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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 Windows and FPGA communicate with each other through
the PCI Express interface. IP_Compiler for PCI Express and Modular SGDMA are
used in this demonstration. For detail about this Modular SGDMA, please refer to Intel
document http://www.alterawiki.com/wiki/File:MSGDMA_Docs.zip.

1. PCI Express System Infrastructure

Figure 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 IP_Compiler for PCl Express and Modular SGDMA.
The application software on the PC side is developed by Terasic based on Intel's PCle
kernel mode driver.

FPGA Windows

‘IIIIIIIIIIII

Interconnection Fabric for
Avalon Memory-Mapped Interface

!

| IP_Compiler for PCI Express

User Application

TERASIC_PCIE._ mSGDMA |

+
Modular SGDMA

?

Figure 1 Infrastructure of PCl Express System

2. PC PCI Express Software SDK

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

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

The kernel mode driver assumes the PCle vender ID (VID) is 0x1172 and the device ID
(DID) is OXEOQOL1. 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 PCI Express Library is implemented as a single DLL named
TERASIC_PCIE_mSGDMA.DLL.

This file is a 64-bit DLL. With the DLL is 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, Intel Modular SGDMA is required as the read
and write operations are specified under the hardware design on the FPGA.

3. PCI Express Software Stack

Figure 2 shows the software stack for the PCI Express application software on 64-bit
Windows. The PCIl Express driver incorporated in the DLL library is called
TERASIC_PCIE_mSGDMA.dIl. Users can develop their applications based on this
DLL. The altera_pcie_win_driver.sys kernel driver is provided by Intel.

www. terasic.com
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64-bits Linux

User Application

TERASIC_PCIE._ mSGDMA

User Mode

Kemel Mode

altera_pcie_win_driver.sys| === g|tera_pcie_win_driver.inf
/

Figure 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:

1. Install the DE4 on the PCle slot of the host PC

2. Make sure Intel Programmer and USB-Blaster Il driver are installed

3. Execute test.bat in “CDROM\Demonstrations\PCle_Fundamental\demo_batch”
to configure the FPGA
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 3.
Move the mouse cursor to the PCI Device item and right click it to select the
Update Driver Software... item.

www . terasic.com
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Figure 3 Screenshot of launching Update Driver Software... dialog

6. In the How do you want to search for driver software dialog, click Browse

my computer for driver software item, as shown in Figure 4.

7. Inthe Browse for driver software on your computer dialog, click the Browse
www. terasic.com
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l\:‘:/ll || 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.

X5

Cancel

Figure 4 Dialog of Browse my computer for driver software
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button to specify the folder where altera pcie_din_driver.inf is located, as

shown in Figure 5. Click the Next button.

@ [l Update Driver Software - PCI Device

Browse for driver software on your computer

Search for driver software in this location:
e_Driver '| Browrse. .. ’

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 5 Browse for driver software on your computer

8. When the Windows Security dialog appears, as shown Figure 6 click the
Install button.
(=]
&) [l Update Driver Software - PCI Device
Installing driver software...

| —

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

~  Marme: Altera Corporation Altera PCI Device
_&' Publizher: Altera Corporation

[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 6 Click Install in the dialog of Windows Security

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

=3
Q [ Update Driver Software - Altera PCIAPI Driver
Windows has successfully updated your driver software
Windows has finished installing the driver softuware for this dewice:
L" Altera PCIAPI Driver
—

Figure 7 Click Close when the installation of PCI Driver is complete
10. Once the driver is successfully installed, users can see the Altera PCIl API
Driver under the device manager window, as shown in Figure 8.

= Device Manager
File Action View Help

&= | E HE & %%
4= dser-PC
-y Altera PCI Dewvice
LF Altera PCIAPI Driver

k| Cornputer

o Disk drives

- B Display adapters

s ey DWDFCD-ROM drives

g [DE ATASATAPT contrallers
o JTAG cables

- -F Metwork adapters

- T2 Ports (COM & LPT)

:--D Processors

- &y Sound, video and game controllers
oM Spstern devices

o i Universal Serial Bus contrallers

Figure 8 Altera PCI API Driver in Device Manager
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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\demonstration\PCle_SW_KIT\Windows\PCle_Library. It includes the
following files:

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

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

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

2. Include TERASIC PCIE_mSGDMA.h in the C/C++ project.

3. Copy TERASIC PCIE_mSGDMA.DLL to the folder where the project.exe is
located.

4. Dynamically load TERASIC_PCIE_mSGDMA.DLL in C/C++ program. To load the
DLL, please refer to the PCle fundamental example below.

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_mSGDMA.DLL API. The details of API are described below:

4. PCIl Express Library API

Below shows the exported API in the TERASIC PCIE_MSGDMA.DLL. The API
prototype is defined in the TERASIC_PCIE_MSGDMA.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 wCardindex);

Parameters:

www. terasic.com
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wVendorID:
Specify the desired vendor ID. Azero 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 verder
ID and devicelD.
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 thePCle card.

Prototype:
void PCIE_Close(
PCIE_HANDLE hPCIE);

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.

www. terasic.com
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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);

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.

m PCIE_Write8

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

Prototype:
bool PCIE_Write8(
PCIE_HANDLE hPCIE,
PCIE_BAR PcieBar,

www. terasic.com
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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:
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:

www. terasic.com
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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 (
PCIE_HANDLE hPCIE,
uint32_t Offset,
uint32_t *pdwData

);

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

www. terasic.com
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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.

B PCIE_ConfigRead8

Function:
Read PCle Configuration Table. Read a 8-bit data by given a byte offset.

Prototype:
bool PCIE_ConfigRead8 (
PCIE_HANDLE hPCIE,
uint32_t Offset,
uint8_t *pByte
);
Parameters:
hPCIE:
A PCle handle return by PCIE_Open function.
Offset:
Specify the target byte of offset in PCle configuration table.
pByte:
A 1-bytes buffer to retrieve the 8-bit data.
Return Value:

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

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.

B Demonstration Files Location

www. terasic.com
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The demo file is located in the batch folder:

CDROM\demonstrations\DE4_x30\PCle_Fundamental\demo_batch

The folder includes following files:

® FPGA Configuration File: DE4_PCIE.sof
® Download Batch file: test.bat
® Windows Application Software folder : windows_app, includes
< PCIE_FUNDAMENTAL.exe
< TERASIC_PCIE_mSGDMA.dII
B Demonstration Setup
1. Install the FPGA board on your PC as shown in Figure 9.
Figure 9 FPGA board installation on PC
Configure FPGA with PCle_Fundamental.sof by executing the test.bat.
Install PCle driver if necessary. The driver is located in the folder:
CDROM\Demonstration\PCle_SW_KIT\Windows\PCle_Driver.
Restart Windows
5. Make sure the Windows has detected the FPGA Board by checking the Windows
Control panel as shown in Figure 10.
www.terasic.com
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Figure 10 Screenshot for PCle Driver

6. Goto windows_app folder, execute PCIE_ FUNDMENTAL.exe. A menu will appear
as shown in Figure 11.

— ;
# " DA\Home\User\Desktop\Demonstrations_DEMPCle_Fundamental\demo_batch'Release\Rele... |ﬂﬁli_hj

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

Figure 11 Screenshot of Program Menu
7. Type O followed by a ENTERY key to select Led Control item, then input 15(hex

0x0f) will make all led on as shown in Figure 12. If input O(hex 0x00), all led will be
turn off.

www . terasic.com
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- =
# ' DA\Home\User\Desktop\Demonstrations_DES\PCle_Fundamental\demeo_batch\Release\Rele... B8 =l |

Led control
: Button Status Read
: DMA Memory Test
: Quit
Plesae input your selection:@
Pleaze input led conrol mask:15
Led control success

Led control
: Button Status Read

: DHA Hemory Test
I Quit
Plesae input your selection:

Figure 12 Screenshot of LED Control

8. Type 1 followed by an ENTERY key to select Button Status Read item. The button

status will be report as shown in Figure 13.

# ° D\Home\User\DesktopiDemaonstrations_DEA\PCle_Fundamental\demeo_batch'Release\Rele... Elﬂlﬂ_hj

Led control
: Button Status Read
: DMA Memory Test
: Quit
Plesae input your selection:@
Pleasze input led conrol mask:15
Led control success

Led control
: Button Status Read

: DHA Hemory Test
Quit
Plesae input your selection:l
Button status m

Led control
: Button Status Read
: DHA Hemory Test
Quit
Plesae input your selection:

Figure 13 Screenshot of Button Status Report

9. Type 2 followed by an ENTERY key to select DMA Testing item. The DMA test

result will be report as shown in Figure 14.

www. terasic.com
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[2]1: DHA Memory Test

[221: Quit

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

: Led control
: Button Status Read
: DHA Memory Test

[991: Quit
Plesae input your selection:l
Button status ma

: Led control

: Button Status Read

: DHA Memory Test
[991: Quit
Plesae input your selection:2
DMA-HMemory (Size = 524288 bhyes) pass

: Led control

: Button Status Read

: DHA Memory Test
[291: Quit

Plesae input your selection:

# * DA\Home'User\DesktopDemenstrations_DEA\PCle_Fundamental\demo_batch\Release\Rele... B o= e S

Figure 14 Screenshot of DMA Memory Test Result

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

Development Tools
Quartus Prime 17.0 Standard Edition

Visual C++ 2012

Demonstration Source Code Location

Quartus Project: Demonstrations\DE4_x30\PCle_Fundamental

C++ Project: Demonstrations\PCle_SW_KIT\Windows\PCIE_FUNDAMENTAL

FPGA Application Design

Figure 15 shows the system block diagram in the FPGA system. In the Qsys, 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.

DE4
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FPGA/QSYS Button

Interconnection Fabric for
Avalon Memory-Mapped Interface

PCle Gen2x4

Figure 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_ mSGDMA.DLL
TERASIC_PCIE_mSGDMA.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.

#¥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
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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_mSGDMA.DLL. Then, it call PCIE_Open to
open the PClI Express driver. The constant DEFAULT_PCIE_VID and
DEFAULT_PCIE_DID used in PCIE_Open are defined in
TERASIC_PCIE_mSGDMA.h.If developer change the Vender ID and Device ID and
PClI Express IP, they also need to change the ID value define in
TERASIC_PCIE_mSGDMA.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 is 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 IC 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_EAR, DENMO PCIE IO BUTTON ADDR, &Status):

The memory-mapped memory read and write test is implemented by PCIE_DmaWrite
and PCIE_DmaRead API, as shown below:

PCIE Dmallrite (hPCIe, Localldddr, plWrite, nTestSize):
.PCIE_Dmﬂead(hPCIE, Localiddr, pRead, nTestSize):
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6. PCle Reference Design - DDR2

The application reference design shows how to add DDR2 Memory Controllers for
DDR2-A SODIMM and DDR2-B SODIMM into the PCle Quartus project based on the
PCle_Fundamental Quartus project and perform 1GB data DMA for both SODIMM.
Also, this demo shows how to call “PCIE_ConfigRead32” API to check PCle link status.

B Demonstration Files Location
The demo file is located in the batch folder:
CDROM\demonstrations\DE4 x30\PCle_DDR2\demo_batch

The folder includes following files:

® FPGA Configuration File: PCle_DDR2.sof

® Download Batch file: test.bat

® Windows Application Software folder : windows_app, includes
< PCIE_DDR2.exe
< TERASIC_PCIE_mSGDMA.dII

B Demonstration Setup

1. Install both DDR2 1600 1GB SODIMM on the FPGA board.

2. Install the FPGA board on your PC.

3. Configure FPGA with PCle_DDR2.sof by executing the test.bat.

4. |Install PCle driver if necessary.

5. Restart Windows

6. Make sure the Windows has detected the FPGA Board by checking the Windows
Control panel.

7. Goto windows_app folder, execute PCIE_DDR2.exe. A menu will appear as shown
in Figure 16.
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# ° D\Home\User\Desktop\Demonstrations_DE4\PCle_DDR2\demo_batch'\ReleasePCIE_DDR2.... |i£|ihj

Terasic: PCle Demo Program

Led control

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

Plezae input your selection:

Figure 16 Screenshot of Program Menu
8. Type 2 followed by an ENTERY key to select Link Info item. The PICe link
information will be shown as in Figure 17. Gen2 link speed and x4 link width are
expected.

# ° D\Home\User\DesktopiDemonstrations_DE4\PCle_DDR2\demo_batch'\Releass\PCIE_DDR2.... |£|E|J_hj

Led control
: Button Status Read
: Link Info
: DHA On—Chip Memory Test
: DMA DDRZ-A Sodimm Memory
: DMA DDRZ-B Sodimm Memory
: Quit
Plesae input your selection:=2
Uender ID:1172h
Device ID:EB@1h

Current Link Speed is Gen2
Megotiated Link Width is x4
Maximum Payload 5i iz 256-hyte

Led control

: Button Status Read

: Link Info

: DHA On—Chip Memory Test

: DMA DDRZ-A Sodimm Memory Test

: DMA DDRZ-B Sodimm Memory Test
[991: fuit
Plesae input younr selection:

Figure 17 Screenshot of Link Info

9. Type 3 followed by an ENTERY key to select DMA On-Chip Memory Test item. The
DMA write and read test result will be report as shown in Figure 18.
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# ° D\Home\User\Desktop\Demonstrations_DEA\PCle_DDR2\demo_batch'\Releass\PCIE_DDR2.... |i£|ihj

MHaximum Payload Size 256-hyte
Led control
Button Status Read
Link Info
DHA On—Chip Memory Test
DMA DDR2-A Sodimm Memory Test
DMA DDR2-B Sodimm Memory Test
[921: Quit
Plesae input your selection:=3
DMA Memory Test, Address = Bx7HHABAA. Size = Bx4180B@ Bytes...
Generate Test Pattern...
DMA Write...
DMA Read...
Readback Data Uerifuy...
DMA-Memory Address Bx7000000, Size = Bx48808 bytes pass

Led control

Button Status Read

Link Info

DMA On—Chip Memory Test

DMA DDR2-A Sodimm Memory Test

DMA DDR2-B Sodimm Memory Test
[991: Quit
Plesae input your selection:

Figure 18 Screenshot of On-Chip Memory DMA Test Result

10. Type 4 followed by an ENTERY key to select DMA DDR2-A SODIMM Memory Test

item. The DMA write and read test result will be report as shown in Figure 19.

#  D\Home'User\Desktop\Demonstrations_DEA\PCle_DDR2\demo_batch'\Release\PCIE_DDRZ.. |i£|ih]

: Button Status Read

: Link Info

: DHA On—Chip Memory Test

: DMA DDR2Z2-A Sodimm Memory Test

: DMA DDR2Z-B Sodimm Memory Test
[221: Quit
Plesae input vour selection:=4
DMA Memory Test, Address = Bx10000BBA, Size = Bx480ABABA Bytes ...
Generate Test Pattern...
DMA Urite...
DMA Read...
Readback Data Uerify...

sg = Bx10000B0@, Size = Ox4B0BBOBE hytes pass

: Button Status Read
: Link Info
: DMA On—Chip Memory Test
: DMA DDRZ-A Sodimm Memory Test
: DHA DDRZ2-B Sodimm Memory Test
[291: Quit
Plesae input your selection:

Figure 19 Screenshot of DDR2-A SOSIMM Memory DAM Test Result

11. Type 5 followed by an ENTERY key to select DMA DDR2-B SODIMM Memory Test
item. The DMA write and read test result will be report as shown in Figure 20.
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DMA-Hemory Address = Bx400000AE, Size = Bx400000AB hytes pass

: Led control

: Button Status Read

: Link Info

: DHA On—Chip Memory Test

: DMA DDR2Z2-A Sodimm Memory Test

: DMA DDR2Z-B Sodimm Memory Test
[221: Quit
Plesae input your selection:=5

Generate Test Pattern...

DMA Urite...

DMA Read...

Readback Data Uerify...

DHA-Hemory Address = BxB0008000, Size = Ox40000008 bytes pass

: Led control

: Button Status Read

: Link Info

: DMA On—Chip Memory Test

: DMA DDRZ-A Sodimm Memory Test

: DHA DDRZ2-B Sodimm Memory Test
[291: Quit
Plesae input your selection:

# ° D\Home'User\Desktop\Demonstrations_DEA\PCle_DDR2\demo_batch\Release\PCIE_DDRZ....

DMA Memory Test, Address = BxBARBABHA, Size = Bx480ABABA Bytes ...

[ESREEN )

Figure 20 Screenshot of DDR2-B SOSIMM Memory DAM Test Result

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

B Development Tools
Quartus Prime 17.0 Standard Edition
® Visual C++ 2012

B Demonstration Source Code Location
® Quartus Project: Demonstrations\DE4_x30\PCIE_DDR2

® Visual C++ Project: Demonstrations\PCle_SW_KIT\Windows\PCIE_DDR2

B FPGA Application Design

Figure 21 shows the system block diagram in the FPGA system. In the Qsys, 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.

DE4 24
PCle Qsys Example Designs

www . terasic.com
February 2, 2018



file:///C:/Users/user/AppData/Roaming/Users/Chung-Chieh%20Wei/AppData/Roaming/Microsoft/Word/Download/參考/05.14.2014/參考/04.11.2014/參考/03.14.2014/參考/03.14.2014/參考/03.13.2014/參考/03.07.2014/參考/02.19.2014/www.terasic.com
http://www.terasic.com/

Rlasic

www.terasic.com

FPGA/QSYS Button

Interconnection Fabric for
Avalon Memory-Mapped Interface

PCle Gen2x4

Figure 21 Hardware block diagram of the PCle_DDR?2 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_DDR2.cpp Main program
PCIE.c Implement dynamically load for
PCIE.h TERAISC PCIE_ mSGDMA.DLL
TERASIC_PCIE_mSGDMA.h | SDK library file, defines constant and data structure

The main program PCIE_DDRZ2.cpp includes the header file "PCIE.h" and defines the
controller address according to the FPGA design.

#define DEMO_PCIE_USER_BAR PCIE_BAR4
#define DEMO_PCIE IO LED ADDR Ox4060010
#define DEMO_PCIE_IO BUTTON_ADDR  @x4800620
#define DEMO_PCIE_ONCHIP MEM ADDR  @x87000060
#define DEMO_PCIE DDR2A MEM ADDR  @x40000000
#define DEMO_PCIE DDR2E_MEM ADDR  @x30000000

#define ONCHIP MEM TEST SIZE (512*1824) //512KB

#define DDR24 MEM TEST SIZE (1¥1824%1824%1024) //1GB
#define DDR2B_MEM TEST SIZE (1¥1824%1824%1024) //1GB
#define DMA_CHUNK_SIZE (2¥1824%1824%1024) //1GB

The base address of BUTTON and LED controllers are 0x4000010 and 0x4000020
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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 PCIE_Fundamental demao.

Before accessing the FPGA through PCI Express, the application first calls PCIE_Load
to dynamically load the TERASIC_PCIE_mSGDMA.DLL. Then, it call PCIE_Open to
open the PClI Express driver. The constant DEFAULT_PCIE_VID and
DEFAULT_PCIE_DID used in PCIE_Open are defined in
TERASIC_PCIE_mSGDMA.h.If developer change the Vender ID and Device ID and
PClI Express IP, they also need to change the ID value define in
TERASIC_PCIE_mSGDMA.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 is 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:

bPagg = PCIE_Write32(hPCle, DEMG_PCIE_USER_BAiR, DEMO_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:

PCIE DmalWrite (hPCIe, Locallddr, pWrite, nTest3ize]:
PCIE DmaRead (hPCIe, Locallddr, pRead, nTestSize):

The pcie link information is implemented by PCIE_ConfigRead32 API, as shown
below:
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Jf read config - link status
if (PCIE ConfigRead32 (nPCIe, 0x30, £Data32)){
switch( (Data32 >> 16) & OxO0F){

case 1:
printf ("Current Link Speed is Genli\r\n"};
break;

case 2:
printf ("Current Link Speed is GenZix'n"):
break:;
case 3:
printf ("Current Link Speed is Gen3\r\n"};
break;
default:
printf ("Current Link Speed is Unknown'\z\n"):
break:;
H
switch ([ (Data32 >> 20) & Ox3F){
case 1:
printf ("Negotiated Link Width i= xl\r\n"):
break:
case 2:
printf ("Hegotiated Link Width is =x2\r\n"):
break;
case 4:
printf ("Hegotiated Link Width iz x4h\r\n"):
break:
case g:
printf ("Hegotiated Link Width is =x8\r\n"):
break;
case 16:
printf ("Hegotiated Link Width iz xleh\r\n"):
break;
default:
printf ("Hegotiated Link Width is Unknownlrin™):
break;
}
telseq
bPass = false;
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