Sample Driver 5

I ntroduction

This chapter contains a sample TargetFFS-NAND driver for an 8MB device with an 8-bit inter-
face. This driver can be used with most NAND devices simply by modifying the BLOCK_SIZE
and NUM_BLOCKS definitions and by supplying equivalent code to read the RDY input and
control the ALE, CE, CLE, and WP outputs. ECC encoding and decoding is done by calling the
TargetFFS-NAND EncodeEcc() and DecodeEcc() routines, but these calls could be substituted
with accesses to special registers if hardware ECC support is provided.

8M B Volumewith 8-bit Interface

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

/* */
/* Modul e: nanddrvr.c */
/* Ver si on: 2005.0 */
/* Purpose: NAND Fl ash File System Driver */
/* */
/***********************************************************************/
#i ncl ude "../posix. h"

#i f | NC_NAND_FS
#include "../include/libc/string.h"

#i nclude "../include/targetos.h"
#i nclude "../include/sys.h"
#include "../include/fsprivate.h"

#i ncl ude "xp860t. h"
#i ncl ude "npc860. h"

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

/* Synmbol Definitions */
/*~k~k~k**********~k~k~k**********~k~k**********~k~k~k*****************************/
#defi ne BLOCK SI ZE (8 * 1024)

#defi ne NUM BLOCKS 1024

#def i ne PAGE_SI ZE 512

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

/* d obal Variable Definitions * [

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

static int ExtraBytes; /* TRUE iff chip is set to access extra bytes */

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

/* Function Prototypes */

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

voi d perror(const char *s);
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5 Sample Driver

voi d SysWait50ns(void);

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

/*

L

ocal Function Definitions

*/

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

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

/* page_erased: Check if page's data bytes and extra bytes are erased

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

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

I nputs: addr = the page address
vol = driver's volume pointer

Returns: TRUE if erased, FALSE if any bit is not 1

static int page_erased(ui 32 addr, void *vol)

{

int n = PACGE_SI ZE + 16;

MPC860_SI PEND = | RQ@3;
| ower CE() ;

/*

ra
Na

Send conmand to start reading at first half of NAND data page.

i seCLE();
ndPort = 0x00; /* read command */

ExtraBytes = FALSE
| ower CLE() ;

/*
/*
ra
Na
Na
Na
lo

wh

/*
/*
/*
do

wh

Send address as three separate bytes.

i seALE();
ndPor t
ndPor t
ndPor t

:O;
= (
wer ALE() ;

ui 8) (addr >> 9);
(ui 8) (addr >> 17);

ile ((MPC860_SI PEND & | RQ@) == FALSE) ;

i f (NandPort != OxFF)

{
rai seCe();

return FALSE;

ile (--n);
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/* ___________________________________________________________________ */

/* End device access and return success. */

/* ___________________________________________________________________ */

rai seCe();

return TRUE;
}
/***********************************************************************/
/* wite_page: ECC encode and wite one NAND fl ash page */
/* */
/* I nputs: buffer = pointer to buffer containing data to wite */
/* type = page type flag */
/* addr = the page address */
/* wear = wear count of this page's block */
/* vol = driver's vol ume pointer */
/* */
/* Returns: 0 for success, -1 for chip error, 1 for verify error */
/* */

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

static int wite_page(void *buffer, ui32 addr, ui32 type, ui32 wear,
void *vol)
{

int n;
ui 8 *dst, ecc[10], status;

Pf Assert (page_erased(addr, vol));

/* ___________________________________________________________________ */
/* Ensure the NAND address pointer is back to the data page. */
| * o e e o o o e i e e o e e e e e o e e e e e e e e e e e e e e e e e e e e e e e e emee e — s * [
i f (ExtraBytes)
{
o * [
/* Clear any pre-existing interrupt and begi n access. */
/* _________________________________________________________________ */
MPC860_SI PEND = | RQB;
| ower CE() ;
| ® o e e o o e e o o e e e e o e e e e e e e e e e e e e e e e e e e e e mmee e * [
/* Send conmand to start reading at first half of NAND data page. */
U * [
rai seCLE();
NandPort = 0x00; /* read conmand */
| ower CLE() ;
/* _________________________________________________________________ */
/* Send address O as three separate bytes. */
| ® o e e o o e e e o o e e e e e o e e e e e e e e e e e e e e e e e e e e e e mmee e e * [
rai seALE();
NandPort = 0;
NandPort = 0;
NandPort = 0;
| ower ALE() ;
/* _________________________________________________________________ */
/* Wait until device is ready. */
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/* _________________________________________________________________ */
while ((MPC860_SIPEND & | R@3) == FALSE)
| ® o e e e o o e e o o e e e e e o e e e e e e e e e e e e e e e e e e e e e mmee e e * [
/* Read one byte and then end the device access. */
| ® o o o e e e e e e e e e e e e e eeee e o - */
NandPort ;
rai seCE();
/* _________________________________________________________________ */
/* Clear flag since NAND pointer is reset to start of data page. */
/* _________________________________________________________________ */
ExtraBytes = FALSE
}
o */
/* Conmpute page's ECC encodi ng. */
/* ___________________________________________________________________ */
EncodeEcc(buffer, ecc);
/* ___________________________________________________________________ */
/* Clear any pre-existing interrupt and begin wite access. */
O */
MPC860_SI PEND = | R(QB;
| ower CE() ;
/* ___________________________________________________________________ */
/* Send Serial Data |Input command. */
/* ___________________________________________________________________ */
rai seCLE();
NandPort = 0x80; /* serial data input command */
| ower CLE();
o * [
/* Send address as three separate bytes. */
/* ___________________________________________________________________ */
rai seALE();
NandPort = O;
NandPort = (ui8)(addr >> 9);
NandPort = (ui8)(addr >> 17);
| ower ALE() ;
/* ___________________________________________________________________ */
/* Wite the data portion. */
/* ___________________________________________________________________ */

for (dst = buffer, n = 0; n < PAGE_SI ZE; ++n)
NandPort = *dst ++;

| F o e e o o o e i e e o o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e emee e e * [
/[* Wite the 10-byte ECC portion. */
| * o e o o e e e e e e e e e e e e e e e e e e e e e e e e e e e e mee e * [

for (n =0; n < 10; ++n)
NandPort = ecc[n];

/* ___________________________________________________________________ */
/* Wite the four type bytes. */
/* ___________________________________________________________________ */
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NandPort = (ui8)(type >> 24);
NandPort = (ui8)(type >> 16);
NandPort = (ui8)(type >> 8);
NandPort = (ui 8)type;
| * o o o o o e e e e e e e e e e e e eeeee o - */
/* Send Auto Program conmand. */
/* ___________________________________________________________________ */
rai seCLE();
NandPort = 0x10; /* auto program comrand */
| ower CLE() ;
| * o e e o o o e i e e o e e e e e o e e e e e e e e e e e e e e e e e e e e e e e e emee e — s * [
/[* Wait until device is ready. */
o */
while ((MPC860_SIPEND & | RQ3) == FALSE) ;
/* ___________________________________________________________________ */
/* Send Status Read conmmand. */
/* ___________________________________________________________________ */
rai seCLE();
NandPort = 0x70; /* status read command */
| ower CLE() ;
o */
/* Read device status and end wite access. */
/* ___________________________________________________________________ */
status = NandPort;
rai seCE();
| * o e e o o o e i e e o e e e e e o e e e e e e e e e e e e e e e e e e e e e e e e emee e — s * [
/* Return -1 if chip reports programerror. */
o * [
if (status != 0xC0)

return -1,
/* ___________________________________________________________________ */
/* Clear any previous interrupt and begin read-verify access. */
/* ___________________________________________________________________ */
MPC860_SI PEND = | RQB;
| ower CE() ;
/* ___________________________________________________________________ */
/* Send conmand to start reading at first half of NAND data page. */
/* ___________________________________________________________________ */
rai seCLE();
NandPort = 0x00; /* read commmuand */
| ower CLE() ;
| * o o o o o e e e e e e e e e e e e eeeee o - */
/* Send address as three separate bytes. */
/* ___________________________________________________________________ */
rai seALE();
NandPort = O;
NandPort = (ui8) (addr >> 9);
NandPort = (ui8)(addr >> 17);
| ower ALE() ;
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/* ___________________________________________________________________ */
/* Wait until device is ready. */
| * o e e o o o e i e e o e e e e e o e e e e e e e e e e e e e e e e e e e e e e e e emee e — s * [
while ((MPC860_SIPEND & | R@B) == FALSE)

o */
/* Read-verify the data portion. */
/* ___________________________________________________________________ */

for (dst = buffer, n = 0; n < PAGE_SIZE; ++n)
if (*dst++ = NandPort)

rai seCE();
return 1,
}
/* ___________________________________________________________________ */
/* Read-verify the 10-byte ECC portion. */
/* ___________________________________________________________________ */

for (n =0; n < 10; ++n)
if (NandPort != ecc[n])

{
rai seCe();
return 1,
}
/* ___________________________________________________________________ */
/* End device access and return success. */
/* ___________________________________________________________________ */
rai seCE();
return O,
}
/***********************************************************************/
/* wite_ type: Wite page's type val ue */
/* */
/* I nputs: addr = the page address */
/* type = page type (OxFFFF0000) */
/* vol = driver's volune pointer */
/* */
/* Not e: Updates four-byte type flag witten by w _page() */
/* */

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

static int wite_type(ui 32 addr, ui 32 type, void *vol)
{

ui 8 st at us;

/* ___________________________________________________________________ */
/* Ensure the NAND address pointer is set to the extra bytes. */
O */
if (ExtraBytes == FALSE)
{
/* _________________________________________________________________ */
/* Clear any pre-existing interrupt and begi n access. */
/* _________________________________________________________________ */
MPC860_SI PEND = | RQB;
| ower CE() ;
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rai seCLE();
NandPort = 0x50; /* read conmand */
| ower CLE();

/* Send address 0 as three separate bytes.

% e

rai seALE();
NandPort =
NandPort =
NandPort =
| ower ALE() ;

NandPort ;
rai seCe();

/* Set flag since NAND pointer is set to the extra bytes.

MPC860_SI PEND = | RQB;
| ower CE() ;

/* Send Serial Data |nput conmand.

rai seCLE();
NandPort = 0x80; /* serial data input comand */
| ower CLE() ;

rai seALE();
NandPor t
NandPor t
NandPor t

= 10; /* start just past ECC bytes */
| ower ALE() ;

(ui 8) (addr >> 9);
(ui 8) (addr >> 17);
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/* Wite the four type bytes. */

/* ___________________________________________________________________ */

NandPort = (ui8)(type >> 24);

NandPort = (ui8)(type >> 16);

NandPort = (ui8)(type >> 8);

NandPort = (ui 8)type;

/* ___________________________________________________________________ */

/* Send Auto Program conmand. */

/* ___________________________________________________________________ */

rai seCLE();

NandPort = 0x10; /* auto program comrand */

| ower CLE() ;

o */

[* Wait until device is ready. */

/* ___________________________________________________________________ */

while ((MPC860_SI PEND & | RQ3) == FALSE)

/* ___________________________________________________________________ */

/* Send Status Read conmmand. */

| * o e e o o o e i e e o e e e e e o e e e e e e e e e e e e e e e e e e e e e e e e emee e — s * [

rai seCLE();

NandPort = 0x70; /* status read command */

| ower CLE();

/* ___________________________________________________________________ */

/* Read device status and end wite access. */

/* ___________________________________________________________________ */

status = NandPort;

rai seCE();

o * [

/* Return -1 if chip reports programerror. Else return success. */

/* ___________________________________________________________________ */

if (status != 0xC0)

return -1;
el se
return O;

}
/***********************************************************************/
/* read_type: Read page's wite_page() type val ue */
/* */
/* I nputs: addr = the page address */
/* vol = driver's volune pointer */
/* */
/* Returns: The four byte type value witten during wite_page() */
/* and possibly updated by wite_type(). */
/* */

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

static ui 32 read_type(ui 32 addr, void *vol)

{
ui 32 type;
/* ___________________________________________________________________ */
/* Clear any pre-existing interrupt and begi n access. */
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}

| o o e e e e e e e e e e eeieeaaao -
MPC860_SI PEND = | RQB;

| ower CE() ;

% o e e e e e e e e e e e e e e
/* Send read extra bytes command and set flag.

% o e e e e e e e e e e e e e
rai seCLE();

NandPort = 0x50; /* read extra bytes command */
ExtraBytes = TRUE;

| ower CLE() ;

| * e o o e e e e e e e e e e e e e e e e e e e e e eeea -
/* Send address as three separate bytes.

| F o e e e e e e e e e e e e e eeeeeoo-
rai seALE();

NandPort = 10; /* start just past ECC bytes */
NandPort = (ui8) (addr >> 9);

NandPort = (ui8)(addr >> 17);

| ower ALE() ;

| * e o o e e e e e e e e e e e e e e e e e e e e e eeea -
[* Wait until device is ready.

| F o e e e e e e e e e e e e e eeeeeoo-
while ((MPC860_SI PEND & | RQ3) == FALSE)
O
/* Read the four type bytes.
S
type = NandPort;

type = (type << 8) | NandPort;

type = (type << 8) | NandPort;

type = (type << 8) | NandPort;
L
/* End the device access and return the coded type val ue.
S
rai seCe();

return type

_____________ *

............. */

*/

............. */

_____________ * |

*/

............. */

_____________ * |

*/

............. */

_____________ *

*/

_____________ *

_____________ *

*/

_____________ *

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

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

read_page: Read and ECC correct one NAND fl ash page

I nputs: buffer = pointer to buffer to copy data to

addr = the page address

wear = wear count of this page's block

vol = driver's volunme pointer

Returns: O for success, -1 for uncorrectable error

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

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

st

{

atic int read_page(void *buffer, ui32 addr, ui32 wear,

int n;
ui 8 *dst = buffer;
ui 8 ecc[ 10];

59
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/* ___________________________________________________________________ */
/* Clear any pre-existing interrupt and begi n access. */
| * o e e o o o e i e e o e e e e e o e e e e e e e e e e e e e e e e e e e e e e e e emee e — s * [
MPC860_SI PEND = | RQ@3;

| ower CE() ;

/* ___________________________________________________________________ */
/* Send conmand to start reading at first half of NAND data page. */
/* ___________________________________________________________________ */
rai seCLE();

NandPort = 0x00; /* read conmand */
ExtraBytes = FALSE

| ower CLE() ;
o */
/* Send address as three separate bytes. */
/* ___________________________________________________________________ */
rai seALE();

NandPort = O;

NandPort = (ui8)(addr >> 9);

NandPort = (ui8)(addr >> 17);

| ower ALE() ;
o */
[* Wait until device is ready. */
/* ___________________________________________________________________ */
while ((MPC860_SIPEND & | R@B3) == FALSE)

/* ___________________________________________________________________ */
/* Read the data portion. */
| ® o o o o o o e e e e e e e e e e e e e eee o - */

for (n = 0; n < PAGE_SI ZE; ++n)
*dst ++ = NandPort;

/* ___________________________________________________________________ */
/* Read the 10-byte ECC porti on. */
/* ___________________________________________________________________ */
for (n = 0; n < 10; ++n)
ecc[n] = NandPort;
o * [
/* End the device access. */
/* ___________________________________________________________________ */
rai seCe();
/* ___________________________________________________________________ */
/* Perform ECC decoding, return error if uncorrectable error. */
| F o e e o o o e i e e o o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e emee e e * [
i f (DecodeEcc(buffer, ecc))
return -1;
el se
return O;
}
/***********************************************************************/
/* erase_block: Erase entire flash bl ock */
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/*
/*
/*
/*
/*
/*

I nputs: addr = base address of block to be erased

vol = driver's vol unme pointer

Returns: 0 on success, -1 on failure

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

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

st

{

atic int erase_bl ock(ui 32 addr, void *vol)

ui 8 st at us;

MPC860_SI PEND = | RQ@3;
| ower CE() ;

/* Send Auto Bl ock Erase Setup command.

% e

rai seCLE();

NandPort = 0x60; /* auto bl ock erase setup command */

| ower CLE() ;

/* Send address as two separate bytes.

% o e e e e e

rai seALE();
NandPort = (ui8)(addr >> 9);
NandPort = (ui 8)(addr >> 17);
| ower ALE() ;

rai seCLE();
NandPort = OxDO; /[/* erase start conmmand */
| ower CLE() ;

K o o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e .
;* Wait until device is ready.

K o o e e e e e e e e e e e e e e e e e e e e e e e e —  m m m m .-
\/Nhi le ((MPC860_SIPEND & | RQ@B) == FALSE) ;

| o o o e e e e e e e e e e e e eeeeao -
/: Send Status Read conmand.

fmseQEGy, T

NandPort = 0x70; /* status read command */
| ower CLE() ;

status = NandPort;
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/* End device access and return success. */
/* ___________________________________________________________________ */
rai seCE();
return status == 0xC0O ? 0 : -1;
}
/***********************************************************************/
/* d obal Function Definitions */

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

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

/* NandDriverMdul e: Flash driver's nmodule list entry */
/* */
/* I nputs: req = nodul e request code */
/* ... = additional paraneters specific to request */
/* */
/***********************************************************************/
voi d *NandDriver Modul e(int req, ...)
{
Ff sVol vol;
| * o e e o o o e i e e o e e e e e o e e e e e e e e e e e e e e e e e e e e e e e e emee e — s * [
/* Inplenment only the initialization request. */
o */
if (reg == klnitMd)
{
/* _________________________________________________________________ */
/* Reset the NAND device. */
/* _________________________________________________________________ */
| ower CE() ;
rai seCLE();
NandPort = OxFF; /* reset command */
| ower CLE();
rai seCe();
/* _________________________________________________________________ */
/* Wait until the device is ready. */
/* _________________________________________________________________ */

MPC860_SI EL &= ~ED3; /* -> level node */
SysWai t 50ms() ;

while ((MPC860_SIPEND & | RQ@B3) == FALSE) ;
MPC860_SIEL |= ED3; /* -> edge nmode */

K o o e e e e e o e o e e e e e e e e e e e e e e e e e e e e e e e e e e *
;: Renbve wite protection, allow ng the device to be programmed. :;
aseve(ys T ’
| ® o e e o o e e e o o e e e e e o e e e e e e e e e e e e e e e e e e e e e e mmee e e * [
/* Register flash NAND vol une with Target FFS. */

K o o e e e e e e e e e e e e e e e e e e e e e e e e e e e = - *
</ol .nane = "nand"; /

vol . type = FFS_NAND;

vol . flags = O;

vol . page_si ze = PACE_SI ZE;
vol . bl ock_si ze BLOCK _SI ZE;
vol . num bl ocks NUM_BLOCKS;
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vol . mrem base = 0;
vol . vol = NULL;
vol . driver. nand. max_bad_bl ocks = 10; /* from data sheet */
vol .driver.nand. wite_page = wite_page;
vol .driver.nand. wite type = wite_type;
vol . driver.nand. read_page = read_page;
vol . driver.nand.read_type = read_type;
vol . driver. nand. page_erased = page_erased,;
vol . driver. nand. erase_bl ock = erase_bl ock;
i f (FfsAddVol (&vol))
perror (" FfsAddVol () failed");
}

return NULL;

}
#endif /* | NC_NAND_FS */
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Intentionally left blank.
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