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EDK 9.2 PowerPC Tutorial in Virtex-4

Objectives
This tutorial will demonstrate process of creating and testing a PowerPC system design using the Embedded
Development Kit (EDK). The tutorial contains these sections:

» System Requirements

*  PowerPC System Description

e Tutorial Steps

The following steps are described in this tutorial:
« Starting XPS
e Using the Base System Builder Wizard
e Create or Import IP Peripheral
« Design Modification using Platform Studio
* Implementing the Design
» Defining the Software Design
* Downloading the Design
» Debugging the Design

»  Performing Behavioral Simulation of the Embedded System

System Requirements

You must have the following software installed on your PC to complete this tutorial:

«  Windows 2000 SP2/Windows XP

Note: This tutorial can be completed on Linux or Solaris, but the screenshots and directories illustrated in this tutorial
are based on the Windows Platform.

« EDK9.2ior later
* ISE 9.2ior later
e Familiarity with steps in the Xilinx ISE 9 In-Depth Tutorial

http://www.xilinx.com/support/techsup/tutorials/tutorials9.htm

In order to download the completed processor system, you must have the following hardware:

e Xilinx ML403 Evaluation Platform (XC4FX12 FF668)
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e Xilinx Parallel -4 Cable used to program and debug the device

e Serial Cable

Note: It should be noted that other hardware could be used with this tutorial. However, the completed design has only
been verified on the board specified above. The following design changes are required:

¢ Update pin assignments in the system.ucf file

¢ Update board JTAG chain specified in the download.cmd

PowerPC System Description

In general, to design an embedded processor system, you need the following:
e Hardware components
«  Memory map

« Software application

Tutorial Design Hardware
The PowerPC (PPC) tutorial design includes the following hardware components:
* PowerPC
» PLBBus
¢ XPS_BRAM_IF_CNTLR
¢ BRAM_BLOCK
¢ XPS_MCH_EMC
¢ XPS_UARTLITE
¢ 2-XPS_GPIOs

Tutorial Design Memory Map

The following table shows the memory map for the tutorial design as created by Base System Builder.

2 www.xilinx.com EDK 9.2 PowerPC Tutorial in Virtex-4
1-800-255-7778 WTO001 (v4.0) December, 2007



EDK 9.2 PowerPC Tutorial in Virtex 4

$7 XILINX

Device i Address Niax Size Comment
XPS_BRAM_IF_CNTLR | OxFFFF_8000 OxFFFF_FFFF 32K bytes | PLB Memory
XPS_UARTLITE 0x8400_0000 0x8400_FFFF 64K bytes | Serial Output
XPS_GPIO 0x8140_0000 0x8140_FFFF 64K bytes | LED output
XPS_GPIO 0x8142_0000 0x8142_FFFF 64K bytes | Push Buttons
XPS_MCH_EMC 0x0000_0000 0x0000_FFFF 1M bytes External Memory

Controller

Table 1: Tutorial Design Memory Map

Tutorial Steps
SetUp

e ML403 board with a RS-232 terminal connected to the serial port and configured for 57600 baud, with 8

data bits, no parity and no handshakes.

Creating the Project File in XPS

The first step in this tutorial is using the Xilinx Platform Studio (XPS) to create a project file. XPS allows you to

control the hardware and software development of the PowerPC system, and includes the following:
» An editor and a project management interface for creating and editing source code

» Software tool flow configuration options

You can use XPS to create the following files:
» Project Navigator project file that allows you to control the hardware implementation flow

e Microprocessor Hardware Specification (MHS) file

Note: For more information on the MHS file, refer to the “Microprocessor Hardware Specification (MHS)”
chapter in the Platform Specification Format Reference Manual.
*  Microprocessor Software Specification (MSS) file

Note: For more information on the MSS file, refer to the “Microprocessor Software Specification (MSS)”
chapter in the Platform Specification Format Reference Manual.

XPS supports the software tool flows associated with these software specifications. Additionally, you can use

XPS to customize software libraries, drivers, and interrupt handlers, and to compile your programs.
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Starting XPS

* Toopen XPS, select the following:
Start — Programs — Xilinx Platform Studio 9.2i — Xilinx Platform Studio

» Select Base System Builder Wizard (BSB) to open the Create New Project Using BSB Wizard dialog box

shown in Figure 1.
» Click Ok.

» Use the Project File Browse button to browse to the folder you want as your project directory. Click Open

to create the system.xmp file then Save.

» Click Ok to start the BSB wizard.
Note: XPS does not support directory or project names which include spaces.

' Create New IPS Project nsing BSB Tizard EI

—Hew project

Froject file

H: fedlstutorial s/ edk32 fppefppe_tutorialfsystem. xmp Browse ... |

—hdwanced optioms (optiomal: F1 for help)

[T Set Project Peripheral Repositories

L

I Erowse . ..

(1]:4 Cancal |

Figure 1: Create New Project Using Base System Builder Wizard

Defining the System Hardware
MHS and MPD Files

The next step in the tutorial is defining the embedded system hardware with the Microprocessor Hardware

Specification (MHS) and Microprocessor Peripheral Description (MPD) files.

MHS File

The Microprocessor Hardware Specification (MHS) file describes the following:

» Embedded processor: either the soft core MicroBlaze processor or the hard core PowerPC (only available
in Virtex-1l Pro and Virtetx-4 FX devices)
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* Peripherals and associated address spaces
» Buses

e Overall connectivity of the system

The MHS file is a readable text file that is an input to the Platform Generator (the hardware system building tool).
Conceptually, the MHS file is a textual schematic of the embedded system. To instantiate a component in the

MHS file, you must include information specific to the component.

MPD File

Each system peripheral has a corresponding MPD file. The MPD file is the symbol of the embedded system
peripheral to the MHS schematic of the embedded system. The MPD file contains all of the available ports and

hardware parameters for a peripheral. The tutorial MPD file is located in the following directory:

$XILINX_EDK/hw/XilinxProcessorlPLib/pcores/<peripheral_name>/data

Note: For more information on the MPD and MHS files, refer to the “Microprocessor Peripheral Description
(MPD)” and “Microprocessor Hardware Specification (MHS)"” chapters in the Platform Specification Format
Reference Manual.

EDK provides two methods for creating the MHS file. Base System Builder Wizard and the Add/Edit Cores Dialog
assist you in building the processor system, which is defined in the MHS file. This tutorial illustrates the Base

System Builder.

Using the Base System Builder Wizard

Use the following steps to create the processor system:
e Inthe Base System Builder — Select “ | would like to create a new design” then click Next.
* In the Base System Builder - Select Board Dialog select the following, as shown in Figure 2;
¢ Board Vendor: Xilinx
¢ Board Name: Virtex 4 ML403 Evaluation Platform

¢ Board Revision: 1

PowerPC Tutorial www.xilinx.com
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o Base System Builder — Select Board llﬂ

Select a target development board:

—Select board

EDK 9.2 PowerPC Tutorial in Virtex-4

f¢ T would like to create a system for the following dewelopment board

Board wendor: I}{ilinx j

Board name: irtex 4 i r onn Flatform

Board rewiszion: |1 j
Hote: ¥Wizit the wendor website for additional board support materials.
Vendor’' = Website Contact Tnfo

Download Third Party Board Definition Files

" I would like to create a swstem for a custom board

—Eoard deseription

The ML403 board is intended to showcase and demonstrate Virtex—4 technology,
especially the new features being added to the FPGA. The ML403 board utilizes Xilin:
Virtex 4 XCAVFX1Z2-FFBBS dewice. It iz a demonstration platform to showecase the
enormous power and flexibility of Wirtex—4 FPGA=s including new and improwed clock

processors, USE, and more.

technology, DSF blocks, Smart KM blocles, advanced If0s, embedded MACE, embedded

More Info | < Back Hext >

Cancel

Figure 2: BSB: Select a Board

Click Next. Verify that PowerPC is selected.

Click Next. You will now specify several processor options as shown in Figure 3:

www.xilinx.com
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‘o Base System Builder — Configure PowerPC Processsor llﬂ

PowerpPC

—owstem wide settings

Reference claock Frocessor clock .
Buz clock frequency:
frequency: frequency:

100. 00 mitz [ETENGEMNNE ~ | iz [ 100,00 | miz

Ensure that wowr board is configured for the specifed frequency.
Beset polarity: Iﬁn:tive Low VI

—Froceszor configuration

—Debug I/F
(v FEGA ITAG

{ CFU debug user pins only
{ CEU debug and trace pins

{ Ho debug

—On—chip memory [OCMI1—
| (Use BRAM)

Data:
PowerPC — | HorE =z

Instruction:

| IHEIH'E |

Cache setup
[~ Enable

For optimal performance, enable
burst andfor cacheline on
mEmory:

[T Enable floating point unit C(FFID il

More Info | < Back Hext > Cancel

Figure 3: Configure Processor

The following is an explanation of the settings specified in Figure 3:
* System Wide Setting:
¢+ Reference clock frequency: This is the on board frequency of the clock
¢ Processor Clock Frequency: This is the frequency of the clock driving the processor system
¢ Bus Clock Frequency: This is the frequency of the clock driving the PLB, and OCM buses

»  Processor Configuration:

PowerPC Tutorial www.xilinx.com
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¢ Debug Interface:
=  FPGA JTAG: The PowerPC JTAG pins will be included in the FPGA JTAG chain.
= CPU Debug User Pins Only: This will bring the PowerPC JTAG pins out to user 10.

= CPU Debug User and Trace Pins: This option is unavailable because the ML403 board does not

have a separate trace header.

= No Debug: No debug is turned on.
Note: For more information about the Xilinx Microprocessor Debugger (XMD), refer to the Xilinx

Microprocessor Debugger (XMD) chapter in the Embedded System Tools Guide.

¢ Users can also specify the size of the On-Chip Memory.
¢ You can also specify the use of a cache.

* Click Next. Select the peripheral subset as shown in Figure 4, Figure 5 and Figure 6.

Note: The Baud rate for the UARTLITE must be updated to 57600.
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4 Baze System Builder — Configure I0 Interfaces (1 of 3] llﬂ

The following external memory and I0 dewices were found on wour board:
Kilinx ¥irtex 4 ML403 Ewaluation Flatform Rewiszion 1

Pleaze =zelect the IN dewices which wou would like to use:

—I0 dewices
— |V E323F_Vart
Data Sheet |
Peripheral : I}{PS UARTLITE ~|

Baudrate (bits

per seconds): STROO -
Data bitgs: Is vl
Farity: HOHE -

[~ Use interrupt

— | LEDs_4Fit

Data Sheet

Feripheral: |YFS GPIO i

[~ Use interrupt

— [ LED=_Positions
lata Sheet

i

More Infa | < Back | Hext > I Canecel

Figure 4: Configure I/O Interfaces-1

PowerPC Tutorial www.xilinx.com
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-'@'-Base System Builder — Configure I0 Interfaces (2 of 3)

The following external memory and I0 dewices were found on your board:
Hilirer Wirtex 4 MLA03 Ewaluation Flatform Rewizion 1

Flease select the I0 dewices which you would like to use:

2| x

—I0 dewices

— |¥ Fush Euttons Fositien

Peripheral: |¥FS GFID =]

[T Use interrupt

— [~ IIC_EEFROM

— | S3=ACE_CompactFlash

— [ Cypress_USE

— [~ DDR_SDEAM_B4M:32

Data Sheet

Data Sheet

lata Sheet

Data Sheet

Data Sheet

LR

More Info | < Back | Hext > I Cancal

Figure 5: Configure 1/O Interfaces-2
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4 Base System Builder — Configure I0 Interfaces (3 of 3 ed

The following external memory and I0 dawices were found on wour board:
f1line Wirtex 4 MLA03 Evaluation Flatform Rewizion 1

Please select the I0 dewices which you would like to use:

—I0 dewvices

— [T Ethernet MAC

Data Sheet

Hote

— [T TriMode MAC_GMIT
Data Sheet |

— |V SEAM_7SBKx3Z

Data Sheet |
Peripheral: |XPS MCH EMC j
— [T FLASH_ZMx32
Data Sheet |
< Back Hext > Cancel

Figure 6: Configure 1/O Interfaces -3

»  Click Next through the Configure 10 Interface pages.

PowerPC Tutorial www.xilinx.com
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4 Base System Builder - Add Internal Feripherals (1 2 x|
#dd other peripherals that do not interact with off-chip componentz. Use the
“fdd Feripheral” button to select from the list of awailable peripherals.
If wou do not wish to add any non—I0 peripherals, click the "Hext®™ button.
Add Peripheral. ..

—FPeripherals

xps_bram_i1f entlr 1

Peripheral: XPS BRAM IF CHILR _ fBemowe

. Data Sheet

Memory size: —_—

More Info | < Back | Hext » I Cancel

Figure 7: Add Internal Perpherals

On the Add Internal Peripherals page, select 32 KB of memory for the PLB BRAM IF CNTLR. This completes the
hardware specification and we will now configure the software settings.

¢ Click Next.

Using the Software Setup dialog box as shown in Figure 8, specify the following software settings:

e Standard Input (STDIN) — RS232_Uart
e Standard Output (STDOUT) — RS232_Uart

12
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Boot Memory — plb_bram_if_cntlr_1

Sample Application Selection — Memory Test

4 Baze System Bunilder - Software Setup ilil

—Dewvices to use az standard input, standard cutput, and boot memory

STIIN: | ESZ32 Uart |
STDOUT: | RS232_Vart H
EBoot Memory: I ¥xps_bram_if cntlr 1 j

—Sample application selection

Select the zample C application that won would like to hawe generated. Each
application will include a linker script.

I11la

your =swxstem

[~ Beripheral selftest

system aliveness and perform a basic readfwrite test to each memory in

Ferform a simple self—test for each peripheral in your system.

Eelow are other software applications found for your board. In order to select an
application, please ensure your system satisfy the requirements. See “More Details".

[ ML403 Cypress USE Application More Details. ..

More Infn | < Barck Hext * Cancel

Figure 8: Software Setup

PowerPC Tutorial
WTO001 (v4.0) December, 2007 1-800-255-7778
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‘¢ Base System Builder — Configzure Hemory Test Applic d |

The simple Memory Test application will 11lustrate system aliveness and perform a basic

readfwrite test to your memory dewices.

—Memor¥Test
Select the memory dewices which will be used to hold the following program sections:

Instruction:

Data: I wps_bram_1f entlyr 1

Lef Led

Staclk/Heap: I xps_bram_if entlr 1

A

Interrupt Vee: IH-:n interrupt

— WARHTHG

If wou hawe placed the Imstruction or Data section of this program in an external
memory, ¥ou must use a debugger, bootloader, or ACE file to inmitialize memory before

wou can run this program.

Hext > Cancel

More Info | < Back

Figure 9: Configure Memory Test Application

Using the Configure Memory Test Application dialog box as shown in Figure 9, specify the following software
settings:

e Instructions — xps_bram_if_cntir_1

» Data — xps_bram_if_cntlr_1

» Stack/Heap — xps_bram_if_cntir_1

¢ Click Next.

www.xilinx.com EDK 9.2 PowerPC Tutorial in Virtex-4

14
1-800-255-7778 WTO001 (v4.0) December, 2007



EDK 9.2 PowerPC Tutorial in Virtex 4 XX“_'NX

The completed system including the memory map will be displayed as shown in Figure 10. Currently the memory

map cannot be changed or updated in the BSB. If you want to change the memory map you can do this in XPS.

i Baze System Bunilder - System Created ﬂﬂ

Below 1= a summary of the system you hawe created. Flease review the information below. If
it iz correct, hit <Generate’ to enter the infermation into the XPS data baze and generate
the sy=stem files. Otherwize return to the prewious page to make corrections.

Processor: ppcd0S_0
Processzor clock frequency: 300, 000000 MHz
Bus clock freguenecy: 100. 000000 MH:z
On Chip Memory : 32 EB
Total 0ff Chip Memory 1 ME
- SEAM_ZSBEx3Z = 1 ME

The addre=s maps below hawe been automatically assigned. You can modify them using the
editing features of XPS.

PLE Bux : FLE VY46 Inst. name: plhb Attached Components:

Core Hame Instance Hame Base Addr High Addr
xps_bram_1if cntlr xps_bram_if cntlr_1 |0xFFFF2000 0xFFFFFFFF
xps_uartlite RS232_Vart Q54000000 0x5400FFFF
xps_gplo LED=_4EBit Q51400000 0x5140FFFF
Xps_gplo Push_Buttons_Fosition|OxSl420000 Ox514Z2FFFF
xps_meh_eme SEAN_Z5BE=32 Q00000000 0x000FFFFF

More Info | < Barck enerate Cancel

Figure 10: Completed Processor System

e Click Generate and then Finish to complete the design.

« Select Start Using Platform Studio and click OK.

PowerPC Tutorial www.xilinx.com
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Review

The Base System Builder Wizard has created the hardware and software specification files that define the
processor system. When we look at the project directory, shown in Figure 11, we see these as system.mhs and

system.mss. There are also some directories created.

» data- contains the UCF (user constraints file) for the target board.

« etc - contains system settings for JTAG configuration on the board that is used when downloading the

bit file and the default parameters that are passed to the ISE tools.
* pcores — is empty right now, but is utilized for custom peripherals.

» TestApp_Memory — contains a user application in C code source, for testing the memory in the system.

Marne Size  Type Date Modified
[1__¥ps File Folder gl27/2007 107 PM
1 blkdiagram File Folder 2712007 1:07 PM
[_idata File Folder ai27 12007 1:07 PM
et File Folder ai27 12007 1:07 PM
[_Jpcores File Folder B12712007 1:07 PM
[ TestApp_Mermary: Filz Falder 2712007 1:07 PM
@ syskem 1KB Text Document g/27/2007 107 PM
|i4] system 7KE  MHS File §l27/2007 1:07 PM
B cystem ZKE  ¥ilin: %PS File §/27)2007 1:07 PM
system,bsb SKE ESEFile 812712007 1:07 PM
syskem, mss ZKE M55 File ai27 12007 1:07 PM
wizlag OKE File 82712007 1:07 PM

Figure 11: Project Directory

16 www.xilinx.com EDK 9.2 PowerPC Tutorial in Virtex-4
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Project Options

To see the project options that Base System Builder has configured select: Project — Project Options. As

shown in Figure 2, the device information is specified.

w Froject Options EI

Device and Rep-:-sit-:-r}'; I]'[ierarchy and Flow I HOL and Simulation I

—Target Device

Architecture Dewvice Size Package Speed Grade
[ wirtexd M EEESE x| | £eeea x| |- R

—Show License Status Dialag

[¥ Show dialog when ewalnation cores are detected

—hdwanced Options (Optiomall
Project Peripheral Repository

I Browse ...

Custom Malkefile (instead of XPS generated Makefile)

I Browse ... |

0K Cancel | Help |

Figure 12: Project Options - Device and Repository

Select: Hierarchy and Flow. This window is shown in Figure13: Project Options - Hierarchy and Flow. This
window provides the opportunity to export the processor system into an ISE project as either the top level system

or a sub-module design.

PowerPC Tutorial www.xilinx.com
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wy Project Options

HIL and Simulation

Device and Repository

— [# Implement Dezign in X¥FS (XFS Flows)

Effort Lewel to Bun FPGA Implementation Tools

I}{El.ow (single iteration] j
¥ Treat timing clesuwre failure as an errer

I~ Improve timing on high-faneut reset nets

— [~ Implement Design in ISE (Export to Project Wavigator Flow: DEPEECATED) —

ISE File Idktutorials\edk‘BZ\ppc\ppc_tutorial\projnav\system. ise Erowse ... |

-~ Processor Design is a sub-module (Uncheck for top-lewel)

Top lewvel instance name [sy=tem_i

x|

i | camca | mep

Figure 13: Project Options - Hierarchy and Flow

Create or Import IP Peripheral
One of the key advantages of building an embedded system in an FGPA is the ability to include customer IP and

interface that IP to the processor. This section of the tutorial will walk through the steps necessary to include a

custom IP core.

* In XPS, select Hardware — Create or Import Peripheral to open the Create and Import Peripheral

Wizard.

* Click Next. Select Create templates for a new peripheral.

« By default the new peripheral will be stored in the project_directory/pcores directory. This enables

XPS to find the core for utilization during the embedded system development.

» Click Next. In the Create Peripheral - Name and Version dialog, enter custom_ip as the name of the

peripheral. This is shown in Figure 4.

18
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reate Peripheral — Name and ¥ersion P ] |

Hame and ¥ersion

Indicate the name and version of yeur peripheral. ("\\/,}2

Enter the mame of the peripheral (upper case characters are not allowed). This name will be used as the top HDL design
entity.

Hame: Icustomiip|
Verzion: 1.00.a

Major rewision: Minor rewision Hardware/Software compatibility revision:

1 E joo 3 =

Deseription:

Logical library name. custom_ip_wl _00_a

#11 HDL files (either created by you or generated by this tool) that are used to implement this peripheral must be
compiled into the logical library name abowve. Any other referred logical libraries in your HIL are assumed to be
available in the ¥PS project where this peripheral i= used, or in EIE repositories indicated in the XPS project
zettings.

More Infa | < Back | Hext > I Cancel

Figure 14: Create Peripheral - Name and Version

» Click Next. In the Create Peripheral — Bus Interface dialog, select Processor Local Bus (PLB v4.6), as

this is the bus to which the new peripheral will be connected.

* Click Next. The Create Peripheral — IPIF Services dialog enables the selection of several services. For
additional information regarding each of these services, select More Info. Select the User logic S/W

register support option.

reate Peripheral — IPIF (IP Interface) Services i ] |

IPIF (IP Interface) Services
Indicate the IFIF services required by your peripheral rg‘?

Your peripheral #ill be comnected to the FLB (v4.6) intercomnect through cerrespending PLB IF Interface (IFIF) modules,
which provide you with a quick way to implement the interface betwsen the PIB intercomnsct and the user legic. Basides the
standard functions like address decoding provided by the slave IPIF module, the wirard tool also offers other commenly
used services and configurations to sinplify the inplementation of the design

Slave service and configwation

Typically required by most peripherals for operations like
or Local Bus (v 6) Tee emteel, lems Fommt, febe T ien, mldise

memory/address space access, and etc. (PLE slave interface
will always be included)

[~ Software reset [¥ User logic software register

PLB v4.5 [ {Readflirite FIFD [~ User legic memery space

Slave

[T Interrupt contrel

—Master service and configuration

Typically required by complex peripherals like Ethernet and
FCI for conmanding data tranzfers betwsen regions (FLB
master interface will be included if master service
selected).

IPIC Master
Read Locallink
Write LocalLink

[ User logic master

User Logic I Master Cnbr I

More Info < Back | Hext I Cancel

Figure 15: Create Peripheral - IPIF Services
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e Click Next. In the Create Peripheral — User S/W Register dialog, change the Number of software
accessible registers to 4.

4 Create Peripheral - User S/T Register - 0] x|

User S/¥ Register

Configure the software accessible registers in your peripheral. fg’«’g

The uzer specific software accessible registers will be implemented in the user-logic module of your peripheral. Such
regizters are iypically provided for seftware programs to conirol and to moniter the status of your user logic. These
registers are addressable on the byte, half-word, word, double word or quad word boundaries depending on your design. An
example logic for register read/write will be included in the user—logie module generated by the wizard tool for your
reference

User logic software registers may take full adventage of the slave
IFIF addres=—decoding service to generate CE decodes for all of
Re 0 the individual register of interest. The diagram on the left shows
the simplest set of IPIC slawe signals to readfwrite the
registers

Bus2IP_RdReg
BusZIP_WrReq
EusZIP_RACE

Reg 1
Reg 2
Reg 3 Humber of software accessible registers: |4 H: (1 to 16384)

BuselP_Daka
—_—

JF2bus Daka Rean
IPZBus_RdA:k
PZEUS it Ack.
IPZBus_Error

User Logic

Mere Info | < Back | Hext > I Canecel

Figure 16: Create Peripheral - User S/W Register

e Click Next. In the Create Peripheral — P Interconnect (IPIC).
¢ Click Next. In the Create Peripheral - (OPTIONAL) Peripheral Simulation Support dialog, a BFM

simulation environment can be generated. This tutorial will not cover BFM simulation. Leave the option
unchecked.

* Click Next. In the Create Peripheral - (OPTIONAL) Peripheral Implementation Support dialog, uncheck
the Generate ISE and XST project files to help you implement the peripheral using XST flow.

¢ Click Next and then Finish.

The Create or Import Peripheral Wizard creates a new directory called custom_ip_v1_00_a in the pcores

directory. This new directory contains the following:

Mame = ; Size i Tvpe 1
ICydata File Folder
o [a = File Folder
iahdl File Falder

Figure 17: Custom IP Directory Structure

The following is a description of the files located in each directory:
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e HDL source file(s)
¢ ppc_tutorial\pcores\custom_ip_v1_00_a\hd|
= vhdl\custom_ip.vhd

This is the template file for your peripheral's top design entity. It configures and instantiates the
corresponding IPIF unit in the way you indicated in the wizard GUI and connects it to the stub
user logic where the user logic should get implemented. You are not expected to modify this

template file except in certain marked places for adding user specific generics and ports.
= vhdluser_logic.vhd

This is the template file for the stub user logic design entity, either in VHDL or Verilog, where the
actual functionalities should get implemented. Some sample code may be provided for

demonstration purpose.
=  XPS interface file(s)
¢ ppc_tutorial\pcores\custom_ip_v1_00_a\data
= custom_ip_v2_1_0.mpd

This Microprocessor Peripheral Description file contains interface information of your peripheral

so that other EDK tools can recognize the peripheral.
= custom_ip_v2_1_0.pao

This Peripheral Analysis Order file defines the analysis order of all the HDL source files that are

used to compile your peripheral.
= Driver source file(s)
ppc_tutorial\drivers\custom_ip_v1_00_a\src:
custom_ip.h

This is the software driver header template file, which contains address offsets of
software addressable registers in your peripheral, as well as some common masks,

simple register access macros and function declarations.
custom_ip.c

This is the software driver source template file to define all applicable driver functions.
custom_ip_selftest.c

This is the software driver self test example file which contain self test example code to

test various hardware features of your peripheral.
makefile

This is the software driver makefile to compile drivers.

Now that the template has been created, the user_logic.vhd file must be modified to incorporate the custom IP

functionality.

PowerPC Tutorial www.xilinx.com
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e Open user_logic.vhd. Currently the code provides an example of reading and writing to four 32-bit

registers. For the purpose of this tutorial, this code will not be modified.

* Close user_logic.vhd.
In order for XPS to add the new custom IP core to the design, the pcores directory must be rescanned. This can
be accomplished by selecting Project — Rescan User Repositories. XPS also automatically rescans the pcores
directory when the project is opened.

Design Modification using Platform Studio

Once a design has been created with the Base System Builder, it can be modified within the System Assembly

view.

Bus Interfaces |Ports | Addresses | EoBIF Filters
Hame |Bus Connection IF Tvp= IF Yersion |
[+ = ppedils O ppedlS_wirtexd 2.00. a
[

[+-sg#plb bram 7€ entlr {7 bram bram_block 1.00. a
[H]- % s tagnpe_ Jtagppe_cntlr 2,00 a
[
[+]-
B
[ =@ proe_svs reset O proc_sys_rezetl 2,00, a
e eloek generateor O clock generator 1.00. a
[
g LRAM D05 FTE wer! bus splrt O util_bus_=plit 1.00. a

| [Flatform Studia] I System Assembly View IBlock T agram I system. mhs I

Figure 18: System Assembly View

Double clicking on any of the IP’ s listed in the System Assembly View allows modification of that particular IP.

The System Assembly View has the following filters:

Bus Interfaces: With the Bus Interface activated, the patch panel to the left of the System Assembly View gets

activated. The bus connectivity of the core is shown when the hierarchy of the IP is expanded.

Ports: With this filter on, the port connections appear when the hierarchy of the IP is expanded. You need to

activate this filter to be able to add external ports.
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Addresses: The IP’ s addresses can be viewed when expanding the IP. This is where you can generate

addresses for the IP’ s.

The IP Catalog tab shows all of the IP that is available to use in the EDK project. To add new IP:
» Bring the IP Catalog tab forward.
* Expand the Project Repository hierarchy

» Drag and drop the IP into the System Assembly View or double click on the IP.

Bus Interfaces | Ports | Addreszes | EoBIF Filters
Hame |Bus Connection IF Type IF Version |

el ||| B RRedis_ O ppedlS_virtexd  Z.00.a
o||| E-<=*

£ [F-wplf bram € entir { bram bram_block 1.00. a

[H]- < rtagope & Jjtagppe_cntly 2.00 2
o ||| E-=*
@] B-=
@ ||| -~

[P proe_svs reset proc_sys_reset 200 a

<@ elock generator 0 clock_generator 1.00.a
@ ||| B-=>

o SRAY D558 wirl bus splie O util_bus_split  1.00.a

ol e =

|
[Flatform Studia] System Aszembly View Block Diagram I system. mhs I

Figure 19: Inserting IP

With the Bus Interfaces tab brought forward:
»  Press the Connection Filter button and select All
* Expand the custom_ip_0 instance
» Highlite the slave PLB connection (SPLB)

* Select the No Connection pull down menu and change it to plb

PowerPC Tutorial www.xilinx.com
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Hame Eusz Connection |IP Typea IIP Yerzion I
.. P ppedis o ppodls_wirtexd 2.00 2
i
- w#plb bram 5t entlr ¥ bram bram_bloclk 1.00 2
-a@ ftagmpe O Jtagppeo_cntlr 2.00. a
-
-
i e prpe_svs resel o proc_sys_reset 2.00 a
o eloek generator & clock_generator 1.00 2
.. =Y
o SRAM PoSReTD wird bus spire & util_bus_split 1.00. a
E--#cﬁstm_i_p_{? custom_ip 1.00. a4

Fo Connection

Hew Connection

Figure 20: Modifying bus connections

* Now select the Ports tab

¢ Press the Filters button and select All

* Expand the custom_ip_0 instance

+ Highlite the SPLB_CIk port

» Select the Default Connection pull down menu and change the clock connection to sys_clk_s

&

H N

catform Studial System Assembly View

-~PLE_abort
-~PLE_ma=zterID
- PLE_wrFrim

- PLE_rdPrim
--PLE_SAWalid
--PLE_FAWalid
- PLE_hBus

- PLE_ARus
--SPLE_R=t

4]

Defanlt |1

Defanlt x|I [0: [C_SFLE_|
Default x|I

Default x|I

Default x|I

Default ~|I

Default x|I [0:31]
Default |1 [0:31]1
Default ~|I

Defanlt

Dem_211l lacked

Elock Diagram I

fpga 0_RS232 Vart TX
fpza O_SEAM_2SBE:32 Mem ADY LDN

szage file

"MDT.m=sg™ wasn't found.

..00.a for instance custom ip O
to the project

fpga_0_SEAM_256Ex32_Mem_WEN
proc_cll =

=¥s_bus_reset

fpga 0_RS232 Vart BX

s¥s_rEt_=

;I—
- »

Figure 21: Changing port connections

Note: Right clicking on the Name column in the System Assembly View provides more filtering options.
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Select the Addresses tab to define an address for the newly added custom_ip peripheral. The address can be
assigned by entering the Base Address or the tool can assign an address. For the purpose of this tutorial, the tool
will be used to assign an address.

* Click Generate Addresses.
A message in the console window will state that the address map has been generated successfully. The design is

now ready to be implemented.

PowerPC Tutorial www.xilinx.com
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Implementing the Design

Now that the hardware has been completely specified in the MHS file, you can run the Platform Generator.
Platform Generator elaborates the MHS file into a hardware system consisting of NGC files that represent the
processor system. Then the Xilinx ISE tools will be called to implement the design for the target board. To

generate a netlist and create the bit file, follow these steps:
» Start ISE by selecting Start — Programs — Xilinx ISE 9.2i —Project Navigator.
* InISE, select File — New Project to create a new Project Navigator project.

» Inthe New Project dialog box shown in Figure 22, browse to the XPS project directory and then enter the

Project Name, project_navigator.

Eler Project Tizard — Create Ner Froject _Il:llil
—Enter a Hame and Location for the Project
Froject Hame: Project Location
Iproject_navi Zator Is\edthZ‘lppc\ppc_tutorial\project_navi gator . |

—Select the Type of Top-Lewel Source for the Project

Top—Lewel Source Type:

HOL j

More Info | % Bacl | Hext > I Cancel

Figure 22: ISE New Project

» Click Next. Configure the Device and Design flow as shown in figure 17. It should be noted that these

settings are consistent with the XPS project.
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El"ruject Froperties EI

Froperty Hame Yalue -
Product Category All -
Family Yirtext -
Dewice HCAVFY1Z *
Fackagze FFEGS -
Spead -10 -
Top—Lewel Scurce Type HOL ;I
Svnthesisz Tool XST (VHDL/Verileg) |
Simulator Modelzim-FE VHIL |
Freferred Language YHOL LI
Enable Enhanced Design Summary [v mm
Enable Message Filtering — ;I
0K Cancel Defanlt Help |

Figure 23: New Project - Device and Design Flow

¢ Click Next. ISE has the ability to add an XPS project file as a new source file. However, the tutorial will

not cover this aspect.

» Browse up into the XPS project and add the system.xmp in the New Project Wizard - Add Existing

Sources dialog window.
e Deselect the Copy to Project checkbox
*  Click Next
* Click Finish
+ Click OK

» Select the system.xmp source file and double click on the View HDL Instantiation Template.

Once the process has completed the editor window will contain the instantiation template called system.vhi.

* InISE, select Project — New Source. Select VHDL module and name it system_stub.vhd in the

project_navigator directory. Then instantiate the system.vhi in system_stub.vhd:

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;

use IEEE.STD_LOGIC_ARITH.ALL;

use IEEE.STD_LOGIC_UNSIGNED.ALL;

PowerPC Tutorial www.xilinx.com
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---- Uncomment the following library declaration if instantiating

---- any Xilinx primitives in this code.
--library UNISIM,;
--use UNISIM.VComponents.all;

entity system_stub is

PORT(

fpga_0_RS232_Uart_RX_pin : IN std_logic;

sys_clk_pin : IN std_logic;

sys_rst_pin : IN std_logic;

fpga_0_LEDs_4Bit_ GPIO_IO_pin : INOUT std_logic_vector(0 to 3);
fpga_0_Push_Buttons_Position_GPIO_IO_pin : INOUT std_logic_vector(0 to 4);
fpga_0_SRAM_256Kx32_Mem_DQ_pin : INOUT std_logic_vector(0 to 31);
fpga_0_RS232_Uart_TX_pin : OUT std_logic;
fpga_0_SRAM_256Kx32_Mem_A_pin : OUT std_logic_vector(9 to 29);
fpga_0_SRAM_256Kx32_Mem_BEN_pin : OUT std_logic_vector(0 to 3);
fpga_0_SRAM_256Kx32_Mem_WEN_pin : OUT std_logic;
fpga_0_SRAM_256Kx32_Mem_OEN_pin : OUT std_logic_vector(0 to 0);
fpga_0_SRAM_256Kx32_Mem_CEN_pin : OUT std_logic_vector(0 to 0);
fpga_0_SRAM_256Kx32_Mem_ADV_LDN_pin : OUT std_logic;
fpga_0_SRAM_CLOCK : OUT std_logic

);

end system_stub;

architecture Behavioral of system_stub is

COMPONENT system
PORT(

fpga_0_RS232_Uart_RX_pin : IN std_logic;

sys_clk_pin : IN std_logic;

sys_rst_pin : IN std_logic;

fpga_0_LEDs_4Bit_ GPIO_IO_pin : INOUT std_logic_vector(0 to 3);
fpga_0_Push_Buttons_Position_GPIO_IO_pin : INOUT std_logic_vector(0 to 4);
fpga_0_SRAM_256Kx32_Mem_DQ_pin : INOUT std_logic_vector(0 to 31);
fpga_0_RS232_Uart_TX_pin : OUT std_logic;
fpga_0_SRAM_256Kx32_Mem_A_pin : OUT std_logic_vector(9 to 29);
fpga_0_SRAM_256Kx32_Mem_BEN_pin : OUT std_logic_vector(0 to 3);
fpga_0_SRAM_256Kx32_Mem_WEN_pin : OUT std_logic;
fpga_0_SRAM_256Kx32_Mem_OEN_pin : OUT std_logic_vector(0 to 0);
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fpga_0_SRAM_256Kx32_Mem_CEN_pin : OUT std_logic_vector(0 to 0);
fpga_0_SRAM_256Kx32_Mem_ADV_LDN_pin : OUT std_logic;
fpga_0_SRAM_CLOCK : OUT std_logic
);
END COMPONENT;

begin

Inst_system: system PORT MAP(
fpga_0_RS232_Uart_RX_pin => fpga_0_RS232_Uart_RX_pin,
fpga_0_RS232_Uart_TX_pin => fpga_0_RS232_Uart_TX_pin,
fpga_0_LEDs_4Bit_ GPIO_IO_pin => fpga_0_LEDs_4Bit_GPIO_IO_pin ,
fpga_0_Push_Buttons_Position_GPIO_lO_pin => fpga_0_Push_Buttons_Position_GPIO_IO_pin,
fpga_0_SRAM_256Kx32_Mem_A_pin => fpga_0_SRAM_256Kx32_Mem_A_pin,
fpga_0_SRAM_256Kx32_Mem_BEN_pin => fpga_0_SRAM_256Kx32_Mem_BEN_pin,
fpga_0_SRAM_256Kx32_Mem_WEN_pin => fpga_0_SRAM_256Kx32_Mem_WEN_pin,
fpga_0_SRAM_256Kx32_Mem_DQ_pin => fpga_0_SRAM_256Kx32_Mem_DQ_pin,
fpga_0_SRAM_256Kx32_Mem_OEN_pin => fpga_0_SRAM_256Kx32_Mem_OEN_pin ,
fpga_0_SRAM_256Kx32_Mem_CEN_pin => fpga_0_SRAM_256Kx32_Mem_CEN_pin,
fpga_0_SRAM_256Kx32_Mem_ADV_LDN_pin => fpga_0_SRAM_256Kx32_Mem_ADV_LDN_pin ,
fpga_0_SRAM_CLOCK => fpga_0_SRAM_CLOCK,
sys_clk_pin => sys_clk_pin ,

sys_rst_pin => sys_rst_pin

By adding system_stub.vhd to the Project Navigator project the hierarchy is updated as shown in Figure 4.

X
Sources for: ISmthesistmplementatinn j

'-:'Eﬂprl:-j ect_navigator
1 £ xedwixl 2~ 10£6EE
E..ﬁﬁﬁsystem_stub — Behavioral (system_stub. vhd)
5----Eln5t_5}'5tem - system [ ./ swystem. xmp)

Ef? Sources mﬂnapshnts IDLibraries

Figure 24: Project Navigator Project Hierarchy

* InISE, select Project — Add Source. Select the system.ucf file in the <xps_project>\data directory.

Associate the system.ucf with system_stub.vhd. Edit the system.ucf file:
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* Highlite system.ucf
* Expand the User Constraints hierarchy in the Process box
e Double click on Edit Constraints (Text)

« The hierarchy has changed now that the EDK system is instantiated inside the system_stub module so
the PPC reset pins are no longer available in the top level module. Add a */ in front of signals
ppc_reset_bus_Chip_Reset_Req, ppc_reset_bus_Core_Reset_Req, ppc_reset_bus_System_Reset_Req,

so the tools will © wildcard’ the hierarchy preceding the PPC reset pins.
e Save and close the UCF

« Select system_stub.vhd and double click on Generate Programming File to implement the design and

generate a bit file.

ISE will call XPS to generate the EDK to create the following directories:
o0 hdl- contains the VHDL files that define the processor system
0 implementation — contains the NGC files

o0 synthesis — contains the projects and information from synthesizing the files in the hdl directory to create

those in the implementation directory
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Defining the Software Design

Now that the hardware design is completed, the next step is defining the software design. There are two major
parts to software design, configuring the Board Support Package (BSP) and writing the software applications. The

configuration of the BSP includes the selection of device drivers and libraries.

Configuration of the BSP

Configuration of the BSP is done using the Software Platform Settings dialog. In XPS, select Software —
Software Platform Settings. This will open the Software Platform Settings dialog box as shown in Figure 25. The
Software Platform Settings dialog box contains four views. Each of these views is used to control all aspects of
the BSP creation.

The Software Platform view allows the user to modify processor parameters, driver, operating system and

libraries. The following Operating Systems are supported:
o Standalone
o xilkernel

o Linux_mviI31

o Linux_2_6
0 vxworks
0 nucleus

No changes are required in this view.
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Software Flatform Settings

—Frocessor Information

Froceszor Instance: Ippc405_0 VI

05 and Libraries

Software Platform

Proceszsor Settings

CPU Driver: Icpu_ppc4D5 "I

CFU Driver Yersion: Il. 10.a Vl

Drivers Processor Parameters:
Hame ICu.rrent Value IDefault Value IType Tescription
EJ-pped05_0
{--EXTRA_COMPILER FLASS -¢ g string Extra compiler flags used in BSF and 1i°
ARCHIVER pewerpe-eabr—ar powerpo—eabi—ar string Archiver used to archiwe libraries for ~
COMEILER powerpre—eabi—ger powerpe—eabi—gee string Compiler nsed to compile both BSF libra
L.CORE_CLOCE_FREQ HZ  Fodoodood 400000000 int Core Clock Frequency in Hz
. | ol
— 05 & Library Settings
X re—— . lﬁ Default software platform. Frowides basic processzor related -
ReRl = Candalone (e 100« » functions and basie 05 like funetions such as standard input and ﬂ
Use | Library Verzion Dezeription
™ |xilmfs 1.00. a B Hilirce Memory File System
|_ xilfatfs 1.00. a » | Frovides readfwrite routines to aceess files stor
— Iwip 5.00. a HE 1wIF TCESIF Stack library +3.00.a (Jm. 15 build on

Download ThirdParty 05 & Library Definition Files here

Cancel Help

Figure 25: Software Platform Settings Dialog

library parameters. No changes are required.

Configuration for 03

standalone w1.00. a

Select the OS and Libraries view as shown in Figure 26. This view allows the user to configure OS and

4|

Figure 26: OS and Libraries view

Hame Current ¥alue |]]efault Yalue Type Description
S-istandalone
~stdout RS232 Vart > |nome peripheral_instance stdont peripheral
~ztdin ES7R7 Uart ;lnone peripheral_instance stdin peripheral
[#-microblaze_sxceptionz false | fal=e bool Enable MicroBlaze Exce
[#]-enable_sw_intrusiwve profiling falze ¥ | false baol Enable 3/% Intrusiwve F
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« Select the Drivers view. This view allows you to select the software versions for the peripherals

in the system as shown in Figure 7. Notice that the driver version is independent of the HW

version.

Software Flatform Drivers Configuration:

DS and Libraries Peripheral HY wer=zion In=tance Driver Ver=zion
xps_bram_if entl|1.00. a xps_bram_if_cotl [bram +|1.00 a
xps_uartlite 1.00. a ES232_Uart nartlite *||1.12. a :I
Xps_gplio 1.00. a LED=_4EBit Zpio 2. 11. a
Xps_gplio 1.00. a Push Buttons_FPos|epio hd 2.11.a
xp=_mch_emec 1.00. a SEaM_2SEEx32 emc 2,00 a
cuztom_ip 1.00. a custom_ip_0 custom_ip |1.00 a

Figure 27: Drivers view
The Interrupt Handlers view allows you to modify the parameters for the interrupts. This project does not have
any interrupts.
» Click OK.

* In XPS, select Software — Generate Libraries and BSPs to run LibGen and create the BSP which
includes device drivers, libraries, configures the STDIN/STDOUT, and Interrupt handlers associated with

the design.

LibGen creates the following directories in the ppc405_0 directory, shown in Figure 28:
« code: contains the compiled and linked application code in an ELF file

e include: contains the header files for peripherals included in the design (such as xgpi 0. h and

xuartlite.h)
» lib: contains the library files (such aslibc.a andlibxil.a)

» libsrc: contains the source files used to create libraries

Note: For more information on these files, refer to the Embedded System Tools Guide.

Marme = i Size i Tvpe i
[ Jcode File Folder
IChinclude File: Folder
[_ilib File Folder
Clibsre File Folder

Figure 28: PowerPC Drivers Directories
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Building the User Application

In EDK 9.2, XPS provides the ability for the user to create multiple software projects. These projects can include
source files, header files, and linker scripts. Unique software projects allow the designer to specify the following

options for each software project:
»  Specify compiler options
»  Specify which projects to compile
»  Specify which projects to download

* Build entire projects

Software application code development can be managed by selecting the Applications tab as shown in Figure 23.
The Base System Builder (BSB) generates a sample application which tests a subset of the peripherals included

in the design.

=l

IF Catalog

Froject | Applications

Software Projects
ﬂﬁldd Software Application Froject. ..
mﬂefault: pped0S_0_bootloop
E| :';?:Pruject:
El-Processor: ppedlS_ (0
iwGenerated Header: pped0S_0fincludefxparameters. h
~Executable: H:hedktutorialshedl2'\ppeippe_tutorial‘Testhpp Memoryhexecutable. &
[=-Compiler Options
;----Linl':er Seript: H:edktutorials'edk®2hppehppe_tutorial‘\Testhpp Memory'isrchiTe
‘-Mode: EXECUTABLE

[F-Sources
LeHivedktutorialshedd?ppetppe_tutorial \Testhpp Memoryhsrc'Testhpp Memary. o

--Headers

Testhpp Hemory

«| | _*I

Figure 29: Applications Tab

Compiling the Code

Using the GNU GCC Compiler, compile the application code as follows:

« Select Software — Build All User Applications to run powerpc-eabi-gcc. Powerpc-eabi-gcc compiles

the source files.

34 www.xilinx.com EDK 9.2 PowerPC Tutorial in Virtex-4
1-800-255-7778 WTO001 (v4.0) December, 2007



EDK 9.2 PowerPC Tutorial in Virtex 4 XX“JNX

LibhGen Done. -

powerpe-esbi-gec -02 Soygdrive/h/edktutorials/edk32/ppe/ppe_tutorial/Testlpp Memory/sro/Testlpp Memory.c -o Testldpp Memc
-Wl,-T -Wl,/cygdrive/h/edktutorials/edk32/ ppre/ppe_ tutorial/Testipp Memory/sro/Testipp Memory LinkScr.ld -g -I./¢

powerpc-eabi-size Testnpp_HemDryfexecutable.elf
text data has= dec hex filename

4518 3l6 4132 SZ66 2432 Testnpp_MemDrvIexecutable.elf
Done!

-
1 | >
Output | Warning I Error I

Figure 30: XPS Output Window - Software Compiled
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Downloading the Design

Now that the hardware and software designs are completed, the device can be configured. Follow these steps to

download and configure the FGPA:

« Connect the host computer to the target board, including connecting the Parallel-JTAG cable and the

serial cable.
» Start a hyperterminal session with the following settings:
o com1 - This is dependant on the com port your serial cable is connected to.

o0 Bits per second:57600

o Data bits: 8
o Parity: none
o Stop bits: 1

o Flow control:  none
* Connect the board power.
¢ InISE, select system_stub.vhd in the source window.
e In the process window, double click on Update Bitstream with Processor Data.

* Inthe process window, double click on Configure Device (iIMPACT) under Generate

Programming File.

»  With iIMPACT configure the FPGA using system_stub_download.bit located in the

project_navigator directory choosing to bypass all of the other chips in the JTAG chain

After the configuration is complete, you should see a display similar to that in shown in Figure 31:

#@Demo - HyperTerminal - : -10i x|
File Edit Mew Call Transfer Help

D] 2| 8] «olB
-— Entering main() -- =

Starting Memorylest for SRAM_256Kx32:
Running 32-bit test...PASSED!
Running 16-bit test.. . PASSED!
Running 8-bit test...PASSED!

—— Exiting main{) —-

e =

(Connected 0:42:58 Autodetect  S7PE006-N-1  (SCROLL [CARS ML s

=

Figure 31: Hyperterminal Output
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Debugging the Design

Now that the device is configured, you can debug the software application directly via the JTAG PPC connections.

GDB connects to the PowerPC core through the JTAGPPC and the Xilinx Microprocessor Debug (XMD) engine
utility as shown in Figure 32. XMD is a program that facilitates a unified GDB interface and a TCL (Tool
Command Language) interface for debugging programs and verifying microprocessor systems. The XMD engine
is used with MicroBlaze and PowerPC GDB (mb-gdb & powerpc-eabi-gdb) for debugging. Mb-gdb and powerpc-
eabi-gdb communicate with XMD using the remote TCP protocol and control the corresponding targets. GDB can

connect to XMD on the same computer or on a remote Internet computer.

To debug the design, follow these steps:

* Select Debug — XMD Debug Options

 The XMD Debug Options dialog box allows the user to specify the connections type and JTAG
Chain Definition. Two connection types are available for PowerPC:
¢ Simulator — enables XMD to connect to the PowerPC ISS
¢ Hardware — enables XMD to connect to the JTAGPPC peripheral in the hardware
¢ Stub- enables XMD to connect to the JTAG UART or UART via XMDSTUB

¢ Virtual platform — enables a Virtual (C model) to be used (not covered in this tutorial)
* Select Save.

e Select Debug — Launch XMD.

PowerPC Tutorial www.xilinx.com
WTO001 (v4.0) December, 2007 1-800-255-7778

37



& XILINX EDK 9.2 PowerPC Tutorial in Virtex-4

‘hedkd 2ibintintizbash. exe B ] |

ID Code IR Length Part Mame
Babi187?3 8 System_ACE
£58598923 16 BCF32P
21e58893 1@ RC4UFX12
LY608093 ] wcTh1ddx]

PowerPC485 Processor Configuration

Bx2808114°78
Bx000808E8
Breakpoints
Mo of Read Adde-Data Watchpoints....1
Mo of Urite Adde-Data Watchpoints...1
Uzer Defined Address Map to access Special PowerPC Features using HMD:
I-Cache <(Datal Bx700000A8 — Bx7BRA3fff
I-Cache Bx7008460608 Bx70087ff £
D—Cache Bx78080BRA Bx78083fF £
D—Cache Bx78004008 Bx78007EF £
Bx7E800846008 Bx78004f F £
Bx780848008 Bx700A7fF £

Connected to “ppc target. id = @
Starting GDB server for "ppc' target <did @» at TCP port no 1234
WHDx

Figure 32: XMD Window

* In XPS, select Debug — Launch Software Debugger to open the GDB interface

« In GDB, select File — Target Settings to display the Target Selection dialog box as shown in

Figure 33
«  Click OK
i
Connection M Set breakpoint at " main’

Tarset: |Remote/TCP 1 XD _:J ¥ Set breakpoint at ’exit

Hostname: |10ca1host
[ Set breakpoint at

Port: [1234

[” Display Download Dialog

I More Options

Cancel | Help |

Figure 33: GDB Target Selection

* In GDB, select File — Open...
» Select executable.elf in the TestApp_Memory directory

* In GDB, select File — Exit.
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* In the Applications window of XPS, double click on the Project: TestApp_Memory label
* Inthe Debug and Optimization tab, set the Optimization Level to No Optimization

* Click OK

‘% Compiler Options il

Compiler Tools: powerpec—eabi—gec

Envrironment Debuz and Optimization FPathz and Options

—Optimization Parameters

Optimization Lewel [JENN3STIEEISTS

[~ Use Global Painter Optimization

— ¥ Generate Debug Symbols

{* Create Symbols for Debugging (g option)
{~ Create Symbols for Assembly (—gstabs option)

Hote: If both optimization lewel and debug optiom are set, the
information may mot correlate to source code.

OF Cancel Help

Figure 34: Compiler Options

* Recompile the code
* Load the new executable.elf into GDB

e Select Run — Run

There is an automatic breakpoint at main. GDB allows you to single step the C or assembly code.

Note: The default values displayed in the Registers Window are in hex, while the values displayed in the
Source Window are in decimal.
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Performing Behavioral Simulation of the Embedded System

Performing a behavioral simulation of the complete system, which includes the embedded processor system, is a
powerful verification technique. In order to perform a behavioral simulation of the complete system in ISE, the

simulation file for the embedded system must be generated.

First, increase the Baud rate of the UART so that simulation of the UART can happen more quickly. Remember

to change the Baud rate value back to 57600 before downloading to the ML403 demo board.
* In XPS double-click on the MHS file
* Change the value of PARAMETER C_BAUDRATE to 3125000 (value of C_CLK_FREQ/32)
» Save the MHS file and close it

* In XPS, select Edit — Preferences. In the Project Options dialog box select the HDL and

Simulation tab.

Browse to the precompiled EDK Library and Xilinx Library as shown in Figure 35. It should be noted that the paths
will be different to match you system. For additional information on compiling the simulation libraries refer to the

Embedded System Tools Reference Manual chapter 3.
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$XILINX

w Preferences

Category

e Application Freferences

--Block Diagram

~-Console

--Editor Options

- HIML Browser

--IF Catalog and IF Config Dialog
-~ I5E Text Editor

--System Assembly View
F-Heblpdate

Froxy Settings

—Platform Studio Properties

[" Do not show flow diagram at start up
[# Show "Wext Step” dialog after Baze System Builder is dome

¥ Show Flatform Studie SDE launch message

I-éAutomatically zave files before launching processesé

—Simulation Libraries Fath
EDE Library (Dutput Directory of compedlklib)

ID:\mlib\ed.klib\ Browse ...

¥ilinx Library (Dutput Directory of compxlib)

I

ID:‘\mlib'\iselib'\ Browse ...

If librarie=s have not been compiled: Compila. .. |

Global Peripheral BRepository
(Changes made here will not take effect until after the progzram has been restarted )

Browsze ... |

0K I Cancel Apply Help

Figure 35: Project Options - HDL Simulation tab

+ Click Ok.

« Select Simulation — Generate Simulation HDL Files. This will generate all of the EDK HDL Simulation

files in the EDK\simulation\behavioral directory created by SimGen.

* Now that the EDK simulation files have been created, the ISE simulation environment can be created.

* InISE, select system_stub.vhd and double click on Create New Source in the Process Window.

* Inthe New Source dialog, select the source type as “ VHDL Test Bench” and the File Name as

testbench”

» Click Next. Select system_stub as the source file to which the testbench will be associated.

¢ Click Next and Finish.

Now select Behavioral Simulation in the Sources window as shown in Figure 36.
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(R IRt b SO D R r [ i

Sources for: i Synthesizmplementation :_j

'.'r':j praje Synthesisdmplementation

= £ wcd

4 Post-Tranzlate Simulation

;| Past-tap Simulation
Post-Route Simulation

o ] SR CICT [ ety S el BT o]

Figure 36: Behavioral Simulation View

Testbench.vhd will now open in the ISE Editor Window.

Scroll to the bottom of the file and remove the following code:

tb : PROCESS
BEG N
-- Wit
wait for

100 ns for global reset to finish

100 ns;

-- Place stimulus here

wait; -- will wait forever
END PROCESS;
Add the following code:
tb_clk : PROCESS
BEG N
sys_clk pin <="1"; wait for 10 ns;
sys_clk pin <="'0"; wait for 10 ns;
END PROCESS;
tb_reset PROCESS
BEG N
sys_rst_pin <="'0"; wait for 5 us;
sys_rst_pin <="'1; wait;

END PROCESS;

fpga_0_RS232 Uart RX pin <= fpga_0 _RS232_Uart_TX pin;

In order to populate the BRAMs with the TestApp_Memory Application, a configuration statement must be utilized.

Add the following after the final * END;”

configuration testbench_vhd _conf of testbench_vhd is
for behavi or
for uut: systemstub
for Behavi or al
for Inst_system system
use configuration work.system conf;
end for;

statement in the Testbench.vhd file:
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end for;
end for;
end for;
end testbench_vhd_conf;

Save and close the testbench.vhd file.

Select testbench.vhd in the ISE Source Window. Expand the ModelSim Simulator in the process window then

right-click on Simulate Behavioral Model and select Properties...

Change the simulation run time to Ons, select Use Configuration Name and insert testbench_vhd_conf in the

Configuration Name field as shown in Figure 37.

Simulation Bun Time Ops

Simulation Resolution Default (1 ps)
VHOL Symtoax 93

Use Explicit Declarations Only |

Uze Configuration Hame v

Configuration Hame testbench_whd_ conf

Figure 37: Loading the VHDL Configuration

Click on the OK button.

Double-click on the Simulate Behavioral Model to simulate your processor design.

To see the output of the UART, type in the following command in the Modelsim console window:

add wave -radi x ascii
/testbench_vhd/uut/inst_systenrs232 uart/rs232 uart/uartlite_core_i/uartlite tx_ i/f
i fo_dout

At the command prompt type “ run 300us” to begin running the simulation. It will take several thousand uS to
run the design to simulate the functionality of the design because of the printf routines. You should see a

Modelsim wave form similar to the one shown in Figure 38.

PowerPC Tutorial www.xilinx.com
WTO001 (v4.0) December, 2007 1-800-255-7778

43



& XILINX EDK 9.2 PowerPC Tutorial in Virtex-4

IR

File Edit ¥iew #Add Format Toolz Window

2E& & BA D

cjeaan| e Gmedlu P can]aca

R
SN A B RS B 5 OR RIS S S ORI/ IR TR Y 8 e

| I i
LE® Moy 300000 ns - - a0 = - 0rs - -
mse Cursar 1 124020.1 s | - . i I I I
1 | (3 I I S i

| 0psto 315 us | Mow: 300 us Delea: 11 4

Figure 38: Simulation results
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