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Chapter 1. USB 2.0 

This chapter describes the steps and lists the registers needed to tune the USB 2.0 high-
speed eye diagram for the NVIDIA® Jetson Thor™ Modules. The USB Implementers Forum 
(USB-IF) provides complete test specifications and instructions on their website for 
high-speed host and device mode testing.  

NVIDIA typically uses Tektronix oscilloscopes for USB characterizations. The test 
procedures for Tektronix oscilloscopes are available from the USB-IF website. 

Customers may use oscilloscopes from other vendors to perform USB characterization. 

1.1 Required Equipment 
The following equipment is required: 

> Tektronix TDS694C or faster digital sampling oscilloscope 

> Tektronix P6247 or P6248 or equivalent differential probe 

> High-speed USB Electrical Test Fixture 

> Oscilloscope USB test software 

> Software tool to access register/memory space on the NVIDIA Jetson Thor Modules 

1.2 Compliance Mode Programming 
Sequence 

The programming sequence for enabling USB 2.0 test mode is as follows: 

1. Connect any USB device (see note below) to the port; this will prevent the controller 
from entering power-down mode. 

 

 
Note: The phrase "any USB device" refers to any real device, such as USB memory stick for 
HS or a keyboard or a mouse for LS.  
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2. Disable the auto suspend for the controllers: 

For example: the following command under Linux Kernel: 
echo on > /sys/bus/usb/devices/usb1/power/control 

 

 
Note: The "usb1" here is the XHCI USB 2.0 controller; it may map to "usb2" if there is 
another USB controller on the board. The XHCI bus number can be found under 
/sys/devices/A80AA10000.usb/ 

 
 

3. Set Port Power (PP) to Disabled state. 

Register Name 

USB Port Register 
Address Bit Field Description 

T_XUSB_XHCI_OP_PORTSC_4 for Port 0 

T_XUSB_XHCI_OP_PORTSC_5 for Port 1 

T_XUSB_XHCI_OP_PORTSC_6 for Port 2 

T_XUSB_XHCI_OP_PORTSC_7 for Port 3 

Port 0 0xa80aa10470 9 0 = OFF (Disabled state) 

1 = ON Port 1 0xa80aa10480 

Port 2 0xa80aa10490 

Port 3 0xa80aa104a0 
 

4. Set Run/Stop (RS) to Stop. 

Register Name 

USB Port Register 
Address Bit Field Description 

T_XUSB_XHCI_OP_USBCMD_0 

Port 0 / 1 / 2 /3 0xa80aa10030 0 0 = STOP 

1 = RUN 
 

5. Wait for Halted. 

Register Name 

USB Port Register 
Address Bit Field Description 

T_XUSB_XHCI_OP_USBSTS_0 

Port 0 / 1 / 2 / 3 0xa80aa10034 0 0 = RUNNING 

1 = HALTED 
 

6. Set the xUSB Port Test Control registers in PORTPMSCHS register.  

Register Name 

USB Port Register 
Address Bit Field Description 

T_XUSB_XHCI_OP_PORTPMSCHS_4 for Port 0 
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Register Name 

USB Port Register 
Address Bit Field Description 

T_XUSB_XHCI_OP_PORTPMSCHS_5 for Port 1 

T_XUSB_XHCI_OP_PORTPMSCHS_6 for Port 2 

T_XUSB_XHCI_OP_PORTPMSCHS_7 for Port 3 

Port 0 0xa80aa10474 31:28 0000b = Disable 

0001b = Test J 

0010b = Test K 

0011b = Test SE0 NAK 

0100b = Test Packet 

0101b = Force Enable 

Port 1 0xa80aa10484 

Port 2 0xa80aa10494 

Port 3 0xa80aa104a4 

 

 
Note: Per USB 2.0 Specification, only a single downstream facing port can be in test_mode 
at a given time. 

 
 

7. Disable Pad Power Down (PD).  
Port 0: 0xa808680088: XUSB_PADCTL_USB2_OTG_PAD0_CTL_0_0 
Port 1: 0xa8086800C8: XUSB_PADCTL_USB2_OTG_PAD1_CTL_0_0 
Port 2: 0xa808680108: XUSB_PADCTL_USB2_OTG_PAD2_CTL_0_0 
Port 3: 0xa808680148: XUSB_PADCTL_USB2_OTG_PAD3_CTL_0_0 
 

Register Name 

USB Port Register 
Address Bit Field Description 

XUSB_PADCTL_USB2_OTG_PAD0_CTL_0_0 for Port 0 

XUSB_PADCTL_USB2_OTG_PAD1_CTL_0_0 for Port 1 

XUSB_PADCTL_USB2_OTG_PAD2_CTL_0_0 for Port 2 

XUSB_PADCTL_USB2_OTG_PAD3_CTL_0_0 for Port 3 

Port 0 0xa808680088 26 1 = Enable Pad Power Down 

0 = Disable Pad Power Down Port 1 0xa8086800C8 

Port 2 0xa808680108 

Port 3 0xa808680148 
 

8. Plug in the test fixture to start the USB 2.0 eye diagram test. 



 
NVIDIA Jetson Thor Series Modules I/O Functional Verification Guide DA-12308-001_v1.2   |   4 

1.3 USB2.0 Tuning Registers 
After the USB 2.0 eye diagram is captured if the eye does not meet the passing criteria 
or marginal, engineers must consider tweaking the registers listed below: 

Table 1-1. XUSB_PADCTL_USB2_OTG_PADx_CTL_0_0 

Register Name 

USB Port Register Address Bit Field Description 

XUSB_PADCTL_USB2_OTG_PAD0_CTL_0_0 for Port 0 

XUSB_PADCTL_USB2_OTG_PAD1_CTL_0_0 for Port 1 

XUSB_PADCTL_USB2_OTG_PAD2_CTL_0_0 for Port 2 

XUSB_PADCTL_USB2_OTG_PAD3_CTL_0_0 for Port 3 

Port 0 0xa808680088 8:6 

5:0 

HS_SLEW (high-speed slew rate control) See 

Note 1 

HS_CURR_LEVEL See Note 2 
Port 1 0xa8086800c8 

Port 2 0xa808680108 

Port 3 0xa808680148 

Note 1: HS_SLEW where 3’b000 = slowest and 3’b111 = fastest 

Note 2: HS_CURR_LEVEL where 6’b000000 = highest current level and 6’b111111 = lowest current level 

Table 1-2. XUSB_PADCTL_USB2_OTG_PADx_CTL_3_0 

Register Name 

USB Port Register Address Bit Field Description 

XUSB_PADCTL_USB2_OTG_PAD0_CTL_3_0 for Port 0 

XUSB_PADCTL_USB2_OTG_PAD1_CTL_3_0 for Port 1 

XUSB_PADCTL_USB2_OTG_PAD2_CTL_3_0 for Port 2 

XUSB_PADCTL_USB2_OTG_PAD3_CTL_3_0 for Port 3 

Port 0 0xa808680094 7:6 

2:1 

HS_RXEQ See Note 3 

HS_TXEQ See Note 3 

 
Port 1 0xa8086800D4 

Port 2 0xa808680114 

Port 3 0xa808680154 

Note 3: If system has inner cable, consult with NVIDIA for recommendations, and perform certificate 
and functional test verification. 

Table 1-3. TXEQ and RXEQ Pre-Emphasis 

HS_TXEQ[1:0] AC Gain HS_RXEQ[1:0] SQ Level 

00 +0 dB (default) 00 -0 dB (default) 

01 +1.3 dB 01 -1.2 dB 

10 +2.5 dB 10 -2.0 dB 

11 +3.5 dB 11 -3.5 dB 
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1.4 HS_CURR_LEVEL Offset Adjustment 
Procedure 

To adjust the HS_CURR_LEVEL register to pass the USB HS eye diagram, using the 
following procedure: 

1. Obtain default value; read PAD Register XUSB_PADCTL_USB2_OTG_PADx_CTL_0_0 
bit [5:0] 

a. XUSB_PADCTL_USB2_OTG_PAD0_CTL_0_0 [5:0] for USB pad Drive Strength for 
Port 0 

b. XUSB_PADCTL_USB2_OTG_PAD1_CTL_0_0 [5:0] for USB pad Drive Strength for 
Port 1 

c. XUSB_PADCTL_USB2_OTG_PAD2_CTL_0_0 [5:0] for USB pad Drive Strength for 
Port 2 

d. XUSB_PADCTL_USB2_OTG_PAD3_CTL_0_0 [5:0] for USB pad Drive Strength for 
Port 3 

2. Tuning HS_CURR_LEVEL to pass eye diagram.  

3. Calculate the offset from default value and desired value to pass eye mask. 

a. For example, if default Drive Strength value is 0x20 and desired value is 0x1C, 
then offset = -4 

b. For example, if default Drive Strength value is 0x10 and desired value is 0x14, 
then offset = +4 

 

 
Note: Maximum allowable offset: ± 6 steps. 

4. Provide the "tuned offset value" to the software team for implementation. 

1.5 Software Verification 
NVIDIA strongly recommends a functional check. Connect the DUT to USB hosts and 
devices to perform a functional check. 

To check if software has implemented the tuned offset correctly, load new software 
with offset included into another DUT and make sure that: 
 
HS_CURR_LEVEL = USB_CALIB + tuned offset steps 
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Chapter 2. UPHY High-Speed Lanes 

The NVIDIA Jetson Thor Module facilitates multiple high-speed interfaces to be brought 
out on the module in different configurations. 

The following tables show the supported UPHY mapping for the UPHY blocks [1:0]. The 
mapping tables indicate which lanes of each UPHY block can be assigned for USB, PCIe, 
or MGBE. Only one of the supported configurations per UPHY block can be used in a 
design. Each UPHY block is programmed independently.  

Table 2-1. UPHY0 Mapping Options (USB and PCIe)  

Module Pin Names UPHY0 Lanes Jetson Thor Functions 

Configuration #1 Configuration #2 

UPHY_RX0/TX0 Lane 0 USB 3.2 (P0) 

UPHY_RX1/TX1 Lane 1 USB 3.2 (P1) 

UPHY_RX2/TX2 Lane 2 USB 3.2 (P2) 

UPHY_RX3/TX3  Lane 3 PCIe x1 (C1), RP 

UPHY_RX4/TX4  Lane 4 PCIe x1 (C2), RP or EP 

UPHY_RX5/TX5  Lane 5 Reserved 

UPHY_RX6/TX6  Lane 6 PCIe x2 (C3), RP 

UPHY_RX7/TX7  Lane 7 

Table 2-2. UPHY1 Mapping Options (PCIe and MGBE(XFI)  

Module Pin Names UPHY1 Lanes Jetson Thor Functions 

Configuration #1 Configuration #2 

UPHY_RX8/TX8 Lane 0 PCIe x8 (C4), RP or EP PCIe x4 (C5), RP or EP 

UPHY_RX9/TX9 Lane 1 

UPHY_RX10/TX10 Lane 2 

UPHY_RX11/TX11 Lane 3 

UPHY_RX12/TX12 Lane 4 MGBE C0 (XFI) 

UPHY_RX13/TX13 Lane 5 MGBE C1 (XFI) 

UPHY_RX14/TX14 Lane 6 MGBE C2 (XFI) 

UPHY_RX15/TX15 Lane 7 MGBE C3 (XFI) 
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For UPHY lanes, it is strongly recommended that customers follow the guidelines 
provided in the Jetson Thor Series Modules Design Guide (DG-12084-001) during design. 
When these guidelines are followed, using the default UPHY settings provided by NVIDIA 
is the safest approach; therefore, no additional tuning options are offered. Instead, the 
UPHY section includes content related to signal validation. 

2.1 Eye Opening Monitor (EOM) 
The NVIDIA Jetson Thor Module provides a non-intrusive method of monitoring selected 
High-Speed I/O (HSIO) receive signal quality as part of the receiver input logic called the 
Eye-Opening Monitor (EOM). This feature is provided by the EOM engine, which is part of 
the Thor receiver logic inside the HSIO pad, also known as Unified PHY or UPHY. 

2.1.1 EOM Setup 
1. Click on the Attachment tab of this PDF (or the paper clip icon, depending on the 

Acrobat Reader version).  

2. Select the files (EOM_logger.nvpy, uphy_eom.nvsh) and use the Tool Bar options 
(Open, Save) to retrieve the document.  

3. Rename the file extension from .nvpy to .py and from  .nvsh to  .sh 

4. Copy the two files to the Thor target board ( i.e., /home/nvidia). 

5. For quick EOM scanning, type the following: 
$ sudo su  
/home/nvidia# ./uphy_eom.sh 

 

This lists which ports can be EOM tested and which ports cannot.  
./uphy_eom.sh: line 4: echo: write error: Invalid argument 
Brick 0 Lane 0: lane 0x0 EOM scan failed -23 
./uphy_eom.sh: line 4: echo: write error: Invalid argument 
Brick 0 Lane 1: lane 0x1 EOM scan failed -23 
./uphy_eom.sh: line 4: echo: write error: Invalid argument 
Brick 0 Lane 2: lane 0x2 EOM scan failed -23 
Brick 0 Lane 3: 0x00000eda 
Brick 0 Lane 4: 0x00000ab5 
…… 

 

An “EOM scan failed -23” error indicates that the Physical Link is either not in valid active 
state or has not been properly configured.  

By default, The NVIDIA Jetson Thor Brick 0 Lane 3, 4 and Brick 1 lanes 0-3 are active and 
available for EOM testing.  
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/home/nvidia# ./uphy_eom.sh 
./uphy_eom.sh: line 4: echo: write error: Invalid argument 
Brick 0 Lane 0: lane 0x0 EOM scan failed -23 
./uphy_eom.sh: line 4: echo: write error: Invalid argument 
Brick 0 Lane 1: lane 0x1 EOM scan failed -23 
./uphy_eom.sh: line 4: echo: write error: Invalid argument 
Brick 0 Lane 2: lane 0x2 EOM scan failed -23 
Brick 0 Lane 3: 0x00000eda 
Brick 0 Lane 4: 0x00000ab5 
./uphy_eom.sh: line 4: echo: write error: Invalid argument 
Brick 0 Lane 5: lane 0x5 EOM scan failed -23 
./uphy_eom.sh: line 4: echo: write error: Invalid argument 
Brick 0 Lane 6: lane 0x6 EOM scan failed -23 
./uphy_eom.sh: line 4: echo: write error: Invalid argument 
Brick 0 Lane 7: lane 0x7 EOM scan failed -23 
Brick 1 Lane 0: 0x00000c31 
Brick 1 Lane 1: 0x00000b78 
Brick 1 Lane 2: 0x00000bb3 
Brick 1 Lane 3: 0x00000d0b 
./uphy_eom.sh: line 4: echo: write error: Invalid argument 
Brick 1 Lane 4: lane 0x14 EOM scan failed -23 
./uphy_eom.sh: line 4: echo: write error: Invalid argument 
Brick 1 Lane 5: lane 0x15 EOM scan failed -23 
./uphy_eom.sh: line 4: echo: write error: Invalid argument 
Brick 1 Lane 6: lane 0x16 EOM scan failed -23 
./uphy_eom.sh: line 4: echo: write error: Invalid argument 
Brick 1 Lane 7: lane 0x17 EOM scan failed -23 

 

Even if a lane is not configured by default, it becomes testable once the UPHY 
configuration is applied. For example, connecting a USB 3 thumb drive to the NVIDIA 
Jetson Thor configures Brick 0 Lane 2 and makes it active for testing. 

This is after connecting a USB3 thumb drive.  
/home/nvidia# ./uphy_eom.sh 
./uphy_eom.sh: line 4: echo: write error: Invalid argument 
Brick 0 Lane 0: lane 0x0 EOM scan failed -23 
./uphy_eom.sh: line 4: echo: write error: Invalid argument 
Brick 0 Lane 1: lane 0x1 EOM scan failed -23 
./uphy_eom.sh: line 4: echo: write error: Invalid argument 
Brick 0 Lane 2: 0x00000c46 
Brick 0 Lane 3: 0x00000eda 
Brick 0 Lane 4: 0x00000ab5 
./uphy_eom.sh: line 4: echo: write error: Invalid argument 
Brick 0 Lane 5: lane 0x5 EOM scan failed -23 
…… 
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2.1.2 EOM Logging Script 
For validation, continuously log EOM values while stressing the link to capture the minimum value. 
1. Check which UPHY lanes are testable using the EOM setup described above. The 

lanes available for testing include Brick 0 lanes 0–7 and Brick 1 lanes 0–7. 

2. Run logging script  
/home/nvidia# python EOM_logger.py -lane 0-3 -time 60 

Use the -lane and -time options when running EOM_logger.py. For example: 

> To test Brick 0 Lane 3, use -lane 0-3. 

> The -time option sets the logging duration in seconds. If omitted, the default is 60 
seconds. 

Starting EOM logging of UPHY0_L3 for next 60.0 seconds. 
------------------------------------RESULTS------------------------------------- 
UPHY0_L3 
5959 samples collected over 60.0 seconds 
Minimum EOM: 3802 (decimal) 
 
                             Histogram (Normalized) 
3866: ************ 
3802: ************************************************************************ 
--------------------------------------------------------------------------------
/home/nvidia# python EOM_logger.py -lane 0-3 -time 60 

The key result is the minimum EOM value observed for each lane. The histograms are 
provided as a simple visualization of the EOM values during the test and are 
informational only. All EOM values provided in the results are already converted to 
decimal. 

Sometimes EOM_logger.py fails even if uphy_eom.sh works. 
/home/nvidia# python EOM_logger.py -lane 0-2 
Starting EOM logging of UPHY0_L2 for next 60.0 seconds. 
/bin/sh: 1: echo: echo: I/O error 
lane 0x2 EOM scan failed -23 

This usually happens when the device switches from active to inactive state during 
testing—a common issue with certain USB 3.0 thumb drives. 

In this case, you can edit EOM_logger.py and adjust the delay value in the get_eom() 
function where time.sleep(0.5) is commented out.  

""" There are tests that occasionally require time.sleep""" 
    """time.sleep(0.5)""" 

Tuning this delay can help stabilize the logging when the target device intermittently 
transitions between active and inactive states. 

    subprocess.run("echo %s > /sys/kernel/debug/bpmp/debug/uphy/eom_lane" %hex_lane, 
shell=True)     
    """ There are tests that occasionally require time.sleep""" 
    time.sleep(0.5)     



 
NVIDIA Jetson Thor Series Modules I/O Functional Verification Guide DA-12308-001_v1.2   |   10 

    eom = subprocess.check_output("cat /sys/kernel/debug/bpmp/debug/uphy/eom_status", 
shell=True).decode('utf-8') 

Based on the histogram results, the minimum EOM value must be greater than 1,000. If 
it falls below this threshold, review the Jetson Thor Series Modules Design Guide (DG-
12084-001) to ensure the design meets the required specifications. 

2.2 USB 3.2 
The NVIDIA Jetson Thor Module supports the USB 3.2 interface. The USB3.2 PHY, has a 
performance of up to Gen 1 (5 Gb/s) and Gen 2 (10 Gb/s) in host mode on the NVIDIA 
Jetson Thor Module.  

The NVIDIA Jetson Thor Module has been tested for specification compliance and has 
passed under worst case scenarios. NVIDIA expects that tuning will not be required if 
customers follow the routing guidelines published in the relevant design guides. 

This document provides high-level guidance for compliance testing of the USB 3.2 PHY 
on the NVIDIA Jetson Thor Module. 
 

 
Note: All occurrences of the Thor Module refer to the NVIDIA product, NVIDIA Jetson Thor 
Module.  

2.2.1 Compliance Testing  
The compliance criteria and test descriptions for USB 3.2 devices, hubs, and host 
controllers are based on the specification, Electrical Compliance Test Specification 
SuperSpeed Universal Serial Bus Rev 1.0. 

The Electrical Compliance Test Specification Enhanced SuperSpeed Universal Serial Bus 
Rev 1.0a  specification also provides the compliance criteria and test descriptions for 
SuperSpeed Plus USB devices, hubs, and host controllers that conform to the 
specification, Universal Serial Bus 3.1 Specification, Rev 1.0. 

NVIDIA recommends that customers refer to the test specification documents 
mentioned for a high-level overview of the tests that are performed to check the 
compliance criteria. Depending on the brand of equipment being used for the test, 
customers can then refer to the manufacturer’s documentation for step-by-step 
procedures on how to perform the tests. 
 

 
Caution: When the NVIDIA Jetson Thor Module is in USB RCM mode, it may not be in 
compliance with the latest USB 3.2 specification. 
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2.2.2 USB 3.2 TX and RX Compliance Test Modes  
To run the USB 3.2TX and RX electrical compliance tests, use following modes as follows: 

> To run the USB 3.2 TX electrical compliance test, the Thor Module USB 3.2 controller 
must be put in compliance mode.  

> To run the RX electrical JTOL test, the Thor Module must be trained to be in loopback 
mode.  

 
Notes:  

The Thor Module contains three USB 3.2 ports.  

The PORTSC offset and pin # are:  

> HS_UPHY0_L0_TX/RX (pins C25/B26/E24/F24), lane register address offset = 0x430 

> HS_UPHY0_L1_TX/RX (pins A24/A25/H23/G23), lane register address offset = 0x440 

> HS_UPHY0_L2_TX/RX (pins B23/C22/F22/E22), lane register address offset = 0x450 

> HS_UPHY0_L3_TX/RX (pins A21/A22/G21/H21), lane register address offset = 0x460 
 

Refer to the NVIDIA Jetson Thor Series Modules Design Guide (DG-12084-001) for detail pin 
information and supported configuration. 

2.2.3 Putting the Thor Module USB 3.2 Controller 
in Compliance Mode 

For Gen 1 (5Gb/p) TX Electrical Tests refer to sections TD.1.1, TD.1.3, and TD.1.4. and 
Gen 2 (10Gb/s) TX Electrical Tests, refer to sections: TD 1.4, TD 1.5, and TD1.7 in the 
Electrical Compliance Test Specification SuperSpeed Universal Serial Bus at the following 
link: 

https://www.usb.org/document-library/electrical-compliance-test-specification-
superspeed-usb-10-gbps-rev-10 
 

Perform the following steps to place the device under test into compliance mode: 

1. Boot up the DUT. Ensure that the USB 3.2 (Gen 1 or Gen 2) host test fixture is not 
connected to the DUT. 

2. Install the latest OS (Linux, for example) image for the Thor Module. 

3. Install the devmem2 tool (for the Linux installed in Step 2, for example) by running 
the following command: 

$ sudo apt-get install devmem2 

4. Launch the USB 3.2 Compliance Test Software on the scope. 

  

https://www.usb.org/document-library/electrical-compliance-test-specification-superspeed-usb-10-gbps-rev-10
https://www.usb.org/document-library/electrical-compliance-test-specification-superspeed-usb-10-gbps-rev-10
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5. Disable the auto suspend for the controllers: 

$ echo on > /sys/bus/usb/devices/usb1/power/control 
$ echo on > /sys/bus/usb/devices/usb2/power/control 

6. Enter compliance test mode; enable compliance mode for L1 = offset = 0x440. 

$ ./devmem2 0xa80aa10440 w 0x10340 
 

 
Note: Writing 0x10340 will enable the compliance mode path in LTSSM.  
Depending on the port that you test for compliance, use the correct corresponding register 
offset in the 0xa80aa10xxx; replace “xxx” with the lane offset. 

 

7. Plug in the USB 3.2 host test fixture to DUT. The other end of the fixture should be 
connected to a scope such that DUT TX+/- with 50-ohm termination on the scope. 

For connection details, refer to the “Transmitter Test Topologies” section in the 
document, USB 3.0 Electrical Test Fixture Topologies, at the following link: 
https://www.usb.org/document-library/usb-31-electrical-test-fixture-topology  

 

8. Use ./devmem2  0xa80aa10440 (i.e., for L1) command to read back the LTSSM state. 
 

 
Note: Writing 0x10340 will enable the compliance mode path in LTSSM only.  
Therefore, it is not expected to read back the same value.  
Only after the compliance test is run after step 11, the readback value reflects if the PHY is 
in the compliance mode. 

 

9. Connect RX+/- to external Ping.LFPS (20 MHz frequency; 2 periods) signal generator.  

10. Sending a PING.LFPS to the RX port of the DUT in compliance state will cause the 
compliance pattern to transition to the next one. Contact the generator vendor for 
support to provide the required number of Ping.LFPS until controller pumps out the 
required compliance pattern.  

11. Based on compliance pattern (CP) requirement for the current test, repeat Step 9 to 
pump out the required CP pattern.  

12. Let the test complete. 

2.2.4 Putting the Thor Module USB 3.2 Controller 
in Loopback Mode 

To run the RX electrical JTOL test, the Thor Module must be trained to be in loopback 
mode. 

For Gen 1 (5Gb/s) Electrical Tests, refer to Sections: TD 1.2, TD.1.8, TD.1.9 (for Type-C), 
and for Gen 2 (10Gb/p)  Electrical Tests, refer to Sections: TD.1.2 and TD.1.10 in the 
document, Electrical Compliance Test Specification SuperSpeed Universal Serial Bus Rev 
1.0a, at the following link: 
https://www.usb.org/document-library/electrical-compliance-test-specification-
superspeed-usb-10-gbps-rev-10 

https://www.usb.org/document-library/usb-31-electrical-test-fixture-topology
https://www.usb.org/document-library/electrical-compliance-test-specification-superspeed-usb-10-gbps-rev-10
https://www.usb.org/document-library/electrical-compliance-test-specification-superspeed-usb-10-gbps-rev-10
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Perform the following steps to put the device under test into loopback mode: 

1. Boot up the DUT. Make sure that the USB 3.2 host test fixture is not connected to 
the DUT. 

2. Install the latest Linux image for Thor Module. 

3. Run the following script to disable power management for USB host controller. 
 

#!/bin/sh 
for hub in $(ls -d /sys/bus/usb/devices/usb?); do 
echo on > $hub/power/control 
done 

 

4. For Gen 1x1 Configure BERT to pump out the loopback training sequence, refer to 
Steps 5 through 11 in Section “TD.1.8 Receiver Jitter Tolerance Test at GT/s” or 
“TD.1.9 Receiver Jitter Tolerance Test at GT/s (Type-C)”  of the following 
specification: 

https://usb.org/sites/default/files/SuperSpeedPHYComplianceTest_Spec1_0a.pdf  

For Gen 2x1 upon detecting DUT Power On, refer to Steps 14 through 18 in Section 
“TD.1.10 Receiver Jitter Tolerance Test at 10 GT/s” of the following specification: 

https://usb.org/sites/default/files/SuperSpeedPHYComplianceTest_Spec1_0a.pdf  

5. Connect the USB 3.2 host test fixture to the DUT. 

For fixture topologies and connections for Gen 1 and Gen 2 RX testing, refer to the 
following documentation: 

https://www.usb.org/document-library/usb-31-electrical-test-fixture-topology  

6. Start JTOL test after the controller is in loopback or repeat Steps 1 through 5.  

7. Let the test complete.  

2.3 PCIe Lane Margining 
The NVIDIA Jetson Thor Module supports PCI Express specification up to Generation 5.0 
(GEN5). This section provides the preparation and setup information required for PCIe 
lane margining tests. 

2.3.1 Prerequisites  
The PCIe lane margining test requires the PCIe_5_0_LMT tool, which can be downloaded 
from the PCI-SIG members area (https://members.pcisig.com/wg/PCI-
SIG/workgroup/home). 

https://usb.org/sites/default/files/SuperSpeedPHYComplianceTest_Spec1_0a.pdf
https://usb.org/sites/default/files/SuperSpeedPHYComplianceTest_Spec1_0a.pdf
https://www.usb.org/document-library/usb-31-electrical-test-fixture-topology
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1. From the PCI-SIG website, navigate to Documents → PCI-SIG Members Area → 
Compliance Program → PCIe 5.0 → Lane Margining → PCIe_5_0_LMT, and download 
the file PCIe_LMT_v0p75.zip. 

2. After extracting the contents of the archive, create a folder named 
“/home/nvidia/lmt” on the target system and copy all the files into that folder. 

 
This tool is compiled for Python 3.6.8, so Python 3.6.8 must be installed on the target 
system to use it. 

3. Go to https://www.python.org and download Python-3.6.8.tgz. and copy it to 
“/home/nvidia” 

4. Since this is a source package, you need to run configure, make, and make install 
after extracting it. 
/home/nvidia# tar -xvzf Python3.6.8.tgz 
/home/nvidia# cd Python-3.6.8 
/home/nvidia/Python-3.6.8# ./configure –enable-optimizations 
/home/nvidia/Python-3.6.8# make -j4 
/home/nvidia/Python-3.6.8# sudo make altinstall 

5. Copy attached files “command_lm.txt” and setpci to the “/home/nvidia.” 

6. Replace setpci to the “/usr/bin/setpci” 
/home/nvidia# sudo mv ./setpci /usr/bin/setpci 

7. Use lspci to check whether there is a PCI connection available for testing. 
/home/nvidia# lspci 
0000:00:00.0 PCI bridge: NVIDIA Corporation Device 22e6 
0000:01:00.0 3D controller: NVIDIA Corporation Device 2b00 (rev a1) 
0001:00:00.0 PCI bridge: NVIDIA Corporation Device 22d8 
0001:01:00.0 Network controller: Realtek Semiconductor Co., Ltd. RTL8852CE PCIe 802.11ax 
Wireless Network Controller (rev 01) 
0002:00:00.0 PCI bridge: NVIDIA Corporation Device 22d8 
0002:01:00.0 Ethernet controller: Realtek Semiconductor Co., Ltd. Device 8126 (rev 01) 
0005:00:00.0 PCI bridge: NVIDIA Corporation Device 22d8 
0005:01:00.0 Non-Volatile memory controller: Sandisk Corp WD PC SN5000S M.2 2280 NVMe SSD 
(DRAM-less) 

For the NVIDIA Jetson Thor Module, the NVMe SSD device supports Gen4, making it the 
most convenient option for testing. Therefore, this device is used for the test; 
specifically, the device located in segment 0005 for testing. 
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8. Edit “command_lm.txt” file from the target system. 
Files_Name = "lane_margining_log" 
Segment_Count = 6 
  
input_dic = { 
    "Lane": [0,1,2,3],    # Select the lanes to be margined. i.e., "Lane": [0,1,2,3,15] 
    "RecNum": 6,    # Select 1 for CPU Rx side, 6 for EP Rx side, 2-5 for Retimers Rx 
    "Dwell_Time": 3,        # Time to wait between each step. Default is 1sec by spec 
    "BDF_DSP": "B00D00F0",    # Provide the Bus, Device, Function from Downstream Port 
    "BDF_USP": "B01D00F0",    # Provide the Bus, Device, Function from Upstream Port 
    "ErrCnt": 4,              # Error Limit Count. Default is 4 by spec 
    "Num_Time_Steps": "",                               # Default is "" 
    "Num_Voltage_Steps": "",                            # Default is "" 
    "Segment": 5,                            # Default is 0 for two-Socket system 
    "Speed": 4,                         # Speed at what margining will be performed 
 } 
  
import sys 
sys.path.append('/home/nvidia/lmt')/home/nvidia# lspci 

Segment_Count = 6. The value of Segment_Count must be at least one greater than the 
segment you want to test. 

Inside of “Input_dic,”  

"Lane": [0,1,2,3]. The NVMe device uses four PCIe lanes, set the Lane parameter to [0, 1, 
2, 3] 

"RecNum": 6.  For testing the Thor RX side, set RecNum to 1. For testing the EP RX side, 
set RecNum to 6. 

"BDF_DSP": For downstream, NVIDIA PCI bridge is bus 0, device 0, function 0. B00D00F0. 

"BDF_USP": For upstream, NVMe SSD is bus1, device 0, function 0. B01D00F0 

"Segment": 5. Segment is 5 

"Speed": 4. This NVMe supports up to GEN4; if it can support up to Gen5. 5. 

“lmt tool location must be matched with “sys.path.append('/home/nvidia/lmt')” 

 

9. Run the LMT tool using python 3.6.8. 
/home/nvidia# /home/nvidia/Python-3.6.8/python /home/nvidia/command_lm.txt 

10. It will test Right / Left / Up / Down margins  
Starting Time Margining at Right 
 
Link successfully trained to L0 
Link successfully trained at 16.0 = Gen 4 
Time Margin Right Step =  0  :  Errors =  0  :  UI =  0.000 % :  UI_Time =  0.000 ps 
Time Margin Right Step =  1  :  Errors =  0  :  UI =  1.562 % :  UI_Time =  0.977 ps 
Time Margin Right Step =  2  :  Errors =  0  :  UI =  3.125 % :  UI_Time =  1.953 ps 
Time Margin Right Step =  3  :  Errors =  0  :  UI =  4.688 % :  UI_Time =  2.930 ps 
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Time Margin Right Step =  4  :  Errors =  0  :  UI =  6.250 % :  UI_Time =  3.906 ps 
Time Margin Right Step =  5  :  Errors =  0  :  UI =  7.812 % :  UI_Time =  4.883 ps 
Time Margin Right Step =  6  :  Errors =  0  :  UI =  9.375 % :  UI_Time =  5.859 ps 
Time Margin Right Step =  7  :  Errors =  0  :  UI = 10.938 % :  UI_Time =  6.836 ps 
Time Margin Right Step =  8  :  Errors =  0  :  UI = 12.500 % :  UI_Time =  7.812 ps 
Time Margin Right Step =  9  :  Errors =  0  :  UI = 14.062 % :  UI_Time =  8.789 ps 
Time Margin Right Step = 10  :  Errors =  0  :  UI = 15.625 % :  UI_Time =  9.766 ps 
Time Margin Right Step = 11  :  Errors =  0  :  UI = 17.188 % :  UI_Time = 10.742 ps 
Time Margin Right Step = 12  :  Errors =  0  :  UI = 18.750 % :  UI_Time   

 

The Test log and csv files are stored in “/home/nvidia/lmt/PCIe_LMT_Result” 
 

 
Note: For Thor SoC receiver (RecNum = 1), the lane margining tool may report UI % and 
UI_Time as 0 for all steps. This behavior is expected for the Thor platform and does not 
indicate a measurement failure or link issue. Lane margining results can still be used to 
observe error behavior across offset steps and confirm the presence of receiver margin. 

For PCIe link channel evaluation, refer to the Eye Opening Monitor (EOM) section. 

2.4 MGBE PRBS Pattern Generation 
The NVIDIA Jetson Thor Module supports Pseudo-Random Binary Sequence (PRBS) 
pattern generation on the MGBE interface. 

This section provides the preparation and setup information required to enable PRBS 
pattern generation and adjust TX parameters for signal observation. 

This feature requires JetPack 7.2 or higher. 

2.4.1 PRBS Setup 
Perform the following steps to enable PRBS pattern generation: 

1. Enable PRBS mode in the Device Tree.  

    Add “nvidia,prbs-mode = <1>” to the MGBE node in the following file: 
( Linux_for_Tegra/source/hardware/nvidia/t264/nv-public/nv-platform/tegra264-p4071-
0000.dtsi) 

For example) 
/* MGBE 0 */ 
mgbe0: ethernet@a808a10000 { 
   nvidia,mac-addr-idx = <1>; 
   nvidia,uphy-gbe-mode = <1>; 
   nvidia,phy-iface-mode = <0x0>; 
   nvidia,max-platform-mtu = <9000>; 
   nvidia,pps_op_ctrl = <8>; 
   nvidia,if-name = "mgbe0_0"; 
   nvidia,force-restart-lane-bringup = <1>; 
   nvidia,prbs-mode = <1>; 
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2. Rebuild the DTB and reflash the target to apply the change. 

3. Configure PRBS pattern generation:  
$ cd /sys/class/net/mgbe0_0/device/nvethernet 
$ echo <value> > prbs_pattern 
 
For example: 
$ echo 4 > prbs_pattern   # Generate PRBS9 
$ echo 5 > prbs_pattern   # Generate PRBS31 
 

    To check available options: 
$ cat prbs_pattern  
0 = Disable all patterns  
1 = Generate Square Wave (8180 pattern) - default period  
2 = Generate Square Wave - minimum period (4 bit times)  
3 = Generate Square Wave - maximum period (11 bit times)  
4 = Generate PRBS9  
5 = Generate PRBS31  
6 = Read PRBS9 (check errorcount)  
7 = Read PRBS31 (check errorcount)  
8 = Generate and Read PRBS9  
9 = Generate and Read PRBS31 

 

 
Note: Refer to the NVIDIA Jetson Linux Developer Guide for link speed configuration. 

 

2.4.2 MGBE TX Parameter Adjustment 
The NVIDIA Jetson Thor Module provides configurable MGBE transmitter parameters 
through the UPHY interface. 

These parameters can be used to adjust signal characteristics for validation and signal 
observation purposes. 

Perform the following steps to modify TX parameters: 

1. Access the UPHY override interface: 
$ cd /sys/kernel/debug/bpmp/debug/uphy/overrides 

2. List available parameters: 
$ ls 

3. Modify a parameter using the echo command: 
$ echo 0x3e > mgbe1-tx_drv_amp 

 The following TX parameters are available: 
* mgbe[3:0]-tx_drv_fir_cpre3 
    - TX_DRV_FIR_CPRE3, range from 0x0 to 0x7, default 0x0 
* mgbe[3:0]-tx_drv_fir_cpre2 
    - TX_DRV_FIR_CPRE2, range from 0x0 to 0xB, default 0x0 
* mgbe[3:0]-tx_drv_fir_cpre1 
    - TX_DRV_FIR_CPRE1, range from 0x0 to 0x1F, default 0x0 



 
NVIDIA Jetson Thor Series Modules I/O Functional Verification Guide DA-12308-001_v1.2   |   18 

* mgbe[3:0]-tx_drv_fir_cpost1 
    - TX_DRV_FIR_CPOST1, range from 0x0 to 0x1C, default 0x0 
* mgbe[3:0]-tx_drv_amp 
   - TX_DRV_AMP, range from 0x0 to 0x3F, default 0x3F 
 

4. Apply the updated TX parameter settings via BPMP DTB: 
a. Convert the BPMP DTB to DTS: 
$ cd Linux_for_Tegra/bootloader/generic 
$ dtc -I dtb -O dts tegra264-bmpm-3834-0008-4071-xxxx.dtb > thor-bpmp.dts 
 
b. Locate the “uphy” node in the DTS file and add the following properties with the 
updated TX parameter values: 
/uphy/mgbeX-tx_drv_fir_cpre1 
/uphy/mgbeX-tx_drv_fir_cpre2 
/uphy/mgbeX-tx_drv_fir_cpre3 
/uphy/mgbeX-tx_drv_fir_cpost1 
/uphy/mgbeX-tx_drv_amp 
 
c. Convert the DTS back to DTB: 
$ dtc -I dts -O dtb thor-bpmp.dts > tegra264-bpmp-3834-0008-4071-xxxx.dtb 
 
d. Replace the original DTB and reflash the target. 
e. You can confirm whether the change has been applied correctly by using the following 
command: 
$ cat /sys/kernel/debug/bpmp/debug/dt  

 

 
Note: For TX parameter tuning, it is recommended to first adjust the TX_DRV_AMP 
setting and evaluate whether the resulting signal meets the electrical specification 
applicable to the devices in use. 

In addition to electrical measurements, functional Ethernet testing is also recommended. 
Verify that end-to-end Ethernet communication operates without errors across multiple 
systems and under various operating conditions. 
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Chapter 3. LSIO 

This chapter describes the registers and steps necessary to tune the Low-Speed Input 
Output (LSIO) interfaces for the NVIDIA Jetson Thor Module. The LSIO interfaces 
covered in this application note are I2C, I2S, and UART. The process for adjusting the 
Thor Module LSIO pad drive strength is also described.  

All tuning examples here use the NVIDIA Jetson Thor Developer Kit, hereinafter referred 
to simply as "developer system.” 

The following table lists the typical use of different pad types on the Thor SoC by the 
LSIO interfaces covered in this document and the drive strength tuning features 
supported by them.  

Table 3-1. PAD Types and Drive Strength Control Support 

PAD/PHY Type Description Drive Strength Control PAD Name  

ST/DD Standard CMOS / Dual Driver CMOS 
Pad used by UART, I2S, GPIOs, I2C 
and UART  

4-bits, up and down BDGPIOLTL_* 

CZ Controlled Impedance Pad used by 
I2S 

4-bits, up and down BDSDMEM_* 

3.1 Required Equipment 
The following components are required: 

> Oscilloscope for capturing waveforms during drive strength tuning 

> Probes for oscilloscope 

> Device Under Test  

> Software: 

• Tool to generate traffic on the respective interface (for Transmit or Output) 

• Tool to access register/memory space in Thor: 
For example, devmem2 can be used in Linux.  

• NVIDIA JetPack 7.0 SDK: Install JetPack 7.0 Image. Refer to the JetPack 7.0 
Release Notes for further guidance.  



 
NVIDIA Jetson Thor Series Modules I/O Functional Verification Guide DA-12308-001_v1.2   |   20 

 
Caution:  
The JetPack releases update independently of this application note and the files 
referenced above may become out of date.  
It is recommended to always use the latest version of the JetPack from the Jetson 
Download Center repository JetPack SDK | NVIDIA Developer 

 

3.1.1 Oscilloscope and Probes 
An oscilloscope and its probes are used to measure and display the signals for the drive 
strength tuning of the LSIO pads. Since the LSIO interfaces covered here run up to a 
maximum frequency of around 25 MHz, any oscilloscope and probe with a bandwidth of 
100 MHz or greater is acceptable.  

Default drive strength settings should work in most cases, but if there is a need for drive 
strength adjustment for Signal Integrity or some other reason, then that signal should 
be measured while fine tuning the drive strength of the corresponding IO pad. 
 

 
Note: Oscilloscope, probes, and test equipment should be calibrated and de-skewed, and 
must meet industry standards to ensure accurate measurements. 

3.1.2 Software 
The drive strength tuning needs software tools to access relevant registers and 
generate traffic to transmit or output signals from Thor of the respective LSIO 
interface.  
For example, i2cget for I2C traffic generation in Linux. 

Register space access is dependent on the software installed on the DUT, e.g.,  
devmem2 for Linux can be used.  
 
(example for Linux environment) 
# devmem2 0x02439000   // read the register 0x02439000 
# devmem2 0x02439000 w 0x2400  // write 0x2400 as a word to 0x02439000 
 
 

 
Caution:  

> Register addresses and values shown in the examples above are for illustration 
purposes only and should not be considered as part of Thor Module LSIO Drive 
Strength tuning process. 

> Some OS versions do not permit register write access to a physical address directly 
from user space. Root privileges are required for register access. Confirm that write 
access is working properly before this procedure. 

> For hexadecimal register values, it is necessary to add "0x" to the beginning of the set 
value. 

> After tuning of the interface is completed, update the default values in the PDK for 
your platform. Contact NVIDIA for further guidance, if needed.  

https://developer.nvidia.com/embedded/jetpack
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3.2 I2C 

3.2.1 Overview 
The general purpose high-speed I2C controller enables system expansion using I2C-
based devices. It is compliant with NXP I2C-Bus Specification, revision 03. Standard 
Mode, Fast Mode, Fast Mode Plus and High-Speed Mode are supported. 

3.2.2 Required Equipment 
The following equipment is required: 

> Oscilloscope and Probe: Any oscilloscope and single-ended probe with a bandwidth 
of 100 MHz or greater  

> Software tool: devmem2 for Linux 

3.2.3 Measurement 
Measurement consists of the following steps: 

1. Attach the probes to the DUT, as close to the end point as possible—nearest to the 
receiver side. 

2. Power on the DUT. 

3. Configure the DUT to generate I2C read/write operation. Repeat the slave device 
access from Thor. Use i2cget in Linux.  

4. Observe the I2C waveforms on the scope. 
 

 
Note: I2C signal rise time can be tuned if necessary, by selecting an appropriate external 
pull-up resistor value to meet specifications. 

 

3.2.3.1 I2C Signal Drive Strength Control 
The following table lists I2C controllers in Thor Module and related signal drive strength 
control registers. 

Table 3-2. I2C Drive Strength Control Registers 

I2C 
Channel 

I2C Bus 
Instance Address 

Drive Strength Control 
Register  

CFG_CAL_DRVUP 
Bit Field 

CFG_CAL_DRVDN 
Bit Field 

Gen0_I2C I2C0  0x810c287004 

0x810c28700c 

PADCTL_G4_CFG2TMC_GEN0_I

2C_SCL_0 

PADCTL_G4_CFG2TMC_GEN0_I

2C_SDA_0 

[23:20] 

[23:20] 

[15:12] 

[15:12] 

Gen1_I2C I2C1 0x810c287014 

0x810c28701c 

PADCTL_G4_CFG2TMC_GEN1_I

2C_SCL_0 

[23:20] 

[23:20] 

[15:12] 

[15:12] 
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I2C 
Channel 

I2C Bus 
Instance Address 

Drive Strength Control 
Register  

CFG_CAL_DRVUP 
Bit Field 

CFG_CAL_DRVDN 
Bit Field 

PADCTL_G4_CFG2TMC_GEN1_I

2C_SDA_0 

Gen2_I2C I2C2 0x0c7a3004 

0x0c7a300c 

PADCTL_SYS_AO_2_CFG2TMC

_GEN2_I2C_SCL_0 

PADCTL_SYS_AO_2_CFG2TMC

_GEN2_I2C_SDA_0 

[23:20] 

[23:20] 

[15:12] 

[15:12] 

Gen3_I2C I2C3 0x0c7a3014 

0x0c7a301c 

PADCTL_SYS_AO_2_CFG2TMC

_GEN3_I2C_SCL_0 

PADCTL_SYS_AO_2_CFG2TMC

_GEN3_I2C_SDA_0 

[23:20] 

[23:20] 

[15:12] 

[15:12] 

Gen7_I2C I2C7 0x810c28804c 

0x810c288054 

PADCTL_EDP_CFG2TMC_GEN7

_I2C_SCL_0 

PADCTL_EDP_CFG2TMC_GEN7

_I2C_SDA_0 

[23:20] 

[23:20] 

[15:12] 

[15:12] 

Gen9_I2C I2C9 0x810c28805c 

0x810c288064 

PADCTL_EDP_CFG2TMC_GEN9

_I2C_SCL_0 

PADCTL_EDP_CFG2TMC_GEN9

_I2C_SDA_0 

[23:20] 

[23:20] 

[15:12] 

[15:12] 

Gen12_I2C I2C12 0x810c2810b4 

0x810c2810bc 

PADCTL_G2_CFG2TMC_GEN12

_I2C_SCL_0 

PADCTL_G2_CFG2TMC_GEN12

_I2C_SDA_0 

[23:20] 

[23:20] 

[15:12] 

[15:12] 

Gen14_I2C I2C14 0x810c286004 

0x810c28600c 

PADCTL_G5_CFG2TMC_SOC_G

PIO138_0 

PADCTL_G5_CFG2TMC_SOC_G

PIO139_0 

[23:20] 

[23:20] 

[15:12] 

[15:12] 

Gen15_I2C I2C15 0x810c28202c 

0x810c282034 

PADCTL_G3_CFG2TMC_SOC_G

PIO129_0 

PADCTL_G3_CFG2TMC_SOC_G

PIO130_0 

[23:20] 

[23:20] 

[15:12] 

[15:12] 

3.2.3.2 I2C Drive Type Setting  
Table 3-3 lists I2C controllers in Thor Module and related DRV_TYPE setting registers. 

Table 3-3. I2C Drive Type Setting Registers  

I2C 
Channel 

I2C Bus 
Instance Address Pinmux Register for I2C 

DRV_TYPE Bit 
Field 
0: 1x driver 
1: 2x driver 

Gen0_I2C I2C0  0x810c287000 

0x810c287008 

PADCTL_G4_GEN0_I2C_SCL_0 
PADCTL_G4_GEN0_I2C_SDA_0 

[8] 

[8] 

Gen1_I2C I2C1 0x810c287010 

0x810c287018 

PADCTL_G4_GEN1_I2C_SCL_0 
PADCTL_G4_GEN1_I2C_SDA_0 

[8] 

[8] 
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I2C 
Channel 

I2C Bus 
Instance Address Pinmux Register for I2C 

DRV_TYPE Bit 
Field 
0: 1x driver 
1: 2x driver 

Gen2_I2C I2C2 0x0c7a3000 

0x0c7a3008 

PADCTL_SYS_AO_2_GEN2_I2C_SCL_0 
PADCTL_SYS_AO_2_GEN2_I2C_SDA_0
  

[8] 

[8] 

Gen3_I2C I2C3 0x0c7a3010 

0x0c7a3018 

PADCTL_SYS_AO_2_GEN3_I2C_SCL_0 
PADCTL_SYS_AO_2_GEN3_I2C_SDA_0 

[8] 

[8] 

Gen7_I2C I2C7 0x810c288048 

0x810c288050 

PADCTL_EDP_GEN7_I2C_SCL_0 
PADCTL_EDP_GEN7_I2C_SDA_0 

[8] 

[8] 

Gen9_I2C I2C9 0x810c288058 

0x810c288060 

PADCTL_EDP_GEN9_I2C_SCL_0 
PADCTL_EDP_GEN9_I2C_SDA_0 

[8] 

[8] 

Gen12_I2C I2C12 0x810c2810b0 

0x810c2810b8 

PADCTL_G2_GEN12_I2C_SCL_0 
PADCTL_G2_GEN12_I2C_SDA_0 

[8] 

[8] 

Gen14_I2C I2C14 0x810c286000 

0x810c286008 

PADCTL_G5_SOC_GPIO138_0 
PADCTL_G5_SOC_GPIO139_0 

[8] 

[8] 

Gen15_I2C I2C15 0x810c282028 

0x810c282030 

PADCTL_G3_SOC_GPIO129_0 
PADCTL_G3_SOC_GPIO130_0 

[8] 

[8] 

3.2.3.3 Drive Strength Adjustment 
I2C pads are open-drain and hence the signal rise time can be tuned by selecting an 
appropriate value for the external pull-up resistor. I2C drive strength adjustment for fall 
time is achieved by updating the pull-down field in the respective register value set by 
software.  

The examples used in step 5 show pull-down fields for Gen1_I2C that are mapped at 
PADCTL_G4_CFG2TMC_GEN1_I2C_SCL_0 and 
PADCTL_G4_CFG2TMC_GEN1_I2C_SDA_0.  

1. Set up a scope to probe Gen1_I2C_SCL and Gen1_I2C_SDA lines, respectively. 

2. Boot up the DUT and open a command console either through UART or over the 
network. 

3. Read the register value from the respective registers.  

(a) is for Gen1_I2C_SCL.  

(b) is for Gen1_I2C_SDA. 

4. Set bits [15:12] to the required value in the register 
PADCTL_G4_CFG2TMC_GEN1_I2C_SCL_0 (0x810c287014) for CFG_CAL_DRVDN. Do 
not touch the other bits. The system may cause exception process and crash if 
unexpected settings are loaded. 

5. For faster fall time, increase pull-down bit field.  
For slower fall time, decrease/subtract value from pull-down bit field. 
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Linux 
(a) # devmem2 0x810c287014  
(b) # devmem2 0x810c28701c  
(c) # devmem2 0x810c287014  <new CFG_CAL_DRVDN value> //Modify bits [15:12] in the 

register value read at (a) and write this new value 
(d) # devmem2 0x810c28701c  <new CFG_CAL_DRVDN value> //Modify bits [15:12] in the 

register value read at (b) and write this new value 
 

6. Check to make sure that the waveform signals have been tuned as expected. 
Otherwise, repeat steps 3 to 5 until the desired tuning result is achieved. 

7. I2C drive strength tuning is now complete, and the values can be implemented into 
software code.  

 

 
Note: DRV_TYPE setting for I2C pins is also available in Table 3-3 and this could be used to 
narrow the gap/meet SCL rise and fall time minimum specification limit or SDA fall time 
minimum specification limit. DRV_TYPE by default is set to 0x0 for all I2C bus instances. 

Refer to the datasheet associated with your Thor SoC SKU for notes on I2C rise and fall 
times. 

3.3 UART 

3.3.1 Overview 
UARTs in the NVIDIA Jetson Thor Module support both 16450- and 16550-compatible 
modes and all are identical in feature set. The maximum baud rate is 12.5 Mbps. 

3.3.2 Required Equipment 
The following equipment is required: 

> Oscilloscope and Probe: Any oscilloscope and high impedance probe with a 
bandwidth of 100 MHz or greater  

> Software tool: devmem2 for Linux 

3.3.3 Measurement 
Measurement consists of the following steps: 

1. Attach the probes to the DUT, as close to the end point as possible—nearest to the 
receiver side. 

2. Power on the DUT and check to see if the system has started properly. 

3. Configure the DUT to drive traffic. Start sending data to the specified UART port. 

4. Check waveforms on the scope and modify the register if the output signal does not 
meet specifications and signal integrity requirements. 
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3.3.4 UART Signal Drive Strength Control 
The following table lists UART instances in Thor Module and related Drive Strength 
Control registers.  

Table 3-4. UART Drive Strength Control Registers  

UART 
Instance  Address Drive Strength Control Register 

CFG_CAL_
DRVUP 
Bit field 

CFG_CAL_ 
DRVDN 
Bit field 

UART0 0x0c7a302c PADCTL_SYS_AO_2_CFG2TMC_UART0_TX_0 [23:20] [15:12] 

UART0 0x0c7a3034 PADCTL_SYS_AO_2_CFG2TMC_UART0_RX_0 [23:20] [15:12] 

UART4 0x810c2870cc PADCTL_G4_CFG2TMC_UART4_TX_0 [23:20] [15:12] 

UART4 0x810c2870c4 PADCTL_G4_CFG2TMC_UART4_RX_0 [23:20] [15:12] 

UART4 0x810c2870bc PADCTL_G4_CFG2TMC_UART4_RTS_N_0 [23:20] [15:12] 

UART4 0x810c2870b4 PADCTL_G4_CFG2TMC_UART4_CTS_N_0 [23:20] [15:12] 

UART5 0x810c281074 PADCTL_G2_CFG2TMC_UART5_TX_0 [23:20] [15:12] 

UART5 0x810c28106c PADCTL_G2_CFG2TMC_UART5_RX_0 [23:20] [15:12] 

UART5 0x810c281064 PADCTL_G2_CFG2TMC_UART5_RTS_N_0 [23:20] [15:12] 

UART5 0x810c28105c PADCTL_G2_CFG2TMC_UART5_CTS_N_0 [23:20] [15:12] 

UART9 0x810c28206c PADCTL_G3_CFG2TMC_UART9_TX_0 [23:20] [15:12] 

UART9 0x810c282064 PADCTL_G3_CFG2TMC_UART9_RX_0 [23:20] [15:12] 

UART9 0x810c28205c PADCTL_G3_CFG2TMC_UART9_RTS_N_0 [23:20] [15:12] 

UART9 0x810c282054 PADCTL_G3_CFG2TMC_UART9_CTS_N_0 [23:20] [15:12] 

UART10 0x810c28102c PADCTL_G2_CFG2TMC_UART10_TX_0 [23:20] [15:12] 

UART10 0x810c281024 PADCTL_G2_CFG2TMC_UART10_RX_0 [23:20] [15:12] 

UART10 0x810c28101c PADCTL_G2_CFG2TMC_UART10_RTS_N_0 [23:20] [15:12] 

UART10 0x810c281014 PADCTL_G2_CFG2TMC_UART10_CTS_N_0 [23:20] [15:12] 

3.3.5 Drive Strength Adjustment 
UART drive strength adjustment is achieved by providing offsets to the pull-up and pull-
down pads. For example, UART0_TX pad pull-up and pull-down drive strength controls 
are mapped at 0x0c7a302c.  

Steps: 

1. Set up an oscilloscope to probe UART0 signals. 

2. Boot up the DUT and open a command console through UART or over ethernet from 
the DUT.  

3. Start sending data on UART0_TX. UART0 is used for Thor serial console and USB 
debug on developer system. UART0_TX on the developer system has a pull-up 
resistor and will be at logic high initially. 
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4. Check waveform and modify the register if the signal does not meet specifications.  
 

Linux 
(a) # devmem2 0x0c7a302c  
(b) Modify bits [23:20] and [15:12] in the register value read at (a) 
(c) # devmem2 0x0c7a302c  <new value generated at (b)> 

 
 

5. The tuning is complete when the signal meets specifications and signal integrity 
requirements.  

 

 
Note: Make sure that the final calibrated codes do not overflow when adjusting drive 
strength. 

In addition, make sure that the values of CFG_CAL_DRV_UP/CFG_CAL_DRV_DN are within 
the range 0xF and 0x0. 

3.4 DAP 

3.4.1 Overview 
Thor Module provides five Inter-IC Sound (I2S) or Digital Audio Port (DAP) interfaces. I2S 
controller implements full-duplex and bidirectional and single direction point-to-point 
serial interfaces. It can interface with I2S-compatible devices. I2S controller can operate 
both as initiator and target. 

3.4.2 Required equipment 
The following equipment is required: 

> Oscilloscope and Probe: Any oscilloscope and high impedance probe with a 
bandwidth of 100 MHz or greater 

> Software tool: devmem2 for Linux, amixer for Linux 

3.4.3 Measurement 
Measurement consists of the following steps: 

1. Attach the probes to the DUT, as close to the end point as possible—nearest to the 
receiver side. 

2. Power on the DUT. 

3. Configure the DUT to drive traffic. 

4. Check waveforms on the scope and modify the drive strength control register if the 
output signal does not meet specifications and signal integrity requirements.  
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3.4.3.1 Controller and Port Name 
The following table lists DAP controllers in Thor Module and the related signal strength 
registers. 

Table 3-5. DAP (I2S) Drive Strength Control Registers 

Port 
Name Signal Address (64bit) Instance 

CFG_CAL_
DRVUP 

CFG_CAL_
DRVDN 

DAP1 I2S1_SCLK 0x810c286094 PADCTL_G5_CFG2TMC_DAP1_SCLK_0 

[23:20] [15:12] 
I2S1_SDATA_OUT 0x810c2860a4 PADCTL_G5_CFG2TMC_DAP1_OUT_0 

I2S1_SDATA_IN 0x810c28609c PADCTL_G5_CFG2TMC_DAP1_IN_0 

I2S1_LRCK 0x810c2860ac PADCTL_G5_CFG2TMC_DAP1_FS_0 

DAP2 I2S2_SCLK 0x810c28704c PADCTL_G4_CFG2TMC_DAP2_CLK_0 

[23:20] [15:12] 
I2S2_SDATA_OUT 0x810c28705c PADCTL_G4_CFG2TMC_DAP2_DOUT_0 

I2S2_SDATA_IN 0x810c287054 PADCTL_G4_CFG2TMC_DAP2_DIN_0 

I2S2_LRCK 0x810c287044 PADCTL_G4_CFG2TMC_DAP2_FS_0 

DAP3 I2S3_SCLK 0x810c28b014 PADCTL_G8_CFG2TMC_SOC_GPIO272_0 

[23:20] [15:12] 
I2S3_SDATA_OUT 0x810c28b01c PADCTL_G8_CFG2TMC_SOC_GPIO273_0 

I2S3_SDATA_IN 0x810c28b024 PADCTL_G8_CFG2TMC_SOC_GPIO274_0 

I2S3_LRCK 0x810c28b02c PADCTL_G8_CFG2TMC_SOC_GPIO275_0 

DAP4 I2S4_SCLK 0x810c28603c PADCTL_G5_CFG2TMC_DAP4_SCLK_0 

[23:20] [15:12] 
I2S4_SDATA_OUT 0x810c286034 PADCTL_G5_CFG2TMC_DAP4_DOUT_0 

I2S4_SDATA_IN 0x810c286044 PADCTL_G5_CFG2TMC_DAP4_DIN_0 

I2S4_LRCK 0x810c28604c PADCTL_G5_CFG2TMC_DAP4_FS_0 

DAP8 I2S8_SCLK 0x810c286074 PADCTL_G5_CFG2TMC_SOC_GPIO152_0 

[23:20] [15:12] 
I2S8_SDATA_OUT 0x810c28607c PADCTL_G5_CFG2TMC_SOC_GPIO153_0 

I2S8_SDATA_IN 0x810c2860c4 PADCTL_G5_CFG2TMC_SOC_GPIO350_0 

I2S8_LRCK 0x810c286084 PADCTL_G5_CFG2TMC_SOC_GPIO155_0 

3.4.3.2 Drive Strength Adjustment 
DAP drive strength adjustment is achieved by providing offsets to the pull-up and pull-
down pads.  

1. Set up an oscilloscope to probe the respective DAP pin. 

2. Boot up the DUT and open a command console for UART or over Ethernet from the 
DUT.  

3. Configure the DUT to drive traffic. 

4. Check waveforms on the scope and modify the drive strength control registers if the 
output signal does not meet specifications and signal integrity requirements.  

5. Tuning is complete when signals meet specifications and signal integrity 
requirements. 
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3.4.4 Examples 
This example illustrates how to generate audio signals and apply the specific offsets to 
the pull-up and pull-down codes: CFG_CAL_DRVUP and CFG_CAL_DRVDN = 0x0 or 0xf. 
Example test steps are described below: 

1. Enable DAP2 or DAP3 port using the commands below in Linux: 
#amixer cset name='I2S2 Mux' 'ADMAIF1' 
#amixer cset name='I2S3 Mux' 'ADMAIF1' 

 

Make sure that the commands return results without error. 
 

 

Note: The names- “controls” and “contents” for the amixer may be different according to 
the board design. Work with your audio software engineer to obtain the right amixer 
settings.  
The following commands are helpful in finding the settings: 

#amixer contents 

#amixer controls 
 

2.  Enable DOUT, FS by playing wav:  
# speaker-test -Dhw:0,0 -c 8 -r 48000 -F S32_LE -t sine -f 1000& 

 

Check to see if DOUT or FS toggle. 

3. Use different CFG_CAL_DRVUP or CFG_CAL_DRVDN values to see if waveform 
changes 

a. Set DAP2 or DAP3 SCLK with CFG_CAL_DRVUP and CFG_CAL_DRVDN = 0xf. 

b. For DAP2_SCLK: 
#devmem2 0x810c28704c w 0x0f0f000 

 

c. For DAP3_SCLK: 
#devmem2 0x810c28b014 w 0x0f0f000 

 

d. Set DAP2 or DAP3 FS with DRVUP and DRVDN = 0xf. 

e. For DAP2_FS: 
#devmem2 0x810c287044 w 0x0f0f000 

 

f. For DAP3_FS: 
#devmem2 0x810c28b02c w 0x0f0f000 

 

g. Set DAP2 or DAP3 DOUT with CFG_CAL_DRVUP and CFG_CAL_DRVDN = 0xf. 
For DAP2_DOUT: 
devmem2 0x810c28705c w 0x0f0f000 

 

h. For DAP3_DOUT:  
devmem2 0x810c28b01c w 0x0f0f000 

 

 
Caution: The examples presented here are for illustration purposes only. Values mentioned 
here should not be considered as reference. 
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3.4.5 Final Check 
After the settings have been updated in the driver/MB1, verify and make sure that the 
tuned settings are applied for each pad, and across the various frequencies to be used.  

Contact NVIDIA if support is needed to obtain the tests to exercise and measure 
relevant waveforms. Customers are required to make sure that there is enough margin 
for a particular mode on the platform being tested. 

3.5 GPIO 

3.5.1 Overview 
The NVIDIA Jetson Thor Module’s Multipurpose I/O can be configured as either Special 
function I/O (SFIO) or GPIO.  

When configured as GPIO, the pins are typically used as either inputs or outputs, 
depending on the system requirement. Because these GPIO signals operate at low 
speed, no additional signal tuning or optimization is necessary. 

For stable system operation, it is recommended that customers apply the standard 
recommended GPIO settings. 

Basic configuration steps and guidelines can be found in the “Jetson Thor Series 
Modules Pinmux Template (ID:1123546)”. 

3.5.2 GPIO Input Configuration 
When setting a pin to GPIO input mode in the pinmux configuration, the following 
considerations are recommended. 

1. Minimize Input Signal Glitches 

During schematic and board design, ensure that the input signal is not prone to 
short transient glitches. Appropriate filtering or circuit-level measures should be 
applied to maintain signal stability. 

2. Using the Debounce Function 

If glitches continue to occur on the input signal despite hardware-level mitigation, 
the GPIO debounce function can be enabled to reduce false detections caused by 
these glitches. 

However, when using the debounce feature, the following software considerations 
must be observed: 

a. Avoiding Spurious Interrupts 
If the input signal is transitioning when the debounce function is enabled, 
spurious (unintended) interrupts may occur. Therefore, the initialization sequence 
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should ensure that the debounce function is applied only when the input signal is 
in a stable state (either stable High or stable Low). 

b. Ensuring Input Stability with Pull-Up/Pull-Down 
The input pin must not be left floating. Appropriate pull-up or pull-down resistors 
must be added in the circuit to guarantee a defined input level and stable 
behavior. 

3. Input State at Power-On Reset (POR) 
If a GPIO input has a defined POR state (e.g., POR = 0 or 1), verify that the configured 
interrupt trigger condition (edge-triggered or level-triggered) does not conflict with 
the initial boot-up level. 
Failure to account for this may result in unnecessary or unintended interrupts during 
system startup or sleep to wake up. 
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3.6 SPIO 

3.6.1 Overview 
The NVIDIA Jetson Thor Module’s Multipurpose I/O can be configured as either Special 
function I/O (SFIO), or GPIO, or Serial Peripheral Interface (SPI). 

When configured as SPI, the interface does not specify a fixed standard I/O frequency. 

The clock rate is generated by the initiator, while the effective maximum operating 
design factors such as trace length, impedance, and loading must satisfy the design 
guide requirement. 

3.6.2 SPI Drive Strength Consideration 
As the operating frequency increases, switching activity and associated noise also 
increase. 

Many general-purpose SPI devices operate at frequencies below 25MHz. 

Accordingly, the default configuration values are selected to provide stable and robust 
operation within this frequency range. In this case, no additional SPI-specific 
configuration changes are required. 

When SPI operation above 25MHz is required, the drive type should be set to High to 
improve signal integrity and ensure reliable operation. 

The drive strength configuration can be modified in the pinmux configuration. 

In the pinmux spreadsheet, the AY column (DRV_TYPE) controls the drive type setting. 

By default, this field is set to Disable. Setting this filed to Enable changes the drive type 
from Normal to High.  
 

 
Note: For details on how to generate and apply the updated pinmux configuration, refer 
to the NVIDIA Jetson Linux Developer Guide. 
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#!/usr/bin/env python3

# Script to log EOM values while the specified UPHY RX lane(s) is being stressed.

# Example: ./EOM_logger.py -lane 0-6,0-7 [-time 60.0] [-interval 0.01]



import subprocess, time, argparse, collections



valid_lanes = ['0-0', '0-1', '0-2', '0-3', '0-4', '0-5', '0-6', '0-7', '1-0', '1-1', '1-2', '1-3', '1-4', '1-5', '1-6', '1-7', '2-0']



def parse_input():

    """Initializes input parameters, sets defaults, and checks for superuser"""

    parser = argparse.ArgumentParser()

    parser.add_argument("-lane", required=True, help="UPHY lane (or lanes) to be measured in format brick-lane (ie. UPHY1_L0 would be 1-0). If multiple lanes are provided, they must be separated by comma.")

    parser.add_argument("-time", default=60.0, help="Duration of logging in seconds. Default = 60s if no value provided.")

    parser.add_argument("-interval", default=0.01, help="EOM polling interval in seconds. Default = 0.01s if no value provided.")

    args = parser.parse_args()

    if len(args.lane)==1:

        lanes = [args.lane]

    else:

        lanes = args.lane.split(",")

    for lane in lanes:

        if lane not in valid_lanes:

            print("%s is not a valid lane selection." %lane)

            exit()

    try:

        subprocess.check_output("cat /sys/kernel/debug/bpmp/debug/uphy/eom_lane", shell=True).decode('utf-8')

    except:

        print("Script must be executed as superuser.")

        exit()

    return lanes, float(args.time), float(args.interval)



def get_eom(bl):

    """returns decimal value of EOM for UPHY brick-lane bl"""

    hex_lane = "0x" + bl[0] + bl[-1]

    subprocess.run("echo %s > /sys/kernel/debug/bpmp/debug/uphy/eom_lane" %hex_lane, shell=True)

    

    """ There are tests that occasionally require time.sleep"""

    """time.sleep(0.5)"""

    

    eom = subprocess.check_output("cat /sys/kernel/debug/bpmp/debug/uphy/eom_status", shell=True).decode('utf-8')

 

    if len(eom) != 11:

        print(eom[:-1])

        print("UPHY lane %s doesn't appear to be receiving RX traffic." %str(bl))

        exit()

    eom = int(eom.split("0x")[1], 16)

    return eom



def plot(counter):

    """Plots a simple histogram of the provided counter data"""

    values = sorted(list(counter.keys()), reverse=True)

    scaling = (max(counter.values()) // 73) + 1

    print("%sHistogram %s" %(''.join(' '*(35-6*(min(scaling,2)-1))), '(Normalized)'*((min(scaling,2)-1))))

    for value in values:

        print("%s: %s" %(value, '*'+''.join('*'*((counter[value]//scaling)-1)))) 

    return



lanes, duration, interval = parse_input()

for lane in lanes:

    print("Starting EOM logging of UPHY%s_L%s for next %s seconds." %(lane[0], lane[-1], duration))



eoms = {}

for lane in lanes:

    eoms[lane] = collections.Counter()

timer = time.time()+duration



while (t := time.time()) < timer:

    for lane in lanes:

        eoms[lane][get_eom(lane)] += 1

    loop_time = time.time() - t

    if loop_time < interval:

        time.sleep(interval - loop_time)



print("%sRESULTS%s" %('-'*36, '-'*37))

for lane in lanes:

    print("UPHY%s_L%s\n%s samples collected over %s seconds" %(lane[0], lane[-1], str(sum(eoms[lane].values())), duration))

    print("Minimum EOM: %s (decimal)\n" %(min(eoms[lane].keys())))

    plot(eoms[lane])

    print('-'*80)




Accept_License = True
Run_Scan = False
Run_LMT = True
 
Files_Name = "lane_margining_log"
Segment_Count = 6
 
input_dic = {
    "Lane": [0,1,2,3],        # Select the lanes to be margined. i.e. "Lane": [0,1,2,3,15]
    "RecNum": 6,                                            # Select 1 for CPU Rx side, 6 for EP Rx side, 2-5 for Retimers Rx
    "Dwell_Time": 3,                                        # Time to wait between each step. Default is 1sec by spec
    "BDF_DSP": "B00D00F0",                                  # Provide the Bus, Device, Function from Downstream Port
    "BDF_USP": "B01D00F0",                                  # Provide the Bus, Device, Function from Upstream Port
    "ErrCnt": 4,                                            # Error Limit Count. Default is 4 by spec
    "Num_Time_Steps": "",                                   # Default is ""
    "Num_Voltage_Steps": "",                                # Default is ""
    "Segment": 5,                                           # Default is 0 for two-Socket system
    "Speed": 4,                                             # Speed at what margining will be performed
 }
 
import sys
sys.path.append('/home/nvidia/lmt')
 
from LMT import runLMT
import importlib, LMT
importlib.reload(LMT)
from LMT import runLMT
 
start = runLMT(Accept_License, Files_Name, Run_Scan, Segment_Count, Run_LMT, input_dic)




#!/bin/bash
for brick in 0 1; do
  for lane in 0 1 2 3 4 5 6 7; do
    echo "0x${brick}${lane}" > /sys/kernel/debug/bpmp/debug/uphy/eom_lane
    result=$(cat /sys/kernel/debug/bpmp/debug/uphy/eom_status)
    echo "Brick $brick Lane $lane: $result"
  done
done





