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This material is provided as a reference to install and use the v3.2.1x of Granite River Labs (GRL)
USB Power Suite Pro (GRL-PSP) software.

For software support, contact support@graniteriverlabs.com.
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1 Scope of this User Guide and GRL Power Suite Pro

This User Guide serves as the primary user documentation for the GRL Power Suite Pro (GRL-PSP)
software that is used with the GRL-USB-PD-C2 USB Type-C Test Controller Hardware / GRL-USB-
PD-F1 USB Power Performance Tester. The GRL-PSP software supplements the GRL-USB-PD-C2 /
F1 Controller by providing USB Power Delivery emulation, analysis, functional performance
benchmarking and sample testing for USB devices as follows:

e Perform emulation for a USB Power Delivery Source or Sink device through capture of
different USB Power Delivery device behavior.

e Verify performance of various USB Type-C devices such as power adapters, power banks,
phones, tablets, PC’s, hubs, multi-port adapters, docks, monitors, and cables. Also determine
the capabilities of the device being tested and identify potential problems.

e Automate testing with result reporting and detailed protocol traces.

GRL-PSP supports major USB based charging technologies such as USB Power Delivery and
Qualcomm Quick Charge for testing to standard test specifications.

The subsequent sections in this User Guide describe each feature provided by the GRL-PSP.

Note: The test case applications and features outlined in this document are tests required by various
technology adoptions of the USB Type-C or other USB Connectors. Specifications that have adopted
the USB Connector and may be referenced in this document include, but are not limited to, current
specification versions. 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 GRL-PSP Features and Capabilities
Below is a summary of what GRL-PSP can offer:

e Provide Dual Sink Ports for testing Source devices with multiple connectors such as multi-
port chargers

e Provide a Single Sink Port for testing Source devices as follows:

Create custom USB Power Delivery Sinks

Capture and save Source device capabilities

Emulate Sink to functionally test with Source devices

Verity Source device IV Curves and Over Current Protection Behavior

o O O O

Test Source device Power Efficiency

e Provide a Single Source Port for testing Sink devices as follows:
o Create custom USB Power Delivery Sources
o Load and emulate Source device capabilities
o Characterize Sink power capabilities

e Provide a Source/Sink Port for performing battery cycling test on devices with dual role
power capability such as power banks

e Provide both Sink and Source Ports for testing devices with individual Source and Sink
connectors such as passthrough hubs and cables
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1.2 PRO and Basic Versions of GRL-PSP

The PRO version of GRL-PSP (GRL Power Suite Pro) enables additional features that are not
available in the Basic version. The PRO version allows you to connect external/third party test
equipment and applications that are required for running certain tests, e.g., power efficiency, battery
monitoring or thermal analysis with the GRL-PSP. You can also perform automated Source/Sink
emulation using the PRO version for various mobile devices and laptop PC’s. More details on these
additional features are provided in subsequent sections of this User Guide.

The GRL Power Suite PRO requires licensing upon purchase which you can contact
support@graniteriverlabs.com for more information.

The following table summarizes the differences in features between the PRO and Basic versions of
the GRL-PSP:

TABLE 1. GRL-PSP PRO AND BASIC VERSIONS — FEATURE DIFFERENCES

Feature GRL-PSP PRO GRL-PSP Basic
(Requires (No Licensing)
Licensing)
Third Party Tools Available Not Available

- Allows configuration of external/third party test equipment to
be used with the GRL-PSP

See Section 4 in this User Guide for more details.

Test Cases & Operation Available Available

- Allows setting up and running multiple tests for the Units (exd"d’:”g Power

Under Test or UUT’s .Efﬁcwncy &

See Section 5 in this User Guide for more details. Sniffer Mode Test
Cases)

Sniffer Mode Available Not Available

- Allows validation of USB Power Delivery communications

between Source and Sink devices

See Section 5.10 in this User Guide for more details.

Sequencer Available Not Available

- Allows setting up and running test sequences for the UUT’s

See Section 6 in this User Guide for more details.

Emulator Available Not Available

- Allows automation of USB Power Delivery Source/Sink

emulation and testing for the UUT

See Section 7 in this User Guide for more details.

Global Settings Available Available

- Allows configuration of trace plot acquisition parameters

See Section 2.2 in this User Guide for more details.

Results Available Available

- Displays test reports generated from all test runs
See Section 2.2 in this User Guide for more details.
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2 Getting Started with GRL-PSP

This section describes in detail how to get started with the GRL-PSP software. If you are installing
for the first time, please make sure to follow all the steps in this section to verify your setup prior to
testing a USB device. The procedure is as follows:

1. Install the latest version of GRL-PSP on the computer (laptop or desktop) connected to the
GRL-USB-PD-C2 / F1 Controller.

2. Make sure the GRL-USB-PD-C2 / F1 Controller Firmware has been updated to the latest
version. Refer to the GRL-USB-PD-C2 user documentation in
http://graniteriverlabs.com/download-center/ for firmware update procedure.

If this procedure is followed and any issues arise, please contact support@graniteriverlabs.com.

2.1 Install GRL-PSP

1. Download the GRL-PSP software from: http://graniteriverlabs.com/download-center/. For
general information about the GRL-USB-PD-C2 / F1 Controller, go to:
http://graniteriverlabs.com/usb-pd-c2/ or https://graniteriverlabs.com/grl-usb-power-
performance-tester-grl-usb-pd-f1/.

HOME | WORLDWIDE LOCATIONS | CONTACT

GRL I -

GRANITE RIVER LABS

ENGINEERING SERVICES = TEST SOLUTIONS = TECHNICAL EXPERTISE EVENTS CAREERS  SUPPORT = ABOUT

SUPPORT Download Center

» Technical Support

» Download Center

Download GRL software, user manuals and other detailed product information

PD 3.0 & QC4+ Solution — USB Power Delivery and Type-C™ Tester and Analyzer (GRL-USB-PD-C2) |

GRL USB PD/Type-C Compliance Test Software 13.125 Download

User Documentation 1.3.12 Download

| GRL USE PD/Type-C Test Software Suite

:> [ GRL Power Suite Pro (GRL-PSP) 3241 Download

GRL USB PD/Type-C Production Test Software 10025 P

GRL USB PD API documentation 0.8.5 —

Note: This software suite works on the USB Power Delivery and Type-C™ Tester and Analyzer (GRL-
USB-PD-C2), GRL USB Power Performance Tester (GRL-USB-PD-F1), and GRL Intelligent USB Power

ATE (Dl (16D DM A4

FIGURE 2.1: GRL SUPPORT DOWNLOAD PAGE

2. On the Win7 (or above) computer to be used for running the GRL-PSP, create a folder and
download the software installer compressed archive (zip file). On the Download Center page,
select the “Download” button associated with the latest GRL-PSP version. Enter the required
information and select the “Download” button:
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Download SW/FW

Email (required)

First name (required)

Last name (required)

FIGURE 2.2: DOWNLOAD INFORMATION

3. Save the zip archive in a convenient folder and extract the GRL-PSP installer by right-clicking
the downloaded archive and selecting “Extract All”:

» This PC » Downloads

Mame Date modified Type Size
3
. [gl GRL_Power_Suite_Setup_v3.2.1 26/5/2019 7:57 AM Compressed (zipp... 64,013 KB
Open

Open in new window

( Extract . )

rip '@ Scan

@ Shred

Pin to Start

FIGURE 2.3: EXTRACT INSTALLER FROM ZIP ARCHIVE

4. Run the installer by double clicking the extracted executable:

s ThisPC » Downloads

Marme Date modified Type Size
3

ﬁ! GRL_Power_Suite_Setup_v3.2.1 26/5/2019 8:05 AM  Application 64,024 KB

k.

FIGURE 2.4: DOUBLE CLICK EXECUTABLE TO START APP INSTALLATION

5. Make sure to click “Yes” when the system prompt asks if you want to allow the installer to

make changes to your system. Then follow the on-screen instructions to complete installation
for the GRL-PSP.
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2.2 Start Up and Navigate GRL-PSP

Once installed, launch the GRL-PSP to access the main screen as follows:

[ GRL Power Suite Pro. v3.2.10029 {Activated) — K
File Plot License Help

GRL Power Suite Pro

® No Trace Capture
Connect ) Capture Signal Trace

Global Setting: 2 Tester IP: N /-'
Connect C2 e

192.168.255.1
&R

3rd Party ~
Tools © / vl

a Disconnected 4

/ p
Test Case o f— o
I

A| '
Test Operatior / \

Cable Type (EEE]J;.-—--" “"-xmﬁg_laj_e_Type (Port2):
" Normal Type-C Cable ® Normal Type-C Cable ——
Sequencer GRL-5PL Cable GRL-SPL Cable
(Beta) * 3A 0 3A
5A SA
£
Emulator
(Beta)
R
Results

FIGURE 2.5: GRL-PSP MAIN SCREEN

e From the License drop-down menu above the main screen, select ‘License Info’ to enable
licensing for the GRL-PSP. You can also opt to pay a monthly or yearly subscription fee for the
GRL-PSP by selecting ‘Subscribe Now’, which will direct you to the GRL Payment webpage.

| License Info |
Subscribe Mow

File  Plot Help

FIGURE 2.6: GRL-PSP LICENSE DETAILS

a) Once you select ‘License Info’, enter your email address and password to log in.

GRL Software Suite Login Page

Please enter your email

Please enter your password

Login

Don't have account?

FIGURE 2.7: LOG IN TO CHECK LICENSE FOR INSTALLED APPLICATION
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b) Check the license status for the installed software.

GRL Software Suite Account Page

Welcome,
PC Serial:
Power Suite Pro License Status:
(PR a ) QqEx06bSTAGYNIXIOMZ 1IPUpODrIkTEKNwze 1r2sC7xLY3KAe + pkT4cslo1ViorbZe6E + E9yKi7/Nhmg ++ AAEFGeZ2RoWcpSIQLRhnHZILIKe A/AGGrIrwIK +Vz05r7TbHIfCX + hX0sNYHkm
+MVd&keZDabfEHfMYnKjPoBIlkVBvKH4V5nGLUEkyALOb1BVobT +b+pIVG3R5fhhlx6zEDQIPDGLyrMD3wWoxCaSHBiGbchAYC3107T0RIAIWIbHWEHptEr4Zj6YiAel8Jf6FfSw53+C/

LSFrQGXBXILVCGUKMSq + CCtksRILWmmb2UHciccMEoYlgmreULEZT113)X] DplL Sgdv4ZHOH/PFU +wYn/KeqM
+gEgiRXzq5YgxpvCTilMgri3KuHwkrhd ORGXIBCRXwSjXtojBHEBRCGITI 1i5UUUOEUISpFbCqITSXUOKOSnHeX DIBKhY BBV TTBif8pyoz6ASCIFfTeHwjVIavXIu/lI0jbdgSECOYZXE/SyqCLIRZNA

Subscribe

Check For Emulator Updates

Log Out

FIGURE 2.8: CHECK LICENSE FOR INSTALLED APPLICATION
¢) Subscribe to GRL-PSP:

e By selecting the ‘Subscribe” button, you will be directed to the GRL Payment webpage where
you can choose to pay a monthly or yearly subscription fee for the GRL-PSP.

Welcome to GRL Payment Page

Thank you for choosing GRL Power Suite Pro

You have selected:

USD 199 /month USD 1999 /year

** This payment page is only available to US/Furope customer(s)

FIGURE 2.9: SUBSCRIBE TO GRL-PSP

d) Check for any software updates by selecting the ‘Check For Emulator Updates’ button.

GRL Software Suite Account Page

Welcome,
PC Serial:
Power Suite Pro License Status:

[Ehrdng QqEx06bSTAGYNIXISMZ1IPUpODrKTEKNwze1r2sC7xLY3KAe+pkT4cslo1ViorbZe6E + E9yKi7/Nhmg + + AAEFGeZ 2RoWcpSIQLRhnHzILIKeA/AGGrIrwIK +Vz05r7bHIfCX+hX0sNYHkm
+MVd&keZDabfEHfMYnKjPoBIIkV8vKHAV5nGl EkyALOb 1BVob7+b+pIVG3R5fhhlx6zEDQIPDGLYrMD3wWexCaSHBiGbchAYC31o70RIIWibHWEHptErdZj6YiAe ) 8IfoFfSw53+C/

LSfrOGXBXILVCGUKMSq+CCtksRILWmmb2UHcicceMEoYJgmreULEZT113)XjDpL5gdv4ZHOH/PFU+wYn/KcgM
+gEgiRXzq5YgxpvCTilMgri3KuHwkrhd ORgXIBCRXwSjXtejBHEBRCGrTHi5ulUO8UISpFbCqaTSXUOKDSnHeXDigKhYf8 8V T7BifSpyoz6 ASCIFA7eHwjVI8vXIu/1I0jb4gSECOYZx8/SyqCLtRzN4

Software version is up-to-date.

OK

FIGURE 2.10: CHECK UPDATES FOR INSTALLED APPLICATION
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Note: Once the 30-day trial period ends, you will need to request an Activation Key to continue using
the GRL-PSP on the same computer. The demo software is also limited in its capability in that it will

not enable access to some features. Thus the full functionality of the demo version cannot be utilized
by the user.

e) Request an Activation Key by selecting the ‘Request for Activation’ button. The button will
then display ‘Processing your request’ while awaiting confirmation from GRL.

GRL Software Suite Account Page

Welcome,
PC Serial:

Power Suite Pro License Status: License expired

TR aled QoEX06bSTAGBG 1zpm5YOnNGtk6e08xhwnTiOz4d5CgdFglagFZYXSDoD4IZ/LLIt0/X5+ODhxUkVi4DPn38evHheznuldZPS31AtSIOCSOGD3ScFsi TluQVKsTKYO7yfnTB4hYwIMhIOp

+MrjpQM/3GxMphxFNY3la9Hg)NcwZuqd3hnawlL SHADEFMd2FWkxkeQgeOj+RyWdPqRTMh1+u7 7yejf5yi/w31961+Er51YPAQ

+FnwRBDQDsDI8DIknBg90nBbI03713zY5SWSObHCgC30xV3zjsf8fQik2ag5/V5+TUuQUUIsEeEEf6aGnN53rply+EdJUATYyc7gaZ 10X4wHCjkqfovdsZtmJiSPXSrR
+5sKGaTPXA7mDqoJDVDNIitTUtIBFA5Q4nxa3T/

Subscribe
Request for Act

Log Out

FIGURE 2.11: REQUEST ACTIVATION KEY FOR INSTALLED APPLICATION

GRL Software Suite Account Page

Welcome,

PC Serial:

Power Suite Pro License Status: License expired

TR d e QqEx06DSTAGBG1zpm5YOnNGtk6e08xhwnTfOz4d5CgdFgl4gFZYXSDoD4IZ/LLIt0/X5+0ODhxUkVt4DPn38evHheznul4ZPS31AtSIOCSOGD3ScFsi TluQVKsTKYO7yfnTB4hYwIMhlOp
+MrjpQM/3GxMphxFNY3la9Hg NcwZuqd3hnawl5HAD6FMd2FWkxkeQgeOj+RyWdPqRTMh 1 +u77yejfSyi/w31961+Er51YPAQ

+FnwRBDQDsDI8DIknBg90nBbI03713zY5SWSObHCgC30xV3zjsf8fQik2ag5/V5 + TUuQUUIsEeEEf6aGnNS53rply+ EdJUATYyc7qaZ 10X4wHC kqfav4sZtmJiSPXSrR
+55KGaTPXA7mDqo)DVDNIitTUtIBFASQ4nxa3T/

Subscribe

FIGURE 2.12: ACTIVATION REQUEST PENDING CONFIRMATION

f) Activate a License:

e Once Activation is confirmed, select the ‘Activate’ button and confirm the Activation key in

the field by selecting the ‘Activate’ button again.
GRL Software Suite Account Page

Welcome, |

PC Serial:
Power Suite Pro License Status: License expired

TR Al QqEx06bSTAGBG 1zpm5YOnNGtk6e08xhwnTfOz4d5CgdFglagFZYXSDoD4IZ/LLIt0/X5+0DhxUkVt4DPn38evHheznul4ZPS31AtSI0CS0GD3ScFsi TluQVKsTKYO7yfnTB4hYwIMhlOp
+MrjpQM/3GxMphxFNY3la9Hg)NcwZuqd3hnawlLSHADEFMd2FWkxkeQgeOj+RyWdPqRTMh 1+u77yejfSyi/w31961+Er51YPAQ

+FnwRBDQDsDI8DIknBg90nBbI03713zY5WSObHCgC30xV3zjsf8fQik2ag5/V5+TUuQUUIsEeEEf6aGnN53rply+ EdJUATYyc7TqaZ 10X4wHCjkqfv4sZtmJiSPXSrR
+SsKGaTPXA7mDgo) DVDNitTUtIBFASQ4nxa3T/

Subscribe

Activate

Log Out

FIGURE 2.13: ACTIVATE LICENSE FOR INSTALLED APPLICATION
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e Upon successful activation you should see the following screen:

GRL Software Suite Account Page

Welcome,

PC Serial:

Power Suite Pro License Status: License expires in 180 days

SR b QqEx06bSTAGYNIXIOMZ1IPUpODrIkTEKNwze 1r2sCT7xLY3KAe+pkT4cslo1ViorbZe6E + E9yKt7/Nhmg+ + AAE)gblarONSvFEfQik2ag5/Ughk0/npaPrkGZKwYLyBSL+WV9qZiKJzNIIRDVerig
+0btWQETP17aZF2P8uTYRoFvwSvbkhUbdF)+ GEVHIMQONAgEMYvKswPfuQj44gb7R8xXwSjXtojBHEBRCGrTI1i6mU +22kk9r+JIVnY8UP9g2YKUuOEVendwe55n7WI9/x6Jyoz6 ASCIFZY
+5gT19hV/TmFH25bR/KXHAEt73r38s/CDIWnAv/ha+ITRTQSH2gXnuGCrmoAgaKGNV1YSDOykUq8kl/
pl33dJlocamghBLazkQocWktYdltvmdbuXoUOO1WHCIudR8taaZvZQdylyhHIS5FTTkNETZFI77WnkqgB 7 +Vxoal13rcUVhy 1EtIbri344jfBGcewc/ NMnrLrGPZni90hKaw+ KTZFI7 7Wnkq 1Y

Check For Emulator Updates

FIGURE 2.14: INSTALLED APPLICATION READY FOR USE UPON SUCCESSFUL ACTIVATION
e You can also select other drop-down menus above the main screen of the GRL-PSP to access the
following:

a. Select the File drop-down menu to load an existing saved test report, save reports for tests
currently being run on specific test ports, or exit the GRL-PSP.

File | Plot Llicense Help

| Open Report Folder
Save Port 1 Report

er Suite Pro

Save Port 2 Report

Exit

FIGURE 2.15: GRL-PSP FILE MENU

b. Select the Plot drop-down menu to enable the advanced power trace plot from the GRL-
USB-PD-C2 or a standalone basic power trace plot. See page 20 for more details.

File | Plot | License Help
Advance Plot
Open Trace

FIGURE 2.16: GRL-PSP PLoT MENU

c. Select the Help drop-down menu to access the User Guide (this document) and software
information of the GRL-PSP.

File Plot License

User Manual

About

FIGURE 2.17: GRL-PSP HELP MENU
e On the main screen, you can navigate the left menu buttons to access the corresponding screens:

a. Connect — This screen allows you to connect the control computer running the GRL-PSP
with the GRL-USB-PD-C2 / F1 Controller. There are also additional options to select the
types and current capabilities of cable connectors that are used to link up the Unit Under
Test (UUT) to the GRL-USB-PD-C2.
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b. Global Settings — This screen allows you to change the default settings of the GRL-PSP
trace acquisition plots to match your test requirements.

Port One/Two X Axis Time Config — To set the X axis time parameters for the trace
plot in the Test Operation screen. Select the time in seconds, minutes or hours for the
trace plot X axis of the respective USB Type-C test ports of the GRL-USB-PD-C2 / F1
Controller. See “[Je, Test Operation” on page 18 and Section 5, Performing Tests with
GRL-PSP for more details on the Test Operation trace plots.

Advanced Plot Sub Sampling Ratio Value & Sub Sample Resolution — To set the sub
sampling ratio value and sub sample resolution for the Advance Plot feature from the
‘Plot’ drop-down menu above the GRL-PSP. Set the Advance Plot to acquire samples
when running tests using a sub sampling ratio value from 1 to 3000 with a low,
medium or high sub sample resolution. See Figure 2.24 on page 21 for more details on
the Advance Plot feature.

Once configured, select the Apply Changes button to implement the new settings.

® Seconds O Minutes O Hours
Global Settings Adwvanced Plot Sub Sampling Ratio Value (1~3000) (Max = 1)
3000

Port One X Axis Time Config
® Saconds O Minutes O Hours

Port Two X Axis Time Config

Sub Sample Resolution: O Low (8~12 Hours) O Medium (4~7 Hours) ® High (2~3 Hours)

Apply Changes

FIGURE 2.18: GRL-PSP GLOBAL SETTINGS SCREEN

c. 3rd Party Tools (only available with PRO version of the GRL-PSP) — For performing
tests/measurements such as power efficiency, battery monitoring, thermal analysis, RF
switching and short circuiting that require using external test equipment, this screen allows
you to connect to those equipment or applications and make configurations. The GRL-PSP
currently supports the following third party equipment and applications:

GW Instek APS-7100 programmable AC power supply

GW Instek GPM-8213 power meter

FLIR C2 compact thermal camera

GRL Battery Monitor application (phone based and Web based)

GRL 5-Port RF Switch

GRL Type-C VBUS & VCONN Shorting Board (GRL-USB-PD-PWR)
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An example display screen for connecting to the GW Instek APS-7100 is shown below.
You can set up the network connectivity of the power supply as well as the AC voltage
and line frequency range to be used for measurements.

Equipment List

GW APE7100 Settings

ID Equipment Name Equipment [P Status

0 APE7100 192.168.255.110 Disconnected

*Do NOT start the power plot if you are attempting to run Power Efficiency test

APE7100 Port 2 "
IP Address [192.168.255.110

Port 2258 CamrEs:
3rd Party

Tools *For Power Efficiency and OCP

Tests Only
1) Set AC Power (V)

Turn Qutput ON

Enable APE7100

]

90.0
2) Set Frequency (Hz)

%
m
j

50.0

[ 90v a7Hz
1120V 60Hz
[ 220v 50Hz
[ 264v 63Hz

FIGURE 2.19: GRL-PSP 3RD PARTY TOOLS SCREEN EXAMPLE

For more details on the third party tools feature, refer to Section 4, Using Third Party
Tools with GRL.

d. Test Case — This screen contains the list of available test cases supported by the GRL-PSP
for different DUT types and port connections. You can select a test case to configure and
run in the Test Operation screen. Note for the Power Efficiency test you will need to

connect and set up a external AC power supply in the 3rd Party Tools screen as described
above in order to enable this test selection.

1) Manual Control - Port as Source

2) Manual Control - Port as Sink

3) OCP &t IV Curves

4) Power Efficiency

5) USB PD Sink Capabilities Characterization

&) Battery Charge/Drain Cycler

7) Multi-port Loading

8) USB PD Hub Power Passthrough Characterization
Test Case 9) Cables E-Marker and Power Capabilities Characterization

10) Sniffer Mode

11) Simulate Attach/Detach/Flip

FIGURE 2.20: GRL-PSP TEST CASE SCREEN
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Test Operation — This screen displays the test case selected from the Test Case screen
and allows you to configure and run automated tests for devices connected to the
respective USB Type-C test ports of the GRL-USB-PD-C2 / F1 Controller.

Test Operation

Port 1

2) Select PDO to Request
PDO#1 Fixed: 5V 3A
PDO#2 Fixed: TV 3A
PDO#3 Fixed: 8V 3A
PDO#4 Fixed: 12V 2.25A

3) VBUS current set [2.00 A

Plot | Message

zu—i

Manual - Port as Sink

Port 2

1) Get PD source caps|

2) Select PDO to Request
PDO#1 Fixed: 5V 3A e
PDO#2 Fixed: 9V 3A
PDO#3 Fixed: 12V 2.25A
PDO#4 PPS: (3.3~5.9)V 3A

Manual - Port as Sink

3) VBUS current set | 200 |A

Plot | Message

S / [ N e e

o o
T T T L B AR L R B e B A S B e B e e B B 1
o 5 10 1 20 5 30 EH a0 0 5 10 15 20 3 0 E 40 a5 5

Seconds Seconds
[+]-1 o] -1 |
Show All  Clear Ft GotoEnd Save Show All  Clear Fit Goto End Save Expand

Port 1 Port 2

Voltage [V):  Current (A} Fawer (W Voltage (V) Current (A Power (W)

11.07V Update PDO 4.08V 1.08a | o.gew Update PDO

Run Step 1/1, Request PDO#4 Fixed: 12V 2.25A

Run Step 171, Request PDO#1 Fixed: 5V 3A

FIGURE 2.21: GRL-PSP TEST OPERATION SCREEN EXAMPLE

You can also quickly select a test case from the top drop-down menu of the Test Operation
screen.

Port 1

L1 PPs |5.0

Plot | Message

3) VBUS voltage set

1) Set Source PDO (V)

PDO#1 Fixed: 5V 3A

0.00

v

2) Max. Current (A)
3.00

Manual - Port as Source i

Manual - Port as Source
Manual - Port as Sink
OCP & IV Curves

Power Efficiency

PD Sink Capabilities
Battery Cycler

Multi-port Loading

PD Hub Power Passthrough
Cable E-Marker and Power Cap.
Sniffer Mode

Simulate Attach/Detach/Flip

f. Emulator (only available with PRO version of the GRL-PSP) — This screen provides the
Emulator function which automates PD Source/Sink emulation and testing for the
appropriate UUT that is connected to USB Test Port 1 of the GRL-USB-PD-C2 / F1
Controller. This function requires the use of previously saved PD source/sink capabilities
data files for emulation.

© Granite River Labs 2020
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Port1 *® SinkMode Source Mode
Device List: Supported PDOs: w7 T i T T T pr—— T
Apple iPad Pro 11 2018 (12t PDO#1:5V 292 A ~ 4 Legend: Hide | |—
Apple iPad Pro 12.8 (3rd Gel PDO#2: 6V 287 A a] VIl Voltage | |~ |
Apple iPhone Xs (125675) PDO#3: TV 2.76 A 1 Il current
Apple iPhone X5 Max (1256 PDO#4: 8V 2.93 A ] ¥ Power |
Apple MacBook 12 Retina 2( DOASE. G BED 4 0=
Apple MacBaok Pro 15 201 Connected Device Capabilities: ]
Apple MacBook Pro ME8651 PDO#1:5V3 A 4
Dell XPS 12 XPS9250 (12232 PDO#2: TV 3 A ]
Essential PH-1 (125197) PDO#3:9V3 A 1
Galaxy 510 5G (125879) PDO#4: 12V 225 A 0]
Galaxy S10+ (125871) 1
Google Pixel 2 XL (124875) :
Goaogle Pixel Book 2018 (12! 5=
Google Pixel C Tablet {12197 :
Goaogle Pixel XL (122847) 1
G w0230 T e e e
Huawei Mate 10 (125594) 0 H 10 13 e B 0 35 a 5 5|
iPhone XR (125676) ]
LG G5 (122309) | * | - | |
Show All  Clear Fit GotoEnd Save Import Expand
Source PDO#:  Voltage (V). Current (A):  Power [W):
KN ED

FIGURE 2.22: GRL-PSP EMULATOR SCREEN EXAMPLE

g. Results — This screen displays information of the hardware/software being used for testing
along with a summary of results generated after a test case has been run along with
detailed protocol traces where applicable. You can move the cursor along the traces to
view the readings at different points as well as configure the trace plot using the graph
function tools above the plot.

Manual Control - Port as Sink =

@
Plot

Results 15

A)

Open Report Folder

Save Report Port 1

Port 1 Port 2
5 ¥ 14.76 [0
GRL Power Test Report
10
2
GRL-USB-PD-C2 Serial No. 046.061.046.030.074. 5 ﬂ\l"\\!l.!rjq_-
GRL-USB-PD-C2 API Version 1.3.9.7
GRL Power Test App Version 3.2.10015A -

%m s-c 11:'!0 1 0 1

20 40
Points
NONE Attach Rp_4_7k_3A_Detected
DFP_UFP  VendorDefined Discover ID;Initiator;
Source SourceCap FS: 5V 3A; F5: 15V 2A;
DFP_UFP VendorDefined Discover ID;Initiator;
NONE Attach Rp_4_7k_3A_Detected
DFP_UFP VendorDefined Discover ID;Initiator;
Source SourceCap FS: 5V 3A; FS: 15V 24;
DFP_UFP  VendorDefined Discover ID;Initiator;

Save Report Port 2

FIGURE 2.23: GRL-PSP RESULTS SCREEN EXAMPLE

You can select “Save Report Port #” to save the test results for Port 1 or Port 2 as a test report
to the designated file directory. To clear the existing results, select “Reset Report #”. To
access the saved report file, select “Open Report Folder”.
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E save Report

Please Input file name
(The file will be saved to the CAGRL\PowerTestApp
\Report!, directory)

File Mame

Change Folder

IHX

|TestRepart_DUT1

To generate additional USB Power Delivery protocol trace plot for the test being run, select from
the ‘Plot -> Advance Plot’ drop-down menu of the GRL-PSP. Note that this is only enabled when
the “Capture Trace Signal” option is selected from the Connect screen:

Connect

Mo Trace Capture
{ * Capture Signal Trace}

C2 Tester IP:
Connect C2

|151.168.1.166

Tester Serial No
046.061.046.030.074.

Tester IP Address
151.168.1.166

C2 APl Version

1.3.9.7 Cable Type (Port1):

'®) Mormal Type-C Cable
0 GRL-SPL Cable

® 37

O s

GRL

GRANITE RIVER LABS

able Type (Port2):

® Normal Type-C Cable
) GRL-SPL Cable

® 3A

[ON-TN

© Granite River Labs 2020

File | Plotl License Help

( Advance Plot )
Open Trace

Version 3.2.1x, May 2020

After selecting the “Capture Trace Signal” option, the ‘Advance Plot’ feature will be available in the
‘Plot’ drop-down menu of the GRL-PSP:
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Description

b @ GRL Power Suite Pro. v3.2.10029 (Activated)

B File Plot License

(= =]

Connect

Global Settings

)
3rd Party
Tools

»

Help

GRL Power Suite Pro

Port 1

1) Get PD source caps|

2) Select PDO to Request
PDO#1 Fixed: 5V 3A
PDO#2 Fixed: 7V 3A
PDO#3 Fixed: 9V 3A

3) VBUS current set  0.00  |A

Plot | Message

Manual - Port as Sink

Port 2

2) Select PDO to Request
PDO#1 Fixed: 5V 3A
PDO#2 Fixed: 9V 3A
PDO#3 Fixed: 12V 2.25A

3) VBUS current set |0.00 A

Plot | Message

Manual - Port as Sink

nessages H

Show Selected PD m
- [m]

Test Case

Test Operatior

Sequencer

(Beta)

Port 1 = Port2

Vohage (Vi Current (A):  Power (W)

Run Step 1/1, Reguest PDO#1 Fixed: 5V 3A

Voltage [V Current (A):  Power (W]

Run Step 1/1, Request PDO#1 Fixed: 5V 3A

Update PDO Updste PDO

Emulator
(Beta)

4.98V

0.000000s

FIGURE 2.24: GRL-PSP ADVANCE PLOT VIEW EXAMPLE

The power trace plot allows you to validate USB Power Delivery (USB-PD) communications
between the GRL-USB-PD-C2 / F1 Controller and the UUT. It displays a USB-PD sniffer function
utility which allows you to view the PDO negotiations while running sub sampling of USB-PD data
packets and generating the PDO communications exchange protocol.

Select the Start Streaming - button to generate the PDO communications exchange protocol.
When the protocol is running, select the Stop Streaming - button or the Pause Live Update -
button at any time to end or pause the process respectively.

Select the Save n button to save the power trace plot to a file and the Open u button to open

and use an existing saved power trace file.

The other common plot specific buttons can be used to control the power trace view as desired which
includes panning, resetting the cursor, moving or scaling the trace up/down, zooming in/out of the

trace view, fitting the trace within the chart area, and combining the chart areas into one. The .
button in particular can be selected to enable cursors which the user can right-click on the plot to turn
on markers at certain areas of the plot.

The right navigation side pane of the trace plot enables decoding of USB-PD messages from the PDO
power negotiations that were generated. This allows for analysis and debugging of USB-PD signals
such as evaluating Type-C CC lines or detecting errors by breaking down each protocol line to view
extended message details. Select the “Show Selected PD messages” checkbox or click the “>>”
symbol to access the decoder pane.
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Plot: GRL_USB_C2_Advanced_Plot
Q@ Time. < Description

e lmaizs™ -
VBUS |=0.0343 ©
[C2 1=22426 " T~
OE1 =3 6786 ©

¥to =B MIDET s
<

D <

Show Selected PD messages

X=17854149 s
VBUS_I=4.9981
CLZ 1=21970
CC1I=L7330

DtoX= 6141037 s

D : NONE : Detach :

Decoded PD message

FIGURE 2.25: USB-PD ADVANCED PLOT MESSAGE DECODER FUNCTION

e You can also view the power trace plot from an existing saved configuration file during offline
mode (not having connected to hardware setup) by selecting the ‘Plot -> Open Trace’ drop-down
menu of the GRL-PSP. Note that this is enabled when the “No Trace Capture” option is selected

from the Connect screen:

Connect

( * Mo Trace Caeture )

Capture Signal Trace

Connect C2

Tester Serial No

Tester IP Address

151.168.1.166

C2 APl Version
1.3.9.7

046.061.046.030.074.

C2 Tester IP:
151.168.1.166 -

©

p \.\\
Port 1
N /
—
yd
e
i o

Cable Type (Port1): —
® Normal Type-C Cable
O GRL-SPL Cable

H""'--—h_CQ_I:r_I le Type (Port2):

® Normal TypeC Cable
) GRL-SPL Cable

®3A ® 3A
O 5A O 5A
File | Plot | License Help
Open Trace

FIGURE 2.26: GRL-PSP OFFLINE POWER TRACE PLOT FEATURE
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Click on the “Import” button below the graph and select any of the saved configuration files to
open it. The power trace plot corresponding to the selected file will be displayed as shown in the
example below. You can use the horizontal and vertical scroll bars of the graph to zoom in/out
and navigate across the length of the trace plot. Additional function buttons below the bar allow
you to control the graph view, clear/reset the graph, save the current test configuration to a file or
load another trace plot from a different saved configuration file.

8 Standalone Graph — O *
T T, +
- Legend: Hide
ol Voltage -
Current
J Power
20—
10— ‘
] ; a | _
D—
I 1 1 I I I I 1 I 1 1 1 | I 1 1 I 1 1 I | 1 I 1 I 1 1 1 | I 1 1 I 1 1 I |
0 0 20 30 40 50 60 70 20 ap
Seconds
+ -
Show All Clear Fit GotoEnd 3Save Import Expand

FIGURE 2.27: GRL-PSP BAsICc PLOT VIEW EXAMPLE
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3 Connection Setup of GRL-PSP

Figure 3.1 shows an example hardware setup for testing a USB-PD Provider, Consumer or Dual Role
Powered device, or USB Type-C hub or cable using the GRL-PSP running on a control computer and
connected via Ethernet to the GRL-USB-PD-C2 / F1 Controller that is attached to the USB device to

be tested through one of the two controller USB Type-C test ports.

Control Computer

Type-C Cable

Unit Under Test

FIGURE 3.1: HARDWARE CONNECTION SETUP FOR DEVICE UNDER TEST

The GRL-PSP loaded on a Windows 7 (or higher) computer automates the testing process (note this
will be referred to as the control computer here onwards). Below is a procedure for connecting the
hardware and verifying proper hardware connections.

1. Connect a Power Supply to the GRL-USB-PD-C2 / F1 Controller Power Interface using the
24V, 280W Power Brick included with the Controller.

2. Connect the GRL-USB-PD-C2 / F1 Controller to the control computer using a physical
Ethernet connection.

Note: Automation of the UUT Power Supply switching in the GRL-USB-PD-C2 / F1 is
handled internally to the Controller. Thus, there is no Ethernet, USB or GPIB connection
attached to the Power Supply.
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3.1 Connect Ethernet Cable and Turn On Controller

Connect the Ethernet (RJ-45) connector to one of the control computer’s Ethernet ports. A USB to
Ethernet adapter can be used if there are no native Ethernet ports on the control computer

3.2 Verify Controller Ethernet Installation

The Ethernet port on the control computer needs to be configured correctly for the GRL-USB-PD-C2
/ F1 Controller to recognize the control computer and vice versa.

To make sure the network connection is set up correctly, open the Network Connections panel from
the control panel.

‘& Control Panel\Network and Internet\Network Connections i O *
A~ & » Control Panel » MNetwork and Internet » Network Connections v U  Search Net. R
Organize ~ - 1 @
-~
— Ethernet — Ethernet 5
A A
-...."' Network cable unplug.. \"‘-»r Network cable unplug..
X ¥ 1ap-Window Adapter . K & AsIX AX88179 USB 3.0 ..
- VPN C i -
L_. onnection L. Wi-Fi
~ g Disconnected . -\,;“m CenturylLink9323
&> WAN Miniport (L2TP) Intel( ‘ll ual Band Wire.
5 items = =

FIGURE 3.2: NETWORK CONNECTIONS BEFORE CONNECTING GRL-USB-PD-C2 /F1 CONTROLLER

Open the Ethernet panel for the Ethernet port that will connect to the GRL-USB-PD-C2 / F1
Controller, select “Internet Protocol Version 4 (TCP/IPv4)” and click on the “Properties” button
below and to the right.
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U Ethernet 5 Properties X
Networking  Sharing

Connect using:
57 ASIX AXB8179 USB 3.0to Gigabit Ethemet Adapter

This connection uses the following items:

E3 Client for Microsoft Networks A
"3 File and Printer Sharing for Microsoft Networks

T30S Packet Scheduler

B iniemet Protocol Version 4 (TCP/IPv4) |

[[] 4 Microsoft Network Adapter Multiplexor Protocol

. Microsoft LLDP Protocol Driver

4 Intemet Protocol Version 6 (TCP/IPv6) v
< >

Install... Uninstall Properties
Description

Transmission Control Protocol/Intemet Protocol. The default
wide area network protocol that provides communication
across diverse interconnected networks.

OK Cancel
FIGURE 3.3: ETHERNET PROPERTIES
Set up the TCP/IPv4 properties as shown below.
Internet Protocol Version 4 (TCP/IPv4) Properties x

General

You can get IP settings assigned automatically if your network supports
this capability. Otherwise, you need to ask your network administrator
for the appropriate IP settings.

(O) Obtain an IP address automatically

(@) Use the following IP address:

IP address: 192,168 ,255. 3

Subnet mask: 255 .255.255. 0 |

Default gateway: 192 . 168 . 255 . 1
Obtain DNS server address automatically

(@) Use the following DNS server addresses:

Preferred DNS server: . . .
Alternate DNS server: . . .

[Jvalidate settings upon exit Advanced...

=

FIGURE 3.4: ETHERNET PROPERTIES WITH TCP/IPv4 SELECTED

Select a static IP address (“Use the following IP address:”) which should be 192.168.255.n where n is
any number between 2 and 255. The subnet mask should be 255.255.255.0 and the default gateway
should be 192.168.255.1. The rest of the items should remain unchanged.
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Click the ‘OK’ button on the Internet Protocol Properties and close the Ethernet Properties. Make
sure the GRL-USB-PD-C2 / F1 Controller is powered on and completely booted up (front panel
display showing firmware version number), then connect the Ethernet cable from the GRL-USB-PD-
C2 / F1 Controller to the control computer’s Ethernet port that was just set up. The network
connections panel should now look as pictured in Figure 3.5 below:

‘& Control Panel\Network and Internet\Network Connections — O x
1~ ‘& > Control Panel > Network and Internet » Network Connections v O Search Net.. P
Organize * Disable this network device Diagnose this connection «- - [N 0
.". L"'- Ethernet 5
— =" _ Network, Shared
=~ e
¥ &= \P-Windov @~ ASIX AX88179 USB 3.0 ...
- VPN Connection - Wi-Fi
A.- B
= =m Disconnectec — CenturylLink9323
&’ WAN Miniport (L2TP dm ntel(R) Dual Band Wire.
4 items 1 item selected == =

FIGURE 3.5: NETWORK CONNECTIONS AFTER SETUP AND CONNECTION OF GRL-USB-PD-C2/
F1 CONTROLLER

The GRL-USB-PD-C2 / F1 Controller is now set up and ready for use.

3.3 Set Up Control Computer Connection
To connect the GRL-PSP from the control computer, do the following:

1. On the GRL-PSP main screen, enter the correct IP address of the connected GRL-USB-PD-C2
/ F1 Controller and select the Connect C2 button.

GRL Power Suite Pro

‘ Mo Trace Capture
Connect ) Capture Signal Trace

C2 Tester IP:
[ Connect C2 ] [ ester ] \ - /

151.168.1.166

©

Disconnected / /
h/r —

Cable Type (Port1):— ——Cable Type (Port2):
" Normal Type-C Cable ® Normal Type-C Cable
GRL-5PL Cable GRL-5PL Cable
® 3A ® 3A
SA SA

FIGURE 3.6: INITIAL CONNECTION CONFIGURATION SCREEN
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2. The GRL-USB-PD-C2 / F1 Controller and control computer are now set up and connected as
indicated by the Controller information display.

GRL Power Suite Pro

® No Trace Capture

Connect Capture Signal Trace p \.\\
Fort1 |
C2 Tester IP:
Connect C2 N d
151.168.1.166 -
/ /
© =
/ "

Tester Serial No / //
046.061.046.030.074.

" /
S — o
Tester IP Address |

151.168.1.166 | |

)
C2 APl Version / \

\ 1.3.9.7 J Cable Type (Port1): — H"‘--—-h_Cg_b_l_e_Type (Port2):

@ Normal Type-C Cable ® Normal Type-C Cable
) GRL-SPL Cable ) GRL-SPL Cable

® 34 ® 34

O sA O sA

FIGURE 3.7: CONNECTION CONFIGURATION SCREEN AFTER SUCCESSFUL CONNECTION

3.4 Connect to Unit Under Test (UUT)

Once the GRL-USB-PD-C2 / F1 Controller has been successfully connected to the control computer,
the UUT needs to be connected to the GRL-USB-PD-C2 / F1 Controller.

GRL-USB-PD-C2

Type-C Cable

Unit Under Test

FIGURE 3.8: UUT CONNECTION TO GRL-USB-PD-C2/F1 CONTROLLER

1. Connect the UUT to either USB Port 1 or Port 2 or both ports of the GRL-USB-PD-C2 / F1

Controller using the USB Type-C cable provided by Granite River Labs or a compliant Type-
C cable.
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2. The GRL-PSP allows you to specify what cable connects the UUT to the specific USB Port on
the GRL-USB-PD-C2 / F1 Controller. The ‘Normal Type-C Cable’ option indicates the
standard USB Type-C cable with or without eMarker capability, while the ‘GRL-SPL Cable’
option indicates the special Type-C VCONN passthrough test cable provided with the GRL-
USB-PD-C2 / F1 Controller which has been characterized specifically for compliance testing.
The special cable does not have an eMarker since, under very specific circumstances, an
eMarker cable response can be confused with the UUT response during compliance testing.
For these cables, you can also select minimum 3 amps ‘3A’ current or maximum 5 amps ‘5A’
current depending on which current capability is supported by the cable being used.

GRL Power Suite Pro

® No Trace Capture

Connect Capture Signal Trace

Connect C2

Tester Serial No
046.061.046.030.074.

Tester IP Address

151.168.1.166
C2 APl Version
1.3.9.7

< \
Port 1 I':
C2 Tester IP: “ _/"
151.168.1.166 - :
/S
/
T —_— o
]

/ _\

Cable Type (Port1): —

@ Normal Type-C Cable
) GRL-SPL Cable

® 35

) 5A

H""“«.CQ_I:r_l_e_T)I'pe (Port2):
@® Normal Type-C Cable | —
) GRL-SPL Cable
- 34
O s

FIGURE 3.9: TEST CABLE TYPE SELECTION
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4 Using Third Party Tools with GRL-PSP

The PRO version of the GRL-PSP allows you to connect and configure external/third party test
equipment and applications as required to perform certain tests through the 3rd Party Tools screen.

Note: Make sure the third party test equipment or applications to be used are all connected to the
same local network as the GRL-PSP.

1. On the 3rd Party Tools screen, select the Add New button at the bottom of the screen.

2. When the Create New Equipment dialog appears, select any of the supported equipment or
applications to be used and click on the Create button.

ant List

[ Create New Equipm... — m} X

P Status

Instek Power Supply

Instek Power Supply
GRL Phone Battery Monitor
GRL Web Battery Monitor

FLIR Thermal Camera

3rd Party
Tools

Instek Power Meter
GRL 5 Port Switch
GRL Type-C VBUS & VCONN Sherting Board

‘ Add New ‘ ‘ Remove ‘

FIGURE 4.1: ADD 3RD PARTY TOOLS TO CONNECT TO GRL-PSP

4.1 Set Up Instek Power Supply

If the Instek Power Supply is selected, it will be listed in a row along with IP address under
Equipment List.

e To make configurations to the network connectivity or set up the power supply for
measurements, select the row to display the configuration section on the right panel.
Otherwise select the Connect button to link up the power supply with the GRL-PSP.

¢ In the configuration panel, you can assign whether the power supply is connected to which
test port of the GRL-USB-PD-C2 / F1 Controller or as a standalone unit, as well as IP address
and port number.

e Upon successful connection, you can set up the AC power ratings for the power supply by
selecting from the default values or adding new values.

e To use the default AC values, select the appropriate check boxes. To add new values, set the
AC voltage and line frequency using the 1) Set AC Power (V) and 2) Set Frequency (Hz)
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sliders or type in the values. Select the ‘Set’ button on the right to apply or the ‘+’ button to
add on the new values under the list of default values. You can also remove any of the added
values by selecting their check boxes followed by the ‘-’ button.

¢ Finally, click on the Enable APE7100 button to start data acquisition. If you set to run the
data acquisition on the Port 1 or Port 2 trace plot, then go to the Test Operation screen to
access it. If you set to run on a separate trace plot, the standalone graph window will appear
which is similar to the Port 1 or Port 2 graph. You can then select the ‘Turn Output ON /
OFF’ button to control the power supply output.

Caution: For safety precautions, it is highly advised not to run both data acquisition and power
efficiency test at the same time.

Note: The Instek Power Supply setup is used for testing power efficiency and over current
protection (OCP) only.

Equipment List

GW APE7100 Settings

[[o] Equipment Name Equipment IP Status
0 APE7100 192.168.255.110 Disconnected *Do NOT start the power plot if you are attempting to run Power Efficiency test

APET100 Port 2
IP Address | 192.168.255.110
Port 2268 Eoped
3rd Party
Tools *For Power Efficiency and OCP
Tests Only

1) Set AC Power (V)

Turn Qutput ON

Enable APE7100
90.0

L]

2) Set Frequency (Hz)

500 SET
[ 90V 47Hz

1 120v 60Hz

[ 220V 50Hz

[ 284V 63Hz

FIGURE 4.2: ADD 3RD PARTY TOOLS — INSTEK POWER SUPPLY

4.2 GRL Battery Monitor Apps

GRL has its own phone and Web based Battery Monitor App’s which can be used with the GRL-PSP,
allowing you to evaluate battery charging performance for a Android/iOS phone/tablet or for a laptop
computer through the Web. The GRL-PSP when linked up with the mobile device running the GRL
Battery Monitor App will generate a more detailed test run and test report for further analysis. For
more information on the GRL Battery Monitor App along with licensing details, please contact
support(@graniteriverlabs.com.

4.2.1 Set Up GRL Phone Battery Monitor App
GRL Phone Battery Monitor App for both Android and iOS platforms can also be downloaded at:
e IOS: https://apps.apple.com/us/app/grl-battery-monitor/id148275803 6#?platform=iphone

e Android:
https://play.google.com/store/apps/details?id=com.graniteriverlabs.batterymonitor&hl=en

The GRL Phone Battery Monitor App when installed on the Android/iOS phone will show the
following user interfaces. You can choose to turn on options such as brightness, flashlight and
vibration when measuring battery performance on the phone. Select Get Battery Info to acquire the
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battery charging data of the phone. Also note the IP address that will be used to connect this App with
the GRL-PSP.

12:33 AM e v, (B GRL Battery Monitor

GRL Battery Monitor

Lavwvel: 87

_ Status: Discharging
Level: 71
ChargeType: Battery
Status: Charging
ChargeType: Ac Max Brightness
Temperature: 32
Current (mA): -781.249 O Turn On Torchlight

Valtaaa (m\: 4975
Voltage (mV): 4225 ) Enable Vibration

Turn On Torchlight

) i For mare detall analysls, please enter the
Enable Vibration following IP address in GRL Power Test App

[ [=
GET BATTERY INFO 161.168.1.160

For mare infarmation about GAL Power Suite

For more detail analysis, please enter the Pro, please download the software at

ollowing IP address in GRL Power Tes

[_f llov ng <lile n GRL Power Test hitps:/fgraniteriverlabs com/download-center/
App:

192.168.1.7

For more information about GRL Power
Suite Pro, please download the software
at:

Android Phone iOS Phone
FIGURE 4.3: GRL PHONE BATTERY MONITOR APP Ul ON PHONE

If the GRL Phone Battery Monitor is selected, it will be listed in a row along with IP address under
Equipment List.

e To make configurations to the IP address or set up the parameters for measurements, select the
row to display the configuration section on the right panel.

e In the configuration panel, you can set the IP address and whether to acquire data on either
the Port 1 or Port 2 trace plot of the Test Operation screen or on a separate trace plot.

e Select the operating system (OS) that the phone runs on; either Android or iOS. You can then
select Show Advance Setup to choose which trace data items to be shown on the plot and set
up the acquisition interval and the unit of current.

e Finally, click on the Enable Battery Monitor button at the bottom of the configuration panel
to establish connection with GRL Phone Battery Monitor. If you set to run the data acquisition
on the Port 1 or Port 2 trace plot, then go to the Test Operation screen to access it. If you set to
run on a separate trace plot, the standalone graph window will appear which is similar to the
Port 1 or Port 2 graph.
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3rd Party
Tools

D Equipment Name

Equipment List

GRL Battery Monitor Settings:

Equipment IP Status

0 GRL Phone Battery Mon localhost/phone1 Not Connected IP Address: localhost/phone1

Other Settings:

Plot Acquired Data on: | Port 1~ | Graph
Phone OS: Android ~ OS
Hide Advance Setup

Advance Setup

Select data to be display on graph:
Battery Level
Temperature
[+] Battery Current
[ Battery Violtage
Battery Power
Charging Status
& Charging Source

Acquisition Interv:| 500 ms

Current Unit: mA -

‘ Add New ‘ ‘ Remove ‘

Enable Battery Monitor

FIGURE 4.4: ADD 3RD PARTY TOOLS — GRL PHONE BATTERY MONITOR APP

If running the data acquisition on the Port 1 or Port 2 trace plot, on the Test Operation screen

the ‘GRL Phone Battery Monitor’ tab is added to the existing Port 1 or Port 2 tab below the
graph. Click on the Start button to start running data acquisition which will generate the

readings for the selected trace data items as well as the trace plot. To stop the test run, select
the ‘Stop’ button.

Test Operation

Port 1 Manual - Port as Sink
1) Get PD source caps
FDO

2) Select PDO to Request

PDO#1 Fixed: 5V 3A
PDO#2 Fixed: 7V 3A
PDO#3 Fixed: 9V 3A
PDO#4 Fixed: 12V 2.25A

3) VBUS current set  |0.00 (A

Plot | Message

||%|

%I

)
=}
[REE

1

0 5 10 15 20 5 30 35 40 45 Si

Seconds

[+]-]

Show All  Clear Fit Goto End ave Expand

Port 1 x| GRL Phone Battery Monitor A0

Temp(C): Lewel (%) ‘oltage (V)  Current (A} Power [W): Status:
ﬂ 3.875 | -0.0001 § -0.0003875 NotCharging

Standby

FIGURE 4.5: ADD 3RD PARTY TOOLS — GRL PHONE BATTERY MONITOR TEST AT PORT 1 OR 2 EXAMPLE
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4.2.2 Set Up GRL Web Battery Monitor App

The GRL Web Battery Monitor App when run on the Google Chrome browser of the laptop PC will
display the following user interface example. You can easily track the current status of battery
charging on the PC through this App. Make sure to use the same connection ID to link up this App
with the GRL-PSP for more detailed analysis.

& C @ Notsecure | 151.168.1.106:3088/battery-monitor/110 h*d

GRL Battery Monitor

Current Battery Status:
95% I}

Power Source Adapter
Level percentage 95%

Connected to Power Test App using connection 1D #110

FIGURE 4.6: GRL WEB BATTERY MONITOR APP UI ON PC EXAMPLE
If the GRL Web Battery Monitor is selected, it will be listed in a row under Equipment List.

e To make configurations to the HTML connection ID or set up the parameters for
measurements, select the row to display the configuration section on the right panel. Follow
the instructions to open the Google Chrome browser on the PC to be tested and enter the
address as listed. This will launch and initiate the GRL Web Battery Monitor App.

¢ In the configuration panel, you can set the Connection ID and whether to acquire data on
either the Port 1 or Port 2 trace plot of the Test Operation screen or on a separate trace plot.

e You can select Show Advance Setup to choose which trace data items to be shown on the
plot and set up the acquisition interval.

e Then click on the Enable Battery Monitor button at the bottom of the configuration panel to
establish connection with the GRL Web Battery Monitor App. If you set to run the data
acquisition on the Port 1 or Port 2 trace plot, then go to the Test Operation screen to access it.
If you set to run on a separate trace plot, the standalone graph window will appear which is
similar to the Port 1 or Port 2 graph.
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Equipment List

GRL Battery Monitor HTML5 Settings:

D Equipment Name Status

Equipment IP

12 | GRL Web Battery Monitor - Not Connected

3rd Party
Tools

Connection ID: | 2

Please launch Google Chrome browser on Remote DUT and
navigate to

http://141.168.1.111:8088/battery-monitor/2

to start monitoring.

Other Settings:
Plot Acquired Data on: | Port 1 ~ | Graph
Hide Advance Setup

Advance Setup

Select data to be display on graph:

[+ Battery Level
Charging Source

Acquisition Interval: | 1000 ms

Add New

Enable Battery Monitor

‘ Remove ‘

FIGURE 4.7: ADD 3RD PARTY TOOLS — GRL WEB BATTERY MONITOR APP

e Ifrunning the data acquisition on the Port 1 or Port 2 trace plot, on the Test Operation screen
the ‘GRL Web Battery Monitor’ tab is added to the existing Port 1 or Port 2 tab below the
graph. Click on the Start button to start running data acquisition which will generate the
readings for the selected trace data items as well as the trace plot. To stop the test run, select

the ‘Stop’ button.

~

Port 1

1) Get PD source caps
2) Select PDO to Request
PDO#1 Fixed: 5V 3A

PDO#2 Fixed: 7V 3A
PDO#3 Fixed: 9V 3A

PDO#4 Fixed: 12V 2.25A

Manual - Port as Sink w

Save
PDO

Lewvel [3): Source:
o L
Standby

3) VBUS current set  |0.00 A
Plot | Message
100—]
:
o] -]
Test Operation -
0_l [ | T I T | [ | L I L | | T | T I LI B | | [ [
o H 10 5 20 25 EL EH a0 45 El
Seconds
[+]-] |
Show All  Clear Fit GotoEnd Save Expand

Port 1 = | GRL Web Battery Monitor W1

FIGURE 4.8: ADD 3RD PARTY TOOLS — GRL WEB BATTERY MONITOR TEST AT PORT 1 OR 2 EXAMPLE
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4.3 Set Up FLIR Thermal Camera

If the FLIR Thermal Camera is selected, it will be listed in a row under Equipment List.

Note: Make sure to open the FLIR Tools software first before proceeding with enabling the FLIR
thermal camera function in the GRL-PSP.

Note: Saving images of the thermal camera while it is running will consume more system memory.

To set up the thermal camera for measurements, select the row to display the configuration
section on the right panel.

In the configuration panel, you can assign whether to acquire data on either the Port 1 or Port
2 trace plot of the Test Operation screen or on a separate trace plot.

You can also select which trace data items to be shown on the plot, set up the acquisition
interval and choose to save or remove image captures.

Your connected thermal camera should show up in the list if connected properly. Select the
camera and click on the Select button.

When done, click on the Enable FLIR button at the bottom of the configuration panel to
establish connection with the thermal camera.

If you set to run the data acquisition on the Port 1 or Port 2 trace plot, then go to the Test
Operation screen to access it. If you set to run on a separate trace plot, the standalone graph
window will be displayed. While data acquisition is running, you also have the option to view
real time hot spot imaging on a separate window.

3rd Party
Tools

Equipment List

FLIR Thermal Monitor Settings:

ID Equipment Name Equipment IP Status

FLIR Thermal Camera Display acquire data on: | Port 1 ~ | graph

Acquisition Interv: | 500 | ms

[ Save Images  WARNING : Saving images consume more memory

Interval for saving image: 10| seconds

Folder path for images:

Clear all existing images on new test.

Instructions : Make sure FLIR Tools software is open before attaching the FLIR

Name IP Address Wifi Streaming Serial Number
FLIRC2 N/A N/A  FlirFileFormat 720170286

Selected Camera:

able FLIR

FIGURE 4.9: ADD 3RD PARTY TOOLS — FLIR THERMAL CAMERA

If running the data acquisition on the Port 1 or Port 2 trace plot, on the Test Operation screen
the ‘FLIR Thermal’ tab is added to the existing Port 1 or Port 2 tab below the graph. Click on
the Start button to start running data acquisition which will generate the readings for the
selected trace data items as well as the trace plot. To view real time hot spot imaging on a
separate window, click on the ‘Show Cam’ button. To stop the test run, select the ‘Stop’
button.
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Note: The FLIR image functionality can support and record up to five thermal points, in which three
of them can easily be created and has their own detection position modified by simply clicking on the

live image itself.

Port 1 Manual - Port as Sink w

1) Get PD source caps

2) Select PDO to Request

PDO#1 Fixed: 5V 3A S}a)vg
PDO#2 Fixed: 7V 3A
PDO#3 Fixed: 9V 3A

PDO#4 Fixed: 12V 2.25A

3) VBUS current set |0.00 A

Plot | Message

[\ o *

‘TIII?III

B I I B By B B R |
0 5 10 15 20 25 0 35 40 a5 El
Seconds

[+]-] |

Show All  Clear Fit GotoEnd Save Expand

Port 1 = | FLIR Thermal 2

Max Temp Min Temp
m m Showcam -

Standby

FIGURE 4.10: ADD 3RD PARTY TOOLS — FLIR THERMAL MEASUREMENTS AT PORT 1 OR 2 EXAMPLE

e Below is an example if running the data acquisition as a standalone graph.

B Stendalone Graph Viewer - m} ®
|
FLIR Thermal 2
MaxTemp  Min Temp - FLIR Thermal Monitor Settings:
EX Srom e 1
Camera for FLIR Thermal 2 - [m] x
1 ( Lege Max Temp
P | 2 Min Temp
=
J (
20—
10—
o~
v | I I | L | | | | |
55 60 65 70 75 20 &5 20 9!
Seeones Add Point
[+ -] | e
ShowAll Clear Fit Goto Entresaverxpano (

FIGURE 4.11: ADD 3RD PARTY TOOLS — FLIR MEASUREMENTS IN STANDALONE GRAPH VIEW EXAMPLE
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4.4 Set Up Instek Power Meter

If the Instek Power Meter is selected, it will be listed in a row along with IP address under
Equipment List.

To make configurations to the network connectivity or set up the power meter for
measurements, select the row to display the configuration section on the right panel.
Otherwise select the Connect button to link up the power meter with the GRL-PSP.

In the configuration panel, you can assign whether the power meter is connected to which test
port of the GRL-USB-PD-C2 / F1 Controller or as a standalone unit, as well as IP address and
port number.

Upon successful connection, you can set up the AC power ratings for the power meter using
the default values or by setting new values. To set new values, set the AC voltage and line
frequency using the 1) Set AC Power (V) and 2) Set Frequency (Hz) sliders or type in the
values.

Finally, click on the Enable GPM8213 button to start data acquisition. If you set to run the
data acquisition on the Port 1 or Port 2 trace plot, then go to the Test Operation screen to
access it. If you set to run on a separate trace plot, the standalone graph window will appear
which is similar to the Port 1 or Port 2 graph.

Caution: For safety precautions, it is highly advised not to run both data acquisition and power
efficiency test at the same time.

Note: The Instek Power Meter setup is used for testing power efficiency and over current
protection (OCP) only.

3rd Party
Tools

Equipment List

GW GPM8213 Settings

1D Equipment Name Equipment IP Status
El GPM8213 192.168.255.110 Disconnected *Do NOT start the power plot if you are attempting to run Power Efficiency test

GPMB8213 Standalone
IP Address |192.168.255.110
Port 23 Connect

*For Power Efficiency and OCP
Tests Only

1) Set AC Power (V)

Enable GPM8213

2400

2) Set Frequency (Hz)
50.0

240V 50Hz

FIGURE 4.12: ADD 3RD PARTY TOOLS — INSTEK POWER METER

4.5 Set Up GRL 5-Port Switch

If the GRL 5-Port Switch is selected, it will be listed in a row under Equipment List.

Note: This switch function requires the GRL 5-Port Switch Board (GRL-USB-PD-MULT option) to
be used which is provided as a separate accessory for the GRL-PSP. The GRL 5-Port Switch Board
consists of a five ports switch extension fixture that is plugged in to the GRL-USB-PD-C2 / F1
Controller and used to connect up to five Unit Under Tests or UUT'’s to perform switching during
tests. For more information on the GRL 5-Port Switch Board, please contact
support@graniteriverlabs.com.
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e To set up the switch for measurements, select the row to display the configuration section on
the right panel. Otherwise select the Connect button to link up the switch with the GRL-PSP.

¢ In the configuration panel, you can assign which COM Port and Port path to be used on the
switch. Upon successful connection, you can then perform switching as required in the test
setup after clicking on the Enable Automation button. If you set to perform switching on the
Port 1 or Port 2 trace plot, then go to the Test Operation screen to access it.

Equipment List

Five Port Switch Settings

ID Equipment Name
1 GRL 5 Port Switch

Equipment IP

Status

3rd Party
Tools

1) Set COMPORT | COM1

‘ Connect | ‘ Find Switch COM Port |

2) Set Port to Enable

Port 1 ‘ ‘ Port 2 ‘ ‘ Port 3 ‘ ‘ Port 4 ‘ ‘ Port 5

Plot Acquired Data on: | Port 1 ¥ | Graph

Enable Automation

FIGURE 4.13: ADD 3RD PARTY TOOLS — GRL 5-PORT SWITCH

Test Operation

Port 1

1) Get PD source caps

2) Select PDOs for IV Curve Test:
¥ PDO#1 Fixed: 5V 3A
¥| PDO#2 Fixed: 7V 3A
¥| PDO#3 Fixed: 9V 3A

Fast current step |0.500 | A

Plot | Message

OCP & IV Curves =

Slow current step |0.025 | A

| E B B R (T R
40 50 60 To a0
Seconds

Port 1 = | GRL 5 Port Switch5 =

C e | I DN T

Standby

Show All  Clear Fit Goto End ave

FIGURE 4.14: ADD 3RD PARTY TOOLS — GRL 5-PORT SWITCH AT PORT 1 OR 2 EXAMPLE
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4.6 Set Up GRL Type-C VBUS & VCONN Shorting Board

If GRL Type-C VBUS & VCONN Shorting Board is selected, it will be listed in a row under
Equipment List.

Note: This function requires the GRL Type-C VBUS & VCONN Shorting Board (GRL-USB-PD-PWR
option) to be used which is provided as a separate accessory for the GRL-PSP. The GRL Type-C
VBUS & VCONN Shorting Board comprises the following fixtures and cable:

e GRL-C2-EXTS5 Extension Board — EXTS5 extension fixture for the
GRL-USB-PD-C2 / F1 Controller, used to:

o Control inputs/outputs from the controller.

o Control the GRL-USB-PD-SHT?2 Extension Fixture.

e GRL-USB-PD-SHT2 — Extension fixture for the GRL-USB-PD-C2 /
F1 Controller, used to connect to the controller’s Port 1 and Port 2 to
perform external short circuit for VBUS and VCONN to ground using
control signals from the GRL-C2-EXTS5 extension board.

¢ F1R-IO-TBT-Cable — Thunderbolt input/output test cable, used for
connecting the GRL-C2-EXTS5 extension board with the GRL-USB-
PD-SHT?2 extension fixture.

e Support for Thunderbolt power testing using the GRL-USB-PD-C2 /
F1 Controller (VBUS and VCONN shorting to ground).

Note: Additional "GRL-USB-PD-PSP" licensing is required for testing with the above fixtures, please
contact support@graniteriverlabs.com for purchase orders or more information.

Below is an example to connect the GRL Type-C VBUS & VCONN Shorting Board with the GRL-
USB-PD-C2 / F1 Controller and Unit Under Tests (UUT’s).

b SR
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e Ensure that the GRL Type-C VBUS & VCONN Shorting Board is connected properly to both
Port 1 and Port 2 and the Extension port on the GRL-USB-PD-C2 / F1 Controller as shown in
the above example before making any setup configuration.

e To setup the GRL Type-C VBUS & VCONN Shorting Board on the GRL-PSP for
measurements, select the row to display the configuration section on the right panel. If the
GRL Type-C VBUS & VCONN Shorting Board is connected to the GRL-USB-PD-C2 / F1
Controller, the Short and Open buttons will be enabled for both Port 1 and Port 2.

¢ In the configuration panel, you can select the Short button to perform VBUS and VCONN
shorting to ground or the Open button to reset the operation when running a test case. For
example, if you are running the ‘Manual Control — Port as Sink’ test case in the Test
Operation screen using a 5 V charger UUT, pressing the Short button will cause the voltage
to immediately drop to 0 V. If the Open button is pressed, the voltage will be reset to 5 V.

Equipment List
GRL Type-C VBUS & VCONN Shorting Board Settings

D Equipment Name Equipment IP Status

1 GRL-USB-PD-PWR |f ‘ (*) C2 must be connected first in order to access the commands below

3rd Party Port 1
Tools

Port 2

FIGURE 4.15: ADD 3RD PARTY TOOLS — GRL TYPE-C VBUS & VCONN SHORTING BOARD
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S Performing Tests with GRL-PSP

GRL-PSP supports multiple test applications and features as listed in Section 1.1 when used with the
GRL-USB-PD-C2 / F1 Controller.

The various Test Cases presented by the GRL-PSP allow you to select, configure, run and generate
reports from these tests for a variety of devices (Units Under Test or UUT’s). Some of these test cases
also allow you to perform analysis for specific UUT features and capabilities. More details on these
are provided in the following subsections.

5.1 Create Custom Power Delivery (PD) Source/Sink

The ‘Manual Control — Port as Source’ or ‘Manual Control — Port as Sink’ Test Case allows you to
create or emulate a PD Source/Sink for the appropriate UUT that is connected to either USB Test Port
1 or Port 2 or both of the GRL-USB-PD-C2 / F1 Controller.

1. On the Test Case screen, select Manual Control — Port as Source if testing a PD Sink UUT
or Manual Control — Port as Sink if testing a PD Source UUT.

=2

Connect
[ 1) Manual Control - Port as Source ]

2) Manual Control - Port as Sink

3) OCP & IV Curves

]
o o

4) Power Efficiency

5) USE PD Sink Capabilities Characterization

Test Case b) Battery Charge/Drain Cycler
- 7) Multi-port Loading
8) USE PD Hub Power Passthrough Characterization

Test Operation 9) Cables E-Marker and Power Capabilities Characterization

FIGURE 5.1: SELECT TEST CASE — MANUAL CONTROL — PORT AS SOURCE/SINK
2. If Manual Control — Port as Source is selected:

a. Go to the Test Operation screen and set the Source PDO using the voltage (1) and
current (2) sliders or type in the values. If the UUT supports Programmable Power
Supply power profiles, select the ‘PPS’ check box and enter the APDQO’s values. To
add more than one PDO with different voltages/current, select the ‘+’ button on the
right and similarly set the voltage/current values for each added PDO.
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Test Operation

Port 1 Manual - Port as Source

1) Set Source PDO (V)
PPS 200 3.00

2) Max. Current (A)

PDO#1 Fixed: 5V 3A
PDO#2 Fixed: 1

PDO#3 Fixed: 20V 3A

3) VBUS voltage set 0.03 v

Plot | Message

Port 2 Manual - Port as Source

1) Set Source PDO (V) 2) Max. Current (A)
~| PPS 5.0 ~ 150 3.00

PDO#1 Fixed: 5V 3A

PDO#2 Fixed: 9V 3A

PDO#3 PPS: (5~15)V 3A

3) VBUS voltage set 505 |V

Plot | Message

Port 1

Vohage (v):  Current (Al Power [W):

Run Step 1/1, Port 1 as Source...

Expand

Port 2

Vohage (V):  Current (A Power [W):

Run Step 1/1, Port 2 as Source...

FIGURE 5.2: PERFORM MANUAL CONTROL — PORT AS SOURCE TEST FOR PD SINK UUT
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b. In case you want to remove an added PDO from the list, select the specific PDO
followed by the ‘-’ button on the right. To remove all added PDO’s from the list, select

the ‘Clear All’ button on the right.

c. You can also configure VBUS voltage using the VBUS voltage (3) slider or type in the

value.

d. Connect a PD Sink UUT(s) to either USB Test Port 1 or Port 2 or both of the GRL-
USB-PD-C2 / F1 Controller where the Source is being emulated and then select the

bottom E] button to start running virtual connection to the emulated Source. Note:

You can right-click this button to access more ‘Play’ or ‘Stop’ functionality as desired.

e. As the test is being run, it will generate the VBUS and trace plot along with values for
voltage, current and power while displaying the test status at the bottom of the screen.
Note: You can right-click on the voltage, current or power value box to toggle
visibility, change line color and offset of each graph line.

f.  You can select the ‘Message’ tab to switch from the graph view to a simplified PD

protocol negotiation view.

g. You can use the horizontal and vertical scroll bars of the graph to zoom in/out,
navigate across the length of the trace plot or pause the running trace. Additional
function buttons below the bar allow you to control the graph view, clear/reset the
graph, save the current test configuration to a file or display the graph on a separate

window.

h. At any time you want to stop the test run, select the n button.

1. To save the emulated PD Source capabilities, select the ‘Save PDO’ button on the
right. To load previously saved emulated PD Source capabilities, select the ‘Load

PDO’ button on the right.
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When test is completed, the Results screen will display the USB Power Delivery
negotiation along with a voltage, current trace plot for the respective test Port(s) as
shown in the example below. To save as a test report, select the ‘Save Report’ button
at the bottom.

Port 1

Manual Control - Port as Source -

Plot

'-—-H—@ Voltage

.

M A J/'—v S

V), (A)

5 10 m 20 25 30 3t
Results

Points

PowerRole MessageType Description

NONE Attach Rp_36k_900mA_Asserted

Source SourceCap FS: 5V 3A; FS: 9V 3A;

Sink GoodCRC

Sink Request PDO#2; Operational current = 3A
Source GoodCRC

Source Accept

Sink GoodCRC

s A Peas

FIGURE 5.3: MANUAL CONTROL — PORT AS SOURCE TEST RESULTS EXAMPLE

3. If Manual Control — Port as Sink is selected:

a.

Connect a PD Source UUT(s) to either USB Test Port 1 or Port 2 or both of the GRL-
USB-PD-C2 / F1 Controller and go to the Test Operation screen.

Select the ‘1) Get PD source caps’ button to acquire Source PDO’s supported by the
connected UUT.

When the Source PDO’s are listed, select any of these PDO’s to request from the
UUT.

You can also configure VBUS current using the VBUS current (3) slider or type in the
value.

Select the E] button for the Test Port emulating the Sink to start running virtual
connection of the Source UUT to the emulated Sink. Note: You can right-click this
button to access more ‘Play’ or ‘Stop’ functionality as desired.
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Port 1

Port 2

Manual - Port as Sink Manual - Port as Sink
1) Get PD source caps| 1) Get PD source caps|
2) Select PDO to Request 2) Select PDO to Request
PDO#1 Fixed: 5V 3A jw PDO#1 Fixed: 5V 3A
PDO#2 Fixed: 7V 3A PDO#2 Fixed: 9V 3A
PDO#3 Fixed: 9V 3A PDO#3 Fixed: 12V 2.25A
PDO#4 Fixed: 12V 2.25A PDO#4 PPS: (3.3~5.9)V 3A
3) VBUS current set 200 (A 3) VBUS current set  3.00  |A
Plot | Message Plot | Message
L 20~
] + 4 +
10— ]
] [ wl
Test Operation - h| 4£—,_/—
R [ R
| I | | I | | (R i T A E I S S B R e B B S B e
[ 1 1 2 2 E [ H 10 15 20 25 0
::::: o Seconds
[+]-] ||| L= |
Show All  Clear Fit GotoEnd Save Expand Show All  Clear Fit GotoEnd Save Expand
Port 1 Port2
Voltage [V):  Current (Al Power (W) Voltage (V) Current (A Fower (W)
Run Step 1/1, Request PDO#1 Fixed: 5V 3A Run Step 1/1, Request PDO#1 Fixed: 5V 3A

FIGURE 5.4: PERFORM MANUAL CONTROL — PORT AS SINK TEST FOR PD SOURCE UUT

f.

© Granite River

As the test is being run, it will generate the VBUS and trace plot along with values for
voltage, current and power while displaying the test status at the bottom of the screen.

Note: You can right-click on the voltage, current or power value box to toggle
visibility, change line color and offset of each graph line.

If you decide to switch to another PDO while test is running, click on the ‘Update
PDQO’ button or the ‘Update PPS’ button if the UUT supports Programmable Power
Supply power profiles and a APDO is selected.

You can select the ‘Message’ tab to switch from the graph view to a simplified PD
protocol negotiation view.

You can use the horizontal and vertical scroll bars of the graph to zoom in/out,
navigate across the length of the trace plot or pause the running trace. Additional
function buttons below the bar allow you to control the graph view, clear/reset the

graph, save the current test configuration to a file or display the graph on a separate
window.

At any time you want to stop the test run, select the n button.

If the UUT supports Programmable Power Supply power profiles and a APDO is
requested from the UUT, you need to enter an initial APDO voltage of within the
range limit when prompted as shown in the example below.

PP5 prd
Flease select initial PPS voltage between 3.3
and 11V

Cancel
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1. To save the PD Source capabilities of the UUT, select the ‘Save PDO’ button on the

top right.

m. When test is completed, the Results screen will display the USB Power Delivery
negotiation along with a voltage, current trace plot for the respective test Port(s) as
shown in the example below. To save as a test report, select the ‘Save Report’ button

at the bottom

Port 1

Results

Manual Control - Port as Sink

(V). (A)

30

25

20

15

10

Plot

——— @=L Power

LLNA] Voltage

PowerRole MessageType

NONE
NONE
DFP_UFP
CablePlug
CablePlug
DFP_UFP
Source
Sink

Sink
Source

Description

Detach

Attach Rp_4_7k_3A_Detected
VendorDefined Discover ID;Initiator;
GoodCRC

VendorDefined Discover ID;ACK;
GoodCRC

SourceCap FS: 5V 3A; FS: 15V 2A;

GoodCRC

Request PDO#1; Operational current = .5A
GoodCRC

FIGURE 5.5: MANUAL CONTROL — PORT AS SINK TEST RESULTS EXAMPLE

n. If you want to test another UUT using the same PDO that you have selected, you can
select the ‘Auto PDO Reselect’ checkbox. The GRL-PSP will automatically run the
test using the same PDO selected previously.
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5.2 Save/Load Power Delivery (PD) Source Emulation

When running the ‘Manual Control — Port as Source’ or ‘Manual Control — Port as Sink’ Test Case,
you can save or load PD Source emulation to be applied for the appropriate UUT that is connected to
either USB Test Port 1 or Port 2 or both of the GRL-USB-PD-C2 / F1 Controller.

1. On the Test Case screen, select Manual Control — Port as Source if testing a PD Sink UUT
or Manual Control — Port as Sink if testing a PD Source UUT.

=)
Connect
1) Manual Control - Port as Source
@ 2) Manual Control - Port as Sink
3rd Party 3) OCP & IV Curves
Tools

4) Power Efficiency
5) USBE PD Sink Capabilities Characterization

Test Case &) Battery Charge/Drain Cycler

A . A P i 1 o

FIGURE 5.6: SELECT TEST CASE — MANUAL CONTROL — PORT AS SOURCE/SINK

2. Assuming the PD Source UUT is connected to Test Port 1 of the GRL-USB-PD-C2 / F1
Controller, select the Manual Control — Port as Sink Test Case and perform these steps:

a. Go to the Test Operation screen and on the Port 1 panel, select the ‘1) Get PD source
caps’ button to acquire Source PDO’s supported by the connected UUT.

Port1 Manual - Port as Sink ~

[1) Get PD source caps]

2) Select PDO to Request
PDO#1 Fixed: 5V 3A e
PDO#2 Fixed: 7V 3A
PDO#3 Fixad: 9V 3A
PDO#4 Fixed: 12V 2.25A

FIGURE 5.7: PORT AS SINK TEST — ACQUIRE PD SOURCE CAPS

b. Save the PD Source capabilities of the UUT to a file by selecting the ‘Save PDO’
button on the top right.

Manual - Port as Sink -
_'I Save
¢ Please Input file name (brand+model name) -
| The file will be saved to the I
CAGRL\PowerTestApp\DUT! directory.
| — / Cancel ||
|27W PD2 Charger
\ B

FIGURE 5.8: PORT AS SINK TEST — SAVE PD SOURCE CAPS
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3. On Port 2 panel of the Test Operation screen, select the Manual Control — Port as Source
Test Case from the top drop-down menu and perform the following steps:

a. On the Port 2 panel, select the ‘Load PDO’ button on the right to load the UUT’s PD
Source capabilities that was saved in step 2 (b).

[ Select DUT file X Port 2 Manual - Port as Source
T <« GRL » PowerTestApp » DUT v | O Search DUT 1) Set Scurce PDO (V) 2) Max. Current (A)
PPS|5.0 | ~ 150 3.00
Organize * MNew folder == - | o
n ~ PDO#1 Fixed: 5V 3A
& OneDrive Mame Date modified Type BDO#3 Fixed: 9V 34
2TW PD2 Ch ot 06-Mar-2020 1:41 PM Text Doci t (G~ >
[ This PC S arger. ar ext Jocumen PDO#3 PPS: (5~15)V 3A — ‘
DO
30 Object:

] jects —
[ Desktop oo
=] Documents
= 3) VBUS voltage set |(0.00 |y
¥ Downloads
D Music Plot | Message
=] Pictures 207_

B videos ]
fra|
‘am Local Disk (C) 4
- USB Drive (D:) -
o—
i z R R R R R RS R R
2 24 96 88 W00 02 104
File name: | _trmp1.txt o] [Textiles () v

amea | | [+]-]

Show All

FIGURE 5.9: PORT AS SOURCE TEST — LOAD PD SOURCE CAPS
b. Connect a PD Sink UUT(s) to Test Port 2 where the Source is being emulated and then
select the bottom E] button to start running virtual connection to the emulated
Source. Note: You can right-click this button to access more ‘Play’ or ‘Stop’

functionality as desired.

c. As the test is being run, it will generate the VBUS and trace plot along with values for
voltage, current and power while displaying the test status at the bottom of the screen.
Note: You can right-click on the voltage, current or power value box to toggle
visibility, change line color and offset of each graph line.

d. You can select the ‘Message’ tab to switch from the graph view to a simplified PD
protocol negotiation view.

e. You can use the horizontal and vertical scroll bars of the graph to zoom in/out,
navigate across the length of the trace plot or pause the running trace. Additional
function buttons below the bar allow you to control the graph view, clear/reset the

graph, save the current test configuration to a file or display the graph on a separate
window.

f. At any time you want to stop the test run, select the n button.
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Port 2

1) Set Source PDO (V) 2) Max. Current (A)
+ PPS 5.0 ~ 15.0 3.00

FDO#1 Fixed: 5V 3A

PDO#2 Fixed: 9V 3A

PDO#3 PPS: (5~15)V 3A

3) VBUS voltage set (0.02 |y

Plot | Message

[

l

TIIITIII

0 E 10 15 20 25 30 ] 40
Seconds

Manual - Port as Source

Load
PDO

45

S

Show All  Clear Fit GotoEnd Save

Port 2 =

Woltage (V) Cwurrent (&) Power (W)

Run Step 1/1, Port 2 as Source...

Expand

FIGURE 5.10: PORT AS SOURCE TEST — RUN PD SOURCE EMULATION

5.3 Search for Source Over Current Protection Thresholds and Identify

Voltage-Current Relationship Problems

The ‘IV Curves’ Test Case allows you to determine the Over Current Protection (OCP) thresholds
and generate Current-Voltage (I-V) curve plots for the Source UUT that is connected to either USB

Test Port 1 or Port 2 or both of the GRL-USB-PD-C2 / F1 Controller.

The GRL-PSP first negotiates a power contract for every PDO supported by the UUT, and increases
the load gradually to find the threshold where OCP kicks in and voltage and current start to drop for

safety reasons.
1. On the Test Case screen, select OCP & IV Curves.

3rd Party ( 3) OCP & IV Curves| )

— 4) Power Efficiency

5) USB PD Sink Capabilities Characterization
Test Case 6) Battery Charge/Drain Cycler

FIGURE 5.11: SELECT TEST CASE — OCP & IV CURVES
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2. Connect a Source UUT to either USB Test Port 1 or Port 2 or both of the GRL-USB-PD-C2 /
F1 Controller and go to the Test Operation screen.

3. Select the 1) Get PD source caps’ button to acquire Source PDO’s supported by the
connected UUT.

4. When the Source PDO’s are listed, select any of these PDO’s to request from the UUT to test
for I-V curves.

5. You can also manually configure the fast and slow current steps which will be used during the
test run to search for the OCP threshold limit.

6. Select the E] button for the Test Port(s) attached with the UUT to start the test run. Note:
You can right-click this button to access more ‘Play’ or ‘Stop’ functionality as desired.

7. A OCP prompt will show up where you can configure the starting point of current that will
cause the current step size to progressively reduce as it locates the OCP threshold limit.

acp X

R,V o -
Part 2: At what current do you want to start

searching for OCP trigger? (incremental current

load step will reduce starting at this current)
Cancel

2.25]
Port1 OCP & IV Curves Port2 OCP & IV Curves
1) Get PD source caps 1) Get PD source caps
2) Select PDOs for IV Curve Test: 2) Select PDOs for IV Curve Test:
¥ PDO#1 Fixed: 5V 3A | PDO#1 Fixed: 5V 3A
¥ PDO#2 Fixed: 7V 3A ¥ PDO#2 Fixed: 9V 3A
¥ PDO#3 Fixed: 9V 3A ¥ PDO#3 Fixed: 12V 2.25A
¥ PDO#4 Fixed: 12V 2.25A ¥ PDO#4 PPS: (3.3~5.9)V 3A
Fast current step |0.500 | A Slow current step |0.025 | A Fast current step [0.500 | A Slow current step 0.025 | A
Plot | Message Plot | Message
o1 + - +
20—
10— ]
Test Operation 1 H
L/ / ]
| | ] | I T | | | [ T S e e A R | | | | |
2 24 5 ] 0 3 32 5 3 40 42 22 24 L 2 0 2 4 & ] 40 4z
o Second:
[+]-] B EE
Show All  Clear Fit GotoEnd Save Expan Show All  Clear Fit GotoEnd Save Expand
Port1 Port 2
Voltage Vi Current (Al Powsr (W) Voltage (V):  Current (A} Power (W)
Run Step 2/4, PDO#2 Fixed: 7V 3A Run Step 2/5, PDO#2 Fixed: 9V 3A

FIGURE 5.12: PLOT IV CURVES AND TEST OCP LIMITS FOR SOURCE UUT

8. As the test is being run, it will generate the trace plot and values for voltage, current and
power while displaying the test status at the bottom of the screen. Note: You can right-click on
the voltage, current or power value box to toggle visibility, change line color and offset of
each graph line.

9. You can select the ‘Message’ tab to switch from the graph view to a simplified PD protocol
negotiation view.
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10. You can use the horizontal and vertical scroll bars of the graph to zoom in/out, navigate across
the length of the trace plot or pause the running trace. Additional function buttons below the
bar allow you to control the graph view, clear/reset the graph, save the current test
configuration to a file or display the graph on a separate window.

11.
12.

At any time you want to stop the test run, select the n button.
When test run has completed, it will report out all the PDO's supported by the UUT and their

OCP thresholds (under the OCP & IV Curves tab). The test results will also produce an I-V
curve which graphically shows the relationship between voltage and current for each PDO.
For many UUT’s that support PPS (Programmable Power Supply), current fold-back behavior
may be reflected through the I-V curve where as the current increases beyond the OCP
threshold, the voltage starts to curve/bend down rather than immediately shutting off. For
UUT’s with non-PPS support, the voltage will most likely shut off immediately once the
current increases beyond the OCP threshold. These two scenarios are shown in the following
test results example:

PDO#1 Fixed: 5V 34 3.35 111.7%

PDO#2 Fixed: OV 34 3.35 111.7%

PDO#3 Fixed: 12V 2.254 2.48 110.1%

PDO#4 PPS: (2.3~5.9)V 34 3.31 110.3%

PDO&5 PPS: (3.3~11)V 2.45A 3.3 134.8%
IV Curve

Port 1 Port 2
PDO VAC|0CP|Percentage]
PDO#1 Fixed: 5V 34 3.41 113.7%
PDO#2 Fixed: 7V 34 3.37 112.4%
PDO#3 Fixed: OV 34 3.36 111.9%
PDO#4 Fixed: 12V 2.254 2.47 109.6%
IV Curve
12 — PDO £1
PDO =22
— PDO £3
—a— PDO 24
10
R 10
S s Z
=
Results
6
Current

1 1.5

Current

FIGURE 5.13: RESULTS EXAMPLE — [V CURVES AND OCP LIMITS FOR SOURCE UUT

13. To save a report of the test results to the specified file directory, select the ‘Save Report’
button at the bottom the Results screen and enter the file name to save as.

[ save Report

Please Input file name
(The file will be saved to the CAGRL\PowerTestApp
“Report\ directory)

File Mame

K

Cancel

Change Folder

X

| TestReport_DUTT
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5.4 Test Power Efficiency for Source UUT

The ‘Power Efficiency’ Test Case allows you to verify if the Source UUT meets standard
requirements for power efficiency test. For this test you will need to connect an external AC power
supply or power meter to the setup. The GRL-PSP can use the GRL-USB-PD-C2 / F1 Controller
integrated with the GW Instek APS-7100 programmable AC power supply or GPM-8213 power
meter to compare the UUT's power output vs power input so that power efficiency can be measured
and compared to regulatory limits from United States of Energy (DOE) Level VI or European Union's
CoC Tier 2 requirements. The power efficiency tests can be repeated for different PDO's, current load
conditions, and different AC input ranges, providing a complete picture of power efficiency ranges
across all different usage scenarios.

1. On the 3rd Party Tools screen, set up the connection and configure AC measurements for the
external AC power supply (GW Instek APS-7100) or power meter (GW Instek GPM-8213) to
be used. An example is as shown below.

Equipment List
GW APE7100 Settings

1D Equipment Name Equipment IP Status

0 APE7100 192.168.255.110 Disconnected *Do NOT start the power plot if you are attempting to run Power Efficiency test

APET100 Port 2
IP Address |192.168.255.110

. - - -
3rd Party
Tools *For Power Efficiency and OCP

Tests Only Turn Output ON

1) Set AC Power (V)
Enable APE7100

80.0
2) Set Frequency (Hz)

%)
m +

50.0

[ 90V 47Hz

[ 120v 60Hz
[ 220V 50Hz
[ 284V 63Hz

FIGURE 5.14: CONNECT TO AC POWER SUPPLY FOR POWER EFFICIENCY TESTS

2. On the Test Case screen, select Power Efficiency.

3rd Party 3) OCP & IV Curves

ant [ 4) Power Efficiency '
5) USB PD Sink Capabilities Characterization
Test Case &) Battery Charge/Drain Cycler

FIGURE 5.15: SELECT TEST CASE — POWER EFFICIENCY

3. Connect a Source UUT to either USB Test Port 1 or Port 2 or both of the GRL-USB-PD-C2 /
F1 Controller and go to the Test Operation screen.

4. You should see all the Source PDO’s supported by the UUT being populated in the top panel.

5. Select the E] button for the Test Port(s) attached with the UUT to start the test run. Note:
You can right-click this button to access more ‘Play’ or ‘Stop’ functionality as desired.
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Port 1

Power Efficiency =

PDO#1 Fixed: 5V 3A
PDO#2 Fixed: 7V 3A
PDO#3 Fixed: 9V 3A
FPDO#4 Fixed: 12V 2.25A

Plot | Message

Test Operation 4
E:_I LI | I LI | I LI | I LI | I LI | I L | I 0 I I i 1 | i 1 | T I I i 1 | i
0 10 20 30 40 50 60 70 a0 90 100 110
Seconds

- |

Show All Clear Fit GotoEnd Save Expand

Port1 = | GPMB213 0

Voltage (V) Current (&) Power (W) E

Standby

FIGURE 5.16: TEST FOR POWER EFFICIENCY FOR SOURCE UUT

6. As the test is being run, it will generate the trace plot along with values for voltage, current
and power while displaying the test status at the bottom of the screen. Note: You can right-
click on the voltage, current or power value box to toggle visibility, change line color and
offset of each graph line.

7. You can select the ‘Message’ tab to switch from the graph view to a simplified PD protocol
negotiation view.

8. You can use the horizontal and vertical scroll bars of the graph to zoom in/out, navigate across
the length of the trace plot or pause the running trace. Additional function buttons below the
bar allow you to control the graph view, clear/reset the graph, save the current test
configuration to a file or display the graph on a separate window.

9. Atany time you want to stop the test run, select the n button.

10. When test run has completed, it will display the power efficiency levels comparing DoE Level
VI and CoC Tier 2 limits along with a corresponding trace plot as shown in the test results
example below:
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Po  Pin Dok VI DoE CoC Tierd CoC
PO VAC Loading owy ey Effidency Do Hargin Limit Margin
POO#1 Fixed: 5V 34 a0V 47HZ 0% MA 015 N& 0.1 T2.5% 0.075W 63.5%
PLO=1 Fivad: 5V 34 e 4FHz 104 1.32  1.68 78.5% 84.15% -5.7% 84.53% 6%
POO=1 Fived: 5V 34 300 47HZ 25% 360 442  83.6%  81.37% % 81.82% 1.B%
PDO=1 Fixed: 5V 34 o0 47Hz 50% 7.37 875  #1.4%  81.31% 1.E% 81.76% 1.4%
POOS1 Flead: 5V 34 o0V 47HZ 5% 10,82 13.27 B1.6%  81.24% 0.3% 51.58% -0.1%
POO®1 Fivad: SV 34 a0V 47Hz 100% 1433 1814  7o% 81.16% -2.2% §1.62% -2.6%
PDO®1 Fixed: 5V 34 :g:z Average Values 5 .0 774 pLIm  ELow -0.7% B1.3% -1.1%
PDO#2 Fixed: OV 34 o0V 47HZ 0% MA 096 NA 0.0 -374.8%  0.07SW -533%
BLO=E Fivad: 9V 34 a0 4FHz 104 2.6 .34 EEr ] 85.63% -8.9% 87.3% -0, 6%
PDO=2 Fived: 9 34 S0 47HZ 25% 6.60 7.92  G4.4%  B6.62% :2.2% g87.28% +2.8%
POOS2 Fixed: 9V 34 a0 47Hz 50% 13.25 1538  85.1%  85.6% -0.5% 87.27% -1.2%
PDO=2 Fleed: OV 34 o0V 47Hz 75% 1975 2336 84.7%  96.56% -1.9% §7.25% -2,5%
POO®2 Fivad: OV 34 a0V 47Hz 100% 26,25 3185 52.5%  96.56% -4.,1% §7.22% -4,7%
PDO®2 Fixed: 9V 34 :g:z Average Values 13 05 338 s B6.6% -3.5% B7.3% -4.2%
PDO#3 Fixed: 12V 2,254 S0V 47HZ 07 MA 1.4 NA 0.0 -519.6%  0.07SW -B58.4%
PDO=3 Fived: 12V 2,252 900 47Hz 10% 242 3,3% 72.2% 88.63% -14.5% 87.31% -15.1%
PDO=2 Fixed: 12V 2.254 S0V 47Hz 25% 632 7.7 81.9%  G662% ., 70 87.3% .5.40%
PDO=1 Fixed: 12V 2,254 00V 47HZ 50% 1345 1567 8500  G6.61% -0.7% g87.20% -1.4%
PDO=3 Fixed: 12V 2,254 90V 47Hz 75% 19,85 23.06 85% 85.6% -0.5% §7.27% -1.3%
POO®3 Fived: 12V 2,254 90V 47Hz 100% 26,55 3127 85% 86.55% -1.5% 57.26% -2.2%
PDO#] Fixed: 12V 90V Average Values 1303 1376 32.2%  £6.6% 4.4%  B7.I% -5.1%
2258 aTHz
Power Efficiency Summary
—a— OOV 47HZ 5V 34
a5 a— OOV 47Hz OV 34
—a— OOV 47HZ 12V 2,254
e
=
T
o BD
F
L1
5
'E
i
75
0 20 40 60 &0 100 -
L3

FIGURE 5.17: RESULTS EXAMPLE — POWER EFFICIENCY LEVELS OF SOURCE UUT

5.5 Analyze PD Sink Capabilities

The ‘USB PD Sink Capabilities Characterization’ Test Case allows you to verify PD negotiation and
power behavior of the PD Sink UUT that is connected to either USB Test Port 1 or Port 2 or both of
the GRL-USB-PD-C2 / F1 Controller.

The GRL-PSP first negotiates a power contract emulating the Source to determine the PD Sink
capabilities of the UUT. The USB-PSP then reports out the voltage and current supported by the UUT
for each of the Source PDO's advertised to the UUT.

1. On the Test Case screen, select USB PD Sink Capabilities Characterization.

S TLWWET LITTCTETTILY

( 5) USB PD Sink Capabilities Characterization ]

Test Case 6) Battery Charge/Drain Cycler

FIGURE 5.18: SELECT TEST CASE — USB PD SINK CAPABILITIES CHARACTERIZATION
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2. Go to the Test Operation screen and connect the PD Sink UUT to either USB Test Port 1 or
Port 2 or both of the GRL-USB-PD-C2 / F1 Controller. The Controller Test Port will act as
the Source provider for the attached Sink UUT.

3. The Source will advertise power profiles over a list of PDO's to be requested by the Sink
UUT. You can select specific PDO’s using their respective checkboxes.

4. You can also configure the delay in seconds using the Delay input slider or type in the value.

5. Select the E] button for the Test Port(s) attached with the UUT to start the test run. Note:
You can right-click this button to access more ‘Play’ or ‘Stop’ functionality as desired.

Port 1 Port 2

PD Sink Capabilities PD Sink Capabilities

v Pl PDO#6 Fixed: 10V 3A
¥ PDO#7 Fix 3
v PDO#

PDO#
v/ PDO#10 F

¥/ PDO#11 Fixed

<

Delay: 9.00 s Delay: 1300 |

Plot | Message Plot | Message

Test Operation
+ + + +

f [: . J I ] ‘V
L R I L B R R R RS RS R L R R L B
30 a0 50 60 T 20 o0 100 110 20 40 &0 20 100 120 140 160 180 200

Seconds Seconds
[I-] | N |
Show All Clear Fit GotoEnd Save Expand Show All Clear Fit GotoEnd Save Expand

Port1 Port2

Voltage [V):  Current (A} Power [W}. Voltage [V):  Current (A} Power [W}.

Cocos Looea Juson] sonv Lo Jaren]

Run Step 9/14, Test Request 15V 34 Run Step 13/14, Test Request 19V 3A

FIGURE 5.19: ANALYZE PD SINK CAPABILITIES OF PD SINk UUT

6. As the test is being run, it will generate a voltage, current and power trace plot which
graphically shows the voltage, current and power requested by the UUT for each advertised
Source PDO throughout the power negotiation. At the same time values for voltage, current
and power will also be generated while the test status is displayed at the bottom of the screen.
Note: You can right-click on the voltage, current or power value box to toggle visibility,
change line color and offset of each graph line.

7. You can select the ‘Message’ tab to switch from the graph view to a simplified PD protocol
negotiation view.

8. You can use the horizontal and vertical scroll bars of the graph to zoom in/out, navigate across
the length of the trace plot or pause the running trace. Additional function buttons below the
bar allow you to control the graph view, clear/reset the graph, save the current test
configuration to a file or display the graph on a separate window.

9. Atany time you want to stop the test run, select the n button.

10. When test is completed, the test results will indicate which Source PDO’s advertised were
selected and what current was pulled by the Sink UUT at each voltage level along with a
voltage, current trace plot as shown in the example below:
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USB PD Sink Capabilities Characterization
SinkCap Voltage Current]
sv 5.06 0.48
&V 5.06  0.45
7V 5.07  0.44
sV 5.04  0.43
ov 59.06  0.62
10V 5.04  0.47
11V 5.06  0.57
12V 5.04  0.42
13V 0.02  7.25
14V 1.73  7.25
15V 173 7.25
16V 1.73  7.25
17V 1.73  7.25
18V 1.73  7.25
iov 173 7.25
20V 1.73  7.25

40

30

~ 20

10

200 400

[CY
Plot
i rES | Power —
LIL \/‘I
1 1 1 @ Voltage -
600 7 45_3 00
Points

FIGURE 5.20: PD SINK CAPABILITIES TEST RESULTS EXAMPLE

5.6 Perform Battery Cycling for Dual Role Power Based Devices

The ‘Battery Charge/Drain Cycler’ Test Case allows you to perform battery charge/drain cycling for
battery based devices with dual role power (DRP) capabilities such as power banks or certain phones.
A DRP device is able to supply power to other devices as well as consume power for own charging,

acting as both a Source and a Sink.

The GRL-PSP can use certain third party thermal imaging tools such as FLIR to measure the heat
emitted by the DRP UUT and produce temperature heat map graphs for all PDO's supported by the

UUT.

1. On the Test Case screen, select Battery Charge/Drain Cycler.

Test Case

] T OVEET CTTTCT=TICy

5) USB PD Sink Capabilities Characterization

&) Battery Charge/Drain Cycler

)

7) Multi-port Loading

FIGURE 5.21: SELECT TEST CASE — BATTERY CHARGE/DRAIN CYCLER

2. Go to the Test Operation screen and configure the charge/drain cycle change based on
reaching time limit.

Configure the cycle count based on whether to start off with charging or draining the battery.

4. Connect the battery based DRP UUT to either USB Test Port 1 or Port 2 or both of the GRL-
USB-PD-C2 / F1 Controller. The Controller Test Port will act as the Source/Sink for testing

the attached Consumer/Provider port of the DRP UUT accordingly.

5. Select the E] button for the Test Port(s) attached with the UUT to start the test run. Note:
You can right-click this button to access more ‘Play’ or ‘Stop’ functionality as desired.
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Port 1 Battery Cycler Port2 Battery Cycler

1) Cycle change  '® Time 0 h|0 m10 | s 1) Cycle change '® Time 0 h 0 m 10

® Charge first | ) Cyel . Charge first
Drain first = cycles ) Cycle coun  Drain first 0

Q
=}
m

2) Cycle count

Plot | Message Plot  Message

Test Operation

(V0 [ |

Port1 Port 2 x
Voltage (V):  Current (Al:  Power (W] Voltage [V:  Currenz (& Power (W]
Charge... Drain...

FIGURE 5.22: PERFORM BATTERY CYCLING FOR DRP UUT

6. As the test is being run, it will generate the trace plot along with values for voltage, current
and power while displaying the test status at the bottom of the screen. Note: You can right-
click on the voltage, current or power value box to toggle visibility, change line color and
offset of each graph line.

7. You can select the ‘Message’ tab to switch from the graph view to a simplified PD protocol
negotiation view.

8. You can use the horizontal and vertical scroll bars of the graph to zoom in/out, navigate across
the length of the trace plot or pause the running trace. Additional function buttons below the
bar allow you to control the graph view, clear/reset the graph, save the current test
configuration to a file or display the graph on a separate window.

9. At any time you want to stop the test run, select the n button.

10. When test is completed, the test results can be used to detect any abnormal protocol or power
behavior from the UUT as well as hot spots through temperature heat map graphs using third
party thermal imaging tools (example as below):

o | | portz

FIGURE 5.23: PERFORM THERMAL ANALYSIS ON DRP UUT EXAMPLE
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1.

5.7 Test Power Load Per Output Port of Multi-Port Source Devices

The ‘Multi-port Loading’ Test Case allows you to verify that each Source or output port of a UUT
with multiple port configuration such as a multi-port charger is able to supply power independently to
any connected Sink device. For this test the Source ports of a multi-port UUT will be connected to
both USB Test Port 1 and Port 2 of the GRL-USB-PD-C2 / F1 Controller. For every PDO supported
by the UUT, the GRL-PSP will increase the load gradually for the connected Source ports to detect
any power loss at the highest load limit for each port.

On the Test Case screen, select Multi-port Loading.

a7

FOWET LT

ETICY

5) USE PD Sink Capabilities Characterization

&) Battery Charge/Drain Cycler

7) Multi-port Loading ]

8) USE PD Hub Power Passthrough Characterization

FIGURE 5.24: SELECT TEST CASE — MULTI-PORT LOADING

2. Go to the Test Operation screen and connect the Source UUT ports to both USB Test Port 1
and Port 2 of the GRL-USB-PD-C2 / F1 Controller. The Controller Test Ports will act as the
Sink for the attached Source UUT.

3. You can also configure VBUS current using the VBUS current (3) slider or type in the value.

4. Select the E] button to start the test run. Note: You can right-click this button to access more
‘Play’ or ‘Stop’ functionality as desired.

Port 1 Multi-port Loading Port2
PDO#1 Fixed: 5V 3A PDO#1 Fixed: 5V 3A
PDO#2 Fixy PDO#2 Fixed: 9V 3A
DO#3 Fix PDO#3 Fixed: 12V 2.5A
PDO#4 Fixed: 12V 2.25A PDO#4 Fixed: 15V 2A
PDO#5 Fixed: 20V 1.25A
3) VBUS current set |3.00 A
Tost Operation Pl?t Message P\?t Message
.~ ' ] :QMBE_DE
S‘I‘ISI‘IJO 1‘ ZIC‘ Z‘EI ‘OI‘ISIS‘I‘AIQ s‘l‘lsl‘Ii‘OI‘IT‘SII‘ZIC‘IIZIS‘IIE‘O"ISIS"IJJ"‘ I‘I:
[+]-] [+]-1
Show All  Clear Fit GotoEnd Save Show All  Clear Fit GotoEnd Save
Port1 Port 2
Voltage (Vi Current (A):  Power (W) Voltage (Vi Current (A):  Power (W)
Cran Lo Jsosw O soasacs
Run Step 2/4, Request PDO#2 Fixed: TV 34 Run Step 6/25, Request PDO#1 Fixed: 5V 3A

FIGURE 5.25: VERIFY POWER LOAD PER SOURCE PORT OF MULTI-PORT UUT

5.
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As the test is being run, it will generate the trace plot along with the values for voltage, current
and power while displaying the test status at the bottom of the screen. Note: You can right-
click on the voltage, current or power value box to toggle visibility, change line color and

offset of each graph line.
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6. You can select the ‘Message’ tab to switch from the graph view to a simplified PD protocol
negotiation view.

7. You can use the horizontal and vertical scroll bars of the graph to zoom in/out, navigate across
the length of the trace plot or pause the running trace. Additional function buttons below the
bar allow you to control the graph view, clear/reset the graph, save the current test
configuration to a file or display the graph on a separate window.

8. At any time you want to stop the test run, select the n button.
9. Iftesting USB Type-A ports on the UUT, make sure to use the USB Type-A to Type-C cable.

10. When test is completed, it will report out the voltage, current and load limits for all the PDO's
supported by the UUT along with voltage, current trace plots for each port as shown in the
following example:

| ____Porti_PDO_____| ___Port2 PDO____|Portl_VoltagelPortl_CurrentiPort1_Loading|Port2_Voltage Port2_Current/Port2_Loading|
PowerApp.listBoxItem 0.05 0.02 100% (0W)
PDO#1 Fixed: 5V 2A PDO#1 Fixed: 5V 3A 0.06 0.02 139.05% 4.86 2.99
PDO#1 Fixed: 5V 2A PDO#2 Fixed: 9V 3A 0.05 0.02 122.22% 8.86 3
PDO#1 Fixed: 5V 2A PDO#3 Fixed: 12V 2.25A 0.05 0.02 122.22% 11.92 2.26
PowerApp.listBoxItem 8.97 2.98 100% (26.7W)
PDO#2 Fixed: 9V 3A PDO#1 Fixed: 5V 3A 8.97 2.99 100.24% 4.87 2.99
PDO#2 Fixed: 9V 3A PDO#2 Fixed: 9V 3A 8.97 2.99 100.24% 2.86 2.99
PDO#2 Fixed: 9V 3A PDO#3 Fixed: 12V 2,25A 8.97 2.99 100.12% 11.91 2.25
PowerApp.listBoxItem 11.95 2.24 100% (26.8W)
PDO#3 Fixed: 12V 2.25A PDO#1 Fixed: 5V 3A 11.95 2.25 100.11% 4.85 2.98
PDO#3 Fixed: 12V 2.25A PDO#2 Fixed: 9V 34 11.95 2.24 09.040% .86 2.99
PDO#3 Fixed: 12V 2.25A PDO#3 Fixed: 12V 2.254 11.95 2.25 100.16% 11.02 2.26
PDO#1 Fixed: 5V 34 4.86 2.98 100% (14.5W)
PDO#1 Fixed: 5V 3A PDO#1 Fixed: 5V 34 0.06 0.02 4.86 2.99 100.12%
PDO#2 Fixed: 9V 3A PDO#1 Fixed: 5V 34 8.97 2.99 4.87 2.99 100.28%
PDO#3 Fixed: 12V 2.25A PDO#1 Fixed: 5V 34 11.95 2.25 4.85 2.98 99.86%
PDO#4 PPS: (3.3~5.9)V 34 PDO#1 Fixed: 5V 34 0] 0 0 o] 0%
PDO#5 PPS: (3.3~11)V 2.45A PDO#1 Fixed: 5V 34 0] 0 0 o] 0%
PDO#2 Fixed: 9V 34 8.86 2.99 100% (26.5W)
PDO#1 Fixed: 5V 3A PDO#2 Fixed: 9V 34 0.05 0.02 8.86 3 100.24%
PDO#2 Fixed: 8V 3A PDO#2 Fixed: 9V 34 8.97 2.99 8.86 2.99 100%
PDO#3 Fixed: 12V 2.25A PDO#2 Fixed: 9V 3A 11.95 2.24 8.86 2.99 100%
PDO#4 PPS: (3.3~5.9)V 3A PDO#2 Fixed: OV 3A 0 0 0 0 0%
PDO#5 PPS: (3.3~11)V 2.45A PDO#2 Fixed: OV 3A 0 0 0 0 0%
PDO#3 Fixed: 12V 2.25A 11.82 2.26 100% (27W)
PDO#1 Fixed: 5V 3A PDO#*3 Fixed: 12V 2.25A0.05 0.02 11.82 2.26 100%
PDO#2 Fixed: 9V 3A PDO#*3 Fixed: 12V 2.25A 8.97 2.99 11.91 2.25 99.47%
PDO#3 Fixed: 12V 2.25A PDO#*3 Fixed: 12V 2.25A4/11.95 2.25 11.82 2.26 99.84%
PDO#4 PPS: (3.3~5.9)V 3A |PDO#3 Fixed: 12V 2.25A 0 0 0 0 0%
PDO#35 PPS: (3.3~11)V 2.45A PDO#3 Fixed: 12V 2.25A 0 0 0 o] 0%
@ = @ = ik
Plot plot
25 e — zuulrtfegni 25 B ( F r Power D - za‘:ra::t
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FIGURE 5.26: RESULTS EXAMPLE — MULTI-PORT SOURCE POWER LOAD
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5.8 Test Capabilities and Power Budget of PD Passthrough Hubs

The ‘USB PD Hub Power Passthrough Characterization’ Test Case allows you to determine the
passthrough power for each separate output and input ports of USB Type-C/PD passthrough hub
UUT’s. For every PDO advertised into the UUT, the GRL-PSP increases the load gradually for each
port to detect any power loss through the voltage and current that were passed through at their
corresponding load limits.

1. On the Test Case screen, select USB PD Hub Power Passthrough Characterization.

T OVVET CITTCI=TICy

5) USE PD Sink Capabilities Characterization

Test Case &) Battery Charge/Drain Cycler
7) Multi-port Loading
( 8) USE PD Hub Power Passthrough Characterization ]
Test Operation 9) Cables E-Marker and Power Capabilities Characterization

FIGURE 5.27: SELECT TEST CASE — USB PD HUB POWER PASSTHROUGH CHARACTERIZATION

2. Connect the Sink port of a PD passthrough hub UUT to USB Test Port 1 and the UUT Source
port to Test Port 2 of the GRL-USB-PD-C2 / F1 Controller and go to the Test Operation
screen. The Controller Test Ports will act as the Source and Sink for testing the attached
Consumer and Provider ports of the hub UUT accordingly.

The Source will advertise power profiles over a list of PDQO's to be requested by the Sink.
4. Iftesting USB Type-A ports on the hub UUT, add loads on the USB Type-A hub.

5. You can also configure the delay in seconds using the Delay input slider or type in the value.

6. Select the E] button to start the test run. Note: You can right-click this button to access more
‘Play’ or ‘Stop’ functionality as desired.

Port 1 PD Hub Power Passthrough Port2
PDO#1 Fixed: 5V 3A PDO#1 Fixed: 5V .5A
PDO#2 Fixed: 9V 3A PDO#2 Fixed: 8V 2.18A
PDO#3 Fixed: 12V 3A PDO#3 Fixed: 12V 2.38A
PDO#4 Fixed: 15V 3A PDO#4 Fixed: 15V 2.51A
PDO#5 Fixed: 20V 3A PDO#5 Fixed: 20V 2.63A
PDO#6 Fixed: 20V 5A PDO#6 Fixed: 20V 4.63A
Delay: 1000 | ¢
Plot | Message Plot | Message
Test Operat
est Operation ot o
R S R R T R e e T i N I e R o
0 5 10 15 20 5 0 E a0 a5 o 5 10 15 20 3 30 EH 40
Seconds Seconds
[+]-] 1=
Show All  Clear Fit GotoEnd Save Expand Show All  Clear Fit GotoEnd Save
Port 1 Port 2
Voltage [V):  Current (A} Power (W} n Voltage [V} Current (A} Power (Wi

Run Step 1/1, Port 1 as Source... Run Step 5/6, Request PDO#5 Fixed: 20V 2.63A...

FIGURE 5.28: TEST CAPABILITIES AND POWER BUDGET OF PD PASSTHROUGH HUB UUT
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7.

10.
11.

As the test is being run, it will generate the trace plot along with the values for voltage, current
and power while displaying the test status at the bottom of the screen. Note: You can right-
click on the voltage, current or power value box to toggle visibility, change line color and
offset of each graph line.

You can select the ‘Message’ tab to switch from the graph view to a simplified PD protocol
negotiation view.

You can use the horizontal and vertical scroll bars of the graph to zoom in/out, navigate across
the length of the trace plot or pause the running trace. Additional function buttons below the
bar allow you to control the graph view, clear/reset the graph, save the current test
configuration to a file or display the graph on a separate window.

At any time you want to stop the test run, select the n button.

When test run has completed, it will report out the voltage, current and load limits for all the
PDOQ's advertised into the UUT for each port with corresponding voltage, current trace plots as
shown in the example below:

Portl PDO Port2 PDO Portl (V) Pori2 (V) % Portl (A) Pori2 (A) %
PDO#1 Fixed: 5V 3A |PDO#1 Fixed: 5V .54 5.06 4.89 96.6%|1.01 0.49 48.4%
PDO#2 Fixed: 9V 3A |PDO#2 Fixed: 9V 2,184 |9.02 8.6 95.3%|2.47 2.19 88.7%
PDO#3 Fixed: 12V 3A|PDO#3 Fixed: 12V 2.38A(12.03 11.57 96.2%|2.63 2.38 90.8%
PDO#4 Fixed: 15V 3A|PDO#4 Fixed: 15V 2.51A(15.03 14,55 96.8%|2.72 2.51 92.3%
PDO#5 Fixed: 20V 3A|PDO#5 Fixed: 20V 2.63A(20.02 19.53 97.5%|2.82 2.64 93.5%
PDO#6 Fixed: 20V SA|PDO#6 Fixed: 20V 2.63A(20.02 19,52 97.5%|2.84 2.64 92.9%
@ = .. Y = .
Plot Plot
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FIGURE 5.29: RESULTS EXAMPLE — POWER PASSTHROUGH AND LOADS OF PD HUB UUT
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5.9 Test E-Marker and Power Capabilities of USB Type-C Cables

The ‘Cables E-Marker and Power Capabilities Characterization’ Test Case allows you to test
capabilities of USB Type-C cable UUT’s that have a USB-PD electronic marking chip on each cable
which indicates through USB-PD messaging its capabilities and vendor information. Such cables are
known as Electronically Marked or E-Marker cables where you can verify if the advertised data and
power capabilities of the cables meet compliance along with vendor information and model versions
through this Test Case.

1. On the Test Case screen, select Cables E-Marker and Power Capabilities

Characterization.
B TLWET LIIILI'.‘_‘IIL}'
5) USE PD 5ink Capabilities Characterization
Test Case &) Battery Charge/Drain Cycler
7) Multi-port Loading
8) USE PD Hub Power Passthrough Characterization
Test Operation [ 9) Cables E-Marker and Power Capabilities Characterization ]

FIGURE 5.30: SELECT TEST CASE — CABLES E-MARKER AND POWER CAPABILITIES CHARACTERIZATION

2. Connect a USB Type-C E-Marker cable UUT in between USB Test Port 1 and Test Port 2 of
the GRL-USB-PD-C2 / F1 Controller and go to the Test Operation screen.

3. The Port 1 pane will advertise PDO's of supported power profiles while the Port 2 pane will
display vendor information and model version of the cable UUT.

4. You can also configure VBUS voltage/current using the VBUS voltage/current slider or type
in the value.

5. Select the E] button to start the test run. Note: You can right-click this button to access more
‘Play’ or ‘Stop’ functionality as desired.

Port 1 Port2

Cable E-Marker and Power Cap.

PDO#1 Fixed: 5V 5A Vender_ID 65280

PDO#2 Fixed: 9V 5A VDM_Type Structured YDM
PDO#3 Fixed: 15V 5A VDM _Version Version 1.0
PDO#4 Fixed: 20V 5A Reserved[12:11] 0

Object_Position 0
Command_Type ACK

Test Operation

3) VBUS voltage set |20.00 v

Plot | Message

100—

(e TR N AL A BB R B B
3

3) VBUS current set |5.00 A

Plot | Message
100—

Port1

Voltage Vi Current (A):

Run Step 474, Set VBUS Voltage as 20V

Bower (W)

Port2

Voltage [V Current (A} Power (W)

Run Step 474, Set VBUS Current as 54

FIGURE 5.31: TEST E-MARKER AND POWER CAPABILITIES OF USB TYPE-C CABLE UUT
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6. As the test is being run, it will generate the VBUS and trace plot along with the values for
voltage, current and power while displaying the test status at the bottom of the screen. Note:
You can right-click on the voltage, current or power value box to toggle visibility, change line
color and offset of each graph line.

7. You can select the ‘Message’ tab to switch from the graph view to a simplified PD protocol
negotiation view.

8. You can use the horizontal and vertical scroll bars of the graph to zoom in/out, navigate across
the length of the trace plot or pause the running trace. Additional function buttons below the
bar allow you to control the graph view, clear/reset the graph, save the current test
configuration to a file or display the graph on a separate window.

9. Atany time you want to stop the test run, select the n button.

10. When test run has completed, the Results screen will display what voltage and current were
passed through the cable UUT with corresponding loads for both Test Ports against the
advertised PDO’s along with resulting IR drop as in below example:

Portl Port2 Portl Port2 IR drop
PDO % %
(V) (V) (A) (A) (mohm)
PDO#1 Fixed: 5V 5A 5.05 0.04 0.8% 1.5 0 0.2% 3343
PDO£2 Fixed: OV SA 0.03 0.04 0.4% 1.55 0 0.29% 5801
EEOﬂ Fixed: 15V 1504  0.04 0.3% 1.54 0 0.2% 0744
PDO#4 Fixed: 20V 15503 9,04 0.2% 1.6 ) 0.2% 12456

S5A
FIGURE 5.32: RESULTS EXAMPLE — POWER PASSTHROUGH AND IR DROP OF TYPE-C CABLE UUT

11. Optionally you can view the test report generated by the GRL-USB-PD-C2 / F1 Controller to
check support for 3A versus SA VBUS current and USB 2.0 versus USB 3.1 signaling of the
UUT as in below example:

Vendor Defined Messaging Vendor Defined Messaging
Check for 3A vs P __
S5A and USB 2.0 vs Struct M_Type
USB 3.1 support

ed VL

red VDM

FIGURE 5.33: RESULTS EXAMPLE — VBUS CURRENT AND USB SIGNALING OF TYPE-C CABLE UUT
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12. At the same time you can also check for vendor information and model version of the UUT as
in below example:

Vendor Defined Messaging

Key Value

Vendar_ID 65280

Ty AT 1 Check for vendor
s e : info and model
version

Cable_Termination_Type
ablé_Latency

_'[.-'l'-i_ll_._F' )a_To_PlugOrRecept

FIGURE 5.34: RESULTS EXAMPLE — VENDOR INFO AND MODEL VERSION OF TYPE-C CABLE UUT

5.10 Validate PD Communications Between Source and Sink Devices

The GRL-PSP provides a USB Power Delivery (USB-PD) sniffer function utility that allows you to
view the PDO negotiations while running sub sampling of USB-PD data packets and generating the
PDO communications exchange protocol for the Source/Sink UUT. This sniffer function requires the
GRL Type-C Sniffer Board (GRL-USB-PD-SNIF option) to be used which is supplied with the GRL-
PSP. The GRL Type-C Sniffer Board consists of a sniffer extension fixture that is plugged in to the
GRL-USB-PD-C2 / F1 Controller and used to sniff USB-PD traffic and Qualcomm Quick Charge
legacy traffic.

Below shows a simplified diagram on how to set up the equipment connection to start using the
sniffer function.
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GRL-USB-PD-C2 / F1 Controller

Source/Sink Device J

4 GRL Type-C
f e .,i Sniffer Board

Source/Sink UUT

FIGURE 5.35: CONNECTION SETUP FOR SNIFFER FUNCTION TESTING

1. Connect the Source or Sink device (for testing the respective Sink or Source UUT) to the USB
Test Port 1 of the GRL-USB-PD-C2 / F1 Controller. The Controller Test Port 1 will act as the
Source/Sink for the UUT.

2. Attach the GRL Type-C Sniffer Board to the Extension connector of the GRL-USB-PD-C2 /
F1 Controller and then plug in the UUT to the Type-C connector of the GRL Type-C Sniffer
Board.

3. On the Test Operation screen, select Sniffer Mode from the drop-down menu on the Port 1
pane.

== Port 1 Manual - Port as Sink w

Connect Manual - Port as Source

1) Get PD source caps

M | - Port as Sink
2) Select PDO to Request AN O as ol

OCP & IV Curves
Power Efficiency
Global Settings i o
PD Sink Capabilities

Battery Cycler

@ Multi-port Loading
$esl e PD Hub Power Passthrough
Tools
Cable E-Marker and Power Cap.
3) VBUS current set  [0.00 (A .
0 Sniffer Mode

Plot | Message Simulate Attach/Detach/Flip |

3 -]

Test Operationl 3_:

FIGURE 5.36: SELECT SNIFFER MODE FUNCTION

Test Case
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4. Select the E] button to start running the sniffer mode. Note: You can right-click this button

to access more ‘Play’ or ‘Stop’ functionality as desired.

Port 1

Plot | Message

Sniffer Mode

Test Operation

0 L} 10 15 20 25 a0 £

40 45 5

Seconds
[+[-]

Show All  Clear Fit

Port 1 =

Voltage (V):  Current (A Power (W o=

v: D- (V)
ssov [ veen [rasw [ oo Jorav

Standby

Goto End

Save Expand

FIGURE 5.37: VALIDATE PD COMMUNICATIONS BETWEEN DEVICE AND UUT

5. As the test is being run, it will generate the trace plot along with values for voltage, current,
power and D+ and D- voltages while displaying the test status at the bottom of the screen.
Note: You can right-click on the voltage, current or power value box to toggle visibility,

change line color and offset of each graph line.

6. You can select the ‘Message’ tab to switch from the graph view to a simplified PD protocol

negotiation view.

7. You can use the horizontal and vertical scroll bars of the graph to zoom in/out, navigate across
the length of the trace plot or pause the running trace. Additional function buttons below the
bar allow you to control the graph view, clear/reset the graph, save the current test

configuration to a file or display the graph on a separate window.

8. At any time you want to stop the test run, select the n button.
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5.11 Simulate Attach/Detach/Flip Sequences for Source/Sink UUT

The ‘Simulate Attach/Detach/Flip’ Test Case allows you to verify if the Source/Sink UUT is
operating properly during plugging in or out of the test port or when having the cable orientation
flipped on the test port when running tests. This simulation test automates the attach/detach/flip
sequence of the Source/Sink UUT by repeatedly cycling the sequence while the UUT is attached to
the USB Test Port of the GRL-USB-PD-C2 / F1 Controller. The Controller Test Ports will act as the
Source and Sink for simulating the attached Consumer and Provider ports of the UUT accordingly.
This simulation test will ensure that the UUT is performing the attach/detach/flip sequence correctly
throughout the entire cycle duration process.

Note that the flip simulation test applies specifically for the GRL-SPL cable attached to the connected
UUT where the orientation of the attached GRL-SPL cable will be automatically flipped or reversed
during the simulation test. Make sure to first check the correct cable type is selected on the Connect
screen before proceeding.

1. On the Test Case screen, select Simulate Attach/Detach/Flip.
7) Multi-port Loading
8) USB PD Hub Power Passthrough Characterization

Test Case 9) Cables E-Marker and Power Capabilities Characterization

10) Sniffer Mode

Test Operatior

11) Simulate Attach/Detach/Flip

FIGURE 5.38: SELECT TEST CASE — SIMULATE ATTACH/DETACH/FLIP

2. Go to the Test Operation screen and connect the Source/Sink UUT to either USB Test Port 1
or Port 2 or both of the GRL-USB-PD-C2 / F1 Controller. The Controller Test Port will act as
the Source provider for the attached Sink UUT or the Sink consumer for the attached Source
UUT.

Configure the cycle count and duration for each cycle to run the simulation test.

4. Select the action to be performed on the UUT (Attach/Detach or Flip) for each cycle. Note if
the Flip action is selected, make sure that the UUT is connected with the GRL-SPL cable.

5. Select the role for the GRL-USB-PD-C2 / F1 Controller test port (Source or Sink mode) based
on the UUT type. If the Source mode is selected, set up the Source PDO’s similar to the
Manual Control — Port as Source Test Case (see Section 5.1). If the Sink mode is selected,
the Source UUT will advertise power profiles over a list of PDO's similar to the Manual
Control — Port as Sink Test Case (see Section 5.1).

6. You can also configure VBUS current using the VBUS current slider or type in the value.

7. Select the E] button to start the simulation test run. Note.: You can right-click this button to
access more ‘Play’ or ‘Stop’ functionality as desired.
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Test Operation

Port 1

1) Cycle Count
2) Each Cycle Duration
3) Action during cycle change

4) Set C2 as : (Config Below)

Simulate Attach/Detach/Flip

[

Attach/Detach

Sink

| AV At DM rAnirra ~ame

3) VBUS current set  [3.00 A

Plot | Message

o] [

L L
8 9

/

I O Y B
10 1" 12 13 14 15 15 17 1

g 13 20
Seconds

HE |

Port 1 =

Woltage (W) Current (&) Power W)

sorv [ oo [eame

Running normal sink mode

Show All

Clear Fit

FIGURE 5.39: SIMULATE ATTACH/DETACH SEQUENCE FOR SOURCE UUT EXAMPLE

Test Operation

Port 1

1) Cycle Count
2) Each Cycle Duration
3) Action during cycle change

4) Set C2 as : (Config Below)

Simulate Attach/Detach/Flip

n

Flip

Sink

| AV Cad DN cmnirra maee

3) VBUS current set |3.00  |A

Plot | Message

8 g 10 1

14 & 16 17 18 19
Seconds

[+]-] |

Port1 =

Voltage [V):  Current (&) Power [W):

s Jam [soow

Running normal sink mode

Show All

Clear Fit GotoEnd Save Expand

[+ ]+]

FIGURE 5.40: SIMULATE FLIP SEQUENCE FOR SOURCE UUT WITH GRL-SPL CABLE EXAMPLE
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8. As the simulation test is being run, it will generate the VBUS and trace plot along with the
values for voltage, current and power while displaying the test status at the bottom of the
screen. Note: You can right-click on the voltage, current or power value box to toggle
visibility, change line color and offset of each graph line.

9. You can select the ‘Message’ tab to switch from the graph view to a simplified PD protocol
negotiation view.

10. You can use the horizontal and vertical scroll bars of the graph to zoom in/out, navigate across
the length of the trace plot or pause the running trace. Additional function buttons below the
bar allow you to control the graph view, clear/reset the graph, save the current test
configuration to a file or display the graph on a separate window.

11. At any time you want to stop the simulation test run, select the n button.

12. When the simulation test run has completed, view the test results in the Results screen as
shown in below example:

Port 1 Port 2

Simulate Attach/Detach/Flip = A — B

Test_Type|Cycle_Count|Cycle_Duration Czifype
Flip 10 5 Sink PASS Test_Type |Cyde_Count/Cycde Duration|C2_Type m
5

Attach/Detach 10 Sink PASS

Plot
Plot

V), (A)
V), (A)

10 20 30 40 50

| ML

Points
Points

Results ‘ Save Report Port 1 | | Reset Report 1 ‘ Open Report Folder ‘ Save Report Port 2 | | Resat Report 2

FIGURE 5.41: RESULTS EXAMPLE — ATTACH/DETACH/FLIP SIMULATION FOR SOURCE UUT
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6 Running Test Sequences with GRL-PSP

The Sequencer function of the GRL-PSP allows you to configure and run test sequences for the UUT
that is connected to USB Test Port 1 or Port 2 of the GRL-USB-PD-C2 / F1 Controller.

1. On the Sequencer screen, select the Port (that is connected with the UUT) and then select
which Test to be performed. Select the ‘Add Test’ button to configure and add the test to the
list on the left panel. Repeat this process if there are multiple tests to be added and run. The
left panel should display a list of all selected tests for the respective Test Port of the GRL-
USB-PD-C2 / F1 Controller.

co B Cremeasequences.. — O X Port 2 Step 1: Choose your port | Port 1

Connect Port as Source

| Load PDO File List Step 2 : Setup your test list
PDO List File Location:
Global Settings Manual - Port as Source w) Add Test
+ Set Test Duration (minutes)

@\ or set up your preferred equipments (optional)

_S;rdIParty a) GRL-USB-PD-MULT
ools

0 GRL-USB-PD-MULT Equipment ID None
Test Case Switch to port : 1= Add GRL-USB-PD-MULT Sequence

ri b) GRL-USB-PD-PWR

GRL-USB-PD-PWR Equipment ID ~
e o
il Command : Short  ~ Port : 1 -~
Sequencer
(Beta) ‘ Add GRL-USB-PD-PWR Sequence
Step 3 : Begin test when ready
Emulator
(Beta) | Run Port 1 Sequence | ‘ Run Port 2 Sequence ‘ Details:
| Remove Selected Port 1 Sequence | ‘ Remove Selected Port 2 Sequence ‘
R
| |

Move Up (Port 1) ‘ ‘ Move Down (Port 1) | ‘ Move Up (Port 2) | | Move Down (Port 2)

Results

FIGURE 6.1: SEQUENCER — SET UP TEST LIST

2. You can select the following buttons below the test list panels to delete selected tests or
rearrange the test sequence for the respective Test Port.

| Remove Selected Port 1 Sequence | | Remove Selected Port 2 Sequence |

| Maove Up (Port 1) | | Mowve Down (Port 1) | | Move Up (Port 2) | | Move Down (Paort 2) |

FIGURE 6.2: SEQUENCER — REMOVE OR MOVE SELECTED TESTS IN LIST

3. If you are using an external fixture to control the UUT, select the Equipment ID of the fixture
and set up the port connected with the UUT. Then select the ‘Add <fixture> Sequence’ button
to create a test sequence for the particular fixture.

4. When done, select the following ‘Run Port 1 / 2 Sequence’ button below the test list panels to
start running the test sequence for the respective Test Port.

| Run Port 1 Sequence | | Run Port 2 Sequence |

FIGURE 6.3: SEQUENCER — START TEST SEQUENCE RUN

5. You can also view details of each test in the sequence by double-clicking on the desired test.
The information should be displayed in the Details field.
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7 Performing Emulation with GRL-PSP

The Emulator function of the GRL-PSP provides a convenient way to automate PD Source/Sink

emulation and testing for the appropriate UUT that is connected to USB Test Port 1 of the GRL-USB-
PD-C2 / F1 Controller.

Note: Make sure that there are existing PD source/sink capabilities data files that were previously
saved into the GRL > PowerAppEmulator folder in C: drive. These data files will be used to emulate
the Source or Sink device for testing the UUT.

7.1 Emulate a PD Sink Device for PD Source UUT

1. On the Emulator screen, select Sink Mode (if testing a PD Source UUT) and the Device List
panel should populate all the Sink devices available from previously saved sink capabilities
data files.

Port 1 |® SinkMode] O Source Mode

Device List: Supported PDOs: k| .
K - Legend: Hide | | —
Apple iPad Pro 11 2018 (12£ J
Apple iPad Pro 12.9 (3rd Gel — VIl Voltage |~
Apple iPhone Xs (125675) - . Current
Apple iPhona XS Max (1256 o Ml Power
Apple MacBook 12 Retina 21 7
Apple MacBook Pro 15 201€ Connected Device Capabilities
Apple MacBook Pro ME885L
Dell XPS 12 XPS9250 (12232 1
Essential PH-1 {125197) —
Galaxy 510 5G (125879) ]

Galaxy S10+ (125871) .
Google Pixel 2 XL (124875) q
Google Pixel Book 2018 (12! ]
Google Pixel C Tablet (1219° ‘-"__
Google Pixel XL (122847)
HTC 10 (122310)
Huawei Mate 10 (125594) o 5 10 15 20 25 30 EH 20 45 E
iPhone XR (125676) | " | . | R —
LG G5 (122309}

Emulator
(Beta)

Show All Clear Fit GotoEnd Save Import Expand

FIGURE 7.1: EMULATOR — SELECT SINK MODE — PORT AS SINK

2. Select a device that appear under the Device List to be used for testing. The Supported PDO’s
panel should list out all the power profiles supported by the device.

3. Connect a PD Source UUT to the USB Test Port 1 of the GRL-USB-PD-C2 / F1 Controller
where the Sink is being emulated. Select the ‘Get Capabilities’ button to acquire the Source
PDQ’s supported by the UUT in the Connected Device Capabilities panel.
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Port1 *® Sink Mode Source Mode
Device List: " Supported PDOs: A
Apple iPad Pro 11 2018 (12% PDO#1: 5V 292 A -
Apple iPad Pro 12.9 (3rd Gei PDO=2: 6V 2.87 A
Apple iPhone Xs (125675) PDO#3: 7TV 276 A
Apple iPhone X5 Max (1256 PDO#4: BV 293 A
Apple MacBook 12 Retina 2 RAAC. O FED A -
Apple MacBook Pro 15 2018 Connected Device Capabilities:
Apple MacBook Pro MES6SI PDO#1:5V3 A
Dell XPS 12 XPS9250 (12232 PDO#2: 7TV 3 A
Essential PH-1 (125197) PDO#3:9V 3 A
Galaxy S10 5G (125879) PDO#4: 12V 225 A
Galaxy 510+ (125871)
Google Pixel 2 XL (124875) | || G¢t Capabilities )

FIGURE 7.2: EMULATOR — ACQUIRE SOURCE PDO’s orF UUT
4. Select the bottom ‘Run’ button to start running virtual connection to the emulated Sink.

5. As the test is being run, it will generate the trace plot along with values for voltage, current
and power. At any time you want to stop the test run, select the ‘Stop’ button.

Port1 *® SinkMode Source Mode

Device List: Supported PDOs: o i i i i i pr— m— T
Apple iPad Pro 11 2018 (128 PDO#1: 5V 2.92 A Legend: Hide |
Apple iPad Pro 12.9 (3rd Gei PDO#2: 6V 2.87 A ] "E!. Voltage | ||
Apple iPhone Xs (125675) PDO#3: 7V 2.76 A 1 Il current
Appla iPhane XS Max (1256 PDO#4: 8V 2.93 A ] L ~Il Power |
Apple MacBook 12 Retina 21 DNAKE. AV IED A - 20—
Apple MacBook Pro 15 2018 Connected Device Capabilities: 1
Apple MacBook Pro ME865L PDO#1:5V3 A 1
Dell XPS 12 XPS9250 (12232 PDO#¥2: 7TV 3 A ]
Essential PH-1 (125197) PDO#3:9V3 A 1
Galaxy 510 5G (125879) PDO#4: 12V 225 A ol
Galaxy 510+ (125871) 1
Google Pixel 2 XL (124875) i
Google Pixel Book 2018 (12! 5=
Google Pixel C Tablet (1219° ]
Google Pixel XL (122847) 1

(EB"::”' HTC 10 (122310) T—_—t

Huawei Mate 10 (125594) 0 B 1o 15 20 Sz(zasnds E 35 a0 45 5
iPhone XR (125676) | . | _ | |—
LG G5 (122309)

Show All Clear Fit GotoEnd Save Import Expand

Source PDO#  Voltage (Vi Current [A):  Power (W]
[ oiom [on Jooow]

FIGURE 7.3: PERFORM SINK EMULATION AND TESTING FOR PD SOURCE UUT

You can use the horizontal and vertical scroll bars of the graph to zoom in/out, navigate across
the length of the trace plot or pause the running trace. Additional function buttons below the
bar allow you to control the graph view, clear/reset the graph, save the current test
configuration to a file, or display the graph on a separate window.
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7.2 Emulate a PD Source Device for PD Sink UUT

1. On the Emulator screen, select Source Mode (if testing a PD Sink UUT) and the Device List
panel should populate all the Source devices available from previously saved source
capabilities data files.

2. Select a device that appear under the Device List to be used for testing. The Supported PDO’s
panel should list out all the power profiles supported by the device.

Port 1 Sinkbode

Device List: Supported PDOs: ]

Amazon 39W Charger (125€ [PDO#1: 5v 34 OCP 3174 ] Legend: Hide | L —
Anker PowerCore PD 30 (12 PDO#2: 9V 2.5 : OCP 2.73A = VM Voltage ||~
Anker Switch Power Bank Pc PDO#3: 12V 1.8A: OCP 1.99A ] M current
Apple 18W PD Charger (125 PDO#4: 15V 1.5A: OCP 1.74A ¥l _F“WE' )
Apple 29W AC Charger (122

Apple 61W Charger (122908

Apple 87W AC Charger (122

AT_T 35W Car Charger (1257 ]

AT_T 47W Dual Port Car Cha =

AT_T Wall Charger (125734) ]

Aukey PA-Y10 (125173)

Aukey PA-Y11 (125172)

Aukey PA-Y12 (125697) B

Aukey PA-Y15 (125662) ]

Aukey PA-Y18 (125663)

Aukey PA-YT (122440) ,-—-H‘H,,,,,,,H“H‘,,,,,,,,H‘
Belkin F7UD73dq 27W QC44 o 5 o 15 o = 0 E @ 45 E
Choetech 27W AC Charger ( | + | - | ‘7
Choetech 39W PD Charger (

Emulator
(Beta)

Show All Clear Fit GotoEnd Save Import Expand

Source PDOS:  Woltage [V):  Current (A} Power (W)

FIGURE 7.4: EMULATOR — SELECT SOURCE MODE — PORT AS SOURCE

3. Connect a PD Sink UUT to the USB Test Port 1 of the GRL-USB-PD-C2 / F1 Controller
where the Source is being emulated.

4. Select the bottom ‘Run’ button to start running virtual connection to the emulated Source.

As the test is being run, it will generate the readings for voltage, current and power and trace
plot. At any time you want to stop the test run, select the ‘Stop’ button. You can use the
horizontal and vertical scroll bars of the graph to zoom in/out, navigate across the length of
the trace plot or pause the running trace. Additional function buttons below the bar allow you
to adjust the graph view, clear/reset the graph, save the current test configuration to a file or
display the graph on a separate window.
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Port 1 Sink Mode  '® Source Mode

Device List:
Amazon 39W Charger (125€
Anker PowerCore PD 30 (12

Supported PDOs:

PDO#1: 5V 3A: OCP 3.17A
PDO#2: 9V 2.5A: OCP 2.73A

Legend: Hide | |—

VIl voitage | ||

Current

Anker Switch Power Bank Pc PDO#3: 12V 1.84 : OCP 1.994
Apple 18W PD Charger (125 PDO#4: 15V 1.5A : OCP 1.74A ]
Apple 29W AC Charger (122 7
Apple 81W Charger (122905 -
Apple 87W AC Charger (122 4
AT_T 35W Car Charger (1257 1
AT_T 47W Dual Port Car Che 2=
AT_T Wall Charger (125734) ]
Aukey PA-Y10 (125173) ‘7'
Aukey PA-Y11 (125172) b
Aukey PA-Y12 (125697) ]
Aukey PA-Y15 (125662) ]
.

o

Power

Aukey PA-Y18 (125663)
Aukey PA-YT (122440)
Belkin F7UO73dq 27W QC44
Choetech 27W AC Charger ( ‘ P | _ |
Choetech 39W PD Charger (

Emulator
(Beta)

Show All  Clear Fit GotoEnd Save Import Expand

Source PDOS:  Vohage (Vl:  Current (8]  Power (W]:

FIGURE 7.5: PERFORM SOURCE EMULATION AND TESTING FOR PD SINK UUT
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