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1. Desigh Example Description

1.1. Functional Description for the Programmed Input/Output
(PIO) Design Example

The PIO design example performs memory transfers from a host processor to a target

device. In this example, the host processor requests single-dword MemRd and MemWr
TLPs.

The PIO design example automatically creates the files necessary to simulate and
compile in the Intel® Quartus® Prime software. The design example covers a wide
range of parameters. However, it does not cover all possible parameterizations of the
P-Tile Hard IP for PCle.

This design example includes the following components:

e The generated P-Tile Avalon-ST Hard IP Endpoint variant (DUT) with the
parameters you specified. This component drives TLP data received to the PIO
application.

e The PIO Application (APPS) component, which performs the necessary translation
between the PCI Express TLPs and simple Avalon-MM writes and reads to the on-
chip memory.

e An on-chip memory (MEM) component.

The simulation testbench instantiates the PIO design example and a Root Port BFM to
interface with the target Endpoint.

Figure 1. Block Diagram for the Platform Designer PIO Design Example Simulation
Testbench
PCleE ple Design Simulation Testbench

PCle P10 Example Design

Root Port Generated PCle Avalon-ST Avalon-MM

. q On-Chip
hip_serial

BEM <+ Endpoi data P> PIO Application <dat—a> Memory

(RP_BFM) Variant (DUT) (APPS) (MEM)

The test program writes to and reads back data from the same location in the on-chip
memory. It compares the data read to the expected result. The test reports,
"Simulation stopped due to successful completion" if no errors occur.

The P-Tile Avalon®-ST design example supports the following configurations:
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e Gen4 x16 Endpoint
e Gen3 x16 Endpoint
e Gen4 x8 Endpoint
e Gen3 x8 Endpoint

Platform Designer System Contents for P-Tile Avalon-ST PCI Express PIO
Design Example

The Platform Designer generates this design for up to Gen4 x16 variants.

Use Connections Hame Description Export Clock Base End

7] B LF dut Intel P-Tile Avalon-ST for PCI Express
—————————————~  -aporxs alon Streaming Source dut_corec]
r— = pO_rx_st_misc ‘Conduit
= ot wvalon Streaming Sink dut_corec]
—— > po_ncstmisc Candluit
o B potccred Cancluit pO_bccred
< m= po_configil Candluit pO_config_u
~& pO_reset_status_n Reset Output dut_corecl.
o1 m= hip_serial ‘Conduit hip_serial
- coreclkout_hip Clock Output dut_carec]
O m= refclko Clock Input refclkn exported
o w refokl Clock Input refclkl exported
S »= pin_perst Cancluit pin_perst
el B < piod PCle PIO
. - ok Clock Input dut_coredl...
= reset Reset Input [clk]
- pio_master_clk Clock Output pin0_pio..
=& pio_master_reset Reset output RIn0_pio_
=& pio_master bwalon Mermoary Mapped Master pio0_pia_.
= st pio avalon Streaming Sink [clk]
&——— B i st pio_misc ‘Concluit
= _st_pio avalon Streaming Source clk]
— B 13 _st_pio_misc 'Conduit
vl B £F MEMO On-Chip Memory (RAM or ROM) Intel ..
= ikl Clock Input pio0_pio_...
sl avalon Merniory Mapped Slave [clk1] oxb Ox7FFF
= resetl Feset Input [clk1]

1.2. Functional Description for the Single Root I/0 Virtualization
(SR-IOV) Design Example

Intel® FPGA P-Tile Avalon® streaming IP for PCI Express* Design Example

User Guide
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The SR-IOV desigh example performs memory transfers from a host processor to a
target device. It supports up to two PFs and 32 VFs per PF.

The SR-IOV design example automatically creates the files necessary to simulate and
compile in the Intel Quartus Prime software. You can download the compiled design to
an Intel Stratix® 10 DX Development Kit.

This design example includes the following components:

e The generated P-Tile Avalon Streaming (Avalon-ST) IP Endpoint variant (DUT) with
the parameters you specified. This component drives the received TLP data to the
SR-IOV application.

e The SR-IOV Application (APPS) component, which performs the necessary
translation between the PCI Express TLPs and simple Avalon-ST writes and reads
to the on-chip memory.

e An on-chip memory (MEM) component.

The simulation testbench instantiates the SR-IOV design example and a Root Port BFM
to interface with the target Endpoint.

D Send Feedback
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Figure 3. Block Diagram for the Platform Designer SR-IOV Design Example Simulation
Testbench

PCle SR-IOV E ple Design Simulation Testbench

PCle SR-IOV Example Design

Avalon-ST Avalon-MM

Root Port . ) Generated PCle SR-IOV On-Chip
h |
BFM BSeTE Endpoint % Application <dat_a> Memory
(RP_BFM) Variant (DUT) (APPS) (MEM)

The test program writes to and reads back data from the same location in the on-chip
memory across 2 PFs and 32 VFs per PF. It compares the data read to the expected
result. The test reports, "Simulation stopped due to successful completion" if no errors
occur.

The SR-IOV design example supports the following configurations:

e Gen4 x16 Endpoint

e Gen3 x16 Endpoint

Figure 4. Platform Designer System Contents for P-Tile Avalon-ST with SR-IOV for PCI
Express Design Example

Use Connections Narme Description Export Clock Base End
7] B £ dut intel P-Tile Avalon-ST for PCI Express
= 10_pist Avalon Stieaming Source dut_coreclk
B 0_p(_st_misc Conduit
»= 10_bi_st valon Streaming Sink dut_coreclk
B 10_b_st_misc Conduit
= 10_b_cred Conduit
= p0_pC_butt_limit Conduit
= 0_confio_{ Conduit
= 0_vi_err Conduit
»= p0_fir_ctl Conduit
»= 0_err_helr Conduit
B 0_err_info Conduit
= 10_err_valld Conduit
p——— = p0_en func_num Conduit
= [10_tesel_status_n Reset Oulput dut_coreclk
= [10_pin_perst Conduit
Of = hip_serial Conelit hip_serial
-a coreclkout_hip Clock Output dut_coreclk
O e relcho Clock Input refclko exported
o me refclki Clock Input refclk exported
o1 m= pin_perst Conduit pin_perst
$—— = niniL_done Conduit
7] B € stioy Stratix 10 Avalon-ST SR-IOV Example Desi...
¢ = ok Clock Input dut_corecl...
»olrst Reset Input )
st Avalon Streaming Sink )
B 10_p_st_misc Conduit
= 0_b_st_misc Conduit
- st Avalon Stisaming Source el
» i cred Conduit
»= 0_vi_err Conduit
»= o bu_limit Conduit
»= confiy_il Coneuit
B 0_err_felr Conduit
»= 0_eir_info Conduit
»= 0_err_valid Conduit
&———  »= p0_err_func_num Conduit
= et Conduit

1.3. Serial Data Signals

This differential, serial interface is the physical link between a Root Port and an
Endpoint.

The P-Tile PCIe IP Core supports 4, 8, or 16 lanes. Each lane includes a TX and RX
differential pair. Data is striped across all available lanes.

Send Feedback Intel® FPGA P-Tile Avalon® streaming IP for PCI Express* Design Example
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Table 1. Serial Data Interface Signals

In the following table <n> is the number of lanes.

Signal Direction Description
tx_(p/ n)_out[<n>-1:0] Output Transmit output. These signals are the serial outputs of lanes <n>-1-0.
rx_(p/n)_in[<n>-1:0] Input Receive input. These signals are the serial inputs of lanes <n>-1-0.

Refer to Pin-out Files for Intel Devices for pin-out tables for all Intel devices
in .pdf, .txt, and .xlIs formats.

Related Information

Pin-out Files for Intel Devices

1.4. Registers

There are no control registers for the PIO design example. The PCI Express Base
Specification 4.0 defines a comprehensive set of configuration, control, and status
registers to control and debug the design example.

Intel® FPGA P-Tile Avalon® streaming IP for PCI Express* Design Example D send Feedback

User Guide
6


https://www.altera.com/support/literature/lit-dp.html
mailto:FPGAtechdocfeedback@intel.com?subject=Feedback%20on%20Intel%20FPGA%20P-Tile%20Avalon%20streaming%20IP%20for%20PCI%20Express%20Design%20Example%20User%20Guide%20(UG-20234%202020.05.07)&body=We%20appreciate%20your%20feedback.%20In%20your%20comments,%20also%20specify%20the%20page%20number%20or%20paragraph.%20Thank%20you.

®
UG-20234 | 2020.05.07 l n tel
D Send Feedback

2. Quick Start Guide

Figure 5.

Using Intel Quartus Prime software, you can generate a programmed I/O (PIO) design
example for the Intel FPGA P-Tile Avalon-ST Hard IP for PCI Express* IP core. The
generated design example reflects the parameters that you specify. The PIO example
transfers data from a host processor to a target device. It is appropriate for low-
bandwidth applications. This design example automatically creates the files necessary
to simulate and compile in the Intel Quartus Prime software. You can download the
compiled design to your FPGA Development Board. To download to custom hardware,
update the Intel Quartus Prime Settings File (. qsf ) with the correct pin assignments .

Development Steps for the Design Example
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2.1. Directory Structure

Figure 6. Directory Structure for the Generated Design Example
(] intel_pcie_ptile_ast_0_example_design

] pcie_ed
*ﬂ <top-level design files>
—{ ] <design component version 1>

sim linux
L{ 7] synth
o Y Makefile
(" pcie_ed_tb README
example

pcie_ed_th

dut_pcie_tb_ip intel_fpga_pcie_link_test.cpp

intel_fpga_pcie_link_test.hpp

Makefile
<simulator>

<simulation script>

pcie_ed_th <design components>.ip

<design component 1>

<simulator> internal component

<simulation script> sim
: S synth

" pcie_ed.qpf

" peie_ed.qsf

"] pcie_ed.td

" pdie_ed.gsys

: (" pcie_ed.sof
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2.2. Generating the Design Example

Figure 7. Procedure

Start Palrameter > Specify IPVariat'ion > ) Select > Specify ' > ‘ Initiate .
Editor and Select Device Design Parameters Example Design Design Generation

1. 1In the Intel Quartus Prime Pro Edition software, create a new project (File 0 New
Project Wizard).

Specify the Directory, Name, and Top-Level Entity.
For Project Type, accept the default value, Empty project. Click Next.
For Add Files click Next.

For Family, Device & Board Settings under Family, select Intel Agilex™ or
Intel Stratix 10.

6. If you selected Intel Stratix 10 in the last step, select Stratix 10 DX in the
Device pull-down menu.

i w N

7. Select the Target Device for your design.
Click Finish.

9. In the IP Catalog locate and add the Intel P-Tile Avalon-ST Hard IP for PCI
Express.

10. In the New IP Variant dialog box, specify a name for your IP. Click Create.

11. On the Top-Level Settings and PCle* Settings tabs, specify the parameters for
your IP variation. If you are using the SR-IOV design example, do the following
steps to enable SR-IOV:

a. On the PCIeO Device tab under the PCIe0 PCI Express / PCI Capabilities
tab, check the box Enable multiple physical functions.

b. On the PCIe0 Multifunction and SR-IOV System Settings tab, check the
box Enable SR-IOV support and specify the number of PFs and VFs.

c. On the PCIeO0 MSI-X tab under the PCIeO PCI Express / PCI Capabilities
tab, enable the MSI-X feature as required.

d. On the PCIeO Base Address Registers tab, enable BARO for both PF and VF.
12. On the Example Designs tab, make the following selections:

a. For Example Design Files, turn on the Simulation and Synthesis options.
If you do not need these simulation or synthesis files, leaving the
corresponding option(s) turned off significantly reduces the example design
generation time.

b. For Generated HDL Format, only Verilog is available in the current release.

13. Select Generate Example Design to create a design example that you can
simulate and download to hardware. If you select one of the P-Tile development
boards, the device on that board overwrites the device previously selected in the
Intel Quartus Prime project if the devices are different. When the prompt asks you
to specify the directory for your example design, you can accept the default
directory, . /intel _pcie _ptile_ast_0_exanpl e_desi gn, or choose another
directory.

Send Feedback Intel® FPGA P-Tile Avalon® streaming IP for PCI Express* Design Example
User Guide
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Figure 8. Example Designs Tab

"3 Parameters % =]
System: test? Path: intel_pcie_ptile_ast_0

Intel P-Tile Avalon-ST for PCI Express e
intel_pcie_ptile_ast Generate Example Design...

-

Design Environment
This component supports multiple interface views:

|Standalone "J

} PClel Settings | PCle2 Settings | PCle3 Settings | Example Designs |

Top-Level Settings | PCle0 Settings \ =
E le Design Files J
Simulation
Synthesis

[ Generated HDL Format 117
Generated file format: FVerilog \ — ‘

|~ Target Development Kit ]
Current development kit:: EStratlx 10 DX P-Tile ES1 FPGA Development Kit [v‘

-

14. Click Finish. You may save your . i p file when prompted, but it is not required to
be able to use the example design.

15. Open the example design project.

16. Compile the example design project to generate the . sof file for the complete
example design. This file is what you download to a board to perform hardware
verification.

17. Close your example design project.

2.3. Simulating the Design Example

Figure 9. Procedure

Qe Run Analyze
Testbench —» . ) . — 4
. <Simulation Script> Results
Directory

1. Change to the testbench simulation directory, pci e_ed_t b.
2. Run the simulation script for the simulator of your choice. Refer to the table below.
3. Analyze the results.

Note: Currently, P-Tile does not allow parallel PIPE simulations.
Intel® FPGA P-Tile Avalon® streaming IP for PCI Express* Design Example Send Feedback
User Guide
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Table 2. Steps to Run Simulation

intel)

Simulator

Working Directory

Instructions

VCS*

<exanpl e_desi gn>/ pci e_ed_t b/
pci e_ed_t b/ si m synopsys/vcs

1. Type sh vcs_setup. sh
USER_DEFI NED_COWPI LE_OPTI ONS=""
USER_DEFI NED_ELAB_OPTI ONS="- x| rm
uni g_prior_final"
USER_DEFI NED_SI M_OPTI ONS=""

Note: The command above is a single-line
command.

2. A successful simulation ends with the following
message, "Simulation stopped due to successful
completion!"

Note: To run a simulation in interactive mode, use
the following steps: (if you already
generated a si mv executable in non-
interactive mode, delete the si mv and
sinmv.diadir)

1. Open the vcs_set up. sh file and add a
debug option to the VCS command: vcs
- debug_access+r

2. Compile the design example: sh
vcs_setup. sh
USER_DEFI NED_ELAB_OPTI ONS=" -
xlrm uniqg_prior_final"
SKI P_SI M1

3. Start the simulation in interactive mode:
simv -gui &

This testbench simulates up to a Gen4 x16 variant.

The simulation reports, "Simulation stopped due to successful completion" if no errors
occur.

2.4. Compiling the Design Example

1.

D Send Feedback

Navigate to <proj ect _dir>/intel _pcie ptile_ast_0_exanpl e_design/
and open pci e_ed. gpf .

If you are using the Intel Stratix 10 DX development kit, add the following
assignments in the . gsf file of your project for the VID feature:

set_global_assignment -name USE_CONF_DONE SDM_I0O16
set_global_assignment -name VID_OPERATION_MODE "PMBUS MASTER"
set_global_assignment -name USE_PWRMGT_SCL SDM_I00
set_global_assignment -name USE_PWRMGT_SDA SDM_I012
set_global_assignment -name PWRMGT_BUS_SPEED_MODE "100 KHZ"
set_global_assignment -name PWRMGT_SLAVE_DEVICE_TYPE OTHER
set_global_assignment -name PWRMGT_SLAVE_DEVICEO_ADDRESS 60
set_global_assignment -name PWRMGT_SLAVE_DEVICE1_ADDRESS 00
set_global_assignment -name PWRMGT_SLAVE_DEVICE2_ADDRESS 00
set_global_assignment -name PWRMGT_SLAVE_DEVICE3_ADDRESS 00
set_global_assignment -name PWRMGT_SLAVE_DEVICE4_ADDRESS 00

Intel® FPGA P-Tile Avalon® streaming IP for PCI Express* Design Example

User Guide
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set_global_assignment -name PWRMGT_SLAVE_DEVICE5_ADDRESS 00
set_global_assignment -name PWRMGT_SLAVE_DEVICE6_ADDRESS 00
set_global_assignment -name PWRMGT_SLAVE_DEVICE7_ADDRESS 00

set_global_assignment -name PWRMGT_VOLTAGE_OUTPUT_FORMAT "DIRECT
FORMAT"

set_global_assignment -name PWRMGT_DIRECT_FORMAT_COEFFICIENT_M 1
set_global_assignment -name PWRMGT_DIRECT_FORMAT_COEFFICIENT_R 0

set_global_assignment -name PWRMGT_TRANSLATED_VOLTAGE_VALUE_UNIT
MILLIVOLTS

set_global_assignment -name PWRMGT_PAGE_COMMAND_ENABLE ON

3. If you are using the Intel Agilex development kit, add the following assignments in
the . qsf file of your project for the VID feature:

set_global_assignment -name USE_CONF_DONE SDM_I016
set_global_assignment -name USE_INIT_DONE SDM_IOO0
set_global_assignment -name USE_CVP_CONFDONE SDM_I015
set_global_assignment -name VID_OPERATION_MODE "PMBUS MASTER"
set_global_assignment -name USE_PWRMGT_SCL SDM_I014
set_global_assignment -name USE_PWRMGT_SDA SDM_I011
set_global_assignment -name PWRMGT_BUS_SPEED_MODE "100 KHZ"
set_global_assignment -name PWRMGT_SLAVE_DEVICE_TYPE OTHER
set_global_assignment -name PWRMGT_SLAVE_DEVICEO_ADDRESS 47
set_global_assignment -name PWRMGT_SLAVE_DEVICE1_ADDRESS 00
set_global_assignment -name PWRMGT_SLAVE_DEVICE2_ADDRESS 00
set_global_assignment -name PWRMGT_SLAVE_DEVICE3_ADDRESS 00
set_global_assignment -name PWRMGT_SLAVE_DEVICE4_ADDRESS 00
set_global_assignment -name PWRMGT_SLAVE_DEVICE5_ADDRESS 00
set_global_assignment -name PWRMGT_SLAVE_DEVICE6_ADDRESS 00
set_global_assignment -name PWRMGT_SLAVE_DEVICE7_ADDRESS 00

set_global_assignment -name PWRMGT_TRANSLATED_VOLTAGE_VALUE_UNIT
VOLTS

set_global_assignment -name PWRMGT_PAGE_COMMAND_ENABLE ON

4. On the Processing menu, select Start Compilation.

2.5. Installing the Linux Kernel Driver

Before you can test the design example in hardware, you must install the Linux kernel
driver. You can use this driver to perform the following tests:

e A PCle link test that performs 100 writes and reads

e Memory space DWORD(!) reads and writes

e Configuration Space DWORD reads and writes

Intel® FPGA P-Tile Avalon® streaming IP for PCI Express* Design Example D send Feedback
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In addition, you can use the driver to change the value of the following parameters:
e The BAR being used

e The selects device by specifying the bus, device and function (BDF) numbers for
the required device

Complete the following steps to install the kernel driver:

1. Navigate to ./ soft war e/ ker nel / | i nux under the example design generation

directory.
2. Change the permissions on the i nstal |, | oad, and unl oad files:
$ chrmod 777 install |oad unl oad

3. Install the driver:
$ sudo ./install
4. \erify the driver installation:
$ Isnod | grep intel _fpga pcie _drv
Expected result:
intel _fpga_pcie_drv 17792 0
5. Verify that Linux recognizes the PCIe designh example:
$ Ispci -d 1172:000 -v | grep intel _fpga_pcie_drv
Note: If you have changed the Vendor ID, substitute the new Vendor ID for Intel's
Vendor ID in this command.
Expected result:

Kernel driver in use: intel fpga pcie drv

2.6. Running the Design Example Application

1. Navigate to ./ sof t war e/ user/ exanpl e under the design example directory.
2. Compile the design example application:

$ make
3. Run the test:

$ sudo ./intel _fpga pcie link_ test

You can run the Intel FPGA IP PCIe link test in manual or automatic mode.

— In automatic mode, the application automatically selects the device. The test
selects the Intel PCIe device with the lowest BDF by matching the Vendor ID.
The test also selects the lowest available BAR.

— In manual mode, the test queries you for the bus, device, and function
number and BAR.

For the Intel Stratix 10 DX or Intel Agilex Development Kit, you can determine the
BDF by typing the following command:

(1) Throughout this user guide, the terms word, DWORD and QWORD have the same meaning that
they have in the PCI Express Base Specification. A word is 16 bits, a DWORD is 32 bits, and a
QWORD is 64 bits.
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intel.

$ Ispci -d 1172

Here are sample transcripts for automatic and manual modes:

Intel FPGA PCle Link Test - Autonmtic Mde

Version 2.0

0: Automatically select a device

1: Manual ly select a device
khkkkkhkkkhkhkhkkhkhkkhhkhhkhhkhkhhkhhkdhhkhhhkhhkdhkhhhkhhhhdhkhkhkhrhhdhdxkxk
>0

Opened a handle to BAR 0 of a device with BDF 0x100
khkkkkhkkkhkhkhkkhkhkkhhkkhhkhhkhkhhkhhkdhhkhkhhkhhkdhkhhhkhhhhkdhkhkhkhrhhrdkdxkxk
Link test - 100 wites and reads

Wite nenory space

Read nenory space

Wite configuration space

Read configuration space

Change BAR

Change device

Enabl e SR-1 0OV

Do a link test for every enabled virtual function
bel onging to the current device

. Perform DVA

10: Quit program

khkhkkhkhkkhkhkhkhkhhhkhkhhhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkhkkhkkkkkkkk*k**x*%

L SDFPASDORES

>0

Doi ng 100 wites and 100 reads .
Nunmber of wite errors: 0
Nunmber of read errors: 0

Nunmber of DWORD ni smatches: 0

Intel FPGA PCle Link Test - Manual Mbde
Version 1.0

0: Automatically select a device

1: Manually sel ect a device

khhkhkhkhhhkhhhhkhdhhhhhhkhhhhhhhhhhhhkhhkhhkhhhhhkhhkhkhkkhkhk k%

> 1

Ent er bus nunber:

> 1

Ent er devi ce nunber:

>0

Enter function nunber:

>0

BDF i s 0x100

Enter BAR nunber (-1 for none):
> 4

Opened a handle to BAR 4 of a device with BDF 0x100

Related Information

PCIe Link Inspector Overview
Use the PCle Link Inspector to monitor the link at the Physical,

Transaction Layers.
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