signauw processing

Akademie vad Ceské republiky .
Ustav teorie informace a automatizace AV CR, v.v.i.

SPI FLASH Core — Funkéni vzorek
radice pameti SPI Serial Flash
Jifi Kadlec, Leos Kafka, Jifi Svozil

kadlec@utia.cas.cz
Obsah
(LYY s FE TR 2
2. POPIS SYSEIMU.....ceiiiiiiiiiiiii ittt e e e e e e as 2
3. Parametry MOAUIU.........ouue e e 6
4. Pouzité/Potfebné vybaveni a NAStroje ..........ccuveeviiiiiiiiiiiice e 7
5. Funkéni vzorek HW modulu fadi€e spi_flash _core pro desku S3E1600 ......... 7
6. POAEKOVANT ..o 10
7. SPI_FLASH_CORE dEMO ...ttt e e e e 11
8. Licensing and availability (anglicky) .........cc.uuuiiiiiiiiiieee e 11
9. Disclaimer (AaNGHCKY) ......ccoooeiiiiiiiii 11
10. REFEIENCE.....eeeeeeiiee et 12
Revize
Revize Datum Autor Popis zmén v dokumentu

0 20.10.2008 Jifi Svozil Vytvofeni dokumentu

1 13.11.2008 Jifi Svozil Revize dokumentu

2 12.12.2009 | Jifi Kadlec | Verze pro ISE 11.3 s popisem p¥ikladu

3 31.12.2010 Jifi Kadlec Verze pro ISE 12.4 s popisem pfikladu

4 2.08.2011 Jifi Kadlec | Verze pro ISE 13.2 s popisem pfikladu

©2011 UTIAAV CR, v.v.i.
All disclosure and/or reproduction rights reserved.

http://sp.utia.cz




1. Uvod

Tento dokument popisuje funkéni vzorek HW modul fadi¢e paméti SPI Serial Flash. Jadro je
zaloZzeno na UPB (Universal PicoBlaze Wrapper) jehoz autorem je Ing. Leos Kafka. UPB je
konfigurovatelny wrapper procesoru PicoBlaze [1]. HW modul stejné tak jako UPB byl vytvofen
v ramci projektu VLAM.

Modul fadice je vytvofen tak, aby uZivateli umoznil praci s paméti Flash na vyS&i urovni, tzn. i bez
systému, kde tento fadi¢ pouze pfipoji a nemusi se zabyvat samotnym procesem Fizeni paméti.
Radi¢ je nakonfigurovan pro M25P16 SPI Serial Flash [5], ktera je osazena na pfipravku Xilinx
S3E1600 [2].

Testovaci pfiklad vychazi z pfikladu [6f], jehoz autorem je Ken Chapman.

2. Popis systému

Radi¢ paméti SPI Flash je zaloZen na konfigurovatelném wrapperu UPB, ktery Fidi ¢innost celého
modulu a to v€etné SPI komunikace. K ovladani modulu, stejné tak jako datovy vstup slouzi vstupni
pamét FIFO o volitelné délce. Jako datovy vystup slouzi vystupni FIFO také o volitelné délce.
Blokové schéma modulu znazornuje Obr. 1.

SPI FLASH CORE

UPB
cli spi_clk
&n spi_sdi
— P SPI Serial Flash
spi_rom_cs
spi_sdo
fifo_in_empty
fifo_in_full
fifo_in_din
v fifo out dout
fifo_in_wr v
—_— fifo_out_empty
fifo_out rd fifo_out_full
- 7 ra

Obrazek 1 Blokové schéma modulu rfadi¢e paméti SPI Flash

Ovladani modulu se provadi pomoci pfikazl zapsanych do vstupni paméti FIFO. Kazda operace
(pfikaz) ma pfidélenou 8bitovou hodnotu. Pfehled podporovanych pfikazl je v tabulce 1.
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Tabulka 1 - Pfehled pfikazii modulu

prikaz

hodnota

READ

01hex

WRITE

02hex

ERASE SECTOR

04hex

ERASE FLASH

08hex

Ovladaci pfikaz musi byt do vstupni paméti zapsan vzdy jako prvni a teprve po ném nasleduji dalSi
parametry pfikazu (adresa, data, délka, atd.). Tyto parametry se liSi dle zvolené operace.

READ - 01hex

Pfikaz READ umoznuje Cteni libovolného poctu dat od libovolné adresy z paméti Flash. Po zapisu
pfikazu READ do FIFO nasleduje 24bitova hodnota pfedstavujici adresu (address), od které se data
zacnou vycitat, a dale pak 24bitova hodnota obsahujici délku bloku (pocet ¢tenych bytd, size).
Ctené hodnoty jsou zapisovany do vystupni FIFO. Sekvenci pfikazu READ znézorfiuje Obr. 2

FIFOIN

READ - 01hex

FIFO OUT

address_H [23 downto 16]

data (address)

address _M [15 downto 8]

data (address + 1)

address L [7 downto 0]

data (address + 2)

size H [23 downto 16]

data (address + 3)

size M [15 downto 8]

size L [7 downto 0]

END

data (address + size)

END

Obrazek 2 Sekvence prikazu READ
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WRITE - 02hex

Pfikaz WRITE umoZznuje zapis libovolného poctu dat od libovolné adresu. Po zapisu pfikazu WRITE
do FIFO nasleduje 24bitova hodnota adresy, od které se data zaCnou zapisovat, dale pak 24bitova

hodnota poctu zapisovanych byte a nakonec data pro zapis. Sekvenci pfikazu WRITE znazornuje
Obr. 3.

FIFOIN FIFO OUT
WRITE - 02hex

address H [23 downto 16]

address M [15 downto 8]

address _L [7 downto 0]

size H [23 downto 16]

size M [15 downto 8]

size L [7 downto O]

data (address)

data (address + 1)

data (address + 2)

data (address + size)

Obrazek 3 Sekvence prikazu WRITE

ERASE SECTOR

Pfikaz ERASE SECTOR vymaze libovolny z 32 sektort paméti Flash. Pamét je o velikosti 16Mbit,
jeden sektor tedy odpovida 512kbit. Po zapisu pfikazu nasleduje €islo mazaného sektoru. Uspésné

dokon&eni mazani je potvrzeno zapisem hodnoty FFhex do vystupni FIFO. Sekvenci pfikazu
ERASE SECTOR znazorfuje Tabulka 2.
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Cislo a rozsah adres pro jednotlivé sektory upfesfiuje tabulka 2.

FIFOIN

Tabulka 1 - Sektorové rozdéleni paméti

Sektor Cislo Rozsah paméti
0 000000hex — 0OFFFFhex
1 010000hex — 01FFFFhex
2 020000hex — 02FFFFhex
31 1F0000hex - 1TFFFFFhex

ERASE SECTOR - 04hex

SECTOR NUMBER (0 - 31)

ERASE FLASH

Ptikaz ERASE FLASH provede vymaz celé paméti Flash. Usp&sné dokon&eni mazani je potvrzeno
zapisem hodnoty FFhex do vystupni FIFO. Sekvenci pfikazu ERASE FLASH znazorriuje Obr. 5.

FIFOIN

FIFO OUT

ACK - FFhex

Obrazek 4 Sekvence prikazu ERASE SECTOR

ERASE FLASH - 08hex

FIFO OUT

ACK - FFhex

Obrazek 5 Sekvence prikazu ERASE FLASH

Pfehled 10 portd modulu popisuje Tabulka 2.

Tabulka 2 - Piehled po

rt modulu SPI Flash

Port Vstup/Vystup | Sitka [bit] Vyznam
clk Vstup 1 Hodinovy signal
en Vstup 1 Povoleni funkce modulu (aktivni v log.1)
spi_sdo Vstup 1 Vstup SPI dat
fifo_in_din Vstup 8 Vstupni data FIFO IN
fifo in_wr Vstup 1 Zapis dat do FIFO IN
fifo_out rd Vstup 1 Cteni FIFO OUT
spi_clk Vystup 1 Hodinovy signal SPI
spi_sdi Vystup 1 Datovy vystup SPI
spi_rom cs Vystup 1 Chip-select (aktivni v log. 0)
fifo_in_empty Vystup 1 Pfiznak prazdné FIFO IN
fifo_in_full Vystup 1 Pfiznak piné FIFO IN
fifo_out dout Vystup 8 Vystupni data FIFO OUT
fifo_out empty Vystup 1 Pfiznak prazdné FIFO OUT
fifo out full Vystup 1 Pfiznak plné FIFO OUT
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3. Parametry modulu
Velikost designu spi_flash_core modulu v ISE 13.2 pro hodiny systému 75 MHz uvadi tabulka 3.

Tabulka 3 - Velikost designu spi_flash_core

Number of Slices 186
Number of Slice Flip Flops 143
Number of 4 input LUTs 457
Number of BRAMs 1
Number of DCMs 0

Vstupy a vystupy funkéniho vzorku spi_flash_core jsou znazornény na obrazku 6.

spi_flash core
y X

fifo_in_din(7:0) fifo_out_dout(7:0)
ok fifo_in_empty
fifo_in_full
en

fifo_out_empty

fifo_in_wr fifo_out_full

fifo_out_rd | spirom.cs
soi_sdo spi_sck
spi_sdi

A A
spi_flash core

Obrazek 6 Modul spi_flash_core v ISE 13.2
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4. Pouzité/Potfebné vybaveni a nastroje

Modul generatoru frekvence byl napsan v programovacim jazyce VHDL ve vyvojovém prostiedi
Xilinx ISE verze 13.2 [3]. Program procesoru PicoBlaze byl napsan v assembleru a k pfekladu byl
pouzit assembler KCPSM3.exe, ktery je soucasti baliCku procesoru PicoBlaze [1]. Testovaci pfiklad
byl vytvofen na vyvojovém kitu Xilinx S3E1600 [2], viz pfilozené CD.

5. Funkéni vzorek HW modulu fadice spi_flash _core pro desku S3E1600

Priklad prace s paméti SPI FLASH prostfednictvim modulu spi_flash_core. Pfiklad umoznuje
pomoci sériové linky RS232C ovéfit zapis, ¢teni a mazani paméti SPI FLASH na desce S3E1600.
Modul uart_core interpretuje pfikazy a data ze sériové linky. Modul uart_core komunikuje s modulem
spi_flash_core. Blokové schéma funkéniho vzorku zachycuje Obr. 7.

uart_core spi_flash_core
(75 MHz) (75 MHz) — ST Micro
> ] > . SPI Serial
—p| PicoBlaze PicoBlaze FLASH
<« 1x BRAM 1x BRAM
RS232C
115200

Xilinx S3E1600

Obrazek 7: Blokové schéma funkéniho vzorku s SPI_FLASH_CORE

Pripojeni desky S3E1600 k PC:

kabel pro sériovy port (pfimy kabel) mezi:

RS232C konektor PC (nebo USB adapter emulujici RS232C )
RS232C konektor J9 (DCE) na desce S3E1600

Nastaveni PC terminalu sériové linky:

-baud rate = 115200

-data bites = 8

-parity = N

-stop bits = 1

-pfipojovat kod odfadkovani za prichazejici fadky - ANO

PFl’kIad reaguje na nasledujici uzivatelské pfikazy zadatelné z PC terminalu po sériové lince:
r' read

w" write
"e" erase flash
"s" erese sector 0 flash (address 000000 - 00FFFF)

llhll help

Pfikaz read ("r"), pfecte libovolny pocet byte od zadané adresy:
- "read address" - po¢atecni adresa Cteni (pfiklad: read adress= 01F000)
- "read size" - pozadovana délka ¢teni (v bytech) od pocate¢ni adresy (pfiklad: read size= 000002)

Pfikaz write ("w"), zapiSe zadanou hodnotu na zadanou adresu

- "write adress - adresa pro zapis (pfiklad: write adress= 01F000)
signa. processing
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- "write byte" - hodnota pro zapis (pfiklad: wite byte = AB)

Pfikaz erase ("e"), vymaze cely obsah paméti

- po zadani pfikazu je o€ekavano potvrzeni "Confirm Erase (Y/n)" - case sensitive!
- po dokonc€eni potvzeno "OK" / Casova naro¢nost nékolik desitek sekund

Prikaz erase ("s"), vymaze sektor paméti (address 000000 - OOFFFF)
- po zadani pfikazu je o€ekavano potvrzeni "Confirm Erase (Y/n)" - case sensitive!
- po dokonc€eni potvzeno "OK" / Casova naroénost nékolik desitek sekund

Poznamka:

Funkce "Lock/Unlock block" neni v této verzi modulu implementovana. Pokud je blok, do kterého

maji byt zapsana data uzamceny, zapis se neprovede.

Konkrétni ukazka vypisu na Terminalu:
>w

write address=010000
write byte=01

OK

>w

write address=010001
write byte=02

OK

>r

read address=010000
read size=000005

OK

01 02 FF FF FF

>e

Confirm Erase (Y/n) Y
Erase in Progress

OK

>r

read address=010000
read size=000005

OK

FF FF FF FF FF

>

Velikost a proudovy odbér implementovaného demonstratoru funkéniho vzorku v ISE 13.2 je pro
desku 3SE1600 a hodiny systému 75 MHz uvedena v tabulce 4.

Tabulka 4 — Priklad ADC_CORE velikost a odbér celého HW

XC3S1600E-4

top_3s1600e

Number of Slices

530

Number of Slice Flip Flop

325

Number of 4 input LUTs

984

Number of BRAMs

2

VCCINT 1,2V (FPGA)

60mA

Odbér na 5,0V zdroiji

510mA
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Vstupy a vystupy demonstratoru funkéniho vzorku spi_flash_core popisuje tabulka 5 pro desku
S3E1600

Tabulka 5 — Vstupy a vystupy demonstratoru funkéniho vzorku spi_flash_core na desce S3E1600

TIMESPEC TS01 = FROM : FFS : TO : FFS : 20 ns;
tOp_3S 1 6008 TIMESPEC TS02 = FROM : RAMS : TO : FFS ; 20 ns;
| 4 h | TIMESPEC TS03 = FROM : FFS ; TO : RAMS : 20 ns;
clk | _ | led hw(7:0) TIMESPEC TS04 = FROM : RAMS : TO : RAMS : 20 ns;

TIMESPEC TS05 = FROM : FFS : TO : PADS : 20 ns;
platformfiash_oe | TIMESPEC TS06 = FROM : PADS : TO : FFS : 20 ns;
TIMESPEC TS07 = FROM : PADS : TO : RAMS : 20 ns;

spi_adc_conv

NET "clk" LOC ="C9"

spi_amp_cs

spi_amp_shdn NET "tx_female" LOC = "M14";
NET "rx_female" LOC = "R7";

spi_dac_clr
NET "spi_sck" LOC = "U16";
| epl dac_cs NET "spi_sdi" LOC = "T4";
r_female | ) NET "spi_sdo" LOC = "N10";
(—spLrom_es NET “spi_rom_cs" LOC ="U3";
spi_sck NET "spi_amp_cs" LOC = "N7";

NET "spi_adc_conv" LOC ="P11";
spi_sdi NET "spi_dac_cs" LOC = "N8",
NET "spi_amp_shdn" LOC ="P7"
strataflash_ce NET "spi_dac_clr" LOC ="P8",

strataflash_ce NET "strataflash_oe" LOC = "C18";
NET "strataflash_ce" LOC = "D16";
NET "strataflash_we" LOC = "D17";

strataflash_we

spi_sdo | | tx_female

h 4 NET "led_hw<0>" LOC = "F12" | IOSTANDARD = LVTTL | SLEW = SLOW | DRIVE = 4;
to |D_3S 1600e NET "led_hw<1>" LOC = "E12" | IOSTANDARD = LVTTL | SLEW = SLOW | DRIVE = 4;
NET "led_hw<2>" LOC = "E11" | IOSTANDARD = LVTTL | SLEW = SLOW | DRIVE = 4;
NET "led_hw<3>" LOC = "F11" | IOSTANDARD = LVTTL | SLEW = SLOW | DRIVE = 4;
NET "led_hw<4>" LOC ="C11" | IOSTANDARD = LVTTL | SLEW = SLOW | DRIVE = 4;
NET "led_hw<5>" LOC = "D11" | IOSTANDARD = LVTTL | SLEW = SLOW | DRIVE = 4;
NET "led_hw<6>" LOC = "E9" | IOSTANDARD = LVTTL | SLEW = SLOW | DRIVE = 4;
NET "led_hw<7>" LOC = "F9" | IOSTANDARD = LVTTL | SLEW = SLOW | DRIVE = 4;

NET "platformflash_oe" LOC ="T3";

Demonstrator funk&niho vzorku spi_flash_core na desce S3E1600 je zobrazen na obr. 8.
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L™ Vippes Maiagt

Obrazek 8: Funkéni vzorek spi_flash_core na desce S3E1600

6. Podékovani

Navrh a realizace tohoto funkéniho vzorku byla podpofena projektem ministerstva Skolstvi a
télovychovy ¢islo 2C06008, http://www.vlam.cz.
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7. SPI_FLASH_CORE demo

S3E1600\
impl\
spi flash core\ Modul pro cteni a programovani ST Micro
spi_flash core.ngc Serial Flash M25P16 na 3s1600e
spi flash uart)\ Modul RS232C terminalu
spi_flash uart.ngc
decm mhz\ Modul generujici hodinovy signéal
dcm mhz.ngc 75 MHz
top 3s1600e\ Projekt pro preklad funkéniho vzorku
e pomoci Xilinx ISE 13.2
top 3s1600e bit\ Konfigurac¢ni data funké&niho vzorku
top 3s1600e mcf\ Konfigurac¢ni data pro platform flash
src\
ucft\ Definice vstupl a vystupua pro 3s1600e
top 3s1600e.uct
vhdl\ Zdrojovy kéd ve VHDL (top level)

top 3s1600e.vhd

8. Licensing and availability (anglicky)

This functional sample is provided in form of netlist compiled by Xilinx ISE 13.2 [3] for the Xilinx
xc3s1600e-4fg320 [2]. If you plan to use this functional sample netlist for education purposes, you
can contact UTIA AV CR, v.v.i. for support. The contact person in UTIA is Jiri Kadlec
kadlec@utia.cas.cz tel. +420 2 6605 2216 fax. +420 2 6605 2511.

If you consider commercial use of this functional sample in form of netlist compiled by Xilinx ISE 13.2
[3] for the Xilinx xc3s1600e-4fg320 FPFA or if you need the source code of this functional sample,
please contact UTIA AV CR v.v.i. Commercial End User License Agreement (Commercial EULA)
between you and UTIA AV CR, v.v.i. needs to be signed. The contact person in UTIA is Jiri Kadlec
kadlec@utia.cas.cz tel. +420 2 6605 2216 fax. +420 2 6605 2511.

9. Disclaimer (anglicky)

This disclaimer is not a license and does not grant any rights to the materials distributed herewith.
Except as otherwise provided in a valid license issued to you by UTIA AV CR v.v.i,, and to the
maximum extent permitted by applicable law:

(1) THIS APPLICATION NOTE AND RELATED MATERIALS LISTED IN THE PACKAGE
CONTENT ARE MADE AVAILABLE “AS IS" AND WITH ALL FAULTS, AND UTIA AV CR V.V.I.
HEREBY DISCLAIMS ALL WARRANTIES AND CONDITIONS, EXPRESS, IMPLIED, OR
STATUTORY, INCLUDING BUT NOT LIMITED TO WARRANTIES OF MERCHANTABILITY,
NON-INFRINGEMENT, OR FITNESS FOR ANY PARTICULAR PURPOSE; and

(2) UTIA AV CR v.v.i. shall not be liable (whether in contract or tort, including negligence,
or under any other theory of liability) for any loss or damage of any kind or nature related to,
arising under or in connection with these materials, including for any direct, or any indirect,
special, incidental, or consequential loss or damage (including loss of data, profits, goodwill, or
any type of loss or damage suffered as a result of any action brought by a third party) even if
such damage or loss was reasonably foreseeable or UTIA AV CR v.v.i. had been advised of the
possibility of the same.

signa. processing

http://sp.utia.cz

UTIA| Akademie ved Ceské republiky : © 2011 UTIAAV CR, v.v.i.
Ustav teorie informace a automatizace AV CR, v.v.i. All disclosure and/or reproduction rights reserved



Critical Applications:

UTIA AV CR v.v.i. products are not designed or intended to be fail-safe, or for use in any
application requiring fail-safe performance, such as life-support or safety devices or systems,
Class lll medical devices, nuclear facilities, applications related to the deployment of airbags,

or any other applications that could lead to death, personal injury, or severe property or
environmental damage (individually and collectively, "Critical Applications"). Customer assumes
the sole risk and liability of any wuse of UTIA AV CR wv.v.i. products in
Critical Applications, subject only to applicable laws and regulations governing limitations on
product liability.

10. Reference

[1] PicoBlaze 8-bit Embedded Processor UG129 June 22, 2011
http://www.xilinx.com/support/documentation/ip_documentation/ug129.pdf

[2] MicroBlaze Development Kit Spartan-3E 1600E Edition User Guide UG257 (v1.1) December 5,
2007 http://www.xilinx.com/support/documentation/boards_and_kits/ug257.pdf

[3] Xilinx ISE 13.2, http://www.xilinx.com/

[4] fadi¢ HD44780 http://www.datasheetarchive.com/HD44780-datasheet.html

[5] STMicroelectronics M25P 16 SPI Serial Flash Data Sheet
http://www.st.com/stonline/books/pdf/docs/10027 .pdf

[6] Xillinx Spartan-3E FPGA Starter Kit Board Design Examples
http://www.xilinx.com/products/boards/s3estarter/reference designs.htm

[6a] Ken Chapman, Initial Design for Spartan-3E Starter Kit (LCD Display Control),

ISE 8.1i, Xilinx Ltd16th, February 2006
http://www.xilinx.com/products/boards/s3estarter/files/s3esk_startup.pdf

[6b] Ken Chapman, Rotary Encoder Interface for Spartan-3E Starter Kit,

ISE 8.1i, Xilinx Ltd, 20th February 2006
http://www.xilinx.com/products/boards/s3estarter/files/s3esk rotary encoder interface.pdf

[6¢c] Ken Chapman, Amplifier and A/D Converter Control for Spartan-3E Starter Kit,

ISE 8.1i, Xilinx Ltd, 23rd February 2006

www.xilinx.com/products/boards/s3estarter/files/s3esk picoblaze amplifier and adc_control.pdf
[6d] Ken Chapman, D/A Converter Control for Spartan-3E Starter Kit,

ISE 8.1i, Xilinx Ltd, 21st February 2006
http://www.xilinx.com/products/boards/s3estarter/files/s3esk_picoblaze dac control.pdf

[6e] Ken Chapman, SPI FLASH Programmer for Spartan-3E Starter Kit,

ISE 8.1i, Xilinx Ltd, March 2006

http://www.xilinx.com/products/boards/s3estarter/files/s3esk picoblaze spi flash programmer.pdf
[6f] Ken Chapman, SPI FLASH Programmer for Spartan-3E Starter Kit

ISE 7.1i, Xilinx Ltd, November 2004
http://www.xilinx.com/products/boards/s3estarter/files/s3esk picoblaze spi flash programmer.pdf
[6g] Ken Chapman, Frequency Generator for Spartan-3E Starter Kit,

ISE 8.2i, Xilinx Ltd, 18th July 2006

http://www.xilinx.com/products/boards/s3estarter/files/s3esk frequency generator.pdf

[6h] Ken Chapman, Frequency Counter for Spartan-3E Starter Kit (with test oscillators),

ISE 8.1i, Xilinx Ltd, 7th March 2006

http://www.xilinx.com/products/boards/s3estarter/files/s3esk frequency counter.pdf

[6i] Ken Chapman, Software Implementation of Pulse Width Modulation (PWM).

A reference design using the Spartan-3E Starter Kit,

ISE 8.1i, Xilinx Ltd, 24th May 2006

http://www.xilinx.com/products/boards/s3estarter/files/s3esk picoblaze pwm_control.pdf

signa. processing

http://sp.utia.cz

UTIA Akademie véd Ceské republiky . © 2011 UTIAAV CR, v.v.i.
Ustav teorie informace a automatizace AV CR, v.v.i. All disclosure and/or reproduction rights reserved



