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1 Introduction
This document describes a simple PowerPC based design to demonstrate the multi-boot
capability of the Virtex-5 FXT FPGA family.

2 Reference Design Requirements
This reference design will require the following software and hardware setups.

21 Software

The software requirements for this reference design are:
WindowsXP
Xilinx 1SE 10.1 with Service Pack 2
Xilinx EDK 10.1 with Service Pack 2

2.2 Hardware
The hardware setup for this reference design is:
- Computer with 1 GB RAM and 1 GB virtual memory (recommended)
Avnet Virtex-5 FXT evaluation board
Straight through RS232 cable
Power supply
JTAG programming cable (USB or PC4)



3 Multi-Boot Use Case

The Virtex-5 FPGA families have a feature called Multi-Boot that allows the FPGA to
selectively load its bitstream from an attached configuration PROM that contains 2 or
more bitstreams.

The FPGA application will trigger a Multi-Boot operation, causing the FPGA to
reconfigure from a different bitstream. Once a Multi-Boot operation is triggered, the
FPGA restarts its configuration process as usual, the FPGA clears its configuration
memory and reconfigures from the configuration PROM with the new bitstream.

The following figure shows an example of the Multi-Boot use case. The initial bitstream
is loaded into the FPGA to perform board- level diagnostics and verify the operation of
the hardware. Once the board- levd test is successfully completed, the Re-Configure
signal is used to configure the FPGA with the second bitstream that will run an
applicationon the board. Alternatively, athird or forth bitstream can be added to the
configuration PROM to run different applications on the board.
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Figure 1 - Multi-Boot Use Case

All Virtex-5 devices are equipped with an Internal Configuration Access Port (ICAP)
primitive. ICAP is used to send IPROG command to trigger reconfiguration The IPROG
command has similar effect as a pulsing PROGRAM _B pin; however, the dedicated
reconfiguration logic is not reset.

The start address of the configuration is stored in the WBSTAR register, which is
accessible viaICAP. The WBSTAR register must be programmed before sending the
IPROG commard. Please refer to the Virtex-5 Configuration User's Guide (ug191) for
more information on using ICAP.



4 Configuration Flash Memory Map

The following figure shows the configuration Flash memory map for this reference
design. As shown, the bitstream to run the diagnostics on the board is stored in the Flash
starting at address 0x00000000, while the bitstream for the application is stored in the
Flash, starting at address 0x00200000 (2M B address space is dedicated to each
bitstream). It should be noted the Avnet V5FXT evaluation board uses the V5FX30T
device that requires 13,517,056 bits of configuration memory.

As shown in the following figure, the remaining Flash memory space can be used to store
user data and/or application code.
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Figure 2 - Configuration Flash Memory Map



5 System Sdf-Test Design Block Diagram

The following figure shows a high-level block diagram of the system self- test
(dlagnostl cs) for this reference design. The design consists of :

PowerPC processor

64K B of BRAM

RS232 Port

LEDs

DIP Switches

Timer

Interrupt Controller
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Re-Configure Reset osC JTAG
Switch Switch @100 MHz Header
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Figure 3 — System Self-Test Design Block Diagram



5.1 Custom ICAP Controller 1P

The following figure shows the custom ICAP controller IP connections in the Self-Test
design. As shown, the Re-Configure input to the ICAP IP is connected to a Push Button
switch on the board. The WBSTAR content is supplied to the ICAP controller IP viaa
32-hit parameter, so that the reconfiguration start address can be assigned by the user.
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The following figure shows the custom ICAP controller IP instantiation in the Self- Test
design MHSfile. As shown, the Re-Configure input to the ICAP IP is connected to a
Push Button switch on the board, while the WBSTAR register content is set to
0x00200000 viathe C WARM_BOOT_ADDR parameter. So, for this application,

when the on-board push button switch is pressed, the 0x00200000 value is loaded into the
WBSTAR register and then the IPROG command is issued by ICAP to reconfigure the
FPGA.

15 FPCRT fpga 0 R3232 BY pin = fpga 0 R3E32 RY, DIR = I
19 FPCORT fpga 0 R3232 TX pin = fpga 0 R3E3Z T, DIR = O
20 PCRT fpga 0 LED= SBit GPIO d out pin = fpga 0 LEDs 8Bit GPIO d out, DIR =
21 FPORT fpga O DIP Switches SBit GPIO in pin = fpge 0 DIP 3witches JEit GFIO

z22 FORT =sys_elk pin = dem eolk s, DIR = I, 3IGIS = CLE, CLE FREQ = 100000000
23 PORT sv= rst pin = syvs rst =, DIR = I, R8T POLARITY = 1, 3IGIS = R&T
24 I FORT wulti boot 0 re configure pin = mwulti boot 0 re configure, DIR = II

il

185 BEGIN multi hoot

186 PARAMETER TN3TAMNCE = multi boot 0O

187 PARAMETER HW VER = 1.00.a

128 I PARAMETER C WARM EOOT ADDR = DxDDzDDDDDl

189 PORT clock in = =y=s clk =

190 L_PORT re_configure = multi hoot 0 re configure |
191 EMND
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6 Application Design Block Diagram

The following figure shows a high-leve block diagram of the applicationdesign. The
design consists of :
- PowerPC processor

64K B of BRAM

RS232 Port

LEDs

DIP Switches

Timer

Interrupt Controller

Reset OsC JTAG
Switch @100 MHz Header

| |
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Figure4 - Application Design Block Diagram



6.1 Application Design Software

A ssimple software application is used for this reference design. The following figure
shows a flow chart for this program.

1) Print a banner on the Hyper Teminal. Initializations

2) Initialize the GPIO ports to drive the user On Reset
LEDs and read the DIP switches

3) Initialize the interrupt controller

4) Initialize the timers and timer interrupts

5) Enable the processor interrupt

Timer Interrupt
Routines

>

Timer 1
Interrupt

mer Interrupt <

\4

Timer 2
Interrupt

A 4

1) Flash the user LEDs

1) Read the DIP switch settins and
display it on the Hyper Teminal

Clear Timer Interrupt

Clear Timer Interrupt




7  Setting Up the Board
Perform the following steps to setup the board for running the PPC XMK demo.

1. Verify the Power switch, SW7, isin the OFF position.

2. Ingtal ajumper on JP3 pins 2-3

3. Ingtal ajumper on JP2 pins 2-3

4. Ingtal ajumper on JP1 pins 1-2

5. Ingtal ajumper on JP5 pins 2-3 (FPGA JTAG mode)

6. Connect the power supply to the J11 connector on the FXT evaluation board and
also plug it into the AC outlet.

7. Connect the USB JTAG cable to J9 and the USB port of the PC.

8. Connect a straight through RS232 cable to the board DB-9 connector (P1) and the

seria port of the PC. Alternatively, you can use an RS232-USB adapter and
connect this adapter to the DB-9 connector and the USB port of the PC. In this
case, you must install the RS232-USB driver for the adapter.

9. Slide the power switch to the ON position

8 Generating the Multi-boot MCS File

1. Start iIMPACT via Start > All Programs > Xilinx ISE Design Suite 10.1 > ISE >
Accessories > IMPACT, a dialog box similar to the one shown below will appear.
Click Cancel to continue.

. iMPACT Project

| want ta

) {load most recent project ! L™

[] Load most recent project file when iMPACT starts

{3 create a new praject [.ipf) E_;él_e__fg_u_l_t_._i_p_f Browse...
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2. Double-click on PROM File For matter to generate an MCS file

£ impacT
File Edit View Operations Options Output Debug Window Help
‘PH Y 2RXx /(s 2 230 &)
NPACT Prcesse

B2 Boundary Scan

25 SlaveSeral

oo SelectMAP

8 Desktop Corfiguration
B2 Direct SPI Configuration

[£] SystemACE
& PROM File Formatter

3. Inthefollowing dialog box, set the options as shown. The L ocation is where you
would like to store the generated MCS file (FXT_Evaluation_Multi_Boot_Design
folder for this example) and the PROM File Name is user selectable (for this lab the
file name will be multi_boot).

£ iIMPACT - Prepare PROM Files

| want bo target a

(3 Hiling PROM
() Generic Parallel FROM
3 rd-Party SPI PROM

%) PROM Supparting Multiple Design Versions: | Wirtex 5 MuliB oot v!

PROM File Format

G MCs | O TEE () UFP T format]

() EXD BIM |SC
HE= Swap Bits

Checksum Fill Value (2 Hex Digitsl: (5 |
PROM File Mame: | multi_baot | |

Lacation: |znter"-.-'-‘-.vnet_F><T_Evaluation_EDard'\FXT_Evaluation_MuIti_BDDt_Design'\l[ Browsze. . ]

¢ Back Mest » ] [ Cahcel ]

Il
©
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4. Inthefollowing dialog box, set the options are shown and click Next to continue.

£. iMPACT - Virtex5 MultiBoot PROM

& {Using an =<CFP PROM with Design Fevizsioning Enabled;
("3 Using an SP| PROM

() Directior: | UP w |
{#) Uszing BFl Mode _—

() Hilin: PROM

¢ Back ][ Mext » ] ’ Cancel
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5. In the following dialog box
a) Select the 16M parallel PROM from the drop-down dialog box.
b) Click on Add to add the PROM.
c) Setthe PROM data-widthto x16 (16-bits).
d) Setthe Select RS 1:0]b Pin Address Bits to 24:23.
€) Check the configuration location ‘1" and set the RS and Address values as
shown (RS = 00 and Address = 200000)
f) Click Next to continue

£ iMPACT - Virtex5 BPI PROM Property

Select a Parallel PROKM Denszity [Butes]: I 16M [NE¥F7216] VE Add

2 16H Delete Al

FROM data-width: | <16 [16-bit] |

Select B5[1:0]b Fin Address Bits: |Be B

oS Ersle il b i

Default or 0 (oo | [0 |
] I | [200000 |
2 O I || |
3 O I || |
s O I || |
5 O I || |
e O I || |
7O I || |

[] Add Data Files

¢ Back l | Mext » | ’ Cancel
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6. Inthefollowing dialog box, click Finish to continue.

'E iMPACT - File Generation Summary

“'ou have entered follawing information:

FROM Type: Farallel
File Forrmat mcs

Fill % alue FF

PROM filename multi_bioot
Mumber of PROMS 1
Fosition Fart Name

0 16M

Click "Finizh' to start adding device files.

’ ¢ Back ” Finizh ] [ Cancel

7. When the following dialog box appears, click OK to continue.

®. Add Device

8 i Start adding device file to
Data Stream: 0
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8. Sdect the download system_test.bit file and click Open (this file is located in the
FXT_Evaluation_Multi_Boot_Design folder of the reference design).

Add Device @

Look, in: ||.:_} FT_Ewaluation_bulti_Boot_Deszign Ll i EF v

¥ ICIF%T_Evaluation_application_Design
L"\é uf]FXT_EvaIuatiu:un_S';.:'stem_Test_Design
My Recent download_application. bit
Documerts download_application_cclkkemp. bit

r [: download_swstem_test, bit
download_system_test_cclkkemp, bit

by Computer
by Metworl: File name: |dnwnlnad_system_test L] Open
Flaces
Files of ype: |FPGA Bit Files [* ki) | Cancel

9. When the following dialog box appears, click No to continue.

£, Add Device

ey Would you like to add another design file to
b Data Stream: 0 7

10. Click OK to continue.

i ’i Start adding device file ko

Revision: 1
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11. Select the download application.bit file and click Open (thisfile is located in the
FXT_Evaluation_Multi_Boot_Design folder of the reference design).

Add Device

Look, in: ||.:_} FT_Ewaluation_bulti_Boot_Deszign ﬂ i EF v

% ICIF%T_Evaluation_application_Design
L ICTIF%T_Evaluation_Svstem_Test_Design
My Recent download_application. bik

DEHT RS download_application_cclkkemp. bit
@ download_swstem_test, bit
download_system_test_cclkkemp, bit
Dezktop

&
by Docurments

C

by Computer
by Metworl: File name: |dnwnlnad_applicati-:un L] Open
Flaces
Files of ype: |FPGA Bit Files [* ki) | Cancel

12. When the following dialog box appears, click No to continue.

€. Add Device

i ”—6 Would wou like ko add another design File ko
b Data Skrearn: 17

13. Click OK to continue.

. Add Device

i i Y¥ou have completed the device File entry,
Click 'Ok bo conkinue
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14. Double-click on Generate File ... to create the MCSfile.

BT Boundan Scan
BB syet erial

B electMAP [Dsta Stream |0

“BHDesktop Configuration
B Direct SPI Configuration

- [2] SpstemalE S
L. @F'FEEIM Fil= Farmatter ] —LE
IPARALLELE EaNE g
j PROM E i
- e
20.14 % Ful Syt

dovynioad_applica. .
Modes |

iMPACT Pro 3
Avalable 0 ratiu:uns are:

Generate File...

8.1 Programming the BPI Flash

1. Double-click onthe Boundary Scan.

B8 SlaveSenal
ool SelectMAR
- pal Desktop Configurstion

2. Right-click in the white area and select Add Xilinx Device... .

Bight click to Add Device or Initialize JTAG chain

Add Xilinx Device...

Add Mon-Xilinx Device... Ctrl+

Initiglize Chain Ctrl+I

il

3 15
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3. Inthe Add Device dialog box:
a) Click on download system_test.bit file to select it
b) Click onthe Enable Programming of BPI Flash Device Attached to this
FPGA radio button at the bottom of this dialog box.
¢) Click on Opento continue.

|53 FXT_Evaluation_spplication_D esign
|53 FXT_Evaluation_System_Test_Design
download_application. bit
download_application_cclktemp. bit

download_system_test_cclktemp.bit

rrulti_biook. e

File name; Idownload_system_test.I:uit ! Open

File type: : All Deszign Files (" jed " bit *.rbt "izc " nky * mcs " exo *.mpm " av v|

() Mone
(") Enable Programming of SPI Flash D evice Attached to this FRGA

| {5) Enable Programming of BPI Flash Device attached to this FF'G.-’-‘-.l

4. Inthe Add PROM File diaog box, select the multi_boot.mcs file and click Open to
continue.

Add PROM File

Look i |l,":'}FXT_Evaluatinn_MuIti_Bnnt_Design j L= |‘=_°F Ed-

g E ICSIFST_Evaluation_application_Design
3 [CT3FT_Evaluation_System_Test_Design

My Recernt rulki_boak, mes
Documents

[‘.‘

Desktop

=]

-7

by Documets

5

by Computer
My Metwark.  File name: |mu|ti_boot L] Open |
Flaces
Files of lupe: |MCS Files [* mes] ~| Cancel

= TAVNET 1



5. Select the Flash device (INTEL 28F128P30) as shown in the following figure and
click OK to continue.

Ea FPGA BPI Elash Association

Select BRI Flash
FPGA BFI Flazh

Py g

6. Click onthe FL ASH to highlight it (it should turn Green) and double-click in
Program to program the Flash (alternatively, you can right-click on the Flash device

and select Program).

i

B ==Boundary & Right click desice to select operations
! oundary Scan

SaSlaveSerial AR
SelectMAR :
%Desktap Configuration T ; e %
TDirect SPI Configuration fabrioegtoin
@ SystemaCE wcSvixa0t
; @F‘HDM File Formatter download_system...
TED

7. Inthe following dialog box, make sure the Verify and Erase Before Programming
are checked and click OK to continue.

Cateqgaor
= Boundans-Scan
~Device 1| FPGA, xchvix30t |

Device 1 | Attached FLASH, INTEL28F12 Froperty Hame Value
Werify
General CRFLD And PROM Froperties
Eraze Before Programming
FFGA Device Specific Programming Froperties
Agzert Cable INIT during prograninming F
after programming Flazh... aukarn
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Flash erase and programming will begin (this will take a couple of minutes).

e, Progress Dialog [8%]

Executing command ...

=
L =

8. After programming is completed, make sure the FPGA mode jumper is set to BPI
(install a jumper on JP5 pins 1-2) and power-cycle the board (or press and release
the PROGRAM button, SW6). Y ou should see the following on the Hyper Terminal.

‘& COM_1 - HyperTerminal

File Edit Wew Call Transfer Help

Ow @& S =l s

* * * * *

\======/  DESIGN
\====/  SERVICES

Virtex-5 FRT Evaluation Board Self-Test

LI I O I O A
e
-
1l
I
I
-
1l
1l
.
Ok K ¥ ¥ ¥ ¥

*

%
*

*

Runnning IntcSelfTestExample() for xps_intc_0...
IntcSelfTestExample PASSED |

Running GpioOutputExample() for LEDs_8Bit...

Connected 4:06:41 ANSTW 19200 8-M-1
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After completion of the system self-test you should see the following on the Hyper
Terminal.

& LOM_1 - Hyper Teamanal
Be EE Wuw LAl Trarefar  Habp
Do o ® 0 o

- Virten-5 FET Evaluation Board Self-Test u

e e

Runnning IntcSelfTestExanplel} for wps_intc @, ..
IntcSelflestExanple PRSSED

Running Gumﬂutpull-:uamla” for LEDs_8Bit. .
GpiolutpetExample PASSED

Running GpiolnputExamplal) for DIP Switches 8Rit.
GpiclnputExanple F'FI$$E Road data:@xCl

Running TeeCteSalfTesiExamplal ) for wps_times_1..
ImrCtrSelfTeztExzample PASSED |

Running TerCirSelfTestExamplal) for sps_timer 2. ..
TorCirSel fTestExanple PASSED

e i

- Please press and hold the SWE =switch on the board to =
- configurethe the FPGA with the application design "
WCommaced 4:06 51 ARSI | i =-R-1

9. Pressand hold the SW4 push button switch to assert the ICAP Re-Configure signal
to configure the FPGA with the application bitstream (hold the SW4 switch until you
see the application program banner on the Hyper Termina as shown in the following
figure).

& COM_1 - HyperTeamanal
Be EX Waw Cal Trasfar babp
Dok o F O o

CEUEE PR e R o e e L e T TR e e R Py ]

I EEREEEE:
i X B E B K

==== SERVICES
Yirtex—3 FHT Evaluation Board Application Desian

L]
i

DIF Switches (SW8-7) - ON ON OFF OFF OFF OFF OFF OH

foonmacad 4:07 ARGl 1000 EN-1
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