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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 fithess 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 KCPSM3 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-3E device on your Spartan-3E MicroBlaze Development Kit into an SPI FLASH programmer. Using a simple terminal
program on your PC such as HyperTerminal, you will be able to program the SPI FLASH device with an MCS memory file defining the configuration for the
Spartan-3E device as well as perform SPI FLASH memory ID check, bulk erase and read operations.

The design is implemented using a single PicoBlaze processor and UART macros occupying under 2% of the XC3S1600E device. It is hoped that the design
may be of interest to anyone interested in reading, writing and erasing SPI_FLASH as part of their own applications even if it is not used exactly as provided.

RS232
Serial Communication
(DTE 115200 Baud)

HyperTerminal
(or similar)

M25P16
16 Mbit Serial FLASH memory
(STMicroelectronics)
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Using the Design

The design is provided as a configuration BIT file for immediate programming of the Spartan XC3S1600E provided on the Spartan-3E MicroBlaze

Development Kit. Source design files are also provided for those more interested in the intricacies of the design itself. An example MCS programming file
is also provided to enable you to verify that your set up is working.

Hardware Setup

+5v supply
Don't forget to switch on the board too!
(SWP)

USB cable.
Used to configure the Spartan-3E

RS232 Serial Cable.
with the PicoBlaze design.

Used for programming of the SPI

FLASH memory.
Cable plus devices on board

essentially provide the same
functionality as a Platform Cable
USB to be used in conjunction
with IMPACT.

Cable connects J10 on the board to
your PC serial port. For this you will
need a female to female Null
Modem cable (critically pin2-pin2,

pin3-pin3 and pin5-pin5).

J30 configuration mode jumpers and selection chart.
It does not matter which settings you have during the JTAG programming of the XC3S1600E from
via the USB cable but remember to set correctly (MO=open, M1=M2=short) for configuration from

PROG
the SPI FLASH once it has been programmed (press PROG button or cycle power).

button

Idea — The PicoBlaze SPI programmer design could be programmed into the two XCF04S

Platform FLASH devices so that it can be loaded directly on the board by changing the J30
jumpers.
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Serial Terminal Setup

Once the design is loaded into the Spartan-3E, you will need to communicate 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 HyperTerminal configuration file is also provided with this design with the file name ‘PicoBlaze_SPI_programmer.ht'. It should be possible to copy this to a
your working directory or to your desktop and then launch HyperTerminal by double clicking on it.

Alternatively 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.

d 2) Select the appropriate COM port (typically COM1 or COM2) from

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 an icon for the connection: 2| x| llﬂ
Mame:
IF'icoBlazeJSPl_ploglammer =¥ .I'-___. PicoBlaze_SPI|_programmer Port Settings |
lcon: . .
o 3) Set serial port settings.
Enter details for the phone number that you want ta dial: I J
Bitz per second: | 115200 hd .
Countwegion: | United Kingdom [44] | Bits per second : 115200
Arga code: ID‘I g32 Data hits: IS j Data bits: 8
ok ] Corcel | Parity: None
Phane number: I Parity: INDne j StOp bits: 1
Copnect using. BN ~ | Flow control: XON/XOFF
Stop bits: |1 j
Ok I Cancel |
FElow control: | gty
Bestore Defaults |
Hint — The design uses XON/XOFF flow control. It may be possible to modify

the design and use higher baud rates to reduce SPI programming time . O T
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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

. setial Properties 7| %
4 - Disconnect 1
Connect To | Settingsl
“g serial - HyperTerminal .
T T E——— % i To select a different COM port and
clie  Edi i L3 lransrer  Help . .
~ - N change settings (if not correct).
D == EDl EF |( ) TyTegion: IUnited Kingdom [44] j .‘:
— Enter the area code without the long-distance prefix. o 3
Apacode 01532 &
Phone number: | .."
Connect uzsing: |EDM1 ﬂ
6 - Open Settings — 8 - Connect
onfigure...
- A ¥ | Use country/region code atd area cods : SEI‘IEI B prEI‘TEI‘ITIII'IElI
Coied o] 657z | 2[R ediallon b File Edit Yew Cal Transfer Help
— Function, arrow, and ctrl keys act az = = — = = =
& Teminal keys  windows keys D | E"_l( @ El E|‘_an| Epl |
0K Cancel
— Backspace key sends T
@& Chl+H  Del ¢ Chl+H Space, Cii+H |
ASCII Setup 2x|
Emulation;
IAutD detect vl Tiemmital Setup... | Colors... | — ASCl Sending

[~ Send line ends with line feeds

cho typed characters locally

Line delay: ID millizeconds.
Character delay: ID millizeconds.

IANSI
Backscrol buffer lines: |5EIEI 3:

[ Play sound when connecting o disconnecting
™ Exit program upon disconnecting

Telnet terminal [D:

oK Cancel

— ASCl Receiving
ppend line feeds to incaming line ends

[ Force incoming data ta 7-bit ASCI
v wiap lines that exceed terminal width

Cancel |
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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, g, ) to
indicate end of line so you do need the ‘Append line feeds to
incoming line ends’ option to be enabled.




Configure Spartan-3E

The Quick Way!

alalx
=]
Unzip all the files into a directory. .
Check you have the USB cable connected and the board is turned on.
Double click on the file ‘install_sp3el600e_picoblaze spi_flash_memory_dte 115200 programmer.bat’.
This should open a DOS window and run iIMPACT in batch mode to configure the Spartan device.
Your terminal session should indicate the design is /
working with a version number and simple menu. |

Alternatively use iIMPACT manually to configure the XC3S1600E device on the Spartan-3E MicroBlaze Development Kit via the USB cable.
An IMPACT project file is provided called ‘configure_PicoBlaze SPI_programmer.ipf or you can set up your own with the BIT file provided.

IMPACT - CDatadXilina-EDK-Designs/5P 3E1 600E-EPD1 600E_picoblace_spi_flash_progranmmes _DTE. .. r;lrgﬁt_.
WBe (8 Yew Ogerabors Optiors (uiput Debes Wirdow Hep
HHO W

PH SDhGX &xnn
Configure XC3S1600E with provided BIT file '

‘sp3e1600e_picoblaze spi_flash_memory_dte 115200 programmer.bit’

B Ry Soan -
=

o BaelaotHAR
Bl aslop Conbgus
ﬂf-}w'rﬂ.l:l:
it

w
- i 16 Yo afMs wpdcfia
MEALE s ERd_fiazh_memory &:s / bypass bypass
| [HPACT Froscacons ) L

Uyadsble Dperatons s
e Proseam

iy

i (omd Do [0

il Gl D Signabandls
e Chimck Mdoode

i Fiadd Slalus Rigatai

The other three devices are in BYPASS mode.

The other three devices can

The warning about ‘JtagCIk’ can safely be ignored. be in BYPASS mode.

ilinx iMPACT |

@

MPALT Procass Dpsiators || gy R

WARNING:MPACT: 2257 - Startup Clock has been changed to ‘JtagClk! in the bitstream stored in memory, 1': Progreowed suoceasfully
but the original bitstream file remains unchanged. PROGRESS END - End Operarion.

Elapsad cims = i mes.

€
Oupdt | Eom | 'Aemeng

Ry Condiguralion | Plaifern Cabda LISE | & MHE | wsb-ha

w |

>
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Talking to PicoBlaze

“g PicoBlaze_SPI_programmer - HyperTerminal

File Edit Wew Call Transfer Help

=10l x|

(3 E$| A |%D E9| T

] The welcome message
PicoBlaze SPI FLASH Programmer v1.00 —————  ghou|d appear at start.

E-Erase all
m-mector Erase
P-Program MCS File
E-Fead page
I-Device ID

H-Help
Commands can be entered at the > prompt in upper

e

Confirm Erase (Y¥~n) Y ——— Erase commands mustbe confirmed with an
Erase in Progress upper case ‘Y’

Simple menu of commands
(repeat list using ‘H’ help command)

)38

‘B
Waiting for MCS Filg ———— Program command waits for file to be sent

|Cn:nnnected 0:21:55 |.l5.ut-:| detect |1 15200 3-1-1 |SCROLL |C.ﬁ.F‘S |r-.|LIrv1 |Capture |F'rint echo

s
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‘H’, ‘', 'E’ and ‘'S’ Commands

H — Help command displays the simple menu again.

>h

Pkl e SRl FLACH Progremier .00 | — Read Identification code of the M25P16 ST Microelectronics 16Mbit Serial FLASH memory.

E-Erase all >i

S-Sector Erase ID= 20 20 15
P-Program MCS File

R-Read page

This command is a good way to confirm communication with the SPI FLASH is working.

1-Devi 1D . .
evice The expected response is 20 20 15 (please see M25P16 data sheet for details)

H-Help

E — Erase command will perform a bulk erase of the M25P16 device.

>e . . . . .
Note that the device will be completely erased using this command and hence you will be asked to

Confirm Erase (Y/n) Y confirm the operation with an upper case ‘Y’.

Erase in Progress
The erase operation can take up to 40 seconds for the SPI FLASH to complete although 20 seconds is
OK more typical (please see M25P16 data sheet for specification and details).

S — Sector Erase command will erase sectors 0 to 5 only. This covers the address range 000000 to 04FFFF which is consistent with the storage of a
configuration file for the XC3S500E device. This command is faster that the ‘E’ command and will leave the upper memory unchanged

>s
You will be asked to confirm the operation with an upper case ‘Y’.
Confirm Erase (Y/n) Y
Erase i1n Progress The erase operation can take up to 3 seconds per sector (15 seconds total). Typically this command will
take 5 seconds to complete.

OK
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‘P’ Command

P — Program command.

This is the most important command as it will allow you to program the SPI FLASH device with a configuration bit stream suitable for the XC3S1600E to
load from at power up or by pressing the PROG button. Later in the documentation we will consider how to prepare an MCS file and what is actually
happening, but for now this page shows how to program the provided example file ‘sp3e1600e_startup.mcs’ into the memory.

>p First enter the ‘P’ command and a message prompting you for the MCS file will appear.
Waiting for MCS File

In HyperTerminal, select the ‘Transfer’ menu and then select the ‘Send Text File’ option.

g 115200 XON - HyperTerminal (Note: Do not use the ‘Send File’ option)
e Edt tiew Cal Transfer el 20
D ﬁ' | @‘ 3 | | Fﬂ | Lok, in: I@ spi_flash_mernory_uart_programmmer j =] i Ef-
| [Z] comsTaMT. TXT ®]PAs53.0AT
I . Filter Filker &lPassa.oat

Recett

B hec2syf ®lPasss.0aT

| hexzsvf exe ﬂ ppm_rmonitor_s3e.
[T hexzsvisetup. exe 11| previous _spi_prog.
= jtag_loader.bat ﬂ ROM_form.coe

[~ kcPsma EXE You will need to 4] ROM_Form v
I'_ﬂ kepsmi3.vhd ﬂ ROM_Farm.whd

Navigate to your working directory and select the desired MCS @
file which in this case is ‘sp3e1600e_startup.mcs’.

; - . , change ‘Files of type’
You will need to change ‘Files of type’ to ‘All files (*.*)’ to see ‘ |14 keuart_rx.vhd 0 Allgf'l e typ [ ROM_Form_TTaG_|
the MCS files listed. . 9] kenart_tsc.vhd Y ' esl( J ) 0 S€€ [ ram_form_MoRMY
ty Documents ] LABELS. TXT the MCS files listed. ﬂshort_test.mcs
. . . . s LZD_test_design.mcs spi_flash_memnary
Once you are happy with your selection click on ‘Open’. ﬁr[ ) LD_test.design.prm ) spi_flash_memory._
I--1H:'-|rr| - @:IPASSI DaT spi_FIash_memory_
MDY &Passz. DAT =) spi_flash_memnary_
1 i
File name: ILED_test_design. mcs j 21

Hint If you accidentally enter the ‘P’ command you can get out by carefully Files of type: Al files ] M Corcel_|
typing the end of file record found in an MCS file which is..... 7
:00000001FF Once you are happy with your selection click on ‘Open’.
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0B61CO
0B61D0
OB61EO
OB61FO0
0B6200
0B6210
0B6220
0B6230
0B6240
0B6250
0B6260
0B6270
0B6280
0B6290
0B62A0
0B62B0
0B62CO
0B62D0
OB62EO

OK
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‘ P, CO m m aﬂ d continued

Programming will start immediately and will be indicated by a running display list of hexadecimal numbers.

Each number indicates the address currently being programmed in the SPI FLASH memory as defined in the
sp3el1600e_startup.mcs file. For the XC3S1600E the final address displayed is 0B62E0 and hence this can be used to
monitor progress.

Programming will typically take 5 min to complete. This time is almost entirely as a result of the RS232 serial interface and
why it will be useful to investigate higher baud rates in future.

The programming will complete with ‘OK’ and a return to the > prompt.

It should now be possible to press the PROG button on the board and a simple design (also using a PicoBlaze)
will drive the LCD display with some messages and then a free running counter.

Remember, that you will need to reload the SPI Programmer if you want to try any of the other commands.




R — Read page command.

‘R’ Command

A ‘page’ is defined as a block of 256 bytes in the SPI FLASH memory (please see M25P16 data sheet for full details).
This command will display any specified block of 256 bytes which can be used (in part) to verify if the device has been programmed or erased correctly.

>r

page address=000000

000000
000010
000020
000030
000040
000050
000060
000070
000080
000090
0000AO
0000BO
0000COo
0000D0
OOOOEO
OO0O0FO

OK

FF
30
30
30
30
00
00
00
00
00
00
00
00
00
00
00

FF
01
01
00
00
00
00
00
00
00
00
00
00
00
00
00

FF
60
co
80
80
00
00
00
00
00
00
00
00
00
00
00

FF
01
01
01
01
00
00
00
00
00
00
00
00
00
00
00

00
01
00
00
00
00
00
00
00
00
00
00
00
00
00

99
00
C3
00
00
00
00
00
00
00
00
00
00
00
00
00

55
00
AO
00
00
00
00
00
00
00
00
00
00
00
00
00

66
9C
93
09
01
00
00
00
00
00
00
00
00
00
00
00

30
30
30
30
30
00
00
00
00
00
00
00
00
00
00
00

00
01
00
00
00
00
00
00
00
00
00
00
00
00
00
00

80
20
CO
20
40
00
00
00
00
00
00
00
00
00
00
00

01
01
01
01
00
00
00
00
00
00
00
00
00
00
00
00

00
00
00
00
50
00
00
00
00
00
00
00
00
00
00
00

00
00
00
00
02
00
00
00
00
00
00
00
00
00
00
00

00
31
00
00
D7
00
00
00
00
00
00
00
00
00
00
00

07
E5
00
00
F7
00
00
00
00
00
00
00
00
00
00
00

Hint; Data in an erased device will be ‘FF’ so if you read
bytes especially if the design is relatively small.
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After entering the ‘R’ command you will be prompted to enter a page
address. You should then enter a 6 digit hexadecimal value.

The M25P16 memory has an address range of 000000 to 1FFFFF.

The display will indicate the address of the first byte on each line
followed by 15 bytes from successive memory locations.

Note that the SPI FLASH considers a page to be an address range
xxxx00 to xxxxFF. However this read page command is not restricted to
these boundaries and will always read sequentially for 256 bytes starting
with the address provided.

PicoBlaze rejects incorrect address values but does not support on-line
editing in this version. Please just type in a valid address if you are
prompted again.

'00’ it has been programmed. It is common for a configuration bit file to contain many '00’




MCS files and Device configuration

An MCS file contains additional information to define the storage address which PicoBlaze interprets as well as obtaining the configuration data. How an
MCS file defines the addresses is beyond the scope of this document at this time, but in general the first lines of the MCS file defining an FPGA
configuration from SPI FLASH will be associated with address zero (000000) and each line contains 16 data bytes to be stored in sequential locations.

If we look at a MCS example file ‘sp3e1600e_startup.mcs ' the first configuration data byes can be identified in each line. Having programmed the SPI
FLASH memory, it is possible to read back those same data bytes with the ‘R’ command with page start address ‘000000’.

Start of MCS file with byte data highlighted in blue

-020000040000FA R’ command

- 10000000FFEFFFFE5599AA660C000180000000E089 000000 FF FF FF FF AA 99 55 66 30 00 80 01 00 00 00 07
-100010000C800680000000390C80048000008CA752 000010 30 01 60 01 00 00 00 9C 30 01 20 01 00 00 31 E5
- 100020000C80038080C305C90C0003800000000021 000020 30 01 CO 01 01 C3 AO 93 30 00 CO 01 00 00 00 00
-100030000C000180000000900C0004800000000013 000030 30 00 80 01 00 00 00 09 30 00 20 01 00 00 00 00
- 100040000C000180000000800C0002000A40EBEF71 000040 30 00 80 01 00 00 00 01 30 00 40 00 50 02 D7 F7
- 1000500000000000000000000000000000000000A0 000050 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
- 100060000000000000000000000000000000000090 000060 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
- 100070000000000000000000000000000000000080 000070 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
- 100080000000000000000000000000000000000070 000080 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
- 100090000000000000000000000000000000000060 000090 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
- 1000A0000000000000000000000000000000000050 0000A0 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
- 1000B0000000000000000000000000000000000040 0000BO 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
- 1000C0000000000000000000000000000000000030 0000CO 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
- 1000D0000000000000000000000000000000000020 0000D0 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
- 1000E0000000000000000000000000000000000010 0000EO 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
- 1000F0000000000000000000000000000000000000 0000FO 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
etc

Although the data looks similar, it is not the same. This is because each byte must be bit reversed for configuration of the Spartan-3E device. The MCS file
defines the data assuming each byte is serialised LSB first but an SPI FLASH is actually read MSB first. e.g. ‘OC’ becomes 30’ (‘00001100’ bit reversed is
‘00110000

IMPORTANT Note: PicoBlaze is performing the bit reversal operation during programming which allows a standard MCS file to be used. Do not attempt to
reverse the bit order in the preparation of the configuration MCS file. Also take care if using this design to store raw data.
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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 indicate how that may be
achieved but is not intended to replace existing documentation for PROM generation.

1) Select ‘Generate PROM'’ in Project Manger 2) Select ‘MCS’ for the file format and provide a file name.
Processes for Source: "led_16x2_test_design-behavioral I;T Prepare EROGIAES X

[ Generate Primetime Metlist

@ Analyze Post-Place & Route Static Timing (Timing Anal | ot gt 02
Yiew/Edit Placed Design [Floorplanner) (: iline PROM
Yiew/Edit Routed Design [FPGA Editar]
Analyze Power [<XPower] :
Generate Power Data PROM File Format

5 Barwi Pl PROM £ You could generate the file for a ‘Xilinx PROM’

such as the XCF08S if you like, but this
et ot Flase & Foute Sl Mode! e : TEK : HRLE e sequence will use the ‘Generic Parallel PROM’
. Ex0 HE Bl ISE . .
Ml Pass Place & R - S bis even though an SPI memory is really serial!
A dck-annotale Fin Localons
Eln’ Generate Programming File . li
Sl ’ Frogramming File Generation Feport BieeemANED B ED i
...... —

PROM File Marne: IlLCD_lﬁsl_dEsign I
= S £ 'LI Laocation: IE:\mydocs\Deswgns_? Tivspi_flash_me Browse..

3) ‘Auto Select PROM’

5) Add File....
Speciy Porall PROMDevice x x
i ¢ Back I Mext > I Cancel | Help
" Data Siream 1]
Select a Parallel FROM Density: =18 | - Sdd
Starting Address (Max 8 Hex Digits) : il
|Fasition Dersity
1 1 1 M tart adding device fil Add File.
4) Confirm file generation Sl e e
%
“Youhures erdered kg infomation
L™
FleFomat  mex
PN Flename’ L0t i
Delete il | Blumber of FROM: Ao fitkect
Frston Germiv_
I™ Create Spartan 3E Muli-Boot PROM

Iritial Boot Direction:  BFI- IUP || Mode Firs 201070

Mumber of Diata Streams : 1 -

Dl oot 1 ackd v e
Loading Direction : urP -
< Back I MNeut > I Cancel | Help R o i I i < Back I Tdewt > Cancel Help

PicoBlaze SPI FLASH Programmer 14



Preparing an MCS file continued

6) Locate the BIT file for your design and ‘Open’ 7) No! 8) Finish 9) Yes!

add Device 20 = Add Device File | I =+ File: Generation ]
Lookjri [ 5 led_16x2_test_design x| « ®@EckE- | Would you like to add anather design file ko 9
\:) .\.) Do you wank to generate file now?

__projnav Data Stream: 07 Data Stream a

. Starting Address (Max 8 Hex Digits] - 0

_xmsgs f fi

st e .

'\\:d_lExz_test_des\gn.blt‘ ‘ Mow start adding device filefs] Add File.

Click, Finish' to start generating file.

Click ‘Cancel' ta go to user screen

File hame: Ilcd_1 Ex2_test_desian.bit j '
=l

Files of type: [&NDesign Files Cancel

IMPACT - C:\Data\X|linx-EDK-Designs\SP 3E1 600E-EPDV 600F_plcobi- [Pro... [= [[E5E]
Bj Fle S Yew Operations Cpbors Quiput Debug Sindow Help (1 =)
2EH XB0RX X0k i (H0 0

Flowes

Help

& SaBounday Scan -
oo SlarvaSarial
B3l SekciaP
‘B Deskiop Conligus...

[ ] SummeraiCE il | =ras

AR 000000 55, Fusll
MPACT Modes

| crer—— You now have a suitable MCS file to
uvaiatie Dperatons are I program into the SPI FLASH memory using
ki et PicoBlaze SPI FLASH Programmer.

e B00e
=i _flash_memory

-
BHPACT Process Operations a T g Pacrn Fhe Forma
A4 we% BATCH CHMD : ascCurrencDeviceChain -index O -~
Ff %%% BATCH CHD : ascCurcencDesign =veraion O
Jf === BATCH CHD : ascCurcehcheviceChain -index 0
-
L ¥

Dugnd Emon ‘Waming
PROM Fils Gererstion | Tangat Miine PROM 5,969,695 Biks ussd | Fiec 1000F_picoblesmemer_DTE_ 102000
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The source files provided for the reference design are

Design Files

For those interested in the actual design implementation, the following pages provide some details and an introduction to the source files provided. This
description may be expanded in future to form a more complete reference design.

Top level file and main description of hardware.
Contains /O required to disable other device on the board

sp3e1600e_picoblaze_spi_flash_dte 115200 prog.vhd which may otherwise interfere with the SPI FLASH

memory communication.

sp3e1600e_picoblaze_spi_flash_dte 115200 prog.ucf

kc_uart_tx.vhd

bbfifo_16x8.vhd

L— wuart_rx.vhd

kc_uart_rx.vhd

bbfifo_16x8.vhd

PicoBlaze processor for Spartan-3E devices.

— kcpsm3.vhd
— spi_prog.vhd

USRS spi_prog.psm
— uart_tx_plus.vhd \

J

I/O constraints file for Spartan-3E MicroBlaze Development Kit
and timing specifications for 50MHz clock.

Assembled program for PicoBlaze (stored in a Block memory)

PicoBlaze program source assembler code

.................. ‘uart_tx_plus.vhd' is the same as the ‘vart_tx.vhd’ supplied with PicoBlaze
except that the ‘buffer_data_present’ signal has also been brought out to
provide better support for XON/XOFF flow control.

UART transmitter and receiver with 16-byte FIFO buffers.

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.xilinx.com/picoblaze
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Creating an ISE Project

UnZip the file SP3E1600E_picoblaze spi_flash_programmer.zip. This should create a directory called SP3E1600E_picoblaze spi flash_programmer

& C:\Data\Xilinx-Projects\Current-Projects\SP3E1600ACDADO-SP3E1 600E-DK-UNI\reference\SP3E1 6...

File Edit ‘“ew Favorites Tools Help )
: Address |[EJ CiiDatahdilinee-Projectst Current-Projectst SPEE 16000 COYDO-5P3E LEG00E-DE-UNTreferencel SPEE1600E_picoblaze_spi. 1"'!"| G0
Folders Marme Size  Twpe
P install_spSelE-ElDe _picoblaze_spi_flash_memary_dte_115200_programmet,bat ZKE M3-DOS Batch File
3 @‘]PitI:IE|EIZE_5F'I_FL.':'.SHJ:IFDI;rammEI’_rE'-.-"‘-.ppt 1,364 KB Microsoft PowerPai. ..
%F‘imElaze_SPI _programnet . bk 22 KB HyperTerminal File
1_ﬂ|‘| sp3el600e_picoblaze_spi_flash_memory_dke_115200_programmer . bik TEAKE  BIT File
ﬂ SP3EL1600E_PicoBlaze_spi_flash_memory_DTE_115200_programmetr, uch ZKE UCF File
ﬂ SP3E1600E_PicoBlaze_spi_flash_memaory_DTE_115200_programmer.vhd 16 KE WHD File
-_ﬂﬂ spaeltlile_skartup.mcs 2,050 KE MCS File
ﬂ Spi_prog. psnm 95 KB PSM File
ﬂ SPI_PROG.YHD 24 KB WHD File
— 4] uart_tx_plus.vhd 6KE  YHD File
b
< 0l (% < | >
S

®% C:\Data\Xilinx-Projects\Current-Projects\SP3E1600\CD\DO-SP3E1600E-DK-U... [= |[B]

3

Visit the PicoBlaze web site at - Ble Edit Wiew Favorites  Tooks  Help i
www.xilinx.com/picoblaze and register and - address | () Cr\Dataliin-Projects\Current-Prajects|SPAE 1 6004CD|DO-5P3E 1 600E-DK-UNireference’ v | g Go
download the PicoBlaze files. When you have
UnZiped the PicoBlaze reference deisgn files, Folders X Mame Size | Type Date Modified
copy over the required files W m bbfifo_16x5.vhd AKE WHD File 12/3/2003 4:53 PM
4] kepsm3. vhd E7KE WHD File 7/20/2005 9:50 AM
|14] keuart_rx.vhd 11KE  YHD File 12{3(2003 4:53 PM
|4 kenart_tx.vhd 12KE  YHD File 12/3(2003 4:53 PM
¥ 4] uart_rx.vhd SKE WHD File 12/3(2003 4:53 PM
I R——
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Creating an ISE Project

When creating a new ISE project use the following settings

ES New Project Wizard - Device Properties

Select the Device and Dezign Flow for the Project

Property Hame Walue

Product Categary Al w
Family Spartan3E w
Device HC3IS1E0O0E w
Fackage FG320 w
Speed -4 w
Top-Level Source Type HOL

Synthesiz Tool =5T WHDLA A erilog] w
Sirnulator ISE Simulator MYHDLAVernilog) b
Enable Enhanced Dezign Surmmary

Enable Meszage Filtering ]

Digplay Incremental Messages [

< Back H Hest > l ’ Cancel
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PicoBlaze Design Size

The images and statistics on this page show that the design occupies just 160 slices and 1 BRAM. This is only 1% of the slices and 1% of the BRAMs
available in an XC3S1600E device and would still be less than 17% of the slices in the smallest XC3S100E device.

MAP report

Logic Utilization:
Number of Slice Flip Flops:
Number of 4 input LUTs:

144 out of 29,504
160 out of 29,504

Total equivalent gate count for design: 74,710

FPGA Editor view

XC3S1600E
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PicoBlaze and the UART macros make extensive use of the distributed
mory features of the Spartan-3E device leading to very high design

gﬁ%iency. If this design was replicated to fill the XC3S16500E device, it

would represent the equivalent of over 4.8 million gates. Not bad for a

device even marketing claims to be 1600 thousand gates ©

Floorplanner view




PicoBlaze Circuit Diagram

UART macros include 16-byte

spi_adc_conv

spi_sdo
FIFO buffers i d : V spi
Spt_amb S0 *JTAG_loader’ allows rapid Spi_amp_cs
uart_rx receive input_ports PicoBlaze code development spi_rom_cs
’ N\ V
] spi_sck
rx_female - rx data in_port 3 [ |/ pr_
% serial_in data_out _ program_rom J L]
read_from_uart -
= = read_buffer rx full spi_prog
buffer_full /1 proc_reset .-
en_16_x_baud R o spi_sdi
— rx_half_full 01 —
buffer_half full |—— — - instruction 2 r D
reset_buffer @
Qo —) clk address
—> clk rx_data_present | o c 2
buffer_data_present =3 I ° o
2o b f}
- g|£ 3 9
= % kepsm3 processor E 8
o g T
uart_tx_plus ) 9] _ R - =
transmit 2 instruction address
out_port 3 out_port
data_in tx_female D [ out_port
write to uart B serial_out in_port B
————— write_buffer write_strobe @
read_strobe
@O———— en_16_x_baud tx_full A read_strobe = T read_from_uart
buffer_full B —OQ
tx_half_full port_id
reset_buffer - — reset POIt_i(l [rm——
buffer_half_full -
— > clk tx_data_present J R
buffer_data_present interrupt \ write_to_uart
interrupt interrupt_ack [ 4 |
en 16 x baud CIK%D clk
rx_half_full_event
baud_timer Decode 26

counter

clk

baud_count

Vece

interrupt_control

interrupt_ack

strataflash_oe Other devices on the Starter Kit board

must be disabled to prevent interference
with SPI FLASH. Some connect to
PicoBlaze to enable software to disable
or use for future development.

strataflash_ce
strataflash we

platformflash_oe D

%




SPI Communication

The Serial Peripheral Interface (SPI) is formally described as being a full-duplex, synchronous, character-oriented channel employing a 4-wire interface. In
this case the PicoBlaze in the Spartan-3E is the master and the SPI FLASH memory is the slave.

Master
Master Slave 71e6lslal 321110
’Z |Z <Dl s SDO=
Sups scK | M25P16
) o~ X »| SPI Interface
X ROM-CS 5 slave
Pico3la»s
D Q
J11 Slave
O@ Note: Jumper must be installed in J11 C _
i) f for select signal to be connected. S
m -4 0 o
c>|u(/)J g Ol
3738
x

IMPORTANT — All other devices connected to the SPI bus signals must be deselected. This includes the StrataFLASH and Platform FLASH memory
devices as well as the programmable amplifier, D/A converter and A/D converter which are SPI based devices.

Bytes describing commands, addresses or data are all transmitted MSB first by the master. As each bit is transmitted by the master, the slave also transmits
a bit allowing one byte to be passed in each direction at the same time. In the case of the FLASH memory, this full duplex capability is not used, but it is still
necessary to transmit ‘dummy’ bytes when receiving and ignore received ‘dummy’ bytes when transmitting.

Each bit is transmitted or received relative to the SCK clock. The system is fully static and any clock rate up to the maximum is possible. The M25P16
captures data (D) on the rising edge of SCK and changes the output data (Q) on the falling edge of SCK.

Communication is only possible with the M25P16 device when the select signal (S) is Low. Therefore the PicoBlaze master is responsible for controlling the
select signal before transmitting the command byte and then transmitting or receiving any associated bytes. In the cases of writing or erasing the M25P16, it
is the release (setting High) of the select line which actually executes the command.
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Software SPI Communication

PicoBlaze is used to implement the SPI communication 100% in software. The fundamental byte transfer routine is shown below. The ‘s2’ register is used to
supply the data byte (or a dummy byte) for transmission and this will be replaced by the byte data (or a dummy byte) received from the SPI memory.

SPI_FLASH tx rx: LOAD s1, 08 ;8-bits to transmit and receive

FETCH sO, SP1_control _status ;read control status bits

next SPI_FLASH bit: OUTPUT s2, SPI_output_port ;output data bit ready to be used on rising edge
INPUT s3, SPI_input_port ;read input bit
TEST s3, SPI_sdi ;detect state of received bit
SLA s2 ;shift new data into result and move to next transmit bit
XOR s0, SPI_sck ;clock High (bit0)
OUTPUT sO, SPI_control_port ;drive clock High
XOR s0, SPI_sck ;clock Low (bitO)
OUTPUT sO, SPI_control_port ;drive clock Low
SUB s1, 01 ;count bits
JUMP NZ, next SP1_FLASH bit ;repeat until finished
RETURN

The routine generates SCK. Since every PicoBlaze instruction executes in 2 clock cycles and the design uses the 50MHz clock source on the board, the
actual SPI bit rate can be determined. Although this is not as fast as the hardware can support, it is not the weakest link in this system and keeps the design
small and flexible.

LOAD
FETCH
OUTPUT
INPUT
TEST
SLA
XOR
OUTPUT
XOR
OUTPUT
SuB
JUMP
OUTPUT
INPUT
TEST
SLA
XOR
OUTPUT
XOR
OUTPUT
SuB
JUMP

=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=

50MHz clock ||| ||

Data to FLASH

Data from FLASH | X | X B Actual
SCK read point

10 instructions = 20 clock cycles = 2.5Mbit/s
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Software SPI Communication

These oscilloscope traces show the SPI signals
observed at the J12 connector.

Data to FLASH
Data from FLASH

Tek JL. i Acg Complete M Pos: 4,440 s
-

.

|

| |
| | | | | |
| | |
| | |
| | |
| | |
| | |
LTt
| | |
| CHz 2.0py M 1.000s |
I:HE’I 2004 I 21—|"-|I:|'-.-'—|:|5|'|E:|:|Ei

IL A1 1 )

Transmit 9F hex Receive 20 hex Receive 20 hex
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Tek e i 4cq Complete b Pos: 150.0ns CURSOR
+

Type

g vkt o SOUrCe
CH1

CHZ 200 i1 100ns

CH3 200 21-Mow-05/151]

SCK period measurement confirms
predicted performance of PicoBlaze

Performing SPI Flash memory ID read command




XON/XOFF Flow Control

When the SPI FLASH device executes a page program (PP) it could take up to 5ms to complete. At the same time the PC will continue to transmit the MCS
file at 115200 baud rate. This could mean that 57 characters are transmitted whilst PicoBlaze is waiting for the SPI memory to be free for writing again and

the 16 byte FIFO buffer on the UART receiver will overflow. For this reason, the design incorporates a degree of XON/XOFF soft control to enable this
design to work at without errors.

The principle requirement of flow control, as explained above, is to limit the flow from the PC to the PicoBlaze design. This is achieved by a combination of
hardware and software employing interrupts.

UART_RX Data flow from PC is halted

rx_half_full

interrupt |_ |_

interrupt_ack

—]
—]

UART_TX XOFF XON

The hardware detects when the ‘half_full’ flag on the receiver buffer changes state and generates an interrupt to the PicoBlaze. When PicoBlaze responds to
the interrupt it clears the hardware interrupt automatically with the ‘interrupt_ack’ signal. The interrupt service routine then decides what action to take by
reading the status of the ‘half_full’ flag. If the flag is High, then it indicates the buffer has at least 8 characters waiting to be read and so it immediately
transmits and XOFF character on the UART transmitter. If the flag is Low, then it indicates the buffer has started to empty and it is able to immediately send
an XON character to restore the data flow from the PC.

Note: Although the design includes soft flow control, it is not a comprehensive solution and should only be used as a starting point for other designs. In
particular the response to XON/XOFF command characters received from the PC is handled entirely in software and is rather crude at this time.
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