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Limitations

Limited Warranty and Disclaimer. These designs are provided to you “as is”. Xilinx and its licensors make and you receive no
warranties or conditions, express, implied, statutory or otherwise, and Xilinx specifically disclaims any implied warranties of
merchantability, non-infringement, or fitness for a particular purpose. Xilinx does not warrant that the functions contained in these
designs will meet your requirements, or that the operation of these designs will be uninterrupted or error free, or that defects in
the Designs will be corrected. Furthermore, Xilinx does not warrant or make any representations regarding use or the results of
the use of the designs in terms of correctness, accuracy, reliability, or otherwise.

Limitation of Liability. In no event will Xilinx or its licensors be liable for any loss of data, lost profits, cost or procurement of
substitute goods or services, or for any special, incidental, consequential, or indirect damages arising from the use or operation
of the designs or accompanying documentation, however caused and on any theory of liability. This limitation will apply even if
Xilinx has been advised of the possibility of such damage. This limitation shall apply not-withstanding the failure of the essential
purpose of any limited remedies herein.

This design module is not supported by general Xilinx Technical support as an official Xilinx Product. Please refer any issues
initially to the provider of the module.

Any problems or items felt of value in the continued improvement of this reference design would be gratefully received by the
author.

Ken Chapman

Senior Staff Engineer

Spartan Applications Specialist
email: chapman@xilinx.com
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Design Overview

MultiBoot is the ability each Spartan-3 Generation device has to reconfigure itself when desired to perform a different set of functions. For example, a
communications radio would be able to replace the logic only used during transmission with that only required for receiving and vice versa with the benefit of
achieving all the functionality required by the transceiver in a smaller device consuming less power. Alternatively, the Spartan device could remotely upload
an upgrade to its current design and then MultiBoot to that revised configuration image.

The Spartan-3A devices, comprising of the Sparrtan-3A, Spartan-3AN and Spartan-3A DSP, offer significant flexibility when invoking MultiBoot
reconfigurations. However, this reference design provides an optimised macro to demonstrate how to implement the most fundamental scheme. This will be
of particular interest to users of the Spartan-3AN and hence this reference design has been provided primarily for the Spartan-3AN Starter Kit. Anyone
looking for greater flexibility is advised to study the more advanced ‘MultiBoot Control’ reference design provided for the Spartan-3A Starter Kit.

Each Spartan-3AN device is the combination of a Spartan-3A FPGA and an SPI Flash memory. The principle purpose of the internal Flash memory is to hold
the configuration image for the FPGA which is loaded automatically by the FPGA after power is applied. The exciting thing is that the initial configuration
image occupies less than half of the Flash memory leaving between 78k and 1531k bytes of Flash memory for you to use in your own application. Although
you may have data uses for that flexible non-volatile memory, the potential exists for every Spartan-3An devices to hold a second complete configuration
image allowing the complete FPGA design to be changed and yet still have some non-volatile memory remaining for user data if required.

In this reference design you will see how to program a Spartan-3AN device with two configuration images and how to make a designs that can switch
between these two images automatically. The ‘multiboot_trigger’ macro provided can then be used directly in your own Spartan-3A, 3AN and 3ADSP designs.

This reference contains XC3S700AN
two designs ‘A’ and ‘B’.
Both are extremely simple
circuits which drive the 8
LEDs on the Starter Kit
indicating when MultiBoot
reconfiguration will take
place at 8 second
intervals. Obviously your
own designs will
implement significantly
more functions but even
these simple designs
demonstrate the
MulitiBoot concept.
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8 LEDs XC3S700A FPGA

In this reference
design you will be
Demonstration ICAP. SPARTAN3A shown how to
program the
internal Flash with
two configuration
images using
IMPACT.
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Design
(‘A’or ‘B

Sequence I[o:7]  O[0:7]
Controller
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Spartan-3AN Starter Kit

B O a, r d S et u p www.xilinx.com/s3anstarter
©

+5v supply -
Don't forget to switch on!

‘PROG_B’ press button
(will always force design
‘A’ to be reloaded).

EE ]

USB cable. g - Y. I a5 ol - DRERRNTIP, BT
Cable plus devices on board : : ¢

provide essentially the same e A
functionality as a ‘Platform [i= 5 o Al I:gﬁ&fﬂ:ﬂr’
Cable USB’ which is used in ' 7

conjunction with IMPACT Configuration
DONE’' LED

software to program the

Spartan-3AN with MultiBoot

configuration images.
Initialisation
‘INIT’ LED

Spartan
XC3S700AN

**VERY IMPORTANT **
The Spartan-3AN device must
be of a production quality for
MultiBoot operation. The last

line of the device markings Set to Note that MODE selection The ‘A’ and ‘B’ reference designs drive the LED’s turning them off
should be ‘4C’ or similar. ‘ISF’ . over a period of 8 seconds. MultiBoot occurs as the last LED turns off.
Devices marked ‘4CES’ must be t‘;th? lntl\e/lrgaDlg LASH » > -
indicate early engineerin memory. Setting pins KRN :

y eng g to JTAG is not necessary and |:| |:| |:| I I I I I A’ LEDs turn off from left to right.

samples which do not

MultiBoot as described. doing so would prevent

< 4
MultiBoot from working. I I I I I I |:| |:| ‘B’ LEDs turn off from right to left.
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Programming the XC3S700AN

Later we will look at the designs and preparation of the programming file but for now you can take the provided ‘multiboot_designs_a_and_b.mcs’ and
program the XC3S700AN immediately with the complete MultiBoot demonstration. This provides you with a known working reference which you can then
attempt to replicate using the source files provided. It highly recommended that you do this before embarking on your own unique designs.

Obviously you need to have the Xilinx ISE tools including iIMPACT installed on your PC before proceeding further. This reference design is not recommended
for the novice user. Please take time to become familiar with the board and the ISE tools before investigating MultiBoot further.

The really easy way this time!

Just to make the set up really easy for this particular demonstration using the Spartan-3AN Starter Kit, a batch file has been provided which will run IMPACT
and instruct it to erase and program the XC3S700AN on your board.

Set up the board as shown on the previous page.

Unzip all the files provided in this reference design into a folder of your choice.

Locate and double click on ‘program_xc3s700an_multiboot_designs_a_and_b.bat’.
You can expect this process to take somewhere between one and two minutes to complete because it involves erasing and programming of the internal Flash
memory. A DOS window will provide an indication of progress and the DONE LED will be illuminated on the board during the programming procedure. Once
the device is programmed the MultiBoot demonstration design should start to work automatically (if not, check the MODE pin settings again).

2 View Design Summary
&]ﬁ Diesign Utilities

Normally when using iMPACT you will control IMPACT via the GUI displays. You can w3 User Constraints

start IMPACT from any ISE project or from the start menu on your PC. - 83 1 Synthesize - 5T

E! € 2D Implement Design

= P 90 Generats Programming File
@@ Programming File Generation Feport
: Generate PROM, ACE, ar JTAG File
Configure Device [IMPACT]

The normal way!

ISE project

PC Start menu

Start -> All Programs -> Xilinx ISE -> Accessories -> iIMPACT.

Regardless of how you start IMPACT, first set up the board as shown on the previous page. Also unzip all the files provided in this reference design into a
folder of your choice so that you know where to locate the multiboot_designs_a_and_b.mcs file. The next three pages walk you through the set up of
iIMPACT to program the XC3S700AN on your board. Hopefully you are already familiar with using iIMPACT but the slight differences associated with
programming the Spartan-3AN internal Flash memory may be new to you.
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Programming the XC3S700AN

These pages show IMPACT screen shots indicating the steps required to assign and program an Spartan-3A device with an MCS file.

- Select Boundary Scan (JTAG) with the ‘Automatically connect’ option and then ‘Finish’

EiMPnCT - Welcome to iMPACT = |Ij X

—Flease select an action from the list belo

% Contigure devices using Boundany-Sean [ITAG) /

Pt s ot ot T St Tt B Display should show the two BSCAN capable devices on the board and then prompt you for
R the configuration file for the xc3s700an. (if not, right click on the device and select ‘Assign
€ Frapare & System ACE Fils New Configuration File...” from the options).

" Prepare a Boundany-Scan File

prrey

T ]

" Configure devices o — Exumy E
| uging Slave Serfal mode ﬂ TR

xc3sT00an xcflds
---file 7 --- --- file 7 -

o ey

OO

S Assign New Configuration File 2 x|

Lok jn: I-:_f:_;]"chaprnanf"Designs_EI2i_sp3f"multiboot_trigger_design_bf;I L 5 [2:

.
<Back | Finish I Cancel I _ngo

1) _»msgs

[y st

EI multiboot. desic

3 _a_and_b.mcs
@ mulbboot_trigger_design_b.bit

; = = Then click
File name:; IrnuItlhaut_demgns_a_and_b.mcs f— ,
. . v Open'.
Navigate to the folder containing the -

-
‘multiboot designs a and b.mcs’ file provided _ - i F’ile tpe: I.t'-\ll Dezign Files [".bit ".rbt ".mcz " exo "izc ".bad) ;I Cancel |
with the reference design and selectit. - =~

Cancel &l | Bypass |

" Mone
™ Enable Programming of 5P| Flash Device Attached ta this FRGA
("~ Ernable Programming of BP| Flash Device Attached to-this FPGA,

VA
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ogramming the XC3S700AN

xc3e700an wcflds
multiboot_designs.. ---file:? ---

T paeiitilg

DO . . . . . ,
| pemmm—— FIE Then when prompted for a configuration image for the xcf04s device select ‘Bypass’.

Laok ir Ieﬂ*chapman.-"Design3792ifs93.-"muItibooLtnggerﬁdesign,b.-"ﬂ 4= EF 82 5%
) _ngo The chain should now look complete with the all important
) _#msgs

St MCS file assigned to the xc3s700an ready for programming.
multiboot_designs_a_and_b.mcs

Ol — Exume
File hame: I

b
-
File type: I All Design Files [*.mcs " exo "isc " bad) LI Cancel
Cancell| Bypass ®c3sT008N wcflds
& Mone muttiboot_designs... bypass
" Enable Programming of SPI Flash Dievice Attached to this FPGA TDD

{~ Enable Programming of BPI Flash Device Attached ta this FPGA

L

o — M Right click on the xc3s700an device and select ‘Program...".
Werify
eI E
muttiooot_ PAsE.
T — Elank Check,

Get Device ID

Assign Meve Configuration File. ..
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Programming the XC3S700AN

E Programming Properties jl

Category

rogramming Properties

- Flevision Properties

v Werify

take but it is reassuring!
—General CPLD And PROM Properti

[V Erase Before Programming [~ Fead Frotect

I~ PROM/CoolRunrier | Usercode (8 Hewx Digits)

—CPLD Specific Prapert

I~ e Protect I~ Functional Test I On-TheH Proaram
T =PLAUES Enter upito 12 characters |

—PROM Specific Propeti
[~ Load FRGA [T ParzllelMode 77 Use D4 for CF

—Spartan3ah Programming Properties
[~ DalaPratect [~ DataLockdown

— FPGA Device Specific Programming Propertie
[~ Pulze PROG [T Program fey

[~ Aszsert Cable INIT during pmgranjmir?g / ‘O K’ to Start pl’Ogrammlng .

E Progress Dialog [20%] ﬂﬂ
EHecutiﬁg command...
You can expect the erase, program and verify process to take approximately two ([T 20%

minutes to complete. The DONE LED will be illuminated on the board during this
time. Once the device is programmed the MultiBoot demonstration design should
start to work automatically (if not, check the MODE pin settings again).

Cancel

‘Verify’ increases the time the programming procedure will

MultiBoot Trigger 8
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What is the board doing?

With the Spartan-3AN device programmed, your board should be demonstrating automatic reconfiguration of the Spartan-3AN every 8 seconds.

LD7 LDO

HENNNENNE

ONBNENNNE +1Second
DDIIIIII + 2 Seconds
DDDIIIII + 3 Seconds
DDDDIIII + 4 Seconds
DDDDDIII + 5 Seconds
DDDDDDII + 6 Seconds
DDDDDDDI + 7 Seconds
DDDDDDDD + 8 Seconds

ﬂ MultiBoot

HENNNENNE

HEBEEENQ +1Second
IIIIIIDD + 2 Seconds
IIIIIDDD + 3 Seconds
IIIIDDDD + 4 Seconds
IIIDDDDD + 5 Seconds
IIDDDDDD + 6 Seconds
IDDDDDDD + 7 Seconds
DDDDDDDD + 8 Seconds

<:| <:|ﬂ MultiBoot

Power

Applied Design ‘A

Design ‘B’

) DI >ﬂ

MultiBoot Trigger 9

When power is applied to the board (or the PROG_B button is
pressed), the Spartan-3AN device configures from its internal Flash
memory starting at address zero. This results in reference design ‘A’
being loaded and starting to operate.

Design ‘A’ initially turns on all LEDs and then over a period of 8
seconds (determined by dividing the 50MHz oscillator) turns one LED
off at a time as shown. As the last LED (LDO) is turned off, design ‘A’
triggers a MulitiBoot reconfiguration from the internal Flash memory
starting at address ‘0C0000’.

Looking very carefully you should see the INIT LED flash
I:l as the device is first cleared. A rather more definite blink
|:| off of the DONE LED is the ~75ms the Spartan-3AN takes
I to completely reconfigure with reference design ‘B’ .

Reference design ‘B’ is very similar to design ‘A’ but the LEDs are
tuned off in the opposite direction over the next 8 seconds. Although the
difference is small, it should be appreciated that the difference is a
result of a different configuration of the hardware circuits and
representative of what could be significant differences in a much larger
practical application.

As the last LED (LD7) is turned off, design ‘B’ triggers a
D MulitiBoot reconfiguration back to a design ‘A’ located at
|:| address zero in the internal Flash.
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timer

D e S - n 4 A 7 ‘multiboot_trigger_design_a.vhd’
I E count_down7 led7
g < 1 D
Although shown here for completeness, the precise details of design ‘A’ are not important
when understanding MultiBoot; it is mainly a simple circuit driving the LEDs. Design ‘B’ is ® E count_down6é leds
not illustrated because the differences are small and again irrelevant to MultiBoot. 11 ® D
However, the connection and use of the ‘multiboot_trigger.vhd’ macro in both designs will *— @
be of value when using the macro to initiate reconfiguration in your own designs.
[ n El _.count_downs led5 D
INIT_B is driven High to ensure that the INIT LED is turned fully off. — ®-
This enables the flash of the LED associated with the initialisation
init_b procedure at the start of a MultiBoot reconfiguration to be observed. ® E count_downd leda
Hint - You will need to look very carefully in a dark room to see it! 11 ® D
The INIT LED will be turned on permanently if there is a complete L ¢ @
configuration failure but a correctly configured board will not do that.
[ n El _.count_down3 led3 D
The 50MHz clock is divided by 50,000,000 to provide pulses at one second intervals o—
which are used to enable an 8-bit shift register. The shift register is initialised to all ‘1’s ®
and a logic ‘0’ is shifted down the chain (up the chain in design ‘B’) such that over a
period of 8 seconds the corresponding LED’s connected to the shift register are turned ¢ [ El | @Sount.down2 ﬂb
off. As the last bit of the shift register goes Low, a High level is provided to the ‘trigger’ o—
input of the ‘multiboot_trigger’ macro and a MultiBoot reconfiguration is initiated. *
_Ri [ E count_down1 ledl
26-Bit Decode 49,999,999 11 —=>
Counter o—
one_second_counter @
26 one_second_enable
// @ ] E _.count_downo led0 D
—> —> o— 1 mb_trigger
| one_second ® multiboot_trigger
DC multiboot_start trigger
{ 2
50MHz I‘C'k
D clk & & & &
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MultiBoot Trigger Circuit Diagram

The ‘I and ‘o’ ports of the ICAP
primitive are defined with bit ‘0’ as
the most significant bit and bit ‘7’

12x8-bit registers = 96 flip-flops.

Correct synthesis results in just 4 slices containing 8 SRL16E shift register look up tables and 8 flip-flops.

This circuit occupies just 10 slices due to the efficiency of the SRL16E mode of the look up tables.

Hexadecimal values represent the initial value for each register loaded as part of device configuration.

|
00

[

00

00

[

20

Iz

OE

I

00

[

Al

Iz

30

I

99

I

AA

I

00

[

00

—CE

1

—CE

1

icap_bytel{cap_byte1Cfcap_bytlecap_byteSfcap_byte7fcap_byte6fcap_bytesfcap_byte4fcap_byte?,fcap_bytezfcap_bytel
®

icap_byte0

as the least significant bit. To
make the design more natural the
bit order is reversed just prior to
connection.

icap_write_en[11:0]

12 flip-flops ccorrectly synthesised result in 1 SRL16E and 1 flip-flop. Initial value for each flip-flop.

CE CE

1o
CE

1o
CE

1o
CE

1o
CE

|_1
CE

/

config_port
icap_spartan3A

trigger

b

[7:0] icap_i[0:7]
— O |
icap_write wite
icap_ce ce busy|—
icap_clk |-
Note active
Low write and
clock enable
controls.
@

clk

5

l icap prepare

. I>

I icap clk

I>

icap_next_en

b

MultiBoot Trigger 11
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MultiBoot Command Sequence

As shown in this table from UG332, the most simple way to initiate a MultiBoot
reconfiguration is to write the 8-byte sequence AA,99,30,A1,00,0E,20,00 to the Spartan-3 Generation Configuration User Guide
ICAP port (ICAP_SPARTANS3A primitive). The address of the configuration image UG332 (v1.3) November 21, 2007

must be defined when generating the configuration image with Bitgen (see later).
Table 14-2: Command Sequence to Initiate MultiBoot from a Preloaded Address

The ‘multiboot_trigger.vhd’ macro (diagram on previous page) writes this ccy"c'; Cotiand L';E'g;{e 00 | ot | o2 | o3| ps|os|os| o7l Hex
sequence to the ICAP port as indicated in the waveforms below. 1 g 101 o]0t o
There are three points of interest which may not be immediately obvious:- 3 SINGWORD w1 1o o1 110 0 110 oms
Two additional clock cycles are required before and after writing of the sequence. 3 Type 1 Write CMD High | 0 | 0 | 1 | 1 | 0| 0| 0| 0] ox30
(1 Word) _
A MultiBoot reconfiguration is always from a Flash memory. However, JTAG and : ;gh ; E (1] E 2 E 2 (1] ZXJ:
iIMPACT will often be used to configure the device during design development and REBOOT Command
. . . . 6 Low 0 0 0 0 1 1 1 0 0x0E
in such cases JTAG and ICAP effectively compete for access of the configuration _
. . . . . 7 High 0 0 1 0 0 0 0 0 0x20
circuits. Generating and applying only the required number of clock pulses to ICAP . No Op T o o o s e o
when initiating MultiBoot the operation will be reliable even when using JTAG. o P00
If, for any reason the sequence does not trigger a MulitBoot the first time, this macro repeats the trigger sequence continuously. It should be noted that
the device must fully complete its start up sequence before ICAP becomes available. When configuring in master mode this will happen very quickly but
when configuring using IMPACT and JTAG then start up can take several milliseconds to complete. So although a design should provide adequate time
before triggering MultiBoot, this macro will trigger reconfiguration at the first possible opportunity due to its repeating sequence.
trigger /NN N\ N\ ‘trigger’ only needs to be High for one rising edge of ‘clk’ to start process.
icap_prepare N S I I I S I I S I I
icap_clk M rrf— r—r—f- 7 r—JfL_JTL
icap_next_en 00 A N R Y I o Y N O o N R I
icap_write/icap_ce | | \ /i 1
1 1 1 1
icap_byte0[7:0] 00 ! ! X AA X199 X 30 X AL X 00 X OE X 20 X 00 ! !
1 1 1 1
H—J —_—— H—J
2 clock cycles required 8-byte MultiBoot initiation sequence with CE and 2 clock cycles required after
before writing sequence WRITE active Low. Clock pulse centred in data writing. MultiBoot actually started
window to ensure all timing requirements are met. by the second cycle.
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Preparing Configuration (BIT) Files

It is vital for correct MulitiBoot reconfiguration that each design knows the start address at which the next configuration is located in the Flash memory.

Whilst it is possible to specify that address by writing an extended command sequence to the ICAP port, the minimalist scheme implemented by the

‘multiboot_trigger’ macro only commands the MultiBoot reconfiguration to begin and therefore the address has to be specified an alternative way.

So this technique requires the configuration image (BIT file) to be generated with the start

Table 2-6: XC3S700AN In-System Flash Memory Allocation

of configuration address embedded within it. This is achieved using a special option when
executing the Bitgen utility. The following pages show how to specify the address but first
we need to know what address to specify for each design in a MultiBoot system. Note

Default Addressing

Optional Power-of-2

that the Bitgen option results in a fixed address being associated with each design and
therefore the MultiBoot will always be to the same location from a given design.

Hint — In cases where an active design will make a decision concerning which one of

several images should be loaded next, then the address needs to be specified locally in
order to make that choice. This more advanced scheme requiring extended command
sequences is explored in the ‘MultiBoot Control’ reference design.

DESIGN ‘A’ A

Start = 000000
Boot to OCOOOO

Defining the correct address for each design.

Regardless of the type of Flash memory used, the initial design read .

l
by a Spartan-3A device following power up (or PROG_B) is that | D
located at address zero. The address is a 24-bit value and therefore | |
represented by the 6-digit hexadecimal value ‘000000'. In this ! )
\

reference design, the initial image contains design ‘A’. DESIGN ‘B’ 4/

', Start =0C0000 -~
Design ‘A’ then needs to know the location of design ‘B’. In theory, ~ Boot to 000000
the second configuration image this can be located anywhere in the
providing adequate space in the Flash memory. However, there are recommendations,
and in the case of the Spartan-3AN devices, these become almost definite rules because
deviation from them will not correlate with the files generated in ISE or the programming
performed by IMPACT. So for Spartan-3AN, look at the memory allocation tables for

each device shown in the Spartan-3AN FPGA In-System Flash User Guide (UG333).

The memory allocation table for the XC3S700AN shows that the second configuration
image (design ‘B’ in this case) starts at the 24-bit address ‘0C0000’. Therefore design ‘A’
must be defined with a next configuration address of ‘0C0000’. Since we then want
design ‘B’ to MultiBoot back to design ‘A’, design ‘B’ must be defined with a next

configuration address of ‘000000’.

Mode Addressing Mode
Allocation Sector Page Address Page Address
a 0 0x00_0000 0 0x00 0000
0 —
‘A b 0x00 1000 0x00 0800
Bitstream A /// - =
7
/ 5 1293 | oxoa_1moo | 1,334 | 0x05_2600
1294 | oxoa_1coo | 1,335 | 0x05_2700
First ava e user data
. 5
ae€ (page aligned)
1,535 0x0B FEOO 1,535 0x05_FFO00
[ 1,53 0x0C 0000 1,536 0x06 0000
2nd MultiBoot Bitstream, or ! i 53 Hhe_
available for user data //
Space B 2820 | ox16_1m00 | 2,890 | 0x0B_amoo
2,830 0x16_1C00 2,871 0x0B_4B00
Second availablesSer data
- 11
space (] aligned)
3071 | o0x17_FE00 | 3,071 | 0xO0B_FFO0O
e 3,072 | oxle_oo00 0x0C_0000
: —
3,327 0x19 FEOQO 0x0C_FF00
3,328 0x1A 0000 0x0D_0000
- I
User data space (sector 3,583 0x1B_FEOO 0x0D_FFO00
aligned) 3584 | oxic 0000 0x0E_0000
3,839 | 0x1D_FE0O 0XOE_FF00
3840 | ox1E_ooo00 | 3,840 [ 0xOF 0000
15
4,005 0x1F_FEQO 4,005 0xO0F FFO0O0

MultiBoot Trigger 13
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Preparing Configuration (BIT) Files

Processes for: muliboot trigger_design_a - Behavioral |

Having successfully implemented a design (in this case design ‘A’ is being prepared), right click on

Add Existing Source . . \ : . .
‘Generate Programming File’ In the ISE Project Navigator window and select ‘Properties’.

Create Mew Source
Wiew Dezign Summary
D esign Uity . : . i

: e This will open the following dialogue box....
[ ‘y‘ U zer Constraints

IE £2.1\ Synthesize - X5 T

; }@Implement Design

188 Generate Programming Fils
@@Programming File Gener ?t i
4 Generate PROM, ACE, Rerun
@ Configure Device [iMPA g: Rerun Al

The ‘General Options’ menu should be the first shown, but if not, select it by clicking here.

Ensure that the ‘CRC’ box is checked as shown as this helps MultiBoot to

4 stop continue operating even if a sporadic error should occur during configuration.

Open Without Updating

E Process Properties il

Cateqgoany

Configuration Dptions
Startup Options

Readback Options
Suspend ake Options Property Name Walue /

Run Design Rules Checker [DRC)
Create Bit File

v
v
Create Binary Configuration File r /
-
r
r

Create A5CI Configuration File
Create IEEE 1532 Configuration File

Enable BitStream Compression

In_ the “‘Other Bltgen Com_mand Line OpthﬂS Enable Debugging of Senal Mode BitStream r_/
window enter the text Strmg shown. —— Enable Cyclic Redundancy Checking [CRC) 17'

\ Other Bitgen Command Line Options -gReset_on_errYes -g next_config_addr0C0000
Defalt |

The first option again helps MultiBoot to
continue operating should there be any

Broperty di:spla_l,lle&n'el: Advaticed

errors during configuration. The second _
option states the 24-bit address for the oK | Cancel | ppl | Help |

next configuration. /I A4

-g Reset_on_err:Yes -g next_config_addr:0C0000 Hint — If you do not see the ‘Other Bitgen Command Line

Options’ window then select the ‘Advanced’ option here.
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Preparing Configuration (BIT) Files

Although each design contains the identical ‘multiboot_trigger’ macro, the configuration image (BIT file) for each design must be prepared to specify a
different next configuration address corresponding with the memory allocation table from UG333.

DESIGN ‘A’ DESIGN ‘B’

Start = 000000 Start = 0C0000

Boot to 0C0000 Boot to 000000
Enable Debugging of Serial Mode BitSteam \ Enable Uebugging of Senal Mode Bitstream | \
Enable Cyclic Redundancy Checking [CRC] ¥ \ Enable Cychic Redundancy Checking [CRC) ¥ \
Other Bitgen Command Line O ptions -g Reset_on_emY'es -g next_config_addr 0C0000 Oitfer Bitgen Cormmand Line Oplions | -g Reset_on_eY'es -g next_config_addr 000000

Property dizplay level: I.-’-\dvanced 'I Default | Property display levek |Advanced "] Default |
Ok I Cancel | Apply | Help | DK l Cancel | Apply | Help |
. 4

After the BIT file is generated, the Bitgen report file can be reviewed to confirm that the required address has been included. You should also see the options
associated with automatic error recovery and that the ICAP port has been enabled (this should happen automatically because of the ICAP primitive being
included in the designs). Below are abstracts from the Bitgen report files for each designs showing the items most relevant to MultiBoot operations.

multiboot_trigger_design_a.bgn multiboot_trigger_design_b.bgn

ffmcccccccoccoococcocooooc fecccoccoccccocococoocooooc + ffmcccccccoccoococcocooooc fecccoccoccccocococoocooooc +
| CRC | Enabl e** [ | CRC | Enabl e** [
ffmoccococcoccoooccocooooc feccococococooococooooooc + ffmoccoccoccoccoooccocooooc fecccococcocoocococooooooc +
ffmoccccccococcooococooooe foccoococcoccocoocooooooe + ffmocccoccococcoocococooooe foccocococcoccocococooooooc +
| Reset _on_err | Yes | | Reset _on_err | Yes |
ffmoccccccococcooccocooooc foccocococcoccoocoocooooooc + ffmoccccccococcooococooooe foccocococcoccoocococooooooc +
ffmoccccoccoccooococooooe foccocococcoccoocoocooooooc + ffmoccccoccoccooccocooooc foccocococcoccoocococooooooc +
| next _config_addr | 0C0000 | | next _config_addr | 000000 |
ffmoccccoccoccooococooooe feccocococcoccocoocooooooe + ffmoccccococcooococooooc feccoococcoccoocoocooooooc +
ffooccocoococoocooooococooooe feccoocooocoooocooooooe + ffoccocoococoocoooooocooooe B L +
| 1 CAP_Enabl e | Yes | | 1 CAP_Enabl e | Yes |
ffmoc-oo-cocccoccocccocooc e cccooccooccooccooooooooe + ffmoccoo-cocccoccocccooooc e cccooccococcooccoocoooooe +
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Optimised MultiBoot

Since we are going to be reconfiguring the device as part of eth system operation, it makes sense to minimise the time taken to reconfigure. This can easily
be achieved by specifying the highest configuration rate clock supported by the internal Flash memory of the Spartan-3AN device. So also make the

adjustments shown here when generating BIT files.

E Process Properties

gory

General Options
Configuration Options
Startup Options

i Readback Options

‘e GuspendAw ake Options

‘Configuration Options’ menu —_

s x

oK. I Cancel | Apply | Help |

e
Property Name - Walue 4
Configuration Rate 50 hd
Configuration Pin Program Full Up =
Configuration Pin Done Pull Up =
JTAG Pin TCK. Pull Up El
JTAG Pin TOI Pull Up =
JTAG Fin TDOD Full Up =
JTAG Pin TMS Pull Up =
Unuged IOE Pins Pull Doviny =
UserlD Code [8 Digit Hexadecimal) | DxFFFFFFFF
Eroperty di§p\ay level |FPEREE Default |

4

It is also a general recommendation that the

‘Drive Done Pin High’ option be used with Spartan-3AN
devices and this can be enabled under the

‘Startup Options’ menu.

E Process Properties

LCategony

Increase to 50MHz for fastest
configuration rate supported by
a Spartan-3AN device.

Note that the VS[2:0] pins on
the Spartan-3AN device must
all be High (default when left
unconnected) as these define
that the ‘fast read’ command
will be used when the Flash is
accessed during configuration.

This oscilloscope trace captures the MultiBoot reconfiguration of
the XC3S700AN using these configuration settings.

i Gemeral Dptions O
Configuration Options
Startup Options
i Fieadback Options _
‘- Suzpend A ake Options Property Name Walue
FPGA Start-Up Clack CCLK
Enable Internal Done Fipe —
Done [Output Events) Drefault (4] P R O G B
Enable Outputs [Output Events] Diefault (5] _—
Releaze ‘Wiite Enable [Output Events] | Default (6]
Feleasze DLL [Output Events] Drefault (Mol ait]
Dirive Done Pin High v —

Tek i @ Stop M Pos: 40.40ms ME4SURE
M CH1 Configuration
el <« time 73.8ms
T3.580ms . .
(will vary with
CH1 temperature and
Mone .
£ device)
CH2
14 Heq ¥idth
113.0us7
PROG_B pulses
LH1 Low at start of
Mone . .
reconfiguration
CHi (LED flashes if you
o Hone look very carefully!)
CH1 1.00%  CHZ 100Y M 10.0ms CHI 112y
15-Jun—08 1438 <104z
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Preparing the Programming MCS File

Using iIMPACT it is possible to directly program a Spartan-3AN with a configuration image BIT file. However, that would only program a single image at
address zero whereas for a MultiBoot system we need to program two configuration images in different locations. The way to provide iIMPACT with both
configuration images and specify their order is by first creating a PROM definition file (MCS). The following pages show how to prepare this MCS file using

the two previously prepared BIT files.

Processes for: muliboot_tiager_design_b - Behavioral

- Add Existing Source
[  Create Mew Source
- Wiew Design Summary
w3 Design Utilities
] ﬁ' User Constraints
- C}‘ﬁSynthesize -¥5T
- B 2@ Implement Design
=8 ta@ﬁenerate Programming File

@F‘mgramming File Generation Report
% Generate PROM, ACE, or JTAG File
E@ Configure Device iMPACT]

‘Prepare a PROM File’

E iMPACT - Welcome to iMPACT

—Flebze zelect an action fram the list belo

i C EXD e BN € 150

In the ISE Project Navigator select the ‘Generate PROM, ACE, or JTAG File’ option.
(Alternatively you can invoke this mode from iMPACT if it is already open).

ESiMPACT - Prepare PROM Files Rl B ] [
| want to target a
" Hiline PROM

" Genetic Parallel PROM
Select this option for a

. . . ¢ 3rd-Party 5Pl PROM
MultiBoot programming flle\
£+ PROM Supparting Multiple Design Yersions:

Spartandah ﬂ

Select Spartan-3AN from
the drop down.

—FPROM File Format

MCS is default /lr_ﬁ' MCS  TEK € UFP[C" format)
IS aetau

€ HE= [T SwapBitz

| Configure devices using Boundary-Scan [JTAG)

{+ Prepare a PROM File
" Prepare a System ACE File
i~ Prepare a Boundary-Scan File
SWE >

1 Configure devices

I Automatically connect to a cable and identify Boundan-Scan chain ﬂ

I using Slave Senal mode

MultiBoot Trigger 17

—

Provide a suitable
name for the
output file

Checksurn Fill Yalue [2 Hex Digits): IFF

FROM File Hamé: Imultiboot_designs_a_and_H

Location: IC: WDataschapmantDesigng 32 spdhmultiboot_trigger_design_bh Browsze. . |

< Back | m Caticel |
S XILINX




Preparing the Programming MCS File

ES iMPACT - Spartan3aN Select Device ] = m] [

Select Device:

Select the appropriate Spartan-3AN device from the drop down.
This effectively defines the memory allocation table for the Flash
that is shown in the memory allocation tables contained in UG333.

EZ iMPACT - Spartan3aN Enter Start Address ] B [m] 5
There always has to be an initial image at address zero. P e B p R
This is where we will be putting design ‘A’ in the next stage. W‘iﬁddrass will be pre-determined bazed on the device selection
¥ Bitstream 0 |0

Check this box so that IMPACT knows that you want to
include a second MultiBoot configuration image. R
This is where we will be putting design ‘B’ in the next stage. [~ Use Power of 2 for Start Address

A confirmation screen is then displayed.
— click ‘Finish’ to continue

[ES PACT - File Generation Summary ! —imix] As discussed earlier, IMPACT only works with a pre-defined and fixed memory allocation table. So the address
et v entered olling fomalor: of the second configuration is displayed automatically when using a Spartan-3AN device.

PROM Type: Spartan3aN Device

File: rmm:t mzs

e i Is that the right address?

PROM filename- multiboot_designs a_and_b
Murnber of PROMs 1

0 wods?lan

This screen shot is indicating that the start address of the second configuration image is 405504. This is a
decimal number unlike the 6-digit hexadecimal values we needed to specify when preparing the BIT files or
seen when looking at the memory allocation table in UG333. However, when we convert this value to
hexadecimal we get ‘063000’ which is rather different to the ‘0C0000’ we would expect to see. Unfortunately
this is where you will have to ignore what you see displayed because iMPACT really will use the address
‘0C0000’ from the memory allocation table.

The underlying cause of confusion is that the Flash memory has a non-linear address map formed of memory

pages that contain a non-power-of-2 number of bytes and the calculator inside iIMPACT is based on a

e traditional linear memory. The ‘use Power of 2 for Start Address’ check box is also related to this but this topic
ok |[Fmen | conedl | is beyond the scope of this reference design. This reference design is a minimalist approach to MulitiBoot and

providing you run with the settings shown here then everything works as expected.
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Preparing the Programming MCS File

hdutti-Boot FLASH '-'irst Second

[+] Estimate Memory Allocstion

Enddvevice Y

I-"Fi__' \ Start adding device file o
_ First Bitstream

hALti-Boot FLASH

First ISec:ond

[+] Estimate Memo

= nddpeviee Y

e
-

|'1'

ry Allocation

Start adding device file to

Second Bikstream
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At this point you are
prompted to specify
the FIRST
configuration image
which will be located
at address zero.

So navigate to the BIT
file for design ‘A’
select it and then click
on ‘Open’.

Then you are
prompted to specify
the SECOND
configuration image
which will be located
at address 0C0000.

So navigate to the BIT
file for design ‘B’,

select it and then click on
‘Open’.

Add Device ?I XI
Lok in: | | multiboot_trigger_design_a j &= [ £F EB-
) _nao
) _xmsgs
axst
. Il et a.bit
File: name: Imultihoot_trigger_design_a.bit LI Dpen
Files of tpe; |FPGA Bit Files [*bit] j Cancel

Add Device

Lok in: | | multiboot_trigger_design_b

= «®cEE-

4l

) _ngo
i) _xmsas
Exst

multiboot_trigger_desion_b.bit

File: namme: Imultihoot_trigger_design_b.bit

LI Open

Files of type: IFF'GA Bit Files [*.bit]

j Cancel

b 4 mek'



Preparing the Programming MCS File

B add Device 4

o

Click 'Ok ko conbinue

¥ou have completed the device file entry.

x|

The contents of the programming file are now specified but we still need to generate the actual MCS file.

Click the ‘Generate File’ option.

\

(Alternatively right click in
the main window and select
the ‘Generate File’ option
from the pop-up).
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[ES xilinx - ISE - C:\Data\chapman',Designs_92i_sp3\multiboot_trigger_design_bimultiboot_trigger_design_b.ise - [PROM File Formatter]

U Fle Edit View Project Source Process Operations Window Help

DPEad BlieEX [ pa [ RP2X KA B[H% S o (l2 x[l wlw
|

B 3

i F@Boundary Sean
338 laveS erial

§ RS eleciMAP

{38 Diaskiop Configuation
i #8 Direct SPI Configuration
L [E) systemecE

- [Z]PROM File Formatter

Muli-Boot FLasH —— [rirst |

[+] Estimate Memary Allacation

xe3sT00an
mutiboot_trigger .

g Seuces | gz Gnapshats | [T Libraiss | Confiuraion bodes |

=

7 Froesses | Configuiaion Operations |

[ vailable Operations are:

This message indicates that ‘multiboot_designs_a_and_b.mcs’
has been generated and is now ready to be programmed into the
Spartan-3AN device as shown on pages 5 to 8 of this document.

PROM File Generation Succeeded

1% PROM File Formatter

]

Swap bit cen only he dissbled in Hex file format only.

0x5364c (341580) bytes loadsd up from O0x0

0x5364c (3415801 bytes loaded up from Ox63000

Using user-specified prom size of 1024K

Writing file "C:YDatalchapman’Designs S2i_sp3imultiboot_trigger_design b //multiboot_designs_s_and b.mocs”.
Weiting file "C:Datalchapman’Designs 521 sp3imultiboot trigger design b //mmltiboot_designs s snd b.prm”.

) |
[<] Console | @ Enors | o\ wanings | @ TelShell | g Findin s |
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Design ‘A’

Design ‘B’

Design ‘A+B’

Verilog

Reference Design Files

The following files are provided with this reference design.
The ‘multiboot_trigger.vhd’ (or ‘multiboot_trigger.v) macro can be used unmodified in your own designs.

multiboot_trigger_design_a.vhd

________ multiboot_trigger_design_a.ucf

multiboot_trigger.vhd

multiboot_trigger_design_a.bit

multiboot_trigger_design_b.vhd

________ multiboot_trigger_design_b.ucf

multiboot_trigger.vhd

multiboot_trigger_design_b.bit

multiboot_designs_a_and_b.mcs

program_xc3s700an_multiboot_designs_a_and_b.bat

multiboot_trigger.v

Top level file and description of hardware for design ‘A’.

I/O constraints file for Spartan-3AN Starter Kit
and timing specification for 50MHz clock.

The MultiBoot Trigger macro including ICAP primitive

The configuration image for design ‘A’ with next
configuration address set to 0C0000 during Bitgen

Top level file and description of hardware for design ‘B’.
I/O constraints file for Spartan-3AN Starter Kit
and timing specification for 50MHz clock.

The MultiBoot Trigger macro including ICAP primitive

The configuration image for design ‘B’ with next
configuration address set to 000000 during Bitgen

The final XC3S700AN programming file containing the
configuration images of both design ‘A’ and design ‘B’.

Batch file to program the XC3S700AN on the Spartan-3AN

Starter kit with the MCS file above.

Verilog version of the MultiBoot Trigger macro for Verilog users

Thank you to Nick Sawyer (Xilinx) for this variant.
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MultiBoot Trigger Macro

As shown in the ‘A’ and ‘B’ reference designs, the ‘multiboot_trigger.vhd’ macro is easy to include in your own designs. The macro includes the ICAP port
and writes the required command sequence to initiate a MultiBoot reconfiguration using only 10 logic slices.

Component declaration of the MultiBoot Trigger macro

conponent nul ti boot trigger The ‘multiboot_trigger.vhd’ and ‘multiboot_trigger.v’ macros can
Port ( trigger : in std_|ogic; be used without madification in any Spartan-3A, Spartan-3AN and
clk : in std logic); Spartan-3A DSP device.

end conponent ;

Instantiation of the MultiBoot Trigger with typical signal names Verilog Instantiation of the MultiBoot Trigger with typical signal names
nmb_trigger: nultiboot trigger mul ti boot trigger nmb_trigger (
port map( trigger => nultiboot start, .trigger (nultiboot start),
clk => clk); .clk (clk ));
Signals
clk INPUT The ‘clk’ input will typically be connected to the main (or only) free running clock within your design.

Actual frequency is not important but a clock between 5 and 100MHz is typical.
The clock should be sourced from a clock buffer but it is normal practice for the main clock in any design to be
automatically implemented in this way by the synthesis and ISE tools).

trigger | INPUT The ‘trigger’ input should remain Low until a MultiBoot reconfiguration is required.
Drive ‘trigger’ High for at least one rising edge of ‘clk’ to start the MultiBoot process.
MultiBoot will actually take place on the 34 rising edge of ‘clk’ following the detection of ‘trigger’ being High.

Remember that you must set the next configuration address using the Bitgen option -g next_config_addr:AAAAAA where AAAAAA is the 24-bit
start address of the configuration address to be loaded expressed as a 6-digit hexadecimal value.
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