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Chapter 1

PCI Express Design for
Windows

Cl Express is commonly used in consumer, server, and industrial applications, to

link motherboard-mounted peripherals. From this demonstration, it will show how

the PC and FPGA communicate with each other through the PCIl Express
interface. V-Series Avalon-MM DMA for PCI Express IP is used in this demonstration. For
detail about this IP, please refer to Intel FPGA document: ug_pcie_avmm_dma.pdf.

1.1 PCI Express System Infrastructure

Figure 1-1 shows the infrastructure of the PCl Express System in this demonstration. It
consists of two primary components: FPGA System and PC System. The FPGA System
is developed based on V-Series Avalon-MM DMA for PCI Express. The application
software on the PC side is developed by Terasic based on Altera’s PCle kernel mode

driver.
FPGA Windows
A —
‘llllllllllll‘
Interconnection Fabric for
Avalon Memory-Mapped Interface
‘ Y
TERASIC_PCIE_AVMM.DLL
ES
V-Series Avalon-MM DMA .____________-------_Pfe_'f"?d.e--.
for PCI Express IP Kernel Mode
Y
altera_pcie_win_driver.sys
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Figure 1-1 Infrastructure of PCI Express System

1.2 PC PCI Express Software SDK

The FPGA System CD contains a PC Windows based SDK to allow users to develop their
64-bit software application on 64-bits Windows XP/7/10. The SDK is located in the
“CDROM\Demonstrations\PCle_SW_KIT\Windows” folder which includes:

® PCI Express Driver
® PCI Express Library
® PCl Express Examples

The kernel mode driver assumes the PCle vender ID (VID) is 0x1172 and the device ID
(DID) is OXEOQ03. If different VID and DID are used in the design, users need to modify the
PCle vender ID (VID) and device ID (DID) in the driver INF file accordingly.

The PCl Express Library is implemented as a single DLL called
TERASIC _PCIE_AVMM.DLL. This file is a 64-bits DLL. With the DLL exported to the
software API, users can easily communicate with the FPGA. The library provides the
following functions:

® Basic data read and write
® Data read and write by DMA

For high performance data transmission, DMA is required as the read and write operations
are specified under the hardware design on the FPGA.

1.3 PCI Express Software Stack

Figure 1-2 shows the software stack for the PCI Express application software on 64-bit
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Windows. The PCle library module TERASIC_PCIE_AVMM.DLL provides DMA and direct
I/O access for user application program to communicate with FPGA. Users can develop
their applications based on this DLL. The altera_pcie_win_driver.sys kernel driver is
provided by Altera.

64-bits Windows

User Application

TERASIC_PCIE_AVMM.DLL |

User Mode

Kernel Mode

altera_pcie_win_driver.sys }‘__ altera_pcie_win_driver.inf l

Figure 1-2 PCI Express Software Stack

B Install PCl Express Driver on Windows

The PCle driver is locate in the folder:
"CDROM\Demonstrations\PCle_SW_KIT\Windows\PCle_Driver"
The folder includes the following four files:

Altera_pcie_win_driver.cat
Altera_pcie_win_driver.inf
Altera_pcie_win_driver.sys
WdfCoinstaller01011.DLL

To install the PCI Express driver, please execute the steps below:
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Install the TR5-Lite on the PCle slot of the host PC

2. Make sure Altera Programmer and USB-Blaster Il driver are installed
Execute test.bat in "CDROM\Demonstrations\PCle_Fundamental\demo_batch" to
configure the FPGA

4. Restart windows operation system

5. Click Control Panel menu from Windows Start menu. Click Hardware and Sound
item before clicking the Device Manager to launch the Device Manager dialog.
There will be a PCI Device item in the dialog, as shown in Figure 1-3. Move the
mouse cursor to the PCI Device item and right click it to select the Update Driver
Software... item.

@thﬁ b Control Panel » Hardware and Sound  » v |4
File Edit ‘iew Tools Help

Control Panel Home . .
./ Devices and Printers

:__g_r!;? . . 0
i e ._I Add a device | Addaprinter | Mouse | g Device Manager

s o

Metwork and Internet
o Hardware and Sound = Device Manager E@ CDs or other

File  Action View Help

Programs

User Accounts and Family o $| | D | l!%| i Manage audic
Safety a2 User-PC

Appearance and - 78 Camputer ower buttons ¢
Personalization s =y Disk drives nge when the
Clack, Language, and Region b B Display adapters

Ease of Access b e DVDACD-ROM drives

> IDE ATA/ATAPT contrallers screen resoluti

b @ ITAG cables
> F MNetwork adapters
4[5 Other devices

- LA PCIDevice

4 --f? Ports (COM & Update Driver Software..,

b R Processors Disable

s -4y Sound, video Uninstall

oM Systern device ninsta

>-§ Universal Serig Scan for hardware changes

Figure 1-3 Screenshot of launching Update Driver Software... dialog

6. Inthe How do you want to search for driver software dialog, click Browse my

computer for driver software item, as shown in Figure 1-4

6 www. terasic.com

TR5-Lite . July 17, 2018
PCle Qsys Example Designs



http://www.terasic.com.tw/
http://www.terasic.com/

Rlasic

www.terasic.com

l;;\::) [l Update Driver Software - PCI Device

How do you want to search for driver software?

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

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

Cancel

Figure 1-4 Dialog of Browse my computer for driver software

7. In the Browse for driver software on your computer dialog, click the Browse
button to specify the folder where altera_pcie_win_driver.inf is located, as shown
in Figure 1-5. Click the Next button.

@ [ Update Driver Software - PCI Device

Browse for driver software on your computer

Search for driver software in this location:
CHPCle_Driver v| Browwse.., ’

Include subfolders

= Let me pick from a list of device drivers on my computer
This list will show installed driver software compatible with the device, and all driver

software in the same category as the device.

Figure 1-5 Browse for driver software on your computer

8. When the Windows Security dialog appears, as shown Figure 1-6, click the
Install button.
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= Il Update Driver Software - PCI Device

Installing driver software...

| —

Windows Security @
Would you like to install this device software?

~ Marme: Altera Corporation Altera PCT Dewice
_&' Publisher: &lters Carporation

[T Always trust software from "Altera Corporation”. ([ Install D[ Don't Install J

@' You should only install driver software from publishers you trust. How can I decide
which device software is safe to install?

Figure 1-6 Click Install in the dialog of Windows Security

9. When the driver is installed successfully, the successfully dialog will appears, as
shown in Figure 1-7. Click the Close button.

=)
@ [ Update Driver Software - Altera PCIAPI Driver
Windows has successfully updated your driver software
Weindows has finished installing the driver software for this dewvice:
h‘. Altera PCTAPI Driver
=,

Figure 1-7 Click Close when the installation of Altera PCI API Driver is
complete

10. Once the driver is successfully installed, users can see the Altera PCI API Driver
under the device manager window, as shown in Figure 1-8.
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= Dewice Manager
File &ction  Wiew Help

&= H|E HE

a2 User-pC
JF Altera PCT Dewice
LK Altera PCIAPI Driver

> M Cormputer

8 | % B

p g Disk drives

s ‘i Display adapters

» ey DWD/CD-ROM drives
g IDEATAATART controllers
o @ JTAG cables

> -EF Metwork adapters

o T3 Parts (COM & LPT)

s D Processars

Figure 1-8 Altera PCI API Driver in Device Manager

B Create a Software Application

All the files needed to create a PCle software application are located in the directory
CDROM\demonstration\PCle_SW_KIT\Windows\PCle_Library. It includes the following
files:

® TERASIC_PCIE_AVMM.h
® TERASIC_PCIE_AVMM.DLL (64-bit DLL)

Below lists the procedures to use the SDK files in users’ C/C++ project :

Create a 64-bit C/C++ project.

Include TERASIC_PCIE_AVMM.h in the C/C++ project.

Copy TERASIC_PCIE_AVMM.DLL to the folder where the project.exe is located.
Dynamically load TERASIC_PCIE_AVMM.DLL in C/C++ program. To load the DLL,
please refer to the PCle fundamental example below.

Hp w DN PR

5. Call the SDK API to implement the desired application.

Users can easily communicate with the FPGA through the PCle bus through the
TERASIC_PCIE_AVMM.DLL API. The details of API are described below:
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1.4 PCI Express Library API

Below shows the exported API in the TERASIC_PCIE_AVMM.DLL. The API prototype is
defined in the TERASIC_PCIE_AVMM.h.
Note: the Linux library terasic_pcie_gsys.so also use the same API and header file.

B PCIE_Open

Function:

Open a specified PCle card with vendor ID, device ID, and matched card index.

Prototype:
PCIE_HANDLE PCIE_Open(
uint8_t wVendorlID,
uint8_t wDevicelD,
uint8_t wCardlndex);

Parameters:
wVendorID:
Specify the desired vendor ID. A zero value means to ignore the vendor ID.
wDevicelD:
Specify the desired device ID. A zero value means to ignore the device ID.
wCardIndex:
Specify the matched card index, a zero based index, based on the matched vendor
ID and device ID.

Return Value;:

Return a handle to presents specified PCle card. A positive value is return if the PCle
card is opened successfully. A value zero means failed to connect the target PCle card.
This handle value is used as a parameter for other functions, e.g. PCIE_Read32.

Users need to call PCIE_Close to release handle once the handle is no more used.

B PCIE Close

Function:

Close a handle associated to the PCle card.

Prototype:
void PCIE_Close(
PCIE_HANDLE hPCIE);
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Parameters:

hPCIE:
A PCle handle return by PCIE_Open function.

Return Value:
None.

B PCIE_Read32

Function:
Read a 32-bit data from the FPGA board.

Prototype:
bool PCIE_Read32(
PCIE_HANDLE hPCIE,
PCIE_BAR PcieBar,
PCIE_ADDRESS PcieAddress,
uint32_t *pdwData);

Parameters:
hPCIE:
A PCle handle return by PCIE_Open function.
PcieBar:
Specify the target BAR.
PcieAddress:
Specify the target address in FPGA.
pdwData:
A buffer to retrieve the 32-bit data.

Return Value;:
Return true if read data is successful; otherwise false is returned.

B PCIE_Write32

Function:
Write a 32-bit data to the FPGA Board.

Prototype:
bool PCIE_Write32(
PCIE_HANDLE hPCIE,
PCIE_BAR PcieBar,
PCIE_ADDRESS PcieAddress,
uint32_t dwData);
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Parameters:
hPCIE:
A PCle handle return by PCIE_Open function.
PcieBar:
Specify the target BAR.
PcieAddress:
Specify the target address in FPGA.
dwData:
Specify a 32-bit data which will be written to FPGA board.

Return Value;:

Return true if write data is successful; otherwise false is returned.

B PCIE_Read8

Function:
Read an 8-bit data from the FPGA board.

Prototype:
bool PCIE_Read8(
PCIE_HANDLE hPCIE,
PCIE_BAR PcieBar,
PCIE_ADDRESS PcieAddress,
uint8_t *pByte);

Parameters:
hPCIE:
A PCle handle return by PCIE_Open function.
PcieBar:
Specify the target BAR.
PcieAddress:
Specify the target address in FPGA.
pByte:
A buffer to retrieve the 8-bit data.

Return Value:

Return true if read data is successful; otherwise false is returned.
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B PCIE_Write8

Function:
Write an 8-bit data to the FPGA Board.

Prototype:
bool PCIE_Write8(
PCIE_HANDLE hPCIE,
PCIE_BAR PcieBar,
PCIE_ADDRESS PcieAddress,
uint8_t Byte);

Parameters:
hPCIE:
A PCle handle return by PCIE_Open function.
PcieBar:
Specify the target BAR.
PcieAddress:
Specify the target address in FPGA.
Byte:
Specify an 8-bit data which will be written to FPGA board.

Return Value;:

Return true if write data is successful; otherwise false is returned.

B PCIE_DmaRead

Function:
Read data from the memory-mapped memory of FPGA board in DMA.
Maximal read size is (4GB-1) bytes.

Prototype:
bool PCIE_DmaRead(
PCIE_HANDLE hPCIE,
PCIE_LOCAL_ADDRESS LocalAddress,
void *pBulffer,
uint32_t dwBufSize

);

Parameters:
hPCIE:
A PCle handle return by PCIE_Open function.
LocalAddress:

13 www. terasic.com

TR5-Lite . July 17, 2018
PCle Qsys Example Designs



http://www.terasic.com.tw/
http://www.terasic.com/

Rlasic

www.terasic.com

Specify the target memory-mapped address in FPGA.
pBuffer:
A pointer to a memory buffer to retrieved the data from FPGA. The size of buffer,
should be equal or larger the dwBufSize.
dwBufSize:
Specify the byte number of data retrieved from FPGA.

Return Value;

Return true if read data is successful; otherwise false is returned.

B PCIE_DmaWrite
Function:
Write data to the memory-mapped memory of FPGA board in DMA.

Prototype:
bool PCIE_DmaWrite(
PCIE_HANDLE hPCIE,
PCIE_LOCAL_ADDRESS LocalAddress,
void *pData,
uint32_t dwDataSize
);
Parameters:
hPCIE:
A PCle handle return by PCIE_Open function.
LocalAddress:
Specify the target memory mapped address in FPGA.

pData:

A pointer to a memory buffer to store the data which will be written to FPGA.
dwDataSize:

Specify the byte number of data which will be written to FPGA.

Return Value:
Return true if write data is successful; otherwise false is returned.

B PCIE_ConfigRead32

Function:
Read PCle Configuration Table. Read a 32-bit data by given a byte offset.

Prototype:
bool PCIE_ConfigRead32 (
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PCIE_HANDLE hPCIE,
uint32_t Offset,
uint32_t *pdwData
);
Parameters:

hPCIE:
A PCle handle return by PCIE_Open function.

Offset:
Specify the target byte of offset in PCle configuration table.

pdwData:
A 4-bytes buffer to retrieve the 32-bit data.
Return Value:

Return true if read data is successful; otherwise false is returned.

1.5 PCle Reference Deslign - Fundamental

The application reference design shows how to implement fundamental control and data
transfer in DMA. In the design, basic I/O is used to control the BUTTON and LED on the
FPGA board. High-speed data transfer is performed by DMA.

B Demonstration Files Location

The demo file is located in the batch folder:
CDROM\Demonstrations\PCle_Fundamental\demo_batch

The folder includes following files:

® FPGA Configuration File: PCle_Fundamental.sof

® Download Batch file: test.bat

® Windows Application Software folder : windows_app, includes
< PCIE_FUNDAMENTAL.exe
< TERASIC_PCIE_AVMM.DLL
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B Demonstration Setup
1. Install the FPGA board on your PC as shown in Figure 1-9.

Figure 1-9 FPGA board installation on PC

2. Configure FPGA with PCle_Fundamental.sof by executing the test.bat.
3. Install PCle driver if necessary. The driver is located in the folder:
CDROM\Demonstration\PCle_SW_KIT\Windows\PCle_Driver.
4. Restart Windows
5. Make sure the Windows has detected the FPGA Board by checking the Windows
Control panel as shown in Figure 1-10.
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=4 Device Manager

File Action  Miew Help
e AR RRERN ? N AN
4 g User-PC

CE Alterg PCT Device
IJ;:L Oltera PCIAPT Driver

- 7™ Computer

I_u Disk drives

- M Display adapters

o il DWD/CD-ROM drives

s & IDE ATASATAPT controllers

o § ITAG cables

'i-: Metwork adapters

- T Parts (COM & LPT)

D Processors

> &y sound, wideo and game controllers
.---_'l-' Spstern devices

b - § Universal Serial Bus controllers

Figure 1-10 Screenshot for PCle Driver

6. Gotowindows_app folder, execute PCIE_ FUNDAMENTAL.exe. A menu will appear as
shown in Figure 1-11.

8| ChUsersyremotelDesktophDemonstrationsi\PCle Fundamentaldemo_batchywindows app\PCL. | = || = || &3

m | w

: Led control
: Button Status Read
: DMA Memory Test
= Quit
Flesae input your selection:

Figure 1-11 Screenshot of Program Menu
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7. Type O followed by a ENTER key to select Led Control item, then input 3 (hex 0x03)
will make all led on as shown in Figure 1-12. If input 0 (hex 0x00), all led will be turn
off.

8| ChUsersyremotelDesktopiDemonstrations\PCle_Fundamentalidemo_batchywindows_appiPCL.. | = || = @

Led control
: Button Status HRead
= DMA Memory Test
: Quit
Plesae input your selection:@
Flease input led conrol mask:3

Led control
: Button Status HRead
= DMA Memory Test
: Quit
Plesae input vour selection:

Figure 1-12 Screenshot of LED Control

8. Type 1 followed by an ENTER key to select Button Status Read item. The button status
will be report as shown in Figure 1-13.

7| ChUsersiremotelDesktopiDemanstrations\P Cle_Fundamentalidemo_batchiywindows appiPCL. | = || = @

: Led control

: Button Status Read

: DMA Memory Test

: Quit
Plesae input your selection:@
Please input led conrol mask:=3

Led control
: Button Status Read

: DMA Memory Test
: Quit
Plesae input your selection:l

Led control
: Button Status Read
: DMA Memory Test
[991: Quit
Plesae input your selection:

Figure 1-13 Screenshot of Button Status Report
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9. Type 2 followed by an ENTER key to select DMA Testing item. The DMA test result will
be report as shown in Figure 1-14.

2| CaUsersyremoteyDesktopyDemonstrationsyPCle_Fundamental.demo_batchywindows_appiPCL.. EI@

[2]1: DMA Memory Test

[991: Quit

Flesae input your selection:@
Flease input led conrol mask:3
Led control success, mask=3h

[B]1: Led control

[1]1: Button Status Read

[2]1: DMA Memory Test

[991: Quit

Flesae input your selection:1
Button status mask:=8h

[B]1: Led control

[11: Button Status Read

[21: DMA Memory Test

[991: Quit

Flesae input vour selection:2
DMA-Memory (Size L24288 byes» pass

[A]1: Led control

[11: Button Status Read

[21: DMA Memory Test

[991: Quit

Plesae input your selection:

Figure 1-14 Screenshot of DMA Memory Test Result

10. Type 99 followed by an ENTER key to exit this test program

B Development Tools
Quartus Prime 16.1.2 Standard Edition
® Visual C++ 2012

B Demonstration Source Code Location
Quartus Project: Demonstrations\PCle_Fundamental
® C++ Project: Demonstrations\PCle_SW_KIT\Windows\PCIE_ FUNDAMENTAL

B FPGA Application Design

Figure 1-15 shows the system block diagram in the FPGA system. In the Qsys, Altera PIO
controller is used to control the LED and monitor the Button Status, and the On-Chip
memory is used for performing DMA testing. The PIO controllers and the On-Chip memory
are connected to the PCl Express Hard IP controller through the Memory-Mapped
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Interface.

FPGA/QSYS

Interconnection Fabric for
Avalon Memory-Mapped Interface

¢

PCle Gen3 x8 Edge

Figure 1-15 Hardware block diagram of the PCle reference design

B Windows Based Application Software Design

The application software project is built by Visual C++ 2012. The project includes the
following major files:

PCIE_FUNDAMENTAL.cpp = Main program

PCIE.c Implement dynamically load for

PCIE.h TERAISC_PCIE_AVMM.DLL
TERASIC_PCIE_AVMM.h | SDK library file, defines constant and data structure

The main program PCIE_FUNDAMENTAL.cpp includes the header file "PCIE.h" and
defines the controller address according to the FPGA design.
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#¥include "PCIE.R"

#define DEMO_PCIE USER_BAR PCIE_BAR4
#define DEMO_PCIE_IO_LED ADDR 0x4000010
#define DEMO PCIE IO BUTTON ADDR 0x4000020
#define DEMO PCIE MEM ADDR 0x00000000
#define MEM SIZE (512*1024) //512KB

The base address of BUTTON and LED controllers are 0x4000010 and 0x4000020 based
on PCIE_BAR4, in respectively. The on-chip memory base address is 0x00000000 relative
to the DMA controller.

Before accessing the FPGA through PCI Express, the application first calls PCIE_Load to
dynamically load the TERASIC_PCIE_AVMM.DLL. Then, it call PCIE_Open to open the
PCI Express driver. The constant DEFAULT_PCIE_VID and DEFAULT_PCIE_DID used
in PCIE_Open are defined in TERASIC_PCIE_AVMM.h. If developer change the Vendor
ID and Device ID and PCI Express IP, they also need to change the ID value define in
TERASIC_PCIE_AVMM.h. If the return value of PCIE_Open is zero, it means the driver
cannot be accessed successfully. In this case, please make sure:

® The FPGA s configured with the associated bit-stream file and the host is rebooted.
® The PCI express driver is loaded successfully.

The LED control is implemented by calling PCIE_Write32 API, as shown below:

bPass = PCIE Write3Z (hPCIe, DEMO PCIE USER BAR, DEMC PCIE IO LED ADDR, (uint32 t) Mask):;

The button status query is implemented by calling the PCIE_Read32 API, as shown below:

PCIE Read32 (hPCIe, DEMO PCIE USER_EBAR, DEMO PCIE IO BUTTOM ADDR, s3tatus):

The memory-mapped memory read and write test is implemented by PCIE_DmaWrite
and PCIE_DmaRead API, as shown below:
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PCIE DmaWrite (hPCIe, Localldddr, pWrite, nTestSize):
.PCIE_Dmﬂead(hPCIE, Localiddr, pRead, nTestiize):

1.6 PCle Reference Deslign - DDR3

The application reference design shows how to add DDR3 Memory Controllers for DDR3-

A and DDR3-B into the PCle Quartus project based on the PCle_Fundamental Quartus

project and perform 2GB data DMA for both DDR3 memory banks. Also, this demo shows
how to call “PCIE_ConfigRead32” API to check PCle link status.

Demonstration Files Location

The demo file is located in the batch folder:

CDROM\Demonstrations\PCle_DDR3\demo_batch

The folder includes following files:

® FPGA Configuration File: PCle_DDR3.sof
® Download Batch file: test.bat
® Windows Application Software folder : windows_app, includes
< PCIE_DDR3.exe
< TERASIC_PCIE_AVMM.DLL
B Demonstration Setup
1. Install the FPGA board on your PC.
2. Configure FPGA with PCle_DDR3.sof by executing the test.bat.
3. Install PCle driver if necessary.
4. Restart Windows
5. Make sure the Windows has detected the FPGA Board by checking the Windows
Control panel.
6. Goto windows_app folder, execute PCIE_DDR3.exe. A menu will appear as shown in
Figure 1-16.
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5| CyUsersiremotelDesktopDemanstrations\P Cle DDR3\dermo_batchiwindows appiPCIE_ DDR... | — || = @

Led control
: Button Status Read
: Link Info
: DMA On—Chip Memory Test
: DMA DDR3-A Memory Test
: DMA DDR3-B Memory Test
: Quit
Plesae input your selection:

Figure 1-16 Screenshot of Program Menu

7. Type 2 followed by a ENTER key to select Link Info item. The PCle link information
will be shown as in Figure 1-17. Gen3 link speed and x4 link width are expected.

WUsersyremote\DesktopiDemonstrations'PCle_DDR3ydemo_batchiwindows_app\PCIE_DDR... | = || & @

Led control
: Button Status Read
: Link Info
: DMA On—Chip Memory Test
: DMA DDR3-A Memory Test
: DMA DDR3-B Memory Test
: Quit
Plesae input your selection:2

MNegotiated Link Width is x8
Maximum Payload & 256-hyte

Led control

: Button Status Read
: Link Info
: DMA On—Chip Memory Test
: DMA DDR3-A Memory Test
: DMA DDR3-B Memory Test
: Quit

Plesae input your selection:

Figure 1-17 Screenshot of Link Info

8. Type 3 followed by an ENTER key to select DMA On-Chip Memory Test item. The DMA
write and read test result will be report as shown in Figure 1-18.
_ 23 www. terasic.com
TR5-Lite July 17, 2018

PCle Qsys Example Designs


http://www.terasic.com.tw/
http://www.terasic.com/

Rlasic

www. terasic.com

5| CyUsersiremotelDesktopDemanstrations\P Cle DDR3\dermo_batchiwindows appiPCIE_ DDR... | — || = @
PCle Demo Program ==

: Led control
: Button Status Read
: Link Info
: DMA On—Chip Memory Test
: DMA DDR3-A Memory Test
: DMA DDR3-B Memory Test
: Quit
Plesae input your selection:3
DMA Memory Test. s =£24288dBytes. ..
Generate Test Pattern...
DMA Urite...
DMA Read...

DMA-Memory (81 524288d byes> pass

Led control

: Button Status Read
: Link Info
: DMA On—-Chip Memory Test
: DMA DDR3-A Memory Test
: DMA DDR3-B Memory Test
@ Quit

Flesae input your selection:

Figure 1-18 Screenshot of On-Chip Memory DMA Test Result

9. Type 4 followed by an ENTER key to select DMA DDR3-A Memory Test item. The DMA
write and read test result will be report as shown in Figure 1-19.

7| ChlsersiremotetDesktopiDemonstration sy PCle_DDRIvdemo_batchywindows_appiPCIE_DDR...

Led control

: Button Status HRead

: Link Info

: DMA On—Chip Memory Test

- DHA DDR3-A Memory Test

= DMA DDR3-B Memory Test

: Quit
Flesae input your selection:z4
DMA Memory Test,. size=2147483648dBytes...
Generate Test Pattern...
DMA Write...
DMA Read...
Readback Data Uerify...

8 2 83648d byes> pass

: Led control
: Button Status Read
: Link Info
= DMA On—Chip Memory Test
= DHMA DDR3-A Memory Test
= DMA DDR3-B Memory Test
= Quit

Flesae input your selection:

Figure 1-19 Screenshot of DDR3-A Memory DAM Test Result

10. Type 5 followed by an ENTER key to select DMA DDR3-B Memory Test item. The DMA
write and read test result will be report as shown in Figure 1-20.
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B ChlUsers\remotetDesktopiDemonstrationsyPCle DDR3Yvdemo_batchiywindows apphPCIE DDR.. | = || = || E2

m | s

: Button Status Head
: Link Info
= DMA On—Chip Memory Test
= DMA DDR3-A Memory Test
[5%1: DMA DDR3-B Memory Test
[991: Quit
Flesae input your selection:=b
DMA Memory Test,. size=2147483648dBytes...
Generate Test Pattern...
DMA Write...
DMA Read...
Readback Data Uerify...
DMA-Memory (51 2147483648d byes> pass

: Led control
: Button Status Read
: Link Info
= DHA On—-Chip Memory Test
= DMA DDR3-A Memory Test
- DHA DDR3-B Memory Test
[991: Quit
Flezae input your selection:

Figure 1-20 Screenshot of DDR3-B Memory DAM Test Result

11. Type 99 followed by an ENTER key to exit this test program.

B Development Tools
Quartus Prime 16.1.2 Standard Edition

® Visual C++ 2012

B Demonstration Source Code Location
Quartus Project: Demonstrations\PCIE_DDR3
® Visual C++ Project: Demonstrations\PCle_ SW_KIT\Windows\PCle_ DDR3

B FPGA Application Design

Figure 1-21 shows the system block diagram in the FPGA system. In the Qsys, Altera PIO
controller is used to control the LED and monitor the Button Status, and the On-Chip
memory is used for performing DMA testing. The PIO controllers and the On-Chip memory
are connected to the PCI Express Hard IP controller through the Memory-Mapped

Interface.
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FPGA/QSYS

Interconnection Fabric for
Avalon Memory-Mapped Interface

!

PCle Gen3 x8 Edge

Figure 1-21 Hardware block diagram of the PCle_DDR3 reference design

B Windows Based Application Software Design

The application software project is built by Visual C++ 2012. The project includes the
following major files:

PCIE_DDRS3.cpp Main program
PCIE.c Implement dynamically load for
PCIE.h TERAISC_PCIE_AVMM.DLL
TERASIC _PCIE_AVMM.h | SDK library file, defines constant and data structure

The main program PCIE_DDR3.cpp includes the header file "PCIE.h" and defines the
controller address according to the FPGA design.
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#define DEMO_PCIE_USER_BAR PCIE_BAR4
#define DEMO_PCIE_IO_LED ADDR 2x4000010
#define DEMO PCIE IO BUTTON ADDR  @x4000820
#define DEMO_PCIE ONCHIP MEM ADDR  @x00000000
#define DEMO PCIE DDR3A MEM ADDR  @x100200000
#define DEMO PCIE DDR3E_MEM ADDR  @x200200000

#define ONCHIP MEM TEST SIZE (512*1@24) //512KB
#define DDR3A MEM TEST SIZE (2*1024*1024*1024) //2GB
#define DDR3B_MEM TEST SIZE (2*1024*1024*1024) //2GB

The base address of BUTTON and LED controllers are 0x4000010 and 0x4000020 based
on PCIE_BAR4, in respectively. The on-chip memory base address is 0x00000000 relative
to the DMA controller. The above definition is the same as those in PCle Fundamental
demo.

Before accessing the FPGA through PCI Express, the application first calls PCIE_Load to
dynamically load the TERASIC_PCIE_AVMM.DLL. Then, it call PCIE_Open to open the
PCI Express driver. The constant DEFAULT_PCIE_VID and DEFAULT_PCIE_DID used
in PCIE_Open are defined in TERASIC_PCIE_AVMM.h. If developer change the Vendor
ID and Device ID and PCI Express IP, they also need to change the ID value define in
TERASIC_PCIE_AVMM.h. If the return value of PCIE_Open is zero, it means the driver
cannot be accessed successfully. In this case, please make sure:

® The FPGA s configured with the associated bit-stream file and the host is rebooted.
® The PCI express driver is loaded successfully.

The LED control is implemented by calling PCIE_Write32 API, as shown below:

bPage = PCIE Write32(hPCle, DEMO PCIE USER Eik, DEMO PCIE IO LED 4DDE, (uint3Z_t) Mask);

The button status query is implemented by calling the PCIE_Read32 API, as shown below:

PCIE Read3Z (hPCIe, DEMO PCIE USER_BAR, DEMO PCIE IO BUTTCH ADDR, s3tatus):

The memory-mapped memory read and write test is implemented by PCIE_DmaWrite
and PCIE_DmaRead API, as shown below:
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PCIE DmalWrite (hPCIe, Localliddr, pWrite, nTestl3ize):
FCIE DmaRead (hPCIe, Localldddr, pRead, nTest3ize):

The PCle link information is implemented by PCIE_ConfigRead32 API, as shown below:

/f read config - link =status
if (PCIE ConfigRead32 (hPCIe, 0Ox30, &Data32))({
switch( (Data32 >> 1&) & OxOF) {
case 1:
printf ("Current Link Speed is Genlhrin"):;
break;
case 2!
printf ("Current Link Speed is Gen2ix'n"):
break:
case 3:
printf ("Current Link Speed is Gen3\r'n");
break;
defaulc:
printf ("Current Link Speed is Unknowni\zri\n"}):
break:
¥
switch( (Data32 >> 20) & O0x3F){
case 1:
printf ("HNegotiated Link Width iz xl1\r\n"}):
break;
case 2:
printf ("Hegotiated Link Width is =x2\r\n"):
break:;
case 4:
printf ("Hegotiated Link Width is x4h\r\n"):
break;
case g:
printf ("Hegotiated Link Width is =x8\r\n"):
break:;
case 16:
printf ("Hegotiated Link Width is xléh\rcin");
break;
default:
printf ("Hegotiated Link Width is Unknownirin™):
break:;
H
telseq
bPaszs = false;
}
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Chapter 2

PCI Express Reference Design
for Linux

Cl Express is commonly used in consumer, server, and industrial applications, to

link motherboard-mounted peripherals. From this demonstration, it will show how

the PC and FPGA communicate with each other through the PCIl Express
interface. V-Series Avalon-MM DMA for PCI Express IP is used in this demonstration. For
detail about this IP, please refer to Intel FPGA document: ug_pcie_avmm_dma.pdf.

2.1 PCI Express System Infrastructure

Figure 2-1 shows the infrastructure of the PCI Express System in this demonstration. It
consists of two primary components: FPGA System and PC System. The FPGA System
is developed based on V-Series Avalon-MM DMA for PCI Express. The application
software on the PC side is developed by Terasic based on Altera’s PCle kernel mode

driver.
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FPGA

‘Illlllllllll

Interconnection Fabric for
Avalon Memory-Mapped Interface

!

User Application

v
terasic_pcie_gsys.so

—

V-Series Avalon-MM
DMA for PCI Express IP

User Mode

Kernel Mode

altera_pcie.ko

Figure 2-1 Infrastructure of PCl Express System

2.2 PC PCI Express Software SDK

The FPGA System CD contains a PC Windows based SDK to allow users to develop their
64-bit software application on 64-bits Linux. Ubuntu 16.04 is recommended. The SDK is
located in the “CDROM/Demonstrations/PCle_SW_KIT/Linux” folder which includes:

® PCI Express Driver
® PCI Express Library
® PCI Express Examples

The kernel mode driver assumes the PCle vendor ID (VID) is 0x1172 and the device ID
(DID) is OXE003. If different VID and DID are used in the design, users need to modify the
PCle vendor ID (VID) and device ID (DID) in the driver project and rebuild the driver. The
ID is defined in the file PCle_SW_KIT/Linux/PCle_Driver/altera_pcie_cmd.h.
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The PCI Express Library is implemented as a single .so file named terasic_pcie_qsys.so.
This file is a 64-bit library file. With the library exported software API, users can easily
communicate with the FPGA. The library provides the following functions:

® Basic data read and write
® Data read and write by DMA

For high performance data transmission, Altera AVMM DMA is required as the read and
write operations are specified under the hardware design on the FPGA.

2.3 PCI Express Software Stack

Figure 2-2 shows the software stack for the PCI Express application software on 64-bit
Linux. The PCle library module terasic_pcie_qys.so provides DMA and direct I/O access
for user application program to communicate with FPGA. Users can develop their
applications based on this .so library file. The altera_pcie.ko kernel driver is provided by
Altera.
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64-bits Linux

User Application

config_file

Figure 2-2 PCl Express Software Stack

B [nstall PCl Express Driver on Linux

To make sure the PCle driver can meet your kernel of Linux distribution, the driver
altera_pcie.ko should be recompile before use it. The PCle driver project is locate in the
folder:

"CDROM/Demonstrations/PCle_SW_KIT/Linux/PCle_Driver"
The folder includes the following files:

altera_pcie.c
altera_pcie.h
altera_pcie_cmd.h
Makefile
load_driver
unload

config_file
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To compile and install the PCI Express driver, please execute the steps below:

Install the TR5-Lite on the PCle slot of the host PC
Make sure Altera Programmer and USB-Blaster Il driver are installed
Open a terminal and use "cd" command to goto the folder
"CDROM/Demonstrations/PCle_Fundamental/demo_batch".
4. Set QUARTUS_ROOTDIR variable pointing to the Quartus installation path. Set
QUARTUS_ROOTDIR variable by tying the following commands in terminal.
Replace “/home/ubuntu/intelFPGA/16.1/quartus” to your quartus installation path.
export QUARTUS_ ROOTDIR=/home/ubuntu/intelFPGA/16.1/quartus
5. Execute "sudo -E sh test.sh" command to configure the FPGA

Restart Linux operation system. In Linux, open a terminal and use “cd” command
to goto the PCle_Driver folder
7. Type the following commands to compile and install the driver altera_pcie.ko, and

make sure driver is loaded successfully and FPGA is detected by the driver as
shown in Figure 2-3.

® make

® sudo sh load_driver

® dmesg |tail -n 15

ubuntu@ubuntu-lab235: $ sudo sh load_driver
Matching Device Found
: $ dmesg | tail -n 15
: ADDRCONF (NETDEV_CHANGE): enp3s@: link becomes ready
altera_pcie: loading out-of-tree module taints kernel.
altera_pcie: module verification failed: signature and/or required key missing - tainting k

Alte
Alte
Alte

ra PCIE: altera_pcie_init(), Jul 17 2018 13:36:32

ra PCIE ©0€0:01:00.0: enabling device (©866e -> ©e02)

ra PCIE ©000:01:00.0: pci_enable_device() successful

Altera PCIE ©000:01:00.0: pci_enable_msi() successful

Altera PCIE ©€€0:01:00.0: ©xe8000000-8xe80001ff flags exeeld22ec, length

Altera PCIE eeee:e1:00.0 2xeee0eeee -exeeeeeeee flags exeeeeeeee, length

Altera PCIE eeee:01:00.0 2[2] exeeeeeeee-0x00000000 flags ©x88888888, length

Altera PCIE eeee:01:00.0 9x00000000-0x00000000 flags exeeeeeeee, length
ra e @xeeeeeeee-exe7ffffff flags exeeid422ec, length
ra ] 9x00000000-0x0000eeee flags Bxeeeeeeee, length
ra e mapped to exffffcoeeeifieeee, length 512
ra e mapped to exffffcoee4eeeeeee, length 134217728

Alte
Alte
Alte
Alte

PCIE ©ee0:01:00.
PCIE ©ee0:01:00.
PCIE ©ee0:01:00.
PCIE ©000:01:00.0:

Figure 2-3 Screenshot of install PCle driver
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B Create a Software Application

All the files needed to create a PCle software application are located in the directory
CDROM/Demonstrations/PCle_SW_KIT/Linux/PCle_Library. It includes the following files:

® TERASIC_PCIE_AVMM.h
® terasic_pcie_qsys.so (64-bit library)

Below lists the procedures to use the library in users’ C/C++ project:

Create a 64-bit C/C++ project.
Include TERASIC_PCIE_AVMM.h in the C/C++ project.
Copy terasic_pcie_gsys.so to the folder where the project execution file is located.

P w N PR

Dynamically load terasic_pcie_gsys.so in C/C++ program. To load the
terasic_pcie_gsys.so, please refer to the PCle fundamental example below.
5. Call the library API to implement the desired application.

Users can easily communicate with the FPGA through the PCle bus through the
terasic_pcie_qsys.so API. The details of API are described below:

2.4 PCI Express Library API

The API is the same as Windows Library. Please refer to the section 1.4 PCl Express
Library API in this document.

2.5 PCle Reference Design - Fundamental

The application reference design shows how to implement fundamental control and data
transfer in DMA. In the design, basic 1/O is used to control the BUTTON and LED on the
FPGA board. High-speed data transfer is performed by DMA.
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B Demonstration Files Location

The demo file is located in the batch folder:
CDROM/Demonstrations/PCle_Fundamental/demo_batch

The folder includes following files:

® FPGA Configuration File: PCle_Fundamental.sof

® Download Batch file: test.sh

® Linux Application Software folder : linux_app, includes
< PCIE_FUNDAMENTAL
<~ terasic_pcie_Qsys.so

B Demonstration Setup
1. Install the FPGA board on your PC as shown in Figure 2-4.

Figure 2-4 FPGA board installation on PC

2. Open a terminal and use "cd" command to goto
"CDROM/Demonstrations/PCle_Fundamental/demo_batch".
3. Set QUARTUS_ ROOTDIR variable pointing to the Quartus installation path. Set
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QUARTUS_ROOTDIR variable by tying the following commands in terminal. Replace
/home/ubuntu/intelFPGA/16.1/quartus to your quartus installation path.
export QUARTUS_ROOTDIR=/home/ubuntu/intelFPGA/16.1/quartus
Execute "sudo -E sh test.sh" command to configure the FPGA

Restart Linux

6. Install PCle driver. The driver is located in the folder:
CDROM/Demonstration/PCle_SW_KIT/Linux/PCle_Driver.

7. Type “Is -l /dev/altera_pcie*” to make sure the Linux has detected the FPGA Board. If
the FPGA board is detected, developers can find the /dev/altera_pcieX(where X is
0~255) in Linux file system as shown below.
ubuntu@ubuntu-1lab235: $ 1s -1 /dev/altera_pcie*
crw-rw-rw- 1 root staff 245, ® 1+ 17 14:09 /dev/altera_pcie®
ubuntu@ubuntu-lab235: $

8. Goto linux_app folder, execute PCIE_FUNDAMENTAL. A menu will appear as shown
in Figure 2-5.

r@ ubuntu@ubuntu-lab235: ~ i i = | = &1
ubuntu@ubuntu-lab235: $ ./PCIE_FUNDAMENTAL i

Terasic: PCIe Demo Program ==

: Led control

: Button Status Read

: DMA Memory Test

: Quit
sae input your selection:
Figure 2-5 Screenshot of Program Menu

9. Type 0O followed by a ENTER key to select Led Control item, then input 15 (hex 0x0f)

will make all led on as shown in Figure 2-6. If input 0 (hex 0x00), all led will be turn off.
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r@ ubuntu@ubuntu-lab235: ~
ubuntu@ubuntu-lab235: L . /PCIE_FUNDAMENTAL
== Terasic: PCIe Demo Program

Led control
Button Status Read
DMA Memory Test
Quit
Plesae input your selection:®

Please input led conrol mask:15
Led control success, mask=fh

Led control
Button Status Read
DMA Memory Test
Quit
sae input your selection:l

Figure 2-6 Screenshot of LED Control

10. Type 1 followed by an ENTER key to select Button Status Read item. The button status

will be report as shown in Figure 2-7.
r@ ubuntu@ubuntu-lab235: ~

[99]: Quit

Plesae input your selection:®
Please input led conrol mask:15
Led control success, mask=fh

Led control
Button Status Read
DMA Memory Test

Quit
Plesae input your selection:1
Button status mask:=©h

Led control
Button Status Read
DMA Memory Test
Quit
ut your selection:
Figure 2-7 Screenshot of Button Status Report

11. Type 2 followed by an ENTER key to select DMA Testing item. The DMA test result will

be report as shown in Figure 2-8.
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r@ ubuntu@ubuntu-lab233: ~ ] = | E iy-1
[2]: DMA Memory Test

[99]: Quit

Plesae input your selection:1
Button status mask:=6h

Led control
: Button Status Read
: DMA Memory Test

: Quit
Plesae input your selection:2
DMA-Memory (Size = 524288 byes) pass

Led control
: Button Status Read
: DMA Memory Test
: Quit
esae input your selection:

Figure 2-8 Screenshot of DMA Memory Test Result

12. Type 99 followed by an ENTER key to exit this test program

B Development Tools
® Quartus Prime 16.1.2 Standard Edition
® GNU Compiler Collection, Version 4.8 is recommend

B Demonstration Source Code Location
® Quartus Project: Demonstrations/PCle_Fundamental
® C++ Project: Demonstrations/PCle_SW_KIT/Linux/PCIE_FUNDAMENTAL

B FPGA Application Design

Figure 2-9 shows the system block diagram in the FPGA system. In the Qsys, Altera PIO
controller is used to control the LED and monitor the Button Status, and the On-Chip
memory is used for performing DMA testing. The PIO controllers and the On-Chip memory
are connected to the PCl Express Hard IP controller through the Memory-Mapped

Interface.
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Figure 2-9 Hardware block diagram of the PCle reference design

B Linux Based Application Software Design

The application software project is built by GNU Toolchain. The project includes the

following major files:

PCIE_FUNDAMENTAL.cpp

Main program

PCIE.c

PCIE.h

Implement dynamically load for terasic_pcie_qsys.so
library file

TERASIC_PCIE_AVMM.h

SDK library file, defines constant and data structure

The main program PCIE_FUNDAMENTAL.cpp includes the header file "PCIE.h" and

defines the controller address according to the FPGA design.

TR5-Lite
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#¥include "PCIE.R"

#define DEMO_PCIE USER_BAR PCIE_BAR4
#define DEMO_PCIE_IO_LED ADDR 0x4000010
#define DEMO PCIE IO BUTTON ADDR 0x4000020
#define DEMO PCIE MEM ADDR 0x00000000
#define MEM SIZE (512*1024) //512KB

The base address of BUTTON and LED controllers are 0x4000010 and 0x4000020 based
on PCIE_BAR4, in respectively. The on-chip memory base address is 0x00000000 relative
to the DMA controller.

Before accessing the FPGA through PCI Express, the application first calls PCIE_Load to
dynamically load the terasic_pcie_qsys.so. Then, it call PCIE_Open to open the PCI
Express driver. The constant DEFAULT_PCIE_VID and DEFAULT_PCIE_DID used in
PCIE_Open are defined in TERASIC_PCIE_AVMM.h. If developer change the Vendor ID
and Device ID and PCI Express IP, they also need to change the ID value define in
TERASIC_PCIE_AVMM.h. If the return value of PCIE_Open is zero, it means the driver
cannot be accessed successfully. In this case, please make sure:

® The FPGA s configured with the associated bit-stream file and the host is rebooted.
® The PCI express driver is loaded successfully.

The LED control is implemented by calling PCIE_Write32 API, as shown below:

bPass = PCIE Write3Z (hPCIe, DEMO PCIE USER BAR, DEMC PCIE IO LED ADDR, (uint32 t) Mask):;

The button status query is implemented by calling the PCIE_Read32 API, as shown below:

PCIE Read32 (hPCIe, DEMO PCIE USER_EBAR, DEMO PCIE IO BUTTOM ADDR, s3tatus):

The memory-mapped memory read and write test is implemented by PCIE_DmaWrite
and PCIE_DmaRead API, as shown below:
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PCIE DmaWrite (hPCIe, Localldddr, pWrite, nTestSize):
.PCIE_Dmﬂead(hPCIE, Localiddr, pRead, nTestiize):

2.6 PCle Reference Deslign - DDR3

The application reference design shows how to add DDR3 Memory Controllers for DDR3-

Aa

nd DDR3-B into the PCle Quartus project based on the PCle_Fundamental Quartus

project and perform 2GB data DMA for both DDR3 memory banks. Also, this demo shows
how to call “PCIE_ConfigRead32” API to check PCle link status.

Demonstration Files Location

The demo file is located in the batch folder:

CDROM/Demonstrations/PCle_DDR3/demo_batch

The folder includes following files:

® FPGA Configuration File: PCle_DDR3.sof

® Download Batch file: test.sh

® Linux Application Software folder : linux_app, includes

< PCIE_DDR3
< terasic_pcie_Qsys.so

B Demonstration Setup

1. Install the FPGA board on your PC.

2. Open aterminal and use "cd" command to goto
"CDROM/Demonstrations/PCle_DDR3/demo_batch".

3. Set QUARTUS_ROOTDIR variable pointing to the Quartus installation path. Set
QUARTUS_ROOTDIR variable by tying the following commands in terminal. Replace
/home/ubuntu/intelFPGA/16.1/quartus to your quartus installation path.

export QUARTUS_ ROOTDIR=/home/ubuntu/intelFPGA/16.1/quartus
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Execute "sudo -E sh test.sh" command to configure the FPGA

Restart Linux

Install PCle driver.

Make sure the Linux has detected the FPGA Board.

Goto linux_app folder, execute PCIE_DDR3. A menu will appear as shown in Figure
2-10.

© N o g &

EP ubuntu@ubuntu-lab23s: ~ = | B |-

ubuntu@ubuntu-1ab235: $ ./PCIE_DDR3
== Terasic: PCIe Demo Program ==

Led control

Button Status Read

Link Info

DMA On-Chip Memory Test
: DMA DDR3-A Memory Test
]: DMA DDR3-B Memory Test
[99]: Quit
Plesae input your selection:l

b wNnRE ®

Figure 2-10 Screenshot of Program Menu

9. Type 2 followed by an ENTER key to select Link Info item. The PCle link information
will be shown as in Figure 2-11. Gen3 link speed and x8 link width are expected.

e

@ ubuntu@ubuntu-lab235:

[5]: DMA DDR3-B Memory Test
[99]: Quit

Plesae input your selection:2
Vender ID:1172h

Device ID:EB863h

Current Link Speed is Gen3
Negotiated Link Width is x8
Maximum Payload Size is 128-byte

Led control

Button Status Read
Link Info
DMA On-Chip Memory Test
DMA DDR3-A Memory Test
DMA DDR3-B Memory Test
Quit
Plesae input your selection:

Figure 2-11 Screenshot of Link Info

10. Type 3 followed by an ENTER key to select DMA On-Chip Memory Test item. The DMA
write and read test result will be report as shown in Figure 2-12.
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@ ubuntu@ubuntu-lab235:

[99]: Quit

Plesae input your selection:

DMA Memory Test, Address = ize = ©x80000 Bytes...
Generate Test Pattern...

DMA Write...

DMA Read...

Readback Data Verify.

Memory Address Ox8, Size = ex8e00e bytes pass
Led control
Button Status
Link Info
DMA On-Chip Memory Test
DMA DDR3-A Memory Test
DMA DDR3-B Memory Test
Quit
Plesae input your selection:

Figure 2-12 Screenshot of On-Chip Memory DMA Test Result

11. Type 4 followed by an ENTER key to select DMA DDR3-A Memory Test item. The DMA
write and read test result will be report as shown in Figure 2-13.

r@ ubuntu@ubuntu-lab235:

[99]: Quit

Plesae input your selection:4

DMA Memory Test, Address = ©x100000000, Size = Ox80000000 Bytes...
Generate Test Pattern...

DMA Write...

DMA Read...

Readback Data Verify...

DMA-Memory Address = ©x100800000, Size = Ox80000000 bytes pass

Led control

Button Status Read

Link Info

DMA On-Chip Memory Test
DMA DDR3-A Memory Test
DMA DDR3-B Memory Test
Quit

Plesae input your selection:

Figure 2-13 Screenshot of DDR3-A Memory DAM Test Result

WM R ®
P

s

12. Type 5 followed by an ENTER key to select DMA DDR3-B Memory Test item. The DMA
write and read test result will be report as shown in Figure 2-14.
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r@ ubuntu@ubuntu-lab235:

[99]: Quit

Plesae input your selection:5

DMA Memory Test, Address = ©x200000000, Size = Ox30000000 Bytes...
Generate Test Pattern...

DMA Write...

DMA Read...
Readback Data Verify...
DMA-Memory Address = 0x200000000, Size = OxB80000080 bytes pass

Led control
Button Status Read
: Link Info
: DMA On-Chip Memory Test
: DMA DDR3-A Memory Test
: DMA DDR3-B Memory Test
Quit
Plesae input your selection:
Figure 2-14 Screenshot of DDR3-B Memory DAM Test Result

13. Type 99 followed by an ENTER key to exit this test program.

B Development Tools
® Quartus Prime 16.1.2 Standard Edition
® GNU Compiler Collection, Version 4.8 is recommended

B Demonstration Source Code Location
® Quartus Project: Demonstrations/PCIE_DDR3
® C++ Project: Demonstrations/PCle_SW_KIT/Linux/PCle_DDR3

B FPGA Application Design

Figure 2-15 shows the system block diagram in the FPGA system. In the Qsys, Altera PIO
controller is used to control the LED and monitor the Button Status, and the On-Chip
memory is used for performing DMA testing. The PIO controllers and the On-Chip memory
are connected to the PCl Express Hard IP controller through the Memory-Mapped
Interface.
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FPGA/QSYS

Interconnection Fabric for
Avalon Memory-Mapped Interface

!

PCle Gen3 x8 Edge

Figure 2-15 Hardware block diagram of the PCle_DDR3 reference design

B Linux Based Application Software Design

The application software project is built by GNU Toolchain. The project includes the
following major files:

PCIE_DDRS3.cpp Main program
PCIE.c Implement dynamically load for terasic_pcie_qsys.so
PCIE.h library file
TERASIC _PCIE_AVMM.h | SDK library file, defines constant and data structure

The main program PCIE_DDR3.cpp includes the header file "PCIE.h" and defines the
controller address according to the FPGA design.
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#define DEMO_PCIE_USER_BAR PCIE_BAR4
#define DEMO_PCIE_IO_LED ADDR 2x4000010
#define DEMO PCIE IO BUTTON ADDR  @x4000820
#define DEMO_PCIE ONCHIP MEM ADDR  @x00000000
#define DEMO PCIE DDR3A MEM ADDR  @x100200000
#define DEMO PCIE DDR3E_MEM ADDR  @x200200000

#define ONCHIP MEM TEST SIZE (512*1@24) //512KB
#define DDR3A MEM TEST SIZE (2*1024*1024*1024) //2GB
#define DDR3B_MEM TEST SIZE (2*1024*1024*1024) //2GB

The base address of BUTTON and LED controllers are 0x4000010 and 0x4000020 based
on PCIE_BAR4, in respectively. The on-chip memory base address is 0x00000000 relative
to the DMA controller. The above definition is the same as those in PCle Fundamental
demo.

Before accessing the FPGA through PCI Express, the application first calls PCIE_Load to
dynamically load the terasic_pcie_qsys.so. Then, it call PCIE_Open to open the PCI
Express driver. The constant DEFAULT_PCIE_VID and DEFAULT_PCIE_DID used in
PCIE_Open are defined in TERASIC_PCIE_AVMM.h. If developer change the Vendor ID
and Device ID and PCI Express IP, they also need to change the ID value define in
TERASIC_PCIE_AVMM.h. If the return value of PCIE_Open is zero, it means the driver
cannot be accessed successfully. In this case, please make sure:

® The FPGA s configured with the associated bit-stream file and the host is rebooted.
® The PCI express driver is loaded successfully.

The LED control is implemented by calling PCIE_Write32 API, as shown below:

bPass = PCIE Write32 (hPCIe, DEMO PCIE USER BAR, DEMO PCIE IO LED ADDR, (uint32 t) Mask):

The button status query is implemented by calling the PCIE_Read32 API, as shown below:

PCIE Read3Z (hPCIe, DEMO PCIE USER_BAR, DEMO PCIE IO BUTTCH ADDR, s3tatus):

The memory-mapped memory read and write test is implemented by PCIE_DmaWrite
and PCIE_DmaRead API, as shown below:
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PCIE DmalWrite (hPCIe, Localliddr, pWrite, nTestl3ize):
FCIE DmaRead (hPCIe, Localldddr, pRead, nTest3ize):

The PCle link information is implemented by PCIE_ConfigRead32 API, as shown below:

/f read config - link =status
if (PCIE ConfigRead32 (hPCIe, 0Ox30, &Data32))({
switch( (Data32 >> 1&) & OxOF) {
case 1:
printf ("Current Link Speed is Genlhrin"):;
break;
case 2!
printf ("Current Link Speed is Gen2ix'n"):
break:
case 3:
printf ("Current Link Speed is Gen3\r'n");
break;
defaulc:
printf ("Current Link Speed is Unknowni\zri\n"}):
break:
¥
switch( (Data32 >> 20) & O0x3F){
case 1:
printf ("HNegotiated Link Width iz xl1\r\n"}):
break;
case 2:
printf ("Hegotiated Link Width is =x2\r\n"):
break:;
case 4:
printf ("Hegotiated Link Width is x4h\r\n"):
break;
case g:
printf ("Hegotiated Link Width is =x8\r\n"):
break:;
case 16:
printf ("Hegotiated Link Width is xléh\rcin");
break;
default:
printf ("Hegotiated Link Width is Unknownirin™):
break:;
H
telseq
bPaszs = false;
}
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