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void main (void)

{
/* Infinite loop */

S B P ERET P LA 8 BT Efr/
CLK_HSIPrescalerCOnfig(CLK_PRESCALER_HSIDIVl);
/*1l<set High speed internal clock */
SPI_FLASH Init();

Uart Init ():

FLASH ID = SPI_FLASH ReadID();:

/* Perform a write in the Flash followed by a read of the written data */
/#* Erase BPI FLAEH Bector to write on */
SPI_FLASH SectorErase (FLASH SectorToErase);

/* Write Tx_Buffer data to SPI FLASH memory */
SPI_FLASH BufferWrite (Tx_Buffer, FLASH WriteAddress, Buffersfize);

/* Read data from SPI FLASH memory */
SPI_FLASH BufferRead (Rx Buffer, FLASH ReadAddress, Bufferfize);

__enable interrupt();
UART]1 sendsStringi(Rx Buffer, Buffersize):
Delay (Oxffff);

while (1)
i

SPI_FLASH_Init() SPI [KJ41 451k
FBE REUR

void SPI_FLASH Init (void)
{

SPT_Init (SPI_FIRSTEIT MSB, SPI_EAUDRATEPRESCALER 2, SPI_MODE MASTER,\
8§PT_CLOCKPOLARITY HIGH, SPI_CLOCKPHASE 2EDGE,

SPI DATADIRECTION ZLINES FULLDUPLEX, SPI _NSS SOFT, 0=07);
8PI_Cmd (ENABLE) ;

GPIO Init (SPI_CS , SPI_Pin CS, GPIO MODE OUT PP HIGH FAST);
SPT_FLASH CS HIGH() ;

}

SPI_Init()lid & T BT s se KL, SPI AL IR 0 RGHRIT 2 7040,
SPI O TAEAE I, Y SPI AL TS RPIRAS I I AP & Ab T i, Bl ss — A
I e o I B, BRdn e g AU, A A7 A NSS I, A
CRC %56 o

SPI_Cmd()H € SPI

WERIEFSE, LEEs.

VIR T, THRER BFAENRS RS, HEREEE N FE.
BAFF AR B4 W25X16 1), BrLAFRATTEAR i W25X16 [ Datasheet >k
BLE — F 240
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/*******************************************************************************

* Function Name : SPI_FLASH_SendByte

* Description : Sends a byte through the SPI interface and return the byte
i received from the SPI bus.

* Input : byte : byte to send.

Dkt : None

* Return : The walue of the received byte.

*******************************************************************************/

uf SPI_FLARH_ SendByte (ub byte)
{
/* Loop while DR register in not emplty */
while (SPI_GetFlagitatus( SPI_FLAG TXE) == RESET);

/#* 8end byte through the SPI1 peripheral */
8PI_SendData (byte)

/* Wait te receive a byte */
while (SPI_GetFlagStatus (SPI_FLAG RXMNE) == RESET);

/* Return the byte read from the SPI bus */
return SPI_ReceiveData();
}

XA BB AE SPLRE BTSN IOERAE, SRR SPI SR I ok 5E ik
(K1 W] RAZ 25 Bl e I RE AR HLIK DR

/*******************************************************************************

* Function Name : SPI_FLASH WriteEnable

* Description : Enabkles the write access to the FLASH.
* Input : None

* Output : None

* Return i MNone

*******************************************************************************/
void ZPI_FLASH WriteEnable (void)
{

/* Select the FLASH: Chip Select low */

SPI_FLASH C8_LOW () ;

/* Send "Write Enable" instruction */
SPI_FLASH_SendByte(WREN):

/* Deselect the FLASH: Chip Select high */
SPI_FLASH C5 HIGH();

A R RO E W25X16 IS MBI S g, 5% — TN
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11.2.3 Write Enable (06h)

The Write Enable instruction (Figure 4) sets the Write Enable Latch (WEL) bit in the Status Register to
a 1. The WEL bit must be set prior to every Page Program, Sector Erase, Block Erase, Chip Erase
and Write Status Register instruction. The Write Enable instruction is entered by driving /CS low,
shifting the instruction code “06h” into the Data Input (DI) pin on the rising edge of CLK, and then

driving /CS high.

/CS \, /

Mode 3 0 1 2 3 4 5 6 7 Mode3
CLK

|<— Instruction (06h) —-—|
DIO X X X X\ Fi N XXX XXX
High Impedance

DO

Figure 4. Write Enable Instruction Sequence Diagram

/*******************************************************************************

* Function Name : SPI_FLASH WaitForWriteEnd

* Description : Polls the status of the Write In Progress (WIP) flag in the

* FLASH'=s =tatus regiszter and loop until write opertaion
les has completed.

* Input : None

* output : None

* Return i None
*******************************************************************************/

void 83PI_FLASH WaitForWriteEnd (veodid)

{
uf FLASH 8tatus = 0;

/* Belect the FLASH: Chip Select low */
SPI_FLASH CS5_LOW();

/* Bend "Read Status Regilster™ instruction */
SPI_FLASH_SendByte(RDSR);

/* Loop as long as the memory iz busy with a write cycle */
do

{
/% Bend a dummy byte to generate the clock nesded by the FLASH
and put the walue of the status register in FLASH Status variable */
FLASH Status = BPI_FLASH SendByte (Dummy Byte);

'
while ((FLASH Status & WIFP_Flag) == SET); /* Write in progress */

/* Degselect the FLASH: Chip Select high =/

SPI_FLASH CS HIGH();
'

RS, SN
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11.2.5 Read Status Register (05h)

The Read Status Register instruction allows the 8-bit Status Register to be read. The instruction is
entered by driving /CS low and shifting the instruction code “05h” into the DIO pin on the rising edge of
CLK. The status register bits are then shifted out on the DO pin at the falling edge of CLK with most
significant bit (MSB) first as shown in figure 6. The Status Register bits are shown in figure 3 and
include the BUSY, WEL, BP2-BP0, TB and SRP bits (see description of the Status Register earlier in
this datasheet).

The Status Register instruction may be used at any time, even while a Program, Erase or Write Status
Register cycle is in progress. This allows the BUSY status bit to be checked to determine when the
cycle is complete and if the device can accept another instruction. The Status Register can be read
continuously, as shown in Figure 6. The instruction is completed by driving /CS high.

Mode 3 01 2 8 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

CLK Mode0 i

f-— Instruction (05h) ——|
Do “XXO\ I XS XXX ERXKEX XXX XXX RRIK (X

“4— Status Register Out ——=-#—— Status Register Out ——=f

High Impedance —
DO D000 00H000606000 7
* o

* = MSB

/*******************************************************************************

* Function Nams : SPI_FLASH PageWrite

* Description : Writes more than one byte to the FLASH with a single WRITE
5. cycle (Page WRITE sequence). The number of byte can't exceed
* the FLASH page size.

* Input : - pBuffer : pointer to the buffer wcontaining the data te ke
= written to the FLASH.

= - WriteAddr : FLASH's internal address to write to.

* - NumByteToWrite : number of bytes to write to the FLASH,

i must be equal or less than "SPI_FLASH Pagefize" wvalue.

= CUEELE : Mone

* Return : None

*******************************************************************************/
void SPI_FLASH PageWrite (uf* pBuffer, u32 WriteAddr, ulé NumBvteToWrite)

{
/* Enable the write access to the FLASH */
SPI_FLASH WriteEnable ();

/* Select the FLASH: Chip Select low */
SPT_FLASH CS_LOW();

/* Bend "Write to Memory " instruction */
SPI_FLASH SendByte (WRITE) ;
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/'k'k*'k*'k*'k*'k*'k*'k'k*'k*'k*'k*'k*'k*'k'k*'k*'k*'k*'k*'k*'k'k***********************;

/* Send WriteAddr high nibkle address byte to write to */
SPI_FLASH SendByte ( (WriteAddr & O0xFFO000) >> 18);

/* Hend WriteAddr medium nibbkle addressz byte to write to */
SPI_FLASH_SendByte ( (WriteAddr & OxFFO0) >> 8):

/* Bend Writehddr low nibble address byte to write to */

SPI_FLASH SendByte (WriteAddr & O=xFF):
‘f*****************************************************************/

/* while there 1= data to be written on the FLAZSH */
while (NumByteToWrite--)
{
/* Bend the current byte */
SPI_FLASH SendByte (*pBuffer);
/* Point on the next byte to be written */
pBuffer++:;

/* Deselect the FLASH: Chip Select high */
SPI_FLASH CS HIGH()

/* Wait the end of Flash writing */
8PI FLASH WaitForWriteEnd():
i

11 W25X16 [— U E s, i8S 4102Byte.

/*******************************************************************************

* Function Name : SPI_FLASH BufferWrite

* Description : Write=s block of data to the FLASH. In this function, the

al nunber of WRITE cycles are reduced, using Page WRITE sequence.
* Input : - pBuffer : pointer to the buffer containing the data to be
* written to the FLASH.

i - WriteAddr : FLASH's internal address to write to.

&2 - NumByteToWrite : number of bytes to write to the FLASH.

* Output : None

* Return : None

*******************************************************************************/
void SPTI_FLASH BufferWrite (uB* pBuffer, ul2 WriteAddr, ulé NumByteToWrite)

{
u8 NumOfPage = 0, NumOfSingle = 0, Addr = 0, count = 0, temp = 0;

Addr = WriteAddr % 3PI_FLASH PageSize;

count = SPI_FLASH Pagefize - Addr;

NumOfPage = HNumByteTolWrite / SPI_FLASH PageSize;
NumOf8ingle = NumByteTeWrite % SPI_FLASH PageSize;

if (addr == 0) /* WriteAddr is 3PI_FLASH Pagefize aligned */
{
if (NumOfPage == 0) /* NumByteToWrite < SPI_ FLASH Pagefize */
{
SPI_FLASH PageWrite (pBuffer, WriteAddr, NumByteToWrite):

t
else /* NumByteToWrite > SPI_FLASH Pagefize */

9/15




PRI HEL T STM8 T & Al 2011

while (NumOfPage—-)
{

SPI_FLASH PageWrite (pBuffer, WriteAddr, SPI_FLASH Pagelize);
WriteAddr += &PI_FLASH Pagefize:;
pBuffer += SPI_FLASH Pagefize;

8PI_FLASH PageWrite (pBuffer, WriteAddr, NumOfsingle);

}

else /* WritelAddr is not B8PI_FLASH Pagedize aligned */
i

if (NumOfPage == 0) /* NumByteToWrite < SPI_FLASH Pagelfize */
{
if (NumOfSingle > count)

ﬂ { /% (NumByteToWrite + WriteAddr) > SPI_FLASH Pagefize */
temp = NumOfSingle - count;

SPI_FLASH PageWrite (pBuffer, WriteAddr, count):
WriteAddr += count;

pBuffer += count;
SPI_FLASH PageWrite (pBuffer, WriteAddr, temp):

else
{
SPI_FLASH PageWrite (pBuffer, WritsAddr, NumByteToWrite):

}

else /* NumByteTcWrite » SPI_FLASH Pagefize */

{
NumByteToWrite —= count;
NumOfPage = MNumByteToWrite / SPI_FLASH Pagelize;
NumOfsingle = NumByteToWrite % SPI_FLASH Pagefize:

8PI_FLASH PageWrite (pBuffer, Writelddr, count):
WriteAddr += count;

pBuffer += count;

while (NumOfPage--)
{

SPI_FLASH PageWrite (pBuffer, WriteAddr, SPI_FLASH_ PageSize):
WriteAddr += SPI_FLASH_Pagefize;
pBuffer += 3PI_FLASH PagefSize;

if (NumOfsSingle 1= 0}
{

SPI_FLASH PageWrite (pBuffer, WriteAddr, NumOfSingle):
}

K
XA R HOEAEATAT I SAE ) 24 Byte B8, ERSW N 1E, &K 2Mbyte.
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/*******************************************************************************

* Functicon MName : SPI_FLASH BufferRead

* Description : Reads a block of data from the FLASH.

* Input : - pBuffer : pointer to the buffer that receives the data read
” from the FLASH.

ke - ReadAddr : FLASH's internal address to read from.

# - NumByteToRead : number of bytes to read from the FLASH.

* Qutput : None

* Return : None

********k*************k*************k*************k*************k*************k/
void SPI_FLASH BufferRead (u8* pBuffer, u3Z Readiddr, ulé NumByteToRead)

{
/* Belect the FLASH: Chip Select low */

SPI_FLASH CF LOW();

/* Send "Read from Memory " instruction */
SPI_FLASH RSendByte (READ) ;

/* 8Send ReadAddr high nibble address byte to read from */
SPI_FLASH SendByte ( (ReadAddr & 0xFFO000) >> 1a);

/* gend Readaddr medium nibble address byte to read from */
SPI_FLASH_ SendByte ((Readiddre 0xFFO0) >> 8);

/* Send ReadAddr low nibble address byte to read from */
SPI_FLASH SendByte (ReadAddr & 0xFF);

while (NumByvteToRead--) /% while there iz data to be read */
{
/* Read a byte from the FLASH */
*pBuffer = SPI_FLAZH ZendByte (Dummy Byte);
/* Point to the next location where the byte read will be saved */
pBuffer++;

/* Deselect the FLASH: Chip Select high */
SPI_FLASH CS_HIGH();

XA PR EGEAE A AT BE AT A 7= 4T R 23 G2 A7 AE pBuffer

/*******************************************************************************

* Function Name : SPI_FLASH ReadID

* Description : Eeads FLAZH identification.

* Input : None

*  Dwtpiat : None

* Return : FLASH identification
*******************************************************************************/
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u3Z2 SPI_FLASH ReadID ([void)

{
ul3z Temp = 0, Templ = 0, Templ = 0, TempZ = 0;

/* Belect the FLASH: Chip Select low */
SPI_FLASH C8 LOW();

/* Bend "EDID " instruction */
SPI_FLABH SendByte (0:=5F);:

/* Read a byte from the FLASH */
Templ = SPI_FLASH fendByte (Dummy Byvte);

/* Read a byte from the FLASH */
Templ = 2PI FLASH SendByte (Dummy Byte);

/* Read a byte from the FLASH */
TempZ = 2PI FLASH SendByte (Dummy Byte);

/* Deselect the FLASH: Chip Select high */
SPI_FLASH CS HIGH() ;

Temp = (Templ << 168) | (Templ << 8) | TempZ;

return Tewnp;

h

2 W25X16 [1] ID 5, ZHEI 7

11.2.17 JEDEC ID (9Fh)

For compatibility reasons, the W25X16/32/64 provides several instructions to electronically determine
the identity of the device. The Read JEDEC ID instruction is compatible with the JEDEC standard for
SPI compatible serial memories that was adopted in 2003.

The instruction is initiated by driving the /CS pin low and shifting the instruction code “9Fh”. The
JEDEC assigned Manufacturer ID byte for Winbond (EFh) and two Device ID bytes, Memory Type
(ID15-1D8) and Capacity (ID7-1D0) are then shifted out on the falling edge of CLK with most significant
bit (MSB) first as shown in figure 19. For memory type and capacity values refer to Manufacturer and
Device Identification table.

/cS \ .
Mode 3 o 1 2 3 4 5 6 7 8 9% W0 M 12 13 14 15
et
lﬂ—lnstruction (9Fh) —Dj
o XXX —\__/ 1 6:0:0:0:0:0:0:0:0.0:60 GEN
~—— Manufacturer ID (EFh) —»
High Impedance )r \
Do L T j
s _ /
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/********k*******k*******k******************************************************

* Function Name @ 2PI_FLASH SectorErase

* Description : Erases the specified FLASH sector.

% Tnput i BectorAddr: address of the sector to erase.
* output : MNone

* Return : MNone

'k'k‘k'k‘k*'k‘k'k'k‘k'k‘k*'k‘k'k'k‘k'k‘k*'k‘k'k'k‘k'k‘k*'k‘k'k'k‘k'k‘k*'k‘k'k'k‘k'k‘k*'k‘k'k'k‘k'k‘k*'k‘k'k***‘k**‘k****‘k**‘k****‘k**/

voild SPI_FLASH SectorErase (U322 fectoraddr)
i
/* 8Bend write enable instruction */
SPI_FLASH WriteEnable () ;

/* Bector Erase */

/* Belect the FLASH: Chip Select low */

SPI FLASH C8 LOW() ;|

/* ZBend Sector Erase instruction */

SPI_FLASH SendByte (SE);

£* Send SectorAddr high nibble address byte */
SPI FLAZH SendByte((Sectorhiddr & OxzFFOO0OO0O0) > 1a6);
/* Send SectorAddr medium nibble address byte */
SPI _FLARH SendByte((Sectorhiddr & O=zFFO0) »» 8);
£* Send SectorAddr low nikkle address byte */
SPI FLASH SendByte (BectoriAddr & 0OxFF);

/* Deselect the FLASH: Chip Select high */
SPT_FLASH CS HIGH();

/* Wait the end of Flash writing */
=] E‘I_FLASH_WaitFO rriteEnd () ;

P — Block [ Els, S K-

11.2.12 Block Erase (D8h)

The Block Erase instruction sets all memory within a specified block (64K-bytes) to the erased state of
all 1s (FFh). A Write Enable instruction must be executed before the device will accept the Block
Erase Instruction (Status Register bit WEL must equal 1). The instruction is initiated by driving the /CS
pin low and shifting the instruction code “D8h” followed a 24-bit block address (A23-A0) (see Figure
2). The Block Erase instruction sequence is shown in figure 13.

The /CS pin must be driven high after the eighth bit of the last byte has been latched. If this is not
done the Block Erase instruction will not be executed. After /CS is driven high, the self-timed Block
Erase instruction will commence for a time duration of tBe (See AC Characteristics). While the Block
Erase cycle is in progress, the Read Status Register instruction may still be accessed for checking the
status of the BUSY bit. The BUSY bit is a 1 during the Block Erase cycle and becomes a 0 when the
cycle is finished and the device is ready to accept other instructions again. After the Block Erase cycle
has finished the Write Enable Latch (WEL) bit in the Status Register is cleared to 0. The Block Erase
instruction will not be executed if the addressed page is protected by the Block Protect (TB, BP2, BP1,
and BPO0) bits (see Status Register Memory Protection table).
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s - X " /

Made 3 0 1 2 3 4 5 6 7 8 ¢ 28 30 31 Mode 3

CLK Mode0 & I I | | | IModeO

|<— Instruction (D8h) —b—}d— 24-Bit Address —>{
pio X3 L% XXX XXX
*

High Impedance

DO

* = MSB

Figure 13. Block Erase Instruction Sequence Diagram

/*******************************************************************************

* Function MName : SPI_FLASH BulkErase

* Description : Erases the entire FLASH.
* Input : None

* Qutput : None

* Return : MNone

*******************************************************************************/
void SPI_FLASH_BulkErase (void)
{

/* Send write enable instruction */
SPI_FLASH WriteEnable () :

/* Bulk Erase */

/* Belect the FLASH: chip Select low */
SPT_FLASH CS LOW() ;

/* Send Bulk Erase ilnstruction */
SPT_FLASH SendByte (BE)

/* Deselect the FLASH: Chip Select high */
SPT_FLASH CS HIGH();

/% Wait the end of Flash writing */
SPI_FLASH WaltForWriteEnd();
}

FEIRHEA Flash, B

11.2.13 Chip Erase (C7h)

The Chip Erase instruction sets all memory within the device to the erased state of all 1s (FFh). A
Write Enable instruction must be executed before the device will accept the Chip Erase Instruction
(Status Register bit WEL must equal 1). The instruction is initiated by driving the /CS pin low and
shifting the instruction code “C7h". The Chip Erase instruction sequence is shown in figure 14.

The /CS pin must be driven high after the eighth bit has been latched. If this is not done the Chip
Erase instruction will not be executed. After /CS is driven high, the self-timed Chip Erase instruction
will commence for a time duration of tcE (See AC Characteristics). While the Chip Erase cycle is in
progress, the Read Status Register instruction may still be accessed to check the status of the BUSY
bit. The BUSY bit is a 1 during the Chip Erase cycle and becomes a 0 when finished and the device is
ready to accept other instructions again. After the Chip Erase cycle has finished the Write Enable
Latch (WEL) bit in the Status Register is cleared to 0. The Chip Erase instruction will not be executed
if any page is protected by the Block Protect (BP2, BP1, and BPQ) bits (see Status Register Memory
Protection table).
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Figure 14. Chip Erase Instruction Sequence Diagram
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