions

Assertions Tested | 7.3.11#1, 7.3.11#2, 7.3.11#3, 7.3.11#4, plus assertions in checks:
PROT-MSG-CTRL

PROT-PROC-GOODCRC-TSTR
PROT-PROC-GOODCRC-UUT
PROT-MSG-DATA-SNK-CAP

Parameters Tested | tSpkTransition, tSrcNewPower,

Checklist
References

Test Procedure
During any test which refers to this section, follow this procedure:

1. The Tester receives a GotoMin message from the UUT.

2. Check that the UUT is not behaving as a Sink. [PROT_PROC_GOTOMIN_UUT _2]

3. The Tester ensures that Sink current it is drawing is reduced to the Minimum Operating
Current specified by the previous Request within tSrcTransition max (35ms) from the last bit
of the GoToMin message.

4. Check that a PS_RDY message is received by the Tester within tSrcTransition min plus
tSnkNewPower max (25+15 = 40ms) from the last bit of the GoodCRC message received in
response to the GotoMin message. [PROT_PROC_GOTOMIN_UUT 1]
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144221 TDB 2.2.12.1 PROT-PROC-SR-TSTR Tester Originated Soft Reset

Status Secondary Checks performed during any Primary Test where the
specified situation is encountered

Purpose To perform the appropriate protocol checks relating to any
circumstance in which the Soft Reset message is sent by the Tester.

Critical for Safety | No

Applies to Cable, DRP, Provider, Provider/Consumer, Consumer/Provider or
Consumer
Description This section describes the procedure which starts with a Tester

originated Soft Reset message. The checks described are made any
time the sequence is encountered during testing.

The correct formatting, sequence and timing of the messages involved
is checked.

Test setup Depends on test referring to this section.

Preconditions

Assertions Tested | 63,345 6.3.3#6, plus assertions in checks:
PROT-MSG-CTRL
PROT-PROC-GOODCRC-TSTR
PROT-PROC-GOODCRC-UUT

Parameters Tested

Checklist
References

Test Procedure
During any test which refers to this section, follow this procedure:

1. The Tester sends a Soft Reset message to the UUT.

2. Check that an Accept message is received by the Tester within tReceiverResponse max
(15ms), from the last bit of the GoodCRC message. [PROT_PROC_SR_TSTR 1]

3. Check that this message meets all the requirements detailed in PROT-MSG-CTRL.
[PROT_PROC SR TSTR_2]

4. 1If UUT is currently acting as a Source:

a. Continue to the procedure PROT-PROC-SRCCAPS-UUT ensuring that the Source
Capabilities message is received within tReceiverResponse max (15ms), from the last
bit of the GoodCRC message. [PROT_PROC_SR_TSTR_3]

5. If UUT is currently acting as a Sink:

a. Continue to the procedure PROT-PROC-SRCCAPS-TSTR ensuring that the Source
Capabilities message is sent at a time slightly less than tReceiverResponse max
(15ms), from the last bit of the GoodCRC message. [PROT_PROC_SR_TSTR 4]
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14.4.2.22 TDB 2.2.12.2 PROT-PROC-SR-UUT UUT Originated Soft Reset

Status Secondary Checks performed during any Primary Test where the
specified situation is encountered

Purpose To perform the appropriate protocol checks relating to any
circumstance in which the Soft Reset message is sent by the UUT.

Critical for Safety | No

Applies to Cable, DRP, Provider, Provider/Consumer, Consumer/Provider or
Consumer
Description This section describes the procedure which starts with a UUT

originated Soft Reset message. The checks described are made any
time the sequence is encountered during testing.

The correct formatting, sequence and timing of the messages involved
is checked.

Test setup Depends on test referring to this section.

Preconditions
Assertions Tested | PROT-MSG-CTRL

PROT-PROC-GOODCRC-TSTR
PROT-PROC-GOODCRC-UUT

Parameters Tested

Checklist
References

14.4.2.22.1  Test Procedure
During any test which refers to this section, follow this procedure:

1. The Tester receives a Soft Reset message from the UUT.

2. Check that the UUT is not a Cable. [PROT_PROC_SR_UUT 4]

3. Check that this message meets all the Control Message Checks detailed in PROT-MSG-CTRL.
[PROT_PROC_SR_UUT_1]

4. The Tester sends an Accept message to the UUT after tReceiverResponse max (15ms) from
the last bit of the GoodCRC message received.

5. If UUT is currently acting as a Source:

a. Continue to the procedure PROT-PROC-SRCCAPS-UUT ensuring that the Source
Capabilities message is received within tReceiverResponse max (15ms), from the last
bit of the GoodCRC message. [PROT_PROC_SR_TSTR_2]

6. If UUT is currently acting as a Sink:

a. Continue to the procedure PROT-PROC-SRCCAPS-TSTR ensuring that the Source
Capabilities message is sent at a time slightly less than tReceiverResponse max
(15ms), from the last bit of the GoodCRC message. [PROT_PROC _SR_TSTR_3]
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14.4.2.23

TDB 2.2.13.1 PROT-PROC-HR-TSTR Tester Originated Hard Reset

Status Secondary Checks performed during any Primary Test where the
specified situation is encountered
Purpose To perform the appropriate protocol checks relating to any

circumstance in which the Hard Reset signal is sent by the Tester.

Critical for Safety

No

Applies to

Cable, DRP, Provider, Provider/Consumer, Consumer/Provider or
Consumer

Description

This section describes the procedure which starts with a Tester
originated Hard Reset message. The checks described are made any
time the sequence is encountered during testing.

The correct formatting, sequence and timing of the messages and
Vbus voltage involved is checked.

Test setup

Depends on test referring to this section.

Preconditions

Assertions Tested

6.5.4.3#1, 6.5.10.2#1, 7.1.6#1, 7.1.6#2, 7.1.6#4, 7.1.6#5, 7.3.12#5,
7.3.12#6, plus assertions in checks.

Parameters Tested

Checklist
References

Test Procedure

1. If UUT is behaving as Source:

a. The Tester sends a Hard Reset signal.

b. Check Vbus stays within present valid voltage range for tPSHardReset min (25ms)

after last bit of Hard Reset signal. [PROT_PROC_HR_TSTR_1]

c. Check that Vbus starts to fall below present valid voltage range by tPSHardReset

max(35ms). [PROT_PROC_HR_TSTR_2]

d. Check that Vbus reaches vSafe0V within tSafeOv max (650 ms).
[PROT_PROC_HR_TSTR_3]

e. Check that VVbus starts rising to vSafe5V after a delay of tSrcRecover (0.66s - 1s) from

reaching vSafeOV. [PROT_PROC_HR_TSTR_4]

f.  Check that VVbus reaches vSafe5V within tSrcTurnOn max (275ms) of rising above

vSafeOv max (0.8V). [PROT_PROC_HR_TSTR_5]

g. Check that Source Capabilities are finished sending within tFirstSourceCap max

(250ms) of Vbus reaching vSafe5v min. [PROT_PROC_HR_TSTR_6]
2. If UUT is behaving as Sink:

GRL USB-PD MOI and User Guide
© Granite River Labs 2016, 2017

Revision 1.2.6.0.
Page 295 of 309



The Tester sends a Hard Reset signal.

Keep Vbus within present valid voltage range for tPSHardReset nom (30ms) after last
bit of Hard Reset signal.

Take Vbus to vSafeOV within tSafeOv max (650 ms).
d. Keep Vbus at vSafeQV for tSrcRecover (0.66s - 1s).

e. Take Vbus to vSafe5V within tSrcTurnOn max (275ms) of rising above vSafeOv max
(0.8V).

f.  Send Source Capabilities within tFirstSourceCap max (250ms) of VVbus reaching
vSafe5v min.

14.4.2.24 TDB 2.2.13.2 PROT-PROC-HR-UUT UUT Originated Hard Reset

Status Secondary Checks performed during any Primary Test where the
specified situation is encountered

Purpose To perform the appropriate protocol checks relating to any
circumstance in which the Hard Reset signal is sent by the UUT.

Critical for Safety | No

Applies to Cable, DRP, Provider, Provider/Consumer, Consumer/Provider or
Consumer
Description This section describes the procedure which starts with a UUT

originated Hard Reset message. The checks described are made any
time the sequence is encountered during testing.

The correct formatting, sequence and timing of the messages and
Vbus voltage involved is checked.

Test setup Depends on test referring to this section.

Preconditions

Assertions Tested | 654 341, 6.5.10.2#1, 7.1.6#1, 7.1.642, 7.1.6#4, 7.1.645, 7.3.12#5,
7.3.12#6, plus assertions in checks.

Parameters Tested

Checklist
References

Test Procedure
1. If UUT is behaving as source
a. The UUT receives a Hard Reset signal from the UUT.
b. Check that the UUT is not a Cable. [PROT_PROC_HR_UUT 1]

c. Check Vbus stays within present valid voltage range for tPSHardReset min (25ms)
after last bit of Hard Reset signal. [PROT_PROC_HR_UUT _2]
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. Check that Vbus starts to fall below present valid voltage range by tPSHardReset

max(35ms). [PROT_PROC_HR_UUT_3]

Check that VVbus reaches vSafe0V within tSafeOv max (650 ms).
[PROT_PROC_HR_UUT 4]

Check that VVbus starts rising to vSafe5V after a delay of tSrcRecover (0.66s - 1s) from
reaching vSafeOV. [PROT_PROC_HR_UUT_5]

. Check that Vbus reaches vSafe5V within tSrcTurnOn max (275ms) of rising above

vSafeOv max (0.8V). [PROT_PROC_HR_UUT 6]

. Check that Source Capabilities are finished sending within tFirstSourceCap max

(250ms) of Vbus reaching vSafeSv min. [PROT_PROC_HR_UUT 7]

2. If UUT is behaving as Sink:

The UUT receives a Hard Reset signal from the UUT.

Keep Vbus within present valid voltage range for tPSHardReset nom (30ms) after last
bit of Hard Reset signal.

Take Vbus to vSafe0V within tSafeOv max (650 ms).
Keep Vbus at vSafeQV for tSrcRecover (0.66s - 1s).

Take Vbus to vSafe5V within tSrcTurnOn max (275ms) of rising above vSafeOv max
(0.8V).

Send Source Capabilities within tFirstSourceCap max (250ms) of VVbus reaching
vSafe5v min.

14.4.2.25 TDB 2.2.14 PROT-PROC-BIST-TSTR Tester Originated BIST
Status Secondary Checks performed during any Primary Test where the
specified situation is encountered
Purpose To perform the appropriate protocol checks relating to any

circumstance in which the BIST message is sent by the Tester.

Critical for Safety | No

Applies to

Cable, DRP, Provider, Provider/Consumer, Consumer/Provider or
Consumer

Description

This section describes the procedure which starts with a UUT
originated BIST message. The checks described are made any time the
sequence is encountered during testing.

The correct formatting, sequence and timing of the messages involved
is checked.

Test setup

Depends on test referring to this section.
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Preconditions

Assertions Tested | §.4.347, 6.4.3#10, 6.4.3.6#1, 6.4.3.64#2, 6.4.3.9#1, 6.4.3.942, plus
assertions in checks:

PROT-MSG-CTRL

PROT-PROC-GOODCRC-TSTR
PROT-PROC-GOODCRC-UUT

PROT-MSG-DATA-SNK-CAP

Parameters Tested | tBysidle, tTransmit, tSenderResponse tReceiverResponse

Checklist
References

Test Procedure

During any test which refers to this section, follow this procedure:
1. The Tester sends a BIST message to the UUT.

2. Check that the requesting operation is performed. [PROT_PROC_BIST_TSTR_1]

Two commands are relevant:
e BIST Carrier Mode 2: Check that the pattern starts within tBISTMode max (300ms)

and continues for tBISTContMode (40-60ms).
e BIST Test Data: Check that the UUT does not originate any traffic, before a Hard Reset
or detachment.

15 Appendix G:VISA Configuration

15.1 NI VISA Configuration for Scope and eL.oad Detection

NI VISA software is installed on the oscilloscope models that do not have a proprietary VISA
software. The NI VISA software can be downloaded from the following link.

http://ftp.ni.com/support/softlib/visa/NI-VISA/14.0.1/NIVISA1401full.exe.

The following steps are done to enable the GRL application to connect to oscilloscope via NI Max
Software.

1. Open NI Max Software. The following screen would appear.
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File Edit Miew Tools Help

4 B3 My System £ Refresh 3 Hide Help
- ' Devices and Interfaces

[ EEack E

ot
» B8 Remaote Systemns System Settings

National
Hostname RTO2024-100549 Instruments

Measurement &
DNS Name RTO2024-100649 Automation
Explorer
Measurerent &

de 5 p 1 Autornation Explorer
Maodel To be filled by Q.EN (MAR] provides aceess to

Vendar R&S RTO BIOS V1.02-0.05

y " y your Mational
Serial Numbe: To be filled by C.EM Instrurnents products,

Firmware Version 465 What do you want to
s do?

Operating System Microsoft Windows Embedded
Manage my devices and

Last Shutdown The system experienced an une interfaces

;. Manage my installed

System Start Time 10/6/2016 11:37:38 AM MNational Instruments
software

Description
Manage virtual channels

System Canfiguration Web | Local Qnly . or tasks for my devices

Access Create scales formy
wirtual instruments

Confiqure my IVI
instrument drivers

P S,

« 1

@ Systern Settings i?li Metwrark SettmgsJ
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2. Expand Devices and Interfaces.

File Edit Wiew Tools Help
« 2 n}’ System JJ Create New..,
4 gl Devices and Interfaces
4 o Metwork Devices .
£ RTO "RTO2024-100549" Devices and Interfaces
a5 RTO "TCPIP0:127.0.0, Lain st IMSTR
=z RTO2024 "TCPIPO:192.168.1.3Tinst0:INSTR"
» & Software
» B8 Remaote Systemns

Devices and Interfaces lists installed and detected CAN, DAQ, FieldPoint Serial Controllers, GPIB, W],
Wotion, Serial, VISA, Vision, and Vil hardware.

If you do not see your devices...

& You have not refreshed the configuration tree
& Your device may not be Windows Flug and Play compatible

What do you want to do?

& Configure an existing device
& Add 2 non-Plug and Play device

For mare information about using your NI product in MAX, refer to your product-specific help, located on the
Helps:Help Topics menu item. You can also access kI product help from within WA help, which you can
launch frorm the Help menu or by pressing <F1=.

E Submit feedback on this topic

8 Wisit ni.comfsupport for technical support.
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3. Right click on the Network Devices .Create a new VISA TCPIP resource. As shown in below
figure. Check the Auto Detect LAN instrument option and then Select the Next and Finish
Button.

Tox BB &

File Edit View Tools Help

a B3 My Bystern | 4% Add Metwork Device » 7 Hide Help
4 ﬁ‘ Devices and Interfaces
4 4 Network Devices Product Marne Hostharne IP Address Seti Eatk rﬁ v
5 RTO "RTO2024-100649" | Z5RTO RTCZ2024-100649  RTOZ2024-100649 192,168,137 132 -
=5 RTO "TCPIP0:127.0, @ 5% 137/ Adding Network
LY .
5 RT02024 "TCPIPO 1 I Create New .. e || DEVICes

> &1 Software A | | Network Devices
TIONA| contains network and
. BA Remote Systerns Choose the type of LAN resource you want to add. %ISI'RIJMENTS' e
suzilable from this

systern, With Netwark
Choose the twpe of TCPAP resource you wgh to add Devices, you can view

and configure devices

@ Auto-detect of LAM Instument connected over a
netwark,

Use thiz option ta select fram a list of Wxl-17 LaN /<]

L instruments detected on your local subnet. ¥hatis a network

device?

() Manual Entry of LAN Instrument Adding a network
device

Use thiz option if your ¥x1-11 LAM /L= instrument iz on
another network.

EI Submit feedback
an this topic,

Use thiz option ta communicate with an Ethemet device 8
Wisit

() Manual Entry of Alaw Socket

over a specific port number.

ni.carmysuppart for

technical support,

4 1 [:

=] Metwark Devices
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4. The Scope Instrument has to be listed in Network and Devices list as shown below.

% RTO "RTO202 4 a to
U File  Edit Miew Tools Help
4 B My Systern H 3 Refresh \ 57 Open VISA Test Panel 3 Hide Help
4 B Devices and Interfaces
4 o Metwork Devices aE“" E
== RTO "RTO2024-100649" Settings -
e I ST R I\;«l'nh?at do you want to
. 51 Software Name RT02024-100642 )

I BA Remote Systerns
Hostname RTO2024-100643
1Pvd Address 182.168.1.37 ; = di
Vendar Rohdef&Schwarz . Ses

ave pendin
Maodel RTO anges
; 2 7 P Discard pending
Serial Number 1329,7002k24/100649 ﬁ‘;’d endin
Firmware Version 3.20.10 b Remoue & TCRAIR
rrrrrrrr

Status Present
VISA Resource Name TCPIPO:RTO2024-100649::inst0xINSTR

=] Settings General "5?5 TCP/IP Settings |F;Web Page

5. Close and Open the GRL Software and try to connect to oscilloscope as explained in section

4.3

15.2 Tektronix VISA Configuration and eL.oad Detection
Steps 1: Download the Usbinstr.dll from below link
https://app.box.com/s/7a502uljm2s9mik9ag79wk11duj9eh66

Step2: Replace Usbinstr.dll in TekVISA installation path i.e. (C:\Program Files (x86)\IVI
Foundation\VISA\WINNT\TekVISA\Bin\).

Note:In the case Tektronix VISA location path does not exist, Usbinstr.dll has to be searched

and replaced.

Step 3: Open Tektronix VISA Application “Open Choice Instrument Manager”
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Step 4: Click on Update Instruments list button as shown below

OpenChoice Instrument Manager ==

File Edit Help

Instruments Applications and Utilities

[BFE]GPIBA: 1:INSTR OpenChoice Call Monitor
USB:-0x0A69--0x084A:-6312A0003259: -] OpenChoice Talker Liste._ ..

4| i

Last Updated: 3/28/2016 4:22 PM

Instrument
Identify...

Start Application or Utility

Properties.

Tektronix

Step 4: Select load VISA Address as shown below
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OpenChoice Instrument Manager

File Edit Help

Instruments Applications and Utilities

OpenChoice Call Monitor
OpenChoice Talker Liste._ ..

| GPIB | (2PIHE STE

USB::0x0A69::0x084A:-6312A0003259::|

< | 1

Last Updated: 3/28/2016 4:22 PM

Instrument List Instrument
Update Identify...

Start Applicatio.ﬂ or Utility

Search Criteria.. Properties. g

Tektronix

Step 5: Click on Properties button, in the Properties Window change the Device name with
respect to eLoad as shown below.

i ™y
USB::(]x(]A69::11::034,4::6312#\0003159::INS...L =REC) g

Information

Connection:
VISA Name:
Device Mame:

Inztruenznt Locztion:

Instrument Availability

Avaabiy

Unloci Instrument

Reset Instrument

Step 6: Open Tektronix VISA application “Open Choice VISA64 Conflict Manager” as
shown below.
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VISR

File About Help

Installed VISA Enable WISA

i
Mo Prefemed VISA -
Interface Type Prefemed VISA
GPIES:INSTR Tektroni: VISA -
Teitronk VISA v
Save

Step 7: Make sure that Tektronix VISA option is selected as Preferred VISA option as shown
below.
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Installed VISA Enable VISA

Tekdronic VISA

Prefemed VISA

Tektronic VISA
Tektronie VISA

Step 9: Close Tekronix VISA Application and GRL Application.
Step10: Restart GRL Application.
15.3 Agilent 10 Setup and eLoad Detection
The following steps are done to complete the Agilent Instrument 10 setup.

1. Open Key Sight Connection Expert Software( Agilent 10 Software)
2. Click on Instruments Tab
3. Click on Rescan Button as shown in following image.
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Keysight Connection Expert ? - M X%
Instruments PXI/AXIe Chassis Manual Configuration Settings
Filter Instruments: “lear
2380-120-60, Keithley Details for Keithley 2380-120-60
USBO: :0x05E6::0x2380::802436012707810011::(
Manufacturer: Keithley
> : I 2380-120-60
.. DSO91304A, Keysight  Osclloscop = °d@
Q “n DS091304A Infiniium High Performance Oscilloscc Serial Number: 802436012707810011
—== TCPIPO: :WINI -4 MSE: :hishp0::IN v
SRIFG WINOCIWS QRISHEICmel: HISTR ((3: Firmware Version: 1.00-1.00
DSO S804A, Keysight Oscilloscopt 2 2
-' DSOS804A High-Definition Oscilloscope: 8 GHz, 4 Connection Strings
===  TCPIPO::WINDOWS-6TN2057::hislip0::INSTR (+:
VISA Addresses
Se
.. DSO-X 92504A, Keysight Osclllost o USBO0::0x05E6::0x2380::802436012707810011::0::INSTR
¢ B Ds0x92504A Infinium High-Performance Oscillos:
—22ss TCPIPO::WINDOWS-USDVCDT::hislip0::INSTR (-
VISA Aliases
a a Ac
Vo VISA aliases configured
DSO-X 96204Q, Keysight Oscillos: )
888" DsS0X96204Q Infiniium High-Performance Oscillos =
- TCPIPO::WINDOWS-QLDQ7E1: :hislip0::INSTR  (+ SICE Addrassas
o HDO6054, LECROY Installed Drivers
TCPIPD::192.168.0.79::inst0:: INSTR 32-bit IVI driver, version 1.0.0.0.
— Messages: 2 Cuer Remote IO Server On 32-Bit Keysight VISA is Primary 17.1.20011.4
11:40:53 PM Instruments are already discovered and configured
11:40:52 PM User interface session started

4. VISA layer Instruments are listed as shown in above figure. If they are not getting listed then

manual configuration has to be done as mentioned in step 5,6 and 7
Click on Manual Configuration Tab

Click on Add New Instrument and Select LAN Instrument

Update Host IP Address with Scope IP Address.

Click on Accept Button. Please refer to the below Image.

NG
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Keysight Connection Expert

Instruments PX1/AXIe Chassis

Add New Instruments/Interfaces

LAN instrument

Manual Configuration

Settings

Edit Existing Instruments/Interfaces

Serial instrument on ASRL1
Serial instrument on ASRL23
Serial instrument on ASRL24
LAN interface

Remote USB interface
Remote serial instrument
Remote GPIB interface

Add a LAN device

Hostname or IP Address:

[ ]

TCPIP Interface ID: TCPIPO >

Set Protocol:

® Instrument

Remote Name: insto
Socket Port Number: 5025
HiSLIP Remote Name: hislip0

Verify Connection:

v Allow *IDN Query

Test This VISA Address TCPIPO::::inst0::INSTR

Accept

Cancel

» Messages: 2 Cimar

Remote IO Server On 32-Bit Keysight VISA is Primary 17.1.20011.4

11:40:53 PM Instruments are already discovered and configured

11:40:52 PM User interface session started

9. Select Instruments Tab and make sure the Connect Settings lists the VISA Address as Green

Icon as shown below.
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e § 31 X

2380-120-60, Keithley

B USBO0::0x05E6::0x2380::802436012707810011::0

DSO 91304A, Keysight Oscllloscoy
DS091304A Infinilum High Performance Osaillosce
¢ TCPIPO::WINDOWS-Q3J9MSE: :hislip0: :INSTR  (+:

DSO S804A, Keysight Oscilloscop
DSOS804A High-Definition Oscilloscope: 8 GHz, 4
TCPIPO: :WINDOWS-8TN2057::hislip0::INSTR  (+

DSO-X 92504A, Keysight Oscillost
DSOX92504A Infiniium High-Performance Oscilloss
TCPIPO: :WINDOWS-USDVCDT::hislip0::INSTR (-

15> DSO-X 96204Q, Keysight Oscillos:
1 9 DS0X96204Q Infinilum High-Performance Oscillos
TCPIPO: :WINDOWS-QLDQ7E1::hislip0:: INSTR (+
LECROY

TCPIP0::192.168.0.79::inst0: : INSTR

\ HDO6054,

s 7 3

i Keysight Connection Expert rd S mp £
Instruments PXI/AXIe Chassis Manual Configuration Settings

0 Rescan Filter Instruments: Clear

Details for Keysight DSO S804A Oscilloscope

Connection Strings
VISA Addresses
@ TCPIPO::WINDOWS-6TN2057::inst0:: INSTR
@ TCPIPO:: WINDOWS-6TN2057::5025::SOCKET

TCPIPO::WINDOWS-6TN2057::hislip0::INSTR

@ T1CP1PO0::192.168.0.54:1inst0:: INSTR

VISA Aliases

<NO VISA aliases configured>

v SICL Addresses

Installed Drivers

SL3rT Instrumel

Send Comman
Start 10 Monitc

Add or Change

Update Dnivers

- Messages: 4 Chmar

Remote IO Server On

| 1 12:07:22 AM New connection TCPIP0::192.168.0.54::inst0::INSTR to keysight,dso s8043,my55380116
12:07:17 AM You are updating the information for TCPIP0::192.168.0.54::inst0::INSTR. You will see 3 confirmation when it is processed.

END_OF DOCUMENT

32-Bit Keysight VISA is Primary

17.1.20011.4
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