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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 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-3E device on your Spartan-3E Starter Kit into a NOR FLASH programmer for the Intel StrataFlash memory (1C22).
Using a simple terminal program on your PC such as HyperTerminal, you will be able to manually program individual bytes or download complete

configuration images for the Spartan-3E device using standard MCS files. The design also allows you to read the memory to verify contents, perform memory
ID check and erase operations.

The design is implemented using a single PicoBlaze processor and UART macros occupying under 5% of the XC3S500E device. It is hoped that the design
may be of interest to anyone interested in reading, writing and erasing NOR FLASH as part of their own applications even if it is not used exactly as provided.

RS232
Serial Communication

HyperTerminal
(or similar)

Intel StrataFlash 28F128
128MBit (16 M-Byte)
Parallel NOR FLASH memory
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Using the Design

The design is provided as a configuration BIT file for immediate programming of the Spartan XC3S500E provided on the Spartan-3E Starter 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.

RS232 Serial Cable.
Used for programming of the SPI
FLASH memory.

Used to configure the Spartan-3E
with the PicoBlaze design.

Cable plus devices on board
essentially provide the same
functionality as a Platform Cable
USB to be used in conjunction
with iIMPACT.

Cable connects J9 on the board to
your PC serial port. For this you will
need a male to female straight
through 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 XC3S500E from via - A
the USB cable but remember to set correctly (M1=0pen, M0=M2=short) for BPI-UP configuration = : Ete .
from the Parallel FLASH once it has been programmed (press PROG button or cycle power).

PROG
button

Note — This photograph shows the jumpers in SPI configuration mode

Idea — The PicoBlaze NOR programmer design could be programmed into the XCF04S Platform
FLASH device 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. If you have already use the PicoBlaze SPI programmer reference design then this design
uses exactly the same settings

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.

Connection Descripkion A |

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

Enter a name and choose an icon for the connection: correct for your PC because you can Change it later.
Mame:
IF'icoBIazeJSF'I_programmer ﬂﬂ
lcor: £ r
= W2 PicoBlaze_SPI_programmer 2|
Port Settings |
Enter details for the phone number that you want to dial:
3) Set serial port settings.
— . | I Cauntry/regior; IUnited Kingdom [44) j I J ) p g
I ancel Bitz per second: | 115200 A .
Argacods: [0 Bits per second : 115200
Phane number: I Data bits: Ig j Data bits: 8
= Parity: None
Conect using: | ETR - | ;
Parity: INone j Stop bits: 1
ITI C Flow control: XON/XOFF
ancel I
Stop bits: I‘I j
Flow contal: (YRR ~ |

Restore Defauls |
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 . ok | Conoel | owy |
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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

4 Dlsconnect serial Properties . ﬂil
Cormect Ta | Seltings I

“g serial - HyperTerminal
File Edit Wiew Call Transfer Help

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

sEEEEE

Enter the area code without the long-distance prefix |
Arga code |D1 332 '.’.
Phone number: I ..’.
Connect using: ICDM‘I ﬂ
6 - Open Settings : 8 - Connect
Configure. .
— | ¥ | ze countip/region code and;area-code L serial - prEI‘TEI‘ITIII'IﬂI
C LT elhings - . q H A
- I™ Fedisloribusy File Edit Wew Cal Transfer Help
r— Function, arrow, and ctrl keys act as —————
% Teminal keps £ windows keys D |@,|‘ @ El EDl Hl |
DK | Cancel
— Backspace kepsends————————————————————— D
& ChleH  Del  Chl+H, Space, Chil+H |
ASCII Setup 2=l
Emulation:
IAuto detect vl Tiermirial Setup... | Calars... | — ASCI Sending
Telnet terminal |0: IANS\— r Send line ends with line feeds 7 - Open ASC” Setup
) - E cha typed characters locally
Backscrall buffer lines: 500 3
™ Play sound when connecting o disconnecting / I:ine dela-l": ID millseconds. Eﬂsure bOXGS are f|”ed Iﬂ as ShOWﬂ
Exit d t q -
I st progiam upon dscornecting LCharacter delag: IEI millizeconds.
The design will echo characters that you type so you do not

ok Cancel

— 4501l Receiving need the ‘Echo typed characters locally’ option.

ppend line feeds to incoming line ends

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

[ Eoree incoming data to 7-bit &5C11
¥ ‘wirap lines that exceed tarminal width

Cahicel |
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The Quick Way!

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_parallel_flash_memory_uart_programmer.bat’.

This should open a DOS window and run iMPACT 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 XC3S500E device on the Spartan-3E Starter Kit via the USB cable.
An iIMPACT project file is provided called ‘configure_parallel_flash_memory_uart_programmer.ipf or you can set up your own with the BIT file provided.

*//iMPALT - C:\mydocs\Designs_8.1i\parallel_flash_memory_uart_programmericonfigure_parallel_flash mieme =[Ol x|
. . . . &} Fil= Edit Wiew Operations Options Output Debug Window  Hel R
Conﬁgure XCSSSOOE Wlth prOVIded BIT f||e & E[ S xl,%;g_ e :;I Ea o] gl,g% QT;‘[ R?‘
‘parallel_flash_memory_uart_programmer.bit ~———_ ——
H H H . EASclectAP e
Select xc3s500e device and right click to access program option B
el
[Z]PROM File Fomatter *o3s500e xoflds xo20B4m
parallel_flash_me bypass bypass
TDO
r"‘-mnh ’,r.-mn MPACT Modes
o LINK ;7 —x
= \Awvailable Operations are!
Verify = Frogan )
= erify
s GeEDmkRID o ebesen The o.ther two devices can
& i . =p et Dievice Signature/L be in BYPASS mOde.
parallel_f izek Device Signature]lsercade pass b heck [deads
100 5 = Fiead Status Pegister
Assign Mewy Configuration File. ..
Program Succeeded
iMPACT Frocess Operatians S
'1': Programmed successEully. -

Hint — Any warning about ‘JtagClk’ can safely be ignored.

4]

FROGRESS_END - End Operation.
Elapsed time = 1 sec.

o

Output A Error A Wi

| Configuration | Flatform Cable USB | 6MHe [ usb-hs 4
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Talking to PicoBlaze

# 115200 XON - HyperTerminal
File Edit Wiew Call Transfer Help

=lolxj

N[5 3|05 |

P

The welcome message

FicoBlaze MOR FLASH Programmer w1.00 should appear at start.

E-Erase all
B-Erase blocks 1-3
P-Program MCS File
W-Write byvte
RE-FEead 256 bytes
I-Device ID

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

H-Help
S-Status

Commands can be entered at the > prompt in upper
>B/ or lower case

Confirm Erase (Y-n) Y
Erase in Progress

~—

Erase and Erase Blocks commands must be
confirmed with an upper case ‘Y’

0K

7P

Waiting for MCE File~\\\\\\\\\\\

Program command waits for file to be sent

PicoBlaze implements a simple menu.

The following pages describe each command in detail.

Connected 1:16:28 jvT100 jliszonan-t  [BROLL [CARS [wum [Septure  [Rfint acho
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‘H, T, 'S’, ‘E’ and ‘B’ Commands

H — Help command displays the simple menu again.

| — Read Identification code of the Intel StrataFLASH memory.

>i This command is a good way to confirm communication with the NOR FLASH is working. The expected response is
ID= 89 18 89 18 where 89’ is the Device Manufacturer Code (Intel) and 18’ is the Memory ID code for the 128Mbit size device
(please see Intel data sheet for more details)

S — Read the status register of the Intel StrataFLASH memory.

>s The 8-bit status register is used during programming and erase operations. The MSB (bit7) indicated when the memory is ready (1)
80 or busy (0). The lower bits all indicate errors of some kind and therefore the only desirable response 80" hex. This design performs
no error checking or clearing but you could add these functions if required (please see Intel data sheet for more details).

E — Erase command will erase ALL of the 128Mbit memory.

>e

Confirm Erase (Y/n)
Erase in Progress

Y

Note that the device will be completely erased using this command and hence you will be asked to
confirm the operation with an upper case ‘Y’.

The 128Mbit device is organised into 128 blocks each of 128K-bytes. Each block could take up to 4
seconds to erase although typically it takes only 1 second. Therefore at best this command will take the
best part of 2 minutes to complete and at worst could take over 8 minutes (please see Intel data sheet
for more details).

B — Erase Blocks command will erase blocks 0 to 2 only. This covers the address range 000000 to 05FFFF 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

>b

Confirm Erase (Y/n)
Erase in Progress

OK

Y

PicoBlaze NOR FLASH Programmer 9

You will be asked to confirm the operation with an upper case ‘Y’.

The erase blocks command can take up to 12 seconds per sector (4 seconds per block). Typically this
command will take 3 seconds to complete.




‘P’ Command

This is the most important command as it will allow you to program the StrataFLASH device with a configuration bit stream suitable for the XC3S500E to
load from at power up, pressing the PROG button or using multi-boot techniques. Later in this 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 ‘frequency_counter_prom.mcs’ into the memory.

& 115200 X0ON - HyperTerminal

File Edit Wew Call | Transfer Help 2 In HyperTerminal, select the ‘Transfer’ menu and then select the
0 = | & 5 | o  sendFie... ‘Send Text File’ option (Note: Do not use the ‘Send File’ option).
Receive File. .,

P — Program command.

Capture Text,.,
Send Text File. ..

h Navigate to the appropriate directory and select the desired

MCS file which in this case is ‘frequency_counter_prom.mcs’.

Look in: |\-;j Documentation j = B cof BE-

Capture ko Prinker

PicoBlaze MR

E-Erase all
BE-Erase blocks 1-3
P-Program MCS File
W-Write byte
E-Read 256 bvtes
I-Device ID

H-Help

m-Status

,-,-"_ﬂ;InteI_StrataFIash_application_note_30?25?01 .pdf
Iﬂ LCD_test_design.mcs
@3PicDBIaze_NOR_FLASHJ:ngrammer_rev1.ppt
@_—3PicDBIaze_SPI_FLF\SHJ::ngrammer_rev2b.ppt

Iﬂ short_test.mcs

FE] ¥OM_XOFF_and _MCS_File_Format_notes. bxt

You will need to change ‘Files of type’ to
Enter the ‘P’ command and a message ‘All files (*.*)" to see the MCS files listed.

/ 1 prompting you for the MCS file will appear.

P
Walting for MCS File
= File marne: Ifrequency_u:ounter_prc-m.rncs ;I Open
Files of type;: [ files 7] A | Canicel
Hint If you accidentally enter the ‘P’ command you can get out by carefully %
typing the end of file record found in an MCS file which is.....
-00000001FF Once you are happy with your selection click on ‘Open’. 4
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& 115200 XON - HyperTerminal

File Edit WYiew Call Transfer Help

D& w3 |05 | &

‘ P, Command continued

PicoBlaze NOR FLASH Programmer 11

0451E0
oot Programming will start immediately and will be indicated by a running display list of hexadecimal numbers. Each number indicates
0451ED the address currently being programmed in the NOR FLASH memory as defined in the MCS file. For the XC3S500E the final address
ean displayed is 045470 and hence this can be used to monitor progress.
045210
822533 Programming will typically take 80 seconds to complete. This time is almost entirely as a result of the RS232 serial interface and
gjgggg why it will be useful to investigate higher baud rates in future. The programming will complete with ‘OK’ and a return to the > prompt.
045260
aoin It should now be possible to set the J30 mode jumpers to BPI-UP mode and press the PROG button on the board to reconfigure the
045290 Spartan device directly from the new configuration image stored in the NOR FLASH..
045220
0452E0
gjgggg Obviously once you have reconfigured the Spartan-3E using the image stored in FLASH memory the programmer design
0452ED will have been replaced. So if you want to use the programmer design again, you must reload it via iMPACT.
Daan If iIMPACT fails to configure the Spartan-3E with the programmer then modify the J30 jumpers to select a mode other
045310 than BPI UP or DOWN (say Master serial) and try again. This is an issue with Spartan-3E devices of the ‘stepping 0’
D230 version which were fabricated before April 2006.
045340
045350
aaen If you used the supplied MCS file, then your board should now have been transformed into a 200MHz frequency counter.
045380 This design also uses PicoBlaze and is available as a reference design from www.xilinx.com/s3estarter.
045390
045340 N
D $7XILINX Instructions
045300 = m:::r:l':wmmmmmn-sm
D453E0 SPARTAN-3E This s & direct ingut 12 e Spartan-JE device and i
0453F0 7 - - cummantly dufined o having B LYTTL standard
045400 A@-Prc@laze e e ot P
045410 BRABO000 Les gge st 1 secena
i
Doaan Frequency Counter o
045450 for R o e S ke
042470 Spartan-3E Starter Kit
0):4 (W|th test OSCIllators) The 5004z signal is B on board 50Nz crystal oscllator (217 Since this Is umed fo farm the 1 second time
o partect ‘Ihm»‘;ﬁbn:‘.““ "
b Ken Chapman B 550 b bu o o mich s W4 o1cHele 030N I o f Yok SR o
Xilinx Ltd e o vty —
7% March 2006 s i e i Tie s o et
Connected 1:45:04 WT100
| TR




‘R’ Command

R - Read command.

The read command allows you to observe 256 consecutive bytes stored in the StrataFLASH memory.

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 FFFFFF.
Entering an illegal hex character will result in the ‘address=" prompt being repeated.

T
address=045400

045400 04 00 00 00 04 00 00 00 04 OO0 OO0 00 04 00 00 00
045410 04 00 OO0 00 04 00 00 00 04 OO0 OO0 00 04 00 00 00

045420 04 00 OO0 00 04 00 00 00 04 OO0 00 00 04 00 00 00

045430 04 00 OO0 00 04 00 00 00 04 00 OO0 00 04 00 00 00

045440 04 00 OO0 00 04 00 00 00 04 OO0 OO0 00 04 00 00 00 The display will indicate the address of the first of 16 bytes shown on
045460 0OC 00 OO0 B0 00 00 FA& EA OC 00 01 B0 00 00 00 BO

045470 04 00 OO0 00 04 00 00 00 04 OO0 OO0 00 04 00 00 00 . . .

04c480 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF This example sh_ows the end of the configuration |mage_loaded
045490 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF programmed using the ‘frequency_counter_prom.mcs’ file.

N454A0 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF

N454B0 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF

045400 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF

045400 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF

N454E0 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF

N454F0 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF

8):4

Hint: Data in an erased device will be ‘FF’ so if you read '00’ it has been programmed. It is common for a configuration bit file to contain many 00’
bytes especially if the design is relatively small.
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‘W Command

R — Write Byte command.

The write byte command allows you to write a single byte at any address.

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

- / You should then enter a 6 digit hexadecimal value 000000 to FFFFFF.
address=0454F0 Entering an illegal hex character will result in the ‘address=" prompt being repeated.

data=4Z \
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.

T
address=045400

045400 04 00 00 00 0O4 OO0 OO OO0 04 OO0 OO OO0 04 OO0 OO0 oo

045410 04 00 00 00 0O4 OO0 OO OO0 04 OO0 OO 00 O4 OO0 OO0 oo

045420 04 00 00 00 0O4 OO0 OO OO0 04 OO0 OO OO0 04 OO0 OO0 oo

045430 04 00 00 00 0O4 OO0 OO OO0 04 OO0 OO OO0 04 OO0 OO0 oo

045440 04 00 00 00 0O4 OO0 OO OO0 04 OO0 OO OO0 04 OO0 OO0 oo , ,

045450 0OC 00 01 80 00 00 00 A0 OC 00 05 80 00 00 00 00 This read display shows how address 0454BC
045460 0OC 00 0D 80 00 0D FA EA OC 00 01 80 0O has been modified to 42 hex.

045470 04 00 00 OO0 04 OO0 OO OO O4 OO OO 00 04
045450 FF FF FF FF FF FF FF FF FF FF FF FF FF
045490 FF FF FF FF FF FF FF FF FF FF FF FF FF
045440 FF FF FF FF FF FF FF FF FF FF FF FF FF Hint: FLASH memory only allows logic ‘1’ to be converted to
0454B0 FF FF FF FF FF FF FF FF FF FF FF FF 42 FF FF FF logic ‘0’ when writing data. Bits can only be restored to logic
0454C0 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF ‘1’ when erasing complete blocks such that all locations
0454D0 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF contain ‘FF’. It is possible to modify data using the write
D454ED FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF Command prov|d|ng the ‘1’ to ‘0’ ru|e |s Observed.

0454F0 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF

)4
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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 BPI-UP
configuration from NOR 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 the supplied MCS example file ‘frequency_counter_prom.mcs’ the first configuration data byes can be identified in each line. Having
programmed the NOR FLASH memory, it is possible to read back those same data bytes with the ‘R’ command with start address ‘000000’.

Start of MCS file with byte data highlighted in blue -

address=000000
:020000040000FA
:10000000FFFFFFFF5599AA660C000180000000E089 gooonod FF FF FF FF OS5 99 AR RE OO 00 01 S0 00 00 00 EO0
:100010000C800680000000060C80048000008CAT785 ooooi0 02 20 06 80 OO0 00 O0 O OO B0 04 20 00 OO0 80 A7
:100020000C800380804304C90C00038000000000A2 000o0z0 0OC 80 03 80 80 43 04 C9 OC OO0 O3 80 00 00 00 00
:100030000C000180000000900C0004800000000013 Ooono30 00 00 01 80 OO0 OO0 OO0 90 OC OO0 04 80 00 00 00 00
:100040000C000180000000800C0002000A8028598A oooo40 0O 00 O1 80 00 OO0 OO 80 OC OO0 02 0O D& 80 28 59
:1000500000000000000000000000000000000000A0 0ooo0s0 00 00 00 00 00 OO0 OO0 00 OO0 00 OO0 00 00 00 0o oo
:100060000000000000000000000000000000000090 0opog0 00 OO0 00 OO OO OO OO0 0O OO OO OO OO0 OO OO OO0 0o
:100070000000000000000000000000000000000080 0ooo70 00 00 OO0 OO0 OO OO0 OO OO OO OO OO OO0 OO0 OO OO0 oo
:100080000000000000000000000000000000000070 0oo080 00 00 00 0O OO0 OO OO0 0O OO 00 OO0 00 00 00 00 oo
:100090000000000000000000000000000000000060 goooso 00 00 00 0O 00 OO OO0 0O OO 00 OO0 00 00 00 00 oo
:1000A0000000000000000000000000000000000050 0O0QA0 00 00 OO0 0O OO OO OO0 0O OO OO0 OO0 00 00 00 00 oo
:1000B0000000000000000000000000000000000040 Qoooeo 0o oo 0O OO OO OO0 00 00 00 OO0 00 oo oo oo oo oo
:1000C0000000000000000000000000000000000030 ooooco 0o o0 oo 0o oo o0 o0 0o oo 00 oo 0o oo oo oo oo
:1000D0000000000000000000000000000000000020 gooopo 0O OO OO OO OO OO OO OO0 OO OO OO 0O OO 00 OO0 0o
:1000E0000000000000000000000000000000000010 ooooED 00 0O OO OO OO0 00 00 0D OO0 00 00 00 00 oo 00 0o
:1000F0000000000000000000000000000000000000 ooooFo 00 OO0 0O OO0 00 00 0O 00 0O 00 00 00 OO 00 00 00
etc

0]
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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

Froceszes:
[ AddEsisting Source

2) This launches iIMPACT in which you need to select the PROM File Formatter mode.

Create Mew 5 , ,
= .rea 5 ?w e (You probably need to expand the upper left window as shown here or pan down to see it).
= Wiew Design Summany
Il'lﬁ' Desian Utilities U iMPALCT - C/mydocs/Designs_8.1i/frequency_counter fconfigure_frequency  counter.ipf - [Boy
El? Bzt Eculnstralnts EL Fil= Edit Wiew Operations Options Qutput Debug ‘Window Help
- B3 1 Spnthesize - XS T e _ P
E;I--E]_ﬁlmplement Design ” = b BB X &= s oo
= Generate P ing Fil 1 %
= E:"ﬁ" S ru:ng!ramn.'nhg . : Right click dewice to select operations
@I@ Programming File Generation Report - F¥ Boundary Scan
B Generate PROM. ACE, or JTAG File BB G2 g I o o
5 Configure Device [MPACT | ] ]
7 g [ ) Telechitp S o - =
- T Desktop Configuration E _ E _ E |
E S_I,Istemu‘l‘-,I:E TR R AT TR R AT TR R AT
& £ PROM File Formatter xc3es00e xcflds xo2cBda
frequency_courte. .. -- file ? - -- file ? -
TDO

MPACT Mades

15

Ayailable Operations are;
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Preparing an MCS file

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

“7iMPACT - Prepare PROM Files

=101 x|

| veant to target a

" Hiline PROM
{* Generic Parallel PROM
" 3rd-Party SPI PROM

FPROM Fil= Farmat
f* MCS = TEK

~ EXD = BN
{ HEX [~ SwapBits

= UFP ['C" farmat)
= ISC

Check.sum Fill Walue [2 Hex Digits]: |FF

FROM File Mame: Ifrequency_counter_proﬂ

Lozation: |E:‘\m_l,ldocs\Designs_8.1i‘\frequenc_l,l_counter'\

Browse. . |

¢ Back | Mest > I

LCancel |

PicoBlaze NOR FLASH Programmer 16

4) Select the density from the list (The 128Mbit device supplied on

the Starter Kit board equates to 16M-bytes) from the drop down
list and then click ‘Add’ so that it appears in the centre box.

“iIMPALCT - Specify Parallel PROM Device

[T uto Select PROM

Select a Parallel PROM Density: Add
1] 16M

Delete Al |

[~ Create Spartan 3E Multi-Boat PROM
|rtial Boot Directon BRI | UpF 'I M ode Fire M[2:0L070

Murnber of Data Streamns; | 1 vl Data Stieam 0 Start Address: IU_
(M axirure 8 hex digits)

Loading Direction I P VI
< Back | Mext » I

LCancel |

5) Summary
Page

U al |

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

[ R ——

o oo




Preparing an MCS file

6) 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.

(If the ‘Add Device’ box does not appear, then right click where it is marked ** below and select ‘Add Xilinx Device...’)

Designs Bl lrequency comter confiqure_lrequency._comberpl - [Prom File Formatier] S =5

O ey S laix 6) Navigate to the required configuration BIT file, select the file then click ‘Open’.

PE X BDxeElE O [#a0] ¥

— Add Device k| X|

e R Look ir: I@frequency_counter j & @ ot B
) _ngo
ok {7 _xmsgs
@Documentation
h_jxst
1:Add Device x|

frequency_counter.bit

Skart adding device file ko
Daka Stream: 0

6 Ponduyscen | B Fombiefoma |
X /7 ver DATCH CHD : secCurrentDevicechain -index O =l

44 ave DATCH CMD : sechctribuce -design -attr name -value O
Neyxr Srart Addresa=l

| T | LI:L

I o Cable Correcton | NoTde toen | | -

File name: |frequenc_l,l_counter.bit j Dpen

Filesoftype:  |FPGA Bit Files (bt =l Cancel

=101%|
i8]

petastean |

7) The picture updates to oo
show the BIT file at the 5 . | = \
beginning of the PROM. e ———

- =y
Eovadable Dperations ave
= Generste Fie
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Preparing an MCS file

8) Right click where it is marked ** below and select ‘Generate File...’

equency_counter/configure_frequency_counter.ipf—[Prom o ]
EL File Edit ¥isw Cperations Optons Output Debug Window Help

12l
[PE¥RBEx[Exia(a: &80k
|
patasvesnp L F B B FE B F ] <[ = |
SBDesktop Configuration
[E)5ustemace
[E] PROM File Formatter
| 16M
MPACT Modes LEkEul xe3e500e
frequency_counte *k
|
P 9) The file is written to the directory specified in step 3 and the process is complete.
enerate Flle...
T ydocs/Designs_i requency_counter/configure_frequency. counte i ] 3
. ””’;RZ:C:I“ B Ele Zdt Yiew Operstions Gptions Outpub Debug Window Help _l&] x|
enams ...
e [FPRA[xEbx[Exza0: [Zso]en
Add FROM,.. =
G - 22Boundary Soan
Edit Data Stream  » L 25|y eSeral
S electhAP potasvean i FE B F F F F T-=1~=]
B Desktop Canfiguration
[E)5vstemace
| [E1PROM File Formatter
e bl &} Baunday Scan | Ef Prom il Foma Tem
1 69 % Full
X/ ==+ BATCH CHND : setCurrentDeviceChain —indsx O - 1T e - i "°355°°em
file : Ci/mydocs/Designs B.1i/frequency counter/frequency counter.bit used size : 2270208// *#% BL —— HEHEn G g0t
/f %%+ BATCH CHMD : secCurrentDeviceChain -index O
idd one device. - Avallable Dperalions are:
= Generats Fils
4| | »
|\ Duiput/ Enor A Waming 7
Ready | PROM File Generation | Target Parallel PROM | 2,270,208 Bits used | File: Frequency _counter_prom in Location: C:\mydocs\Designs_8. 1ilfrequency_counterl, o

PROM File Generation Succeeded

iMPACT Frocess Operations

& Boundary Sean | B Prom Fle Forma.. |

x| ;¢ %%+ BATCH CHD :

setCurrentDevicechain —index 0

Total configuration bhit size = 2270208 bits.Total configuration byte size = 283776 bytes.// #+% BAT
/¢ %%% BATCH CMD : setCurrentDesign -version O

2| | |
A Output A Evor A Waning /

Ready || PROM File Generation | Target Parallel PROM | 2,270,208 Bits used | File: frequency_counter_prom in Location: Ciimydocs\Designs_8. 1ilfrequency_counterif

A
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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. 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.....

Top level file and main description of hardware.

parallel_flash_memory_uart_programmer.vhd Contains 1/O required to disable other devices on the board which may otherwise interfere with the

StrataFLASH memory communication.
......... parallel_flash_memory_uart_programmer.ucf /O constraints file for Spartan-3E Starter Kit
and timing specification for 50MHz clock.
— kecpsm3.vhd PicoBlaze processor for Spartan-3E devices.
— progctrl.vhd Assembled program for PicoBlaze (stored in a Block memory)
R progctrl.psm PicoBlaze program source assembler code
— uart_tx_plus.vhd A — ‘uart_tx_plus.vhd’ is the same as the ‘uart_tx.vhd’ supplied with PicoBlaze
except that the ‘buffer_data_present’ signal has also been brought out to
i for XON/XOFF fl l.
i: ke_uart_tx.vhd provide better support for XON/XO Oow contro
bbfifo_16x8.vhd
UART transmitter and receiver with 16-byte FIFO buffers.

L— uart_tx.vhd
i: kc_uart_tx.vhd
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.xilinx.com/picoblaze

J

PicoBlaze NOR FLASH Programmer 19



PicoBlaze Design Size

The images and statistics on this page show that the design occupies just 161 slices and 1 BRAM. This is only 3.5% of the slices and 5% of the BRAMs
available in an XC3S500E device and would still be less than 17% of the slices in the smallest XC3S100E device.

MAP report

o\

Number of occupied Slices:
Number of Block RAMs:

161 out of 4,656
1 out of 20

a1 W

o\

Total equivalent gate count for design: 79,043

FPGA Editor view

PicoBlaze NOR FLASH Programmer 20

PicoBlaze and the UART macros make extensive use of the distributed
memory features of the Spartan-3E device leading to very high design
efficiency. If this design was replicated to fill the XC3S500E device, it
would represent the equivalent of over 1.5 million gates. Not bad for a
device even marketing claims to be 500 thousand gates ©

Floorplanner view
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H i i i Pl User Guide UG230 t iew the signal
PicoBlaze Circuit Diagram | e e e e e e oot
Dﬁ strataflash_sts strataflash_d

UART macros include 16-byte [7:0]
FIFO buffers . |
‘JTAG_loader’ allows rapid ’
uart_rx receive input_ports PicoBlaze code development.
rx_female in_port strataflash_read
serial_in rx_data program_rom
data_out .'
read_from_uart spi pro 7
read_buffer rx_full A pi_prog [23:16]
I
buffer_full proc_reset
en_16_x_baud rx_half_full 01 instruction strataflash_a
buffer_half_ full n @
reset_buffer v 6 _D
o - clk address [15:8] [23:0]
— clk rx_data_present ml o
buffer_data_present [————————y’ gl o S
ol p o
ol
; HE ®
9 processor 5
g g kepsm3 2 [7:0]
i <]
uart_tx_plus . 0 i
transmit 2 instruction address
o
out_port il strataflash_we
data_in tx_female D @ out_port
strataflash_ce
write_to_uart serial_out in_port
write_buffer write_strobe
strataflash_oe
. en_16_x_baud tx_full /1 read_strobe 3
buffer_full < ia
half_full port_+
reset_buffer tx_half fu A reset port_id 3 strataflash_read
buffer_half_ full o 8
Q
—> clk tx_data_present J ° b
buffer_data_present interrupt ) a)‘ out_port
interrupt interrupt_ack [ ] ‘”l )
o] Bl
en 16 x_baud g 5
O
baud_timer Decode 26 CIK%D clk T a read_from_uart
counter rx_half_full_event Q
clk .
— baud_count write_to_uart
2
T interrupt_control J

. interrupt_ack
spi_rom_cs strataflash_byte D
spi_dac_cs 6

platformflash oe Other devices on the Starter Kit board The design uses the NOR FLASH in byte access mode

spi_adc_conv are disabled to prevent interference with
NOR FLASH.

meaning that the upper data bits [15:8] are unused at all times.




Reading StrataFLASH

Reading the StrataFLASH NOR 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.

SF_byte_read:

OUTPUT
OUTPUT s8,

OUTPUT s7,

LOAD sl1, 05
OUTPUT sl,

LOAD sl1, 06
LOAD sl1, 06
INPUT s0, SF_data_in_port

OUTPUT sl, SF_control_port
RETURN

s9, SF_addr_hi_port
SF_addr_mi_port

SF_addr_lo_port

SF_control_port

}

}

1

Set 24-bit address form which to read

Bit O - strataflash_read="1’
Enables memory outputs (strataflash_oe="0’)
Tri-states the Spartan outputs (strataflash_d='2’)
Bit 1 - strataflash_ce="0’
Enables memory
Bit 2 - strataflash_we="1’
Write enable is off (read operation)

Set controls for read

Read data
Deselect StrataFLASH memory

All PicoBlaze instructions execute in 2 clock cycles and the design uses the 50MHz clock source on the board. This makes all timing of the design easy to
predict and to ensure that the specifications for the StrataFLASH memory are met.

50MHz clock

strataflash_a

strataflash_oe | _
strataflash_ce |

strataflash_we |

LOAD

5 OUTPUT
5 OUTPUT
5 OUTPUT
5 OUTPUT
LOAD
5 LOAD

INPUT

=

The access time of the memory is 75ns (see Intel data sheet for details).
By including an additional LOAD instruction, the time between setting the
controls to read the memory and the actual point of reading is increased

by 40ns and the access time in adequate.

OUTPUT

Note that the input port multiplexer is pipelined which means that the data
from the memory is captured on the first clock edge of the INPUT

| | 5 RETURN

instruction (as indicated) and then passed into the ‘sO’ register on the

second clock edge.

strataflash_d

artan driv

Hint — Data is read from the memory when it is in ‘read array’ mode

100ns

read point
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Actual

(which is the default mode after power up). However, the same read
operation is used to access memory status and device information
when in other modes.




Writing to StrataFLASH

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 StrataFLASH memory shown on
this page is only one part of a process in actually writing data into the memory array such that it is stored and available to read (see following pages).

SF_byte_write: OUTPUT s9, SF_addr_hi_port
OUTPUT s8, SF_addr_mi_port Set 24-bit address form which to read
OUTPUT s7, SF_addr_lo_port

OUTPUT sl, SF_data_out_port |1 Setbyte to be written to memory

LOAD sl1, 00 . (A
Bit O - strataflash_read="0
OUTPUT sl, SF_control_port Set controls for read Disables memory outputs (strataflash_oe=‘1")
LOAD sl1, 06 Enables the Spartan data outputs
LOAD s1, 06 Bit 1 - strataflash_ce=0
OUTPUT sl, SF_control_port Enables memory
RETURN Bit 2 - strataflash_we="'0’
Write enable is active

} Deselect memory

All PicoBlaze instructions execute in 2 clock cycles and the design uses the 50MHz clock source on the board. This makes all timing of the design easy to
predict and to ensure that the specifications for the StrataFLASH memory are met.

LOAD

5 OUTPUT
5 OUTPUT
5 OUTPUT
5 OUTPUT
=

5 OUTPUT
5 LOAD
5 LOAD
5 OUTPUT
5 RETURN
—

50MHz clock

strataflash_a

The setup time to write data to the memory is 60ns(see Intel data sheet for
strataflash_oe details). As shown, the design allows plenty of margin by including an
- —_— additional LOAD instruction.

strataflash_ce |

strataflash_we |
strataflash_d Spartan driving

\ 4

120ns

Actual write
point
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Storing 1-Byte in StrataFLASH

To actually store a byte of data in the StrataFLASH memory something more than a simple write operation is required. The following describes the process
which must be followed to store a single byte at a specified address.

SF_single_byte_write: LOAD sl, 40 This process is implemented by the PicoBlaze
CALL SF_byte_write code shown here. The data must be provided
24-bit address LOAD sl1, sO in register ‘s0’ and the 24-bit address in
8-bit data CALL SF_byte_write register set [s9,58,s7].
CALL wait_SF_ready
l RETURN
( Write '40” hex ) Before writing the actual data, a command byte ‘40’ hex must be written to tell the memory that
with required 24-bit address a single byte is to be written to the array at the specified address.
. J
4 = N\
Write data byte Then the actual data is written.
with same 24-bit address
. J
The memory then internally executes the write of the data into the FLASH array. This can take up to 175us to
p v ; | complete and the memory is generally unavailable during this time. PicoBlaze is able to determine that the
Read Status Register memory is busy by reading the status register and
\ J Testing bit7. This is achieved using a normal read wait_SF_ready: LOAD sE, 00
v operation because the device will automatically LOAD sD, 00
( h enter the ‘read status register’ during this process. wait_SF_loop: ADD sD, 01
Test Bit7 The PicoBlaze code is shown to the right and ADDCY sE, 00
Ready(1) / Busy(0) Flag includes a counter which could be used to CALL SF_byte_read
N J determine exactly how long the program cycle TEST s0, 80
Ready L | takes to complete. JUMP Z, wait_SF_loop
v Busy CALL set_SF_read_array_mode
. " RETURN
[ Write 'FF’ hex ] Writing ‘FF’ hex places the memory back to the default
‘read array’ mode such that data can once again be read
l from any address.

Hint — The strataflash_sts signal can also be used to determine the ready/busy status but
care is needed because this signal can take up to 500ns to be asserted.

Byte is stored in memory
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Storing up to 32 Bytes

Although bytes can be written individually, the write cycle time can become significant. For example, when this design is programming an XC3S500E
configuration into the memory, most lines of the MCS file define 16 bytes of data. Programming these individually could take up to 16 x 175us = 2.8ms
which is equivalent to the time taken to transmit 32 characters on the 115200 baud UART. Since this would cause the UART FIFO buffer to overflow, the
XON-XOFF flow control would come into play and ultimately slow the whole MCS programming sequence down as the communication is continuously
interrupted.

The StrataFLASH offeres a ‘buffer write’ programming procedure which reduced the average programming time. The buffer allows up to 32 bytes to be
written into a buffer at high speed which are then stored in the FLASH array incurring only one write cycle penalty of up to 654pus. Therefore writing more
than 4 bytes using this buffer technique will be faster than individual byte programming. In this design, the 16-bytes defined in each line of the MCS file are
programmed this way such that the 654pus maximum delay only equates to the transmission of 8 characters on the UART interface and the communication
does not need to be interrupted resulting in the shortest download time.

SF_buffer_write: LOAD sl, E8
CALL SF_byte write This buffer write process is implemented by the PicoBlaze code shown here
CALL SF_byte_read and the process is described further on the next page.
TEST s0, 80
JUMP 7, SF_buffer_write PicoBlaze makes use of the scratch pad memory in this application. First it
LOAD sl, sA reads a line of the MCS file which it stores in scratch pad memory. It is then
SUB sl1, 01 able to determine:-
CALL SF_byte_write
LOAD s3, data_start » The 24-bit start address for the data which it holds in register set [s9,s8,s7].
write_buffer_loop: FETCH sl, (s3) » The number of bytes defined by the line, and hence the number of bytes to
CALL SF_byte write be written to the memory. This byte count is held in register ‘sA’.
ADD s7, 01
ADDCY s8, 00 The buffer write routine reads the data from the scratch pad memory and
ADDCY s9, 00 writes it to the NOR memory.
ADD s3, 01
SUB sA, 01
JUMP NZ, write_buffer_loop
LOAD sl, DO
CALL SF_byte_write
CALL wait_SF_ready
RETURN
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24-bit start address
Byte data (up to 32 bytes)
Byte count (01 to 20 hex)

Write 'E8’ hex
with 24-bit start address

.

S S

A 4

Read Status Register

A 4

Ve

Test Bit7
Ready(1) / Busy(0) Flag
.

J

I
A 4
[ Write byte count -1 ]
A 4 ;
Write data byte with
24-bit address
v
[ Increment address ]
v
[ count bytes

A 4

Write ‘DO’ hex
with 24-bit address

|

—

StrataFLASH Write to
Buffer Process

The buffer write command byte 'E8’ hex must be written to tell the
memory that a multiple byte write procedure is required.

It is possible that the memory is not ready to deal with the request,
so the memory automatically enters the ‘read status register’ mode
such that the ready/busy flag can be read and checked. If the
device is busy the buffer write command must be repeated until it is
ready to continue.

State number of bytes less one (now in the range 00 to 1F hex).

The corresponding number of data bytes must be written to the memory.
The supplied routine copies each byte from scratch pad memory and also
increments the 24-bit address as each byte as it is written.

The ‘confirm write’ command byte ‘D0’ completes the buffer programming
and the memory then performs the actual programming of the data into the
FLASH array. This is the part which could take up to 654us so again the
device automatically enters ‘read status register’ mode such that the
ready/busy flag can be read and checked. Once ready, the ‘read array’ mode
can be restored with the ‘FF’ command byte.

——

Read Status Register

J

( )

Test Bit7
Ready(1) / Busy(0) Flag
.

J

Ready Busy
A 4

[ Write 'FF’ hex ]

Bytes are now stored
in memory
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XON/XOFF Flow Control

When the NOR FLASH device executes a program command it could take up to 654pus to complete. At the same time the PC will continue to transmit the
MCS file at 115200 baud rate. This could mean that 8 characters are transmitted whilst PicoBlaze is waiting for the memory to be free for writing again.
Officially the 16 byte FIFO buffer on the UART receiver should be adequate for this, but any additional delays could make this marginal and cause 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

rx_half_ full

interrupt |_ |_

interrupt_ack I_

—]

UART_TX XOFF

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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