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Revision History

1.1

1.2

1.3

1.4

1.5

1.6

The revision history describes the changes that were implemented in the document. The changes are
listed by revision, starting with the current publication.

Revision 6.0
Updated the document for Libero SoC v2021.2.

Revision 5.0
Replaced Figure 15, page 14.

Revision 4.0

The following is a summary of the changes made in this revision.

* Added Appendix 1: Programming the Device Using FlashPro Express, page 21.
*  Added Appendix 2: Running the TCL Script, page 24.
* Removed the references to Libero version numbers.

Revision 3.0

Updated the document for Libero SoC v12.0 software release.

Revision 2.0

Updated the document for Libero v11.8 software release.

Revision 1.0

Revision 1.0 was the first publication of this document.
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PCle Data Plane Demo using Scatter-Gather
DMA Controller

2.1

This demo highlights the high-speed data transfer capability of the RTG4™ device using the PCle
interface. To achieve high-speed and bulk-data transfers, the advanced extensible interface (AXI) based
scatter-gather direct memory access (SGDMA) controller is implemented in the FPGA fabric. The
SGDMA controller performs a bulk-data transfer between non-contiguous memory locations defined by
buffer descriptors. The SGDMA controller is useful in systems, where getting bulk contiguous free
memory locations is difficult due to memory management concepts of operating systems.

Windows kernel mode PCle device driver is developed for interacting with the RTG4 PCle endpoint from
the host PC. These Windows device drivers are developed using the Windows Driver Kit (WDK) platform.

An application GUI (PCle_Data_Plane_Demo) that runs in the host PC is provided for setting up and
initiating the DMA transactions between the host PC memory and the DDR3 memory of the RTG4
development kit through the PCle interface. A user space application interface is developed for the GUI
to interact with the PCle driver.

The high-speed serial interface (SERDESIF) available in the RTG4 device provides a fully hardened
PCle endpoint implementation and is compliant with the PCle Base Specification Revision 2.0 and 1.1.
For more information about this, refer to UG0567: RTG4 FPGA High-Speed Serial Interface User Guide.

Design Requirements

The following table lists the design requirements to run the design.

Table 1« Design Requirements

Requirement Version

Hardware

RTG4 Development Kit Rev C or later

Host PC with 8 GB RAM and PCle 2.0 Gen1 compliant slot  64-bit Windows 7 and 10

with x4 or higher width

Software

Libero® System-on-Chip (SoC) Note: Referto the readme. txt file

FlashPro Express

provided in the design files for the
software versions used with this
reference design.

Host PC Drivers (provided along with the design files) -

PCle Demo application (provided along with the design files) —

Note:

2.2

Libero SmartDesign and configuration screen shots shown in this guide are for illustration purpose only.
Open the Libero design to see the latest updates.

Prerequisites

Before you start:

1. Download and install Libero SoC (as indicated in the website for this design) on the host PC from the
following location: https.//www.microsemi.com/product-directory/design-resources/1750-libero-soc

Microsemi Proprietary DG0713 Revision 6.0 2
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Demo Design

The demo design files are available for download from the following path in the Microsemi website:
http://soc.microsemi.com/download/rsc/?f=rtg4_dg0713_df

The PCle_Data_Plane_Demo application on the host PC initiates the DMA transfers through the PCle
device drivers. The drivers on the host PC allocate the memory, create the buffer descriptors, and trigger
the SGDMA controller in the FPGA fabric by accessing the controller registers through BARO space. The
buffer descriptor contains the DMA source address, destination address, DMA size, and the DMA
direction details. For more information on the buffer descriptor and its bit descriptions, refer to Buffer
Descriptor (16 bytes), page 26.

The SGDMA controller fetches the buffer descriptors from the host PC and performs DMA transfers
using the DMA channel 0 and the DMA channel 1. These DMA channels share the AXI read/write
channels of the PCle AXI and FDDR AXI slave interface to perform read and write operations to DDR/PC
memories. The DMA channel 0 handles the host PC memory to DDR memory DMA transfer. The DMA
channel 1 handles the DDR memory to host PC memory DMA transfer.

The following figure shows the top-level block diagram of the demo design:

PCle Data Plane Demo- Block Diagram
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Legend:
Host PC to DMA Controller

—— Host PC memory to DDR3 Memory

—— DDR3 memory to Host PC memory
In this design, the FDDR (west) controller is configured to access the DDR3 memory in x32 mode. The
FDDR clock is configured to 320 MHz (640 Mbps DDR) with an 80 MHz DDR_FIC clock for an aggregate
memory bandwidth of 1280 Mbps. The PCle AXI interface clock and fabric DMA controller clock are
configured to 80 MHz.
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Features
Features of the PCle Data Plane are:

* High-speed data transfers between the host PC memory and the DDR memory.
*  Each buffer descriptor supports the DMA size of 8 B to 1 MB.
»  Enables continuous DMA transfers for observing throughput variations.
*  The PCle_Data_Plane_Demo application displays:
+  The PCle negotiated link width and the link speed.
+  The PCle configuration space.
*  The position of DIP Switches on the RTG4 Development Kit.
* PCle_Data_Plane_Demo application controls the LEDs on the RTG4 Development Kit.
*  Enables the read and write operations through the BAR1 to 4 KB memory in the FPGA fabric.
* Interrupts the host PC when the Push button is pressed. The PCle_Data_Plane_Demo application
displays the count value of the number of interrupts sent from the board.

Description

The design supports the following types of data transfers:

*  Host PC Memory to RTG4 DDR Memory (Read)
*+ RTG4 DDR Memory to Host PC Memory (Write)

The PCle_Data_Plane_Demo application requests the PCle device driver for DMA transfer through the
user space application interface. Then, the PCle device driver finds the available memory locations and
initializes the memory read buffers. It also creates the buffer descriptor chain for the different memory
locations and sends the base address of the first buffer descriptor. The DMA start command to the
SGDMA controller in the FPGA fabric.

To perform the DMA transfers the SGDMA controller fetches the 8 buffer descriptors from the base
address of the first buffer descriptor. The SGDMA controller is designed to get the 8 buffer descriptors
(128 bytes) using a 16 beat AXI burst for optimum bandwidth utilization.

At the end of the DMA transfer, the fabric DMA controller interrupts the host PC and provides the DMA
completion status and the number of clock cycles consumed to complete the DMA transaction to the
PCle_Data_Plane_Demo application.

The DMA transfer flow from the host PC memory to the DDR memory flow is shown in Figure 2, page 5.
The DMA transfer flow from DDR memory to host PC memory is shown in Figure 3, page 6.

Microsemi Proprietary DG0713 Revision 6.0 4
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Figure 3+ Data Transfer from RTG4 DDR Memory to Host PC Memory
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Throughput Calculation

The design implements a timer to measure the throughput of DMA transfers. The throughput includes all
of the overhead of the AXI, PCle, and DMA controller transactions. But it excludes the reading and
decoding of buffer descriptors.

The design implements the following steps to measure the throughput*:

Fetches the buffer descriptors from the host PC and decodes them.
Set up the DMA controller for the complete transfer.

Starts the timer and the DMA controller.

Initiates the data transfer for the requested number of bytes.

Waits until the DMA transfer is completed.

Records the number of clock cycles used for data transfer.

ook wh=

*Throughput = Transfer Size (Byte) / (Number of clock cycles taken for a
transfer * Clock Period)

Setting up the Demo Design

This section describes the following procedures to set up the design:

+  Setting Up the Board, page 7

*  Programming the Device, page 8

+  Connecting RTG4 Development Kit to Host PC PCle Slot, page 8
. Drivers Installation, page 9

» Installing the PCle_Data_Plane_Demo Application GUI, page 11

Setting Up the Board

The following steps describe how to set up the hardware demo for the RTG4 Development Kit:

1. Connect the jumpers on the RTG4 Development Kit, as shown in the following table.

Table 2 « Jumper Pin Connections

Jumper Pin (From) Pin (To) Comments
J11,J17, J19, J23, J26, J21, J32, J27 1 2 Default
J16 2 3 Default
J33 1 2 Default

3 4

Switch OFF the power supply switch SW6 while connecting the jumpers on the RTG4 Development Kit
board.

2. Connect the host PC to the J47 connector using the USB cable.

3. Connect the USB cable (mini USB to Type-A USB cable) to J47 of the RTG4 Development Kit board
and another end of the cable to the USB port of the host PC.

4. Switch ON the power supply switch, SW6.

Microsemi Proprietary DG0713 Revision 6.0 7
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Programming the Device

Program the RTG4 Development Kit with the job file provided as part of the design files using FlashPro
Express software, refer to Appendix 1: Programming the Device Using FlashPro Express, page 21.

Connecting RTG4 Development Kit to Host PC PCle Slot
The following steps describe how to connect the RTG4 Development Kit to the host PC:

1. After successful programming, shut down the host PC.

2. Connect the J230 - PCle Edge connector of the RTG4 Development Kit to the PCle slot of the host
PC through the PCI Edge Card Ribbon Cable.

Ensure that the host PC is powered off while inserting the PCle Edge Connector. Otherwise, the PCle

device will not be detected properly. After inserting, the host PC may wake-up or start due to a glitch on

the PCle WAKER pin. The RTG4 device does not support cold sparing, and hence causes the glitch on

RTG4 PCle I/0Os while inserting the PCle edge connector.

The following figure shows the board setup for the host PC in which the RTG4 Development Kit is
connected to the host PC PCle slot.

' o .
Push button SW1

DIP switches
LEDs

PCle Edge
Connector

FlashPro
Connector

: : . - DC Power Jack
. 4 : g T - Power ON Switch
I AT ¢ L
3. Switch ON the host PC and check the Device Manager of the Host PC for PCle Device. If the device
is not detected, power cycle the RTG4 Development Kit and click scan for hardware changes in
the Device Manager window. The following figure shows the device manager window with a PCI
device.

Microsemi Proprietary DG0713 Revision 6.0 8
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Figure 5+ Device Manager—PCle Device Detection

E'é" Computer Management EI@

File Action ¥iew Help
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E'é' Computer Management (Local|| « = W764D-TESTLINUX Actions
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Note: If the device is still not detected, check if the BIOS version in the host PC is the latest and if PCl is

24.4

Figure 6 = Update Driver Software
;lé" Computer Management EI@
File Action View Help
3| 71EE BE & B &S
A Computer Management (Local|| 4 an WIB4D-TESTLINUX Actions
a [fj System Tools b /8 Computer Device Manager -
> @ Task Scheduler g Disk drives -
- @] Event Viewer L. Display adapters More Actions }

» @a| Shared Folders
» ¥ Local Users and Groups
> @S\} Performance
iy Device Manager
4 =5 Storage
=f Disk Management
~ Services and Applications

] T | »

> 4 DVD/CD-ROM drives
b ’l’,—-‘,‘ Human Interface Devices
b-EB Keyboards
b }3 Mice and other pointing devices
o I Monitors
:» ¥ Network adapters
0 -

b D Processors
» -1 Security Devices
» -3 Sound, video and game controllers

- 45 Storage controllers
> {M System devices
5 a Universal 5Serial Bus controllers

enabled in the host PC BIOS.
Drivers Installation

Perform the following steps to install the PCle drivers on the host PC:

1. Right-click PCI Device in Device Manager and select Update Driver Software... as shown in the

following figure.

> [z Shared Folders
> & Local Users and Groups

=¢ Disk Management
» T4 Services and Applications

4 [0 | »

DVD/CD-ROM drives
&5 Human Interface Devices

> -@' Performance b & Keyboards
=y Device Manager b E! Mice and other pointing devices
a 24 Storage - Bl Monitors

b ¥ Metwork adapters

DCLD

Update Driver Software...

Disable
Uninstall

Scan for hardware changes

Properties

Launches the Update Driver Software Wizard for the selected device.
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2. Inthe Update Driver Software - PCle Device window, select the Browse my computer for driver
software option as shown in the following figure.

Figure 7« Browse for Driver Software

() L Update Drives Software - PCl Device

How do you want to search for driver software?

% Search automatically for updated driver software
Windews 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.

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

3. Browse the driver’s folder: <download files>/PCle Drivers/Win_64bit_PCie_Drivers and click Next
as shown in the following figure.

Figure 8+ Browse for Driver Software Continued

=)

L

@ [l Update Driver Software - PCI Device

Browse for driver software on your computer

Search for driver software in this location:

rtg4_dg0713_liberosocv12p0_df\Drivers_64bit0S » m

¥ Include subfolders

2 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
saftware in the same category as the device.

4. Windows Security dialog box is displayed and click Install, as shown in the following figure.
Figure 9+ Windows Security

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

~ . Mame: Microsemi Microsemi PCle
_&' Publisher: Microsemi

[ Abways trust software from "Microsemi”, [ Install | ’ Dop't Install

';:fj' You should only install driver software from publishers you trust. How can I
decide which device software is safe to install?
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After successful driver installation, a message window appears, as shown in the following figure.

Figure 10 + Successful Driver Installation

==

) I Update Driver Software - Microsemi PCle
Windows has successfully updated your driver software
Windows has finished installing the driver software for this device:

L‘. Microsemi PCle
=

24.5 Installing the PCle_Data_Plane_Demo Application GUI

The PCle_Data_Plane_Demo application is a simple GUI that runs on the host PC to communicate with
the RTG4 PCle endpoint device. It provides the PCle link status, driver information, and the demo
controls. The PCle_Data_Plane_Demo application invokes the PCle driver installed on the host PC and
provides commands to the driver according to the selection made.

The following steps describe how to install the PCle_Data_Plane_Demo application:

1. Go to <Download Folder>\rtg4_dg0713_dfAGUN\PCle Data Plane Demo Installer V1.0, and double-
click setup.exe, do not change the default options as shown in the following figure.

Figure 11 « PCle Demo Application Installation

Lt

Destination Directory
Select the installation directories.

All zoftware will be installed in the following locations. To install zoftware into a
different location, click the Browse button and select another directory.

Directory for PCle_Data_Plane_Demo
|C:'-.Pn:|gram Files {(x86)\Microsemi_PCle_Data_Plane_Demo' |

Browse...

Diirectory for Mational Instruments products
|C:'-.Pn:|gram Files {(x86)\Mational Instruments*,

| Browse...

<< Back Mewt > Cancel

2. Click Next to start the installation, as shown in the following figure.

Microsemi Proprietary DG0713 Revision 6.0 11
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Figure 12 « PCle Demo Application Installation

Start Installation
Fieview the following summary before continuing.

Adding or Changing
» PCle_Data_Plane_Demo Files

Click the Mexst button to begin installation.  Click the Back button to change the installation settings.

Save File... << Back Cancel

3. Click Finish to complete the installation.
4. The installation completes successfully, as shown in the following figure.

Figure 13 » Successful Installation of PCle Demo Application

Installation Complete

The installer has finished updating your system.

ek | Near

5. Restart the host PC.

Microsemi Proprietary DG0713 Revision 6.0 12
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2.5 Running the Design
The following steps describe how to run the demo design:
1. Check for the Microsemi PCle device in the host PC Device Manager as shown in the following
figure.
Figure 14 « Device Manager—PCle Device Detection

" |
%, Device Manager =B [

File Action View Help
e @ HEl®

4 = wibdd-testl 23
.M Computer

b e Disk drives

. B Display adapters

> -4} DVD/CD-ROM drives
Human Interface Devices

> iz Keyboards

b --!E! Mice and other pointing devices
: g"‘ Microsemi PCle

: l;" Microsemi PCle

& Monitors

MNetwork adapters

- i MNoMachine USB Host Adapter
»'Z Ports (COM & LPT)

b Processors

' Security Devices

b -% Sound, video and game controllers
! <, Storage controllers

Systemn devices

- § Universal Serial Bus controllers N

Note: If a warning appears on the Microsemi PCle driver in the Device Manager, uninstall them and start from
Step 1 of driver installation.

Microsemi Proprietary DG0713 Revision 6.0 13



PCle Data Plane Demo using Scatter-Gather DMA Controller O Mic Semi

a A%\ MicrocHIP company

2. Invoke the Microsemi PCle Data Plane demo application from All Programs > Microsemi PCle
Data Plane Demo > PCle_Data_Plane_Demo.

3. Click Connect. The application detects and displays the connected kit, demo type, PCle link width,
and the link speed, as shown in the following figure.

Figure 15 « Device Info

« Microsemi PCle Data Plane Demo V1.0 —

& Microsemi  pcle Data Plane Demo Connected

Device Info  Demo Controls Config Space  PCle Read/Write DMA Operation

Device Vendor ID | Ox11AA Mumber of Bars | 2

Device Type RTG4 BARD Address | x F7C00000 BARD Size(Bytes) | x 100000
Driver Version | §,1,7600.163385
BAR1 Address | x F7D00000 BAR1 Size(Bytes) |« 10000
Driver Time Stamp | 20:43:00 25/10/2018
BARZ Address |« BAR2 Size(Bytes) |x 0
Demo Type | RTG4 SGDMA
Supported Width x4 (4 lanes) BAR3 Address | x BAR3 Size(Bytes) |x 0
Negotiated Width | %1 (1 lanes)
BARA Address |« BAR4 Size(Bytes) |x 0
Supported Speed | 2.3 Gbps (Gen 1)
BARS Address | x0 BARS Size(Bytes) =0
Negotiated Speed | 2.3 Gbps (Gen 1) ress|* izelBytes) X
Exit
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4. Click Demo Controls tab to display the LEDs options, DIP switch positions, and the interrupt
counters. Controlling LEDs, getting the DIP switch status, and monitoring the interrupts can be done
simultaneously, as shown in the following figure.

Figure 16 « Demo Controls Continued

CMimsenji Pcle Data Plane Demo Connected

Device Info | Demo Controls | Config Space | PCle Read/Write | DMA Operation

LED Controls DIP Switch Status Interrupt Counters
D1 ON  ON ON  ON
LED 2
"J Mo of MSI Requested | 4
Mo of MSI Allocated | 4
OFF  OFF  OFF  OFF
LED 5 -'J Interrupt Counterl
Enable DIP 5W Session
I Interrupt Counter2
o7 [l Disable DIP SW Session

Start LED OM/OFF Walk Enable Interrupt Session

Stop LED OMN/OFF Walk Clear Interrupt Count

Note: Interrupt Counter1 and Counter4 are allocated for SW1 and SW2 events. Interrupt Counter2 and
Counter3 are allocated for the SGDMA controller.
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5. Click Config Space tab to view the details about the PCle configuration space as shown in the
following figure.

Figure 17 » Configuration Space

& Microsemi  pcle Data Plane Demo Connected

| Device Info | Demo Controls | Config Space | PCle Read/Write | DMA Operation

Basic | Advanced | Extended Capability | Configuration Description
Type 0 Configuration Settings Vendor ID -
I N == I
VendorID 0:4000 Ox11A4
Device ID 0:4002 Ox11A4
Command 0004 0x506
Status 0:4006 0:10
Revision ID 0:4008 0:0
Class Code 0009 00
Cache Line Size 0:00C 0:10
Latency Timer 000D 00
Header Type 0x00E 00 3
BIST 0:A00F 0:0
Base Address 0 0:010 (0xEFCO0000
Base Address1 0:014 (0xEFDO000O
Base Address 2 0:018 00
Base Address 3 0:01C 00
Base Address 4 0:020 00
Base Address 6 0024 00
Expansion ROM Base Address 0:028 00 T
Subsystem Vendor ID 0x02C (ad1A4
Subsystem ID 0x02E 00
Capabilities PTR 0:034 0:50 - T
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6. Click PCle Read/Write tab to perform read and write to LSRAM using BAR1 space. Click Read to
read the 4 KB memory mapped to BAR1 space, as shown in the following figure.

Figure 18 » PCle BAR1 memory access

& Microsemi  pcle Data Plane Demo Connected

| Device Info | Demo Controls | Config Space | PCle Read/Write | DMA Operation |

P(le BAR1 Note: All data is in hex format
0010 3FC 3F8 3FA 3F9
0020 3F8 3F7 3F6 3F5
0030 3F4 3F3 3F2 3FL
0040 3F0 3EF 3EE 3ED
0050 3EC Els:} 3EA 369
0060 3E8 3E7 3E6 3E5
0070 El] El=) 382 Ell
0080 380 30F 3DE 30D
0090 3DC 308 3DA 309
| 0A0 308 307 306 305
| (0B0 304 303 302 301
00C0 300 3CF 3CE 3o
- (0D0 3cC 3CB 3ca 309
Ox0ED 38 Elerj 36 3¢5
0K0F0 Ele’} Elec! Eler] 3a
- 0x00 30 3BF 3BE 38D
0d10 38C 388 3BA 389
0d20 388 387 386 385 =
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7. Click DMA Operation tab. Select PC to DDR as the DMA Transfer Type Selection, Loop Count,
and click Start Transfer to transfer the data from host PC to RTG4 DDR memory. The transfer size
can be selected from 4 KB to 1 MB. After successful DMA operation, the GUI displays the
throughput and the number of buffer descriptors created by the driver as shown in the following
figure.

Figure 19 « PC Memory to DDR DMA

C»’Mf.cmsemi PCIe Data Plane Demo

Device Info | Demo Controls | Config Space | PCle Read/Write | DMA Operation
RTG4 SGDMA

DMA Transfer Type Selection

No of DMA Transfers

PCto DDR [=]
PC to DDR DDR to PC
Transfer Size| 1 MB IZ| Transfer Size|1 MB IZ|
=
Buffer Descriptors | 246 Buffer Descriptors | 0 ’g
=5
S
Throughput(Mbps) | 174 Throughput(Mbps) | 0 £
=
Avg Thruput(Mbps) | 181 Avg Thruput(Mbps) | 0
Loop Count | 10 ‘ Start Transfer ‘

PCto DDR DDR to PC
PC to DDR Avg DDRtoPCAvy |

Exit
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Figure 20 «

8.

DDR to PC Memory DMA

& Microsemi

Device Info | Demo Controls
RTG4 SGDMA

DMA Transfer Type Selection
DDR to PC [=]

PC to DDR

Transfer Size 1 MB IZ|
Buffer Descriptors | 0
Throughput{Mbps] | 0

Avg Thruput(Mbps) | 0

Loop Count| 10

Config Space | PCle Read/Write

DDR to PC

Transfer Size|1 MB IZ|

Buffer Descriptors | 56
Throughput(Mbps) | 207

Avg Thruput(Mbps) | 208

‘ Start Transfer ‘

Exit

PCle Data Plane Demo

DMA Operation

put(Mbps)

Throught

& Microsemi

100~

No of DMA Transfers

DDR to PC
DDRto PC Avg -

PC to DDR Avg

a A%\ MicrocHIP company

Select DDR to PC as DMA Transfer Type Selection and click Start Transfer to transfer the data
from RTG4 DDR memory to host PC as shown in the following figure.

A 2/Em

Microsemi Proprietary DG0713 Revision 6.0
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9. Select Both PC & DDR as DMA Transfer Type Selection and click Start Transfer to transfer the
data from RTG4 DDR memory to the host PC as shown in the following figure.

Figure 21 « Both DMA Operations

C»’Mf.cmsemi PCIe Data Plane Demo

Device Info | Demo Controls | Config Space | PCle Read/Write | DMA Operation

RTG4 SGDMA
DMA Transfer Type Selection 210 :H-gjm
Both PC & DDR [=]
PCto DDR DDR to PC 205~
. . 200
Transfer Size 1 MB IZ| Transfer Size|1 MB IZ|
5 195-
Buffer Descriptors | 246 Buffer Descriptors | 131 £
2190
5
H

Throughput(Mbps) [ 170 Throughput(Mbps) | 208 5 185 A A A ‘
180-
Avg Thruput(Mbps) | 181 Avg Thruput(Mbps) | 208 175

170 | | 1 | | | |
Loop Count | 10 Start Transfer 1 2 3 4 5 6 7 8 9 10
No of DMA Transfers

PCto DDR DDR to PC
PC to DDR Avg DDRtoPCAvy |

Th

Exit

10. To write to the BAR1, select the memory location and overwrite the existing value. After successful
write operation, GUI shows the updated memory location in green color.

2.5.1 Summary

This demo shows how to implement a PCle Data Plane design using AX| based SGDMA controller. The
throughput for data transfers depends on the host PC system configuration and the type of the PCle slots
used.

The following table lists the throughput values observed on the HP Workstation Z230 PCle slot 4.

Table 3 « Throughput Values

DMA Transfer Type Throughput (MB/s)
Host PC memory to DDR (read) 170 MB/s
DDR to Host PC memory (write) 220 MB/s

Host PC memory to DDR (read)/DDR to Host PC memory (write) 170/220 MB/s

Microsemi Proprietary DG0713 Revision 6.0 20



Appendix 1: Programming the Device Using FlashPro Express

3

& Microsemi

a A%\ MicrocHIP company

Appendix 1: Programming the Device Using
FlashPro Express

Note:

Figure 22 »

This section describes how to program the RTG4 device with the programming job file using FlashPro
Express.

To program the device, perform the following steps:

1. Ensure that the jumper settings on the board are the same as those listed in Table 3 of UG0617:
RTG4 Development Kit User Guide.

2. Optionally, jumper J32 can be set to connect pins 2-3 when using an external FlashPro4, FlashPro5,
or FlashPro6 programmer instead of the default jumper setting to use the embedded FlashPro5.

The power supply switch, SW6 must be switched OFF while making the jumper connections.

3. Connect the power supply cable to the J9 connector on the board.

4. Power ON the power supply switch SW6.

5. If using the embedded FlashPro5, connect the USB cable to connector J47 and the host PC.

Alternatively, if using an external programmer, connect the ribbon cable to the JTAG header J22 and

connect the programmer to the host PC.

On the host PC, launch the FlashPro Express software.

7. Click New or select New Job Project from FlashPro Express Job from Project menu to create a
new job project, as shown in the following figure.

o

FlashPro Express Job Project

E FlashPro Express

Edit View Programmer Help

| Mew Job Project from FlashPro Express Job Crl+N
| ﬁ Open Job Project Ctrl+0
X Close Job Project
B Savelob Project Ctrl+Shift+A
Set Log File
Export Log File
Preferences...
Execute Script Ctrl+U
Export Script File...
Recent Projects r
Exit Ctrl+Q

8. Enter the following in the New Job Project from FlashPro Express Job dialog box:
*  Programming job file: Click Browse, and navigate to the location where the .job file is located and
select the file. The default location is:

<download folder>\rtg4 dg0713 df\Programming Job

* FlashPro Express job project location: Click Browse and navigate to the desired FlashPro
Express project location.
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Figure 23 » New Job Project from FlashPro Express Job

@ Create New Job Project et

“ [Import FlashPro Express job Tile

|3_PCIe_SG DMA\rtg4_dg0713_df\Programming_Job\top.joh Browse...

€ Construct automatically (developer mode) €

Connected programmers: | J Refresh

Programming interface:  JTAG

FlashPro Express job project name: |top

FlashPro Express job project location: |C:\JUNI(\RTG4
Help oK ‘ Cancel ‘

9. Click OK. The required programming file is selected and ready to be programmed in the device.

10. The FlashPro Express window appears as shown in the following figure. Confirm that a programmer
number appears in the Programmer field. If it does not, confirm the board connections and click
Refresh/Rescan Programmers.

Figure 24 « Programming the Device

Project Edit View Programmer Help

Refresh/Rescan Programmers ]I

@ rraciso {5

<2 TDO TDI <2

|o ¥ [s201qveT1 | IDLE [ IDLE

Programmer

| |PROGRAM ljl r
RUN

11. Click RUN. When the device is programmed successfully, a RUN PASSED status is displayed as
shown in the following figure.
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Figure 25 + FlashPro Express—RUN PASSED

& Microsemi

a A\ MicrocHIP company

[E8 FlashPro Express C

Work\Projects\AC444_SpaceWire\Mav pdate\QR_12p6\test

Project Edit View Pragrammer Help

FPExpressitop\top.prc - JTAG Programming Interface®

Refresh/Rescan Programmers

O rracis0 ED3

<3 TDO TDI 2

e

Programmer

oo =l
v iPORAMERGPSED

Log 8 X
r@ Messages &3 Errors /i Warnngs i Info
PYOOYanmEY UITUVETI™ T OEVICE "RIZGISU™ T PYOOTaNmIng FPGE EXTEY. - =
programmer 'S201QVPTI' : device 'RT4G150' :
programmer 'S2010VPTI' : device °"RT4Gl50' : EXPORT DSN([128] = 0000000000000000015cf30£000a0016
programmer 'S201QVPTI' : device 'RT4G150' :
programmer 'S201QVPTI' : device 'RT4G150' : Finished: Thu Dec 10 12:53:10 2020 (Elapsed time 00:02:30)

programmer 'S2010VPTI' : device "RT4Gl50' : Executing action |PROGRAM PASSED.
programmer 'S201QVPTI' : Chain programming PASSED.
Chain Programming Finished: Thu Dec 10 12:53:10 2020 (Elapsed time 00:02:30)

12. Close FlashPro Express or click Exit in the Project tab.

Microsemi Proprietary DG0713 Revision 6.0
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4 Appendix 2: Running the TCL Script

TCL scripts are provided in the design files folder under directory TCL_Scripts. If required, the design
flow can be reproduced from Design Implementation till generation of job file.

To run the TCL, follow the steps below:

1. Launch the Libero software

2. Select Project > Execute Script....

3. Click Browse and select script.tcl from the downloaded TCL_Scripts directory.
4. Click Run.

After successful execution of TCL script, Libero project is created within TCL_Scripts directory.
For more information about TCL scripts, refer to rtg4_dg0713_df/TCL_Scripts/readme.txt.

Refer to Libero® SoC TCL Command Reference Guide for more details on TCL commands. Contact
Technical Support for any queries encountered when running the TCL script.
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5 Appendix 3: Demo Registers and Buffer
Descriptor Details

5.1 SGDMA Registers (BAR1)

The following table lists the registers used to interface with the SGDMA controller. These registers are in
the BAR1 address space.

Table 4+ SGDMA Registers

Register Name  Width BAR or Address Space Register Address Description

RW_REG 32 bit BAR1 0xFCO00 Scratch pad register
DMA_CR 32 bit BAR1 0xFCO04 [15:0] - Ox1 CHO start

[31:16] > Ox1 CH1 start
BDA_CHO 32 bit BAR1 0xFCO08 Host PC buffer descriptor address
(PC to DDR) provided by the driver
DMA_SR_CHO 64 bit BAR1 0xFC10 DMA status register

DMA_SR[63:32] > No.of clks
DMA_SR[31:24] - Error code
DMA_SR[23:0] > No.of bytes

BDA_CH1 32 bit BAR1 O0xFC18 Host PC buffer descriptor address
(read) provided by the driver
DMA_SR_CH1 64 bit BAR1 0xFC20 DMA status register

(DDR to PC) DMA_SR[63:32] > No.of clks

DMA_SR[31:24] - Error code
DMA_SR[23:0] > No.of bytes

CLK_FREQ 32 bit BAR1 0xFC28 DMA clock frequency. Read only
switches 32 bit BAR1 0xFC30 DIP switch status
LEDs 32 bit BAR1 OxFCAO LEDs control register
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5.2 Buffer Descriptor (16 bytes)

The following table lists the buffer descriptor and its bit descriptions.

Table 5 « Buffer Descriptor and Bit Descriptions

Reserved[63:32] Host PC Address[31:0]
Reserved[63:56] DDR offset[55:32] Valid descriptor[31:24] Last transfer[23] Direction[22:21] Size[20:0]

*  Host PC Address[31:0]: 32-bit memory buffer address
«  Size[20:0]: Size of the DMA operation
+  Maximum DMA size is 1TMBytes
*  Minimum DMA size is 8 bytes
»  Direction[22:21]: indicates read/ write type of DMA operation
* “01” is DMA read operation
*  “10” is DMA write operation
+ Last transfer[23]: indicates last buffer descriptor of DMA operation
»  Valid descriptor[31:24]: “AA” indicates valid buffer descriptor
* DDR offset[55:32]: DDR memory offset address
* DDR memory base address is 0x0000_0000
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