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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-3A device on your Spartan-3A Starter Kit into a programmer for the 16M-bit (2M-byte) Atmel AT45DB161D DataFlash
SPI memory which can be used to hold configuration images for the Spartan device as well provide general non- volatlle storage for other applications
implemented within the Spartan-3A. This design utilises the RS232 port to provide a 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 UFP files. The design also provides commands enabling you to erase ‘pages of the memory, read the memory to verify contents and display the device
identifier together with the 128-byte security register value.

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).

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.

Test points allowing you to
observe internal UART

+5v supply baud rate signals.

Don'’t forget to switch on!

Test points allowing you to

Spartan observe SPI bus signals.

XC3S700A

Atmel AT45DB161D
SPI FLASH memory
(16M-bit / 2M-Byte)

USB cable. —

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

Communications status

Selectable baud rate
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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
% fi=u oy 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:

IFL.-’-‘«SH_programmer -
= ¥ FLASHpreaenne 2|l 3) Set serial port settings.
Enter details for the phone nurmber that you want to dial: IPle Selige | B d
its per second :
Country/region: IUnited Kingdom [44] j P 19200
Ok I Cancel I Arga code: |D1483 Bits per second: | [REENN or 38400
Phone number: I or 57600
| Databits: [8 = or 115200
onnect using: | EXEETR ~ | . . .
Conect using: RN | e Match with setting of slide
Baity: |Mone - .
= switches SW0 and SW1
o] coee | — 3 (see table).
Stop bits: - .
Baud Rate Setting of Design (also see page 6) Hint _gc:)s/;ﬁ)lt?ae as fast as
Flow contral, |Mone A '
swi | swo |LD1 [LDo | Baud Rate Bl cont | -
Data bits: 8
LOgiC 0 LOgiC 0 Off Off 19200 BEestore Defaults | Parity: None
LogicO | Logic1 | Off | On 38400 LED’s help to confirm gltgvt')l 23;‘:;:0'_ NONE
. . your switch selection. ok | Cocd | eeoy | )
Logic1 | LogicO | On Off 57600
Logic1 | Logic1 | 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 ) i ﬂil

4 - Disconnect

Connect To | Gal ingsl

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

SH_prograrnrmer

L O 0 [
File Edit Wiew Call Transfer Help %

ol o(3) oni(@)

ountiy/region: I Urited Kingdom (44] ;I O

Enter the area code without the long-distance prefix o

Arza code: |U1 483 ;'.

Phone number: I o+

Connect using: ICDM1 ﬂ 8 - ConneCt

Carfigure. . | “gFLASH_programmer - HyperTerminal

- ¥ | e countiy/iegion codeiand area code EIlE Eljlt Wiew QEI" Iransfer HE'I:I
Connect To - Settings | [T Bedislon busy —

— Function, arow, and ctrlkeps actas —————— D E,H". ‘ @I!g | ED 'Ep

6 - Open Settings

FLASH_programmer Properties ﬂil

£ windows keys
DK | Cancel
 Backspace keysends—————————
& ChleH  Del  Chl+H, Space, Chil+H |
2
Emulation: ASEITEEREE —Iil
IAuto detect 'l Tiemnimal Setup... | — ASCI Sending
Telnet tarminal ID: ME Send line ends with line feeds 7 - Open ASCII Setup
Backscrall buffer lines: 500 3: —Ch':' t—"'pEd characters |Dca"-l'"
B st emmesing o dsmmesig ¥ | Linedelay [0 millisecands. Ensure boxes are filled in as shown.

Character delay: ID millizeconds,
ASCI Setup...

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

Input Tranelation... |

— ASClH Receiving
ok I Cancel | 5 3 g : . . .
e} E ot i) B et gl iElsich The design transmits carriage return characters (OD, ) to
I Eorce incoming data to 7-bit ASCI indicate end of line so you do need the ‘Append line feeds to
| Wiep iz fl sz el ol incoming line ends’ option to be enabled.

0K | Cancel | 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 data output from the Atmel
SPI FLASH (miso).

www. digitentinc.com
| Copyrigne 2988

Set Configuration Mode

Insert the lower two jumpers in J26
to select ‘SPI’ configuration mode.
Although this is not a vital to use the
programmer design it is highly likely
that you will go on to configure the
Spartan from the SPI FLASH and
then these jumpers must be
inserted as shown.

AT45DB161D ST Microelectronics FLASH Programmer 6

Install the left hand jumper in J1. This links
CS0_B to ROM-CSO0 enabling the Spartan to
access the Atmel SPI 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.

SWi1 SWO0 LD1 | LDO Baud Rate

LogicO0 | LogicO | Off | Off 19200
LogicO | Logic1 | Off | On 38400
Logic1 | LogicO | On Off 57600

Logic1 | Logic1 | On On 115200
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Configure Spartan-3A

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

3) Unzip all the files into a directory.

4) Double click on the file ‘install_AT45DB161D_flash_programmer.bat’.

This batch file should open a DOS window and run
iIMPACT in batch mode to configure the Spartan
XC3S700A device with the configuration BIT file
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

baud rate settings are correctly matching etc.

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

\

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

Note that you must have

the Xilinx ISE tools
installed on your PC

“g FLASH_programmer - HyperTerminal _|EII£|
Eille Edit “iew Call Tramsfer Help
Dle| 25| =B

FPicoBlaze AT45DBE161D Progratmer wl.-1

3-Fead Status
E-Erase Pages
FP-Program UFF File
W-Trite byte
E-Read Page
I-Device ID

T-Test R523:2
H-Heln

W

lGannected 00012

Auto detect il 15200 8-M-1 STRGLL

|caps

[

|Capture

|antechu

o
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Test RS232 Command ‘T

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 and LD4 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 LD4 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 - HyperTerminal

File Edit Wiew Call Transfer Help

=10l |

Dj@| 5|3

|

= o)
oo
10
Z0
30
40
50
60
w0
&0
a0
AD
EO
co
Do
EO
FO

(024

o1
11
21
31
41
a1
a1
T
g1
21
Al
Bl
=1
D1
E1l
F1

oz
12
22
3z
42
5z
62
Ta
(=1
9z
AZ
Bz
C2
Dz
EZ
Fz

03
13
23
33
43
53
63
73
g3
93
A3
B3
3
D3
E3
F3

04
14
24
34
44
54
64
74
54
94
L4
B4
C4
D4
E4
F4q

as
15
25
35
45
55
65
75
G55
a5
AS
ES
=5
D5
ES
FS

o6
1a
Zfa
36
46
56
66
Th
=1
94
A
B
Cha
Da
Ena
Fa

a7
17
27
37
47
a7
a7
TR
57
o7
AT
B7
C7
D7
E7
¥

03
13
28
38
43
a3

=]
[=1=]
=]
AB
B3
Ca
Da
ES
F3

[uE=]
19
Z9
39
439
59
69
79
89
939
A9
B2
c9
na
ES
Fo

0L
1
24
34
44
54
ZF8
TA
=F:8
QL
AR
Ba
CL
DA
EL
Fi

OB
1E
2B
3B
4E
SB
6E
7B
SE
SE
AE
EE
CE
DE
EEB
FE

ac
1c
2c
3c
4C
aC
aC
e
=16
ac
AC
BC
cC
nc
EC
FC

oD
1D
Z2D
3D
4D
sD
ah
7D
=3t
aD
AD
BD
CD
oD
ED
FD

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

arF
1F
ZF
3F
4F
5F
aF
TF
aF
oF
AF
BF
CE
DF
EF
FF

ICﬂnnected 0;54:26

|F\uto detect

{15200 B-h-1

5RO

EE

| iLir

|Captire

|Print &cho

N

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.
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Status ‘S’ and ID ‘I’ Commands

>S

Status =

Rea

dy

AC

Page Size =

>

528 bytes

The 'S’ command will display the Status information of the AT45DB161D FLASH memory. This is a single byte
response from the FLASH with each bit having the meaning defined below. PicoBlaze is specifically decoding bits 0
and 7 and displaying their meaning in plain text. Note that a page size of 528 bytes is the default.

Bit 7 = RDY/BUSY
Bit 6 = COMP

Bit5="1"
Bit4 ="'0'
Bit3="1"
Bit2 ='0*

Bit 1 = PROTECT
Bit 0 = PAGE SIZE ('1'=512 bytes/'0" = 528 bytes )

>1
ID =

1F 26 00

Security

FE
FE
FFE
FE
06
FE
FE
FE

FE
FE
FE
FE
07
FE
FE
FE

FE
FE
FE
FE
09
FE
FE
FE

FE
FE
FE
FE
0B
FFE
FE
FE

FE
FE
FE
FE
38
FE
FE
FE

FE
FE
FE
FFE
3A
FE
FE
FE

FE
FE
FE
FFE
1F
FE
FE
FE

FE
FE
FE
FE
26
FE
FE
FE

FE
FE
FE
FE
00
FE
FE
FE

FE
FE
FE
FE
00
FE
FE
FE

FE
FE
FE
FE
14
FE
FE
FE

FE
FE
FE
FE
oc
FE
FE
FE

FE
FE
FE
FE
FE
FE
FE
FE

FE
FE
FE
FE
FE
FE
FE
FE

FE
FE
FE
FE
4F
FE
FE
FE

FE
FE
FE
FE
FE
FE
FE
FE
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("1"=ready/'0"' = busy)

The ‘I command initially reads the FLASH memory and displays Manufacturer
Code (1F hex) and the Device Code for AT45DB161D which is 26 00 hex. This is
then followed by the reading and display of the 128-byte security register.

The first 64 bytes of the security register are user one time programmable (OTP).
As shown here the default value is ‘FF’ and it is left as an exercise to program
these locations if desired but remember it is OTP memory!

The second 64 bytes of the security register are read only and contain a factory
programmed (by Atmel) unique value which can be used to seed design security
algorithms or provide registration and product tracking codes.

Hint — Combine the unique FLASH security value with the unique Spartan-3A
device DNA to improve security algorithms.
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Pages & Address Formats

Before using any of the commands that read, write and erase the AT45DB161D it is important to recognise how the FLASH memory is organised and
appreciate the slightly unusual address format required in the default mode. Please take the time to study these two page because it is critical to using the
commands correctly as well as understanding how to work with AT45DB161D memory in your own designs.

Pages and Bytes

Although an SPI FLASH memory employs a serial communication, all transfers are implemented as bytes (8-bits) and therefore above the very lowest level
the whole memory is considered as byte oriented. Internally to the AT45DB161D groups of adjacent bytes are formed into ‘pages’ and the device has 4096 of
these pages. The interesting part is that the default page size is 528 bytes which is not a power of 2 and doesn’t feel particularly natural. Indeed the total size
of the memory is 4096 x 528 = 2,162,688 bytes or 17,301,504 bits rather than 16,777,216 bits which is the normal size for a 16-Mbit memory
(16x1024x1024).

To make sense of this, let’s first look at what Atmel call the “Power of 2” Binary Page Size Option. The AT45DB161D contains a one time programmable
(OTP) register that can be programmed to place the device into this mode. Programming of this register is not supported by this reference design but if it is
programmed the reference design does know how to read, write and erase the memory correctly. In this mode a page is reduced to 512 bytes and a total of
4096 x 16 = 65,536 bytes (16K-bytes) are lost forever. However it is clear that a 9-bit address identifies any byte within a page. More significantly, it can be
seen that the 24-bit address format used by the device is linear. As one page ends, then next begins and with it the address appears to roll over in a
completely natural way. It is still important to recognize that the memory is organised in pages but from an address format perspective it is all very
straightforward as shown below.

20 9 8 0
“Power of 2” Binary Page Size Option [0]0]0]
\—(_’ ~ ~" — ~ ~" -~
This is not the default mode but makes the . . .
Y : o Padding 12-bit Page number 9-bit address
concept of pages easier to understand initially (0-4095) Within page
24-bit Address (0-511)
512 bytes
0001FF hex 0]0]0 Page 0 Byte 511
512 bytes
0003FF hex 0]0]0 Page 1 Byte 511

S XILINX
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Pages & Address Formats

Returning to the default page size of 528 byte the issue is that it requires 10-bits to describe the address of any byte within a page. The range being 0 to 527
(000 to 20F hex). This also means that as one page ends and the next begins, there is apparently a gap of 496 bytes in the address space even though the
pages are really adjacent in the FLASH array. Take time to study the diagram below to appreciate this situation and address format.

21 109 0
Default 528 bytes/page
- el ~ ~ - ~ ~
This is not the default.mode but makes .the_ Padding 12-bit Page number 10-bit address
concept of pages easier to understand initially (0-4095) Within page

(0-528)

24-bit Address

Page 0 000000 hex 0]0 Page 0 Byte O
528 bytes

00020F hex Page 0 Byte 527
Page 1 000400 hex Page 1 Byte 0
528 bytes

This reference design has been presented in a way that asks you to specify the page number and byte address (location within a page) but then informs you
of the actual 24-bit address values. As such the design is a useful aid to understanding the address format although inevitably you will find yourself
performing manual conversions between 24-bit address and pages/byte address formats an the following example may be of value.

A single configuration image for the XC3S700A is 341,580 bytes. If this were to be stored in FLASH starting at page zero and byte address zero it will end at
the following address....

“‘Power of 2 Locations 0 to 341579,,= 053664B hex [0]0[0] Page 667 Byte 75

Default 528 bytes/page 341579,,/ 528 = 646.93 |:> Pages 0 to 645 completely full and then.....
Page 646 is used for (341579 - 646x528) = 491 bytes

646,, = 286 hex 491,, = 1EB hex

S XILINX
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Erase Pages Command ‘FE’

The ‘E’ command will erase one or several consecutive pages of FLASH memory. PicoBlaze will prompt you to enter the page number of the first and last
pages to be erased and then ask you to confirm your intentions to erase the specified memory.

>e . . .
S Specify page numbers in hexadecimal
Plrs o (000 to FFF). PicoBlaze will reject a Last
LZE: N Page that is less than the First Page. Use
Page = 105 the same number to erase a single page.

An upper case ‘'Y’ is required to confirm
erase operation otherwise the command
will ‘Abort’

Confirm Erase (Y/n) Y
Erase in Progress

A dot will be displayed each time a page is
page erased to indicate progress.

As described previously, the AT45DB161D FLASH array is organised into 4096 pages of 528 bytes (default) or 512 bytes. A ‘page’ is the smallest amount of
memory that can be erased and may take up to a maximum of 35ms to complete. If all 4096 pages are erased one page at a time it could take up to 144
seconds to erase the whole device although | found it to be just 58 seconds on my board which is consistent with the typical page erase time of 13ms stated
in the Atmel data sheet.

Atmel have further organised their FLASH memory into ‘blocks’ and ‘sectors’. A block is formed of 8 pages and a sector is formed of 32 blocks (256 pages).
There are then device commands to erase blocks and sectors which reduce erase times when clearing large sections of memory. It should be possible to
erase the whole device in 23 seconds (typical) to 51 seconds (worst case). Of course the course granularity may not always be as desireable.

Exercise — Implement a block erase command.
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Write Byte Command ‘W’

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. PicoBlaze works with the AT45DB161D in a particular way that allows a single byte to be modified without erasing the memory first and therefore the
memory can be locally modified as if it were an EEPROM rather than FLASH device.

>w After entering the ‘W’ command you will be prompted to enter an hexadecimal page number in the range 000 to
Page = 286 FFF and then the byte address within that page (range 000 to 20F for default page size or 000 to 1FF for power of
byte address = leb 2 page size).

Data = 42 You will then be prompted to enter the data value and you should enter a 2 digit hexadecimal value 00 to FF.

Full address 0A19EB

PicoBlaze will display the 24-bit address associated with the page and byte address specified and will write the data.
Hint — Look back at page 11 to see how this example works.

How does it work?

The AT45DB161D device contains two RAM buffers in addition to the FLASH array. Each buffer is sufficient to hold one complete page (528 bytes) of
information. So to implement the write command above, PicoBlaze first commands the AT45BB161D to copy the contents of the target page from the
FLASH array and into buffer 1. It then modifies the specific byte in the RAM buffer before writing the entire contents of the buffer back into the FLASH array
using a built-in erase operation. In this way a whole page is erased but it has the overall effect of looking like a single byte has been modified.

FLASH 'Buffer Write' FLASH
Before ‘W’ command (84 hex) After ‘W’
42 '‘Buffer to Main Memory Page
'‘Main Memory Page to Buffer 1 Program with Built-In Erase'
Transfer' command (53 hex) command (83 hex)
PAGE | RAMY,| PAGE
286 — Buffer = | ogs ®

S XILINX
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Read Page Command ‘R’

The ‘R’ command allows you to read and display the 528 (default) or 512 bytes contained in a page of the FLASH memory to verify contents.

“gFLASH_programmer - HyperTerminal _I_I- m| il
File Edit Wiew Call Transfer Help
Dl’ﬁr'h @ig 0|3
B
byte address = 1leb
Data = 42
1

Full address = DA1SEE

>r

Page = 286

0Ah1300 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
0Ah1310 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
0Ah1320 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF

041830 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF T
041840 FF FF FF FF FF FF FF FF FF FF_FF

01850 I FFR-FE -FE-FE-FE-FF-FE FE

01860 FFE - FE - FE-FE FE-FE-FE FE-FE - FE-FE-FF FE-FE-FF

01870 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
0Ail880 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
0i1890 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF IF
OAL1SA0 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
OA1SEQ FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
0A13C0 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
0A13DO0 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF 1
OA1SEQD FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF /—
OA1SFO FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF_
-
— = e T
Connected 314:56 ‘Autn detect  |115200 8-M-1 |S'_R'.‘-LL CAPS:  |NLIM |-._apture |Frint echo A
“g FLASH_programmer - HyperTerminal = Dlﬁl
Eile Edit Wew Call Transfer Help
D[] (5] s
=]

0A18B0 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
0A18CO FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
0Al18DO  FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
OAISED FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
OA1SFO FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
Da1900 TE FE PR FE-FE P FE-FF FEFE FE FEFE TR FE FL
Dal19lQ Fr FE FE FE - FE FE TE FF FE-FE FF FE-FE TE FF I

Da192Q Fr FE FF FE - EF FE TE FEF FF FE TF FF FF FF_FF FF\
DA193Q FF FE FE FF FE FF FE - EF FF FE FF FE-FF TFF FE TL M
DAalS4Q FF FE FF FF FF FF FE EF FF FE FF FE-FF TFF FE TL
DA195Q FF FE FF FF - FF FF FE_EF FF FF FF FF-FF FF FF FE
0Al1960 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
0A1970 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
0Ah1980 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
0Ah1990 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
04190 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
0OA19BO FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
0Al19CO FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
0Ar18DO FF FF FF FF FF FF FF FF FF FF FF
OA1SEQD FF FF FF FF FF FF FF FF FF FF FF
0A1SFO FF FF FF FF FF FF FF FF FF FF FF
0A1A00 FF FF FF FF FF FF FF FF FF FF FF FF FF

- |
4

— = e T
Connected 3:20:32 ‘Autn detect  |115200 8-M-1 |S'_R'.‘-LL CAPS:  |NLIM |-._apture |Frint echo
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After entering the ‘R’ command you will be prompted to enter the page number in the
range 000 to FFF hex. In this case | have entered page 286 to look for the data written
on the previous page (‘W' command).

The display indicates the 24-bit address of the first byte shown on each line followed by
16 successive bytes.

Hint — Use this to help you confirm address values for page/byte address values.

Because a page is so big, PicoBlaze will pause the display after the first 256 bytes have
been displayed. Pressing any key at the PC keyboard will instruct PicoBlaze to continue
displaying the remaining page contents.

This screen shot shows the display after allowing PicoBlaze to continue.

Erased memory locations contain the value ‘FF’ and the ‘P’ command which is covered
on the following pages will only work reliably if the memory is erased first.

Read display shows how address 0A19EB (page 286 and byte address 1EB) was
modified to 42 hex by previous the ‘W’ command.
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Program UFP File Command ‘P’

The ‘P’ command 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 UFP file, but for now this page shows how to program the ‘reading_dna_prom.ufp’ file provided with this reference design and it is recommended

that you try this particular file first.

I IMPORTANT - Ensure you have erased the pages to be programmed

(000 to 286 in this example) before using the ‘P’ command.

| File E':I!t Wig Zall Transﬁgm_ﬂidk
| D|Ei'_.’v| @|g|_[ Send File. .,

Receive File. ..

Capture Text..,

*h

Capkure ta Prinker

FicoBlaze AT4SDETETD Frogranmer wi.21

3—Fead Status=
_ E-Erase Pages
| P-FProgram UFF File

WM-Write hyte
| |r-Read Page Enter the ‘P’ command and a message

prompting you for the UFP file will appear.

I-Device ID
T-Test R3Z5Z
H-Help
2 Enter the page number and byte
address at which to start loading
the configuration file. The 24-bit
>p address is then displayed.
Fage = 000
byte address = 000
First address = 000000 o o e e e e m— - -
! Hint If you want to stop, enter
Waiting for UFF File ! ‘X’ and carriage return.

:Eendsatextﬁhlnthememut&syﬂem

AT45DB161D ST Microelectronics FLASH Programmer 15

3

In HyperTerminal, select the ‘Transfer’ menu and then select the
‘Send Text File’ option (Note: Do not use the ‘Send File’ option).

Navigate to the appropriate directory and select the desired
UFP file which in this case is ‘reading_dna_prom.ufp’.

Send Text File i

Lok in: |E}Documentatinn j @ ?

M 1 Docu

"

py Computer

® [l

_.i]PROMGEN_Files_SPI_FLF\SH.|:||:lt
reading_dna_prom.ufp
ﬂ Spartan_38_Multiboot_spi_prom.mes

i] Spartan_38_Multiboot_spi_pram.prm

ﬂ ST_FLASH_spi_prog.psm

’_ﬁ test2.ufp

ﬂ test_ufp.ufp

ﬂ Third_Party_prom_File.mcs

|'_ﬂ Third_Party_prom_File.prmm

It uQ333_spattan-3an_in_system_flash_user_guide_draft.pdf

sl

You will need to change ‘Files of type’ to
‘All files (*.*)’ to see the UFP files listed.

4

[+

N\
File: name: Ileading_dna_prnm.ufp \ LI Open
‘;I Z-Cancel I
g

Files of type; | 41 fles 7.7

/

Once you are happy with your selection click on ‘Open’. 5
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‘ P, Command continued

“gFLASH_programmer - HyperTerminal

E“e: e g Programming of the FLASH memory will start immediately and PicoBlaze will indicate progress by

D|=| 5|5] 2l echoing the UFP file back to the PC display. You will also see the LD7 on the board blinking as the UART
T receives data form_ the PC (see FIFO design later). Programming will typically take 82 seconds to
00000000000000000000000000000000 complete when using a baud rate of 115200.
Qooooooooo00ooooooooooooooooooan
00000000000000000000000000000000 L . . . . . .
00000000000000000000000000000000 The UFP file is a pure ASCII hexadecimal representation of the configuration data and there is nothing to
BE000BER00L BEE0OREREE000BER000L indicate to PicoBlaze that the file transmission has completed. Therefore to finish enter ‘X’ followed by

Qoooo0o0000000000000000000000000
Qoooooo0000000000000000000000000
00000000000000000000000000000000
Qoooo0o0000000000000000000000000
Qoooooo0000000000000000000000000
0000000000000000000000000000000,

carriage return (in fact any no hexadecimal characters will also stop it).

Exercise — Implement a ‘time out’ to automatically end programming.

Qooo00o000000000000000000000

00000000000000000000000000 ) Design Operation
00000000000000000000000 It should now be possible to press the PROG button on the = ,.....‘gn . ...E,,_.,, i
ooooo0000000000000000 : H H . = .

R boar.d to r(_ecorjflgure the Spgrtan device directly from the new e ke e ———.
0000000000000000 configuration image stored in the parallel FLASH memory. o 4 GGl sl 41§ S e g o
Oz4000a37e53 0 . . .

04000400040 If you used the supplied ‘reading_dna_prom.ufp’ file, then e i T G

EHRIDEI0S your board should now be displaying the unique DNA value of | s mou s wuces oo

ot B 0y bust the LD dhsplay b

your Spartan-3A on your board. This reference design is also | Smzmmem o i, e R—

- available from the Xilinx web site. e |
[connected 3:39:42 [sutodetect  [t15z008M-1  [SCRCLL B o8 8 BB R 2 3 3 1 CACA A
008104000700 7270c85000L004000400
04000400040004000400040004000400 WECTTTTTTTTE FXUNX
040004000400040004000400
4
PicoBlaze will display the last 24-bit address programmed
— play prog

Last address = OA19EEB Hint — Look back at page 11 to see how this example works.

- 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.
\Connected 3:47:11 lAuto detect  [1152008-N-1  |5CF ‘install_AT45DB161D_flash_programmer.bat’.

S XILINX
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UFP Files and SPI Configuration

If you use the ‘R’ command to check that the configuration image has been correctly programmed into the device then you may initially become alarmed to
see that many values are different to those contained in the UFP file. However this is correct behavior and can be explained.

reading_dna_prom.ufp Page 000 read back from FLASH
First 256 bytes First 256 bytes
>E

FEEEffEffffffffEEffEfffEffferess Fage = 00O

FEEfEfPrfrffrrfefErrefEfErreeee 000000 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
55900035000040080869077co8430E0 000010 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
8c8500938082£4008043404401c90087 000020 AL 95 30 A1 00 07 20 00 31 61 09 EE 33 21 3C OF
FE£3008300818c311081403000£84083 000030 31 A1 OO CS 31 41 2F 00 31 C2 02 22 80 93 30 E1
00addoB700204¢8500704c8600004081 000040 FF CF 30 C1 00 51 31 81 08 81 32 01 00 1IF 32 C1
00005082184 Fccd6000000000c440000 ooooso 00 05 (32)E1 00 04 3z A1 OO0 OE 32 61 00 00 32 81
00000685008002060040594300000000 000060 OO0 00 33 41 18 FZ 33 62 00 OO0 00 00 30 22 00 0O
00000000000000000000000000000000 000070 OO0 OO0 30 A1 00 01 50 60 OO0 02 SA& CZ 00 00 OO0 OO
00000000000000000000000000000000 000080 OO0 00 OO0 00 00 00 00 OO0 00 OO0 00 00 00 00 00 0O
00000000000000000000000000000000 0000S0 OO0 00 00 00 00 00 00 OO0 00 OO0 00 00 00 00 00 00
00000000000000000000000000000000 000040 OO0 00 OO0 00 00 00 00 OO0 00 OO0 00 00 00 00 00 0O
00000000000000000000000000000000 O0DOBD OO0 00 OO0 00 00 00 00 OO0 00 OO0 00 00 00 00 00 00
00000000000000000000000000000000 0000CO OO0 00 00 00 00 00 00 00 00 OO0 00 00 00 00 00 0O
00000000000000000000000000000000 0000DOD OO0 00 OO0 00 00 00 00 OO0 00 OO0 00 00 00 00 00 00
00000000000000000000000000000000 O0ODOED OO0 00 00 00 00 00 00 OO0 00 OO0 00 00 00 00 00 00

O0DOFD OO0 00 00 00 00 00 00 00 OO0 00 00 00 00 00 00 0O_

A critical issue with configuration is that the Spartan must be able to read the data in the correct order. When configuring from Xilinx Platform FLASH serial
memory the data is read least significant bit (LSB) first. However an SPI FLASH memory is read most significant bit (MSB) first and this requires the
configuration data to be stored with the bits within each byte swapped (reversed or mirrored). In the 9.1i version of ISE the PROM Generator always writes
UFP files with the data in normal direct format and therefore PicoBlaze swaps the bits before writing to the SPI FLASH.

4C Hex =0100 1100,

This example shows how the byte 4C hex wat written to FLASH memory as value 32 hex.

32 Hex = 0011 0010,

S XILINX
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Preparing a UFP file

This reference design has been provided so that the contents of a UFP file can be programmed into the Atmel FLASH device. The following images
indicate how a Spartan-3A configuration can be made into a UFP using the ISE tools but this is not intended to replace the existing documentation for
PROM generation.

1) Select ‘Generate PROM'’ in Project Manger Hint — UFP files do not contain any address information allowing you to experiment with
storing configuration images at any locations in the SPI FLASH. Spartan-3A supports
Processes: multi-boot from SPI FLASH and the AT45DB161D is large enough to hold 6 configuration
™ Add Existing Source images for the XC3S700A device provided on the Starter Kit board.
M Create Mew Source
= Wiew Design Summany
-3 Design Utiities 2) This launches iMPACT in which you need to select (double click) the PROM File
E‘y User Constraints Formatter mode (You may need to expand the upper left window as shown here or
- B g Spnthesize - K5 T pan down to see it)..
E. #2_1 Implement Design
. 2] _ﬂGenerate Frogramming File E Zilinx - ISE - ChData' chapman',Designs_9.2i'reading_DNA'reading_DNAise - [Boundary Sci
@@ Fragramming File Generation Fepart L File Edit Misw Project Source Process Operations Output Debug Window Help
B o IDPHELsboX[wa[RIPLHK A B[[ANI%
;-_@ anfigure Device [i | JJMLHI :JJJQJJE_]@@ Iiri_:g:‘_,|5r’r:|‘§‘!1_:JJ%lgg.:::=|
i x|
- BalBoundary Scan
B S laveSerial R
IS electaP . . s 5 S
- I Desktop Configuratian -
Note that a UFP file only contains data and the PicoBlaze B Diect 5P| Configuration —_—
design is used to specify the address at which the data - [S)systemaCE
should be programmed in the Atmel device. e xe3silla xeflds
E FROM File Formatter reading_dna. bit hypass
OO

S XILINX
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Preparing a UFP file

3) Select

‘3 Party SPI PROM’ to be consistent with the type of

FLASH we are actually trying to program

‘UFP (“C” format)’ for the PROM File Format.

...and provide a file name and location.

[ES iMPACT - Prepare PROM Files

| want to target a
 Riline PROM

\: Genetic Parallel PROM
* 2rd-Party 5P PROM

=10

" PROM Supparting Multiple Design Versions: I SpartanzE MulhBoot

—FPROM File Format \

 MCS A" TEK \: LIFF ['C" format)
" EXD BN el
€ HEx | SwapBits

Ehecksun Fill Value 2 Hex Digits): |FF

FROM File Hame: Ireading_dna_prom 4—

Locatian: IE:\D atahchapraniDesigns 9. 2iveading DMNAN

Browse. .. |

< Back | Mext > I

Cancel |

** Note for future reference

4) Select the density from the drop down list.
The AT45DB161D is a 16M-bit FLASH.

[ES iMPACT - Specify SPI PROM Device = [ S |
I~ Auto Select PROM Density
Select SPI PROM Densty (tits) [KISEME = «
< Back | Mext » I Cancel |

It is possible that a future release of ISE tools (after 9.1i) may write UFP files for SPI FLASH in a way that already has the bits
of the bytes swapped (see page 17). If that does occur, simple use ‘Generic Parallel PROM’ to generate your UFP file or

remove the bit swapping code from the PicoBlaze program.

AT45DB161D ST Microelectronics FLASH Programmer 19

5) Summary
Page

R aloix
Vauhan o ke e
PR Ty o
- ™
Favas [
e g g
st o PRORNS

)

ek Wi s ko v o

fhm | id I Coed
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Preparing a UFP 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.

0D U665 500X e

| e =

I EXPE =P
Vo E ST
14

z0: (a8olew

4 Emioundsy Soan

-]

|- B ear
‘E=Deskton Configuration pROM
SSDwect SP1 Configurston (L

|- [W) spmeemticE O%Ful
[K]#R0M Fie Fomatter

B ndivevie Y

; "i" . Adding device file ta the SPTPROM
e T T ) ;
— |

rovisdisble Dpaishons se

o Progpam:

Vel

b Gl Dlece 10

p Giot Davice Sgratun /i sorcods

= Trech |doode
i Fmicd St Fmgreten

e et [0 % |
=

——————————————————————— END 0f RApOET ——————————
J7 *U BATCH OND & serfuzeentDeviceShain -index 0

A7 Tvv DATCH CHD © setAttribute —dssign -aEEr name -valus *)

| al ]
| [5] Constle | @) Emam |1\ Wowrwros | [ 1cdShet | ‘._;r-a-.nul
Foady |

| Contapration | Pogform Coble 58 | 980 | el =

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

8) The main window updates to show the BIT file being
located at the beginning of the PROM.

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

Add Device ?| X|
Laok in: [ I3 reading DNA = = & e ER-
) _ngo
L2 _xmsgs
o st
readingdna.bit
File marne: Ireading_dna. bit ;I Open |
Files of type: - |FPGA Bit Files [.bit) j Cancel /l
A

Exilinx - ISE - C:'Data'chapman’Designs_9.2i'reading_DNA‘\reading_DNA.ise - [PROMFile Formatter] o |EI|1|
=" File Edit Wiew Project Source Process Operations Window Help = ﬁ'lll

DrEdEldaax[paRlPexx A B[N E ookl W

106 Q)6 26 (WU R0 [2n0] e N
2
--::]Boundary Scan
f B ayeSerial
BB SelectiAP 1 s | |
~aalDeskiop Configuration E FROM ! ey |
~aaiDirect 5P Configuration 160 | i
= SystemiCE 2.04 % Ful %c3s7 008
EPHD_M Fi|e._|_:ﬁm.laﬁ'ﬁ!- reading_dna bit
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Preparing a UFP file

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

ta'chapman',Designs_¢ reading_DNA‘\reading_DNA.ise - [PROM File Formatter] =10 x|
i Flle Edt View Project Source Process Opsrations Window Help == x|
IDPHG BlsaEx[ma[RlpeX P R[[Al%8 0m(]X
105 ] AV IEZE [ BRAXA e xnn(: (0] e
|
-2 Raundary Soan
B laveSeral
LB lactAP
i EBiDsskton Configurstion
&8 Direct $P| Configuiation 160
i [E] spstemacE P T *C3eT00a
[Z1PROM Fils Formatter reading_dna bit
- Add ¥inx Device. ..
Source| e Snap| [T Librari Configuration
o & fnl I Rename PROM fle. .
=
[Available Dperations are
= Generats File
TErp C Operations
= || T Bounday Soan | 15 FROM File Fomatter
X INFO:iMPACT:501 - '1': Added Device xc3s700a successfully. -
idd one device. -
4] | 3
] Console | @ Enors | v Wamings | (30 TelShel | igg Findin Fes |
Ready | PROM File Generation | Target SPIPROM | 2,732,640 Bits used | File: reading_dna_prom in Lacation: Cr\DatalchapmaniDesigns_8.2ijreading DAY

AT45DB161D ST Microelectronics FLASH Programmer 21

10) The file is written to the directory specified in step 3
and the process is complete.

‘reading_DNA.ise - [PROM File Formatter] o ] 23]
% Elle Edt Wiew Project Source Process Operations Window Help _|8]x
[CEEFLlinEx[va N2 P FARs 03X
100 s B e e e e e )
A
- 2 Boundary Sean
55 laveS erial
S electMaP
3 Desktop Configuration
2% Direct SPI Canfiguration 16M
(=) 5ustemace 2.04 % Full xcdsT0a
i-[Z]PROM File Fomatter teading_dna bit
.E?t‘.’S'oulct 5 Snap| [ Librarid EDV\"QU'B“D"\I
F|
[4cvilable Operations are:
= Generate File...
PROM File Generation Succeeded
I Contiguration Operations S
S Ml = sk I i Bounday Sean | 13 PROM e Formatte ]
%l Using user-specified prom size of Z048K =]

Uriting file "C:\Data\chapman)Designs 9.2i\reading DNA\//reading dna prom.ufp”.
Uriting file "C:\Data)chapwan)Designs 9.2i%\reading DNA\//reading dna_prom.prm".

<

|
=] console | @ Evon |\ wamings | 0 TelShel | ipg Find inFiles |

Ready || PROM File Generation | Target SPIPROM | 2,732,640 Bibs used | File: reading_dna_prom in Lacation: C:\DatsichapmantDesians_9.2ireading_ DNAYS

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. As well
as these notes, the VHDL and PicoBlaze PSM files contain many comments and descriptions describing the functionality. Remember to have a copy of the
Atmel AT45DB161D data sheet available when reading the various comments as this explains the commands of the FLASH memory is greater detail.

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

at45db161d_flash_programmer.vhd Top level file and main description of hardware.

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

""""" at45db161d_flash_programmer.uct and timing specification for 50MHz clock.

— kecpsm3.vhd PicoBlaze processor for Spartan-3E devices.

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

L uart_rx.vhd \

i: kc_uart_tx.vhd
bbfifo_16x8.vhd * UART Receiver with 80-byte FIFO buffer.

- bbfifo_16x8.vhd
- bbfifo_16x8.vhd
- bbfifo_16x8.vhd J
- 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.Xxilinx.com/picoblaze

L uart_tx.vhd

i: ke_uart_rx.vhd UART transmitter with 16-byte FIFO buffer.

bbfifo_16x8.vhd

S XILINX
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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 34% of the program is consumed by text strings used to guide the user of the programmer (e.g. command menu).

MAP report
Number of occupied Slices: 188 out of 5,888 3%
Number of RAMBI16BWES: 1 out of 20 5%
FPGA Editor view Floorplanner view
W g e i
H &
=
e I
-
i
tﬂr‘ n
£ [
BP e
L 5] =
1
el
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PicoBlaze Circuit Diagram

SPI
Bus

{D miso 0] A

UART macros with FIFO buffers
and selectable baud rate

(see following pages for more details) input_ports
read_from_uart : Tttt -;rx_data
X i
1
i UART Rx with 1
: 80 Deep FIFO irx_ful [4] 01
_________ : - !
1 1
I Selectable 1 Irx_haIf_fuII [3]
! Baud Rates : Irx_data_present [2] 4
en16xbaud | " £
o
transmit o
uart_tx 2
out_port ) ) tx_female 2
— data_in serial_out 4|>
_Wite 10 Lant | write_bufter bufter_full | 11/
en_16_x_baud tx_half_full [0]
en_16_x_baud buffer_half_full

J reset_buffer
—) clk

interrupt_control

Parallel FLASH must be disabled to prevent
contention with data from SPI_FLASH (miso).
Xilinx Platform FLASH is disabled by
removing jumpers from J46.

nf_ce [

program_rom SPI
A Bus
spi_ctrl
instruction
—1) ck address
c
o
° %]
=1 0
= Qo
2 3
kepsm3 processor &
instruction address
in_port out_port
in_port
write_strobe
read_strobe
kepsm3_reset .
J reset port_id port_id
interrupt interrupt_ack —— 218
<} <}
5 @,
C'HD clk - E out_port
o =
1 read_from_uart
o To
interrupt UART

interrupt_ack

Interrupt used to detect UART
receiver FIFO overflow

—

write_to_uart

— L/
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Software Based SPI

At the heart of SPI communication with the AT45DB161D is the requirement to implement a full duplex operation in which byte data is simultaneously shifted
to and from the FLASH memory most significant bit first. PicoBlaze is ideally suited to this task as it is able to be programmed at a low level and the timing is
completely predictable. However it should be recognised that whilst using software to implement such signaling is cost efficient, flexible and easy to
implement, it does not result in the fastest communication. In this reference design the 50MHz oscillator on the board is used and with this PicoBlaze is able
to implement an SPI clock (SCK) rate of 1.786MHz. This is adequate for this application similar to this one but falls way short of the 66MHz maximum rate
supported by the AT45DB161D device and a hardware based peripheral should be implemented if maximum communication rate is desirable.

The following PicoBlaze code shows the routine which transmits and receives a byte of information using the SCK (clock), MOSI (Master Out, Slave In) and
MISO (Master In, Slave Out) signals of the SPI bus. This code, along with all the source code provided with this reference design is fully commented to help
you understand and reuse in your own designs. In this case the register ‘s3’ contains the byte value to be transmitted and on return it is ‘s3’ that will contain
the byte received from the AT45DB161D device.

SPI_tx_rx:

next SPI_tx_rx bit:

LOAD sl1, 08

FETCH s0, SPI_bus_status
LOAD s2, s3
AND s2, 80
AND s0, 7F
OR s0, s2
OUTPUT sO,
INPUT s2,
TEST s2,
SLA s3
XOR s0, SPI_sck

OUTPUT s0, SPI_out_port
XOR s0, SPI_sck

OUTPUT s0, SPI_out_port
SUB sl1, 01

JUMP NZ,
RETURN

SPI_out_port
SPI_in_port
SPI_miso

next SPI_tx_rx bit

;8-bits to transmit and receive

;read current bus status

;determine next MOSI to be transmitted
;jisolate bit in transmit byte

jclear bit7 ready for MOSI
;jset bit7 to drive MOSI if data is High

; read MISO

;detect state of received bit

;shift new data into result and move to next transmit bit

;jdrive SCK clock High

;drive SCK clock Low

;repeat until finished

The remaining signal used in SPI
communication is the enable (CS0_B)
which must be Low for communication to
take place with the AT45DB161D device.

Drives CSO_B Low to start communication

Drives CS0_B High to end communication

SPI_flash_enable:

CALL SPI_init

XOR s0, SPI_rom_cs
SPI_out_port
SPI_bus_status

OUTPUT sO0,
STORE s0,
RETURN

SPI_init:

LOAD s0, 02

OUTPUT s0, SPI_out_port
STORE s0, SPI_bus_status
RETURN

AT45DB161D ST Microelectronics FLASH Programmer 25
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SPI Communlcatlon Tlmlng

These oscilloscope traces + @ &g Complete B Pos: 4.760us MEASURE + @ &g Complete B Pos 770,0ns MEASURE
show the SPI signals Complete status
observed at the J23 show request takes ~9.5ps.
the timing of the SCK during CH2 CH2
. i Freq Freq
‘a fjewce status request (see SCK ! s Py
S’ command on page 8). ; | | | i =
2P i | e | pmmaai |1t Pos idth 2 n s PRIFE. Jed Pos 'Width
Status command MOSI TA.97ns? A ns?
D7 hex = 11010111 CH2 CH2
2 (SDI on J23) : Meg Width g, — Neg Width
430,0ns? ' 430.4ns?
Typical Response MISO
AC hex =10101100
2 (SDOON J23) 4 masmmsmsistiosmns i csarion s s
CH2 200 MA00s CH2 2004 M 250ns
CHE 200%  CHA 200%  21-Feb—07 1011 CHE 200%  CHA 200%  21-Feb—0F 10:12
5I
< b= b= x E= £ £
8' € 8'| 8'| § 8'| = 81 8-|
= = = I = = =
5 2 o 3 3 = 3 8 o 3 3
g2 ¥ 3 <« T 2 T = £ 2 & x &
& g 5 5% 8 % I & g 55 3 5
- - - _ - 5 (%)) 5 —_ 5
2 g . 9 ‘c’\" Dc/)'“ S 9 =& 3 5 < e 8 K E a @ ‘%, E & E S
AN - - » = » o > = ) = - = - - » » ol S ) -
P N o | o ®w . @ .D R A N T -] — [ Qo D QL .2 . L -
in ie @ o ia ibE Qo o 12 ia o o i ik ig (212 g ino 15 ol P AR R
S 2 igigigig ig g i i iz i g i3 g i 19 i 5 g i iS5 5 g 5 18
9 i2izi§iciz il i@ ix ig i i® > i3 iT T i0 {0 {Z ik {® X iD X iD {dD |
somHz LT U LU U U U U U uuuhuuthuhrr oo i e
SCK : : : : : —_\ : : : : : : —\*
MOSI Data bit to AT45DB161D —
MISO | XX Data bit from AT45DB161D___ | ;R
il = Actual sample point of MISO (input port mux) 14 instructions = 28 clock cycles @ 50MHz = 1.785MHz

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
predicted and this is confirmed by the oscilloscope traces above.
27 XILINX®
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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 > 1 15200
name suggests, is an input that should be enabled as 16 \
times the required baud rate. The Spartan-3A Starter kit %3
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 sit the lower baud rates.

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

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) Decode 1 10 be 1 clock cycle wide
rl rl § baud_select
X X o j2 26
baud_115200_counter : ¢ ) : % (1 ) Decode 2 01
5-Bit Decode 26 27 Cycles 3-Bit 3 @) Decode 5 SW1 | SWO0 | Baud Rate
Counter Counter < j —— | 0
en_16_x_115200 (0) 00 0 19200
O —CE |l 0 1 38400
clk baud_count j2_30 clk 1 0 57600
50MHz ] 1 1 115200
. Slide v P teatt)
baud_divide_counter Switches o) —D lod(0) LEDs confirm switch selection
clk D 0 14
2 j2 14 j2_ 22 j2.26 j2.30

1 L 1 1
2| EEOEONE Ifl EEE Ifl | Ifl | Ifl B W 34 Ovpins Hint: The design uses connector J2 as a convenient set of test points. Try
1| B OO0 C] B CmC]mC WM |3 33vpins connecting an oscilloscope to observe the signals generated.
J2

S XILINX

AT45DB161D ST Microelectronics FLASH Programmer 27



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

character as a series of 10 bits communicated at Start [ dO dl1 d2 d3 d4 ds dé6 d7 Stop i Start
the baud rate. This then defines the time taken to . X
communicate each character. ! character !

)l »
'

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
1 Character | 2 Characters
19200 520.8us 1041.7.8us
38400 260.4ps 520.8us
57600 173.6us 347.2us
115200 86.8us 173.6us

From the AT45DB161D data sheet we find that a ‘Buffer to Main Memory Page program without built-In Erase’ will program the main FLASH array with the
512 or 528 bytes of data contained in one of the buffers in a worse case time of 6ms (tp). At an RS232 baud rate of 115200 bits per second it requires at least
1024 ASCII characters to describe that much data and that communication will therefore last for at least 88ms. Therefore it is the bandwidth of the RS232
communications that limits the overall performance of this reference design even at the highest supported baud rate.

However at the actual time of programming the FLASH array the AT45DB161D is unable to receive any data and yet the PC will be continuing to transmit
ASCII characters resulting an a temporary situation of up to 6ms where the RS232 communication is operating faster than the FLASH cane be written and
that would result in data being lost and the data written to FLASH memory would become corrupted. One way to prevent this is to perform RS232 flow control
such as XON/XOFF but in practice but this only slows down the average communication rate further. Therefore inserting a FIFO buffer of an adequate length
to cope with this temporary situation 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 UFP file characters to describe them.
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Receiver FIFO Buffer Sizing

PicoBlaze programs the AT45DB161D by first writing 512 or 528 bytes of data to one of the buffers in the FLASH device and then issuing the ‘Buffer to Main
Memory Page program without built-In Erase’ command which writes the buffer contents into the non-volatile array.

Most of the time PicoBlaze is reading ASCII characters from the UART receiver, converting pairs of these characters into true byte data values and then
writing them to the buffer of the AT45DB161D device. Since the data conversion and writing to the buffer via SPI is significantly faster than the time taken for
the PC to transmit one character over the RS232 link (even at 115200 baud) it is clear that PicoBlaze will spent most of its time waiting for the next ASCII
character to be received and the receiver FIFO buffer will generally be empty.

However, during the actual FLASH array programming process, the AT45DB161D device is busy and can not accept any data being written to one of the
buffers. Therefore PicoBlaze has to stop reading ASCII characters for up to 6ms (tp) whilst the ‘Buffer to Main Memory Page program without built-In Erase’
process completes. This means that for a baud rate of 115200, the PC will continue to transmit approximately 70 characters which must be accommodated by
the FIFO of the UART receiver so that they are not lost.

Once the AT45DB161D device has completed the program cycle, PicoBlaze can resume reading characters, converting them to data bytes and writing them
to one of the buffers in the AT45DB161D and this will rapidly empty the FIFO again.

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.

IN

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 a total FIFO capacity of 80 characters by using five FIFO’s (water tanks!) each providing 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 cascade chain towards the final output just so long as there is spare capacity (i.e. not full) in any given FIFO buffer. OUT
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uart_rx receive . n
% female stage1_fifo_data_out rx_full
P serial_in data_out x WI ee p
read_buffer buffer_full ed(3)
stage2_fifo_full
enfl6_x baud |en 16 x baud  buffer half full | stages fifo ful ed(4)
ag led(5)
reset_buffer buffer_data_present stage4 fifo_full led(6)
5 led(7)
clk ) clk
stage1_fifo_data_present
x_buf_stage?
I_b'ofifo 16x8 For evaluation purposes the
Stiqu fifo_write data_in data_out stage2_fifo_data_out reference deS|gn Connects
read ful | @ the full flag of each stage to
wiite half ful 5 of the LEDs which
¢ - enables you to see just how
reset data_present rx_buf_stage3 full the FIFO is becoming.
K; bbfifo_16x8 .
ok = ik data_in  data_out stage3_fifo_data_out Hint — Try permanently
e read l pressing the “T" key on your
stage2_fifo_data_present
x_palf_full Keyboard to see the FIFO
write half_full fill up.
stage3 fifo write |
reset data_present rx_buf_stage4
K; bbfifo_16x8
clk —> clk data_in  data_out stage4 fifo_data_out =
stage3_fifo_data_present read ful | —@ g
|
write half_full |— 8
stage4d fifo write | %
5 reset data_present rx_buf_stage5
bbfifo_16x8
; dat
fifo_control ok = clk data_in _ data_out s
The controller’s task is to pass any data along the chain stage4 fifo_data_present read full | @—
to the final stage on the right hand side from which _
. . write half_full |—
PicoBlaze reads. The local feedback in each control stage5 fifo write [
stage ensures that a single clock cycle read/write pulse reset data_present [X-dal4_present
is generated each time allowing the synchronous ‘Ilk7_
‘data_present’ flag to go Low if empty the read results in ol = clk
eth stage becoming empty.
read_from_uart
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