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AN 060: Performing PCle Reads/Writes on Linux with the Ti375 N1156 Early Access Development Board

Introduction

This example design shows how to configure a PCle link between a general-purpose CPU
and the Ti375 PCle Early Access Board. You can also use it to perform a simple read/write
operation with the Linux kernel, C code or a Python script. In this design, the general-
purpose CPU is the root port and the Ti375 PCle Early Access Board is the endpoint.

Hardware Requirements

The design uses the following hardware:

*  Workstation with an available PCle slot running the Ubuntu operating system
* Computer running the Efinity” software v2024.1 or higher

* Ti375 PCle Early Access Board

*  Micro-USB cable

* 12V, 5 A power adapter with ATX 6-pin converter cable

* PCle crossed extender cable

Endpoint Example Design

The endpoint example design implements a debug core that sends write commands and
receives read commands through the Ti375's PCle controller quad 0 transceiver.

Figure 1: Read/Write Example Design
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Debug Profile

The endpoint design comes with a debug profile to monitor the PCle traffic and status. The
vioO debug core contains the PCle status and AXI virtual I/O interface; the 1a0 debug core
has the logic analyzer interface for the AXI write channel.

[@ Learn more: Refer to the

Table 1: Debugger vio0 Tab

for complete instructions on using the Debugger.

Name Type Width Description

q0_ltssm_state Probe 6 LTSSM State. Refer to "Appendix C: LTSSM

State Encoding” in the

for more information.

qO0_link_status Probe 2 Status of the PCle link.

2'b00: No receivers detected.

2'b01: Link training in progress.

2'b10: Link up, DL initialization in progress.

2'b11: Link up, DL initialization completed.
q0_p00_rate Probe 2 PIPE link signal rate for transceiver quad 0.

Selects the data rate.

2'b00: PCle Gen1

2'b01: PCle Gen2

2'b10: PCle Gen3

2'b11: PCle Gend
q0_cmn_ready Probe 1 Common ready.
q0_TARGET_AXI_AWSIZE Probe 3 AXI write transfer size.
q0_TARGET_AXI_AWADDR Probe 64 AXI write transfer address.
qO0_TARGET_AXI_WDATA Probe 256 AX] write data.
qO0_TARGET_AXI_ARSIZE Probe 3 AXl read transfer size.
q0_TARGET_AXI_ARADDR Probe 64 AXl read transfer address.
q0_TARGET_AXI_RDATA Source 256 AXl read data.
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Setting Up the Hardware

The following figure shows the hardware setup steps:

Figure 2: Hardware Setup
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@ Important: Always remove the power supply before attaching or detaching cables.

1. Connect the PCle crossed extender cable to the PCle edge card connector and the PCle

slot on the Linux workstation.

2. Remove all jumpers from the 2-pin headers J28 and J29.

bl

Connect the micro-USB cable to the board and to a USB port on your computer.

4. Connect the 12 V ATX power cable to the board connector and a power source. The
connector has eight pins, but the cable only has six. The cable only fits into the connector
one way, so you cannot connect it incorrectly.

Table 2: Board LED Outputs

LED

Description

LD2, LD5, LDé6, LD7, LDS8, LD10, LD12, LD13,
LD22, LD23, LD24 turned on

Power good

LD1 turned on

FPGA configuration done

www.efinixinc.com
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Running the Example Design

Before you run the example design, download the design files from the Efinix Support
Center. You need to use the debug profile included with the design files.

1. Go to Support Center > Examples > Design Example: Ti375 N1156 Early Access
Board PCle Reads/Writes on Linux Demonstration Design ( ).

2. Download the efx_pcie_endpoint-v < version > .zip file.
3. Extract the design files into your project folder.

Use these steps to run the demonstration design:

1. Use the Efinity® Programmer to download the bitstream file, hardware/bitstream/
ti375n1156_pcie_driver_demo.hex, to your board using SPI active via JTAG bridge
mode. Set the Starting Flash Address to 0x000000.

2. Press pushbutton SW2 twice to toggle the CRESET N signal and load the design from the
flash device.

Wait for the Ti375 FPGA to enter user mode, indicated by LED LD1 illuminating.
Launch the Efinity software and open the Debugger.

Choose File > Open Debug Profile.

Browse to the hardware/ti375n1156_pcie_driver_demo directory and choose
debug_profile.json. Click Open.

. Choose Perspectives > Debug.

Select JTAG USER1 and connect the Debugger.

9. Reboot the Linux workstation by using the reboot command in a terminal.

SR

® N

Checking the Enumeration Status

PCle enumeration is the process of detecting and identifying devices connected to the PCle
bus. The system scans for devices, accesses their configuration spaces, and assigns necessary

resources like memory and I/0 addresses. To check whether your board has completed the
enumeration process:

1. In the Efinity Debugger's vioO tab, confirm that the g0 _1ink statusis 3.
2. Open a terminal on the Linux workstation.
3. (Optional) Use the update-pciids command to fetch the latest PCIID list and install
it. This step allows your workstation to translate the device ID. (Refer to
for more information.)

4. Use the 1spci command to get a list of the PCI devices connected to the PCI subsystem.

5. Look for Efinix, Inc. Default ID for Titanium FPGA PCIe
Interface (AXI) orDevice 1£7a:0100 in the listing.

$ lspci
00:00.0 Host bridge: Intel Corporation 4th Gen Core Processor Dram
controller

02:00.0 Non-VGA unclassified device: Efinix, Inc. Default ID for Titanium
FPGA PCIe Interface (AXI)

If the board's device ID is in the list, the enumeration is successful. If the device ID is not
in the list, try these solutions:
* Restart the Linux workstation with the reboot command.

www.efinixinc.com 6
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 If the problem persists, it might indicate that the slot to which you connected the
board does not support PCle. Try switching to another PCI slot on your workstation.

* If none of the PCI slots work, it might indicate that your workstation does not have
PCI capabilities.

6. Use the sudo lspci -vv -d 1£7a:0100 command to output the translated
description of the PCI Type 0 Configuration Space. The type O configuration space
displays the configuration setting of the PCle endpoint device, for example, the link speed
and link width.

$sudo lspci -vv -d 1£7a:0100
02:00.0 Non-VGA unclassified device: Efinix, Inc. Default ID for Titanium FPGA PCIe Interface
(AXTI)

Subsystem: Efinix, Inc. Device 0000

Control: I/O- Mem+ BusMaster- SpecCycle- MemWINV- VGASnoop- ParErr- Stepping- SERR- FastB2B-
DisINTx-

Status: Capt+ 66MHz- UDF- FastB2B- ParErr- DEVSEL=fast >TAbort- <TAbort- <MAbort- >SERR- <PERR-
INTx-

Interrupt: pin A routed to IRQ 16

Region 0: Memory at £7c03000 (32-bit, non-prefetchable) [disabled] [size=4K]

Region 1: Memory at £7c00000 (32-bit, non-prefetchable) [disabled [size=8K]

DevCap: MaxPayload 512 bytes, PhantFunc 0, Latency LOs <lus, L1 <lus
ExtTag+ AttnBtn- AttnInd- PwrInd- RBE+ FLReset+ SlotPowerLimit 0.000W
DevCtl: CorrErr- NonFatalErr- FatalErr- UnsupReqg-

R1xdOrd- ExtTag+ PhantFunc- AuxPwr- NoSnoop+ FLReset-

MaxPayload 512 bytes, MaxReadReq 512 bytes

DevSta: CorrErr+ NonFatalErr- FatalErr+ UnsupReg+ AuxPwr- TransPend-
LnkCap: Port #0, Speed 16GT/s, Width x4, ASPM L1, Exit Latency L1 <8us
ClockPM- Surprise- LLActRep- BwNot- ASPMOptComp+

LnkCtl: ASPM Disabled; RCB 64 bytes Disabled- CommClk-

ExtSynch- ClockPM- AutWidDis- BWInt- AutBWInt-

LnkSta: Speed 16GT/s, Width x4 (ok)

TrErr- Train- SlotClk- DLActive- BWMgmt- ABWMgmt-

DevCap2: Completion Timeout: Range B, TimeoutDis+, NROPrPrP-, LTR+

10BitTagComp+, 10BitTagReg-, OBFF Via message, ExtFmt+, EETLPPrefix+,

Performing the Read/Write Test

The example design includes files to perform the read/write test using the Linux kernel
module, a Python script, or C code.

www.efinixinc.com
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Using the Linux Kernel Module

This simple script run in the Linux operating system's kernel layer. It enables the memory
region and performs a single read write operation.

Note: You must load the Linux kernel module before using the C-program or Python script to read or

write the PCle memory region.

This method requires kernel header files. Install them with this command:

$ sudo apt-get install linux-headers-$ (uname -r)

To perform the read/write test, use these steps in a terminal:

1. Change to the example design's linux-kernel-mod directory.
2. Use the make all command to compile the source code.

3. In the Efinity Debugger's vioO tab, set 0 TARGET AXI RDATA to 0xDEADBEEF or to
any 32 bit value. The read operation uses this value when installing the kernel driver.

4. Use the command sudo insmod efx pcie simple rdwr.ko to install the Linux

kernel module.

5. Use the command sudo dmesg | grep efx pcie to view the output of the kernel

driver program.

sudo insmod efx pcie simple rdwr.ko .. $§ sudo dmesg | grep efx pcie

$

[ 174.141878] efx pcie -
[ 174.141885] efx pcie -
[ 174.141926] efx pcie -
[ 174.141929] efx pcie -

VENDOR_ID: 0x1f7a

DEVICE ID: 0x100

read mem and print: deadbeef
write mem and print: 49333735

6. In the Debugger, observe that the value of g0 TARGET AXI WDATA changed from 0x0

to 0x49333735.

www.efinixinc.com
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Using the Python Script

This Python script uses the mmap () system call to map the PCle endpoint application to a
virtual address in the operting system. You can then perform the read/write operation on the
virtual address to send/receive packets from Ti375 PCle Controller.

To perform the read/write test, use these steps in a terminal:

1. Change to the example design's python-scripts directory.
2. Use this command to install the dependencies:

$ sudo pip install -r requirements.txt

3. In the Efinity Debugger's vioO tab, set 0 TARGET AXI RDATA to 0xDEADBEEF or to
any 32 bit value. The Python script's read operation uses this value.

4. Use the command sudo python3 rd req pci.py perform a read operation on the
endpoint and display the result in little endian format.

$ sudo python3 rd req pci.py

Target Device's Bar: [BaseAddressRegister (type='mem', addr=4156567552,
size=4096), BaseAddressRegister (type='mem', addr=4156555264, size=8192)]

Target Device's Bar 0 addr: 0xf7c03000

Target Device's Bar 0 size: 0x1000

Reading from BAR O0:

b'\xef\xbe\xad\xde"

b'\x00\x00\x00\x00"

b'"\x00\x00\x00\x00"

b'\x00\x00\x00\x00"

b'\x00\x00\x00\x00"

b'"\x00\x00\x00\x00"

b'\x00\x00\x00\x00"

b'\x00\x00\x00\x00"

5. On the Debugger, click the 1a0 tab.

6. Add a trigger condition to capture the waveform when g0 TARGET AXI WVALID =
1.

7. Use the command sudo python3 wr req pci.py to perform a write operation and
a read operation. The read operation outputs the result in little endian format.

$ sudo python3 wr req pci.py

Target Device's Bar: [BaseAddressRegister (type='mem', addr=4156567552,
size=4096), BaseAddressRegister (type='mem', addr=4156555264, size=8192)]

Target Device's Bar 0 addr: 0x£f7c03000

Target Device's Bar 0 size: 0x1000

Writing to BAR 0: 48492c¢c5449333735

8

b'\xef\xbe\xad\xde\x00\x00\x00\x00"

The Debugger generates a waveform that displays the output of the AXI write operation. The

write operation could be completed in a single AXI write operation or multiple AXT write
operations, depending on the workstation's model.
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Using the C Code

This simple C program performs a single read write operation using the sys£s filesystem.
To perform the read/write test, use these steps in a terminal:

1. Change to the example design's c-code-sysfs directory.
2. Use the make main command to compile the source code.

3. Usethe 1spci -D command to find the assigned Bus:Device.Function (BDF) for the
board. In the following example, the BDF is 0000:02:00. 0.

$ lspci -D
0000:00:00.0 Host bridge: Intel Corporation 4th Gen Core Processor Dram
controller

0000:02:00.0 Non-VGA unclassified device: Efinix, Inc. Default ID for
Titanium FPGA PCIe Interface (AXI)

4. Locate the PCI files in sys€£s. The typical location is /sys/bus/pci/devices/ < BDF>.
For example: /sys/bus/pci/devices/0000:02:00.0.

5. Use the command cat /sys/bus/pci/devices/<BDF> /vendor to confirm the
board's vendor id; it should be 0x1f7a. If the vendor id matches the expected output,
note the full path name.

$ cat /sys/bus/pci/devices/0000:02:00.0/vendor
0x1f7a

6. In the Efinity Debugger's vioO tab, set g0 TARGET AXI RDATA to OxDEADBEEF or to
any 32 bit value. The read operation uses this value.

7. Run the C program using the command:

pcimem [sys file] [offset] [type [datal]

Where:

[sys file] is the sysfs file for the PCl resource to act on.

[offset] is the offset into the PCI memory region to act upon.

[type] is the access operation type, [blyte, [h]alfword, [w]ord, [d]ouble-word.
[data] is the data to be written.

sudo ./pcimem /sys/bus/pci/devices/<BDF>/resources0 0 w 0x1234abcd

The following example uses the 0000:02:00.0 BDF.

$ sudo ./pcimem /sys/bus/pci/devices/0000:02:00.0/resource0 0 w 0x1234abcd
/sys/bus/pci/devices/0000:02:00.0/resource0 opened.

Target offset is 0x0, page size is 4096

mmap (0, 4096, O0x3, 0xl, 3, 0xO0)

PCI Memory mapped to address 0x7f4bdf5a2000.

0x0000: OxDEADBEEF

Written 0x1234ABCD; readback OxDEADBEEF

In the Debugger, observe that the value of g0 TARGET AXI WDATA changed from 0x0 to
0x49333735.
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Revision History

Table 3: Document Revision History

Date Version Description
February 2025 1.2 Added note on installing the Linux kernel as a pre-requisite before running
the C-Program and Python scripts in Using the Linux Kernel Module topic.
(DOC-2384)

Updated PCle Endpoint Example Design title to Ti375 N1156 Early Access
Board PCle Readwrite on Linux Demonstration Design in Running the Example
Design. (DOC-2385)

Changed document title from PCle Controller Endpoint Example Design to
Performing PCle Reads/Writes on Linux with the Ti375 N1156 Early Access
Development Board

November 2024 1.1 Correct example design link.

September 2024 1.0 Initial release.
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