M29DW323DT ST Microelectronics
FLASH Programmer

SPARTAN-3A A Reference Design for the Spartan-3A Starter Kit

Includes a multi-rate UART  Dj~a3[aze”

Ken Chapman
Xilinx Ltd

Rev.1b - 30t October 2008
¢ XILINX



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 KCPSM3 or this reference design would be gratefully
received by the author.

Ken Chapman
Senior Staff Engineer — Spartan Applications Specialist
email: chapman@xilinx.com

The author would also be pleased to hear from anyone using KCPSMS3 or the UART macros with information about your
application and how these macros have been useful.
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Design Overview

This design will transform the Spartan-3A device on your Spartan-3A Starter Kit into a programmer for the 4M-byte ST Microelectronics M29DW323DT
Parallel FLASH memory which can be used to hold configuration images for the Spartan device as well provide general non-volatile storage for other
applications implemented within the Spartan-3A. This design utilises the RS232 port to facilitate the connection to your PC. Using a simple terminal program
such as HyperTerminal you can then use commands to manually program individual bytes or download complete configuration images for the Spartan-3A
device using standard MCS files. The design also provides commands enabling you to erase the memory in part or in full, read the memory to verify contents
and display the device identifier and 64-bit unique device numbers.

The design is implemented using a single PicoBlaze
processor and UART macros occupying less than
5% of the XC3S700A device. It is hoped that the
design may be of interest to anyone interested in
reading, writing and erasing this type of FLASH
memory as part of their own applications even if it is
not used exactly as the programmer provided.

RS232 Serial Cable
connects to PC running
HyperTerminal (or similar)
and needs to be a male to
female straight through
cable (critically pin2-pin2,
pin3-pin3 and pin5-pin5).

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

Test points allowing you to
observe internal signals

Spartan
XC3S700A

ST Microelectronics
M29DW323DT
Parallel FLASH
memory (4MByte)

USB cable. —

Cable plus devices on board essentially
provide the same functionality as a ‘Platform
Cable USB’ which is used in conjunction
with IMPACT software to configure the
Spartan-3A with the PicoBlaze design.

Communications status

Selectable baud rate

SIXLNC




Serial Terminal Setup

The design communicates with your PC using the RS232 serial link. Any simple terminal program can be used, but HyperTerminal is adequate for the task
and available on most PCs.

A new HyperTerminal session can be started and configured as shown in the following steps. These also indicate the communication settings and protocol
required by an alternative terminal utility.

1) Begin a new session with a suitable name.
HyperTerminal can typically be located on your PC at
Programs -> Accessories -> Communications -> HyperTerminal.

2) Select the appropriate COM port (typically COM1 or COM2) from
% foucaeetary the list of options. Don’t worry if you are not sure exactly which one is

correct for your PC because you can change it later.

Enter a name and choose anicon for the corinection:

IFLAS H_programmer

= Vi FLASH progenmer 2x 3) Set serial port settings.
Enter details for the phone nurmber that you want to dial: IPle Selige | d
Bits per second :
Cauntry/regior; |Un“8d Kingdom [44] j P 19200
Ok I Cancel I Arga code: |D1483 Bitz per second: | i or 38400
Phone number: I or 57600
= Clata bits: |8 j or 115200
onnect using: B ~ | : : ;
Comnect using: R | S Match with setting of slide
Paiity: |Naone - :
o ] switches SWO0 and SW1
= Coreet_| — r (see table).
Stop bits: - .
Baud Rate Setting of Design Hint - Try t%lbe as fast as
Flow control; INone j PoOSSIDie.
SW1 SWO0 LD1 | LDO Baud Rate
Data bits: 8
LogicO0 | Logic0 | Off Off 19200 Bestore Defaults | Parity: None
: . ) Stop bits: 1
LogicO | Logicl | Off On 38400 LED’s help to confirm
) ) your swith;] selection ok | cecsl | ey || Flow control: NONE
Logic1l | LogicO | On Off 57600 ’
Logic1l | Logicl | On On 115200
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HyperTerminal Setup

Although steps 1, 2 and 3 will actually create a Hyper terminal session, there are few other protocol settings which need to be set or verified for the PicoBlaze

design.
5 - Open the properties dialogue

FLASH_programmer Properties

4 - Disconnect

Connect To | Gal ingsl

2=

f oqgrd e DE e d .
File Edit Wiew Call Transfer Help % SHprogrammer
D ﬁ' g ID ED H ( r ountry/region: |Unired Fingdom [44] LI

|D1£83

Airea code

Enter the area code without the long-distance prefix

Phone number: I

Connect using: ICDM‘I ﬂ
6 - Open Settings :
Configure. . |
FLASH_programmer Properties ﬂil
= ¥ | Wze courtip/region code and aeaeode
Connect To - Settings | [T Bedislon busy
r— Function, arrow, and ctrl keps act a3
£ windows keys
DK | Cancel
 Backspace key sends
@ CheH  Del  Chl+H, Space, Chl+H
7| X
——— ASCII Setup 21x|
IAuto detect 'l Tiemninal Setup... | — ASCI Sending

Send line endz with line feeds

ANSI
Backscrall buffer lines: 500 3:

™ Play sound when connecting or disconnecting

ASCI Setup... ’]/

Telnet terminal 1D:

E cho typed characters locally

Line delay: IEI millizeconds.
Character delay: ID millizeconds,

Input Tranelation... |

— ASClH Receiving

[ o ]

Cancel |

v Ebppend line feeds to incoming line ends

[ Force incoming data to 7-bit 4511
v Wiap lines that exceed terminal width

o]

Caticel |
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To select a different COM port and
change settings (if not correct).

8 - Connect

“gFLASH_programmer - HyperTerminal

File Edit Mew Call Transfer Help
N

7 - Open ASCII Setup

Ensure boxes are filled in as shown.

The design will echo characters that you type so you do not
need the ‘Echo typed characters locally’ option.

The design transmits carriage return characters (OD, ) to
indicate end of line so you do need the ‘Append line feeds to
incoming line ends’ option to be enabled.

Click ‘OK’ two times to confirm and close dialogue boxes.
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Board Set Up

To make this easy to use the first time and for anyone using this design purely as a FLASH programmer, the compiled configuration BIT file is provided
together with a rapid installation batch file. Follow these simple steps to get the design working on your board.

1) Connect the cables, turn on power and set up HyperTerminal all as shown on the previous pages.

2) Set up the board as shown here

Remove any jumpers installed in
J46. These jumpers are used to
allow selection of the Platform
FLASH device whose output
shares the same signal wire used
by the least significant data bit of
the parallel FLASH.

;:“ M[| Remove any jumpers installed in J1. These

jumpers are used to allow selection of the SPI
FLASH devices whose outputs share the same
signal wire used by the least significant data bit
of the parallel FLASH.

Baud Rate Setting of Design

¥ Set the switches SW0 and SW1 to define the baud
rate to be used. The LEDs LDO and LD1 confirm
your selection once the design is configured. Start
with the highest baud rate and then use the lower
rates only if you encounter communication problems
or want to experiment.

Set Configuration Mode
Insert the upper and lower jumpers
in J26 to select ‘BPI UP’

configuration mode. Although this is

not a vital to use the programmer SW1 SWO LD1 | DO | Baud Rate

design it is highly likely that you will

go on to configure the Spartan from : LogicO0 | LogicO | Off Off 19200

the parallel FLASH and then these £ 4 L . .

jumpers must be inserted as shown. ’;5 i E si Logic O | Logic1 | Off On 38400

r-‘{ F r; F _ Logic1l | LogicO | On Off 57600

— : ' Logic1 | Logicl [ on | on 115200

M29DW323DT ST Microelectronics FLASH Programmer 6 x XILINX.



Configure Spartan-3A

With your board and PC all ready to go it is time to configure the Spartan-3A with the programmer design.

Note that you must have
3) Unzip all the files into a directory. the Xilinx ISE tools

installed on your PC
4) Double click on the file ‘install_m29dw323dt_flash_programmer.bat’.

This batch file should open a DOS window and run  |iSu e  u g U =10l x|
iIMPACT in batch mode to configure the Spartan File Edt View Cal Transfer Help

XC3S700A device with the configuration BIT file Dlﬁ,’,l @l gl | 2]

provided. =

Your terminal session should indicate the design is
working with a version number and simple menu as
shown here. If not, then check that the Spartan did
actually configure (DONE LED on) and check your o e |

baud rate settings are correctly matching etc. E-Erase blocks 0-5
P-Program MC3 File
W-Write byte
FE-Fead 256 bhytes
I-Dewvice ID

T-Test R3Z23Z2
\-

H-Help

PicoElare M29DW3IZ3DT FLASH Progratmner w1.00

The ‘H’ command repeats the simple list of
commands available

e J

/

Commands can be entered at the > prompt using
upper or lower case

(Conmected 0:00:15 lauto detect  [1152008-N-1  [SCROLL  [CAPS [WUM  [Capbure  [Print echo

w1
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‘T" Command

The ‘T’ command is useful for testing that the RS232 communications are working correctly and reliably. The PicoBlaze design has been implemented in
such a way that the communications should be reliable during any normal operation up to 115200 baud. However not all PCs are quite so well behaved and

this test should make any issues apparent.

PicoBlaze responds to the ‘T’ command by returning
the 256 hexadecimal values 00 to FF in a tabular
format as shown here. This display should be 100%
reliable.

It should be observed that when holding the ‘T’ key
permanently down for some time that the LED’s
LD7, LD6, LD5, LD4 and LD3 slowly illuminate. This
is an indication of the UART receiver FIFO buffer in
the Spartan filling up (see FIFO details later).
Providing the ‘T’ key is released as soon as LD3
illuminates then everything displayed in response to
a ‘T’ command should be perfect. If you continue to
hold the ‘T’ key down then eventually you should
observe an ‘RS232 Overflow’ message although it
will be hard to spot in given how many tables of
values PicoBlaze continues to display.

“g FLASH_programmer -
File Edit Wew Call Transfer Help

HyperTerminal

=10l x|

Di=| =|3]

|

T
oo
10
20
3n
40
a0
[1u}
70
j=1u}
a0
AO
BO
co
oo
EO
FO

OF

o1
11
21
31
41
51
61
71
=h i
91
A1
E1l
c1
i
E1l
Fi

0z
12
22
32
42
52
62
Ta
=158
92
bZ
Bz
CaZ
Dz
EZ
Fz

03
13
23
33
43
53
63
73
&3
93
A3
E3
C3
D3
E3
F3

04
14
24
34
44
54
64
74
&4
94
bg
B4
C4
D4
E4
F4

05
15
25
35
45
55
65
75
85
95
AS
ES
c5
s
ES
F5

o6
18
26
36
46
56
13
Th
=141
=1
LA
Ef
Ch
DA
Ef
Fa

o7
17
27
37
47
57
67
w7
87
97
A7
E7
Loars
o7
E7
F7

03
13
28
38
43
]
63
78
=15}
93
b
ES
ca
D
ES
F3

o9
12
Z9
39
49
59
=)
79
=3=]
99
AS
ES
ca
Do
ES
Fa

on
1h
24
34
44
54
3.8
TA
=5:8
Sa
ba
EA
Ca
DA
Ea
Fa

OE
1E
ZE
3B
4E
SE
6B
7E
=3z
SE
AE
EE
CE
DE
EE
FE

oc
1c
ac
3c
4c
aC
&6C
TC
=19
ac
bC
EC
zC
DC
EC
FC

oD
1D
2D
3D
4D
5D
D
7D
=3
=)
A
ED
ch
oo
ED
FD

OE
1E
2E
3E
4E
SE
6E
7E
GE
SE
LE
EE
CE
DE
EE
FE

oF
1F
2F
3F
4F
iF
&6F
TF
aF
oF
LF
BF
CF
DF
EF
FF

ICannected 1:32:18

|.ﬁ.utn dekect

{15200 8-N-1

|5'ZFU$'LL

EE

|NLIM

||.'_a|:|turre

iF'runI: acho

w12l

If corrupted values are displayed then try selecting a lower baud rate with the switches remembering that the HyperTerminal settings will need to be changed

accordingly.

M29DW323DT ST Microelectronics FLASH Programmer 8
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I ‘E’ and ‘B’ Commands

>j
ID = 20 5E
Serial Nunber = 52 CE A5 F6 48 31 0D 30

>e

Confirm Erase (Y/n) Y
Erase in Progress

>b

Confirm Erase (Y/n) Y
Erase in Progress

M29DW323DT ST Microelectronics FLASH Programmer 9

The ‘I' command initially reads the FLASH memory and displays Manufacturer Code (20 hex)
and the Device Code for M29DW323DT which is 5E hex. This is then followed by the reading
and display of the 64-bit (8 byte) unique device identifier which will obviously be different for
each board. This command confirms PicoBlaze communication with the FLASH device.

The ‘E’ command will erase the entire 4M-byte FLASH memory. PicoBlaze will ask you to
confirm your command selection by requiring you to enter and upper case ‘'Y’ if you intend to
proceed.

Erasing the whole device could take as long as 200 seconds but will typically complete in less
than 40 seconds. PicoBlaze will display dots at 1 second intervals to confirm the process is
still taking place and these can also be used to estimate the erase time of the device upon
completion.

The ‘B’ command will erase only the first 6 blocks of the FLASH memory. Each of these
blocks is 64K bytes and therefore this command erases the memory in the address
range 000000 to O5FFFF which is consistent with the storage of a configuration file for
the XC3S700A which ends at 05364B hex when stored at the base of memory. This
command is faster that the ‘E’ command and will leave the upper memory unchanged.

Erasing a block could take as long as 6 seconds resulting a a total time of 36 seconds for this
command to complete. However the typical erase time for a block is more like 0.8 seconds
we should see this command complete in under 5 seconds. PicoBlaze will display a dot as
each of the 6 blocks are erased allowing progress to be monitored.

S XILINX



‘W’ and ‘R’ Commands

The ‘W’ command allows you to write an individual byte of data to any address in FLASH memory and is useful for setting up small data patterns or test
values. The ‘R’ command allows you to read and display 256 consecutive locations of FLASH memory to verify contents. The following example shows a byte

being written and then being confirmed using these commands.

>W

address = 05ff0a4— ‘
data = 42
oK < 

>r
address = 05ff00

05FF00 FF FF FF
05FF10 FF FF FF
05FF20 FF FF FF
05FF30 FF FF FF
05FF40 FF FF FF
05FF50 FF FF FF
05FF60 FF FF FF
05FF70 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
05FF80 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
05FF90 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
O5FFA0 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
05FFBO FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
05FFC0 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
05FFD0 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
OS5FFEQ FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
O5FFF0 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF

o N

The display will indicate the address of the first byte shown
on each line followed by 16 successive bytes.

M29DW323DT ST Microelectronics FLASH Programmer 10

| After entering the ‘"W’ command you will be prompted to enter an address.

You should then enter a 6 digit hexadecimal value 000000 to 3FFFFF.
Entering an illegal hex character will result in the ‘address=' prompt being
repeated.

You will then be prompted to enter the data value and you should enter a 2
digit hexadecimal value 00 to FF. Entering an illegal hex character will
result in the ‘data=" prompt being repeated.

After entering the ‘R’ command you will be prompted to enter a start
address. You should then enter a 6 digit hexadecimal value 000000 to
3FFFFF. Entering an illegal hex character will result in the ‘address="
prompt being repeated.

Read display shows how address 05FFOA has been modified to 42 hex.

Hint: Erased memory locations contain the value ‘FF’ and it then only
possible to program values that result in bits changing from a logic ‘1’ to a
logic ‘0’. Hence it is be possible to write to address 05FFO0A again and
change the value 42 hex (01000010,) to 02 hex (00000010,). However it is
not possible to write the value 01 hex (00000001,) as that would require the
least significant bit to change from a ‘0’ to a ‘1.

Exercise: What value is stored in FLASH memory after writing the value 42
hex followed by the value 01 hex to the same address?

S XILINX



‘P’ Command

The ‘P’ command is probably the most important command as it enables you to write an entire configuration image for the Spartan-3A device into the FLASH
memory such that the Spartan device can then automatically configure from that image the next time power is applied to the board (or the PROG button is
pressed). The following pages describe how to prepare an MCS file, but for now this page shows how to program the ‘reading_ DNA_prom.mcs’ file provided
with this reference design and it is recommended that you try this particular file first.

“g FLASH_programmer - HyperTerminal

File Edit Wiew Call | Transfer s
= | | i ‘Send File. .. -
D) 515 —  ReceiveFile... 2 In HyperTerminal, select the “Transfer’ menu and then select the

| ‘Send Text File’ option (Note: Do not use the ‘Send File’ option).

Caphbure Text...
Send Text File...

Navigate to the appropriate directory and select the desired
MCS file which in this case is ‘reading DNA_prom.mcs’.

s
Laok, in: |E,|Documentatinn j o it e R

5 _impact.cmd

@ _impacthatch.log

= limpact_batch_commands.cmd
Finstall_mz9dw323dt_flash_programmer,bat
m29dw323dt_flash_programmer ., bit

m m29dw323dt_flash_programmer.whd

Capture to Printer

PicoBElaze MzSTT [ Fogrammer wl1.00

E-Erase all
E-Erase blocks 0-5
P-Programm MC3 File
W-TWrite byte
E-Fead Z56 hytes
I-Dewvice ID

T-Test R3232

H-Help m29dw323dt_l’Iashjrogrammer_v1.ppt
m progckrl. psm
1 Enter the ‘P’ command and a message L —
/ prompting you for the MCS file will appear. WitEiBument "'l""
>p Li_ﬂ Starter_kit_jumper_detail.jpg
Waiting for MCS File 8 _ _
. You will need to change ‘Files of type’ to

- Yo onphist ‘All files (*.*)’ to see the MCS files listed.

e Dt e T T -

! Hint If you accidentally enter the ‘P’ command you can get out by N &

1 carefully typing the end of file record found in an MCS file which is..... X : File pare: |reading_DN&_pram.mes \ =]

I -

! :00000001FF X Fiesoftype:  [alifles ") A Cancel

'Sends a text file to the remate system Once you are happy with your selection click on ‘Open’. 4
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‘ P ’ COm mand continued

Programming of the FLASH memory will start immediately and progress will be indicated by a running

display list of hexadecimal numbers. Each number indicates the address defined by each line of the MCS

File Edit

Wiew  Call

Transfer Help

file currently being programmed. For an XC3S700A the final address displayed is 053640 (last address

3

| &

i)

actually programmed is 05364B). Programming will typically take 96 seconds to complete when using a
baud rate of 115200.

53520
Q53530
053540
Q53550
Q53560
53570
Q53580
53590
Q53540
O535E0
a535cCo
Q53500
O535E0
O535F0O
Q53600
53610
53620
053630
053640

QK

It should now be possible to press the PROG button on the board to reconfigure the Spartan device
directly from the new configuration image stored in the parallel FLASH memory.

If you used the supplied ‘reading_ DNA_prom.mcs’ file, then your board should now be displaying the unique
DNA value of your Spartan-3A on your board. This reference design is also available from the Xilinx web
site.

Design Operation

The design provided has a flved functionaty and & is lef to you to make any additions o changes as you wish.

Folowing configuration the LCD should dispiay the simple design 1itks information shown here,
This displary will persist for 10 seconds. The & LEDs represent a simple binary counter
Iimplemented in PicoBlaze code and resp g 10 Inferrupts g M1 ls. s
whion tha lower 4-bits of this counter contain the valie *1010° {fen) that the display will changs.

The device DNA is a 57-bE value but #l is displayed as a 18 digh hexadecimal
walue of 64-bits with the most significant bits padded with zero. The DA value
shown on my board Is 01131205165C 1081 hex

PicoBlaze reads and displays tha DNA value every 16 seconds (each time the
lower 4 LEDs have the pattern "1010°). PicoBlaze actually reads the DNA value
In less than 50ps but the LCD display Is much slower making this update
observable even though the value remains the same. The reading repeats

1o facilitate obzensation of signals with an oscllloscops if desirad

Device DNA

©f the Is a 57-bits forming the device DA value. 55 bits are a unique value and 2 bits are afixed "10' pattern. The DMA is read sedally. and convention
siates that the value s presented most significant bit first. It |s the most significant bits that are the fived *1° and °0° and may be used 1o confirm a carmect
read process if desined. The most significant 2 digits of the LCD display should abways be 01" hex because they represent the fived 1" of bit 56 padded
with zeros 1o form a byte (00000001}, The nexi most significant digh should abways fall in the range 0o 7 hex since bit 55 shoukd always be the flued 0",

Reading Spartan-3A Device DNA 4 X XILINX‘

Connected 0:11:14

Auto dekect

115200 _ , . . .
Obviously once you have reconfigured the Spartan-3A using the image stored in FLASH memory the

programmer design will have to be restored if you want to use it again.
‘install_m29dw323dt_flash_programmer.bat’.
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Preparing an MCS file

This design has been provided so that a ‘default’ MCS programming file generated by the ISE tools can be used. The following images indicate how that
may be achieved but is not intended to replace existing documentation for PROM generation.

1) Select ‘Generate PROM’ in Project Manger

Procezzes;

=[]  AddEvisting Source

[ Create Mew Source

= View Design Summary
#-3F  Design Utilites

E!ﬁ‘ Ilzer Constraints

I}] f2.1 Senthesize - ¥5T

Eu #2_1 Implement Design

= 8 31, Generate Programmming File
@@ Frogramming File Generation Report
B Generate PROM, ACE, or JTAG Fils
w5 Corfigure Device [MPACT]

2) This launches iIMPACT in which you need to select (double click) the PROM File
Formatter mode (You may need to expand the upper left window as shown here or

pan down to see it)..

Y/ IMPALT - C:/Data/chapman,/Designs_8.2i/reading_DNA configure_reading DNAGpE- [Bo
n Eiie Edit Miew ©Operations Options Cutput Debug Window  Help

IFH $ 206X 58

2N Op
aE oo

IMPORTANT HINT

The relatively long access time of parallel
Flash requires that the configuration rate
defined in the BIT file is suitably slow
(certainly less that the default configuration
rate of '25’). Please see user guide UG332
table 5-6 which covers this in detail or, to be
ultra cautious, initially select a configuration
rate of ‘1’ when generating your BIT files to
be used with parallel Flash.

.

I+

- B Boundary Scan
- T8 SlaveSerial

- BaSelecttAR

- Tl Desktop Configuration
- T8 Direct SP1 Configuration
2] SystemaCE

= &l PR.OM File Formatter

TDi2

iMPACT Modes

M29DW323DT ST Microelectronics FLASH Programmer 13

ol __i' i:mmr-g

Right click device to select operations

e ey

e e

Exime

=
TR

xe3sT005
resading_dna bit

Fererararare]

=
TR

xcflds
-- file 7 --
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e

3) Select
‘Generic parallel PROM’
‘MCS’ file format
and provide a file name and location.

=7 iMPACT - Prepare PROM Files
| wanit to target a
i Hiline PROM
(% Genetic Parallel PROM
i 3rd-Party 5P PROM

aring an MCS file

=1ofx]

" PROM Supparting Multiple Design Yersions: | SpartaniE MuliBoot

—PROM File Format

f* MLCS  TEK = UFP ['C" format)
 ExO £ BN 50
" HEx [T SwapBits

Checksurn Fill ¥ alue [2 Hex Digits): IFF

FROM File Mame: lreading_DNA_pron'{

Location: iC:\D atachapmantDesignz_8. 2iNreading DMAY

Browse... |

£ Hack | Hest I

Cancel |

4) Select the density from the drop down list and then click ‘Add’
so that it appears in the centre box. The M29DW323DT device
supplied on the Spartan-3A Starter Kit is 4M-bytes so this is the
most logical choice.

S iMPACT - Specify Parallel PROM Device = |D|£|
I dute Select FROM
Select a Parallel FROM Denzity [Butes]: Add
0 M
Delete Al |
[~ Create BF-tode PROM Murnber of Diata Streams: | 1 "I L
BF Master Device Familn Loading Direction | i) ,,I
£ Spartan 3B Data Stream 0 Start Address;
{Mavimum & hex digits) [o
 Spartan 24 9
i Witen 5
Dawnstrean Daizy-Char Tipe: | Parallel TI
¢ Back | Mest> I Carcel |

Hint: This stage also provides the ability to perform multi-boot designs. In
this case the simple (default) BPI-UP mode will be used and therefore
the configuration should be stored at address zero upwards.

M29DW323DT ST Microelectronics FLASH Programmer 14

5) Check that direction
is ‘UP’ and start
address is zero.

6) Summary
Page

| rri e et ey aloix
L e
FRON Tioe e
Fin et -
Fivdm "
P . ey {4 e
et o PHC: 1

]

e ok ot g s o

o e
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-2 Dhata/ ehapenan Desigs B2 reading DAA condiguee _#

Preparing an MCS file

7) You are now presented with a picture of the PROM
contents and an ‘Add Device’ box encouraging you to
add your first device. Click ‘OK’ to continue.

=10l xi
=l8lx

g Wndow  Help

880 %

= Datkiop Confguestion
~g20nect SF1 Configuasbon

[8) smatemact

[} PFEOM File Fomalte

TR TN N S T T T T 2 T

| 5 Boundry Scan | 5 FRIOM e Fomate |

| Nunber of PRONa 3

PRON Name : 4%

--—--- END of Report

¥ -
PROM Zize : 4194304 By

/ E

I/ | o Cable Connection [ NaFle gen [ [ -

8) Navigate to the required configuration BIT file,
select the file then click ‘Open’.

Add Device

?I x|
Look in: |k'j reading_DHA j = B ¥ E-
|3 _ngo
{20 _xmsas
ﬁDocumentation
ﬂxst

reading_dna.bit

File narms:

Files of tpe: IFPGA Bit Files [*.bit)

Ireading_dna.bit ;I Dpen |
&

Cancel |
7|

Hint: If the ‘Add Device’ box does not appear, then right
click in the white space and select ‘Add Xilinx Device...’

9) The main window updates to show the BIT file being
located at the beginning of the PROM. If you get a the
pop up box shown below then you can say ‘No’ for this
typical case of a single configuration image.

ﬂ

‘Would you like to add another design file ko
[rata Sktream: 07

= iMPACT - C:/Data/chapman,/Designs_8.2i/reading_DNA/configure_reading_DNAipf - [PROM File Formatter] |

g Eii‘e. Edit Wiew Operations Options Cutput Debug YWindow Help

=lolx|
=lEx

PR BEEX[=xmn[0: [=sa]e)w

=

- EalBoundary Scan
;--::]S\aveﬁelial

B SelectAP

|Data Stream i I E | S T 3

i B Dieskiop Configuration
“Ballirect SPI Configuration
i [2) SpstemACE

- [Z]PROM File Fomatter

4hd
.14 % Full

#3s700a
iMPACT Modes reading_dna bit

Ee|

A ailable Operations are:
=P Gererate File.
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Preparing an MCS file

10) Right click in the white space of the main window and then select
‘Generate File...” from the pop up box

=10l
=181

apman; De:

) File Edt View Operations Options Output Debug Window Help

IPHEOX[Exmno: =5 N
=

-2 Boundary Scan
225 aveSerial
BRS elentMAP
‘B3 Desktop Configuration
“aalDirect 5P| Configuration
[E]5ustemace
[EIPFOM File Formatter

MPACT Modes

Available Operations are:
= Generats Fil

Patasvean i EF F F F FT=T1=>1]

aml
814 % Full

®E3sT008
reading_dna it

Add zilinz Devics

Renams PROM ile...

Add PROM. ..

Edit Data Stream - b

MPACT Frocess Operations

&} foundery Scan ZX PROM File Fomatter

2~ ;/ vvv BATCH CND : setCurrentDeviceChain -index 0O -
file : C:/Data/chapman/Designs_8.2i/reading DNA/reading_dna.hit used size : 2732640// *%% BATCH CID
// *t% BATCH CMD : serCurrentDeviceChain -index O

4dd one device. =
4| | »

 Output_f B A Warring /

Ready | PROM File Generation | Target Parallel PROM | 2,732,640 Bits used | File: reading_MD#_prom in Location; C:\DatalchapmaniDesigns_8 2ireading_DHNAL v
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11) The file is written to the directory specified in step 3
and the process is complete.

=10l x|
E} File Edt Wew Operations Options Output Debug Window Help ==
[FE¥BEX[ExEE [era]s W
=
- 2ZBoundary Scan
~ B85 laveSerial
B cloctP ‘Dala Stream [ Ii E E_F E F | = | 5 ‘
“E%Desktop Configuration
E2Dirsct 5PI Configuration
[Z]svstemace
- [Z]PROM File Fomatter
E
514 % Ful T
IMPACT Modes reading_dna bit
=

Available Operations are
= Generate File...

IMPACT Process Operations

%} Bownday Sean | S PROM Fis Foratter |

PROM File Generation Succeeded

x| A4 #%% BATCH CMD : secCurrentDeviceChain —index 0O

// #%% BATCH CHMD : setCurrentDesign -version O

4

Total configuration bit size = 2732640 bhits.Total configuration byte size = 341580 bytes.// #*%* BAT

o

|
Duipit_f, Enar Wi

Ready | PROM File Generation | Target Parallel PROM | 2,732,640 Bits used | File: reading_MDA_prom in Location: C:\DatalchapmanDesigns_8. Zireading_DNAY 7
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MCS files and Device configuration

An MCS file contains the data that is to be programmed into the FLASH memory. It also includes information to define the addresses at which that data
should be stored but exactly how an MCS file defines the addresses is beyond the scope of this document but the PicoBlaze code ‘progctrl.psm’ is
provided with this reference design and the code performing this task can be read. However, in the case of an MCS file describing a single configuration
image starting at address zero, the fundamental format of MCS file is that each line contains 16 data bytes to be stored in sequential locations. If we look at
the supplied MCS example file ‘reading_ DNA_prom.mcs’ the first configuration data byes can be identified in each line. Having programmed the FLASH
memory, it is possible to read back those same data bytes with the ‘R’ command with start address ‘000000’.

Read from start of FLASH memory programmed with same MCS file.

“gFLASH_programmer - HyperTerminal

File: Edit Miew Call Transfer Help

Start of ‘reading DNA_prom.mcs’ with byte data highlighted in blue Dlﬁ’r| @|$| |

: 020000040000FA

: 10000000FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFO0 *T )

- 10001000FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFO RS REHERY

: 1000200055990C8500E004008C869077CC84BCF157 T s
: 100030008C8500938C82F4008C43404401C90C876A 000010 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
: 10004000FFF30C8300818C8110814C8000F84C837D 000020 55 99 OC 85 00 EO0 O4 OO0 8C 86 90 77 CC 84 BC Fi
: 1000500000A04C8700204C8500704C8600004C812D 000030 8C 85 00 93 8C 82 F4 00 S8C 43 40 44 01 C3 OC 87
: 100060000000CC82184FCC46000000000C44000079 o e S S SN B ke R R S e TR

ooooso 00 AD 4C @Y 00 20 4C 85 00 YO 4C ©o 00 00 4C 81

: 1000700000000C8500800A06004059430000000083 e b ow Sl e ol o Mon e e e b

: 100080000000000000000000000000000000000070 Oooo70 0o 0o 0o 85 00 &0 Oi OF OO0 40 59 43 0d oo oo oo
: 100090000000000000000000000000000000000060 000080 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
: 1000A0000000000000000000000000000000000050 Oo0oso 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
: 1000B0000000000000000000000000000000000040 HEHDAL: AR DD R B D DL B O O DL DL DL D DI

O000OEO0 00 OO 00 00 00 o0 OO 00 00 OO0 00 0O 00 oo OO oo

: 1000C0000000000000000000000000000000000030 ien e ebel el oo s ibeibelinebac e e bl

: 1000D0000000000000000000000000000000000020 I R IE e e o e e SE e fat e ae Sone e fat g ae
: 1000E0000000000000000000000000000000000010 QODO0OED 00 00 00 00 00 00 00 00 00 00 o0 00 00 o0 oo oo
: 1000FO000000000000000000000000000000000000 QDOOFO 00 00 00 00 OO0 00 00 00 OO0 00 00 00 00 00 00 00
OF
e
(Connected 0:56:03 lautodstect  [1152008 M1 [STROLL  [CAPs (WM [Cy

EXLNX



Design Files

For those interested in the actual design implementation, the following pages provide some details and an introduction to the source files provided. As well
as these notes, the VHDL and PicoBlaze PSM files contain many comments and descriptions describing the functionality.

The source files provided for the reference design are.....

m29dw323dt_flash_programmer.vhd Top level file and main description of hardware.

I/O constraints file for Spartan-3A Starter Kit

""""" m29dw323dt_flash_programmer.uct and timing specification for 50MHz clock.

— kcpsm3.vhd PicoBlaze processor for Spartan-3E devices.

— progctrl.vhd Assembled program for PicoBlaze (stored in a Block memory)
bommimimn progctrl.psm PicoBlaze program source assembler code

L uart_rx.vhd

kc_uart_tx.vhd
bbfifo_16x8.vhd [ UART Receiver with 48-byte FIFO buffer.
L bbfifo_16x8.vhd
L bbfifo_16x8.vhd

L— uart_tx.vhd \

UART transmitter with 16-byte FIFO buffer.
kc_uart_rx.vhd [ ransmiterwi y umer

bbfifo_16x8.vhd -

Note: Files shown in green are not included with the reference design as they are all provided with PicoBlaze download. Please visit the PicoBlaze
Web site for your free copy of PicoBlaze, assembler and documentation. WWW.ininx.com/picobIaze
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PicoBlaze Design Size

This reference design occupies less than 5% of the XC3S700A device. The PicoBlaze program uses the majority of the single Block RAM (RAMB16BWE)
although in this case nearly 50% of the program is consumed by text strings used to guide the user of the programmer (e.g. command menu).

MAP report
Nunber of occupied Slices: 176 out of 5, 888 2%
Nunmber of RAMB16BVES: 1 out of 20 5%
FPGA Editor view Floorplanner view
i i 13 ir 0 1
=k
r-
: £l
i :
i 2 m e

==

tE

- E
k

-

k File

B

k =]

E

pa E

P E

=

n nom T n n
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The STS signal from the

Vce

FLASH is not used in this

design but is provided for
completeness and future
experiments.

UART macros with FIFO buffers

flash_sts

PicoBlaze Circuit Diagram

and selectable baud rate

(see following pages for more details) input_ports
read_from_uart : Irx_data
—_— F

! I
1 .
. UART Rx with ! |/
| 48 Deep FIFO  inx_full 01
P : ! |
1 1 Irx_half_full
I Selectable :&/
1
:. Baud Rates | Irx_data_present A
en_16_x_baud
t it 5
uart_tx ransm 3'
%)
out_port tx_female 2
—_— data_in serial_out ;D g
write_to_uart ) tx_full
— == | write_buffer buffer full bz — /]
en_16_x_baud tx_half_full
en_16_x_baud buffer_half_full
J reset_buffer
— ) clk

Vce

flash_wp
flash_rp

flash_byte

o

The design uses the FLASH in byte
access mode meaning that the
upper data bits [15:8] are unused
and the address is 22 bits [21:0].

flash_d[7:0]
4
e
flash_we
flash_ce
program_rom D
progctrl flash
[y flash_read ashoe
instruction /3_ i
—) clk address
5 ®
§ % 7 - [21'16]
3 g d '
c
= kepsm3 processor s
flash_a[21:0]
instruction address 6 ¢ :
H ) [15:8]
in_port out_port
in_port :
write_strobe @
5
| 7:0
read_strobe 4 L
kepsm3_reset . port_id
? reset port_id
interrupt interrupt_ack AN B
olle
Al K
" " = o out_port
> E
1 read_from_uart
—C To
interrupt UART
interrupt_ack \ i
& write_to_uart
, _to_|

interrupt_control
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Selectable Baud Rates

Baud rates are related by integer multiples and this simplifies the generation of the baud rate control signal used by the UART macros.

38400 %3
The UART_RX and UART_TX macros serially y N
communicate at the rate defined by clock enable pulses X
applied to the ‘EN_16_X_ BAUD’ input which, as the 19200 > 115200
name suggests, is an input that should be enabled as 16 \
times the required baud rate. The Spartan-3A Starter kit x3
57600 X2

is provided with a 50MHz clock from which this enable
signal is defined.

A second counter can then be used to divide the fast enable signal

The highest baud rate of 115200 requires the ‘EN_16 X BAUD by 2, 3 or 6 to suit the lower baud rates.

signals to pulse High at a rate of 16 x 115200 = 1.8432MHz. This is

i baud_enable
actually once every 27.128 clock cycles at 50MHz but rounding to

j2.22

once every 27 clock cycles results in a baud rate which is 541Hz en_16_x_baud
too high (less than 0.5%) and this is adequate. A simple 5 bit baud_selector | |
binary counter is the basis for this division. 26,, = 11010, so 0 —11
decoding upper bits “1101” is adequate and efficiently fits a 4 input Enable pulses must always
look up table. = (0) Decodel r be 1 clock cycle wide
rl rl § baud_select
) ; o j2_26
baud_115200_counter 54_»; EI (1) Decode 2 o1
5-Bit Decode 26 27 Cycles 3-Bit 3 @) Decode 5 SW1 | SWO | Baud Rate
Counter Counter = § —~2 | 0
en_16_x 115200 O ] 00 0 19200
@ —{CE 0 1 38400
clk baud_count j2_30 clk 1 0 57600
50MHz ] 1 1 115200
. Slide s — ted
baud_divid : i ;
aud_divide_counter Switches g, q) [ ed(0) LEDs confirm switch selection
C'k_|>'2 14
e 2 14 j2.22 j2_26 j2_30

1 [l 1 1
EERCONEOMN Ifl HEN Ifl | Ifl | Ifl B W 34 Ovpins Hint: The design uses connector J2 as a convenient set of test points. Try
ONCONENCONONOMEE |33 33vpins  connecting an oscilloscope to observe the signals generated.

J2
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Baud Rates vs FLASH Write Rates

In the majority of cases it is the RS232 (UART) communication rate with the PC which is the limiting factor of this design. However, when writing to the
FLASH there is a potential for the performance of the FLASH memory itself to limit performance and this requires some analysis to ensure reliable operation.

A UART transmits or receives each ASCII characteras =~ —M
a series of 10 bits communicated at the baud rate. This Start | dO dl d2 a3 d4 d5 dé d7z Stop | Start

then defines the time taken to communicate each . X
character. 1 character

Data to be stored in the FLASH memory is sent transmitted from the PC in the form of an MCS file which describes the data using ASCII characters.
Therefore it requires 2 characters to describe each data byte to be written to the FLASH memory.

Baud Rate Time for Time for From the M29DW323DT data sheet we find that a program cycle (byte or word) will typically
1 Character | 2 Characters take 10us which tells us that even at the highest supported baud rate of 115200 bits per
second the design is limited by the RS232 communications.

19200 520.8us 1041.7.8ps

38400 | 2604us BBl | ountered at certai voliage and has excesded e speciied 100,000 programiorsse.

57600 173.6us 347.2ys cycles. The worse case program cycle is significantly longer at 200us. This is clearly slower
115200 86.8Us 173.6us than the communication rate possible at 115200 baud.

So if the baud rate of 115200 is used and the M29DW323DT is operating at worst case performance then it is obvious that the FLASH will not be able to be
written fast enough to keep up with the data being transmitted from the PC and soon data will be lost and the data written to memory will be corrupted. One
way to prevent this is to perform RS232 flow control such as XON/XOFF but in practice it would slow down the communication so much that it would just be
easier to use the slower 57600 baud rate.

Fortunately each line of an MCS file contains more information than the data bytes :1000200055990C8500E004008C869077CC84BCF157

to be written to memory. The most common line of an MCS file looks like this
example and shows the 32 characters describing 16 bytes of data in blue. The remaining characters are a start character (:), the number of bytes on a line
(10 hex), the 16-bit address within a block (0020), data record type (00) and a check sum (57). This means that there are an additional 11 characters
transmitted for every 16 bytes of data to be written to memory described by 32 characters. This means that the total time to transmit a line containing 16
bytes of information at 115200 baud is actually (32+11) x 86.8us = 3732.4us which is enough time to write 18 bytes to the FLASH memory.

Therefore inserting a FIFO buffer of an adequate length between the RS232 interface and the FLASH enables the PC to continue transmitting continuously
at 115200 baud because on average the FLASH memory will always be written faster that the PC transmits the MCS file characters to describe them.
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Receiver FIFO Buffer Sizing

During the FLASH programming process, PicoBlaze alternates between reading each complete line of the MCS file transmitted by the PC and the actual task
of writing the data (typically 16 bytes per MCS line) to the FLASH memory. This means that whilst PicoBlaze is occupied with programming the FLASH then
next line of the MCS file will need to be received by the UART and held in the FIFO buffer until PicoBlaze is ready to read it.

As discussed on the previous page, it is the write performance of the FLASH memory which dominates the programming operation. If the writing of a byte into
FLASH memory only takes the quoted typical time of 10us then the total time to program the 16 bytes described by one line of an MCS file is approximately
160ps during which time only 2 characters of the next MCS line will have been received even at 115200 baud. In this case the 16 byte FIFO built into the
UART receiver macro is more than adequate and even the ‘half full’ indicator will remain inactive.

However we must look at the worst case situation when sizing the FIFO buffer. Here we must consider the worse case FLASH write performance of 200us
per byte and hence a total time to program the 16 bytes described by one line of an MCS file of approximately 3200us. Now it is possible for 37 characters of
the next MCS line to be received before PicoBlaze is ready to read them. Clearly this is much greater than the 16-byte buffer provided in the UART receiver
macro provided with PicoBlaze so expansion is necessary. This design expands the FIFO by adding a further two stages each of 16 bytes for a total of 48
bytes.

Bucket Brigade FIFO

The operation of a FIFO can be represented by a water tank. New water is added at the top, and the oldest
water is drained from the bottom. The size of the tank (or bucket) must be large enough so that it does not
overflow at times when more water is being added at the top than is being drained from the bottom. Obviously
when a tank is empty nothing can be drained from the bottom. As soon as any water is added at the top then that
water is available to be drained from the bottom.

It has become common practice for people to implement FIFO’s as a single block of memory of an adequate size to
prevent overflow. However, just as with water tanks, such a technique can often results in large (or heavy) units
that are difficult to manage and connect up.

A ‘Bucket Brigade’ FIFO is constructed in a form that is similar to a series of smaller water tanks which are connected in a
cascaded arrangement. This is similar to the way a house may contain a tank in the roof space which in turn feeds a smaller tank
just above the toilet. There is a total amount of water in the system but it is distributed. The advantage is that the tank local to the
toilet can react quickly (provide enough water fast) using a short but large diameter pipe each feeding the next in a cascade.
Then the local tank is topped up from the larger tank in the roof using a smaller pipe.

In this reference design | have used three equally sized FIFO’s (water tanks!). Each provides 16-bytes of storage because this is the
most natural size supported by the highly efficient SL16E form of distributed memory. The control logic simply moves any data along the ouT
cascade chain towards the final output just so long as there is spare capacity (i.e. not full) in any given FIFO buffer.
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UART Rx with 48 Deep FIFO

For evaluation purposes the reference design
connects the various status signals to 6 of the
LEDs which enables you to see just how full the

FIFO is becoming.
LED’s illuminates at
8-byte intervals.

Hint — Try permanently pressing the ‘T’ key on
your keyboard to see the FIFO fill up. Normally all

LEDs remain off (FLASH is typically fast!)

receive

stagel_fifo_half_full

uart_rx
%rx_female serial_in
read_buffer
en_16_x baud en_16_x_baud

g clk 4> clk

reset_buffer

data_out
buffer_full
buffer_half_full

buffer_data_present

UART Rx with 16-Byte FIFO

stagel_fifo_data_present

led(2)
rx_full
- led(3)
rx_half_full led(4)
stage2_fifo_full led(5)
stage3_fifo_full led(6)
® rx_full ® rx_half_full stage3_fifo_half_full led(7)
read_from_uart
rx_buf_stage2 rx_buf_stage3
bbfifo_16x8 bbfifo_16x8
stagel_fifo_data_out ) stage2_fifo_data_out ) rx_data
data_in data_out data_in data_out
- read fulll @ | read full
write half_full write half_full
— reset data_present [— reset data_present rx_data_present
£ clk =) clk £ clk =) clk
16-Byte FIFO 16-Byte FIFO

stage2_fifo_data_present

stage2_fifo_write

The controller’s task is to
pass any data along the
chain to the final stage on
the right hand side from
which PicoBlaze reads.

M29DW323DT ST Microelectronics FLASH Programmer 24

stage2_fifo_full

clk —

stage2_fifo_half_full

stage3_fifo_write
=—""0e ]

stage3_fifo_full

clk —

Feedback ensures that a
single clock cycle pulse is
generated each time which
allows the ‘data_present’
flag to go Low if empty.

fifo_control
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Reading FLASH Memory

Reading the parallel FLASH memory is relatively straightforward. The only issue for PicoBlaze is that it does not have a 24-bit address range and therefore
multiple ports are used to achieve the operation.
Hint: PicoBlaze code supplied has full comments

QUTPUT s8, FLASH addr_m _port
QUTPUT s7, FLASH addr | o_port

Set 24-bit address form which to read

FLASH byte read: OUTPUT s9, FLASH addr_hi port }
Bit O - flash_read="1"

LOAD s1, 05 } Enables memory outputs (flash_oe="0’)
QUTPUT s1, FLASH control _port Set controls for read Tri-states the Spartan outputs (flash_d='2")
LOAD s1, 06 dd ft Bit 1 - flash_ce="0’

LOAD s1, 06 Rgal a;a after a Enables memory

I NPUT sO, FLASH data_in_port elay of >70ns Bit 2 - flash_we="1"

OUTPUT s1, FLASH control port Write enable is off (read operation)

RETURN } Deselect FLASH memory

All PicoBlaze instructions execute in 2 clock cycles and the design uses the 50MHz clock source on the board. Therefore all instructions take 40ns to
execute and this makes all timing of the design easy to predict and ensures that the specifications of the FLASH memory are met.

= = = - = =
o) o] o} =) -] o
EIEIEIQIEIRIQiIDIE D
> 2 2 i i 0 io0o Z i3 w
i ° IR =0 e The access time of the memory is 70ns (see ST Microelectronics data
somHz clock | | [ [T U U U U U U U U U UL LT sheet for details). By including an additional LOAD instruction, the time
flash_a between setting the controls to read the memory and the actual point of
B — reading is increased by 40ns to allow for this worse case response time.
flash_oe §_
flash_ce B
flash_we Note that the input port multiplexer is pipelined which means that the data
flash d - - from the memory is captured on the first clock edge of the INPUT
- Spartah driving instruction (as indicated) and then passed into the ‘sQ’ register within

PicoBlaze on the second clock edge.

100ns
Actual PicoBlaze reads FLASH data value
read point captured by input multiplexer
of FLASH
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Writing to FLASH Memory

The basic format of a write operation is not so different to that of a read operation. However, the act of writing a byte to the FLASH memory shown on this
page is only one part of a process of actually writing data into the memory array (see following page).

Hint: PicoBlaze code supplied has full comments

FLASH byte wite: OUTPUT s9, FLASH addr _hi port

QUTPUT s8, FLASH addr_mi _port } Set 24-bit address as required (see following page)
QUTPUT s7, FLASH addr | o_port

QUTPUT s1, FLASH data_out_port | } get byte to be written to memory

LOAD s1, 00 Bit O - flash_read="0’

QUTPUT s1, FLASH control _port } Set controls for write ~ " Disables memory outputs (flash_oe=‘1")
LOAD s1, 06 Enables the Spartan data outputs
LOAD s1, 06 Deselect memory Bit 1 - flash_ce="0’

QUTPUT s1, FLASH control port after delay >45ns Enables memory

RETURN Bit 2 - flash_we="0’

Write enable is active

All PicoBlaze instructions execute in 2 clock cycles and the design uses the 50MHz clock source on the board. Therefore all instructions take 40ns to
execute and this makes all timing of the design easy to predict and ensures that the specifications of the FLASH memory are met.

OUTPUT
LOAD

5 OUTPUT
5 OUTPUT
5 OUTPUT
5 LOAD

5 OUTPUT

OUTPUT
LOAD

5 RETURN
—1

50MHz clock

flash_a The setup time to write data to the memory is 45ns(see ST

flash_oe Microelectronics data sheet for details). As shown, the design allows
- —_— plenty of margin by including an additional LOAD instruction.

flash_ce
flash_we s
flash_d Spartan driving Spartah driving néw vafue
120ns i
Actual FLASH
write point
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Storing 1-Byte iIn FLASH Memory

To actually store a byte of data in the FLASH memory requires rather more than the single write operation shown on the previous page. This is because the
memory has a command structure of its own allowing access and control of many features such the unique identifier that this design lets you access using the
‘I command provided. Furthermore, the M29DW323DT device makes it deliberately difficult to write data such that it is almost impossible to change the
memory contents accidentally. The following describes the process PicoBlaze implements to store a single byte at a specified address.

LOAD
LOAD
LOAD
LOAD
CALL
LOAD
LOAD
LOAD
CALL
LCAD
LCAD
LCAD
CALL

s9, 00
s8, OA
s7, AA
sl, AA
FLASH byte write

s8, 05
s7, 55
sl, 55
FLASH byte write

s8, O0A
s7, AA
sl, A0
FLASH byte write

CALL FLASH byte write

wite wait | oop: CALL FLASH byte read

LOAD
XOR s
TEST
JUWP
TEST
JUWP
CALL
CALL
LOAD
CALL
JUWP
CALL
CALL
JUWP

wite OK:

sl, sO
1, sE
s1l, 80
Z, wite K
s0, 20

Z, wite wait | oop

send_CR

send_Fai |

sl, FO

FLASH byte write
pr onpt

send_CR

send_ K

pr onpt
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The first task performed by PicoBlaze is to issue the ‘Program’ command to the M29DW323DT memory. This requires
a sequence of three successive writes with a specific combination of address and data values.

Address Data
000AAA  AA
000555 55 } FLASH ‘Program’ Command sequence.
000AAA  AD

The byte write process is described on the previous page and uses the contents of the register set [s9,s8,57] to set the
24-bit address and the contents of register ‘s1’ to set the data.

Then PicoBlaze loads the registers [s9,s8,s7] and ‘s1’ with the real address and data combination of interest before
calling the FLASH byte writing process for a forth time which actually causes the data to be written into the FLASH
memory array. The interim code is not shown here as it ids different for ‘W’ and ‘P’ commands.

The programming operation could take as long as 200us but typically takes 10us but even 10us is
the equivalent of PicoBlaze executing 250 instructions at 50MHz so PicoBlaze must be made to
wait for the FLASH memory before continuing.

Whilst the M29DW323DT is in the process of storing the required data in the FLASH memory
array, PicoBlaze attempts to read back the value which it has attempted to write. However, whilst
the storage process is taking place the read will result in FLASH responding with the contents of
its status register of which Bit7 will be the complement of the value of Bit7 being stored. At the
end of a successful write the memory will automatically drop back into normal read mode so
PicoBlaze repeatedly reads the FLASH until it finds that Bit7 matches the value being written.

If a write is not successful (typically because block protection has been used), Bit 5 of the status

register be High. PicoBlaze also checks for this error condition and reports a failure before issuing
the FLASH Read/Reset command (FO hex) to revert to normal read mode.
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