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Spartan-6 MultiBoot Capability

= MultiBoot Capability
— FPGA Application controlled configuration
— Bitstream selection of multiple applications

= Safe Update
— Golden bitstream
— Upgradeable bitstream

— Failure recovery
» Possible Triggers (CRC error, IDCODE error, WDT timeout)
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SP605 MultiBoot Design Description

= Description

— Reconfiguration of FPGA based on error condition or command from user
logic. Spartan-6 MultiBoot logic used to clear configuration memory and
restart the configuration process (REBOOT) from an external non-volatile
memory (e.g. SPI Flash). Location of new bitstream is determined by
dedicated Spartan-6 address registers (General_1 to General _4)

= Reference Design IP

— RTL state machine utilizing ICAP primitive and
IPROG command to initiate REBOOT

— RTL counter

— RTL logic for Pushbutton inputs and LED outputs
= Reference Designh Source and Application

— rdf0028.zip
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https://secure.xilinx.com/webreg/clickthrough.do?cid=140318&license=RefDesLicense

Upgrade Example

MultiBoot: Process by which the FPGA selectively reprograms and reloads its
bitstream from an attached external memory.

Safe update: Field updating bitstream storage with a new bitstream in such a o
manner to prevent any failure due to a failure in the update process. This is Design
accomplished with the enhanced MultiBoot available in Spartan-6. Revisions

Can a multi-boot system be implemented without safe update
design considerations?

Yes — If there are no potential for disruptions during flash loading

How is a system upgraded?
New multi-boot image is created (o)) Remote Towers
System setup to receive the new image

User application erases section of Flash

The new image is delivered into the system’s Flash
User application resets system

o bk wbd =
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Xilinx SP605 Board
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ISE Software Requirement

= Xilinx ISE 11.4 software

Powered by ISE™ Fmax Technology

Project Navigator

Release Version: 11.4
Application Version: L.68

Copyright © 1995-2009 Xilinx, Inc.
All rights reserved.
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Setup for the SP605 IBERT Designs

= Connect a USB Type-A to
Mini-B cable to the USB
JTAG connector on the
SP605 board

— Connect this cable
to your PC



SP605 Setup

P— = Set the mode pins
™ s for SPI Flash
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SP605 Setup

* Disable System ACE
Aqsicues
san QL - Turn 81 #4 Off
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SP605 Setup
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Compile MultiBoot Design

= Unzip the rdf0028.zip file

=10/ %]

File Actions Options Help

DP9 @Ml ¥

Mame | Path | Modified |A
Eboot_header_only_SPI_xl.hex spa05_multibootiPROM_filesh, 10/13/2009 2:46 PM
boot_header_only_SPI_x1.mcs sp&05_multiboot\PROM_files), 12/3/2009 12:53 FM
header_golden_multiboot.mcs sp&05_multiboot\PROM_files), 12/3/2009 12:53 FM |
prug_spi.cmd sp&05_multiboot\PROM_files), 10/13/2009 2:47 FM

IE] readme_boot_header_format, bt sp&05_multiboot\PROM_files!, 9/14/2009 5:45 PM
ICAP_SP&0S5_reboot,w spa05_multiboot\golden_imagelsource’, 10/1/2009 6:11 PM
top_SP&05_reboot.ucf spa05_multibootigolden_imagesourcel, 10/15/2009 7:07 AM
top_SPEUE_rebnut.u sp&05_multibootigolden_imagelsourcel, 10/1/2005 &:10 PM
winbond_fsrn.v spa05_multibootigolden_image‘source’, 10/13/2009 2:28 PM

% golden_SP&05.ncd sp&05_multiboot\golden_image Ywilinxresultsy, 12/3/2009 12:49 PM
golden_5P&05. pad sp&05_multiboot\golden_image Ywilimresultsy, 12/3/2009 12:49 PM LI
Selected 0 files, 0 bytes Total 38 files, 11,351KB 00
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Compile MultiBoot Design

= At a command prompt, type:
cd sp605_ multiboot
run_all_build_script.bat

e+ Command Prompt

Microzoft Windows HP [Wersion 5.1.268081
CC» Copyright 1785-2801 Microsoft Corp.

C:wrod spbBAS_multiboot

CinspbBS_multiboot>ran_all_build_script.bat

Note: Takes about five minutes & XILINX



Program SPI MultiBoot Design

* Open iMPACT
— impact

e+ Command Prompt

riting file "incomplete_dual_image SP&BS% .mcs''.
Writing file “incomplete_dual_image_SP6B5.prm'.
riting file "incomplete_dual_image SPeBS.cfi''.

C:vezpbB5_multiboot“PROM_files>rem combine boot header with golden and multiboot
image into one MCS file for iMPACT

C:wzspbBS_multiboot“PROM_files>*type hoot_header_only_SPI_x1.mcsz incomplete_donal_i
mage_SP6ES .mcs  1>header_golden_multiboot.mcs

hoot_header_only_SPI_xl.mcs

incomplete_dual_image_ SP6ES5 .mcs

Cavspbd5_multiboot PROM_files>rem delete intermediate MCS files to avoid confusi
on

C:wspblS_multiboot“PROM_files*del incomplete_dual_image_ SP6AS .=

C:wspbdS_multiboots~PROM_filescd ..
CavazpbB5_multiboot>impact

& XILINX.



Program SPI MultiBoot Design

= Select

— Create a new project
— Configure devices using e &=

— Please select an action from the list below
Boundary Scan (JTAG)
¥ Configure devices using Boundary-Scan (TTAG)
I.ﬁ.ummaﬁcally connect to a cable and identify Boundary-Scan chain ;I

I want to " Prepare a PROM File

" Prepare a System ACE File
" load most recent project I j Browse, ..
™ Prepare a Boundary-Scan File
[™ Load most recent project file when iMPACT starts
SWE ot
¥ Teate a new project (. default.ipf Browse...
project (:ipf) I - —_— ™ Configure devices
Iusing Slave Serial mode ;I

oK Cancel
K Cancel |

& XILINX.



Program SPI MultiBoot Design

» Right click on the “SPI/BPI ?” box and select Add SPI/BPI Flash...
— Select the <Design path>\PROM files\header golden_multiboot.mcs

€., ISE iMPACT - [Boundary Scan] - O] x|
@ File Edit View Operations Output Debug Window Help —| ﬁ’lil
w
E Right click device to zelect operations
1= "EFL/BET
5 -
= ol Add SPI/EFI Flash...
P
é TOI i:munri Emlnr:
|
HEoCACE xoGebod St
bypass bypass
TDO
@ Boundary Scan
o Errors _ﬁ Warnings
||Emﬁguraﬁon ||PiatFon'n Cable USE ”EMHI ".”usb-hs &

& XILINX.



Program SPI MultiBoot Design

= |In the Select Attached SPI/BPI GUI, select

— SPI PROM
— W25Q64BV
— Data Width: 1
x
Select the PROM attached to FPGA:
|sP1PROM | |wasqs4ev =l
Data Width: 1 =l

Cancel

& XILINX.



Program SPI MultiBoot Design

* Program the SPI Flash:
— Right-click on the Flash and select Program

€., ISE iMPACT - [Boundary Scan] - O] x|
@ File Edit View Operations Output Debug Window Help —| ﬁ’lil
w
E Right click device to zelect operations
:
= Verify
= TOI XL XL =
@ Erase
—_—
Blank Ched:
®ocace wehahoe Readback. ..
bypazs bypasz
oo e e Get Device Chedisum
Assign Mew Configuration File. ..
Delete
Set Programming Properties...
Set Erase Properties...
Edit Attached Flash Properties...
@ Boundary S
Launch File Assignment Wizard
o Errors _ﬁ Warnings |
|| Configuration || Platform Cable USE || & MHz ". || usb-hs &

& XILINX.

Note: Programming takes about fifteen minutes



Program SPI MultiBoot Design

= Erase Before Programming must be selected

Ea Device Programming Properties - Device 2 Programming Properties

Category -

[=HiBoundary-5can

" Device 1( ACECF xccace § " | roperty Mame value

i Device 2 ( FPGA xcosln45t) -

" Dcvice 2 ( Attached FLASH, Verify v
Erase Before Programming v
Assert Cable INIT during programming I

After programming Flash... automatically load FPGA with Flash contents <defaults= LI

& XILINX.



Run MultiBoot Design

= Cycle board power
— The multiboot_image design boots

= The LED pattern will show a double flash of the four LEDs

* Press SW7 (1)

— This issues a REBOOT
command to Spartan-6
configuration logic

— The DONE led (DS17) (2)
will go out momentarily

— The SP605 will reboot into
the double flash design (3)

vell
- -
_ _ 4
3 o i~ ! - -
\ szlsian |~D33 D54 D35 "~ 212V FAN
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Run MultiBoot Design

* Press SW5 (1)
— This will simulate a failed programming of the multiboot_image design
— SWS5 erases the first block of the multiboot_image in Flash

& XILINX.



Run MultiBoot Design

* Press SW7 (1)
— This issues a REBOOT command to Spartan-6 configuration logic
— The DONE led (DS17) (2) will go out momentarily
— The SP605 will reboot into the golden_image, a single flash design (3)
* This shows the loading of
the golden original file in

case of a programming
failure

& XILINX.



Spartan-6 MultiBoot Details

& XILINX.



MultiBoot Register Setup & Command

= General Configuration Registers

— Sticky 16-bit registers that are maintained after reboot
 General 1, 2 - Set to hold address of Multi-boot bitstream
* General 3,4 - Set to hold address of Golden bitstream
 General 5 - User Data

— All registers loaded at base address of Flash (SPI or BPI) and constant
— Bitfiles and designs (ICAP commands) are independent of addressing

= REBOOT command - Loads multi-boot image directly

— Issued via ICAP to reload multi-boot address space

— Jumps to address based on Strike Count, which increments on a failure
» Load Multi-boot (Gen 1,2) when Strike Count < 3
* Load Golden (Gen 3,4) when Strike Count < 6

= See UG380 for MultiBoot details

& XILINX.



MultiBoot Register Setup & Command

= Below is a sample of the boot header HEX file, boot_header_only_SPIl_x1.hex
= To change the Golden image and MultiBoot image address locations to a
different location in the SPI Flash
— Edit the boot_header_only_SPIl_x1.hex. See the highlighted numbers below.

— Edit the promgen command in the run_all_build_script.bat. Specifically the promgen "-u
<address>" values need to match the boot header HEX value locations.

FFFFFFEE
AA995566
31E1FFFF
32610000
32810340
32A10000
32C10301
32E10000
30A10000
33012100
3201001F
30A1000E
20002000
20002000

//
//

//
//
//
//

//
//

DUMMYWORD, DUMMYWORD
SYNCWORD

32A1=GENERAL1l 0x0000=address[15:0] MultiBoot image location

3281=GENERAL2 0x03=SPIx1l read command, 0Ox40=address[23:16] MultiBoot image address
32A1=GENERAL3 0x0000=address[15:0] Golden image address location

32C1=GENERAL4 0x03=SPIxl read command, Ox0Ol=address[23:16] of Golden image address

NOOP, NOOP
NOOP, NOOP

& XILINX.



MultiBoot Register Setup & Command

* IPROG command issued via the logic in ICAP_SP605_reboot.v

@ UltraEdit-32 - [C:\sp605_multiboot'multibookt_image’sourcet ICAP SPBE
'_.ﬁ File Edit Search Project Wiew Formakt Column Macro Advanced  Window  Help

=10l x|
=8| x|

104
105
106
107
1048
109

110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135

136

14

if (MBET_REBOOT)

B

begin
next_=state = SYHC_H:
icap_ce = 0;
icap_wr = 0:
icap_din = 16 'h&A99. ¥ Sync word
part 1
end
el=e
begin
next_=state = IDLE:
icap_ce = 1;
icap_wr = 1:
icap_din = 16 'hFFFF: .~ Hull data
end
end
SYHC_H:
begin
next_state = SYHC_L:
icap_ce = 0:
icap_wr = 0:
icap_din = 16 'hE5EE; < Sync word part 2
end
A
SYHC L
begin
next_=tate = HUL_H:
ilcap_ce = 0;
icap_wr = 0:
icap_din = 16 'h3I0AL: <« Write to

Command REegister. . ..

end

i

Table 7-1: Example Bitstream for IPROG through ICAP
C%r:tigl.(l;zt;;m Explanation

FFFF Dummy Word
AA99 Sync Word
5566 Sync Word
3261 Type 1 Write 1 Words to GENERAL_1
XXXX Warm Boot Start Address [15:0]
3281 Type 1 Write 1 Word to GENERAL2
XXXX OPCODE and Address [23:16]
32a1 Type 1 Write 1 Word to GENERAL3
XXXX Fallback Start Address [15:0]
32C1 Type 1 Write 1 Word to GENERAL4
XXXX OPCODE and Fallback Address [23:16]
30A1 Type 1 Write 1 Word to CMD
000E IPROG Command
2000 Type 1 NO OP

& XILINX.




Spartan-6 Memory Map & Flow Diagram

Memory Map Flow Diagram
I3VIucI;t|-]|c_ooot Configuration Fails
. — Configure :
Multi-boot ) Attempt up to 3 times
4- Run_ design and increment Strike Count
5 — Re-image flash
General 1;L Sector 16 6 — Issue Reboot
il L)
User Data
GeneraIE'L Sector 14
v
. Golden
3 7 — Configure
© 8 — Run design
) Golden 9 — Re-image Flash
f’c) 10 — Pulse PROG or
Power Cycle
O i Sector 1 i
D General 34 Baseline
3 Baseli 1 — Set General 1,2,3,4,5
o St rt_\L asgine and other registers
o an_ 2 — Issue Reboot }
& XILINX.




Design Requirements

Spartan-6 Multi-boot and Golden Designs

BitGen Options

-g register_write_disable:yes
-g reset_on_error:yes

Baseline

Manually created with SYNC, General Registers, and REBOOT command
BitGen will auto create in 11.4 as part of Golden image

& XILINX.



Upgrading Flash

Steps in the multi-boot and safe update process:

Erase: What if the power goes down?

— Erased flash will contain all F’s in erased locations o Half Erased
starting from bottom up

— Partial erasing will erase SYNC word and config

Flash Memory States

attempts will time out 00
— CFG_TIMER will trigger reboot of “Golden Image” Erased
— CFG_TIMER value can be adjusted FF

Program: What if the power or data link goes down?
— Loading bitfile in top down method will write the SYNC word last 00

— The flash will be in the same condition as a partially erased FI;Ialf Programmed
flash

— Error management is now the same as Erased condition
Verify: Problems during this phase?

— Any CRC error will trigger a reload of the Golden image
Re-start system

— Issue REBOOT via ICAP from multi-boot application

— Pulse PROG or cycle power to reset system after Golden load

Programmed

FF

& XILINX.
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References

= Spartan-6 Configuration
— Spartan-6 FPGA Configuration User Guide — UG380
http://www.xilinx.com/support/documentation/user guides/ug380.pdf
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Documentation
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Documentation

= Spartan-6
— Spartan-6 FPGA Family
http://www .xilinx.com/products/spartan6/index.htm

= SP605 Documentation
— Spartan-6 FPGA SP605 Evaluation Kit
http://www.xilinx.com/products/devkits/EK-S6-SP605-G.htm
— SP605 Hardware User Guide
http://www.xilinx.com/support/documentation/boards and Kkits/ug526.pdf
— SP605 Reference Design User Guide
http://www.xilinx.com/support/documentation/boards and Kkits/ugs27.pdf

& XILINX.
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