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Introduction

Time Measurement Equipment is an essential part of Time Synchronization Compliance testing. It is based on the
Serial Time Link Protocol (STLP) that transmits current Grand Master time every 16 Osec. STLP is parsed and

analyzed by a Time Measurement Equipment, which is FPGA based hardware.

There are two usages for such equipment:

Standalone Measurement

uuT
USBA4 Link
KG USB4 Time Serial Interface Time
Device 1 Measurement
Equipment

Figure 1: Standalone setup

Comparative Time Measurement

uuT
USB4 Link USB4 Link
Time
KG USB4 KG USB4 Time Serial Interface | , Measurement
Device Device Equipment

A

Figure 2: Pair Setup

A. Required Hardware and Software

Hardware Vendor Link




Quad Motherboard proFPGA https://www.profpga.com/products/motherboardsoverview/profpga-
quad

)\ggt;i(/;()l(\;{)?gule proFPGA https://www.profpga.com/products/fpga-modulesoverview/virtex-
7-based/profpga-xc7v2000t

Case (optional) proFPGA
https://www.profpga.com/products/miscellaneousoverview/duo-

Goodway Gatkex Board Good Way

with TMU CLK Out Board | Technology | https://www.goodway.com.tw/

(DBD1210L1) Co., Ltd.

Software Vendor Link

proFPGA-2020C-install.exe

proFPGA *Contact proFPGA for this sofiware

Files to use with USB4CV

USB-IF https://usb.org/compliancetools#anchor usb4tools

Please contact proFPGA about getting the necessary items listed above.

nrotug d https://www.profpga.com/

Speed 5 Flexibility

email: profpga@prodesign-europe.com

A1l. Quad Motherboard
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Figure 3: Quad Motherboard

A2. Duo & Quad Casing (optional)

Figure 4: Optional case for FPGA

A3. Virtex® 7 module XC7V2000T

£ XILNX.

\"F

Figure 5: Virtex® 7 module
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A4. Goodway Gatkex Board with TMU CLK Out as USB4 KG Device:
Contact Info: raymond chan@goodway.com.tw & vivian liao@goodway.com.tw
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Figure 6: Goodway Gatkex Board with TMU CLK Out

AS. STLP Cable
STLP cable connects Goodway Gatkex Board TMU_CLK _OUT output and carries STLP protocol to FPGA.

The cable has 3 ends as shown on the following figure.

SMP

header

&
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m o>

SMP

Figure 7: Example
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One end of the cable connects to Goodway Gatkex Board with TMU CLK Out with SMP connector:
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Figure 8: Connecting SMP to Goodway Gatkex Board with TMU CLK Out

The other end of the cable has female header (size 0.17):

Figure 9: STLP cable showing both ends. 0.1” 6pin housing and push-on SMP connectors



AS5.1. STLP Cable construction procedure for the Goodway Gatkex Board with TMU CLK Out

These instructions can be used to make custom cables for testing products that do not use SMP connectors for
TMU_CLK OUT.

The following materials will be necessary:

*  2x RF cables each at least 48inches long with push-on SMP connectors.
Note: Do not use semi-rigid type. Choose braided shielding (eg: PE3C3584/PH180-48)
*  1x 0.linch (2.54mm) Crimp connector housing 1x6-pin
*  Wire stripper
*  Heat shrink tubes
*  3x Heat shrink tubes with solder ring
*  Heat gun
*  3x 2inch pre-crimped wires

*  Hot glue gun

1. Strip at least 1” of the outer insulation.

2. Carefully undo the braided shielding. It is recommended to use a small and fine tool to poke into the braids
and pull towards the open end of the cable. Start from the end of the cable and slowly work down to slowly

undo the braiding.




3. Strip about 4 inch of the dielectric insulation to expose the center conductor.

4. Take a pre-crimped wire and feed into a heat shrink tube with solder ring. Take the exposed center

conductor and insert into one of the crimps. Then pull the heat shrink tube over this connection and line the

solder ring up with the metal-to-metal contact portion.

5. Use heat gun to shrink the tube and pay extra attention to melt the solder ring. Solder ring should visibly

deform or fill in gaps of the crimp contact.
6. Repeat steps 1-5 for the second cable.
7. Combine both Ground braids by twisting them together. Repeat steps 4 and 5 on this combined braid.



8. Use heat shrink (no solder ring) to cover excess exposed braiding.




9. Insert pins into the housing and give it a light tug test to ensure that the pin is secured in place:
*  GND braids to pin 1 (GND)
*  Choice of cable to pin 4 (PB)
*  Remaining cable to pin 6 (PA)

10. Apply hot glue to bottom of housing. Make sure to fill in spaces between the three cables and also overlap
onto the plastic housing to prevent the cables from bending when attaching this cable to FPGA.




B. Connecting the system

B1. Installing the module

Virtex® 7 module shall be installed on connector TA1 of Quad Motherboard

Figure 10: Virtex ® 7 Module position on Quad Motherboard

B2. Connecting STLP cable

STLP cable will need to be connected to the following pins located on the Virtex module:

GND 1x

PB 4

PA 6

Figure 11: Virtex ® 7 Module Pins

10



R

RPN L SR BE

RN
RN )
09 cco0o0

eoo0oecocCco

co0oo09
co000€9 00

22 8P

ooo0o

Figure 12: Pin 1 on ProFPGA
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Figure 13: Connecting proFPGA and Goodway Gatkex Board using STLP cable. (Left) Both PA and PB
connected. (Right) Only PA connected.

C. proFPGA Initial Setup on USB4CV System

This setup procedure only needs to be done once on a system and tester will only need to rely on the provided batch

files for startup and shut down of the FPGA.

You will need to contact proFPGA for software install executable. Their contact can be found in the Required

Hardware and Software section of this document.

The following files are provided by the USB-IF at https://usb.org/compliancetools#anchor usb4tools to use proFPGA
with USB4CV:

- TMU_FPGA. bat
- tmu fpga.exe
- proj.cfg
- fmxc7v2000tr2.bit
- fpga_ startup.bat
- fpga_shutdown.bat
12
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All files should be placed into the following path to use with USB4CV:

C:\Users\Public\Documents\TMU_FPGA\USB4_Compliance

C1. Install proFPGA software
Run proFPGA software installation executable and set install path to C:\ProDesign\proFPGA-2020C\
=] INSTALL.txt
l;] md3sum.bxt
4 proFPGA-2020C-install.exe
proFPGA-2020C-install.sh

C2. Connect proFPGA to USB4CV System

1. Turn on the power supply.
2. Change the switch on mother board from OFF to ON

3. Connect proFPGA to USB4CV System:
If you purchased the optional case for the FPGA, use a USB2.0 STD
B to A cable to connect STD B port on front of proFPGA to USB-

A port on USB4CV System. (Do not use the ethernet port on the

FPGA)

ii.  Ifyou did not get the optional case for the FPGA, use a USB2.0 microB to A cable to connect from
microB port on proFPGA to Type A port on USB4CV System.

13



C3. Install Driver for USB Ethernet/RNDIS Gadget

This driver is needed to interface with the FPGA through the USB-A port.
C3.1. Identify Device Driver for FPGA

Open Device Manager. The device is most likely listed as a Serial Device COM under ‘Ports (COM & LPT)’.

Verify this device is the FPGA by unplugging FPGA from the USB4CV System and seeing if the device goes away.

14



a Device Manayer —_ 0 X
File Action View Help
o mE HE 8 FRS

v % Tet-W10Pro32de
» & Audio inputs and outputs
» B Computer
b e Uisk dives
» WR Display adapters
» m DVD/CD-ROM drives
> h Human Interface Devices
> L4 IDE ATA/ATAPI controllers
> @ IEEE 1334 host controllers
» &= Keyboards
> I Mice and other pointing devices
» E1 Monitors
v (@ Network adapters
3 Realtek PCle GBE Family Controller
» KB Portable Devices
v Y Ports (COM & LPT)
'Y Serielles USB-Gerat (COM4)
» 7= Pnint queues
» B Processors
> || Software devices
» % Sound, video and game controllers
) & Storage controller
> ! Syztem devices
> @ Universal Serial Bus controllers

Figure 14: Update driver in Device Manager

(3.2 Update Driver Software
Right-click the Serial USB Device and select “Update Driver Software”. Select “Browse my computer for software”.

15



How do you want to search for driver software?

2 Search automatically for updated driver software
Windows will search your computer and the Internet for the latest driver software
for your device, unless you've disabled this festure in your device installation
settings,

2 Browse my computer for driver software
Locate and install driver software manually.

Cancel

Figure 15: Select “Browse my computer for driver software”

Specify path to the proFPGA Windows drivers which came with the proFPGA software release and press ‘Next’:

:l X

) €« l Update Drivers - Linux USB Ethernet/RNDIS Gadget
4

]
t Browse for drivers on your computer

Search for drivers in this location:

C:\Pro[)esin\roFPGA»ZOEOC\driver St \ Browse...

Include subfolders

—> Let me pick from a list of available drivers on my computer
This list will show available drivers compatible with the device, and all drivers in the
same category as the device.

R AR

Figure 16: Specify path to the proFPGA

Allow installation of the driver. Press ‘Install’ to continue.



Would you like to install this device software?

L

Always trust software from "PRO DESIGN Electronic

GmbH".

Name: Linux Developer Community Network adapte...
Publisher: PRO DESIGN Electronic GmbH

[ Install | [ Don'tinstall |

@ You should only install driver software from publishers you trust. How can I decide which device

C4. Set Static IP Address for FPGA

re is saf install?

Figure 17: Allow installation

To use a Static IP address, first set up your USB4ACV System’s IP address to Static IP Address.

1. Open Control Panel and select Network and Sharing Center.

f;:‘ Administrative Tools
@ Credential Manager
@ Ease of Access Center
Wg Indexing Options
«» Mouse

[5‘[ Programs and Features

\? Security and Maintenance

9 System

Windows Defender
Firewall

2. Click on Change Adapter Settings

[ﬂ AutoPlay

Date and Time

Bl File Explorer Options

Ch .
4] Internet Options
P

tl. Network and Sharing
- Center

@ Realtek HD Audio Manager
9 Sound
i/ Tablet PC Settings

@ Windows Mobility Center

¥

£

e Foeo@wN{ &

Backup and Restore
(Windows 7)

Default Programs

File History

Keyboard

Pen and Touch

Recovery

Speech Recognition

Taskbar and Navigation

Work Folders

Q@ BitLocker Drive Encryption ﬂ,’

WEYN K

Device Manager

Flash Player (32-bit)

Lenovo - Update and
Drivers (32-bit)

Phone and Modem

Region

Storage Spaces

Troubleshooting

Figure 18: Network and Sharing Center

=

'LXE

)
2

Color Management
Devices and Printers

Fonts

Mail (Microsoft Outlook
2016)

Power Options

RemoteApp and Desktop
Connections

Sync Center

User Accounts
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;t Network and Sharing Center

«

Control Panel Home

Change advanced sharing
settings

Media streaming options

@ Network Connections

v ::.' > Control Panel > All Control Panel ltems > Network and Sharing Center

View your basic network information and set up connections
View your active networks

Specwerkz-net-2.4G

Access type: Internet
Public network

Connections: il Wi-Fi (Specwerkz-net-2.4G)

Unidentified network

Access type: No network access
Public network

Connections: [§ Ethernet 3
Change your networking settings
‘E. Set up a new connection or network

Set up a broadband, dial-up, or VPN connection; or set up a router or access point.

@ Troubleshoot problems

Diagnose and repair network problems, or get troubleshooting information.

Figure 19: Change adapter setting

3. Click on “USB Ethernet/RNDIS Gadget”

» JEV > Control Panel » Network and Internet > Network Connections

Organize ¥

Bluetooth Network Connection
Not connected
X Bluetooth Device (Personal Ar...

Ethernet = | Ethernet3 -
* _ Network cable unplugged ,L\E Unidentified network L\!
% @7 Realtek PCle GbE Family Cont... @7 USB Ethernet/RNDIS Gadget X &

Figure 20: USB Ethernet/RNDIS Gadget

4.  Click on “Properties”.

TeamViewer VPN
Network cable unplugged
TeamViewer VPN Adapter

| WY
|

=] X

¢] Search Network Connections 0

Wi-Fi
Specwerkz-net-2.4G
Qualcomm Atheros QCAS:

18




U Ethernet 3 Status X

General
Connection
IPv4 Connectivity: No network access
IPv6 Connectivity: No network access
Media State: Enabled
Duration: 00:08:41
Speed: 425.9 Mbps

Activity
-
Sent — E! ——  Received
@
Bytes: 58,360,758 | 941,446
QProperﬁes sDisable Diagnose
Close

Figure 21: Choose “Properties”

Click on “Internet Protocol Version 4 (TCP/IPv4)” and open Properties.

U Ethernet3 Properties X
Networking Sharing

Connect using:
£ Linux USB Ethemet/RNDIS Gadget #3

Configure...
This connection uses the following items:

'?Cliem for Microsoft Networks )
? File and Printer Sharing for Microsoft Networks

#3Q0S Packet Scheduler

I Irtemet Protocol Version 4 (TCP/IPvA) |

[ 4 Microsoft Network Adapter Multiplexor Protocol

4 Microsoft LLDP Protocol Driver

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

rlgs!aﬂ 2% Uninstall : P;opeﬂies
Description

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

OK Cancel

Figure 22: Internet Protocol Version 4 (TCP/IPv4)

Click on “Use the following IP address”
In the IP address section type 169.254.0.1 (this is USB4CV System IP address)



In the subnet mask type 255.255.255.0
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: 169..254. 0 .. 1
Subnet mask: 255.255.255. 0

Obtain DNS server address automatically

(® Use the following DNS server addresses:

Preferred DNS server: [:]

Alternate DNS server:

[validate settings upon exit Advanced...

[ e

Figure 23: IP address and the subnet mask

7. Click “OK”

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: 169 .254. 0 . 1
Subnet mask: 255.255.255. 0

Obtain DNS server address automatically
(@ Use the following DNS server addresses:
Preferred DNS server:

Alternate DNS server: :l

[Jvalidate settings upon exit Advanced...

=

Figure 24: Click OK

Verify that FPGA connection to USB4CV System works

1. Open Command Prompt and enter ping 169.254.0.2



dows [Version 10.0.19041.572]
osoft Corporation. All rights reserved.

C:\Users\SWZ-14>ping 169.254.0.2

Figure 25: Ping proFPGA IP address

2. Make sure you received all packets

E¥ Command Prompt - a X

Microsoft Windows [Version 10.0.19041.572]
(c) 2020 Microsoft Corporation. All rights reserved.

C:\Users\S 14>ping 169.254.0.2

Pinging 169.254.0.2 with 32 bytes of data:
y from 169.254.0.2: bytes=32 time<ims
from 1 .0.2: bytes=32 time<ims

ly from 16 54.0.2: bytes=32 time<ims

y from 169.254.0.2: bytes=32 time<ims

Ping statistics for 169.254.0.2:

Packets: Sent = 4, Received = 4, Lost = @ (0% loss),
Approximate round trip times in milli-seconds:

Minimum = Oms, Maximum = Oms, Average = oms

C:\Users\S

Figure 26: All packets received

D. Using proFPGA with USB4CV

With all files in the correct locations, all you need to do now is use the provided Windows Batch files to start up and
shut down the FPGA. Every time the FPGA is powered on, you need to burn the bit file again using the provided
startup batch file. Once you start up the FPGA, follow USB4 TMU CTS for connections to test setups.

A good indication for when the FPGA is ready to use is by looking for a line of LEDs next to the power switch on the
Quad motherboard. When initially powering on the FPGA, only a few LEDs will be lit:

21




Figure 27: Top half of Quad motherboard

Figure 28: LEDs indicating bit file not burned

Once you’ve burned the bit file, you can see that many more LEDs are lit:

22
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Figure 29: LEDs indicating bit file burned

D1. Start up proFPGA (burning the bit file)

Every time the FPGA is powered up, it is necessary to burn the FPGA with the bit file. fpga_start-up.bat will do this

by running the following commands:

a. cd C:\Users\Public\Documents\TMU_FPGA\USB4_Compliance

¥ Command Prompt — O X

1U_FPGA\USB4_Compliance

JSB4_Compliance>

b. profpga_run.exe proj.cfg -u

E¥ Command Prompt - O X

[Version 1@
soft Corporati

\TMU_FPGA\USB4_Compliance

J)_FPGA\USB4_Compliance>profpga_run.exe proj.cfg -u

c. Wait until loading .bit file is done

23
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D2. Shut Down proFPGA

Please run the shutdown script and wait for proFPGA to fully shutdown before powering off the FPGA.

fpga_shutdown.bat will shut down the FPGA by running the following command:

profpga_selftest

C:\Users\Public\Documents\TMU_FPGA\USB4_Compliance\proj.cfg -d

Wait until proFPGA finishes shutdown.

Power down moth
deactivating
deactivating
deactivating

deactivating
deactivating
deactivating

erboard_1
P12V_Al...
P12V _C1...
P12V_A3...
P12v_C3...
P3V3...
P3V3_AUX...

Troubleshooting:

If you are not able to turn on the FPGA with the batch files, please make sure that you followed the initial setup

procedure correctly. Files need to be in a specific folder path and uses the specific IP address indicated in this

procedure.

D3. LEDs for PA and PB
When connecting to test setups defined in TMU CTS, FPGA module has dedicated LEDs that will light up when it is

getting TMU_CLK_OUT from a device that is connected to a host and has established a stable link.
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Figure 31: Orange LED lit for PB connection
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