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Abstract

This Portable MP3 player with built-in SD card interface includes four parts which are a SD card
reader, a MP3 decoder, a LCD display and a microcontroller. The audio data is stored in SD card
using FAT32 format. A PIC microcontroller is served as a controller unit. It transfers the audio data
from the SD card to the MP3 decoder. The decoder decodes the data and then drives analog audio
directly to the head-set speaker. This Portable MP3 can play MP3 file and WAV file. It has user

interface buttons for control basic functions such as play, stop and volume control.
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From Computer Desktop Encyclopedia
2004 The Comnputer Language Co. Inc,

Name Size 1 Type =+ | Date Modified

& Trackd 1.mp3 4,059 KB MP3 audio file {mp3)  12/09/2003 11:20 AM
@Trackﬁz.mw 4,305KB MFP3 audip file (mp3) 12/09,2003 11:22 AM
G}:]Tradc03.mp3 4,193KB  MP3 audio file {mp3}  12/09/2003 11:23 AM
C-ﬁTrackO-‘f.mpB 4,825KB MP3 audio file (mMp3) 1270972003 12:45 PM
(_:-_;flTradms.mps 4,802KB MP3 audio file (mp3)  12/09/2003 12:47 PM
{-"DTrackOé.mp3 5.078KB MP3 audio file {mp3} 12/09/2003 1:01PM
C-}j Trackd7.mp3 3,164KB MP3 audio file {mp3) 12/09/2003 4: 10 FPM
é}‘]Trad-:OB.mp?: 4,813 KB MP3 audio fle (mp3) 12/09/2003 4:13 PM
&) Trackos.mp3 4,395KB MP3 audio file {mp3)  12/09/2003 4:14 PM
@Tracklﬂ.mp3 6,851KB MP3 audio file {mp3) 12/09/2003 4:16 PM
@Trackl 1.mp3 6,523KB MP3 audio file (mp3) 12/09/2003 4:22FPM
ElTrack12.mp3 1,423KB MP3 audio file {mp3)  12/09/2003 4:23 PM
&lTrackdLwav  44,755KB  Wave Sound 12/09/2003 10:30 AM
é]Trad(OZ.wav 47,965 KB Wave Sound 12/09/2003 10:31 AM
é}:lTrackU 3.nvay 45,237KB  Wave Sound 12/09/2003 10:32 AM
@Track[]‘l.wav 93,208 KB ‘#ave Sound 12/19/2003 10:33 AM
é}jTrackD S.nav 52,944KB Wave Sound 12/09/2003 10:34 AM
éjTracleS.wa‘-f 55,993 KB ‘Wave Sound 12{09{2003 10:3% AM
é‘;lTradf.O?.wav 34,890KB \Wave Sound 12/09/2003 10:36 AM
é:ITrackOS.wav 53,070KB Wave Sound 12/09/2003 10:37 AM
@Tradcog.wav 48,465KB Wave Sound 12/09/2003 10;38 AM
é‘]Track 10.wav 75,533 KB Wave Sound 12/09/2003 11:13 AM
@Trad(ll.wav 71,916 KB Wave Sound 12/09/2003 11:15 AM
@Track 12.wvav 15,700 KE  ‘Wave Sound 12/0942003 11:17 AM
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#define _main_

#include <18F4539.h>

#include "Board.c"

#include "VS1011B.c"

#include "SD_Card.c"

#define use portb lcd

#include "LCD.c"

#fuses HS,NOWDT /fHigh speed crystal, No watchdog timer
#fuses NOLVP /No low voltage protection
#use delay(clock=20000000}  //use built-in function delay with clock speed 20MHz

fidefine msg0 "**MP3** "

void main{){
#bit CKE=0xFC7.6
/***** Declare Variable ****¥/
unsigned char volume_values{] = {254, 76, 72, 68, 64, 60, 56, 52, 48, 44, 40, 36, 32, 28, 24, 20,
16,12, 8, 4, 0};
int32 sound pointer, root_addr, start_addr, file_size, root_start;
intl6 i, sec_total, sec_num, rsv_size, fat_size, byte per_sec;
int counter p, counter_n, file_ad[4], vol pos, fat, root_ad{4];
intl play_en;
unsigned char data[512];
char str[8), Detail[512]; //file name byte 0-7, extension byte 8-10
//start cluster high 2 bytes : byte 21,20
{/start cluster low 2 bytes : byte 27,26
/ifile size : byte 28-31
[*r*x% Set Tristate ***++/

set_tris_c(0xd0); Hel, ¢6, ¢4 = input , ¢5, ¢3, ¢2, c1, c0 = output




set_tris_d(0x1f); //d4, d3, d2, d1, d0 =input , d7, d6, d5 = output

[**¥** Set up SPI #***x/
setup_spi(spi_master|spi_l_to_h|spi clk div_4); //idle state is low, bit rate = ext_clk/4 = 5Mbps

CKE=1; //detect data at clock rising edge

delay_ms(2000);

frrx¥ix Reset Device **¥*%/
led_init();
LCD Command(0x01); //clear LCD
LCD Command(0x80); //start 1st line
strepy(str,msg0);
LCD_String(str,0);
while(SDReboot());  //Reboot SD Card
MP3Reset(); //Reset MP3 Decoder
counter n=0;
counter p= 0,

play_en=0;

/* Find start address of root directory */
while (SDCommand(0x51,0x00,0x00,0x00,0x00));
SDWaitForData();
for(i=0;i<512;i++){

Detailfi] = spi_read(0x{D);
}
rsv_size = Detail{15];
rsv_size = rsv_size<<g;
rsv_size += Detail[14];
fat = Detail[16];
fat_size = Detail[37];
fat_size = fat_size<<8;

fat_size += Detail[36];




root_start =rsv_size + {fat*fat_size),
root_étart = root_start*0x200;
root_ad[0] = (root_start>>24) & OxFF;
root_ad[1] = (root_start>>16) & OxFF;
root_ad[2] = (foot_start>>8) & OxFF;

root_ad[é;] = root_start & 0xFF;

/***** Find byte per sector *****/
byte per_sec = Detail[12];

byte per_sec = byte_per sec<<§;
byte per_sec += Detail[11];

/* Get File Detail in root directory (start address, file name, file size)*/
while (SDCommand(0x51,root_ad[0],root_ad[1],root_ad[2),root_ad[3]));
SDWaitForData();
for(i=0;i<512;i++){

Detail[i] = spi_read(Oxff);
}

GetFileDetail:
/*¥*%%% cal start address of file *****/
start_addr = Detail[21+(counter_n*32));
start_addr = start_addr<<§;
start_addr += Detail[20+(counter_n*32)];
start_addr = start_addr<<8;
start_addr += Detail[27+(counter_n*32)];
start_addr = start_addr<<§;
start_addr += Detail[26+(counter_n*32)};

start_addr = start_addr * 0x1000;

[***E** cal file size *****/

file size = Detail[31-+{counter_n*32)};




file size = file size<<8;
file_size += Detail[30+(counter n*32)];
file size = file size<<§;
file_size += Detail{29+(counter_n*32)];
file_size = file size<<8;

file_size += Detail[28+(counter_n*32)];

[*¥**** ca] how many sector per file »**»**/

sec_total = file_size/byte_per_sec;

[**3** Check MP3 file or not? *****/
if { (Detail[8+{(counter n*32)] == 0x4D) && (Detail[9+(counter_n*32)] == 0x50) &&
(Detail[ 10+(counter_n*32)} == 0x33) ) //0x4d=M, 0x50=P, (6x33=3
{
{*Ex3% Qhow file name on LCD *** %%/
LCD_Command(0x01);
LCD_Command(0x80);
for(i=0;i<8;i++){
led putc(Detail[i+(counter_n*32)}]);
}

check_play:
while (true){
delay ms(200);
if ( ( W(input(PLAY)) ) || (play_en == 1) ){ ffcheck key input
goto PlaySong;
}
if ( HWinput(NEXT)) ){
counter_n++;
goto GetFileDetail;
¥
}




}
/A¥Exx Check WAYV file or not? ¥***%/

else iff (Detail[8+(counter_n*32)] == 0x57) && (Detail[9+{counter_n*32)] == 0xd1) &&
(Detail[10+{counter n*32)] = 0x56) ) //0x57=W, Ox41=A, 0x56=V
{
x4 Show file name on LCD *****/
LCD_Command{(0x01);
LCD_Command{0x80};
for(i=0;i<8;i++){
led_putc(Detail[i+{counter_n*32)1);
}
while (true){
if ( (Minput(PLAY)) || (play en==1))
goto PlaySong;
if (!input(NEXT)){
counter n++;
goto GetFileDetail;
}
}
}

/* if play until end of last song -> play again at 1st song */
else if (Detail[0+(counter_n*32)] = 0x00)
{

counter_n=0;
goto GetFileDetail;
}

/* if file is not MP3&WAYV get new file detail */

else

{

counter_n++;




goto GetFileDetail;

}

PlaySong:

play en=1;

sec_num = 0;

vol pos=16;

output_high{(PIN_A2);

delay_ms(500);

output_low(PIN_A2);

MP3SelectData(); /fenable MP3 Decoder to receive data

while(sec_num < sec_total){

f*** %% find address of each sector ****¥/
start_addr = start_addr + (sec_num*512);
file_ad[0] = (start_addr>>24) & OxFF;
file_ad[1] = (start_addr>>16) & OxFF;
file_ad[2] = (start_addr>>8) & OxFF;
file_ad[3] = start_addr & OxFF;
while (SDCommand(0x51,file_ad[0].file_ad[1].file_ad[2],file_ad[3]));
SDWaitForData();

[R***% raceive data from SD Card ****%/
for(i=0:i<512;i++){

datafi] = SPIGetChar();
¥

sound_pointer=0,
while(sound_pointer < 512){
while( {(input(MP3_DREQ)) );
if (!input(VOL_UP)){ /fcheck key input volume control
MP3DeselectData();
if{vol _pos == 21){

vol_pos = 21;




}
elsef
vol pos++;
}
l MP3SetVolume(volume_values[vol pos),volume_values[vol pos]);
MP3SelectData(); |
}
if (!input{(VOL_DOWN)){
MP3DeselectData();
if{lvol_pos == 0){
vol pos=10;
}
else{
vol_pos--;
}
MP3SetVolume(volume_values[vol_pos],volume_values[vol_pos]);
MP3SelectData();
}
/*** %% ransmit data to MP3 Decoder *****/
for(i=0;i<8;i++){
SPIPut{data[i});
sound pointer++;
}
if (input(NEXT)){ //check key input choose song
counter_p = counter_n;
counter_nt++;
goto GetFileDetail;
3
if Qinput(PREV))}{
counter_n = counter_p;
goto GetFileDetail;
}



if (!input(STOP)){
play en=0;
goto check_play;
}
}
sec_num-++;
}
counter_p = counter_n;
counter_n++;

goto GetFileDetail;




]

'lvln Board.c
/t*t‘**‘tt*t**t*‘************‘**l***l*l**tt‘
File : Board.c

Purpose : define PIC pin, Select func.
t‘tt‘t“t*‘t*lt‘tt‘t*tt*******************‘/
#ifndef BOARD_

#define BOARD

/¥exx® NP3 Decoder Connection *****/

#define MP3_XRESET PIN_D7

void MP3PutInReset() {output_low(MP3_XRESET);}

void MP3ReleaseFromReset(){output_high(MP3_XRESET);}

#define MP3_XCS PIN_D6
void MP3SelectControl() {output_low(MP3_XCS);}
void MP3DeselectControl() {output_high(MP3_XCS);}

#define MP3_BSYNC PIN_DS
void MP3SelectData(}{output_high{(MP3_BSYNC);}

void MP3DeselectData(){output_low(MP3_BSYNC);}
#define MP3_DREQ PIN D4

f***** QD) Card Connection *****/
#define SD_CS PIN_A3

void SDSelect(){output_low(SD_CS);}
void SDDeselect(){output_high(SD_CS);}

Jeek ek Manual SPI *#***%/
#define SCK PIN_AQ
#define SDO PIN_A1
#endif



Ind vs1011B.c
/*tt*t"t**“**‘*“**““*‘*“**‘*“*‘t*‘**‘
File : VS1011B.c

Purpose : build func. about VS1011B
****i******i**t‘“‘*““‘*‘*““**l*“**t**/
#Hifndef VSIO11B_

#define VSI1011B

#use delay(clock=20000000)

#define VS_WRITE_COMMAND 0x02

#define SCI_MODE 0x0
#define SCI_STATUS 0x1
#define SCI_BASS 0x2
#define SCI_CLOCKF 0x3

#define SCI_DECODE_TIME 0x4

#define SCI_AUDATA 0x5
#definc SCI_WRAM 0x6
#define SCI_WRAMADDR 0x7
#define SCI_HDATO 0x8
#define SCI_HDAT! 0x9
#define SCI_AIADDR Oxa
#define SCI_VOL Oxb
#define SCI_AICTRLO Oxc
#define SCI_AICTRLI Oxd
#define SCI_AICTRI2 Oxe
#define SCI_AICTRL3 Oxf

/********t***ttlt***l********i*******t*****i

Funetion : SPIPut
Deseription  : send SPI data 1 byte

Parameters : SPIData




Returned : nothing
R L P Y,
void SPIPut{out){
char COUNT;
#bit OUT _BIT7=out.7;
COUNT=0;
for (COUNT=0;COUNT<8;COUNT++){
output_low(SCK); //falling edge of clock
output_bit(SDO,0UT_BIT7); //prepare data
out = out<<l; // shift output byte for next loop

output_high(SCK); // rising edge of clock

}

/t**“****i*i**11*1**1**1**1*11*1***********

Function : MP3WriteRegister
Description :send V51011B's SCI command
Parameters ; addressbyte, highbyte, lowbyte
Returned : nothing
B R e PP LYY
void MP3WriteRegister(addressbyte, highbyte, lowbyte){
MP3Selectcontrol();
SPIPut(VS_WRITE_COMMAND);
SPIPut{addressbyte);
SPIPut(highbyte);
SPIPut(lowbyte);
delay us(100); //After sending SCI command, it's not allowed to
//send SCI or SDI data for 5 microseconds
MP3DeselectControl();
}

/**‘*t***‘t**********‘t**t***‘t*‘t**‘****1**

Function : MPB.SetVolume

Description : Set MP3 volume



Parameters : leftchannel, rightchannel

Returmed : nothing
**********t*******F****‘**!t**t******t**t**/
void Mp3SetVolume(leftchannel, rightchannei){

Mp3WriteRegister(SCI_VOL, leftchannel, rightchannel);

}

/***t*‘tt*‘l*‘t*l*l*ttt‘t*‘***t*#t**#t***t**

Function : MP3SendZero

Description : send 2048 zeros to V51011B
Parameters : nothing

Returmed : nothing

Rk Rk kR kR R Rk R R R RN R R

void MP3SendZero(){
intl6 1;
MP3SelectData();
while(c<2048){
while( !(input(MP3_DREQ)) );

for (i=0;1<8;i++){

SPIPut(0x00);
ct+;
}
}
MP3DeselectData();

}

JEEER Rk KRR AR R R Rk
Function : MP3SoftReset
Description : VS1011B Soft Resct
Parameters : nothing
Returned : nothing

***t**t*ttttttt*ttt‘tttt**t*ttttt*ttt***t**/

void MP3SofiReset() {
MP3WriteRegister(SCI_MODE,0x00,0x04); //SCI_MODE have 14bits




delay_ms(1); //0004h = 00 0000 0000 0100b

/1 :set SM_SoftReset

white( {(input(MP3 DREQ)) }; //wait for start up (after sofiware reset

/DREQ stay low '0' at least 250us

MP3WriteRegister(SCI_CLOCKF,0x80,0x00);  //double clock speed

/* Send null bytes to data interface */
MP3SelectData();
SPIPut(0);

SPIPut(0);
SPIPut(0);
SPIPut(0);

delay ms(1);

MP3DeselectData();
MP3SendZero();
}
/***********t*t*t**t************************
Function : MP3Reset
Description : VS1011B Reset
Parameters : nothing
Retumned : nothing

**********tt*t****t#**t************!t*i**l*/

void MP3Reset({

[A%%x% Reget MP3 Decoder *****/
MP3PutlnReset();
delay ms(100);

/**#x* Send dummy SPI byte to initialize SPI ****%/
SP1Put(0xff);

[¥**%%k Un-reset MP3 chip *****/
MP3DeselectControl();
MP3DeselectData();
MP3ReleaseFromReset();
while( (input{tMP3 _DREQ)) ); //wait for DREQ




/*****» Slow sample rate for slow analog part startup *****/
MP3WriteRegister(SCI_AUDATA,0x00,0x0a); //Set sample rate 10Hz
delay_ms{(100); |

[¥*¥*%* Switch on the analog parts *****/

MP3SetVolume(Oxfe,0xfe); //set volume attenuate 254*(-0.5dB)= -127dB
MP3WriteRegister(SCI_AUDATA,31,64); //Set sample rate 8kHz

MP3SetVolume(0,0); //set volume maximum

MP3SofiReset();
}
/******t*tt****tt*t*tt**t*tt*‘**t*#*******t*
Function : MP3SineTest
Description : test sine sound
Parameters : nothing
Returned : nothing

*t#tt**t******‘**‘t*lt*ltt‘t‘ttl*itt****#tt/

void MP3SineTest() {
f***** Send SCI command for Sine test *****/
MP3WriteRegister(SCI_MODE, 0x00, 0x20); //SCI_MODE have 14bits
//0020h=00 0000 0010 0000
/1 : SM_TESTS
delay_us(100);

MP3DeselectControl();

while( (inputtMP3_DREQ)) );

/***xx Sond a Sine Test Header to Data port *****/
MP38electData();
SPIPut(0x53); //Sine test initialized with the 8-byte sequence
SPIPut(Oxef); //0x53 Oxef0x6en0000
SPIPut(0x6e); //n=0x02 :sample rate=44.1kHz sine skip speed=2
SPIPut{0x02); //freq=691Hz
SPIPut{0x00);
SPIPut(0x00);




SPIPut(0x00);
SPIPut(0x00);

delay us{100);
MP3DeselectData();
delay_ms(3006);

/*¥***¥ Stop the sine test sound ¥*¥**/

}
Hendif

MP3SelectData();
SPIPut{0x45);
SPIPut(0x78);
SPIPut(0x69);
SPIPut(0x74);
SPIPut(0x00);
SPIPut(0x00);
SPIPut(0x00);
SPIPut(0x00);
delay us(100);
MP3DeselectData();

delay ms(500);



s SD_Card.c
/************#1**'***ttttttttt*ttt**tttttttt
File :SD _Card.c
Purpose : build functions about SD Card
Update : Aug 30th, 2006
****t****t*#i**#t*ttttt**!*****************/
#ifndef SD_Card_
#define _SD Card_
/***#tttttttt*t*t***************************
Function  : SPI8Clocks
Description : send 8 clock cycles
Parameters : nclocks
Returned  : nothing
tttttt*#tttttttt**********#**#***t***t*****/
void SPI8Clocks(unsigned char nClocks){
while{nclocks--) {

spi_write(OxfD);

}
}
/****#********t**#*t*ti*ttttt***t****t**‘**!
Function : SPIGetChar
Description : get response from SD Card
Parameters : nothing
Returned : data on data_out line

t#*t*tt*#*****“tt*************t*****‘**‘**/
unsigned char SPIGetChar() {

spi_write(0xfD);

return spi_read();

}

/**t‘ittt*it‘*t*t*t‘tt‘t*‘**‘t***********#t*

Function :SDCommand

Description : send command to SD Card




Parameters : cl, ¢2, ¢3, c4, ¢5

Returned  : Response from SD Card (c2)
ttttttttiittitit**lll:*itt#tti**t**tt********/
unsigned char SDCommand(unsigned char ¢1,unsigned char ¢2,unsigned char c¢3,unsigned char
c4,unsigned char c5){ | |
/cl = command byte, ¢2 = argument byte 1, ¢3 = argument byte 2,

/fc4 = argument byte 3, ¢5 = argument byte 4

unsigned char c,dat_out;
SDDeselect();
/* Provide clock edge before and afier asserting SD CS */
SP18Clocks(8); // NES = § Clock Cycles
SDSelect();
SPI8Clocks(8); // NCS = 8 Clock Cycles

c=0;
/* If card still seems to be busy, give it some time... */
while( ((dat_out=SPI1GetChar()) '=0xff) && (c<100) ){
ctH+;
}
/* The bus should be stable high now */
if (dat_out != 0xfT){
SDDeselect();
return Ox81;
}
/* Send SD Command */
spi_write(c1);
spi_write(c2);
spi_write(c3);
spi_write(c4);
spi_write(c5);

spi_write(Ox95); //Valid CRC for init, then don't care




/* Now ok to use cl..c5 as temporaries */
/* Wait for R1 style response (bit 7 low) from SD Card */
¢1=100; //try max 100 times max NCR{(time from end of command

/!to response)= 8 Clock Cycles = 64 clocks

while{ {((¢2=SPI1GetChar()) & 0x80) && (c1--));
return c¢2;

}

/t#t*#t#t*#t#*t**t#t##t#*t*#tt*#**********t*

Function :SDWaitForData
Description : wait for start block of data (Oxfe)
Parameters : nothing
Returned : result of waiting. 0 : Ok, 5 : fail to recieve start block of data token
EEEEEEE R AEREE AR AR KRR KRR
unsigned char SDWaitForData() {
unsigned char result;
/f Wait until something else than Oxff is read from the bus
do{
result=SPIGetChar();
}while(result==0x{Y);
// Something was received from the bus
if (result!=0xfe){ //Read fail, so I should flush any data that might be pending from SD Card
SPI8Clocks(200); // Flush SD by sending lots of FF's to it
SPI8Clocks(200);
SPI8Clocks(200);
SDDeselect();
return 5;
}

returmn 0;

}

/tlt******t*****t*l*tl********ll*tl*********

Function : SDReboot




Description : reboot SD Card (software reset)
Parameters : nothing
Retumed : result of reboot. 0 : Ok, 2 : Error
********************#####**#t*##********t**/
unsigned char SDReboot()}{
unsigned char ¢;
SDSelect();
for (c=0;c<200;c++){
spi_write(OxfT);
}

while (SDCommand(0x40,0,0,0,0) != 0x01 );
SDCommand(0x7b,0,0,0,0);

c=255;
while( (¢c--} && (SDCommand(0x41,0,0,0,0)) }{ //max.255times SD-wake up ecall.
/1f not Idle SD retumn 0x00
delay ms(10);
if (c==1) //Time-out
return 2; //Not able to power up SD Card
}
return 0; //Reboot Ok

}
#endif



148 LCD.c
iy,

i LCDD.C i

i Driver for common LCD modules H
1 : i

M ted init) Must be called before any other function. it
I i

/11 led pute(c) Will display ¢ on the next position of the LCD.  ///

i The following have special meaning: i
i \f Clear display H

i \n Go to start of second line i

M \b Move back one position i

i Hi

/11 led_gotoxy(x,y) Set write position on LCD (upper leftis 1,1) ////
I i

/it Ted_gete(x,y) Returns character at position x,y on LCD i

i i
L

i (C) Copyright 1996,2003 Custom Computer Services i
//{/ This source code may only be used by licensed users of the CCS C ////
//{/ compiler. This source code may only be distributed to other  ////
/111 licensed users of the CCS C compiler. No other use, reproduction ////
/{/{ or distribution is permitted without written permission. i

/f/f Derivative programs created using this software in object code ////
/// form are not restricted in any way. il

T

// As defined in the following structure the pin connection is as follows:
// DO enable

//' DI rs

// D2 rw

i D4 D4




/{ D5 D5

i/ D6 D6

it D7 D7

i

. // LCD pins D0O-D3 are not used and PIC D3 is not used.

// Un-comment the following define to use port B

// #define use_portb_led TRUE

struct led_pin_map { // This structure is overlayed
BOOLEAN enable; // on to an I/0 port to gain
BOOLEAN rs; /{ access to the LCD pins,
BOOLEAN rw; // The bits are allocated from
BOOLEAN unused; // tow order up. ENABLE will

int data:4; // be pin BO.
} led;

#if defined( _PCH_ )

#if defined use_portb_lcd

#byte lcd = OxF81 // This puts the entire structure
Helse

#byte led = 0xF83 // This puts the entire structure
#endif
#else

#if defined use portb_led

#byte led = 6 // on to port B (at address 6)
#else

#byte lcd =8 {// on to port D {at address 8)
fendif
#endif

#if defined use portb_lcd




#define set_tris_led(x) set_tris_b(x)
felse
#define set_tris_led(x) set_tris_d(x)

#endif

#define led_type 2 /1 0=5x7, 1=5x10, 2=2 lines
#define led line_two 0x40 // LCD RAM address for the second line

BYTE const LCD_INIT STRING[4] = {0x20 ! (led_type << 2), Oxc, 1, 6};
// These bytes need to be sent to the LCD
{// 1o start it up.
// The following are used for setting

# the 1/O port direction register.

struct led_pin_map const LCD_WRITE = {0,0,0,0,0}; // For write mode all pins are out

struct led_pin_map const LCD_READ = {0,0,0,0,15}; // For read mode data pins are in

BYTE led_read byte() {
BYTE low,high;
set_tris_led(LCD_READ);
ledrw=1;
delay cycles(1);
lcd.enable = 1;
delay cycles(1);
high = lcd.data;
led.enable = 0;
delay_cycles(1};
led.enable = 1;
delay us(1);
low =lcd.data;
led.enable = 0,
set_tris_lcd(LCD_WRITE);




return( (high<<4) | low);

void lcd_send_nibble{ BYTE n ) {
| led.data = n;

delay_cycles(1);

led.enable = 1;

delay_us(2);

icd.enable = 0;

void led_send_byte( BYTE address, BYTE n ) {
led.rs =0
while ( bit_test(led_read byte(),7) ) ;
led.rs = address;
delay_cycles(1);
led.rw = 0; |
delay cycles(1);
lIcd.enable = 0;
lcd_send_nibble(n >> 4);

led_send nibble(n & 0xf);

void led_init() {
BYTE i;
set_tris_lcd(LCD_WRITE);
ledrs=0;
led.rw =0;
lcd enable = 0;
delay_ms(15);
for(i=1;i<=3;++i) {

led_send_nibble(3);




delay_ms(5);
}
lcd_send_ﬂibbie(2);
for(i=0;i<=3;++i)

led_send_byte(0,LCD_INIT_STRING[i]);

void lcd_gotoxy( BYTE x, BYTE y) {
BYTE address;
if(yl=1}
address=lcd_line two;
else
address=0;
address+=x-1;

lcd_send_byte(0,0x80|address);

void led_pute( char ¢) {
switch (c) {
case \f' :lcd send byte(0,1);
delay ms(2);
break;
case \n' :led_gotoxy(1,2); break;
case \b' :lcd_send byte(0,0x10); break;
default :lcd send_byte(l,c); break;
}

char led getc{ BYTE x, BYTE y) {
char value;
led_gotoxy(x,y);
while ( bit_test(lcd_read_byte(),7) ); // wait until busy flag is low




led.rs=1;
value = led read byte();
led.rs=0;

return{value);

void LCD Command(int cm){
tcd_send byte(0,cm);
}

void LCD_ShiftLeft(}{
led_send_byte(0,0x18);
}

void LCD_ShifiRight(){
led_send_byte(0,0x1c);
}

void LCD MoveLeft(char p){
char 1;
for(i=0;i<p;i++){
LCD_ShiftLeft();
delay _ms(500);
}
}

void LCD MoveRight(char p){
char i;
for(i=0;i<p;i++){
LCD _ShiftRight();
delay_ms(500);
}




void strcpy(char *s1, char *s2){
while(*s]++ = *s2++);

}

void LCD_String(char *s, int dly){
while(*s!=0){
led_putc(*s++);
delay_ms(dly);
}
}
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PIC18FXX39

Enhanced FLASH Microcontrollers with
Single Phase Induction Motor Control Kernel

High Performance RISC CPU:

+ Linear program memory addressing to 24 Kbytes
+ Linear data memory addressing to 1.4 Kbytes
= 20 MHz operation (5 MIPs):
- 20 MHz oscillator/clock input
- § MHz oscillator/clock input with PLL active
» 16-hit wide instructions, 8-bit wide data path
» 8 x 8 Single Cycle Hardware Multiplier

Special Microcontroller Features:

» 100,000 erasefwrite cycle Enhanced FLASH
program memory typicai

+ 1,000,000 erasefwrite cycle Data EEPROM memory

* FLASH/Data EEPROM Retention: > 100 years

* Power-on Reset (POR), Power-up Timer (PWRT)
and Oscillator Start-up Timer (OST)

+ Programmable code protection

* Power saving SLEEP mode

« Single supply 5V In-Circuit Serial Programming™
{(ICSP™) via two pins

» In-Circuit Debug (ICD) via two pins

Analog Features:

+ Compatible 10-bit Analog-to-Digital Converter
module (A/D) with:

- Fast sampling rate
- Conversion available during SLEEP
- DNL=4#1LShb, INL=%1LSb
+ Programmable Low Voltage Detection (PLVD)
- Supports interrupt on Low Voltage Detection
+ Programmable Brown-out Reset {(BOR)

Peripheral Features:

+ High current sink/source 25 mA/25 mA
« Three external interrupt pins

+ TimerQ module; 8-bit/16-hit timer/counter with
8-bit programmable prescaler

» Timer1 module: 16-bit timer/counter
« Timer3 module: 16-bit timer/counter
+ Secondary oscillator clock option - Timer1/Timer3
+ Two PWYWM modules:
- Resolution is 1- to 10-bit,
Max. PWM freq. @ 8-bit resolution = 156 kHz
10-bit resolution = 38 kHz
+ Single Phase Induction Motor Control kemel
- Programmable Motor Control Technology
(ProMPT ™) provides open loop Variable
Frequency {(VF) control
- User programmable Voitage vs. Frequency
curve
- Most suitable for shaded pole and permanent
split capacitor type motors

» Master Synchronous Serial Port (MSSP) module
with two modes of operation:

- 3-wire SPI™ {supports ail 4 SP! modes)
- 12C™ Master and Slave mode

» Addressable USART module;
- Supports RS5-485 and RS-232

« Parallel Slave Port (PSP) module

CMOS Technology:

+ Low power, high speed FLASH/EEPROM
technology

* Fully static design

+ Wide operating voltage range {2.0V to 5.5V)

+ Industrial and Extended temperature ranges

Program Memory Data Memory ) MSSP
Device SRAM |EEPROM| p0, | 10-bit | PWM Macter | AUSART | Hmers
Bytes | Words Bytes) | (Bytes) Pins | A/D (ch) | 10-bit SPI e 16-bit'WDT
PIC18F2439 12K 6144 840 256 21 5 2 Yes Yes Yes 3N
PIC18F2539 24K | 12288 1408 256 21 5 2 Yes Yes Yes n
PIC18F4439 12K 6144 640 256 32 8 2 Yes Yes Yes an
PIC18F4539 24K | 12288 1408 256 32 8 2 Yes Yes Yes n

© 2002 Microchip Technology inc.
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PIC18FXX39

e M
Pin Diagrams (Cont.'d)
40-Pin DIP N
MCLRVPP ——=[] 1 a0 [] =—= RB7/PGD
RAO/ANG w1 2 39 [] +—» RB&/PGC
RA1/ANT =[] 3 38 [1 =—= RB5/PGM
RA2/AN2/VREF- -4—-[ 4 37 j - RB4
RAJANI/VREF+ -] 5 2g [] =——= RB3
RA4/TOCKI -——e] & 35 [] = RB2/INT2
RAS/AN4/SS/LVDIN ~—=[] 7 o o MO~ RBUNTI
REQ/ANS/RD =—= [] 8 & & 330 == RBOANTO
RE1/ANG/WR =—[] ¢ 3 9L n0-—yvo
REZANT/CS =[] 10 L L 31[] =—==Vss
voo — w11 R W 300« RDVPSPT p
Ves — .12 Q O 20[0-=— RDG/PSPE
OSCICLKI — {13 @& @ 28] = RDS/PSP5
OSC2CLKO/RAG --—— [ 14 27 ] ~——e RD4/PSP4
RCO/T13CKI w—=1] 15 26 [} «+— RCT/RX/IDT
PWM2 -«——] 16 25 [J -— RCEMXCK
PWMt -« []17 24 [1 ~— RCSISDO
RC3/SCK/SCL ~—[] 18 23 [] ~—= RC4/SDISDA
RDO/PSPO0 =[] 19 22 [] = RD3/PSP3
RD1/PSP1 —<—[] 20 21 [] =—= RD2/PSPZ
28-Pin DIP, SOIC
MELRvPe —= []°1 e 28] ] == RB7/PGD
rao/aNe -] 2 27[] =— RBB6/PGC
RAVANT =—=[] 2 26[] =—= RBS/PGM
RAZ/AN2/VREF- =[] 4 . 25[] == RB4
RAVANIVRer+ =15 e & 241 =RB3
Ragmockl =——={1 6 & 1§  23[]~—RBZNT2
RAS/AN4SSAVDIN ~— [} 7 L L 22[7] =— RB1/INT4
Ves —=[] 8 ~ 2 21[] = RBOINTD
oscuctki —=C 9 £ O 200 -=—voo
OSC2/CLKO/RAG ~— []10 o o 1g[] =— Vss
RCO/T13CKI -— ] 11 18[] ~—= RCT/RX/DT
PwWM2 —[112 17[] ~—= RCB/TX/CK
PWM1 «—= []13 18] = RC5/SDO
RC3/SCK/SCL =—=[|14 15[ ] =+ RC4/SDI/SDA

® 2002 Microchip Technology Inc. Preliminary DS30485A-page 3




PIC18FXX39

TABLE 1-1: PIC18FXX39 DEVICE FEATURES
Features PIC18F2439 PIC18F2539 PIC18F4439 PIC18F4539
Operating Frequency DC - 40 MHz DC - 40 MHz DC - 40 MHz DC - 40 MHz
Program Memcry (Bytes) ' 12K 24K 12K 24K
Pregram Memory (Instructions) 6144 12288 6144 12288
Data Memory (Bytes) 640 1408 640 1408
Data EEPROM Memory {Bytes) 256 256 256 256
Interrupt Sources 15 15 16 16
110 Ports Ports A, B, C Ports A, B, C Ports A,B,C,D,E |Ports A,B,C, D, E
Timers 3 3 3 3
PWM Modulest" 2 2 2 2
Single Phase Induction Yes Yes Yes Yes
Motor Control
MSSP, MS3SP, MSSP, MSSP,
Serial Cornrmunications Addressable Addressable Addressable Addressable
USART USART USART USART
Parallel Cornmunications - —_ PSP PSP
10-bit Analog-to-Digital Module 5 input channels | 5 input channels 8 input channels | 8 input channels
POR, BOR, POR, BOR, POR, BOR, POR, BOR,
RESET Instruction, | RESET Instruction, | RESET Instruction, | RESET Instruction,
RESETS {and Delays) Stack Full, Stack Full, Stack Fulk, Stack Full,
Stack Underflow Stack Underflow Stack Underflow Stack Underflow
(PWRT, OST) (PWRT, OST) {PWRT, OST) (PWRT, OST)
Programmable Low Voltage Yes Yes Yes Yes
Detect
Programmable Brown-out Reset Yes Yes Yes Yes
Instruction Set 75 Instructions 75 Instructions 75 Instructions 75 Instructions
. . 40-pin DIP 40-pin DIP
Packages 2%?'?{'1"8%':0 228?—?:8%?0 44-pin TQFP 44-pin TQFP
p P 44-pin QFN 44-pin QFN

Note 1: PWM modules are used exclusively in conjunction with the motor control kernel, and are not available for

other applications.
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PIC18FXX39

16.3.3 ENABLING SPI /O

To enable the serial port, SSP Enable bit, SSPEN
(SSPCON1<5>), must be set. To reset or reconfigure
SPl mode, clear the SSPEN bit, re-initialize the
SSPCON registers, and then set the SSPEN bit. This
configures the SDI, SDO, SCK, and S8 pins as serial
port pins. For the pins to behave as the serial port func-
tion, some must have their data direction bits (in the
TRIS register) appropriately programmed. That is:

* 5Dl is automatically controlied by the SP! module
+ SDO must have TRISC<5> bit cleared

» SCK (Master mode) must have TRISC<3> bit
cleared

+ SCK (Slave mode) must have TRISC<3> bit set
+ S8 must have TRISC<4> bit set
Any serial port function that is not desired may be

overridden by programming the corresponding data
direction (TRIS) register to the opposite value.

FIGURE 16-2:

16.3.4  TYPICAL CONNECTION

Figure 16-2 shows a typical connection between two
microcontrollers. The master controller (Processor 1)
initiates the data transfer by sending the SCK signal.
Data is shifted out of both shift registers on their pro-
grammed clock edge, and laiched on the opposite
edge of the clock. Both processors should be pro-
grammed to the same Clock Polarity (CKP), then both
controllers would send and receive data at the same
time. Whether the data is meaningful (or dummy data)
depends on the application software. This leads to
three scenarios for data transmission:

Master sends data — Slave sends dummy data
Master sends data — Slave sends data
Master sends dummy data — Slave sends data

SPIMASTER/SLAVE CONNECTION

L e et 1 P T e s s - s m === Bl
: SPI Master SSPM3:SSPMO = 00xxb : : SPI Slave SSPM3:SSPMO0 = 010xb :
: SDO | _, soi |
I ] " I
| | ] I
: Serial Input Buffer : : Serial Input Buffer :
| (SSPBUF) ! , (SSPBUF) |
| 1 1 !
| 1 1 ]
| i ] I
| H 3 ]
: Shift Register SOl ! ) SDO Shift Register :
X (SSPSR) \ \ (SSPSR) ,
-
: MSb LSb : ; MSb LSb :
: : Serial Clock : :
, SCK + | SCK |
: PROCESSOR 1 : : _ PROCESSOR 2 !
b e o vm wr o mr o vw e o e e e e e e e e e e o owr e oW o e e e e e e e e e e e e = = e e e v o oW A
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16.3.5 MASTER MODE

The master can initiate the data transfer at any time
because it controfs the SCK. The master determines
when the slave (Processor 2, Figure 16-2) is to
broadcast data by the software protocol.

In Master mode, the data is transmitted/received as
soon as the SSPBUF register is written to. If the SPI is
only going to receive, the SDO output could be dis-
abled (programmed as an input). The SSPSR register
will continue to shift in the signal present on the SDI pin
at the programmed clock rate. As each byte is
received, it will be loaded into the SSPBUF register as
if a normal received byte (interrupts and status bits
appropriately sel). This could be useful in receiver
applications as a “Line Activity Monitor’” mode.

The clock polarity is selected by appropriately program-
ming the CKP bit (SSPCON1<4>). This then, would
give waveforms for SPl communication as shown in

FIGURE 16-3:

Figure 16-3, Figure 16-5, and Figure 16-6, where the
MSB is transmitted first. In Master mode, the SPI clock
rate (bit rate) is user-programmable to be one of the
following:

» Fosc/4 {or Tcy)
+ Fosc/16 (or 4 » Tey)
» Fosc/64 (or 16 + Tey)

This allows a maximum data rate (at 40 MHz) of
10.00 Mbps.

Figure 16-3 shows the waveforms for Master mode.
When the CKE bit is set, the SDO data is valid before
there is a clock edge on SCK. The change of the input
sample is shown based on the state of the SMP bit. The
time when the SSPBUF is loaded with the received
data is shown.

SPI MODE WAVEFORM (MASTER MODE)

Write to

SSPBUF *

SCK
(CKP =0

CKE = 0}

SCK
(CKP = 1

CKE =0)

4 Clock
Modes

SCK
(CKP =0

CKE=1)

SCK
(CKP =1

CKE = 1)

| [ | | | | |
SDO § 32 itz X ite > bits X bitd X bit3|>< bi2 > bit1, X bitg

(CKE = 0)

(CKE = 1) f

(SMP = 0) ootz | | |

input |
Sample

SDO ] I)( bit7 =>< bit6 I)( bit5 E)( bit4 '>< bit3i>< bitzEX bit1:>< bit
I | | I I I

(SMP = 0) i ' ! !

(SMP =1) bit7 bito

t t t

Sample
(SMP = 1)
SSPIF

I
input A W M |
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SSPBUF

: Next (34 cycle
after Q24
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PIC18FXX39

23.0 ELECTRICAL CHARACTERISTICS
Absolute Maximum Ratings (¥

Ambient temperature UNGEr BIaS........c.cceo e b s a s saa s s b e b s ~55°C to +125°C
Storage teMpPErature ... e s R vt -65°C to +150°C
Voltage on any pin with respect to Vss (except VDD, MCLR, and RA4) ...........ccoccooeevrioienmnnccnneen: 0.3V to (VoD + 0.3V)
Voltage on VDD with TeSPECt 10 WSS ... e -0.3Vio +7.5V
Voltage on MCLR with respect to VSS (NOte 2) ..o 0V to +13.25V
Voltage on RA4 with respect to VB ovovr e eeeeeseeeoeeeeseeeeses e e e e e es e s e oo s e eee e et 0V to +8.5V
Total power dissipation (NOLE 1) ... e 1.0W
MaxXimuUm CUMTENT OUL OF WSS PN ..viereeeiiee ettt st et rra e s e s s e s r e s b e s b ees sbee e s taennensaenasns
MEXIMIUIM QUITENT INTO VDD [N 1eiiioeeeee et e e e et e st s st e s st aE R e e s s a e e T e e s st et aae s s b s e aaaasanaabnnren

Input clamp current, IK (V1 < 0 08 VI 2 VDD) oottt sssasns st b vaa e et

Qutput clamp current, lok (Vo < 0 or VO > VDD)

Maximum output current sunk by any O Pinl ... e e s
Maximum output current sourced by any I/O pin

Maximum current sunk by PORTA, PORTB, and PORTE (Note 3} (combined)..........ooinininn 200 mA
Maximum current sourced by PORTA, PORTB, and PORTE (Note 3) (combined).................coooiiinniiinnns 200 mA
Maximum current sunk by PORTC and PORTD (Note 3) (combined)..............ccooinnnonn, 200 mA
Maximum current sourced by PORTC and PORTD {Note 3) (combined).........coooionnien e 200 mA

Note 1: Power dissipation is calculated as follows:
Pdis = VoD x {IpD - T IoH} + T {(VDD-VOH) x 10H} + Z(Vol x low)
2: Voltage spikes below Vss at the MCLRA/PP pin, inducing currents greater than 80 mA, may cause latchup.
Thus, a series resistor of 50-10002 should be used when applying a “low” level to the MCLR/VeP pin, rather
than pulling this pin directly to Vss.

3: PORTD and PORTE not available on the PIC18F2X39 devices.

+ NOTICE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional operation of the device at those or any other conditions above those
indicated in the operation listings of this specification is not implied. Exposure to maximum rating conditions for
Lextended periods may affect device reliability.

® 2002 Microchip Technology Inc. Preliminary DS30485A-page 259
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FIGURE 23-1: PIC18FXX39 VOLTAGE-FREQUENCY GRAPH (INDUSTRIAL)
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45V .k

PIC18FXX39
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FIGURE 23-2: PIC18LFXX39 VOLTAGE-FREQUENCY GRAPH (INDUSTRIAL)

Voltage

4.2V

Frequency

FMmax = (16.36 MHz/A) (VDDAPPMIN — 2.0V) + 4 MHz
Note: VDDAFFMIN is the minimum voltage of the PICmicro® device in the application.

40 MHz
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VS1011B

VS1011b

VS51011b - MP3 AUDIO CODEC

Features

Decodes MPEG 1 & 2 audio layer 3 (ISO
11172-3), WAV and PCM files

Supports VBR {variable bitrate) for MP3
Stream support

Can be used as a slave co-processor
Operates with single clock 12.288..14 MHz
or 24.576..28 MHz.

s Low-power operation

High-quality stereo DAC with no phase er-
ror between channels

Stereo earphone driver capable of driving a
3002 load

Separate 2.5 .. 3.6V operating voltages for
analog and digital

5.5 KiB On-chip RAM for user code / data
Serial control and data interfaces

New functions may be added with software
and 4 GPIO pins

Description

VS51011b is a single-chip MP3 audio decoder, The
chip contains a high-performance, low-power DSP
processor core VS_DSP4, working memory, 5 KiB
instruction RAM and 0.5 KiB data RAM for user
applications, serial contrel and input data inter-
faces, 4 general purpose I/O pins, as well as a
high-quality variable-sample-rate stereo DAC, fol-
lowed by an earphone amplifier and a ground bufFer.

V81011b receives its input bitstream through a
serial input bus, which it listens to as a system
slave. The input stream is decoded and passed
through a digital volume control to an 18-bit over-
sampling, multi-bit, sigma-delta DAC. The decod-
ing is controlled via a serial control bus. In addi-
tion to the basic decoding, it is possible to add
application specific features, like DSP effects, to
the user RAM memory.

355880
L E X NN 8
v w s e 'y
Nasnaas

GPIO VS1 0/1 1 GPIO Slereo Sterea Ear- auall?
% DAC phone Driver R
oulput
XROM
DREQ i
S0 P X RAM
sl Serlal VSDSP
Data/
SCLK Control
XCS Intartace ¥ ROM
XDCS - '
| Y RAM
instruction Ingtruction
RAM ROM
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Solution Y 4. CHARACTERISTICS & SPECIFICATIONS

4 Characteristics & Specifications

Unless otherwise noted: AVDD=2.7..3.6V, DVDD=2.3..3.6V, TA=-30..+85°C, XTAL1=26.000MHz, Full-
Scale Output Sinewave at 1.526 kHz, measurement bandwidth 20..20000 Hz, analog output load 30
with ground buffer, bitstream 128 kbit/s, local components as shown in Figure 4.

Note, that some analog values are in practice better than in these tables if chips are used within a limited
temperature range and not too close to lower voltage limits.

4.1 Analog Characteristics

Parameter [ Symbol | Min | Typ | Max | Unit
DAC Resolution 16 bits
Total Harmonic Distortion THD 01 | 02 | %
Dynamic Range (DAC unmuted, A-weighted) IDR 88 dB
S/N Ratio (full scale signal) SNR 70 81 dB
Interchannel 1solation (Crosstalk)’ 41 dB
Interchannel Isolation (Crosstalk)? 90 dB
Interchannel Isolation (Crosstalk)® 70 dB
Interchannel Gain Mismatch -0.5 05 |dB
Frequency Response, 20..15000 Hz -0.2 02 | dB
Full Scale Output Voltage (Peak-to-peak) 14 [ 16*] 2.1 | Vpp
Deviation from Linear Phase 5 °
Out of Band Energy -90 dB
Analog Output Load Restistance AOLR 30° Q
Analog Output Load Capacitance® 10 | pF

1 Ground buffer, 300 load

2 Ground buffer, no load

3 AC coupled towards ground, 302 load

4 Double voltage can be achieved with +-to-+ wiring for mono difference sound.

5 AOLR may be much lower, but below Typical distortion performance may be compromised.
8 Use small series resistor if load is capacitive.

Version 1.01, 2004-11-19 9
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4. CHARACTERISTICS & SPECIFICATIONS

4.2 Power Consumption

Following table measured with XTALI=12.288MHz, clock doubler on.

| Parameter Symbol [ Min | Typ [ Max [ Unit
Power Supply Rejection 40 dB
Power Supply Consumption AVDD, Reset 1.4 | 300 | uA
Power Supply Consumption AVDD, no load, no signal 6.2 8.0 | mA
Power Supply Consumption AVDD, o. @ 3012, 6.5 | 40.0 | mA
Power Supply Consumption DVDD, Reset 6.5 | 300 | pA
Power Supply Consumption DVDD 16.0 mA

4.3 DAC Interpolation Filter Characteristics

| Parameter [ Symbol | Min | Typ | Max [ Unit
Passband (to -3dB corner) 0 0453 | Fs
Passband (Ripple Spec) 0 0.340 | Fs
Passband Ripple +0.2 | dB
Stop Band 0.560Fs Hz
Stop Band Rejection 85 dB
Group Delay 15/Fs S

Fs is conversion frequency

4.4 Absolute Maximum Ratings

[ Parameter | Symbol Min | Max | Unit |
Analog Positive Supply AVDD -0.3 3.6 A"
Digital Positive Supply DVDD -0.3 3.6 \Y
Current at Any Digital Output £50 mA
Voltage at Any Digital Input DGND-1.0 | DVDD+1.0 | V
Operating Temperature -30 +85 °C
Functional Operating Temperature -40 +95 °C
Storage Temperature -65 +150 °C

Version 1.0}, 2004-11-19 10
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4. CHARACTERISTICS & SPECIFICATIONS

4.5 Recommended Operating Conditions

| Parameter Symbol | Min | Typ | Max | Unit |

Analog and Digital Ground AGND DGND 0.0 v
Positive Analog ©  AVDD 25 127 36 |V
Positive Digital DVDD 23 | 25| 36 |V
Ambient Operating Temperature -30 +85 | °C

The following values are to be used when the clock doubler is active:

Parameter [ Symbol | Min | Typ | Max | Unit |
Input Clock Frequency XTALI 12288 | 15 | MHz
Internal Clock Frequency! | CLKI 24576 | 30 | MHz

1 The maximum sample rate that may be played with correct speed is CLKI/512.

The following values are to be used when the clock doubler is not active:

Parameter [ Symbol | Min [ Typ | Max | Unit |
Input Clock Frequency XTALL 24576 | 30 | MHz
Internal Clock Frequency | CLKI 24576 { 30 | MHz

1 The maximum sample rate that may be decoded with correct speed is CLKI/512.

Note: See Application notes for what clock speeds are required to play specific bit rates and sample rates.

4.6 Digital Characteristics

[ Parameter [ Symbol | Min |Typ| Max Unit
High-Level Input Voltage 0.7DVDD v
Low-Level Input Voltage 0.3DVDD | V
High-Level Output Voltage at Iop =-1.0 mA 0.7DVDD v
Low-Levetl Qutput Voltage at Ip = 1.0 mA 0.3DVDD | V
Input Leakage Current -1.0 1.0 HA

Version 1.01, 2004-11-19
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Solution &Yy 4. CHARACTERISTICS & SPECIFICATIONS

4.7 Switching Characteristics - Clocks

Parameter | Symbol | Min | Typ | Max | Unit

Master Clock Frequency ! | XTALI 12.288 MHz

Master Clock Frequency 2 | XTALI 24,576 MHz
. Master Clock Duty Cycle 40 50 60 | %

Clock Output * XTALO XTALI MHz

! Clock doubler active.
2 Clock doubler not active.
3 Do not load XTALO by connecting other devices to it.

4.8 Switching Characteristics - DRE(Q) Signal

| Parameter | Symbol | Min | Typ | Max | Unit |
| Data Request Signal | DREQ | | | 200 [ns |

4.9 Switching Characteristics - SPI Interface Output

| Parameter | Symbol | Min | Typ | Max | Unit |
SPI Input Clock Frequency CLEL | MHz
Rise time for SO 25 | ns

Note: Maximum load for SO is 100 pF.

4.10 Switching Characteristics - Boot Initialization

Parameter Symbeol | Min Max Unit
RESET active time 2 XTALI
Power-up to software ready 2 ms + 30000 XTALI

-RESET inactive to software ready 30000 XTALI

Version 1.01, 2004-11-19 12
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5.1.3 SOIC-28

N0 N NOOonNnnNnoooonninn

28 27 26 25 24 23 22 21 20 19 18 17 16 15

SOIC - 28
O
1 2 3 4 5 6 7 8 9. 10 11
ooy U Db d

Figure 3: Pin Configuration, SOIC-28.

SOIC-28 package dimensions are at http://www.visi fi'vs1001/50ic28.pdf .

Version 1.01, 2004-11-19 14
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5.2.2 SOIC-28 Pin Descriptions
Pin Name Pin Pin Function
Type _
DREQ 1 DO data request, input bus
GP102¢ /DCLK! | 2 DIO serial input data bus clock
GPI0O3“ /SDATA! | 3 D1 serial data input
XDCS /BSYNC! | 4 DI byte synchronization signal
DVDD1 5 PWR digital power supply
DGND]) 6 PWR digital ground
XTALO 7 CLK crystal output
XTALI 8 CLK crystal input
bvDD2 9 PWR digital power supply
DGND2 10 PWR digital ground
XCS 11 DI chip select input {(active low)
SCLK 12 DI clock for serial bus
SI 13 DI serial input
S0 14 DO3 serial output
TEST 15 DI reserved for test, connect to DVDD
GPIO0? 16 DIO reserved for test, do not connect!
GPIO1? 17 DIO reserved for test, do not connect!
AGNDO 18 PWR analog ground
AVDDJ) 15 PWR analog power supply
RIGHT 20 AO right channel output
AGND2 21 PWR analog ground
RCAP 22 AlO filtering capacitance for reference
AVDD?2 23 PWR analog power supply
LEFT 24 AQ left channel output
AGND3 25 PWR analog ground
XRESET 26 DI active low asynchronous reset
DGNDO 27 PWR digital ground
DVDDO 28 PWR digital power supply

1 First pin function is active in New Mode, latter in Compatibility Mode.

2 If not used, use 100 k2 pull-down resistor.

Pin types:
[ Type | Description | | Type | Description
DI Digital input, CMOS Input Pad Al Analog input
DO Digital output, CMOS Input Pad AQD Analog output
DIO | Digital input/output AIO | Analog input/output
DO3 | Digital output, CMOS Tri-stated Qutput Pad PWR | Power supply pin

Version 1.01,

2004-11-19
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7 SPI Buses

7.1 General

The SPI Bus - that was originally used in some Motorola devices - has been used for both VS1011b’s
Serial Data Interface SDI (Chapters 7.3 and 8.4) and Serial Control Interface SCI (Chapters 7.4 and 8.5).

7.2 SPI Bus Pin Descriptions

7.2.1 V81002 Native Modes (New Mode}

These modes are active on VS1011b when SM_SDINEW is set to 1. DCLK, SDATA and BSYNC are
replaced with GP102, GPIQ3 and XDCS, respectively.

| SDI Pin | SCI Pin | Description |
XDCS XCS | Active low chip select input. A high level forces the serial interface into
standby mode, ending the current operation. A high level also forces serial
output (SO) to high impedance state. If SM_SDISHARE is 1, pin
XDCS is not used, but the signal is generated internally by inverting
XCS.
SCK Serial clock input. The serial clock is also used internally as the master
clock for the register interface. '
SCK can be gated or continuous. In either case, the first rising clock edge
after XCS has gone low marks the first bit to be written.

SI Serial input. If a chip select is active, SI is sampled on the nsing CLK edge.
- S0 Serial output. In reads, data is shifted out on the falling SCK edge.
In writes SO is at a high impedance state.

722 VS1001 Compatibility Mode

This mode is active when SM_SDINEW is 0 (default). In this mode, DCLK, SDATA and BSYNC are
active.

[ SDI Pin | SCI Pin | Description ]

- XCS | Active low chip select input. A high level forces the serial interface into
standby mode, ending the current operation. A high level also forces serial
output (SO) to high impedance state. There is no chip select for SDI, which
is always active.
DCLK SCK | Serial clock input. The serial clock is also used internally as the master
clock for the register interface.
SCK can be gated or continuous. In either case, the first rising clock edge
after XCS has gone low marks the first bit to be written.
SDATA SI Serial input. SI is sampled on the rising SCK edge, if XCS is low.

- SO Serial output. In reads, data is shifted out on the falling SCK edge.
In writes SO is at a high impedance state.

Version 1.01, 2004-11-19 18
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7.3 Serial Protocol for Serial Data Interface (SDI)
7.3.1 General

The serial data interface operates in slave mode so the DCLK signal must be generated by an external
circuit.

Data (SDATA signal) can be clocked in at either the rising or falling edge of DCLK (Chapter 8.6).

VS1011b assumes its data input to be byte-sychronized. SDI bytes may be transmitted either MSb or
LSb first, depending of contents of SCI_MODE (Chapter 8.6).

7.3.2 SDI in VS1002 Native Modes (New Mode)

In VS1002 native modes (which are available also in VS1011b), byte synchronization is achieved by
XDCS (or XCS if SM_SDISHARE is 1). The state of XDCS (or XCS) may not change while a data
byte transfer is in progress. To always maintain data synchronization even if there may be glitches in
the boards using VS1011b, it is recommended to turn XDCS (or XCS) every now and then, for instance
once after every flash data block or a few kilobytes, just to keep sure the host and VS1011b are in sync.

For new designs, using VS1002 native modes are recommended, as they are easier to implement than
BSYNC generation.

7.33 SDI in VS1001 Compatibility Mode

BSYNC _/ \ “'." \
SDATA :Xo? Xoe an Xm XTXD: Xm Xm X:
s _ LML

Figure 5: BSYNC Signal - one byte transfer.

When VS1011b is running in VS1001 compatibility mode, a BSYNC signal must be generated to ensure
correct bit-alignment of the input bitstream. The first DCLK sampling edge (rising or falling, depending
on selected polarity), during which the BSYNC is high, marks the first bit of a byte (LSB, if LSB-first
order is used, MSB, if MSB-first order is used). If BSYNC is *1” when the last bit is received, the receiver
stays active and next 8 bits are also received.

BSYNC_/ \ ) \
soata Y o7) Do) osY o4y oY oz) oTY moy 7Y oex D= PR SX PPN
DCLK || |||||||||||||||||| Iil

Figure 6: BSYNC Signal - two byte transfer.

Version 1.01, 2004-11-19 19
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Using VS1001 compatibility mode in new designs is strongly discouraged.

7.3.4 SDI and DREQ

The DREQ signal of the data interface is used in slave mode to signal if VS1011b’s FIFO is capable of
receiving more input data. If DREQ is high, VS1011b can take at least 32 bytes of data. When there is
less than 32 bytes of free space, DREQ is turned low, and the sender should stop transferring new data.
Because of the 32-byte safety area, the sender may send upto 32 bytes of data at a time without checking
the status of DREQ, making controlling VS§1011b easier for low-speed microcontrollers.

Note: DREQ may turn low or high at any time, even during a byte transmission. Thus, DREQ should
only be used to decide whether to send more bytes. It should not abort a byte transmission that has
already started.

7.4 Serial Protocol for Serial Command Interface (SCI)
7.4.1 General

The serial bus protocol for the Serial Command Interface SCI {Chapter 8.5) consists of an instruction
byte, address byte and one 16-bit data word. Each read or write operation can read or write a single
register. Data bits are read at the rising edge, so the user should update data at the falling edge. Bytes are
always send MSb firrst.

The operation is specified by an 8-bit instruction opcode. The supported instructions are read and write.
See table below.

Instruction
Name | Opcode Operation
READ | 00000011 | Read data
WRITE | 00000010 | Write data

Note: After sending an SCI command, it is not allowed to send SCI or SDI data for 5 microseconds.

Version 1.01, 2004-11-19 20
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7.4.2 SCI Read

VS81011b registers are read by the following sequence, as shown in Figure 7. First, XCS line is pulled
SI line followed by an 8-bit word address. After the address has been read in, any further data on Sl is
ignored. The 16-bit data corresponding to the received address will be shifted out onto the SO line.

XCS should be driven high after data has been shifted out.

xcs N —
cs N A
001 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 30 31
SCK
32 10
si NYoooooof1 Yo o oo (don'tcare don't dare
-
instruction (read) I address dala out
15 14 10
So_ooooooooooooooooooc x>’x\_ '
/]

Figure 7: SCI Word Read

74.3 SCI Write

VS1011b registers are written to using the following sequence, as shown in Figure 8. First, XCS line is
pulted low to select the device. Then the WRITE opcode (0x2) is transmitted via the SI line followed by
an 8-bit word address.

After the word has been shifted in and the last clock has been sent, XCS should be pulled high to end the
WRITE sequence.

Xcs =
001 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 30 31
SCK
] 3 2 1 0,15 14 10 B
o oo oo 0 gMols 00 OOOCCOC X0

Instruction {(write) address data out
so —4{ 0 0000 O0O0O0O0OOO0OCOOOGCOOO OO0 QO 0 0OfX Y—

Figure 8: SCI Word Write

Version 1.01, 2004-11-19 21
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7.5 SPI Timing Diagram

XCSS

XCSH

SCK

[
o_l

30

<y

XCs

Sl

LJ Ny

H pc-—
=T g
.- C_OO—
2| b= -
v IS
Figure 9: SPI Timing Diagram.
| Symbol | Min Max | Unit
tXCSS 5 ns
tSU -26 ns
tH 2 XTALI cycles
tZ 0 ns
tWL 2 XTALI cycles
tWH 2 XTALI cycles
tV 2 (+25ns’) [ XTALI cycles
tXCSH -26 ns
tXCS 2 XTALI cycles
tDIS 10 | ns

1 25ns is when pin loaded with 100pF capacitance. The time is shorter with lower capacitance.

Note: As tWL and tWH, as well as tH require at least 2 clock cycles, the maximum speed for the SPI
bus that can easily be used is 1/6 of VS1011b’s external clock speed XTALI Slightly higher speed can
be achieved with very careful timing tuning. For details, see Application Notes for VS10XX.

Note: Negative numbers mean that the signal can change in different order from what is shown in the
diagram.

Version 1,01,
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8 Functional Description

8.1 Main Features

VS1011b is based on a proprietary digital signal processor, VS_DSP. It contains all the code and data
memory needed for MPEG and WAV PCM audio decoding, together with serial interfaces, 2 multirate

stereo audio DAC and analog output amplifiers and filters.

VS1011b can play all MPEG 1 and 2 layer III files, with all sample rates and bitrates, including variable

bitrate (VBR).

8.2 Supported Audio Codecs

Conventions
Mark I Description
+ Format is supported
- Format exists but is not supported
Format doesn’t exist

8.2.1 Supported MP3 (MPEG layer 3) Formats

MPEG 1.0%:

Samplerate / Hz Bitrate / kbit/s

32 | 40 | 48 | 56 | 64 | 80 | 96 [ 112] 128] 160] 192 ] 224 256 ] 320

48000 | + + + + + + + + + + + + + 1+
44100 | + + + + + + + + + + + + + +*
32000 | + + + + + + + + + + + + + +
MPEG 2.0
Samplerate / Hz Bitrate / kbit/s
8 |16 |24 [32 |40 [48 [ 56 {64 [ 80 [ 96 [ 112] 128] 144] 160
24000 | + + + + + + + + + + + + + +
22050 | + + + + + + + + + + + + + +
16000 | + + + + + + + + + + + + + +
MPEG 2.5 %
Samplerate / Hz Bitrate / kbit/s

[16 T24 [32 T40 T48 [56 [ 64 [ 80 [96 [ 112] 128] 144 [ 160

8
12000 | + + + + + + + + + + + + + +
11025 | + + + + + + + + + + + + + +
8000 | + + + + + + + + + + + + + +

1 Also all variable bitrate (VBR) formats are supported.
2 Incompatibilities may occur because MPEG 2.5 is not a standard format.
3 Nominal CLK1=24.576 MHz may be too little for glitchless playback.

Version 1.01, 2004-11-19
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8.2.2 Supported RIFF WAV Formats

The most common RIFF WAV subformats are supported.

Format | Name Supported | Comments |

0x01 PCM + 16 and 8 bits, any sample rate < 48kHz
0x02 ADPCM -
0x03 IEEE_FLOAT -
ox06 ALAW -
x07 MULAW -
0x10 OKI_ADPCM -
0xl11 IMA_ADPCM -
0x15 DIGISTD -
0x16 DIGIFIX -
0x30 DOLBY _AC2 -
0x31 GSM610 -
Ox3b ROCKWELL_ADPCM -
0x3c ROCKWELL DIGITALK | -
0x40 G721_ADPCM -
0x41 G728.CELP -
0x50 MPEG -
0x55 MPEGLAYER3 + For supported MP3 modes, see Chapter 8.2.1
Ox64 G726 ADPCM -
0x65 G722_ADPCM -

—

8.3 Data Flow of VS1011b

SCIBASS=0  A1ADDR =0

SDf gitgtream MP3/WAY f/ Bass lf/ User Volume Audio rate.conv =
-1 FIFO decoding & gnhancer ®t application control FIFO nd DAC R
16384 bits SCILBASS!1=0 A1ADDR1!=0 SCI_VOL 512 stereo
samples

Figure 13: Data Flow of VS1011b.
First, depending on the audio data, MP3 or PCM WAV data is received and decoded from the SDI bus.
Afier decoding, data may be sent to the Bass Enhancer depending on SCI_LBASS,

Then, if SCI_AIADDR is non-zero, application code is executed from the address pointed to by that
register. For more details, see Application Notes for VS10XX.

After the optional user application, the signal is fed to the volume control unit, which also copies the
data to the Audio FIFO.

The Audio FIFO holds the data, which is read by the Audio interrupt (Chapter 10.9.1) and fed to the
sample rate converter and DACs. The size of the audio FIFO is 512 stereo (2x 16-bit) samples.

The sample rate converter converts all different sample rates to CLK1/512 and feeds the data to the DAC,
which in order creates a sterec in-phase analog signal. This signal is then forwarded to the earphone
amplifier.
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8. FUNCTIONAL DESCRIPTION

8.4

Serial Data Interface (SDI)

The serial data interface is meant for transferring compressed MP3 audio data as well as WAV PCM data,

Also several different tests may be activated through SDI as described in Chapter 9.

8.5

Serial Control Interface (SCI)

The serial control interface is compatible with the SP1 bus specification. Data transfers are always 16

bits. VS1011b is controlled by writing and reading the registers of the interface.

The main controls of the control interface are:

s control of the operation mode

s uploading user programs

e access to header data

e status information

o feeding input data

8.6 SCI Registers
SCI registers, prefix SCI_, offset 0xC000

Reg | Type | Reset | Abbrev[bits] | Description
00| ™w |0 MODE Mode control.
0x1 | rw | OxIC! | STATUS Status of VS1011b.
x2 | w |0 BASS Built-in bass enhancer.
0x3 | rw | O CLOCKF Clock freq + doubler.
Ox4 r 0 DECODE_TIME Decode time in seconds.
0x5 ™w (0 AUDATA Misc. audio data.
0x6| w |0 WRAM RAM write.
x7]| w |0 WRAMADDR Base address for RAM write,
0x8 r 0 HDATO Stream header data 0.
0x9 r 0 HDAT1 Stream header data 1.
OxA | rw |0 AIADDR Start address of application.
OxB| w |0 VOL Volume control.
xC; w |0 AICTRLO Application control register 0.
0xD| rw |0 AICTRL1 Application control register 1.
xE| rw [0 AICTRL2 Application control register 2.
OxF | rw 10 AICTRL3 Application control register 3.

! Firmware changes the value of this register immediately to 0x18, and in less than 100 ms to 0x10.
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8.61 SCILMODE (RW)

SCI.MODE is used to control operation of VS1011b.

Bit | Name Function | Value | Description
0 { SM.DIFF Differential 0 normal in-phase audio |
1 left channel inverted
1 | SM_.SETTOZERO]1 | Set to zero 0 right
1 wrong
2 | SM_RESET Soft reset 0 no reset
1 reset
3 | SML.OUTOFWAV | Jump out of WAV decoding 0 no
| yes
4 { SM_SETTOZERQ2 | set to zero 0 right
1 wrong
5 | SM.TESTS Allow SDI tests 0 not allowed
1 allowed
6 | SM_STREAM Stream mode 0 no
1 yes
7 | SM_.SETTOZERQ3 | set to zero 0 right
1 wrong
8 | SM.DACT DCLK active edge 0 rising
1 falling
9 | SM_SDIORD SDI bit order 0 MSb first
1 MSb last
10 | SM_SDISHARE Share SPi chip select 0 no
1 yes
11 | SM_SDINEW VS1002 native SP1 modes 0 no
| ves
12 | SM_SETTOZERO4 | set to zero 0 right
1 WIONg
13 | SM_SETTOZEROS | set to zero 0 right
1 WIONg

When SM_DIFF is set, the player inverts the left channel output. For a stereo input this creates a virtual
surround, and for a mono input this effectively creates a differential left/right signal.

By setting SM_RESET to 1, the player is software reset. This bit clears automatically.

When the user decoding a WAV file wants to get out of the file without playing it to the end, set
SM_OUTOFWAY, and send zeros to VS1002¢ until SM_.OUTOFWAY is again zero. 1f the user doesn’t
want to check SM_OUTOFWAY, send 128 zeros.

If SM_TESTS is set, SDI tests are allowed. For more details on SDI tests, look at Chapter 9.6.

SM_STREAM activates VS1011b’s stream mode. In this mode, data should be sent with as even intervals
as possible (and preferable with data blocks of less than 512 bytes), and VS1011b makes every attempt
to keep its input buffer half full by changing its playback speed upto 5%. For best quality sound, the
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9 Operation

9.1 Clocking

VS1011tb operates on a single, nominally 24.576 MHz fundamental frequency master clock. This clock
can be generated by external circuitry (connected to pin XTALI) or by the internal clock chrystal interface
(pins XTALI and XTALO). This clock is sufficient to support a high quality audio output for almost all
standard sample rates and bit-rates (see Application Notes for VS10XX).

9.2 Hardware Reset

When the XRESET -signal is driven low, VS1011b is reset and all the control registers and internal
states are set to the initial values. XRESET-signal is asynchronous to any external clock. The reset mode
doubles as a full-powerdown mode, where both digital and analog parts of VS1011b are in minimum
power consumption stage, and where clocks are stopped. Also XTALO and XTALI are grounded.

After a hardware reset (or at power-up), the user should set such basic software registers as SCI_.VOL
for volume (and SCI.CLOCKEF if the input clock is anything else than 24.576 MHz) before starting
decoding.

9.3 Software Reset

In some cases the decoder software has to be reset. This is done by activating bit 2 in SCI_MODE register
(Chapter 8.6.1). Then wait for at least 2 us, then look at DREQ. DREQ will stay down for at least 6000
clock cycles, which means an approximate 250 us delay if VS1011b is run at 24.576 MHz. After DREQ
is up, you may continue playback as usual.

If you want to make sure VS1011b doesn’t cut the ending of low-bitrate data streams and you want to do
a software reset, it is recommended to feed 2048 zeros to the SDI bus after the file and before the reset.

9.4 Play/Decode

This is the normal operation mode of VS1011b. SDI data is decoded. Decoded samples are converted to
analog domain by the internal DAC. If there are bad problems in the decoding process, the error flags of
SCI_HDATO and SCI_LHDAT] are set to 0 and analog outputs are muted.

When there is no input for decoding, VS1011b goes into idle mode (lower power consumption than
during decoding) and actively monitors the serial data input for valid data.
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9.5 Feeding PCM data

VS1011b can be used as a PCM decoder by sending to it a WAV file header. If the length sent in the
WAV file is 0 or OxXFFFFFFF, VS1011b will stay in PCM mode indefinitely. 8-bit linear and 16-bit linear
audio is supported in mono or stereo.

9.6 SDI Tests

There are several test modes in VSI0I1b, which allow the user to perform memory tests, SCI bus tests,
and several different sine wave tests.

All tests are started in a similar way: VS1011b is hardware reset, SM_TESTS is set, and then a test

command is sent to the SDI bus, Each test is started by sending a 4-byte special command sequence,
followed by 4 zeros, The sequences are described below.

9.6.1 Sine Test

Sine test is initialized with the 8-byte sequence 0x53 O0xEF 0x6E n 0 0 0 0, where n defines the sine test
to use. n is defined as follows:

n bits
Name | Bits | Description

F.Idx | 7:5 | Sample rate index

S 4:0 | Sine skip speed
FJdz| F, |
0 44100 Hz
1 48000 Hz
2 32000 Hz
3 22050 Hz
4 24000 Hz
5 16000 Hz
6 11025 Hz
7 12000 Hz
The frequency of the sine to be output can now be calculated from " = F'y %.

Example: Sine test is activated with value 126, which is 0b01111110. Breaking n to its components,
F Idz = 0b011 = 1 and thus Fy = 22050H 2. § = 0011110 = 30, and thus the final sine frequency
F = 22050Hz x 3% ~ 5168Hz.

To exit the sine test, send the sequence 0x45 0x78 0x69 0x74 00 0 0.

Note: Sine test signals go through the digital volume control, so it is possible to test channels separately.
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Introduction to the SD Card

1.1. Scope

This document describes the key features and specifications of the SD Card, as well as the information required to
interface this product to a host system.

1.2. Product Models

The SD Card is available in the capacities shown in Table 1-1.

Table 1-1. SD Card Capacities

Model No. Capacities
SDSDB-16 16 MB
SDSDB-32 32mB
SDSDJ-64 64 MB
SDSDJ-128 128 MB
SDSD.J-256 256 MB
SDSDJ-512 512MB
SDSDJ-1024 1024 MB

SDSDB = Binary NAND technology.
SDSDJ = Mutlii Level Cell (MLC) NAND technology.

1.3. System Features

The SD Card provides the following features:

Up to 1-GB of data storage.

SD Card protocol compatible,

Supports SPI Mode.

Targeted for portable and stationary applications for secured (copyrights protected) and non-secured

data storage.

Voltage range:

- Basic communication (CMD0, CMD15, CMDS55, ACMD41): 2.0-—3.6V.
- Other commands and memory access: 2.7—3.6V.

Variable clock rate 0-—25 MHZ.

Up to 12.5 Mﬁzsec data ti"ansfer rate {using 4 parailel data lines).

Maximum data rate with up to 10 cards.

Correction of memory field errors.

Copyrights Protection Mechanism—Complies with highest security of SDMI standard.
Password Protected of Cards (not on all models).

Write Protect feature using mechanical switch.

Built-in write protection features (permanent and temporary).

Card Detection (Insertion/Removal).

Application specific commands.

1-2
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Introduction to the SD Card

1.5.9.6. Read and Write Operations

The SD Card supports two read/write modes as shown in Figure 1-3.

4 | | N

Multiple Block Mode

Memory | Memory | Memory | Memory | Memofy | Memory | Memory

Sectors | Sectors | Sectors | Sectors | Sectofs | - Sectors  Seclors
Write Read
Start Stop Start Stop
Address
Single Block Mode Misalignment Error
Memory 10 Memory | Memory | Memory | Me
Sectors Sectors | Sectors | Sectors | Sedgt
Start SIrt Start
Address Address Address
{Read) {Write) {Read/Write)
. /
Figure 1-3. Data Transfer Formats
Single Block Mode

In this mode the host reads or writes one data block in a pre-specified length. The data block transmission is
protected with 16-bit CRC that is generated by the sending unit and checked by the receiving unit.

The block Iength for read operations is limited by the device sector size (512 bytes) but can be as small as a single
byte. Misalignment is not allowed. Every data block must be contained in a single physical sector. The block length
for write operations must be identical to the sector size and the start address aligned to a sector boundary.

Multiple Block Mode

This mode is similar to the single block mode, but the host can read/write ?n._ﬁltipie data blocks'(all have the same
length) which will be stored or retrieved from contiguous memory addresses starting at the address specified in the
command. The operation is terminated with a stop transmission command.

Misalignment and block length restrictions apply to multiple blocks as well and are identical to the single block
read/write operations.

1.5.9.7. Data Transfer Rate

The SD Card can be operated using eitf'ler a single data line (DATO) or four data lines (DATO0-DAT3) for data
transfer. The maximum data transfer rate for a single data line is 25 Mbit per second and for four data lines it is 100
Mbit (12 MB) per second.
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2. Product Specifications

For all the following specifications, values are defined at ambient temperature and nominal su

otherwise stated.

pply voltage unless

2.1. System Environmental Specifications

Table 2-1. System Environmental Specifications

Temperature Operating: | -25°Cto85°C
Non-Operating: | 40° Cto85° C
Humidity Operating: | 25% to 95%, non-candensing
Non-Operating. | 25% to 95%, non-condensing
ESD Protection Contact Pads: | £ 4kV, Human body model according to ANSI

Non Contact Pad Area: | + 8kV (coupling plane discharge)

EOS/ESD-55.1-1998

+ 15kV (air discharge)
Human body mode! per IEC61000-4-2

2,2, Reliability and Durability

Table 2-2. Reliability and Durability Specifications

Durability 10,000 mating cycles

Bending 10N

Torque 0.15N.m or £2.5 deg.

Drop Test 1.5m free fall

UV Light Exposure UV: 254nm, 15Wsfcm? according to 150 7816-1

Visual Inspection/Shape and Form

No warpage; no mold skin; complete form; no cavities; surface
smoothness < -0.1 mm/cm? within contour; no cracks; no
pollution (oil, dust, etc.)

Minimum Moving Farce of WP Switch

40 gf (ensures that the WP switch will not slide while it is
inserted in the connector).

WP Swilch Cycles

Minimum 1,000 Cycles @ slide force 0.4N to 5N
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2.3. Typical Card Power Requirements

Table 2-3. Card Power Requirements

[ VDD (ripple: max, 60 mV peak to peak) 27V-36V

{Ta=25°C @3 V)

Value Measurement Notes
Sleep 250 UA- Max
-Read 65 mA Max
Write 75 mA Max

2.4. System Performance

Table 2-4. System Performance

Typical Maximum

Block Read Access Time

Binary Products 1.5msec 100msec

MLC Products 10msec 100msec
Block Write Access Time

Binary Products 24msec 250msec

MLC Products 40msec 250msec
CMD1 to Ready 50msec 500msec
(after power up)
Sleep to Ready 1msec 2msec

NOTES: All values quoted are under the following conditions:
1) Voltage range: 2.7 Vo 3.6 V.
2) Temperature range: -25° C to 85° C.
3) Are independent of the SD Card clock frequency.

2.5. System Reliability and Maintenance

Table 2-5. System Reliability and Maintenance Specifications

MTBF > 1,000,000 hours

Preventive Maintenance None

Data Reliability < 1 non-recoverable error in 104 bits read
Endurance 100,000 write/erase cycles (typical)
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2.6. Physical Specifications

Refer to Table 2-6 and to Figures 2-1 through 2-3 for SD Card physical specifications and dimensions.

Table 2-6. Physical Specifications

Weight | 2.0 g. maximum

Length: | 32mm £ 0.1mm
Width: | 24mm + Q.1mm

Thickness: | 2.1mm + 0.15mm
(in substrate area only, 2.25mm maximum)

-
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Figure 2-1. SD Card Dimensions
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3. SD Card Interface Description

3.1. General Description of Pins and Registers

The SD Card has nine exposed contacts on one side (see Figure 3-1). The host is connected to the SD Card using a
dedicated 9-pin connector.

3.1.1. Pin Assignments in SD Card Mode

Table 3-1 lists the pin assignments and definitions in SD Card Mode.

Table 3-1. SD Bus Mode Pad Definition

Pin # Name Type! SD Description
1 CD/DAT3? ek Card Detect/Data Line [Bit 3]
2 CMD o Command/Response
3 Vst S Supply voltage ground
4 Voo S Supply voltage
5 CLK [ Clock
6 Vase - 8 Supply voltage ground
7 DATO HO Data Line [Bit 0]
8 DAT1 o Data Line [Bit 1]
9 DAT2 10 Data Line [Bit 2]

NOTES: 1) S=power supply; I=input; O=output using push-pull drivers.
2) The extended DAT lines (DAT1-DATS3) are input on power up. They start to operate as DAT lines after the
SET_BUS_WIDTH command. It is the responsibility of the host designer to connect extemnal pullup resistors to all
data lines even if only DATO is to be used. Otherwise, non-expected high current consumption may occur due to the
floating inputs of DAT1 & DAT2 (in case they are not used).
3) After power up, this line is input with 50Kohm(+/-20Kohm) pull-up (can be used for card detection or SPI mode
selection). The pull-up may be disconnected by the user, during regular data transfer, with
SET_CLR_CARD DETECT {ACMD42) command.
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3D Card Interface Description

3.1.2. Pin Assignments in SPI Mode

Table 3-2 lists the pin assignments and definitions in SPI Mode.

Table 3-2. SPI Bus Mode Pad Definition

Pin # Name Type? SPi Description
1 Cs | Chip Select {Active low)
2 Dataln | Host to Card Commands and Data
3 VSS1 s Supply Voltage Ground
4 VDD 8 Supply Voltage
5 CLK | Clock
) VS8S2 S Supply Voltage Ground
7 DataOut C Card to Host Data and Status
8 RS8Vig) { Reserved
9 RSVi2) i Reserved

NOTES: 1) S=power supply; I=input; O=output.
2) The “RSY" pins are floating inputs. It is the responsibility of the host designer to connect external pullup resistors to
those lines. Otherwise non-expected high current consumption may occur due to the floating inputs.

Each card has a set of information registers (refer to Table 3-3). Detailed descriptions are provided in Section 3.5.

Table 3-3. SD Card Registers

Name Width Description
CiD 128 Card identification number: individual card number for identification.
RCA? 16 Relative card address: local system address of a card, dynamically
suggested by the card and approved by the host during initialization.
CcsD 128 Card specific data: information about the card operation conditions.
SCR 64 5D Configuration Register: information about the SD Card’s special

features capabilities.

OCR 32 Operation Condition Register
NQTE: 1) The RCA register is not available in SPI Mode.

The host may reset the cards by switching the power supply off and on again. The card has its own power-on
detection circuitry which puts the card into an idle state after the power-on. The card can also be reset by sending
the GO_IDLE {CMD0) command.
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8D Card Interface Description

Parameter . l Symbol I Min. | Max. [ Unit ] Remark
Inputs CMD, DAT (referenced to CLK) '

Input set-up time trsu 5 ns CLs25pF
{1 cards)

Input hold fime i 5 ‘ ns CL<25pF
{1 cards)

Cutputs CMD, DAT (referenced to CLK)

Output delay time during Data Transfer Mode toovy 0 14 ns CLs25pF
{1 cards)

Output delay time during Identification Mode tooty 0 50 ns CL<25pF
{1 cards}

NOTE: QOHz stops the clock. The given minimum frequency range is for cases where a continuous clock is required.

3.5. SD Card Registers

There is a set of seven registers within the card interface. The OCR, CID, CSD and SCR registers carry the card
configuration information. The RCA register holds the card relative communication address for the current session.
The card status and SD status registers hold the communication protocol related status of the card,

3.5.1. Operating Conditions Register (OCR)

The 32-bit operation conditions register stores the Vpp voltage profile of the card. The SD Card is capable of
executing the voltage recognition procedure (CMD1) with any standard SD Card host using operating voltages form
210 3.6 Volts.

Accessing the data in the memory array, however, requires 2.7 to 3.6 Volts. The OCR shows the voltage range in
which the card data can be accessed. The structure of the OCR register is described in Table 3-8.

Table 3-8. OCR Register Definition

OCR Bit VDD Voltage Window
0-3 Reserved
4 1617
5 17-1.8
6 1.8-19
7 1.8-2.0
8 20-2.1
g 21-22
10 2223
1" 23-24
12 24-25
13 2526
14 2627
15 2728
16 2.8-2.9
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OCR Bit VDD Voltage Window
17 29-30
18 3.0-31
19 31-32
20 3233
21 3334
22 3435
23 3536
24-30 reserved
K] Card power up status bit {busy)

The level coding of the OCR register is as follows:
» Restricted voltage windows=LOW
s Card busy=LOW (bit 31)

The least significant 31 bits are constant and will be set as described in Figure 4-8. If bit 32 (the busy bit) is set, it
informs the host that the card power up procedure is finished.

24 16 b7 a3 0 N
I 00 I FF 80 0 0
L— Reserve
Operatin
Voltage
27-36
Reserye

. \ Busy )

Figure 3-8. OCR Structure

3.5.2. Card Identification (CID) Register

The CID regist'_'egr is 16 bytews:jong and g:pnmins a unique card identification number as shown in Table 3-9. It is
programmed during card manufacturing and cannot be changed by SD Card hosts. Note that the C1D register in the
SD Card has a different structure than the CID register in the MultiMediaCard.
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Table 3-9. CID Fields _
Name Type | Width | CID—Slice Comments CID Value
Manufacturer 1D (MID} Binary 8 [127:120] | The manufaciurer IDs are controlled | 0x03
and assigned by the SD Card
] Association. : ]
OEM/Application ID (OID) ASCIH 16 [119:104] | Identifies the card OEM andfor the SD ASCII Code 0x53, 0x44
: card contents. The OID is assigned
bythe 3C.*
Product Name (PNM) ASCII 40 (103:64] 5 ASCH characters long SD128, SD064, SD032,
SD018, D008
Product Revision™ (PRV) BCD 8 [63:56] Two binary coded decimal digits Product Revision (30)
Serial Number (PSN) Binary 32 {55:24 32 Bits unsigned integer Product Serial Number
Reserved 4 {23:20]
Manufacture Date Code (MDT) | BCD 12 [19:8] Manufacture date-yym {offset from | Manufacture date(for
2000) example: Apr 2001 = 0x014)
CRC7 checksum™ (CRC) Binary 7 [7:1] Calculated CRC7
Not used, always '1’ 1 [0:0]
* 3C =The 3 SDA founding companies: Toshiba, SanDisk, and MEL

hE

LR L]

CRC Calculation: G{x)=x7+3+1
M(x)=(MID-MS5B)*x119+...+{CIN-LSB)*x0
CRCI[6...0]=Remainder[(M{x)*x7)/G(x)]

The product revision is composed of two Binary Coded Decimal (BCD) digits, four bits each, representing an “n.m”

revision number. The “n” is the most significant nibble and the “m” is the least significant nibble. Example: The PRV

binary value filed for product revision “6.2” will be: 0110 0010.

The CRC Checksum is computed by the following formula:

3.5.3. CSD Register

The Card Specﬁic Data (CS"if)) ;egister:"contains configuration information required to access the card data. In

Table 3-10, the cell type column defines the CSD field as Read only (R), One Time Programmable (R/W)or
erasable (R/W/E). This table shows the value in “real world” units for each field and coded according to the CSD
structure. The Mode! dependent column marks (with a check mark, V) the CSD fields that are model dependent.
Note that the CSD register in the SD Card has a different structure than the CSD in the MultiMediaCard.

Table 3-10. CSD Register

Name Field Width{ Cell | CSD-Slice CSD Value CSD Code
Type
CSD structure CSD_STRUCTURE 2 R [127:126) 1.0 00b
Reserved - 6 R [1251201 1- 000000b
data read access-time-1 TAAC
Binary 8 R [119:112] |1.5msec 00100110b
MLC 8 R [119:112] | 10msec 00001111b
data read access-time-2 in CLK cycles | NSAC 8 R [111:104] |O 0Q000000b
{NSAC*100)
max. data transfer rate TRAN_SPEED 8 [103:96] |25MHz 00110010
card command classes cce 12 R [95:84] Al {incl. WP, 1FSh
Lockiuntock)
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5. SPI Protocol Definition

 5.1. SPI Bus Protocol

While the SD Card channel is based on command and data bit-streams, which are initiated by a start bit~and
terminated by a stop bit, the SPI channel is byte oriented. Every command or data block is built of eight bit bytes
and is byte aligned (multiples of eight clocks) to the CS signal.

Similar to the SD Bus protocol, the SPI messages are built from command, response and data-block tokens. All
communication between host and cards is controlled by the host (inaster). The host starts every bus transaction by
asserting the CS signal low.

The response behavior in SPI Bus mode differs from the SD Bus mode in the following three ways:

»  The selected card always responds to the command.

»  An eight or 16-bit response structure is used.

+  When the card encounters a data retrieval problem, it will respond with an error response (which
replaces the expected data block) rather than time-out as in the SD Bus mode.

In addition te the command response, every data block sent to the card during write operations will be responded
with a special data response token. A data block may be as big as one card write block (WRITE_BL_LEN) and as
small as a single byte.'

5.1.1. Mode Selection

The SD Card wakes up in the SD Bus mode. It will enter SP1 mode if the CS signal is asserted (negative) during the
reception of the reset command (CMDO). If the card recognizes that the SD Bus mode is required it will not respond
to the command and remain in the SD Bus mode. If SPI mode is required, the card will switch to SPI mode and
respond with the SPI mode R1 response.

The only way to return to the SD Bus mode is by power cycling the card. In SPI mode, the SD Card protocol state
machine is not observed. All the SD Card commands supported in SPI mode are always available.

The default command structure/protocol for SPI mode is that CRC checking is disabled. Since the card powers up in
SD Bus mode, CMDO must be followed by a valid CRC byte (even though the command is sent using the SPI
structure). Once in SPI mode, CRCs are disabled by default.

CMDO is a static command and always generates the same 7-bit CRC of 4Ah. Adding the “1,” end bit (bit 0) to the
CRC creates a CRC byte of 95h. The following hexadecimal sequence can be used to send CMDO in all situations
for SPI mode, since the CRC byte (although required) is ignored once in SPI mode. The entire CMDO sequence
appears as 40 00 00 00 00 95 (hexadecimal).

1) The default block length is as specified in the CSD (512 bytes). A set block length of less than 512 bytes will
cause a write error. The only valid write set block length is 512 bytes. CMD16 is not mandatory if the default is
accepted.
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SPI Protocol Definition

5.1.2. Bus Transfer Protection

Every SD Card token transferred on the bus is protected by CRC bits. In SPI1 mode, the SD Card offers a non
protected mode which enables systems built with reliable data links to exclude the hardware or firmware required
for implementing the CRC generation and verification functions.

In the non-protected mode the CRC bits of the command, response and data tokens are still required in the tokens
however, they are defined as “don’t care” for the transmitters and ignored by the receivers.

The SPI interface is initialized in the non-protected mode. The host can turn this option on and off using
CRC_ON_OFF command (CMD59).

The CRC7/CRC16 polynomials are identical to that used in SI> Bus mode. Refer to this section in the 8D Bus mode
chapter.

5.1.3. Data Read

SPI mode supports single block and multiple block read operations (SD Card CMD17 or CMI}18). Upon reception
of a valid read command the card will respond with a response token followed by a data token in the length defined
in a previous SET_BLOCK_LENGTH (CMD16) command (see Figure 5-1).

From Host Next Command

to Card
Data from

' Card to Host
From Card
/ to Host
Datain ---—-- Command Command

/ /

DataQut Response  p--——--- Data Block | CRC |---—mmmmmomommmemeee

—

Figure 5-1. Single Block Read Operation

A valid data block is suffixed with a 16-bit CRC generated by the standard CCITT polynomial:
x16+xl2+x5+1.

The maximum block length is 512 bytes as defined by READ_BL_LEN (CSD parameter). Block lengths can be any
number between 1 and READ_BL_LEN.

The start address can be any byte address in the valid address range of the card. Every block, however, must be
contained in a single physical card sector.

In case of data retrieval error, the card will not transmit any data. Instead, a special data error token will be sent to
the host. Figure 5-2 shows a data read operation, which terminated with an error token rather than a data block.

52 SanDisk Secure Digital (SD) Card Product Manual, Rev. 1.9 © 2003 SANDISK CORPORATION




SP! Protocol Definition

Figure 5-2. Read Operation—Data Error

In the case of a Multiple Block Read operation, every transferred block has a 16-bit CRC suffix. The Stop
Transmission command (CMD12) will actually stop the data transfer operation (the same as in SD Bus mode).

From host Stop

to card(s) Transmission
command
From card
to host
Data from From card

‘ card to host to host
Dataln —1 Command } // ’ Command / ones
DataOul———| Response H Data Block | CRC fi Data Block I CRC | l Response |

Figure 53, Multiple Block Read Operation

5.1.4. Data Write

In SPI mode, the SD Card supports single block or multiple block write operations. Upon reception of a valid write
command (SD Card CMD24 or CMD25), the card will respond with a response token and will wait for a data block
to be sent from the host. CRC suffix and start address restrictions are identical to the read operation (see

Figure 5-4). The only valid block length, however, is 512 bytes. Setting a smaller block length will cause a write
error on the next write command.

Data
response
Data from and busy
From host Start block host to from card New
to card From card token card command
to host \ / from host
Dataln Command \\ Data Block / Command
DataOut Response j Response | Busy [———

Figure 5-4. Single Block Write Operation

Every data block has a prefix or ‘start block’ token (one byte). After a data block is received the card will respond
with a data-response token, and if the data block is received with no errors, it will be programmed. As long as the
card is busy programming, a continuous stream of busy tokens will be sent to the host (effectively holding the
dataQut line low).

Once the programming operation is completed, the host must check the results of the programming using the
SEND_STATUS command (CMD13). Some errors (e.g., address out of range, write protect violation, etc.) are
detected during programming only. The only validation check performed on the data block and communicated to
the host via the data-response token is CRC and general Write Error indication.
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Table 5-2. Description of SPI Bus Commands

CMD SPI Argument Resp Abbreviation Command Description
INDEX Mode
CMDO Yes None R1 GO_IDLE_STATE Resets the SD Card
CMD1 Yes None - R1 SEND_OP_COND Activates the card's initialization process.
CMD2 No
CMD3 No
CMD4 No
CMD5 Reserved
CMD6 Reserved
CMD? No ] '
CMD8 Reserved
CMD9 Yes None R1 SEND_CSD Asks the selected card to send its card-specific
data (CSO},
CMD10 Yes None R1 SEND_CID Asks the selected card to send its card
identification (CID).
CMD11 No
CMD12 Yes None R1b STOP Forces the card to stop transmission during a
_TRANSMISSICN multiple block read operation.
CMD13 Yes None R2 SEND_STATUS Asks the selected card o send ifs stafus register.
CMD14 No
CMD15 No
CMD16 Yes [31:0) block length R1 SET_BLOCKLEN Selects a block length (in bytes) for all following
block commands (read & write).!
CMD17 Yes [31:0} data address R1 READ_SINGLE Reads a block of the size selected by the
_BLOCK SET_BLOCKLEN command.2
CMD18 Yes [31:0] data address R1 READ_MULTIPLE Continuously transfers data blocks from card to
_BLOCK host until interrupted by a STOP_
TRANSMISSION command,
CMD19 Reserved
CMD20 No | 1
cMD21
CMD23 Reserved
CMD24 Yes [31:0) data address | R13 WRITE_BLOCK Writes a block of the size selected by the
SET_BLOCKLEN command.*
CMD25 Yes [31:0] data address R1 | WRITE_MULTIPLE_BLOCK | Continuously writes blocks of data until a stop

transmission token is sent {instead of ‘start block’).

1) The only valid block length for write is 512 bytes. The valid block length for read is 1 to 512 bytes. A set block
length of less than 512 byles will cause a write error. The card has a default block length of 512 bytes, CMD16 is
not mandatory if the default is accepted.

2) The start address and block length must be set so that the data transferred will not cross a physical block
boundary.

3) Data foliowed by data response plus busy. ’

4}  The start address must be aligned on a sector boundary. The block length is always 512 bytes.
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CMD SPI Argument Resp Abbreviation Command Description
INDEX Mode

CMD26 No

CMD27 Yes None R1 PROGRAM_CSD Programming of the programmable bits of the CSD.

CMD28! Yes [31:0] data address | Rib SET_WRITE_PROT If the card has write protection features, this

' command sets the write protection bit of the
addressed group. The properties of write protection
are coded in the card specific data
{WP_GRP_SIZE}.

CMD29¢ Yes [31:0] data address | R1b CLR_WRITE_PROT If the card has write protection features, this
command clears the write protection bit of the
addressed group.

CMD30 Yes [31:0] write protect R1 SEND_WRITE_ If the card has write prolection features, this

data address PROT command asks the card to send the status of the
write protection bits.2

CMD31 Reserved

CMD32 Yes [31:0] data address R1 ERASE_WR_BLK_START | Sets the address of the first write block to be

_ADDR erased.
CMD33 Yes [31:0] data address Rt ERASE_WR_BLK_END Sets the address of the last write block in a
_ADDR continugus range to be erased.

CMD34 Reserved

CMD37

CMD33 Yes [31:0] don't care® R1b ERASE Erases all previously setected write blocks.

CMD38 No

CMD40 No

CMD41 ... Reserved

CMD54

CMD55 Yes {31:0) stuff bits R1 APP_CMD Notifies the card that the next command is an
application specific command rather than a
standard command.

CMD56 Yes {31:0) stuff bits R1 GEN_CMD Used either to transfer a Data Block to the card or

[0): RDWR.2 to get a Data Block from the card for general
purpase/application specific commands. The size
of the Data Block is defined with
SET_BLOCK_LEN command.

CMD57 Reserved

CMD58 Yes None R3 READ_QCR Reads the OCR register of a card.

CMDS59 Yes [31:1] don’t care” R1 CRC_ON_OFF Tumns the CRC option on or off. A'1" in the CRC

{0:0] CRC option option bit will tum the opticn on, a ‘0" will tum it off.
CMD60-63 No

* The bit places must be filled but the values are irrelevant.

1) These features are not currently supported in the SanDisk SD Card.

2) 32 write protection bits {representing 32 write protect groups starting at the specified address) followed by 16
CRC bits are transferred in a payload format via the data line.
3) RD/WR_: “1"=the host will get a block of data from the card. "0"=the host sends a block of data to the card.
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Table 5-3 describes all the application specific commands supporied or reserved by the SD Card. All the following
commands should be preceded with APP_CMD (CMD55).

Table 5-3. Application Specific Commands Used or Reserved by the SD Card—SP1 Mode

CMD SPI Mode Argument Resp Abbreviation " Command Description
INDEX

ACMD6 No

ACMD13 Yes [31:0] stuff bits R2 SD_STATUS Send the SD Card status. The stalus fields are
given in Table 4-21

ACMD17 Reserved

ACMD18 Yes - - - Reserved for SD security applications1

ACMD18 Reserved

fo

ACMD21

ACMD22 Yes 131:0] stuff bits Rt SEND_NUM_WR_BLOCKS | Send the numbers of the well-written (without
errors) blocks, Responds with 32bit+CRC data
block.

ACMDZ3 Yes [31:23] stuft bits R1 SET_WR_BLK_ Set the number of write blocks to be pre-erased

{22:0jNumber of blocks ERASE_COUNT before writing (to be used for faster Mulliple Block

WR command). *1"=default {one wr block)({2).

ACMD24 Reserved

ACMD25 Yes - - - Reserved for SD security applications1

ACMD26 Yes - - - Reserved for SD security applicationst

ACMD38 Yes - - - Reserved for SD security applications1

ACMD39 Reserved

to
ACMD40
ACMD41 Yes None R1 SEND_OP_ Activates the card's initialization process.
COND
ACMD42 Yes [31:1] stuff bits R1 SET_CLR_CARD_ Connect[1)/Disconnect[0] the 50KOhm pull-up
0 DETECT resistor on COD/DAT3 (pin 1) of the card. The puli-up
[O}set_cd may be used for card detection.

ACMD43 Yes - - - Reserved for SD security applications.!

ACMD49

ACMDS51 Yes [31:0] staft bits R1 SEND_SCR Reads the SD Configuration Register {SCR).

NOTES: (1) Refer to “SD Card Security Specification™ for detailed explanation about the SD Security Features
(2) Command STOP_TRAN (CMD12) shall be used to stop the transmission in Write Multiple Block whether the pre-

erase (ACMD23) feature is used or not.

5.2.3. Responses

There are several types of response tokens. As in the SD Card mode, all are transmitted MSB first.

512
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.5.2.3.1. Format R1

This response token is sent by the card after every command with the exception of SEND_STATUS commands. It
is 1 byte long, the MSB is always set to zero and the other bits are error indications. A ‘1’ signals error.

. » Inidle state—The card is in idle state and running initializing process.

» Erase reset—An erase sequence was cleared before executing because an out of erase sequence
command was received.

« Illegal command---An illegal command code was detected.
¢ Communication CRC error—The CRC check of the last command failed.
+  FErase sequence error—An error in the sequence of erase commands occurred.

«  Address eror—A misaligned address, which did not match the block length was used in the
command.

« Parameter error—The command’s argument (e.g., address, block length) was out of the allowed range
for this card.

The structure of the R1 format is shown in Figure 5-7.

I———In |dle State

Erase Reset
Hlegal Command
Com CRC Error
Erase_Seq_Error
Address Error
Parameter Error

Figure 5-7. R1 Response Format

5.2.3.2. Format R1b

This response token is identical to R1 format with the optional addition of the busy signal. The busy signal token
can be any number of bytes. A zero value indicates card is busy. A non-zero value indicates card is ready for the
next command.

5.2.3.3. Format R2

This 2-bytes long response token is sent by the card as a response to the SEND_STATUS command. The format of
the R2 status is shown in Figure 5-8.
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7 Byte 1 o 7 Byte 2 0

l—— Card is Locked

WP Erase Skip, Lock/Untock Cmd Failed
Error :
CC Error .

Card ECC Failed

WP Violation

Erase Param

Out of Range, CSD_Overwrite

In Idie State

Erase Reset

lllegal Command

Com CRC Error

Erase Sequence Error

Address Error

Parameter Error

Figure 5-8. R2 Response Format

The first byte is identical to response R1. The content of the second byte is described below:

¢ Erase param—An invalid selection, sectors for erase.

+  Write protect violation—The command tried to write a write-protected block.

e Card ECC failed—Card internal ECC was applied but failed to correct the data.

o  CC error—Internal card controller error.

» Error—A general or an unknown error occurred during the operation.

s  Write protect erase skip—Only partial address space was erased due to existing WP blocks.
» Card is iocked—Supported by the SanDisk SD Card.

5.2.3.4. Format R3

This response token is sent by the card when a READ_QOCR command is received. The response length is 5 bytes.
The structure of the first (MSB) byte is identical to response type R1. The other four bytes contain the OCR register.

3231 0

39
f [TTETT] |
[ I |

Rl OCR

Figure 5-9. R3 Response Format
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5.2.3.5. Data Response

Every data block written to the card is acknowledged by a data response token. It is one byte long and has the
following format:

0
x|x{x|0]| Status Ill

The meaning of the status bits is defined as follows:

e “010’—Data accepted.

« *101'—Data rejected due to a CRC error.

« ’110°—Data Rejected due to a Write Error
In case of any error (CRC or Write Error} during Write Multiple Block operation, the host shall stop the data
transmission using CMD12. In case of Write Error (response *110°) the host may send CMD13 (SEND_STATUS)

in order to get the cause of the write problem. ACMD22 can be used to find the number of well written write
blocks.

5.2.4. Data Tokens

Read and write commands have data transfers associated with them. Data is being transinitted or received via data
tokens. All data bytes are transmitted MSB.

Data tokens are 4 to 515 bytes long and have the following format:

For Single Block Read, Single Block Write and Multiple Block Read:

«  First byte: Start Block.

»  Bytes 2-513 (depends on the data block length): User data.
«  Last two bytes: 16-bit CRC.

For Multiple Block Write operation:
«  First byte of each block.

If data is to be transferred then—Start Block

7 0
111111111010

If Stop transmission is requested—Stop Tran

7 0
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1111101

Note that this format is used only for Multiple Block Write. In case of Muitiple Block Read the stop transmission is
done using STOP_TRAN Command (CMD12).

5.2.5. Data Error Token

If a read operation fails and the card cannot provide the required data it will send a data error token, instead. This
token is one byte long and has the format shown in Figure 5-10.

l—— Error

CC Error

Card ECC Failed
Out of Range
Card is Locked

Figure 5-10. Data Error Token

The four least significant bits (LSB) are the same error bits as in response format R2.

5.2.6. Clearing Status Bits

As described in the previous paragraphs, in SPI mode, status bits are reported to the host in three different formats:
response R1, response R2 and data error token (the same bits may exist in multiple response types—e.g., Card ECC
failed). As in the SD mode, error bits are cleared when read by the host, regardless of the response format.

5.3. Card Registers

In SP1 Mode, only the OCR, CSD and CID registers are accessible. Their format is identical to their format in the
SD Card mode. However, a few fields are irrelevant in SP1 mode.

5.4. SPI Bus Timing Diagrams

All timing diagrams use the schematics and abbreviations listed in Table 5-5.
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Table 5-4. SPI Bus Timing Abbreviations

H Signal is high {logical '1%}

L Signal is low (logical ‘0'}

X Don't care _

z High impedance state {-> = 1)
* Repeater

Busy Busy Token

Command Command token

Response | Response foken
Datablock | Datatoken

All timing values are defined in Table 5-5. The host must keep the clock running for at least Nog clock cycles after
the card response is received. This restriction applied to command and data response tokens.

5.4.1. Command/Response

Host Command to Card Response—Card is Ready

CS IHIH LlLILI EEAAREN TN G AR kA AN R LlLILlL HlHlHl
<-Ngs-> <-Nge->
DataN JX[X|HIH[H[H] 6 Bytes Command [H|H|H[H[H] H]H]RIH] X ] xTx]
<-Ncr-> .
Dateout [ZIZ[Z[AIR[AAL = [ [AIH[A 3By e TW[WRRIA] 2]

Figure 5-11. Host Command to Card Response~Card is Ready

Host Command to Card Response—Card is Busy

The following timing diagram describes the command response transaction for commands when the card responses
which the R1b response type (e.g., SET_WRITE_PROT and ERASE). When the card is signaling busy, the host
may deselect it (by raising the CS} at any time. The card will release the DataQut line one clock after the CS going
high. To check if the card is still busy it needs to be reselected by asserting (set to low) the CS signal. The card will
resume busy signal (pulling DataCut low) one clock after the falling edge of CS.

CS IH L]LlLl RE kAR R AR A bk kh ok kNN L!LIHT— HlHlH L|L|L L]LlL H—|H|
<Nes-> <Nee> | <Nps-> <-Nec->
DatalN [X[H]H]HTH]6Bytes Command [H[H]H]HIH[H[HTH}H[H]HTHH]X{X|X[H]H[H[H]H{H]|X]x]
<-Ncp->
DataOut [Z[ZTHTHTH]H] ******** [HJH]H]H| CardResponse I  Busy ~[L[Z|Z[Z]|Busy JH[H[H][RTZ]

Figure 5-12. Host Command to Card Response—Card is Busy

Card Response to Host Command

cs ILIL LIL|L| sxTAERRRE R AANAN TR RN R |LILIH|Hle

DatalN [B[H[H[H]R]H]***e=**== e+ TH[H]H]H 6 Bytes Command [HIHTHTXT XXX}
<-Ner->

DataOut [H[H|H|H[H]1 or 2 Bytes Response|H|H[H|H |H]H]{H]|H]Z]Z]Z]

Figure 5-13. Card Response to Host Command
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5.4.2. Data Read

The following timing diagram describes all single block read operations with the exception of SEND_CSD
command. )

Cs H LILlLl NI Loy ILIL LlHlH Hml
(-Ncs-) <-NEc->
DataiN [X|H[HTH[H] ReadCommand [HTHTHJHH] “<*=+===*====s=sv=aaessss THTH[H] X[ X| X[ X]
. <-Neg-—> <-Nag->
DataOut (2| Z[H[H[HTH] ******** THIH[H]H] CardResponse |RIH]H[H|DaaBlock [K[H]H]A]Z]Z]7]

Figure 5-14. Single Block Read Timing

The following table describes Stop transmission operation in case of Multiple Block Read.

Cs L |_||_‘|_| . A ANRRE AR AN RE TR RN ]
<-NCS >
DatalN X|H|H[H{H] Stop Trancommand JHHTH[H[H] *=*==**+
<-NCR >
DataCut Data Transfer to host [HTH]| Card Response [H
<Zclk>

Figure 5-15. Multiple Block Read Timing

Reading the CSD Register

The following timing diagram describes the SEND_CSD command bus transaction. The timeout values for the
response and the data block are Neg (Since the Ny is still unknown).

CS lH L["J;"T FAT AR R A AR AT AR I I AN T LlLlLIHIHIH"IHI
<- Ngs -» < Ne¢ > |
DatalN X{H[H[H[H[ Read Command {H]H|H[H[H] HiH]H]X (X ] x]X]
<- Ner -> <- Ner ->

DataQut  |Z[Z[H|[H[H|H] ******** TH]H|H|H| CardResponse |H{H]|H|H]| DataBlock [H|H|HIH|Z|Z]Z]
Figure 5-16. Reading the CSD Register

5.4.3. Data Write

The host may deselect a card (by raising the CS) at any time during the card busy peried (refer to the given timing
diagram). The card will release the DataOut line one clock after the CS going high. To check if the card is still busy
it needs to be re-selected by asserting (set to low) the CS signal.

The card will resume busy signal (pulling DataOut low) one clock after the falling edge of CS.

CS H LI AR AT TR AR R R T TR KA AR ILILILIL]T- LILIL HlHIH LIL]TiH
<-Ncg-> <Nwr->_| <-Nec-> | <-Nps-»
DataN [ X [H]H[H Write Command] H{ HIH]H] | TH]H]H] DataBlock [H]HJHH]H]H]XIX|X]H]H]HTH]
<-Ngp->
DataOut (Z[ZfH[H]H][*******|H|H|H]|CardResp| H|H|H]H]HIH] H [DataRespl Busy jL|Z[Z]Z] Busy [H]

Figure 5-17. Device Write Timing
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The foHowing figure describes stop transmission operation in Multiple Block Write transfer.

cs INEANEEAAENAEENNNAENEENEODDNNND
<Nwg -> | <1byte-> <Ner-> <Nec-> | < Nos->
Data In Data Block [H{HJH|H|H|H|H|H|H|stoptran|H|H|H X|X|X[H|H|H|H
token )

DataOut  |H|H]HJH]Data Resp] Busy [HTH]HIH]H]H]H][R[H] Busy® |L[Z|Z]Z [Busy®| H |
(1) The Busy may appear within Ngg clocks after Stop Tran Token. If there is no Busy, the host may continue to the next
command.

Figure 5-18. Stop Transmission Timing-—Multiple Block Write

5.4.4. Timing Values

Table 5-5 shows the timing values and definitions. For more information, refer to Table 4-17 in Section 4.0,
Section 5.1.9.2, and the applications note in Appendix A, “Host Design Considerations: NAND MMC and SD-
based Products.”

Table 5-5. Timing Constants Definitions

Min Max Unit
Ncs 0 - 8 Clock Cycles
Ner 0 8 8 Clock Cycles
Nre 1 - 8 Clock Cycles
Nac 1 See Note 8 Clock Cycles
Nwr 1 - 8 Clock Cycles
Nec 0 - 8 Clock Cycles
Nbs 0 - 8 Clock Cycles
Nea 0 1 8 Clock Cycles

NOTE: min [{{{TAAC = f) + (NSAC = 100)} = 1/8}, {{100ms * f} * 1/8}] wherc units = (8 clocks) and “f* is the clock
frequency.

5.5. SPI Electrical Interface

The SPI Mode electrical interface is identical to that of the SD Card mode.

5.6. SPI Bus Operating Conditions

Identical to SD Card mode.

5.7. Bus Timing

Identical to SD Card mode. The timing of the CS signal is the same as any other card input.
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Bolymin, Inc.

1. Numbering System
B C 2004
N ]
0 Brand

¥

1 Module Type

2

F 0m1z-1%?
l\

3 Version No.

4 LCD C?lor

5 LCD Type

6 Backlii,’ht
tvpe‘color

7 CGRAM
Font 'T

. 8 View Angle/
| Operating
Temperature

9 Special Code

i

A

o]

00

g
ol
l=s}
[e2

Bolymin

C- character type
G+ graphic type -
P TAB'TCP type

2002 20 chargcters, 4 lines
{12232 12 % 12 dots

A Lype

G STN/gray
Y STNAcHow green
¢ color S\

Repoxitive reflective
P: -positive transtlective

L. LED array vellow-green
H LEDcd wL‘litt:

R LD aruy red

G LED cd e yellow-green

J-Fnglish/Japanese Font
E-English furopean Font

B Bomin Nonmal
Temperatur

H- Bottorn Wide
Temperaty: .

U Botton: §'ltra wide
Temporatury

3- 3 volt fogic power supply
n-negative voltage for LCT>
¢ cable/connector

xxx f0 be assigned on data
sheet

XXX

9
O= COG type
F== COF type

3~ 'STNf’b]uevk
FFSTN ~
I'=TN

M=positive/transmissive
N=negative/transmissive

D-LED edge/blue
E -EL.‘white

13 "EL/blue

C -CCFL/white

C—English/Cyrillic Font
H=English/Hebrew Font

T=Top/Normal

Temperature : ‘
W Top/Wide Temperature
C -9HNoimal Temperature

t temperature
compensation for LCD
p-touch panel



Bolymin, Inc.

i ’ . ’
4. Absolute Maximum Ratings
4.1 Electrical Absolute Maximum Ratings
(Vss=0V, Ta=25C)
Item Symbol Min Max Unit
Supply Voltage (Logic) Vdd-Vss -0.3 7 \Y
Supply Voltage (LCD Driver) Vdd-Vo -0.3 13 v
Input Voltage VI Vss Vdd \'%
Top 0 +50 C
Normal Type
TSTG -10 +60 C
Top 20 +70 °’C
Wide Temperature Type
Tstg -30 +80 °’C
4.2 Environmental Absolute Maximum Ratings
Operating Storage
Item Comment
(Min.) (Max.) (Min.} (Max.)
Humidity Note (2) Note (2) Without condensation
Vibration -- 4.9M/8? - 19.6M/S> XYZ Direction
Shock * - | 294Mms8* | - 490M/S? XYZ Direction
Note (1) Ta= 0°C : 50Hr Max.

Note (2) Ta =40°C : 90% RH MAX
Ta > 40°C : Absolute humidity must be lower than the humidity of 90% at 40°C.




e
—

Bolymin, Inc.

60 il
5. Electrical Characteristics
Itgm Symbol Condition Min Typ Max ~ Unit
Supply Voltage For Logic Vdd-Vss - 3.0 - 5.5 v |
% Ta=-20"C - 5.5 — \Y
Supply Voltage For LCD Ta=0"C — - — \'
Vdd-Vo Ta=25°C - 4.5 — \Y
* Wide Temp ~ Type Ta=50"C - - — A%
* Ta=+70°C — 3.8 - \'
Input High Volt. Vi - 2.2 - Vdd A%
Input Low Volt. Vi — — - 0.6 v
Output High Volt. Von — 24 - - Vv
Qutput Low Volt. VoL - - - 0.4 A%
Supply Current Idd Vdd=5V — 1.2 — mA




Bolymin, Inc.

L 2 4 4 .
7. Interface Pin Function
Pin No. | Symbol Level Description
1 Vss ov Ground
2 Vdd 5.0V [Supply Voltage for logic (option +3V)
3 Vo (Variable) [Operating voltage for LCD
4 RS H/L H:DATA, L:Instruction code
5 R/W H/1. |[H:Read(MPU—Module)L:Write(MPU—Module)
6 E H,H—L |Chip enable signal
7 DBO0 H/L Data bit 0
8 DB1 H/L  )Databit 1
9 DB2 H/LL  |Data bit 2
10 DB3 H/LL  |Data bit 3
11 DB4 H/LL  |Databit 4
12 DB5 H/L  |Databit 5
13 DB6 H/L  |Databit 6
14 DB7 H/LL  [Data bit 7
Power supply for LED backlight ( +) /
15 A [ Vee " INegative voltage output
16 K ~ Power supply for LED backlight ( -)
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