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Abstract

This project is a design and construction of digital talking book. Tt can provide a good
opportunity for disabled blind person to obtain information. We utilize SD card to store data
which in the form of MP3 format. SD Card is a popular storage device because of smal: size and
more storages. We specially design the book for blinds who can use easily the book by themself.
Due to the book has small and compact size, any user can bring to anywhere. The book includes
several buttons to interact with the user such as chapter selection buttons, next button, previous
button, increase volume button, decrease volume button, etc. We have used a microcontroller to
interface between SD card and MP3 codec IC and to control the functions relating to switches

which pressed by user.
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Source Code



DT_book.c
fi*************l***********t****l********************l
This program was produced by the

CodeWizardAVR V1.24.8d Professional |

Automatic Program Generator

© Copyright 1998-2006 Pavel Haiduc, HP InfoTech s.r.1.

hitp://www.hpinfotech.com

Project ; Digital Telling Book
Version : 1.1

Date : 1/11/2006

Author : TEE

Company : KMIT'L

Comments:

Chip type : ATmega32
Program type : Application
Clock frequency @ 4.000000 MHz
Memory model : Small
External SRAM size : 0

Data Stack size :1024

BRRE AR AR ERKRRE R IR R R A AR AR KRR RRR AR AR AR
#include <atmega32.h>

#include <global h>

#include <string.h>

#include <delay.h>

#include <stdio.h>

#include <uart%600.c>

#include <spi_io.c>

#include <SDC_media.c>

#include <fat_process.c>

#include <vs1011b.c>

#include <player.c>

#include <keypad.c>



void main{void)

{
FILEOB]  fo;

word index:
byte fat buf[512];
byte Tresp;

signed char  result;
UART9600 init();
printf{"\n\n\rDigital Telling Book V1.1\n\r");
keypad_init();
spi_init(};
SDC hw_init();
VSI011B._init();
while(!Detect SDCO){}:
SDC media_init();
SD_get volume info();
printf{Mn\r* e FRkk ¥ kmsRk® Main Program **¥kkkskssexami o).
VS1011B_volume(volume[3],volume[3]);
FAT init(fat_buf);
FAT cache_file(fat_buf);
while(1)
{
player_process(fat_buf);
}

printf("‘\n\r*t******tt*t*tt***t** END t******t**t*t*****\n\r”)

}

1



global.h

/**t****i*i***i*****k************************************i********i**tt*t**ti**/
SERIRR K ko ok kok kR Rk R kR (L OBALL ROR ARk KK KRR KK O R AN %k

/#*#**************t*******************#*i****************t*#***#********t*#****/

#define true  0x01
#define false 0x00

#define FAIL  0x00

[f===- --

i

typedef unsigned char byte;
typedef unsigned int  word,

typedef unsigned long dword,

fi~mmv - - - - e
H-mmmn Global Variable -
fimmmnn - e -
typedef struct
{
/' byte* buffer; {//pointer to a buffer equal to one sector
/fdword first_sector; /LBA of the volume's first sector
f/dword fat; //LBA of the volume's FAT
/idword  root; //LBA of the volume's root directory
Hdword data; //LBA of the volume's data area
word rsv_sector;
word maxroot, /fmaximum number of entries in the root directory
dword maxcls; //maximum number of data clusters in the volume
/fword fat_size ; //number of sectors in the FAT
/byte fat eopy; /fmumber of eopies of the FAT
/dword  SecPerClus; /Mmumber of sectors per cluster
/fbyte  type; /ftype of FAT (FAT16, FAT32)
/fbyte  mount; /TRUE if the media is mounted, FALSE if notmounted
}DISK;

unsigned int global tmp;



char key press;
byte volume(]|= {0, 13, 26, 39, 52, 65, 78, 91, 104, 117,
130, 143, 156, 169, 182, 195, 208, 221, 234, 255}:
static byte vol left,vol right;
word first_cluster[20];
byte chapter;
/* ERROR Handling */
#define ERROR_CARD NOT_FOUND 0x3
#define ERROR CARD RESPONSE  0x4
#dcfine ERROR_FAT INVALID FS  Ox5

# DEFINE VS1011B -

- - e e
#define START 0x01
#define STOP  0x00

/* V51001 Interface */

* PORTA */

#define VS1011B_PORT PORTA
#define VS1011B_DDR DDRA
#define VSI011IB PIN PINA
#define PIN_VS1011B_DREQ PA3
#define PIN VS1011B_XCS PA2
#definc PIN_VSI011B XDCS PAl
#define PIN_VS1011B_XRESET PAO

#define VS XCS_LO VS1011B_PORT.PIN_VS1011B_XCS =0
#define VS_XCS HI VS1011B_PORT.PIN VSI01IB XCS=1
#define VS_XDCS_LO VS1011B_PORT.PIN_VS1011B_XDCS =0
#define VS XDCS HI VS1011B_PORT.PIN VS1011B XDCS =1
#define VS XRESET LO VS1011B_PORT.PIN VSI0IIB XRESET =0
#define VS_XRESET HI VS1011B_PORT.PIN_VS1011B_XRESET - |
#define VS1011B_ READ spi_io(0x03)

#define VS1011B_WRITE spi_io(0x02)

#idefine VS1011B_ALLOW_DATA VS1011B_PIN.PIN VS1011B_DREQ — 1

#definc VSI011B. NOT ALLOW_DATA VS1011B_PIN.PIN_VS1011B_DREQ ==



#define WAIT _VS1011B ALLOW_DATA while((VS1011B_PIN & (0x01 <<
PIN_VS1011B DREQ))== 0x00){}

#define REG MODE 0x0
#define REG_STATUS 0x1
#define REG BASS 0x2
#define REG_CLOCKF 0x3
#define REG_DECODETIME 0x4
#define REG AUDATA 0x5
#define REG WRAM 0x6
#define REG_ WRAMADDR 0x7
#define REG_HDATO 0x8
#define REG_HDAT] 0x9
#define REG_ ATADDR. Oxa
#define REG_VOL Oxb
#define REG AICTRLO Oxe
#define REG_AICTRL] Oxd
#define REG_AICTRL2 Oxe
#dcfine REG_AICTRL3 Oxf

//REG_SCI MODE(RW)

#definec SM_DIFF 0

#dcfine SM_SETTOZEROI 1

#define SM_RESET 2 //SOFT RESET
#define SM_OQUTOFWAV 3

#define SM_SETTOZERO2 4

#define SM_TESTS 5

#define SM_ STREAM 6

#define SM_SETTOZERO3 7

#definc SM_DACT &

#tdefinc SM_SDIORD 9

#dcfine SM_SDISHARE 10

#define SM_SDINEW 11 //VS1002 native SPI modes
#define SM_SETTOZERO4 12

#define SM_SETTOZEROS 13



#define HIBYTE(x) (( x & Oxf00)>>R)
#define LOBYTE(x) (x&O0xf1)
—

ffammmmmme e e e e e Define SD Card Interface -- -

R .

// defines for the SD hardware

#define SD DDR DDRB

#define SD_PIN PINB

#define SD_PORT PORTB

#define PIN SD CS PBO

#define PIN_SD CD PB1

#define PIN SD_ALLOW_SCI PB2

#define ALLOW_SCI SD PORT {=(1 <<PIN SD ALLOW SCI)
#define NO ALLOW_SCI SD PORT &=~(1 <<PIN_SD_ALLOW_SCI)

/ look in datasheet for eomplete list of commands

#define SD_CMD 0 GO IDLE 0
fidefine SD_ CMD_1 SEND_OP_COND ]

#define SD_CMD_9 _SEND_CSD 9

#define SD_CMD_10 SEND CID 10
#define SD_CMD_12_STOP 12
#define SD_CMD_13_SEND STATUS 13
#idefine SD_CMD_16 BLOCKLEN 16
#define SD_CMD_17 READ_SINGLE 17
#define SD_CMD_18 READ MULTIPLE 18
#define SD_CMD 24 WRITE SINGLE 24
#define SD_CMD_55_APP_CMD 55

#define SD_ACMD 41 SEND OP_COND 41

// bit definitions for R1

#define SD R1 IN IDLE 0x01
fidefine SD_R1B BUSY BYTE 0x00
/f different defines for tokens etc ...

#define SD_START TOKEN_SINGLE Oxfe
#define SD_START TOKEN MULTI Oxfe
/ return values from a write operation

#define SD_DATA_ACCEPT 0x2



fidefine SD DATA CRC
fidefine SD_DATA_WRITE_ERROR

static dword fat u32;
static word fat_ulé;

static byte fat u08;

0x5
0x6



spl_lo.c

#include<ATMEGA32.h>

// For Master Mode

Iz

PB7 ->»SCK As OUTPUT
PB6 --> MISO As INPUT
PB5 > MOSI As QUTPUT
PB4 -->/SS  As OUTPUT
*/

#idefine SCK. PB7

#define MISO PB6

#define MOSI  PB5

#define SS PB4

#define MSTR 4
#define SPE 6

#define SPIF 7

void spi_init(void)
{
DDRB |= (1<<PBS5) | (1<<PB4) | (1<<PB7);
PORTE &= ~{1<<PB7);
SPCR = {{1<<MSTR)|(1<<SPE} );
}
unsigned char spi_io(unsigned char data)
{
SPDR = data;
while((SPSR&(1<<SPIF)) = 0x00){};

return SPDR;



UART9600.c

#define UART newline() printf{"\n\r");

void UART9600 _init(void)

{

// USART initialization

/f Communication Parameters: 8 Data, 1 Stop, No Parity

// USART Receiver: Off

// USART Transmitter: On

// USART Mode: Asynchronous

// USART Baud rate: 9600

UCSRA=0x00;

UCSRB=0x08;

UCSRC=0xR6;

UBRRH=0x00;

UBRRL=0x19;

}

void UART_ScndByte(unsigned char data)

{
//Wait for empty transmit buffer
while( {UCSRA & (1 << UDRE))):

A Put data into buffer, sends the data */

UDR = data;
}
void UART printbyte(byte data)
{
printf{"” %X",data);
i
void UART printword(word data)
{

byte tmp;

tmp = (data & 0xffo0)>>8;
printf{" {%X",tmp);

tmp = (data & 0x00fT);
printf(" %X} " tmp);



SDC_media.c

e — SDC_media-- ---- ---
fdefine SDC select SD_PORT.PIN_SD CS =0
#define SDC_deselect SD_PORT.PIN SD CS=1;
#define Send8Clk() spi_io{Oxff);
fdefine ReadCRC() spi_io(0Oxt1);spi_io(0xff);
#define SDC_FLOATING BUS OxFF
#define SDC_ BAD RESPONSE SDC_FLOATING BUS
#define SDC_SECTOR_SIZE 512
#define DATA_START TOKEN O0xFE
static unsigned int current_blocklen = 0
JIARRKRAAREAARREKA AR R RRRRE OO @ Response Structure®* ¥ & essxxaxkass sk
//RESPONSE 1
typedef union
{
byte byie;
/istruct
P78
unsigned IN_IDLE_STATE:!:
unsigned ERASE _RESET:1;
unsigned ILLEGAL CMD:1;
unsigned CRC_ERR:1;
unsigned ERASE_SEQ ERR:1;
unsigned ADDRESS ERR:1;
unsigned PARAM_ERR:1;
unsigned B7:1;
4N
JRESPONSE I,

//RESPONSE 2
typedef union
{

word _word;

//struct



/h
byte byte(;
byte bytel;
1,
/fstruct
"
unsigned IN_IDLE STATE:1;
unsigned ERASE RESET:I;
unsigned ILLEGAL CMD:1;
unsigned CRC ERR:1;
unsigned ERASE SEQ ERR:!;
unsigned ADDRESS ERR:l;
unsigned PARAM ERR:1;
unsigned B7:1;
unsigned CARD IS LOCKED:1;
unsigned WP_ERASE_SKIP LK FAIL:1;
unsigned ERROR:;
unsigned CC_ERROR:1;
unsigned CARD_ECC_FAIL:1;
unsigned WP_VIOLATION:1;
unsigned ERASE PARAM:1;
unsigned OUTRANGE_CSD OVERWRITE: 1 ;
i3;

JRESPONSE _2;

//SDC_RESPONSE

typedef union

{
RESPONSE 1r1;
RESPONSE 212;
}SDC_RESPONSE;

//**t****t‘*t**tttt***** ok R EITOI‘ COdeS*“*******‘t*******‘**‘*****‘*

typedef enum

{



sdcVahd = 0, //No error

sdcCardInitCommPFailure. /Communication hasn't been established with the card.
sdcCardNotInitFailure, //Card did not initialize.

sdcCardInitTimeout, //Card initialization timed out.

sdcCardTypelnvalid,  //Card type was not able to be defined.

sdcCardBadCmd, /fCard did not recognize the command.

sdcCardTimcout, /#Card timed out during a reaci, Write Or erase sequence.
sdcCardCRCError, /A CRC error occurred during a read.
sdcCardDataReject, //CRC did not match.

sdcCardEraseTimeOut  //Erase timed out.

}SDC Error;

void Check_error(SDC_Error error)

{

}

switch(error)

{
case sdcValid: printf{"sdeVatid\n\r"); break;
case sdcCardInitCommFailure: printf("sdcCardInitCommFailure\nir"}; break;
case sdcCardNotInitFailure: printf{"sdeCardNotInitFailure\n\r"); break;
case sdcCardinitTimeout: printf("sdcCardInitTimeout\n\r"); break;
case sdeCardTypelnvalid: printf("sdcCardTypelnvalidin\t™); break;
case sdcCardBadCmd: printf{"sdcCardBadCmd\n\r"); break;
case sdeCardTimeout: printf{"sdeCardTimeout\n\r"); break;
case sdcCardCRCError: printf("sdcCardCRCError\n\r"); break;
case sdcCardDataReject: printf{"sdcCardDataReject\n'\r"); break;

case sdcCardEraseTimeOut: printf{"sdcCardErase TimeOut\n\t"); break:

’:‘***********i******i******tSD inh*************************t’kt**ttt*t’f

#/init pin which used for SD_Card Interface

void SDC_hw_init{void)

{

SD_PORT |= (1<<PIN_SD_CS)|(1 << PIN_SD_CD);

// 8D_CS8 PBO --> Output

//SD CD  PBI ->INPUT with R pull up



SD_DDR [ (1<<PIN SD CS):
SD_DDR |= (1<<PIN_SD_ALLOW _SCI);
ALLOW SCI;

}

unsigned char Detect SDC(void)

{
if(SD_PIN.PIN_SD CD) return 0; //Card not presented

else {printf{"\tCard Detected'\n\r");return 1:} //Card presented

f**********i****t**t*it***t*spi iO Sd*'t*!i*tt**ttt****t********t**t**ttt**t*/

void spi_io_sd(unsigned char* data, unsigned int length)
{
// transmit 'length’ bytes via spi
while(length)
{
spi_io{*data);
data++;
length--;
I

void SDC_cleanup(void)

{
SDC_deselect;

//pulse the SCK 8 times
Send8CIk();
}

//i*******tt********* A Fuﬂction fo[’ Sending COmmandi***tt*l*tt**tt*l*

/**t**ltt***t*****‘*1***1#*'***SD Send Cmd****tt****t****tt**t*****ti***/

void SD_send_cmd(unsigned cmd, unsigned long data)

{

unsigned char buffer[6];//array 6 block for stores command sequernce



buffer[0] = 0x40 + ¢md;
buffer[1] = {(data>>24)&0x {1}
buffer[2] = {data>>16)80x{T;
buffer{3] = (data>>R)&0x{T;
buffer[4] = (data&0x1Y);
buffer{3] = 0x95;//CRC Value
spi_io sd(buffer,6);//send data
}

/’#*********************ttt***SD get Rl**t*lk******t*******t********t**/’

unsigned char SD_get R1(void)
{
unsigned char retval;
unsigned char max_errors = 255;
/fwait for first valid response byte
do
{
retval = spi_io{0xff);
max_errors--;
twhile( (retval & 0x80) && (max_errors>0) );
return retval;

}

/**t***t*************i*****SD get Rlb**t*****************t*****t**t/’

/iget a byte long R1b and then waits for the card to be available again
unsigned char SD_get R1b(unsigned char max_busy)
{
unsigned char retval;
unsigned char max_errors = 64;
/fwait for first valid response hyte
do
{
retval = spi_io{0xff);
max_errors--;

} while( (retval == 0x{T) && max_etrors );



/floop while card sends the busy byte

do

{

retval = spi_io{0xff);

max_busy--;

Ywhile( (retval == SD R1B BUSY BYTE) && max_busy ),
return retval;

}

JRERFIER AR AR AR RRE X ARREAC]) get R2**ERFxk ok sk a0k bk F ok ok kR
unsigned int SD_get R2(void)

unsigned int retval,

unsigned char max_crrors = 64;

{fwait for first valid response byte
do
{
retval = spi_io(OxfT);
max_errors--;
twhile( (retval & 0x80) && (max_errors>0) );
/imove data to upper byte
retval = (retval <<8);
f/get second byte
max errors = spi_io(0xfD);
retval += max_errors;

return retval;

}

JREERRRTRTRRRRRRRRE R RORKS]) send start_data_token**RERFFREREFEE R/
//Send the start data block token to the SD

//Start Block is 7[11111110}0 = Oxfe

void SD send_start_data token(void)

{

spi_io{SD_START TOKEN_SINGLE),

}

/#**##*t************#**#SD wait for start token****************/



//waits for the card to send the start data block token
vord SI)_wait_for start token(unsigned char max_crrors)
{
unsigned char retval,

do

{

{/get a byte from the SPI Bus

retval = spi_io(Oxft);

/fkeep track of the trys

max_errors--;

//UART _printbyte(retval);

}while( (retval = SD START TOKEN SINGLE) );
}

/******1 ****1**********!*!#*8[} GET DATA*********1*******!*#!***/

//gets n bytes + cre from spi bus
void SD_get_data(unsigned char *ptr_data, unsigned int length)
{
SD_wait_for_start token(128);
while(length)
{
*ptr_data = spi_io(Oxff);
length--;
pir_data++;
I
/{get the 2 CRC bytes
ReadCRC();
}

/***********t*&********* SD set b]ock_length*t****tt*#*t**t*#i*****/

#/sct the blocklength for transmission

void SD_set_blocklen(unsigned int blocklen)

{

/fmake sure this block length is not already set
iflcurrent_blocklen != blocklen)

{

current_blocklen = blocklen;



SDC select;
{/tell the SD card that we want to know its status
SD send emd(SD_CMD_16 BLLOCKLEN, blocklen);
//get the response
SD _get RIQ:;
SDC_cleanup();
IR
}

;"*********** LEES EE 2 T L ] Readlﬂg CSD RegiStOf **‘*i#t*i**i*t*t*****/‘

void SD get CSD{unsigned char *ptr data)

{

//select card

SDC select;

#tell the SD card that we want to know its status
SD send_cmd(SD CMD_9_SEND_CSD,0x0);
//get the response

SD get R1();

/get the register data

SD get data(ptr_data, 16);

ffreturn CS to 1 and send 8 clk

SDC cleanup();

i

/***‘****"‘*******“‘“**‘****SD_get CID********i**ttttt*t*i***t*****/

/fread the CID register from the card

void SD_get CID(unsigned char *ptr_data)

{

//select card

SDC select;

/ftell the SD card that we want to know its status
SD send cmd(SD CMD_10_SEND_CID,0x0);
/iget the response

SD_pet R1();

//get the register data

SD _get data(ptr data, 16);

/eleanup



SDC_cleanup();
1

/‘**********t**#t***********t***i**SD get volume infot*********i****#ik*klf

void 8D _get volume info(void)

{

¥

Memory capacity = BLOCKNR*BLOCK_LEN
BLOCDNR = (C_SIZE + 1)*MULT
MULT = 2~(C_SIZE MULT+2)
BLOCK_LEN = 2A(READ BL_LEN)
*/

unsigned char data[16];

unsigned char name[6];

unsigned char i;

unsigned char mem cap;

unsigned char C_size mult;
unsigned int C_sizc;

unsigned char MULT = 1;
printf("Volume Info:\n\rit\t");

//read the CSD register

SD get CSD(data);

/fprintf("Get CSD Already!");

//Get C_Size(12 bits) from the CSD register(width 128 bit) that located in bit [73:62] of data
C size = data[6] & 03; // data[6]>>>>[80:72]

C_size <<=§;

C_size += data[7]; //data[ 7]>>>>[71:64]

C size <<=12;

C size += (data[8] & 0xC0) >> 6, //data[8]>>>>[63:56]

Hprantf("C_size = %i ",C_size);

//Get C_Size_Mult(3 bits) from the CSD register that located in bit [49:47]
C_size_mult = data[9] & 03; //data[9]>>>>[55:48]
C size mult <<=1;

C_size_ mult += (data[10] & 80) >> 7; //data[ 10]>>>>[47:40]



Hprintf("C_size_mult = %u ",C size mult);

AMULT = 24(9-C_size_mult)
for (i =0; 1 < (9-C size mult); i++)

MULT *= 2, /27(9-C_size mult)

/feompute MEMORY CAPACITY

mem_cap = (C_size+1)/MULT;

printf("Memory Capacity = %u MB\n\ri\t\t",mem cap);

SD get CID(data);

name{0] = data[3];

name[ 1] = data[4];

name| 2] = data[5];

name[3] = data[6];

namef4] = data[7};

name[5] = \0';

printf{"Card name: %s\n\r",name);

1
M Read single block: -

,/********tt***t********SD gﬁ't sec Start*********l**tt**ttt****t****/

/fstarts the read process of a sector

byte SD_get_sec_start{unsigned long sector)
{

byte response;

SD_set_blocklen(512),

/fprintf("set blocklenght");

/ftum sectors into byte addr

//sector = sector <<9;

* printf{"\n\rOffse>>");
UART _printdword(sector);
UART newline();*/

/fselect card

SDC select;



/el the SD card that we want to know its status
SD send emd(SD_CMD_i7 READ SINGLE, sector): /printf{"send cmd17");
//get the responsc

response = SD_get R1();

/wait untill Card starts sending data
SD_wait_for start token(255);
/iprintf("wait start token"),

feturn response;

}

/**********************!******SD_get sec Stop***l**#********************lt’

//stop read process of a sector
void SD_get_sec_stop(void}
{

/get 2 CRC bytes
spi_io(0xff);

spi_io(0xff);

SDC_cleanup();

b

/********************i****ttt**tSD_’get Sector***************tt**ttt***ttf

{/get a whole sector and put it in the data buffer
void SD get sector(unsigned long sector, unsigned char* data)
{
byte response;
SD set blocklen(512);
MAprintf(Mn\rOffset>>"),
UART printdword(sector),
UART newline();*/
//select card
SDC select;
/ftell the SD card that we want to know its status
SD send_emd(SD_CMD 17 READ SINGLE, sector);
//get the response

response = SD get R1(};



/fwait untill Card starts sending data
SD wait_for start_token{(255),
global tmp =0;
while (global tmp++ < .5 12)
{
*data = spi_io(0xff),
data++;
I
/cleanup behind us
SD_get sec_stop();
}

/*t********t****t**********chcck respi*********t*‘***‘t“***‘t*‘****tt/

void Check_resp(RESPONSE 1 resp)
{
delay_ms(100);
if(resp.IN_IDLE STATE == 1) printf("SD Card is in Idle State\n\r");
else if{resp. ERASE RESET == 1) printf{"Erase Resetinir");
else if{resp.[ILLEGAL CMD == 1) printf{"[llegal Command\n\r");
else if{tesp.CRC_ERR == 1) printf{"CRC ERR\n\r");
else iflresp.FRASE_SEQ _ERR == 1)} printf("ERASE_SEQ_ERR\n\r");
else iflresp.ADDRESS ERR == 1) printf{"ADDRESS_ERR\n\r");
else if{lresp. PARAM ERR == 1) printf("PARAM ERRn\r");

else if{resp.B7 == 1) printf{"B7\n\r");

JRFEEE R RRF AR K ERKEREHAEERQ]) pogep® FF R XTI ETIERRRAEIOE LRk Rk Rk

//Reset card and used SPI Interface
void SDC_media_init(void)

{

unsigned char i;

RESPONSE 1 resp;

/make sure card is ready to comm.

for(i=0;1<10;1++)



{
spi_io(Oxtt);
5

printf{">> Initialization\n\r");
/fselect card by pull down CS_PIN
SDC_sclect;
/fput SD to Idle
SD send_cmd(SD_CMD_0_GO_IDLE,0x0);
printf("\tSend CMD 0 for SDC go to IDLE State\n\r");
/fget the response
resp._byte = SD_get R1();
Send8Cik();
if (resp.IN_IDLE STATE == 1)
{
/ed_clear();
/led_putsf{"Now, SD Card is\n in IDLE STATE!"); .
f/delay ms(2000);
printf{"\{Now, SD Card is in IDLE STATE!\n\r");
H
SDC cleanup(};
//SD_SEND_OP_COND
while(resp.IN_IDLE _STATE == 1)
{
SDC sclect;
/(Tell Card that next command is APP_CMD
SD_send_cmd(SD_CMD_55_APP CMD,0x0);
Send&Clk();
resp. byte =SD get RI();
Send8Clk();

SDC_cleanup(};

//Send APP_CMD to active card
SDC scleet;

SD_send cmd(SD ACMD 41 SEND OP_COND,0x0);



Send8Clk();
resp. byte =SD get R1();
Send8Clk();
Check_resp(resp);
//Cleanup
SDC_cleanup();
5
printf{"wSD Card is Activated\n\r");
}

/t**********t****i*‘l**t*********SD Write Sector****lﬁ*#*****i****l*t**i**t***/

unsigned char SD_write_sector(unsigned long sector, unsigned char *data)
{
unsigned int tmp = 512;
SD set_blocklen(512);
/fturn sectors into byte addr
sector = sector << 9,
//select eard
SDC_select;
//tell the SD card that we want to write a sector
SD_send_cmd(SD_CMD 24 WRITE_SINGLE, sector);
//get the response
SD get R1();
#send the start token
spi_io(SD_START TOKEN SINGLE);
while(tmp--)
{
spl_io(*data);
data++;
1K
/fsend2cres
spi_io(0xfE);
spi io(0x{T);
//get the data response token

/*



can be one ot the following:
SD DATA ACCEPT
SD_DATA_CRC
SD DATA WRITE ERROR
¥/
tmp = (spi_io(0xff) & 0xf) >>1;
if(tmp != SD_DATA_ACCEPT)
{
printf("ERROR! "),
b
/fall ok, wait while busy
while(spi io(0xff) == SD R1B BUSY BYTE){};
return tmp;

}



fat_process.c

/****‘l**it******#*********#**&***** ACCESSng the FAT *#**#&***#***#*#**#***************’{

//Volume Infoermation

#define FAT16 2

#define FAT32 3

dword Iba_first_sector; /LBA of the volume's first sector
dword Iba fat; /LBA of the volume's FAT

dword Iba_root; //L.BA of the volume's root directory
dword lba_data; /LBA of the volutne's data area

word rsv_scctor,

word maxroot; //maximum number of entries in the root directory
dword maxcls; //maximum number of data clusters in the volume
word fatsize; //number of sectors in the FAT

byte fatcopy; //mumber of copies of the FAT

dword sec_per_clus; /fmumber of sectors per cluster

/fFile Information

#definc FILE NAME SIZE 11

typedef struct
{
DISK *dsk; /fa DISK structure for the volume containing the file
Hword cluster; //mumber of the first file's cluster
word ccls; //current cluster
word sec; /feurrent sector in the current cluster
word  pos; /feurrent byte location in the current sector
dword seek; /fcurrent byte location in the file
dword size; /file size
word time;
word date;

char name[FILE NAME SIZE]; //file name

word entry,; /{Position of the file's entry in its directory
word chk; {//FILE structure checksum = ~{(entry-+name[0])
word altributes; /Hile's attributes

word  dirclus; /irst cluster of the file's directory

word  dirccls; feurrent cluster of the file's directory



1FILE;

typedef FILE *FILEOBIJ;  //FILLEOBJ is a pointer to a FILE structure
//Using Directorics

//Storing an Entry

#define DIR NAMESIZE 8

#define DIR_EXTENSION 3

#define NULL 0
#idefine FALSE 0
#define TRUE 'FALSE
typedef struct

{
char DIR Name[DIR_NAMESIZE], //mame

char DIR_Extension[DIR_EXTENSION], //extension
byte DIR_Attr; //Attributes

byte DIR NTRes; /freserved by NT
byte DIR CrtTimeTenth;

word DIR_CrtTime;

word DIR CrtDate;

word DIR LstAccDate;

word DIR FstClusHI;

word DIR_WrtTime;

word DIR WrtDate;

word DIR_FstClusLO;

dword DIR FileSize; /ilesize

} DIRENTRY;

typedef DIRENTRY* DIRENTRY;

#define FAT SecPerClus I3
#define FAT RSV _SECTOR 14
#define FAT COPY 16
#define FAT MAX ENT 17
#define FAT SIZE 22

void FAT init(unsigned char *data)



word index;
word tmp;
printﬂ"m\r*“‘***‘*** FAT init ¥*¥*#**ssxesigipcr),
SD_get_sector(0x00,data);
//UART printbyte(*(data+14));
rsv_scctor = *(data + 14);
rsv_sector += (word)*(data+15)<<8;
Iba_fat=0x00 + rsv_sector;
Iba fat <<=9;
printf("LBA_fat = "); UART_printdword(lba_fat);UART _newline();
fatcopy = *(data + 16);
fatsize = *(data + 22);
fatsize +~ *(data + 23)<<8;
Iba root = rsv_sector + (fatcopy*fatsize);
Tba_root <<= 9,

printf{"LBA_root = "}; UART _printdword(ilba_root);UART newlinc();

sec_per_clus = *(data + 13);

printf{" dsk->SecPerClus = "); UART_printdword(sec _per_clus);UART_newline();

Iba_data = (Iba_root + (0x20<<9));
printf("LBA_data ="); UART _printdword(lba_data);JART _newline();
}

void FAT cache_file(unsigned char *data)
{

word index,temp;

byte num_of files;

byte end = TRUE;

unsigned char *backup;
DIRENTRY dir;

backup = data;
SD_get_sector(lba_root,data);

num_of files = 0;



while{end)
{
HUART _printbyte(*data);
iflt*data == ) end = FALSE;
else
{
num_of files++;
data += 32;
b
1
printf{"\n\rNumber of files in SDC = Yau'n\r",num_of files);
data = backup;
for(index = 0; index < num_of files; index++)
{
temp = *(data+26);
temp += (word*(data+27)<<8;
first_cluster{index] = temp;
data += 32;

UART _printword(ﬁrstmcluster[index]);

1
}
#define CLUSTER_FAIL Oxffrf
#definc LAST CLUSTER Oxft8

#define LAST CLUSTER FATI6  Oxfffs
//Obtaining a Cluster's Logical Block Adress
dword Cluster2Scctor{word cluster)
{
dword sector;
HUART _printword(cluster);
/{Data clusters 0 and 1 don't exist.
if{cluster == @ i| cluster ==1) sector = lba_root + cluster;
else
{
{fsec_per_clus <<= 9://0x0800
/UART_printdword(sec _per_clus);UART newline();



sector = ((dword){cluster - 2) * gec _Der_clus)<<9;
sector += |ba_data;

//UARTiprintdword(sector);UARTknewIine();

}
return(sector):
}
//Reading From FAT

#define RAMreadW(a,f) *(word *)(a+1)

word FAT read(word cluster, byte *data)

{

/*

word next_cluster;
dword sector;
dword offset,ent = 0;

word index:

offset = 0x04 + (2*(cluster-2));

while(offset >= 512)

{

cnt++;

offset -= 0x200;

}

HAUART _printdword(offset);UARTﬁnewline();
seetor = Iba_fat + (cnt << 9):

/fUART _printdword(sector);UART&new]ine();

SD_get_sector(sector,data);

next_cluster = *(data + offset);
next_cluster += (word)*(data+ 1+offset)<<g;
AUART _printword(next_clustcr);UART_newline();

return next cluster;

void FAT _clear sector(unsi gned long sector){



*/

/l make surre the fatbuffer is invalidated
fat_buf sec = Ox fTfTTYfT;
for(fat_u16 = 0; fat yi6 <51 2; fat_ulée++)
{

fat_buflfat u16) = o
b

SDkwrite_sector(sector, fat_buf);



vs10lib.c

void VS§10] lB_\send‘SCI(unsigncd char reg, unsigned int data)

{

unsigned int temp;

// pull the CS line low
VS_XCS_LO:

delay ms(1);

/1 do the pseudo i2¢ start
VS1011B_WRITE;
spi_io(reg);

// send the data

temp = (data & 0x1i0)>>8;
spi_io(temp);

temp = (data & 0x00fp);
spi_io(temp);

// pull the cs line back up
VS XCS HI;

unsigned int VS§101 1B_read SCI(unsigned char re 2)

{

unsigned int data;

// pull the CS line low
VS_XCS LO;

// do the pseudo i2¢ start
VS1011B READ:;
spi_io(reg);

// get the reg data
data=0;

data = spi_io{0x00);
data <<= §;

data += spi_io(0x00):

// pull the cs line back up
VS _XCS HI;



return data;

void VS101 IB_send_SDI(unsigned char data)

{
VS_XDCS_LO:
spi_io{data);
VS XDCS_HI;
}

void VS§101 IB_send_zeros(unsigned char count)

{
do{
VSI1011B_send_SDI(0x0);
count--;
twhile{count):
}

void VS§101 IB_SW _reset(void)
{

unsigned int regval;

regval |= (1 << SM_RESET);

// set bit 2 of mode reg to 1 for reset

V5101 IB_send‘SCI(REGkMODE, regval);

while(VS101 IB‘NOT_ALLOW_DATA){ IR

/f for sanity

delay ms(50);

regval = 0x00);

regval [= (1 << SM_SDINEW); // st bit 1] of mode reg to 1 for work in native mode(new mode)

V5101 IB_send SCI{REG M ODE, regval);

delay ms(1):

VS1011B_send_zeros(32);

void VS101 1B HW reset(void)



delay_ms(500):

/ pull down the reset pin for 1 second
VS XRESET LO;

{/ delay

//DELAY 1SEC:

delay_ms{500);

// pull up again

VS_XRESET HI;

void VS1011B _init(void)

{

/1 set XRESET output high;
VS1011B_PORT |= (1 << PIN_VS1011B_XRESET);
VS1011B _DDR (= (1 << PIN_VS1011B XRESET);

// set XCS ‘output HIGH
VS1011B_PORT |= (] << PIN_VS1011B_XCS):
VS1011B_DDR I=(] << PIN_VS1011B_XCS);

// set XDCS output HIGH
VS1011B_PORT |= (1 << PIN VS101 1B_XDCS);
VS1011B_DDR |=(] << PIN_VSI011B XDCS);

// set DREQ) input with pull up

VS1011B_PORT |= (1 << PIN_VS1011B_DREQ);
VS1011B_DDR &=~(1 << PIN_VS1011B_DREQ);
//printf{"Init port to interface VS101 1B\n\r");

/freset

VS1011B _ HW reset();

/fprintf("Hardware Reset Already\n\r");

VSI011B SW_reset();

/printf{"Software Resct Already\n\r");



void VS1011B_sine(unsigned char state, unsigned char freq) // state is START or STOP, freq is 1-255
{

unsigned int regval;

regval |= (1 << SM_RESET);

// set bit 2 of mode reg to 1 for resct

VS1011B_send SCI(REG_MODE, regval);

while(VS1011B_NOT_ALLOW_DATA){}:

// for sanity

delay ms(50);

regval = 0x00;

regval |= (1 << SM_SDINEW)|(1 << SM_TESTS);

VS1011B_send SCI{REG_MODE, regval);

delay ms(1);

VS1011B_send_zeros(32);

if{state == 0x01){
VS1011B_send_SDI(0x53);
VS1011B_send SDI(OXEF):
VS1011B_send_SDI(0x6E);
VS101 IB send SDI(freq);
VS1011B_send_zeros(0x04);

}else {
VS81011 B send SDI(0x45);
VS1011B_send_SDI(0x78);
VS1011B_send_SDI(0x69);
VS1011B_send_SDI(0x74);
VS1011B_send_zeros(0x04):
VS1011B SW_reset();

// sets the Volume register for VS1001

void VS1011B_volume(unsigned char lett, unsigned char right)
{



unsigned int regval;
regval = left;
regval <<= §;
regval += right;
VSiol lB_sendﬁSCI(REG_VOL, regval);
H
/%
/ read the decode time in seconds from the VS1001
ul6 vS1 001_get decode_time(void) {
return VS| 001ﬁread_SCI(REG_DECODETlME);
¥/
/¥
/ used to decode the bitrate va) read from the AUDATA register
const unsigned int sample_rate_values[15] PROGMEM = {0, 44100, 48000, 32000, 22050, 24000, 16000,
11025, 12000, 8000};

// read the AUDATA register from VS1011B and fill structure

void VS101 1B_gci_audio_data(AUDIO_DATA"‘ audio) {
unsigned int audata = VS10] IB_read SCHREG AUDATA);
audio->sample_rate = pgm_read_word(samplcﬁrateﬁvaluesﬁ-((audata&Ox1E00)>>9));
audio->bitrate = audata&0x | FF ;

audio->is sterso = (audata&0x8000)>>l 5;



player.c

ehar scan_key(void);

void volume_up(void)
{
vol left--;
vol right--;
ifl(vol left <= () | (vol_right <= 0))
{
vol_left = 0;
vol_right = 0
!
VSi01 lBgvolume(volume[vol_leﬂ],volume[volgright]);

}

void volume _down(void)
{
vol_left++;
vol_right++;
if((vol left > 19) || (vol right > 19))
{
vol lett = 0;
vol_right = 0;
}

VS101 1Bgvolume(volume[volmleft],volume[vol_right]);

byte play_sector(dword sector, byte *data)
{
word index;
SD_get_sector(sector,data);
NO_ALLOW SCI;
for(index = 0; index < 512; index++)
{
Hifl(512%32) == 0)



WAIT_VSI011B_ALLOW DATA:
VS_XDCS_1.0;

spi_io(*data);

delay us(3);
VS_XDCS_HI,
//UART_printbyte(*data);
data++;
J
// trigger the 74hc08 so that the MMC can receive data
ALLOW S(CI;
// get the 2nd CRC bytes
ReadCRC();
/f give enough time

SDC_cleanup();

void fplay(word cluster, byte *data)
{
FILEOB] fo;
dword sector:
word index,next cluster;
byte *backup;
backup = data;
//parameter eluster is The first cluster of file
fo->¢cls = cluster;
do
{
key press = scan_key();
sector = Cluster2Scctor(fo->ccls);
for(index = 0; index < sec _per_clus; index++)
{
play_sector(scetor, data);
sector += 0x200;

}



next_cluster = FAT read(fo->ccls,data):

UART J)n'ntword(nexl_cluster);UARTknewline();
iflnext_cluster == Oxffff) break;

elsc fo->cclst+;

Ywhile(1);

void fplay menu(byte *data)
{
FILEOBIJ fo;
dword sector;
word index,next_cluster;
byte *backup;
chapter = 0;
backup = data;
//parameter cluster is The first cluster of file
fo->ccls = first_cluster[0];
do
{
key press = scan_key();
sector = Cluster2Secctor(fo->ccls);
for(index = 0; index < sec _per_clus; index++)
{
play_sector(scctor,data);
sector += 0x200;
}
next_cluster = FAT read(fo->ccls,data);
UART _printword(next_cluster);UART newline();
ifinext_cluster == OxfffY) break;
else fo->ccls++;

}while(chapter == 0 );

void player_process(byte *data)
{



printf{"\n\rplay content\n\r");

fplay_menu(data):;

fp]ay(ﬁrstﬁcluster[chapter],data);



key_pad.c

#include <ATMEGA32 h>

void keypad init(void)

{

/¥

col4 ---> PA7
col3 --> PAG
col2 ---> PAS

coll ---> PA4

rowd -—> PC3
row3 > PC2
row2 --> PC1

rowl --> PC0

menu --> PD2
stop --> PD3
play --> PD4

*/
/{Qutput PortA-->Bit 4-7
DDRA [= (1<<PA7){(1<<PA6)|(1<<PAS5)|(1<<PA4);
PORTA |= (1<<PAT7)(( 1<<PAB)|(1<<PA3)|(1<<PA4);
//DDRC |= (1<<PC7);
# PORTC |= (1<<PC7);
//Input PortC-->Bit0-3 And PortD-->Bit 2-4
/DDRC &= ~((1<<PCO)(1<<PC1)|(1<<PC3 W1<<PC2));
/IPORTC &= ~((1<<PC3)|(1<<PC4)(1<<PC3)((1<<PC2));
DDRC = 0x00;
PORTC = 0x00;
DDRD &= ~((1<<PD4)|(1<<PD3)|(1<<PD2));
PORTD &= ~{(1<<PD4)|(1 <<PD3){(1<<PD2)};

}

#define KEY PLAY  PIND4
#define KEY STOP  PIND.3

#define KEY MENU  PIND.2
#dcfine KEY PORT  PORTA

#define KEY PIN PINC

#define COL 1 KEY PORT.4
#define COL2 KEY PORT.S
#define COL3 KEY_PORT.6
#define COL4 KEY PORT.7
#define ROW1 KEY PIN.5
#define ROW2 KEY_PIN.6



#define ROW3 KEY_PIN.2
#define ROW4 KEY PIN.3
char check_state(void)
{
char press;
delay ms(10);
if(KEY PLAY == ()
{
while(KEY _PLAY == 0){};
press ='p';
UART_SendByte(press);
fireturn 1;
1
iflKEY STOP == ()
{
while(KEY_STOP == 0){};
press ='s’;
UART_SendByte(press);
fireturn 0;
}
itKEY_MENU == ()
{
while(KEY_MENU == 0){};

press ='m’;
UART_SendByte(press);
}

return press;

char scan key(void)

{

char press = "\(";

static char last_key;
COLI = 0;

delay_us(10);



ifROW1 == 0)

{

while(ROW1 == Q){}:
press ='1";

chapter = 10;

UART SendByte(press);
1

iflROW2 == ()

{

while(ROW2 == 0){};
press ='4";

chapter = 7;
UART_SendByte(press);
}

iffROW3 == Q)

{

while(ROW3 == 0){};
press ='7,

chapter = 4;
UART_SendByte(press);
}

ifIROW4 == ()

{

while(ROW4 == 0){};
press = "*;

chapter--;
UART_SendByte(press);
1

COLLI=1;

COL2 = 0;
delay us(10);

IROW1 ==0)

{

while(ROW1 == 0){};



press ='2",;

chapter = 9;

UART SendByte(press);
}

ifROW2 == 0)

{

while(ROW2 == 0){};
press ='5";

chapter = 6;
UART_SendByte(press);
}

ITROW3 == ()

{

while(ROW3 == 0){};
press = '8';

chapter = 3;
UART_SendByte(press):
}

iffROW4 == 0)

{

while(ROW4 == 0){};
press = '0'

UART _SendByte(press);
}

COL2=1;

COL3 =0,

delay us(10};

iTROW1 ==0)

{

while(ROW1 == 0){};
press = '3";

chapter = §;
UART_SendByte(press);
1



iffROW2 == 0)

{

while(ROW2 == 0){};
press = '6;;

chapter = 5
UART_SendByte(press);
H

ifROW3 == ()

{

while(ROW3 == 0){};
press ='9;

chapter = 2;
UART_SendByte(press);
}

iRROW4 == 0)

{

while(ROW4 == 0){}:
press = '#;

chapter++;

UART SendByte(press);
h

COL3 =1;

COL4 = (;

delay us(10);

ifROW1 == ()

{

/#while(ROW1 == 0){};
delay ms(10);

press = 'u’;

UART SendByte(press);
volume_up();

}

iffROW2 == ()

d



/fwhile(ROW2 == 0){}:
delay _ms(10);

press = 'd’;

UART SendByte(press);
volume_down();

}

COlL4=1,

check_state();
iflpress == "\0')

{

last_key = press;
jclse return press;

return last kcy;
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gh-performance, Low-power AVR® 8-bit Microcontrolier
vanced RISC Architecture
- 131 Powerfui Instructions — Most Single-clock Cycle Execution
- 32 x 8 General Purpose Working Registers
- Fuily Static Operation
- Up to 16 MIPS Throughput at 16 MHz
- On-chip 2-cycle Muitiplier
nvolatile Program and Data Memories
- 32K Bytes of In-System Self-Programmable Flash
Endurance: 10,000 Write/Erase Cycles
- Optional Boot Code Section with Independent Lock Bits
In-System Programming by On-chip Boot Program
True Read-White-Write Operation
- 1024 Bytes EEPROM
Endurance: 100,000 Write/Erase Cycles
2K Byte Internal SRAM
Programming Lock for Software Security
\G (IEEE std. 1149.1 Compliant) Interface
Boundary-scan Capabilities According to the JTAG Standard
Extensive On-chip Debug Support
Programming of Flash, EEPROM, Fuses, and Lock Bits through the JTAG Interface
ipheral Features
Two 8-bit Timer/Counters with Separate Prescalers and Compare Modes
One 16-bit Timer/Counter with Separate Prescaler, Compare Mode, and Capture
Mode
Real Time Counter with Separate Oscillator
Four PWM Channels
8-channel, 10-bit ADC
8 Single-ended Channels
7 Differential Channels in TQFP Package Only
2 Differential Channels with Programmable Gain at 1x, 10x, or 200x
Byte-oriented Two-wire Serial Interface
Programmable Serial USART
Master/Slave SPI Serial Interface
Programmable Watchdog Timer with Separate On-chip Oscillator
On-chip Analog Comparator
sial Microcontroller Features
Power-on Reset and Programmable Brown-out Detection
internai Calibrated RC Oscillator
Sxternal and Internal Interrupt Sources
5ix Sleep Modes: Idle, ADC Noise Reduction, Power-save, Power-down, Standby
ind Extended Standby
nd Packages
12 Programmabile I/O Lines
10-pin PDIP, 44-lead TQFP, and 44-pad QFN/MLF
ating Voitages
L7 - 5.5V for ATmega32L
~5 ~ 5.5V for ATmega32
d Grades
'- 8 MHz for ATmega32L
- 16 MHz for ATmega32
r Consumption at 1 MHz, 3V, 25°C for ATmega32L
ctive: 1.1 mA
{le Mode: 0.35 mA
ower-down Mode: < 1 pA
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In-System !
Programmable
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Note: This is a summary document. A complete document
is available on our Web site at www.atmel.com.
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Figure 1. Pinout ATmega32
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————— s A Tmega32(L)

erview The ATmega32 is a low-power CMOS 8-bit microcontroller based on the AVR enhanced
RISC architecture. By executing powerful instructions in a single clock cycle, the
ATmega32 achieves throughputs approaching 1 MIPS per MHz allowing the system
designer to optimize power consumption versus processing speed.

ck Diagram Figure 2. Block Diagram
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(PA7..PA0)
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The AVR core combines a rich instruction set with 32 general purpose working registers.
All the 32 registers are directly connected to the Arithmetic Logic Unit (ALU), allowing
two independent registers to be accessed in one single instruction executed in one clock
cycle. The resuiting architecture is more code efficient while achieving throughputs up to
ten times faster than conventional CISC microcontrollers.

The ATmega32 provides the following features: 32K bytes of in-System Programmable
Flash Program memory with Read-While-Write capabilities, 1024 bytes EEPROM, 2K
byte SRAM, 32 general purpose I/O lines, 32 general purpose working registers, a
JTAG interface for Boundary-scan, On-chip Debugging support and programming, three
flexible Timer/Counters with compare modes, Internal and External Interrupts, a serial
programmable USART, a byte oriented Two-wire Serial Interface, an 8-channel, 10-bit
ADC with optional differential input stage with programmable gain (TQFP package only),
a programmable Watchdog Timer with Internal Oscillator, an SPI serial port, and six
software selectable power saving modes. The Idle mode stops the CPU while allowing
the USART, Two-wire Interface, A/D Converter, SRAM, Timer/Counters, SP| port, and
interrupt system to continue functioning. The Power-down mode saves the register con-
tents but freezes the Oscillator, disabling all other chip functions until the next External
Interrupt or Hardware Reset. In Power-save mode, the Asynchronous Timer continues
to run, allowing the user to maintain a timer base while the rest of the device is sleeping.
The ADC Noise Reduction mode stops the CPU and all IO modules except Asynchro-
nous Timer and ADC, to minimize switching noise during ADC conversions. In Standby
mode, the crystal/resonator Oscillator is running while the rest of the device is sleeping.
This allows very fast start-up combined with low-power consumption. In Extended
Standby mode, both the main Oscillator and the Asynchronous Timer continue to run.

The device is manufactured using Atmel’s high density nonvolatile memory technology.
The On-chip ISP Flash allows the program memory to be reprogrammed in-system
through an SPi serial interface, by a conventional nonvolatile memory programmer, or
by an On-chip Boot program running on the AVR core. The boot program can use any
interface to download the application program in the Application Flash memory. Soft-
ware in the Boot Flash section will continue to run while the Application Flash section is
updated, providing true Read-While-Write operation. By combining an 8-bit RISC CPU
with In-System Self-Programmable Flash on a monolithic chip, the Atmel ATmega3?2 is
a powerful microcontrolier that provides a highly-flexible and cost-effective solution to
many embedded control applications.

The ATmega32 AVR is supported with a full suite of program and system development
tools including: C compilers, macro assemblers, program debugger/simulators, in-circuit
emulators, and evaluation kits.

Digital supply voitage.
Ground.

Port A serves as the analog inputs to the A/D Converter.

Port A also serves as an 8-bit bi-directional /O port, if the A/D Converter is not used.
Port pins can provide intemal pull-up resistors (selected for each bit). The Port A output
buffers have symmetrical drive characteristics with both high sink and source capability.
When pins PAD to PA7 are used as inputs and are externally pulled low, they will source
current if the internal pull-up resistors are activated. The Port A pins are tri-stated when
a reset condition becomes active, even if the clock is not running.

ATmega3d2(L) me——

2503H5-AVR-03/05



e — ATmega32(L)

:B (PB7..PB0)

C (PCT..PCO)

D (PD7..PDO)

=

Port B is an 8-bit bi-directional /O port with internal pull-up resistors (selected for each
bit). The Port B output buffers have symmetrical drive characteristics with both high sink
and source capability. As inputs, Port B pins that are externally pulled low will source
current if the pull-up resistors are activated. The Port B pins are tri-stated when a reset
condition becomes active, even if the clock is not running.

Port B also serves the functions of various special features of the ATmega32 as listed
on page 55.

Port C is an 8-bit bi-directional 11O port with internal pull-up resistors (selected for each
bit). The Port C output buffers have symmetrical drive characteristics with both high sink
and source capability. As inputs, Port C pins that are externally pulled low will source
current if the pull-up resistors are activated. The Port C pins are tri-stated when a reset
condition becomes active, even if the clock is not running. If the JTAG interface is
enabled, the pull-up resistors on pins PC5(TDI), PC3(TMS) and PC2(TCK) will be acti-
vated even if a reset occurs,

The TDO pin is tri-stated unless TAP states that shift out data are entered.

Port C also serves the functions of the JTAG interface and other special features of the
ATmega32 as listed on page 58.

Port D is an 8-bit bi-directional 1/O port with internal pull-up resistors (selected for each
bit). The Port D output buffers have symmetrical drive characteristics with both high sink
and source capability. As inputs, Port D pins that are externally pulled low will source
current if the pull-up resistors are activated. The Port D pins are tri-stated when a reset
condition becomes active, even if the clock is not running.

Port D also serves the functions of various special features of the ATmega32 as listed
on page 60.

Reset input. A low level on this pin for longer than the minimum pulse iength will gener-
ate a reset, even if the clock is not funning. The minimum pulse length is given in Table
15 on page 35. Shorter pulses are not guaranteed to generate a reset.

Input to the inverting Oscillator amplifier and input to the intemal clock operating circuit.
Output from the inverting Oscillator amplifier.

AVCC is the supply voltage pin for Port A and the A/D Converter. It should be externally
connected to V., even if the ADC is not used. If the ADC is used, it should be con-

nected to V¢ through a low-pass filter.

AREF is the analog reference pin for the A/D Converter.

VR-03/05
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idress Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bito Page
iF (35F) SREG b T H S \'i N z c 8
E ($5E) SPH - - - - SP1 S5P10 SP9 SP& 10
D {(35D) SPL SP7 SP6 SP5 SP4 SP3 SPz2 SP1 SPY 10
C {85C) OCRO Timer/Counter Oulput Compare Register 80
B {$56) GICR INT1T INTH INT2 — - - IVSEL IVCE 45, 65
A ($5A) GIFR INTF1 INTFO INTF2 = - — - - &6
9§59 TIMSK OCIE2 TOIE2 TICIE1 QCIE1A CCIE1B TOIE] OCIED TCIEQ 80, 10,128
B [§58) TIFR QCF2 TOv2 {CF1 OCF1A OCF1B T0V1 CCFO TOVE 81,111, 128
71557) SPMCR SPMIE RWWSB - RWWSRE BLBSET PGWRT PGERS SPMEN 246
3 ($56) TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN - TWIE 175
5 (§58) MCUCR SE SM2 SM1 SMQ 18C11 1SC16 1SCO1 18C00 3C, 64
1{§54) MCUCSR JT0 15C2 - JTRF WDRF BORF EXTRF PORF 38, 65, 226
1{553) TCCRO FOCOD WGMOD COMa1 COMOQ WGMO1 C802 CsM CSo0 78
1(552) TCNTO TimerCounter() (8 Bits) a0
g5 1) OSCCAL Cscillator Calibeation Register 28
OCDR Cn-Chip Debuy Register 222
1 (550} SFIOR ADTS2 ADTS1 ADTSa — ACME PUD PSR2 PSR10 54,83,129,196,216
L($4F) TCCR1A COMIiAT COM1AD COM1IB1 COM1B0 FOC1A FOC18 WGEM11 WGM10 105
T{34E) TCCR1B ICNC1 ICES1 - WGM13 WGM12 €512 CS511 CS10 108
1($4D) TCNT1H Timer/Countert — Counter Registar High Byte 108
(34C) TENTIL Timer/Counter1 — Counter Repistar Low Byte 109
{548) OCR1AH Timer/Counter1 — Cutptt Compare Register A High Byte 109
(S44) OCR1AL Fimar/Counter] ~ Qulput Compare Register A Low Byte 100
($48) OCR1BH Timer/Counter1 — Qutput Compare Register B High Byte 109
{$48) OCR1BL Timer/Counter! - Qutput Compare Register B Low Byta 108
{347y ICRtH Timer/Counter1 - Input Capture Register High Byte 110
(348) iCR1L Timer/Counter1 — Input Capture Repister Low Byte 110
(545) TCCR2 Focz | womao | comet | comzo | womzd [ cse2 cs21 [ cso 123
{$44) TCNT2 Timer/Counter2 {8 Bits) 125
($43) QCR2 Timer/Counter2 Output Compare Register 125
$42) ASSR - - - - A32 TCN2UB OCR2UB TCR2UB 128
(341) WDTCR = ~ — WDTOE WDE WDP2 WDP1 WDPQ 48
(5405 UBRRH URSEL - = - LIBRR[11:8] 162
UCSRC URSEL UMSEL UPM1 LIPMG USBS UCcS21 Ucszo UCPOL 160
{$3F)_ EEARH - - - — — e EEARS EEARS 17
$3E) EEARL EEPROM Address Register Low Byta 17
$3D) EEDR EEPRCM Data Register 17
3} EECR - - - - EERIE EEMWE EEWE EERE 17
33B8) PORTA PORTA? PORTAS PORTAS PORTA4 PORTA3 PORTA2 PORTA1 PORTAD 62
$3A) DORA DOA7 DDAS DDAS DDA4 DDA3 DDAZ DDAt DDAO 62
$39) PINA PINA7 PINAG PINAS PINA4 PINAJ PINAZ PINA1 PINAD €2
$38) PORTB PCRTB? PORTEB PORTBS FORTB4 PORTR3 PORTB2 PORTBI PORTBA 62
37 DDRB DDB7 DDB6 oDRs DDB4 DDB3 0DB2 DDB1 ODBo 52
$36) PINB PINBY PINB6 PINBS PINB4 PINB3 PINB2 PINB1 FINBQ B3
$35) PORTC ACRTCY PORTCE PORTCS PORTC4 PORTC3I PORTC2 PORTCA PORTCD 43
534} DDRC DDC7 DDCB DDCs DDC4 DDC3 pocz2 DDC1 oDco 63
£33) PINC PINC? PINC& PINC5 PINC4 PINC3 PINC2 PINCA PINCO 63
$32) PORTD PORTD? PORTDG PORTDS PORTD4 PORTD3 PORTD2 PORTDA PORTDOD 83
531y CORD DDD7 D6 DDD5 DDD4 DODA DOD2 DD DDDO 63
530} PIND PIND? PIND& PINDE PIND4 PIND3 PIND2 PINDA PINDD 63
i2F) SPDR SPI Data Ragister 136
2E) SPSR SPIF WCOL — -~ - — — SPIZX 138
i2D) SPCR SPIE SPE DORD MSTR CPOL CPHA SPR1 SPRO 134
2C} UDR USART 1O Data Register 157
2B) UCSRA RXC TXC UDRE FE DOR PE LI2x MPCM 158
2A) UCSRB RXCIE TXCIE UDRIE RXEN TXEN Ucgz2 RXBa TXB8 159
28) UBRRL USART Baud Rate Register Low Byle 162
28} ACSR ACO ACBG ACC AC| ACIE ACIC ACIS1 ACISO 197
27) ADMUX REFS1 REFS0 ADLAR MUX4 MUX3 MUX2 MUX1 MiXD 212
28) ADCSRA ADEN ADSC ADATE ADIF ADIE ADPSZ ADPS1 ADPSOD 214
25) ADCH ADC Data Register High Byte 215
24} ADCL ADC Qata Regisler Low Byte 215
234 TWDR Two-wire Serial Interface Data Register 77
) TWAR Twas ] Twas ] Ttwad | Twas Twaz | Twal Twad | TwacE 177

ATmega32(L) mee———
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Idress Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Page
N($21) TWSR TWS? TWS6 TWS5 TWS4 TWE3 - TWPS1 TWPS0 176
10 ($20 TWER wa-wire Serial Interface Bit Rale ister 175
s 1. When the QCDEN Fuse is unprogrammed, the OSCCAL Register is always accessed on this address. Refer to the debug-
ger specific documentation for details on how to use the OCDR Register.
2. Refer to the USART description for details on how to access UBRRH and UCSRC,
3. For compatibility with future devices, reserved bits should be written to zero if accessed. Reserved /O memory addresses
should never be written.
4,

Some of the Status Flags are cleared by writing a logical one to them. Note that the CBI and SBl instructions will operate on

alf bits in the /O Register, writing a one back into any flag read as set, thus clearing the flag. The CBI and SBH instructions
work with registers $00 to $1F only.
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truction Set Summary

L — I

N— —
ymonics Operands l Description Operation #Clocks
N —
HMETIC AND LOGK; INSTRUCTIONS
Rd, Rr Add two Registers Rd - Rd + Rr ZLNVH 1
Rd, Rr Add with Camy twa Registers Rd« Rd+Rr+C ZCNVH i
! RdlK Add Immediate to Word Rah:Rdl « Rdh:Rdl + K ZCNVS 2
Rd, Rr Subtract two Registers Rd « Ro - Rr ZCNVH 1
Rd, K Subtract Canstant from Regisler Rd«Rd-K ZCNVH 1
Rd, Rt Subiract wilh Carry two Registers Rd +Rd-Rr-C ZLCNVH 1
Rd, K Sublract with Carry Constant fram Reg. Rd< Rd-K-C ZCNVH 1
Rdl K Subtract Immadiate from Word Rdh:Rdl + Rah:Rdi - K ZCMNV S 2
Rd, Rr Logical AND Registers Rd «~ Rd « Rr ZNV 1
Rd, K Logical AND Register and Canstant Rd + Rd+ K ZNV 1
Rd, Rr Logical OR Registers Rd < RdvRr ZNV 1
Rd, K Logical OR Register and Constant Rde« RdvK ZNV 1
Rd, Rr Exclusive OR Registers Rd « Rd @& Rr ZNV 1
Rd One's Complement Rd « $FF - Rd ZCNV 1
Rd Twe's Complement Rd « $00 - Rd ZCNVH 1
Rd.K Sel Bit{s) in Register Rd+~RdvK ZMNV 1
Rd,K Clear Bit(s) in Registar Rd « Rd « ($FF - K} ZNV 1
Rd Increment Rd+ Rd+1 ZMNV 3
Rd Docrement Rd « Rd -1 ZNV 1
Rd Test for Zerc ar Minus Rd « Rd s Rd ZMNV 1
Rd Ciear Regisler Rd « Rd @ Rd Z NV 1
Rd Set Register Rd « §FF None 1
Rd, Rr Muttiply Unsigned R1:R0 + Rd xRr ZC 2
Rd, Rr Multiply Signed R1:R0 « Rdx Rr ZC 2
1 Rd, Rr Multiply Signed with Unsignad R1:R0 « RdxRr ZC 2
Rd. Rr Fractional Muliply Unsigned RURD « (Rd x Rr} << 1 ZC 2
; Rd, Rr Fraclional Multiply Signed R1:R0 « {Rdx A << 1 ZC 2
i Rd. Rr Fractional Muhiglx Signed with Unsignad R1:R0 + st x Rr) << 1 ZC 2
SHINSTRUCTIONS
k Relative Jump PC—PC+x +1 None 2
Indirect Jump to (Z) PC+2Z None 2
k Dirsct Jump PC+k Nene 3
k Relalive Subroutine Call PC—PC+k+1 None 3
Indirect Call ta (2) PC¢« Z MNone 3
k Direct Subroutine Can PC «k None 4
Subroutine Return PC « Stack None 4
Intarrupt Retum PC « Stack | 4
Rd,Rr Compare, Skip if Equal fRA=RNPC+ PC+20r3 None 1/2/3
Rd,Rr Compare Rd - Rr Z, NV.CH 1
Rd,Rr Compare with Carry Re-Rr-C Z, NV.CH 1
Rd,K Compare Register with Immediate Rd - K Z NV.CH 1
Rr, b Skip if Bit in Register Cleared W (Rr(bJ=0) PG +PC +20or 3 None 1/2/3
Ar b Skip if Bitin Register is Set if (Rr{b)=1)PC «PC + 20r3 None 1/2/73
P.b Skip if Bit in V0 Register Cleared if{PE)=0) PC « PC +20ar 3 None 1/2/3
P.b Skip if Bit in 10 Register is Set T{Pb=1)PC + PC+20r3 None 1/243
5.k Branch if Status Flag Set if (SREG(s) = 1) then PC«-PC+k + 1 Nona 1/2
s, k Branch if Status Flag Cleared if (SREG{s) = 0} then PC<« PC+k + 1 None 1/2
k Branch if Equal f{Z=1)then PC+ PC +k +1 None 1/2
k Branch if Nat Equal H(Z=0}then PC &« PC+k+ 1 Nane 1/2
k Branch if Cany Set it{C=1)then PC+PC+k+1 None 1/2
k Branch if Carry Cleared IC=0)then PC+ PC +k +1 None 1/2
k Branch if Same or Higher if{C=0)then PC« PC +k + 1 None 1/2
k Branch if Lower il (C = 1)then PC « PC + &k + 1 Nona 1i2
k Branch if Minus ir{N =1} then PC « PC + k + 1 MNang ti2
k Branch if Plus if{N =0)then PC + PC +k +1 None 1/2
k Branch if Greater or Equal, Signed it (N@ V= 0} then PC « PC +k + 1 None 1/2
k Branch if Less Than Zero, Signed TNBV=1)thenPC + PC +k + 1t Naone 1/2
X Branch if Half Carry Flag Set AfH=1}then PC« PC +k+1 None 1/2
k Branch if Half Carry Flag Clearec if{H=0)then PC 4~ PC +k + 1 None 1/2
K Branch if T Flag Set if{T=1)than PC« PC +k +1 None 1/2
k Branch # T Flag Cleared f(T=0)then PC & PC+k+1 Nona 112
3 Branch if Overflow Flag is Set fiv=1Nthan PC+ PC+k~+1 None 1/2
k Branch if Overflow Flag is Cleared if (V= 0}then PC « PC+k+ 1 None 1/2

ATmega32(L) mm————
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K Branch if Interrupt Enabled H{i=1)then PCe-PC+k+1 None 1/2
) K Branch if inlermet Disabied if (1 =0} then PC « PC +k + 1 Nﬁ 1/2
& TRANSFER INSTRUCTIONS
Rd, Rr Move Between Registers Rd + Rr None 1
w Rd, Rr Copy Register Word Rd+1:Rd « Rr+1.Rr Nane 1
Rd, K Load Immediate Rd + K None 1
Rd, X Load Indirect Rd ¢ (X} None 2
Rd, X+ Load Indirect and Post-Inc Rd +— (X), X ¢- X +1 None 2
Ad, - X Load Indiract and Pre-Dec. X X-1,Rd « {X} Nane 2
Rd, ¥ Load Indirect Rd « {Y} None 2
Rd, Y+ Load Indirgct and Post-Ing. Rd & (¥}, ¥+ ¥ +1 Nona 2
Rd,-Y Load Indiract and Pre-Dec. Y+ Y-1,Rd e [Y) None 2
Rd,Y+q Load indirect with Displacement Rd « (¥ +q) None 2
Rd, Z Lcad indiract Rd « {Z) None 2
Rd, 2+ Load Indirect and Post-Inc. Rd « {2}, Z ¢ Z+1 None 2
Rd, -Z Load Indirect and Pre-Dec. ZeZ2-1,Rd + (2} MNone 2
Rd, Z+g Load Indirgct with Displacement Rd « (Z +q) None 2
Rd, k Lead Direct from SRAM Rd « (k} None 2
X, Rr Store Indirect {X}«Rr Naone 2
X+, Rr Store Indirect and Post-Ine. (X} Rr, X X+1 Naneg 2
- X, Rr Store Indirect and Pre-Dec. Xe=X-1, (X)+«Rr None 2
Y, Rr Store Indirect {Y) « Rr Nong 2
Y+, Rr Stara indirect and Post-ine. (YY) RLY Y +1 None 2
-Y. Rr Store Ingirect and Pre-Dec. Ye¥Y-1, (¥« Rr Nene 2
Y+q,Rr Store Indireet with Displacement (Y+q)«Rr None 2
Z, Rr Stora Indirect {Z) « Rr None 2
Z+, Rr Store Indirect and Post-Inc. Z)eRrZe2+1 None 2
-Z, Rr Stora Ingirect and Pre-Dec. Z+2-1,(2)«Rr None 2
Z+g,8r Store Indirect with Displacament (Z+q)« Rr None 2
Kk, Rr Slorg Direct 1o SRAM (k) «- Rr Nona 4
Laad Program Memory RO + (2} None 3
Rd, 2 Load Pragram Memory Rd + (2) None 3
Rd, Z+ toad Program Memory and Post-Inc Rd « (2), Z ¢ 2+1 None 3
Store Program Memory (£}« R1:R0 Nane -
Rd, P in Part Rd « P None 1
P, Rr Out Port P« Rr None 1
Rr Push Register on Slack Stack « Rr Nene 2
Rd POE Reaisler from Stack Rd « Stack Nog_ 2
D BIT-TEST INSTRUCTIONS
Pb Set Bit in VO Register WO[P,b) « 1 None 2
P.b Cioar Bit in /O Register /O{P.b} « O None 2
Rd Logical Shift Left Rd{n+1} + Rd(n), Rd{0) « 0 ZCNV 1
Rd Logical Shift Right Ra{n) + Rd(n+1), Rd{7) « 0 Z LNV 1
Rd Rotale Left Through Carry Rd{f)C,Ro{n+1)e Rd(n),C+Rd(7) ZCNV 1
Rd Rotate Right Through Carry Rd(7}e-C,Raifnje~ Rd(n+1),C+-Rd{0} Z,C NV 1
Rd Arithmetic Shift Right Rd{n) «- Re{n+1), n=0..6 ZCNV 1
Rd Swap Nibbles Rd(a.‘O)q—Rd(T..4}.Rd(?..4}<-Rd(3..0) None 1
5 Flag Sel SREG(s) « 1 SREG(s) 1
s Flag Clear SREG(s) « ¢ SREG(s} 1
Rr, b Bit Store from Register to T T + Rr(b) T 1
Rd, b Bit load from T to Register Rd{b) « T None 1
Set Carry C1 Cc 1
Clear Garry Cw0 [ 1
Set Negativa Flag Ned N 1
Clear Negative Fiag N0 N 1
Sot Zero Flag Ze F4 1
Clear Zero Fiag Ze«4 F4 1
Global Interrupt Enatle le 1 | 1
Global Infemupt Disable '« D | 1
Sot Signed Test Flag S+ 1 S 1
Clear Signed Test Flag S0 3] 1
Set Twos Complament Cverflow. Ve 1 \ 9
Clear Twos Complement Overflow Ve 0 14 1
Set T in SREG T+1 T 1
Clear T in SREG T+0 T i
Set Half Caru Flag in SREG H 4+ 1 H 1

VR-03/05
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- Clear Half Carry Flag in SREG He O H - 1

J CONTROL INSTRUCTIONS

' No Operation MNane 1

EP Sleap (see specific descr. for Sleep function) None 1

? Waichdog Resat (see specific descr. for WDR/timer) None 1

AK Break For On-Chip Debug Only None N/A

ATmega32(L) mmee—————
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dering Information

Speed (MHz) Power Supply Ordering Code Package” Operational Range

ATmega32L-BAC 44A Commercial
ATmega32L-8PC 40P6 (0°C to 70°C)
ATmega3d2L-8MC 44M1
ATmega32L-8Al 44A

8 2.7-55V ATmega32L-8PI 40P6
ATmega32L-sMI 44M1 Industrial
ATmega32L-8AU2) 44A {-40°C to 85°C}
ATmega32L-8P)@ 40P8
ATmega32L-8MUR 44M1
ATmegald2-16AC 44A .
ATmega32-16PC :2;515 (g.f’é"trg%’;g)
ATmega32-16MC
ATmega32-16Al 44A

16 45-55v ATmega32-16F! 40P6
ATmega32-16M| 44M1 Industrial
ATmega32-16AU@ 44A (-40°C 10 85°C)
ATmega32-16PU@ 40P6
ATmega32-16MU@ 44M1

1. This device can also be suppiied in wafer form. Please contact your local Atmei sales office for detailed ordering information

and minimum quantities.

2. Pb-free packaging aiternative. Compilies to the European Directive for Restriction of Hazardous Substances (RoHS direc-

tive). Also Halide free and fully Green.

Package Type

44-lead, 10 x 10 x 1.0 mm, Thin Profile Plastic Quad Fiat Package (TQFP)

40-pin, 0.600” Wide, Plastic Dual Inline Package (PDIP)

44-pad, 7 x 7 x 1.0 mm, Quad Flat No-Lead/Micro Lead Frame Package (QFN/MLF)

VR-03/05
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ckaging Information

GIAODRATONT, nnacangnan

PIN 1 [oi 8 EB r
\
%%/\/ PIN 1 IDENTIFIER AE:} '

COMMON DIMENSIONS
{(Unit of Maasure = mm)

SYMBOL| MIN NOM MAX | NOTE

A -~ - 1.20
Al 0.05 - 0.15
A2 0.95 1.00 1.05
D 11.75 12.00 12.25
D1 9.90 10.00 10.10 | Nols 2
E 11.75 12.00 12,25
Notes: 1. This packags conforms to JEDEC reference MS-026, Variation ACB.

2. Bimensions D1 and E1 do not inctude mold protrusion. Allowable E1 9.80 10.00 10.10 | Nole 2
protrusion is 0.25 mm per side. Dimensions D and E1 are maximum

B 0.30 - 0.45
plastic body size dimensions including mold mismatch.

3. Lead coplanarity is 0.10 mm maximum. C 009 — 0.20
L 0.45 - 0.75
a 0.80 TYP

10/5/2001
TITLE DRAWING NO, [REV.
TES 2325 Orchard Parkway

EL 444, 44-lead, 10 x 10 mm Body Size, 1.0 mm Bady Thickness,
e Sanlose, GA 95131 | i Lead Piteh, Thim Prome Plastic Quad Flat Package (TQFP)

447 B

ATmega32(L) EEE———— N ———
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q =

LuL - JLB

]
COMMON DIMENSIONS
ﬁ I \: 0°-15° REF {Unit of Measure = mm)
SYMBOL| MIN NOM MAX NOTE

’—-§ eB —.—J A - - 4.826
Al 0.381 - -
D 52.070 - 52.578 | Notg 2
E 15.240 - 15.875
E1 13.462 - 13.970 | Note 2
B 0.356 - 0.559
lotgs: 1. This package conforms to JEDEC reference MS-011, Variation AC. Bt 1.041 — 1.651
2. Dimensions D and E1 do not include mold Flash or Protrusion. L 3.048 - 3.558
Mold Flash er Protrusion shall not exceed 0.25 mm (0.010M. c 0.203 B 0.381
aB 15.494 - 17.526
e 2.540 TYP
09/28/01
B8 2325 Orchard Parkway TITLE , : PRAWING NO.  [REV.
|_|,D San Jose, CA 95131 ?‘n?;g ;gclfad {0.600"/15.24 mm Wide) Plastic Dual 40PE B
age (PDIP)

L ‘ImEl@ 13
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\—Marked Pin# 11D

1M
e T e e — -

p—SEATING PLANE

—

TOP VIEW Al
-
- -
- P V—Pin #1 Corner SIDE VIEW
4 \
Y \
I[P LTI angy
31 ' OptionA n
¥ Tr I
— r ) 2, range
— A 3 COMMON DIMENSIONS
— s [ {Unit of Measure = mm)
- (o
=) — SYMBOL| MIN | NOM | mAX | NOTE
- Cc: Option B Pinat A 0.80 090 { 1.00
> amber
— — {C 0.30) A1 - 0.02 | 005
> ) B A3 0.25 REF
=) ﬂﬂﬂﬂﬂﬂﬂﬂﬂc b 018 | 023 | 040
; I | D 7.00 BSC
Pin #1
Notch D2 | 500 | 520 | 540
(0.20 R)
E 7.00 BSC
BOTTOM VIEW E2 | 500 | 520 | sdo
8 0.50 BSC
L 0.59 064 | 0.69
Note: JEDEC Standard MO-220, Fig. 1 (SAW Singulation) VKKD-3,
K 020 | 026 | 0.41
3/18/05
— TILE DRAWING NO. [REV.
L gsszorChZf '; asr:(;ay 44M1, 44-pad, 7 x 7 x 1.0 mm Body, Lead Pitch 0.50 mm, 44M1 E
=5 =an Jose, 5.20 mm Exposed Pad, Micro Lead Frame Package (MLF)

ATmega32(L) e —
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‘ata

nega32, rev. Ato E

There are no errata for this revision of ATmega32 However, a proposal for solving prob-
lems regarding the JTAG instruction IDCODE is presented below.

IDCODE masks data from TDI input

The public but optional JTAG instruction IDCODE is not implemented correctiy
according to IEEE1149.1; a logic one is scanned into the shift register instead of the
TDI input while shifting the Device ID Register. Hence, captured data from the pre-
ceding devices in the boundary scan chain are lost and replaced by all-ones, and
data to succeeding devices are replaced by all-ones during Update-DR,.

If ATmega32 is the only device in the scan chain, the problem is not visible.
Problem Fix / Workaround

Select the Device |D Register of the ATmega32 (Either by issuing the IDCODE
instruction or by entering the Test-Logic-Reset state of the TAP controller) to read
out the contents of its Device ID Register and possibly data from succeeding
devices of the scan chain. Note that data to succeeding devices cannot be entered
during this scan, but data to preceding devices can. Issue the BYPASS instruction
to the ATmega32 to select its Bypass Register while reading the Device ID Regis-
ters of preceding devices of the boundary scan chain. Never read data from
succeeding devices in the boundary scan chain or upload data to the succeeding
devices while the Device ID Register is selected for the ATmega32. Note that the
IDCODE instruction is the default instruction selected by the Test-Logic-Reset state
of the TAP-controller,

Alternative Problem Fix / Workaround

If the Device IDs of all devices in the boundary scan chain must be captured simul-
taneously (for instance if blind interrogation is used), the boundary scan chain can
be connected in such way that the ATmega32 is the fist device in the chain. Update-
DR wilt still not work for the succeeding devices in the boundary scan chain as long
as IDCODE is present in the JTAG Instruction Register, but the Device ID registered
cannot be uploaded in any case.

e AImEk 15
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tasheet Revision
story

inges from Rev.
3G-11/04 to Rev.
3H-03/05

inges from Rev.
3F-12/03 to Rev.
3G-11/04

1ges from Rev.
E-09/03 to Rev.
F-12/03

1ges from Rev.
D-02/03 to Rev.
E-09/03

ATMEL

R

Please note that the referring page numbers in this section are referred to this docu-
ment. The referring revision in this section are referring to the document revision.

1. MLF-package alternative changed to “Quad Flat No-Lead/Micro Lead Frame
Package QFN/MLF”, :

2. Updated “Electrical Characteristics” on page 285

3. Updated “Ordering Information” on page 11,

1. “Channel” renamed “Compare unit” in Timer/Counter sections, ICP renamed
ICP1,

2. Updated Table 7 on page 27, Table 15 on page 35, Table 81 on page 205, Table
114 on page 270, Table 115 on page 271, and Table 118 on page 287.

3. Updated Figure 1 on page 2, Figure 46 on page 98.

4. Updated “Version™ on page 224.

5. Updated “Calibration Byte” on page 256.

6. Added section “Page Size” on page 256,

7. Updated “ATmega32 Typical Characteristics” on page 294.

8. Updated “Ordering Information” on page 11.

1. Updated “Calibrated Internal RC Oscillator” on page 27.

1. Updated and changed “On-chip Debug System” to “JTAG interface and On-
chip Debug System” on page 33.

2. Updated Table 15 on page 35.

3. Updated “Test Access Port -~ TAP” on page 217 regarding the JTAGEN fuse.
4. Updated description for Bit 7 - JTD: JTAG Interface Disable on page 226.

5. Added a note regarding JTAGEN fuse to Table 104 on page 255,

6. Updated Absolute Maximum Ratings* , DC Characteristics and ADC Charac-
teristics in “Electrical Characteristics” on page 285,

7. Added a proposal for solving problems regarding the JTAG instruction
IDCODE in “Errata” on page 15.

ATmegad2(L) me————
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anges from Rev.
I3C~10/02 to Rev.
1I3D-02/03

nges from Rev.
1B-10/02 to Rev.
1C-10/02

1ges from Rev.
A-03/02 to Rev.
B-10/02

9.

Added EEARSY in EEARH in “Register Summary” on page 6.

Added Chip Erase as a first step in“Programming the Flash” on page 282 and
“Programming the EEPROM” on page 283.

Removed reference to “Multi-purpose Oscillator” application note and
*32 kHz Crystal Oscillator” application note, which do not exist.

Added information about PWM symmetry for Timer0 and Timer2.

Added note in “Filling the Temporary Buffer (Page Loading)” on page 249
about writing to the EEPROM during an SPM Page Load.

Added “Power Consumption” data in “Features” on page 1.
Added section “EEPROM Write During Power-down Sleep Mode” on page 20.

Added note about Differential Mode with Auto Triggering in “Prescaling and
Conversion Timing” on page 202.

Updated Table 89 on page 230.

10.Added updated “Packaging Information” on page 12.

1.

Updated the “DC Characteristics” on page 285.

Canged the endurance on the Flash to 10,000 Write/Erase Cycles.

Bit nr.4 — ADHSM — in SFIOR Register removed.

Added the section “Default Clock Source” on page 23.

When using External Clock there are some limitations regards to change of
frequency. This is described in “External Clock” on page 29 and Table 117 on

page 287.

Added a sub section regarding OCD-system and power consumption in the
section “Minimizing Power Consumption” on page 32.

Corrected typo (WGM-bit setting) for:

~ “Fast PWM Mode” on page 73 (Timer/CounterD)

— “Phase Correct PWM Mode” on page 74 (Timer/Counter0)

- “Fast PWM Mode” on page 118 (Timer/Counter2)

- “Phase Correct PWM Mode” on page 119 (Timer/Counter2)

Corrected Table 67 on page 162 (USART).

Updated v, I, and |,; parameter in “DC Characteristics” on page 285,

Updated Description of OSCCAL Calibration Byte.

L ‘Tm 17
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In the datasheet, it was not explained how to take advantage of the calibration bytes
for 2, 4, and 8 MHz Osciliator selections. This is now added in the following
sections:

Improved description of "Oscillator Calibration Register — OSCCAL” on page 28 and
“Calibration Byte” on page 256, '

10. Corrected typo in Table 42.
11. Corrected description in Table 45 and Table 46.
12. Updated Table 118, Table 120, and Table 121.

13. Added “Errata” on page 15.

ATmega32(L)  —————— T,
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Low-power operation
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306} load
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analog and digital
s 5.5 Kill On-chip RAM for user code / data
s Serial contral and data interfaces
e New functions may be added with software
and 4 GPLO pins

Deseription

V5101 1b s a single-chip MP3 audio decoder. The
chip contaims a high-performance, low-power DSP
processor core VS_DSPY, working memory, 5 KiB
msiruction RAM and 0.5 KiB daiz RAM for user
applications, serial control and fnput data inter-
faces, 4 gencral purpose O pins, as well as a
high-quality variable-sample-rate stereo DAC, fol-
lowed by an earphone amplifier and a ground buffer,

VSI011h recetves its input bitstream through a
serial mput bus, which it listens 0 as a system
slave, The input stream is decoded and passed
through a digital volume control to an 18-bit over-
samplhing, multi-bit, sigma-delta DAC, The decod-
ing 15 confrolled 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 BAM memory,
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1. LICENSE

1 License

MPEG Layer-3 audio decoding technology licensed from Fraunhofer I1IS and Thomson.

2 Disclaimer

All properties and figures are subject to change.

3 Definitions

ASIC Application Specific Integrated Circuit.
B Byte, 8 bits.

b Bit.

IC Integrated Circuit.

Ki “Kibi” = 210 = 1024 (IEC 60027-2).

Mi “Mebi” = 22° = 1048576 (1EC 60027-2).
VS_DSP VLSI Solution’s DSP core.

W Word. In VS_DSP, instruction words are 32-bit and data words are 16-bit wide.

Version 1,01, 2004-11-19 ¥
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4 Characteristics & Specifications

Unless otherwise noted: AVDD=2.7..3.6V, DVDD=2.3.3.6V, TA=-30.,+85°C, XTALI=26.000MHz, Full-
Scale Output Sinewave at 1.526 kHz, measurement bandwidth 20..20000 Hz, analog output load 300}
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 Resohition 16 bits
Total Harmonic Distortion THD 01 | 0.2 | %
Dynamic Range (DAC vamuted, A-weighted) | DR 88 dB
S/N Ratio (full scale signal) SNR 70 81 dB
Interchannel [solation (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) 1.4 [ 1.6 | 2.1 T vpp
Deviation from Linear Phase 5 |°
Out of Band Energy -90 dB
Analog Output Load Resistance AOLR 30° 0
Analog Output Load Capacitance® 10 | pF

! Ground buffer, 30€2 load

% Ground buffer, no load

% AC coupled towards ground, 30 load

* 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.
6 Use small series resistor if load is capacitive.

Version 1.01, 2004-11-19 9
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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 1 300 | pA
Power Supply Consumption AVDD, no load, no signal 62 ] 80 [ mA
Power Supply Consumption AVDD, o. @ 301). 6.5 | 40.0 | mA
Power Supply Consumption DVDD, Reset 6.5 | 300 | uA
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 8
Fs is conversion frequency
4.4 Absolute Maximum Ratings
| Parameter | Symbel Min | Max Unit |
Analog Positive Supply AYDD 0.3 3.6 v
Digital Positive Supply DVDD -0.3 3.6 v
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 1.01, 2004-11-19
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4.5 Recommended Operating Conditions

Parameter |  Symbol Min | Typ | Max | Unit |
Analog and Digital Ground AGND DGND 0.0 A%
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 24.576 | 30 | MHz

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

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

| Parameter | Symbol [ Min [ Typ [ Max | Unit |
Input Clock Frequency XTALL 24.576 | 30 | MHz
Internal Clock Frequency' | CLKI 24,576 | 30 | MHz

! 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 \4
Low-Level Input Voltage 0.3DVDD |V
High-Level Output Voltage at I = -1.0 mA 0.7DVDD v
Low-Level Output Voltage at I = 1.0 mA 0.3DVDD | V
Input Leakage Current -1.0 1.0 HA

Version 1,01, 2004-11-19 11
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4.7 Switching Characteristics - Clocks

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

Master Clock Frequency © | XTALI 12,288 MHz
Master Clock Frequency * | XTALI 24.576 MHz
Master Clock Duty Cycle 40 50 60 | %

Clock Output * XTALO XTALI MHz

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

4.8 Switching Characteristics - DREQ Signal

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

4.9 Switching Characteristics - SPI Interface Qutput

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

Note: Maximum load for SO is 100 pF.

4.10 Switching Characteristics - Boot Initialization

| Parameter | Symbol | 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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3 Packages and Pin Descriptions

5.1 Packages

51.1 LQFP-48

“c000000ARIANN
D

HHHHHHARAARA-
ililililililikilililili

WikilstilitititiLitifilimg

Figure 1: Pin Configuration, LQFP-48.

LQFP-48 package dimensions are at Attp.//www.visi fifvs 1001/lgfp 48 pdf .

5.1.2 BGA-49

A1 BALL PAD CORNER
12 3 4 5 & 7

A ooooooi 1
E| 0000009 —
c o000 0O®@® Igg
o eoeeOOO® | T "
c| o000 O0OO® |°
Fl o000 00E® 1
] 49000080
|

TADREF =« __p L_ 080 TYR

1.10 REF —u

100
TOP VIEW

Figure 2: Pin Configuration, BGA-49.

BGA-49 package dimensions are at http://www.visi fifvs] 00i/bga49 pdf
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5.1.3 SO0OIC-28

1 M0 M0 0M[ M1 0[00Qg0nn

28 27 26 25 24 23 22 21 20 19 148 17 16 i5

SOIC - 28
O
1 2 3 a4 5 & 7 8 9 10 11
I [ I N I N Y A I 0 O O I R

Figure 3: Pin Configuration, SOIC-28,

SOIC-28 package dimensions are at hrip-//www.visi firvs 1001/s0ic28.pdf .
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5.2 Pin Descriptions

5.2.1 LQFP-48 and BGA-49 Pin Descriptions

Pin Name LQFP- | BGA49 | Pin Function
48 Pin | Ball Type
XRESET 3 Bl DI active low asynchronous reset
DGNDO 4 D2 PWR digital ground
| DVDDO 6 | D3 PWR | digital power supply
DREQ 8 E2 DO data request, input bus
GPIO2Z/DCLK! |9 El DI general purpose 10 2 / serial input data bus clock
GP103% / SDATAT | 10 F2 DI general purpose 10 3/ serial data input
XDCS/BSYNC! |13 E3 DI data chip select / byte sync, connect to DVDD if not used
DVDDI 14 F3 PWR digital power supply
DGNDI 16 F4 PWR digital ground
XTALQO 17 G3 AO crystal output
XTALI 18 E4 Al crystal input
DVDD2 19 G4 PWR digital power supply
DGND2 20 F5 PWR digital ground (in BGA-49, DGND2, 3, 4 conn. together)
DGND3 21 G5 PWR digital ground
DGND4 22 Fé PWR digital ground
XCs 23 Gé DI chip select input (active low)
SCLK 28 Dé DI clock for serial bus
SI 29 E7 DI serial input
SO 30 D5 DO3 serial output
TEST 32 Cé DI reserved for test, connect to DVDD
GPIO0? 33 C? DIO general purpose 10 0, use 100 k€2 pull-down resistor
GPIO1? 34 B6 DIO general purpose 10 1
AGNDO 37 Cs PWR analog ground, low-noise reference
AVDD{O 38 B3 PWR analog power supply
RIGHT 39 A6 AO right channel output
AGNDI 40 B4 PWR analog ground
AGND2 41 AS PWR analog ground
GBUF 42 C4 AO ground buffer
AVDD! 43 A4 PWR analog power supply
RCAP 44 B3 AlIO filtering capacitance for reference
AVDD?2 45 A3 PWR analog power supply
LEFT 46 B2 AO left channel output
| AGND3 47 A2 PWR analog ground

! First pin function is active in New Mode, iatter in Compatibility Mode.
If not used, use 100 k&2 pull-down resistor.

Pin types:
| Type | Description | | Type | Description
DI Digital input, CMOS Input Pad Al Analog input
DO | Digital output, CMOS Input Pad AOD Analog output
DIO | Digital input/output AlO | Analog input/output
DO3 | Digital output, CMOS Tri-stated Output Pad PWR | Power supply pin

In BGA-49, no-connect balls are A1, A7, B7, Cl1, C2, C3, D1, D4, D7, E5, E6, F1, F7, G1, G2, G7.
In LQFP-48, no-connect pins are 1, 2, 5, 7, 11, 12, 15, 24, 25, 26, 27, 31, 35, 36, 48.

Version 1.01, 2004-11-19 15
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5.2.2 SOIC-28 Pin Descriptions
Pin Name Pin Pin Function
Type
DREQ 1 DO data request, input bus
GPIO2° /DCLK! |2 DIO sertal input data bus clock
GPIO3? / SDATAT | 3 DI serial data input
XDCS/BSYNC! | 4 DI byte synchronization signal
DVDDI 5 PWR digital power supply
DGND! 6 PWR digital ground
XTALO 7 CLK crystal output
XTALI 8 CLK crystal input
DVDD2 9 PWR digital power supply
DGND2 10 PWR digitat ground
XCS 11 D1 chip select input {active low)
SCLK 12 DI clock for serial bus
51 13 DI serial input
S50 14 DO3 serial output
TEST 15 DI reserved for test, connect to DVDD
GPIO0? 16 DIO reserved for test, do not connect!
GPIOT? 17 DIO reserved for test, do not connect!
AGNDQ 18 PWR analog ground
AVDDO 19 PWR analog power supply
RIGHT 20 AO right channel output
AGND2 21 PWR analog ground
RCAP 22 AlG filtering capacitance for reference
AVDD?2 23 PWR analog power supply
LEFT 24 AO left channel cutput
AGND3 25 PWR analog ground
XRESET 26 DI active low asynchronous reset
DGNDA) 27 PWR digital ground
DVDDO 28 PWR digital power supply

! First pin function is active in New Mode, latter in Compatibility Mode.
2 If not used, use 100 k pull-down resistor.

Pin types:
| Type | Description | | Type | Description
DI Digital input, CMOS Input Pad Al Analog input
DO | Digital output, CMOS Input Pad AO 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 16



1 S/

lution

Y

VS1011b

VS1011m

6. CONNECTION DIAGRAM, LQFP-48

6 Connection Diagram, LQFP-48

MP3 Data FLASH

ovOD |4 V7
U]
OH
» VSSD”" S S4B .
N I
. 28 01
Micracantraotler > oF 1t 3
HuF 6Y3
3 e e 4,16,202122 3
GND
?B o o B .
> = {3ITS/BSYN
7 ey L GM o
: XTUMOK  RGHT 22 ' Y Y
X2 BF
R3 v fooo
33 —
WKL 3 P00 1000 0F 6Y3
xg—GPm
Cé R Yo GPO2/00K 44
BpF Y st GPIR/DATA  RCAP
n TTA0414T 1
T GND TEST i I— 5 AGND
” vW = orF EN?
AGND
OvID L —
7. = X AR
FpF I 24576 Mz N

GND

Figure 4: Typical Connection Diagram Using LQFP-48.

The ground buffer GBUF can be used for common voltage (1.25 V) for earphones. This will eliminate
the need for large isolation capacitors on line outputs, and thus the audio output pins from VS1011b may
be connected directly to the earphone connector.

If GBUF is not used, LEFT and RIGHT must be provided with 100 uF capacitors.

Note: This connection assumes SM_SDINEW is active (see Chapter 8.6.1). If also SM_SDISHARE is
used, xDCS doesn’t need to be connected {see Chapter 7.2.1).
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7. SPI BUSES

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 VS1002 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, GP1O3 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 rising CLK edge.
- SO Serial output. In reads, data is shifted out on the falling SCK edge.
In writes SO is at a high impedance state.

7.2.2 V51001 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 cither 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.
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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 SDI1in V51002 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 VS[011b, 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 VS101[b are in sync.

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

7.3.3 S8DIin V51001 Compatibility Mode

BSYNC _/ \ o IR \
SDATA :Xm Xm XDs Xm_ba XDZ Do X:

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). IfBSYNC is *1” when the last bit is received, the receiver
stays active and next 8 bits are also received.

BSYNC \ L \
A DR ORORBEEDERDRREE
DELK I l ] I I I [ l | I i

Figure 6: BSYNC Signal - two byte transfer.
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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 tumed 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 VS1011b 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 | 0000 0011 | Read data
WRITE | 0000 0010 | 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



VS101im

VS1011b

olution @y 7. SPI BUSES

74.2 SCI Read

VS1011b registers are read by the following sequence, as shown in F igure 7. First, XCS line is pulled
Sl line followed by an 8-bit word address. A fter the address has been read in, any further data on SI 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 _\L [/_

0 1.2 3 45 8 7 8B 9 1011 12 13 14 15 16 17 30 31
32 1 ¢
8l :>\_° 000 00/1 No o 0 ¢ kdon'lcare don't dare

instruction (read) ] address data out

15 14 1 0

SO—-—OOOOOOOOOUOOODOO X Y
\ OOC D00

Figure 7: SCI Word Read

7.4.3 SCI Write

VS1011b registers are written to using the following sequence, as shown in Figure 8. First, XCS line is
pulled 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 ) -
.
0 1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 30 31

3 2 1 0 15 14 10

D A OO0 X
sl Y0000 0 0/_1\0 00 0 0
instruction (write) address data out
S o 0 0 0 0 00 000 0o o 0 ofx Y
o TL 0 0 0 0 0

Figure 8: SCI Word Write
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7.5 SPI Timing Diagram

IXC8S

—ad
XCS \

WL twH

- AP

14

15 16

LS \—

»

B

o 15U e 1
- —k
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") | XTALT cycles
tXCSH | -26 ns
tXCS 2 XTALI cycles
| tDIS 10 | ns

oIS

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 VS10] 1b’s external clock speed XTALL Slightly higher speed can
be achieved with very careful timing tuning. For details, see Application Notes for VS10XX.

Note: Negative numbers mean that the s

diagram,

gnal can change in different order from what is shown in the
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7.6 SPI Examples with SM_SDINEW and SM_SDISHARED set

7.6.1 Two SCI Writes

SCI Write 1 S5CI Write 2

XCS

32 33 81 82 B3

01 2 3 30 3
10 2 1t o0
N2 OO0 OO0

Figure 10: Two SCI Operations.

Figure 10 shows two consecutive SCI operations. Note that xCS must be raised to inactive state between
the writes.

7.6.2 Two SDI Bytes

SD! Byla 1
SOt Byte 2

xcs:>/ N

L
N
~“TUUUL JUL_ 0 Uy
"L XOOOC X CIOOC X0

Figure 11: Two SDI Bytes.

SDI data is synchronized with a raising edge of XCS as shown in Figure 11. However, every byte doesn’t
need separate synchronization,

7.6.3 SCI Operation in Middie of Two SDI Bytes

DI B S0 Byte
SDI Byte SCI Operation i

xes Y N % B

0 1 8 7 8 9 3 39 40 4 48 47
7 6 5 1 0 1 0 7 [ 5 1 0
OOC DO e XKXDOC X084

Figure 12: Two SDI Bytes Separated By an SCI Operation.

Figure 12 shows how an SCI operation is embedded in between SDI operations. The changes in xCS are
used to synchronize both SDI and SCI.

Y
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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 thé code and data
memory needed for MPEG and WAV PCM audio decoding, together with serial interfaces, a multirate
stereo audio DAC and analog output amplifiers and filters.

V5101 1b can play all MPEG 1 and 2 layer 111 files, with all sample rates and bitrates, including variable
bitrate (VBR).

8.2 Supported Audio Codecs

Conventions
Mark | 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] 195 ] 224 256 [ 320
48000 | + + + |+ |+ + + |+ + + [+ ]+ +35 T 43
44100 R T
32000 |+ f+ |+ [+ [+ |+ T+ [+ I+ |+ % |7 7 1=

+
+
+

MPEG 2.0%;
Samplerate / Hz Bitrate / kbit/s
8 16 [ 24 [32 | 40 T 48 T 356 [64 [ 80 [o6 | 112 128 [ 1447 160
24000 | + + + [+ + + + + + +o+ + + +
22050 | + + |+ + + + + + + e + + +
16000 | + + + + + + + + + + + + + +
MPEG 2.51 2,
Samplerate / Hz Bitrate / kbit/s
8 16 |24 [32 40 [ 48 |56 64 |80 | 96 12} 128 ] 1447 160
12000 | + + + + + + + + + + + + + +
1025 | + + + + + + + + + + + + + +
8000 | + + + + + + + [+ R + + + +

! Also all variable bitrate (VBR) formats are supported.
2 Incompatibilities may occur because MPEG 2.5 is not a standard format.
3 Nominal CLKI=24,576 MHz may be too little for glitchless playback.
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8.2.2 Supported RIFF WAV Formats

The most common RIFF WAV subformats are supported.

| Format | Name | Supperted | Comments ]

0x01 PCM + 16 and 8 bits, any sample rate < 48kHz
0x(2 ADPCM -

0x03 IEEE_FLOAT -

0x06 ALAW -

0x07 MULAW -

0x10 OKI_ADPCM -

0x11 IMA_ADPCM -

0xi13 DIGISTD -

0x16 DIGIFIX -

0x30 DOLBY _AC2 -

0x31 GSM610 -

0x3b ROCKWELL.ADPCM -

Ox3c ROCKWELL DIGITALK | -

0x40 G721 _ADPCM -

Oxd4] G728_CELP -

0x50 MPEG -

0x55 MPEGLAYER3 + For supported MP3 modes, see Chapter 8.2.1
0x64 G726_.ADPCM -

0x65 G722_ADPCM -

8.3 Data Flow of VS1011b

SCI_BASS =0 A1ADDR =0

SO Bitstream MP3WAY f Bass l(/ User L Volume Audio S.rate.cony. =
FIFQ decoding ®! enhancer & application control FIFO and DAC L
16384 bits SCI_BASS!=0 A1ADDR =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.
After decoding, data may be sent to the Bass Enhancer depending on SCI_BASS.

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 CLKI/512 and feeds the data to the DAC,
which in order creates a stereo in-phase analog signal. This signal is then forwarded to the earphone
amplifier.
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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 SPI bus specification. Data transfers are always 16
bits. V81011b is controlled by writing and reading the registers of the interface.

"The main controls of the control interface are:

contro] of the operation mode
uploading user programs
access to header data

status information

feeding input data

8.6 SCI Registers

SCI registers, prefix SCI_, offset 0xC000
Reg | Type [ Reset | Abbrev[bits] | Description
Ox0p ™w |0 MODE Mode control.
Ox1 | rw | OxIC! | STATUS Status of VS1011b.
0x2 | rw |0 BASS Built-in bass enhancer.
03| rw |0 CLOCKF Clock freq + doubler.
Ox4 T 0 DECODE_TIME Decode time in seconds.
Ox5| w |0 AUDATA Misc. audio data.
Ox6 )] w |0 WRAM RAM write.
0x7| ™w [0 WRAMADDR Base address for RAM write.
0x8 r 0 HDATO0 Stream header data 0.
0x9 T 0 HDAT1 Stream header data 1.
0xA| ™w |0 AIADDR Start address of application.
0xB| rw |0 VOL Volume control.
0xC| rw |0 AICTRLO Application control register 0.
OxD| rw |0 AICTRLI Application control register 1.
OxE{ w |0 AICTRIL2 Application control register 2.
0xF | ™ |0 AICTRL3 Application control register 3.

! Firmware changes the value of this register immediately to 0x18, and in less than 100 ms to 0x 10,
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8.6.1 SCIMODE (RW)

SCI_MODE is used to control operation of VS1011b.

| Bit [ Name | Function Value | Description ]
0 { SM_DIFF DifYerential 1 o normal in-phase audio
1 left channel inverted
1 | SM_SETTOZERQ] | Set to zero 0 right
1 wrong
2 | SM_RESET Soft reset 0 no reset
1 reset
3 | SM_.OUTOFWAV | Jump out of WAV decoding 0 no
1 yes
4 | SM_SETTOZERO? | 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
IT | SM_SDINEW VS1002 native SPI modes 0 no
1 yes
12 | SM_SETTOZERO4 | set to zero 0 right
1 wrong
13 | SM_SETTOZEROS | set to zero 0 right
1 wrong

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_OUTOFWAYV, and send zeros to VS1002¢ until SM_OUTOFWAYV is again zero. If 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 V§1011b’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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average speed error should be within 0,5%, the bitrate should not exceed 160 kbit/s and VBR should not
be used. For details, see Application Notes for VS10XX.

SM_DACT defines the active edge of data clock for SDI. If clear data is read at the rising edge, and if set
data is read at the falling edge.

When SM_SDIORD is clear, bytes on SDI are sent as a default MSb first. By setting SM_SDIORD, the
user may reverse the bit order for SDI, i.e. bit 0 is received first and bit 7 last. Bytes are, however, still

sent in the default order. This register bit has no effect on the SCI bus,

Setting SM_SDISHARE makes SCI and SDI share the same chip select, as explained in Chapter 7.2, if
also SM_SDINEW is set.

Setting SM_SDINEW will activate VS1002 native serial modes as described in Chapters 7.2.1 and 7.3.2.

8.6.2 SCISTATUS (RW)

SCI.STATUS contains information on the current status of VS1011b and lels the user shutdown the chip
without audio glitches.

[ Name Bits | Description —]
SS_VER 6.4 | Version

SS_APDOWN?2 3 | Analog driver powerdown
SS_APDOWN]1 2 | Analog internal powerdown
[ SSLAVOL 1.0 | Analog volume control

SS_VER is 0 for VS1001, 1 for VS101 1, 2 for VS1002 and 3 for vs1003.

SS_APDOWN2 controls analog driver powerdown, Normally this bit is controlled by the system firmware.
However, if the user wants to powerdown VS1011b with a minimum power-off transient, turn this bit

to 1, then wait for at least a few milliseconds before activating reset. For more details, see Application

Notes for VS10XX.

SS_APDOWNI1 controls internal analog powerdown. This bit is meant to be used by the system firmware
only.

SS_AVOL is the analog volume control: 0 = -0 dB, I =-6 dB, 3 =-12 dB. This register is meant to be
used automatically by the system firmware only.

8.63 SCILBASS (RW)

| Name | Bits | Description ]
SB_LAMPLITUDE | 7.4 | Enhancement in I dB steps (0..15)
SBFREQLIMIT | 3.0 | Lower limit frequency in 10 Hz steps (2..15)
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The Bass Enhancer VSBE is a powerful bass boosting DSP algorithm, which tries to take the most out
of the users earphones without causing clipping.

VSBE is activated when SB_AMPLITUDE is set to non-zero. SB_AMPLITUDE should be set to the
user’s preferences, and SB_FREQLIMIT to roughly 1.5 times the lowest frequency the user’s audio
system can reproduce.

Note: Because VSBE tries to avoid clipping, it gives the best bass boost with dynamical music material,
or when the playback volume is not set to maximum.

8.64 SCI_CLOCKF (RW)

SCI.CLOCKEF is used to tell if the input clock XTALI is running at something else than 24.576 MHz.
XTALL is set in 2 kHz steps. Thus, the formula for calculating the correct value for this register is T
(XTALI is in Hz). Values may be between 0..32767, although hardware limits the highest allowed speed.
Also, with speeds lower than 24.576 MHz all sample rates and bitstream widths are no longer available.

Setting the MSB of SCI.CLOCKF to I activates internal clock-dou:ling. A clock of upto 15 MHz may
be doubled depending on the voltage provided to the chip.

Note: SCI.CLOCKF must be set before beginning decoding audio data; otherwise the sample rate will
not be set correctly.

Note: SCI.CLOCKF needs to be rewritten after each software reset. This is different from how VS1002
operates.

Example 1: For a 26 MHz clock the value would be 263%%99 = 13000.

Example 2: For a 13 MHz external clock and using internal clock-doubling for a 26 MHz internal
frequency, the value would be 08000 + %99 = 39268.

Example 3: For a 24.576 MHz clock the value would be either 24—%%%9—9 = 12288, or just the default
value 0. For this clock frequency, SCI_CLOCKF doesn’t need to be set.

8.6.5 SCI_DECODE_TIME (RW)

When decoding correct data, current decoded time is shown in this register in full seconds.

The user may change the value of this register. However, in that case the new value should be written
twice.

SCI_.DECODE_TIME is reset at every software reset.
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8.6.6 SCI_AUDATA (RW)

When decoding correct data, the current sample rate and number of channels can be found in bits 151
and 0 of SCI_AUDATA, respectively. Bits 15..1 contain the sample rate divided by two, and bit 0 is 0 for
mono data and 1 for stereo. Writing to this register will change the sample rate on the run to the number
given,

Example: 44100 Hz stereo data reads as 0xAC45 (44101).

8.6.7 SCLLWRAM (RW)

SCI.WRAM is used to upload application programs and data to instruction and data RAMs, The start
address must be initialized by writing to SCI_ WRAMADDR prior to the first call of SCI_ZWRAM. As 16
bits of data can be transferred with one SCL_WRAM write, and the instruction word is 32 bits long, two
consecutive writes are needed for each instruction word. The byte order is big-endian (i.e. MSBs first).
Afiter each full-word write, the internal pointer is autoincremented.

SM_WRAMADDR | Dest. addr. Bits/ | Description
Start...End Start...End Word
0x1380...0x13FF 0x1380...0x13FF | 16 X data RAM
0x4780. .. 0x47FF 0x0780...0x07FF | 16 Y data RAM
0x8030. .. 0x84FF 0x0030. .. Ox04FF | 32 Instruction RAM

8.6.8 SCI.WRAMADDR (RW)

SCI.LWRAMADDR is used to set the program address for following SCI.WRAM writes.
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8.6.9 SCI1_HDAT® and SCI_HDAT1 (R)

Bit Function | Value | Explanation
HDATI[15:5]) | syncword 2047 | stream valid

HDAT1[4:3] ID 3 ISO11172-3 1.0

2 MPG 2.0 (1/2-rate)

I MPG 2.5 (1/4-rate)

0 MPG 2.5 {1/4-rate)
HDAT1[2:1] layer 3 I

2 I

1 I

0 reserved
HDATI[0)] protect bit 1 No CRC

0 CRC protected
HDATO[15:12] | bitrate ISO 111723
HDATO[11:10] | sample rate 3 reserved

2 32/16/8 kHz

1 48/24/12 kHz

0 44/22/11 kHz
HDAT0[9] pad bit 1 additional stot

0 normal frame

HDATO[R] private bit not defined

HDATO0[7:6] mode 3 mono
2 dual channel
1 joint stereo
0 stereo
HDATO[5:4) extension ISO 11172-3
HDATO[3] copyright 1 copyrighted
0 free
HDATO[2] original 1 original
0 copy
HDATO0[1:0] emphasis 3 CCITT J.17
2 reserved
1 50/15 microsec
0 none

When read, SCI_HDATO and SCI_HDATI contain header information that is extracted from MPEG
streamn being currently being decoded. Right after resetting VS1011b, 0 is automatically written to both
registers, indicating no data has been found vet.

The “sample rate” field in SCI_HDATO is interpreted according to the following table:

| “sample rate” [ 1D=3/Hz [ ID=2/Hz | ID=0,1/ Hz |
3 - - -
2 32000 16000 8000
i 48000 24000 12000
0 44100 22050 11025

The “bitrate” field in HDATO is read according to the following table:

Version 1.01, 2004-11-19 31



VSI011B

V81011b

8. FUNCTIONAL DESCRIPTION

[ “bitrate” | ID=3/kbit/s | ID=0,1,2/ kbit)s |

15 forbidden forbidden
14 320 160
13 256 144
12 224 | - o128
11 192 112
10 160 96
9 128 20
8 112 64
7 96 56
6 80 48
5 64 40
4 56 32
3 48 24
2 40 16
1 32 8
0 . -

When decoding a WAV file, SPI_HDAT0 and SPI_HDAT1 read as 0x7761, and 0x7665, respectively.

8.6.10 SCI_ATADDR (RW)

SCI_AIADDR indicates the start address of the application code written earlier with SC_WRAMADDR
and SCI_WRAM registers. If no application code is used, this register should not be initialized, or it
should be initialized to zero. For more details, see Application Notes for VS10XX.

8.6.11 SC1VOL (RW)

SCI_VOL is a volume control for the player hardware. For each channel, a value in the range of 0..191
or 255 may be defined to set its attenuation from the maximum volume level (in 0.5 dB steps). The
left channel value is then multiplied by 256 and the values are added. Thus, maximum volume is 0 and
total silence if OXFFFF. Example: for a volume of -2.0 dB for the left channel and -3.5 dB for the right
channel; (4*256) + 7 = 0x407. Note, that at startup volume is set to full volume. Resetting the software
does not reset the volume setting.

Note: Setting the volume to total silence (255 for both left and right channels) will turn analog power
off.

8.6.12 SCIAICTRL[x] (RW)

SCI.AICTRL[x] registers ( x=[0 .. 3] ) can be used to access the user’s application program.
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8.7 Stereo Audio DAC

Decoded digital data is transformed into analog format by an 18/20-bit oversampling multi-bit sigma-
delta D/A converter. The oversampled output is low-pass filtered by an on-chip analog filter. The output
rate of the D/A converter is always 1/4 of the clock rate, or 128 times the highest usable sample rate. For
instance for a 24.576 MHz clock, the D/A converter operates at 128x48 kHz, which is 6.144 MHz. If the
input sample rate is other than 48 kHz, it is internally converted to 48 kHz by the DAC, This removes the
need for complex PLL-based clocking schemes and allows almost unlimited sample rate accuracy with
one fixed master clock frequency.

If the input ot the decoder is invalid or it is not received fast enough, analog outputs are automatically
muted.
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9 Operation

9.1 Clocking

VS1011b 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 XTALOQ). This clock is sufficient to support a high quality audio output for almost all
standard sample rates and bit-rates (see Application Notes for VS 10XX).

9.2 Hardware Reset

When the XRESET -signal is driven low, VSIOI1b 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 VS1011Ib 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 ys 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_HDAT0 and SCI1_LHDAT] are set to 0 and analog outputs are muted.

When there is no input for decoding, VSIO11b 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

VSI1011b 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 OXFFFFFFF, VS1011b will stay in PCM mode indefinitely. 8-bit linear and 16-bit linear
audio 1s supported in mono or stereo,

9.6 SDI Tests

There are several test modes in VS101 Ib, 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 OXEF Ox6E . 0 0 0 0, where n defines the sine test
to use. n is defined as follows:

n bits
Name | Bits | Description
Fgldr | 7:5 | Sample rate index

g 4:0 | Sine skip speed
| Foldg Fs ]
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, x %.

Example: Sine test is activated with value 126, which is 0b01111110, Breaking 7 to its components,
Foldz = 00011 = 1 and thus F, = 22050Hz. S = 0b11110 — 30, and thus the final sine frequency

F =22050Hz x &% ~ 5168H 2.

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

Note: Sine test signals go through the digital volume control, so it is possible to test channels separately.
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9.6.2 Pin Test

Pin test is activated with the 8-byte sequence 0x50 0XED 0x6E 0x54 0 0 0 0. This test is meant for chip
production testing only.

9.6.3 Memory Test

Memory test mode is initialized with the 8-byte sequence 0x4D OXEA 0x6D 0x54 0 0 0 0. After this
sequence, wait for 200000 clock cycles. The result can be read from the SCI register SCILHDATO0, and
"one’ bits are interpreted as follows:

LBit(s) | Meaning —I
15 Test finished
14..7 | Unused
6 Mux test succeeded
5 Good I RAM
4 Good Y RAM
3 Good X RAM
2 Good | ROM
1 Good Y ROM
0 Good X ROM

Memory tests overwrite the current contents of the RAM memories.

9.6.4 FErk Test

Erk test is activated with the 8-byte sequence 0xCB 0x72 0x6B 0x54 000 0. This test is meant for chip
production testing only.

9.6.5 SCI Test

Sci test is initialized with the B-byte sequence 0x53 0x70 OXEE # 0 0 0 0, where n — 48 is the register
number to test. The content of the given register is read and copied to SCI_LHDATO. If the register to be
tested is HDATO, the result is copied to SCI_HDAT].

Example: if n is 48, contents of SCI register 0 (SCIMODE) is copied to SCI_HDATO.
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10 VS1011b Registers

10.1 Who Needs to Read This Chapter

User software is required when a user wishes to add some own functionality like DSP effects or tone
controls to VS101 1b.

However, most users of VS101 1b don’t need to worry about writing their own code, or about this chapter,
including those who only download software plug-ins from VLSI Solution’s Web site.

10.2 The Processor Core

VS_DSP is a 16/32-bit DSP processor core that also had extensive all-purpose processor features. VLSI
Solution’s free VSKIT Software Package contains all the tools and documentation needed to write, sim-
ulate and debug Assembly Language or Extended ANSI C programs for the VS_DSP processor core.
VLSI Solution also offers a full [:tegrated Development Environment VSI'E for full debug capabilities.

10.3  VS1011b Memory Map

V8101 1b’s Memory Map is shown in Figure 14,

10.4  SCI Registers

SCI registers described in Chapter 8.6 can be found here between 0xC000..0xCOOF, In addition to these
registers, there is one in address 0xC010, called SPI.CHANGE.

SPI registers, prefix SPI_
Reg | Type | Reset | Abbrev[bits) | Description
[0xCOI0] r [0 | CHANGE[5:0] | Last SCI access address,
SPI_.CHANGE bits
Name | Bits [ Description
SPI_CH_WRITE 4 | 1if last access was a write cycle.
SPI_.CH_ADDR 3.0 | SPI address of last access.
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Instruction {32-bit) X {16-bit) Y (16-bit)
(0000 0000
0030 | System Vectors Stack Stack 0030
0098 User 0098
Instruction )

0500 RAM X DATA Y DATA | 0500

T RAM RAM
0780 0780

User
0800 Space| | 0800
_0C00 0Co0
1380 1380

User
1400 Space 1400
_1800 1800
4000 4000
Instruction X DATA Y DATA

ROM ROM ROM
6000 6000
7000 7000
Cooo Co00

Hardware
Register
€100 Space €100
Figure 14: User’s Memory Map.
10.5 Serial Data Registers
SDI registers, prefix SER_
Reg | Type | Reset [ Abbrevbits] Description
0xCOo11 r 0 DATA Last received 2 bytes, big-endian.
0xCOt2 | w |0 DREQ[0] DREQ pin control.

Version 1.01, 2004-11-19 38




VS1011B

VS1011b
10. V81011B REGISTERS
10.6 DAC Registers
DAC registers, prefix DAC_
Reg | Type | Reset | Abbrevibits] Description
0xCOI3 | ™w |0 FCTLL DAC frequency control, 16 LSbs,
0xCO14 | ™ [0 FCTLH{4:0] Clock doubler + DAC frequency control MSbs.
0xCO15 | ™w |0 LEFT DAC left channel PCM value,
0xCO16 | rw |0 RIGHT DAC right channel PCM value.

Every fourth clock cycle, an intemal 26-bit counter is added to by DAC_FCTLH[3:0] x 65536 + DAC_FCTLL.
Whenever this counter overflows, values from DAC_LEFT and DAC_RIGHT are read and a DAC inter-
rupt is generated.

If DAC_FCTL[4] is 1, the internal clock doubler is activated,

10.7 GPIO Registers

GPIO registers, prefix GPIO.
Reg | Type | Reset | Abbrev|bits| | Description
0xCO17 | rw | O DDR[3:0] Direction.
0xCO018 r 0 IDATA[3:0] Values read from the pins.
0xCOI9 | ™w |0 ODATA[3:0] Values set to the pins,

GPIO_DIR is used to set the direction of the GPIO pins. I means output. GPIO_ODATA remembers its
values even if a GPIO_DIR bit is set to input.

GPIO registers don’t generate interrupts.
Note: Bits 2 and 3 of GPIO_DDR and GPIQO.ODATA are switched in some pre-production VS1011’s

dated 2003. Thus, for example, writing 8 to both registers in such a chip will set pin GPIO2 to I instead
of GPIO3.
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10.8 Interrupt Registers

Interrupt registers, prefix INT_

Reg [ Type [ Reset ] Abbrev[bits]

| Description

0xCOla | rw |0 ENABLE[2:0] Interrupt enable.

0xCOlb | w {0 GLOB_DIS[-] Write to add to interrupt counter.
0xCOlc | w |0 GLOB_ENA[-] Write to subtract from interript counter.
0xCOld | w | 0O COUNTER([4:0] Interrupt counter.

INT_LENABLE controls the interrupts. The control bits are as follows:

INT_ENABLE bits
Name Bits | Description
INT_EN_SDI 2 | Enable Data interrupt.
INT_EN_SCI 1 | Enable SCI interrupt.
INT_EN_DAC 0 | Enable DAC interrupt.

Note: It may take upto 6 clock cycles before changing INT_ENABLE has any effect.

Writing any value to INT_.GLOB_DIS adds one to the interrupt counter INT.COUNTER and effectively
disables all interrupts. It may take upto 6 clock cycles before writing to this register has any effect.

Writing any value to INT_GLOB_ENA subtracts one from the interrupt counter (unless INT.COUNTER
already was 0). If the interrupt counter becomes zero, interrupts selected with INT_ENABLE are re-
stored. An interrupt routine should always write to this register as the last thing it does, because in-
terrupts automatically add one to the interrupt counter, but subtracting it back to its initial value is the
responsibility of the user. It may take upto 6 clock cycles before writing this register has any effect.

By reading INT_COUNTER the user may check if the interrupt counter is correct or not. If the register
is not 0, interrupts are disabled.
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10.9 System Vector Tags

The System Vector Tags are tags that may be replaced by the user to take control over several decoder
functions.

10.9.1 Audielnt, 0x20

Normally contains the following VS_DSP assembly code:
jmpi DAC INT ADDRESS, (i6)+1
The user may, at will, replace the instruction with a Jmpi command to gain control over the audio

interrupt.

10.9.2  Scilnt, 0x21

Normally contains the following VS_DSP assembly code:
jmpi SCI_INT ADDRESS, {(i6)+1

The user may, at will, replace the instruction with a jmpi command to gain control over the SCI interrupt.

10.9.3 Datalnt, 0x22

Normally contains the following VS_DSP assembly code:
jmpi SDI_INT ADDRESS, (i6)+1

The nser may, at will, replace the instruction with a jmpi command to gain control over the SDI interrupt.

10.9.4 UserCodec, 0x0

Normally contains the following VS_DSP assembly code:
jr
nop

If the user wants o take control away from the standard decoder, the first instruction should be replaced
with an appropriate j command to user’s own code.
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Unless the user is feeding MP3 data at the same time, the system activates the user program in less than
1 ms. After this, the user should steal interrupt vectors from the system, and insert user programs.

10.10 System Vector Functions

The System Vector Functions are pointers to some functions that the user may call to help implementing
his own applications.

10.10.1  WriteIRam(), 0x2

VS_DSP C prototype:
void WriteI[Ram(register __i0 u_int16 *addr, register __al u_intl6 msW, register ._a0 u_int16 1sW);
This is the only supported way to write to the User Instruction RAM. This is because Instruction RAM

cannot be written when program control is in RAM. Thus, the actu: implementation of this function is
in ROM, and here is simply a tag to that routine.

10.10.2 ReadIRam(), 0x4

VS_DSP C prototype:

u_int32 ReadIRam(register __i0 u_int16 *addr);

This is the only supported way to read from the User Instruction RAM. This is because Instruction RAM
cannot be read when program control is in RAM. Thus, the actual implementation of this function is in

ROM, and here is simply a tag to that routine.

Al contains the MSBs and a0 the LSBs of the result.

10.10.3 DataBytes(), 0x6

VS_DSP C prototype:

u_int]16 DataBytes(void);

If the user has taken over the normal operation of the system by switching the pointer in UserCodec
to point to his own code, he may read data from the Data Interface through this and the following two

functions.

This function returns the number of data bytes that can be read.
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10.10.4 GetDataByte(), 0x8

VS_DSP C prototype:
u_intl6 GetDataByte(void);

Reads and returns one data byte from the Data Interface. This function will wait until there is enough
data in the input buffer.

10.10.5 GetDataWords(), Oxa

VS_DSP C prototype:
void GetDataWords(register __i0 __y u_int16 *d, register __a0 u_int16 n);

Read n data byte pairs and copy them in big-endian format (first byte to MSBs) to d. This function will
wait until there is enough data in the input buffer,
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11 Document Version Changes

This chapter describes the most important changes to this document.

11.1  Version 1.01 for VS1011b, 2004-11-19

¢ Removed non-existing SCIMB_POWERDOWN bit.
o Added SOIC-28 package to Chapters 5.1.3 and 5.2.2.

11.2 Version 1.00 for VS1011b, 2004-10-22

* Fully qualified vaiues to tables in Chapter 4.
» Reassigned BGA-49 balls for pins DVDD2, DGND2 and DGND3 in Chapter 5.2.

11.3  Version 0.71 for VS1011, 2004-07-20

¢ Added mstructions to add 100 k(2 pull-down resistor to unused GPIOs to Chapter 5.2,

11.4  Version 0.70 for VS1011, 2004-05-13

e Removed SM_JUMP,

11.5  Version 0.62 for VS1011, 2004-03-24

¢ Rewrote and clarified Chapter 8.2, Supported Audio Codecs.

11.6  Version 0.61 for VS1011, 2004-03-11

* Added samplerate and bitrate tables to Chapter 8.6.9.

11.7 Version 0.6 for VS1011, 2004-02-13

» Added BGA-49 to Packages and Pin Descriptions (Chapter 3).
* Added new Chapter 8.2, Supported Audio Codecs.

Version 1.01, 2004-11-19 44



TSig

st

VH1Gitn

VS1011b

NTALT INFORMATION

12 Contact Information

VEST Solution Oy
Hermiankatu 6-8 C
FIN-33720 Tampere

FINLAND

Fax: +358-3-316 5220
Phone: -+358-3-316 5230
Fmail: sales@ivisif
VRL: Wttp/Awwwovish g/

Note: 1 you have questions, first see http/fwwwvlsi fifve 101 Hag/
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SN54HC08, SN74HCO08
QUADRUPLE 2-INPUT POSITIVE-AND GATES

SCLS081B - DEGEMBER 1982 — REVISED MAY 1997
B—

AR e e
® Package Options Include Plastic SN54HCO8. .. J OR W PACKAGE
Small-Outline (D), Thin Shrink SN74HCOB ... % “;IOR PW PACKAGE
Small-Outline (PW), and Ceramic Flat (W) (TOP VIEW)
Packages, Ceramic Chip Carriers {FK), and i W) y
Standard Plastic (N) and Ceramic (J) 17 1flvee
300-mil DIPs Bl 134
1Y[]3 12[] 4A
description 2alls nflay
2B[]5 10{] 3B
These devices contain four independent 2-input 2v[ls sll 3a
AND gates. They pe_rforT the Boolean function GND []7 8l] 3y
Y =AeBorY=A+ Bin positive logic.
The SN54HCO8 is characterized for operation SN54HCOS . . . FK PACKAGE
over the full military temperature range of —55°C (TOP VIEW)
to 125°C. The SN74HCO8 is characterized for o< 3o
ration from —40°C to 85°C 2z @
operation from 0 . | s
321 2019
FUNCTION TABLE 1Y g4 8] 4A
{each gate) NC (] s 17T NC
INPUTS OUTPUT 2A0s 16[] 4y
A B Y NC[ 7 15[ NC
2B [ 14 38
H H H H 910 1112 13 T
L X L i
X L L L8853
a
logic symbolt NC — No internal connection
1n —
& 3
1B - 1Y
PTG
6
ag -2 ——— 2Y
m
8
3B 10 3y
wn 2
EU— 11
1 L
w2 Y

T This symbal is in accardance with ANSI/IEEE Std 91-1984 and |EC Publication 617-12.
Pin numbers shown are for the D, J, N, PW, and W packages.

A —
}——Y
B — |

logic diagram (positive logic)

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the ond of this data sheet.

‘RODUCTION DATA information is current as of publication date. Copyright ® 1997, Texas Instruments incorporated

‘roducts cotiform 10 specifications per the terms of Texas Instruments i
landard wamanty. Prochietion processing does not necessarity include TEXAS

1sting of all parameters,
INSTRUMENTS
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\54HC08, SN74HCO08
UADRUPLE 2-INPUT POSITIVE-AND GATES

50818 - DECEMBER 1882 — REVISED MAY 1997
— a—— —— M ——

'solute maximum ratings over operating free-air temperature range’

Supply VOREGE range, Vo r oottt e e e -05Vio7V
Input clamp current, i (V< 0orV|>Veel(seeNote 1) ..o +20 mA
Output clamp current, ok (Vo <0orVg > Veel(seeNote 1) oot 120 mA
Continuous output current, ig (Vo =0to Vo) oo 125 mA
Continugus current through Ve of GND Lo +50 mA
Package thermal impedance, 0 {(see Note 2): Dpackage ............ ... ... .ot 127°C/W

Npackage ..... ...t 78°C/W

PWopackage ..........coiiirioni e 170°C/W
Storage temperature range, Tgtg .. ... oo —65°C to 150°C

resses beyond those listed under “absolute maximum ratings” may cause permanent damage o the device. These are stress ratings only, and
ctional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
plied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.
"ES: 1. Theinput and output voltage ratings may be exceeded if the input and output cuirent ratings are observed.
2. The package thermal impedance is calculated in agcordance with JESD 51, except for through-hole packages, which use a trace
length of zero.

.ommended operating conditions

SN54HCO8 SN74HCOSB
MIN NOM MAX MIN NOM MAX UNIT
c Supply voltage 2 5 6 2 5 B v
Veg=2V 1.5 1.5
1 High-level input voltage Voo =49V 3.15 3.15 v
Vee =6V 4.2 4.2
Voo =2V 0 05 0 0.5
Low-level input voltage Voo =45V 0 135 0 1.35 v
Voo =6V 0 1.8 0 1.8
Input voltage 0 Voo 0 vee v
Output voltage 0 Vee 0 Vee \
Veg =2V 0 1000 0 1000
Input transition {rise and fall) time Voo =45V 0 500 0 500 ns
Voo =6V 0 400 0 400
Operating free-air temperature -55 125 —40 85 °C
M AR
3
EXAS
INSTRUMENTS
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electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted)

Ta =25°C SN54HCO8 SN74HCO8
PARAMETER TEST CONDITIONS Vee UNIT
MIN TYP MAX MIN  MAX MIN  MAX
2V 1.9 1.898 1.9 1.9
loq =20 pA 456V 44 4499 4.4 4.4
VOH V= V|Hor VL BV 58 5998 59 5.9 A
loHy = -4 mA 45V 3.08 43 37 384
IoH = -5.2 mA 6V 548 58 5.2 5.34
2V 0.002 0.1 0.1 0.1
ioL = 20 pA 45V 0.001 0.1 0.1 0.1
VoL V) = V)4 or Vi 6V 0.001 0.4 0.4 01 v
loL =4 mA 45V 017  0.26 04 0.33
loL=52mA 6V 015 0.26 G.4 033
I Vi=VpgorD 6V 0.1 #100 +1000 +1000 nA
‘oo Vi=VggorD, lp=0 6V 2 40 20 pA
o] 2Vio6V 3 10 10 10 pF

switching characteristics over recommended operating free-air temperature range, C_ = 50 pF
(unless otherwise noted) (see Figure 1)

FROM TO Ta = 25°C SN54HCO08 SN74HC08
PARAMETER Ve UNIT
{INPUT) (OUTPUT) MIN TYP MAX! MIN MAX| MIN MAX
2V 50 100 150 125
tod AorB Y 45V 10 20 30 251 ns
BV 8 17 25 21
2V 38 75 110 95
f Y 45V 8 15 22 19| ns
Y B 13 19 16
operating characteristics, Ta = 25°C
PARAMETER TEST CONDITIONS | TYP | UNIT
Cod Power dissipation capacitance per gate No load 20 pF

{’f TEXAS
INSTRUMENTS
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PARAMETER MEASUREMENT INFORMATION

From Qutput st  y—————— Vee
Under Test [ Point '“P“t—/ 50% * 50%
; I ov
|“— tpHL — M

CL=50pF |
I {see Note A) (& tPLH —P{
- In-Phase | N R R
Qutput J 50% | f % 50%

LOAD CIRCUIT 10% | | | 0%

e A

S = tpyL M & tpy P
vVee
. 90% 90% . I [ VoH
wt 50% | N 50% Out-of-Phase 90% . 90%
10% 10% 1% 50% 50% A

| | ov Qutput | 10% 10% VoL

—»l | T LT

e ™ —» ey —> et

VOLTAGE WAVEFORM VOLTAGE WAVEFORMS

INPUT RISE AND FALL TIMES PROPAGATION DELAY AND QUTPUT TRANSITION TIMES

TES: A. Ct includes probe and test-fixture capacitance.
B. Phase relationships between waveforms were chosen arbitrarily. All input pulses are supplied by generators having the following
characteristics: PRR < 1 MHz, Zp =50 &, tr = 6 ns, tf = B ns.
C. The outputs are measurad one at a time with one input transition per measurement.
D. tpLH and tpyy are the same as tpd-

Figure 1. Load Circuit and Voltage Waveforms
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INSTRUMENTS

POST OFFICE BOX 655303 * DALLAS, TEXAS 75265



IMPORTANT NOTICE

Texas Instruments and its subsidiaries {T1) reserve the right to make changes to their products or to discontinue
any product or service without notice, and advise customers to obtain the latest version of relevant information
to verify, before placing orders, that information being relied on is current and complete. All products are soid
subject to the terms and conditions of sale supplied at the time of order acknowledgement, including those
pertaining to warranty, patent infringement, and limitation of liability.

TI warrants performance of its semiconductor producls to the specifications appticable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are utilized fo the extent
Tl deems necessary to support this warranty. Specific testing of all parameters of each device is not necessarily
performed, except those mandated by government requirements.
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Semiconductor

LM1117/LM1117I

800mA Low-Dropout Linear Regulator

General Description

The LM1117 is a series of low dropout voltage regulators
with a dropout of 1.2V at BOOmA of load current. It has the
same pin-out as National Semiconductor's industry standard
LM317.

The LM1117 is available in an adjustable version, which can
set the output voltage from 1.25V to 13.8V with only two
external resistors. In addition, it is also available in five fixed
voltages, 1.8V, 2.5V, 2.85V, 3.3V, and 5V.

The LM1117 offers current limiting and themmal shutdown. Its
circuit includes a zener trimmed bandgap reference to as-
sure output voltage accuracy 1o within £1%.

The LM1117 series is available in LLP, TO-263, SOT-223,
T0O-220, and TO-252 D-PAK packages. A minimum of 10uF
tantalum capacitor is required at the output to improve the
transient response and stability.

June 2004

Features

® Available in 1.8V, 2.5V, 2.85V, 3.3V, 5V, and Adjustable
Versions

m Space Saving SOT-223 and LLP Packages
m Current Limiting and Thermal Protection
® Output Current B00mA
® Line Regulation 0.2% (Max}
m Load Regulation 0.4% {Max}
®m Temperature Range
— LM1117 0°C to 125°C
— LM11171 -40°C to 125°C
Applications
B 2.B5V Model for SCSI-2 Active Termination

» Post Regulator for Switching DC/DC Converter
» High Efficiency Linear Regulators

m Battery Charger

m Battery Powered Instrumentation

Typical Application

Active Terminator for SCSI-2 Bus

1100y
LM1117-2.85
- 18 10 27
I out ! > LINES
GND '
4.75¥ 10 + \
_I_mFF 22,;r: 1100

:":[ .25V

I J

Fixed Output Regulator

10051905

LM1117-%XX

Tvm
10 pF*

Tamalum

Vout
D
10 uF

T Tantalum

¥ Required if the regulator is located far from the power supply filter.

10091828

-2004 National Semiconducter Corporation DS100919

www.national.com
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LM1117/LM1117]

Ordering Information
Package Temperature Part Number Packaging Marking Transport Media NSC
Range Drawing
3-lead 0'Cio +125°C LM1117MPX-ADJ NO3A Tape and Reel MPD4A
80T-223 LM1117MPX-1.8 N12A Tape and Reel
LMI117MPX-2.5 N13A Tape and Reel
LM1117MPX-2.85 NO4A Tape and Reel
LM1117MPX-3.3 NO5A - Tape and Reel
LM1117MPX-5.0 NOGA Tape and Reel
—40°C 10 +125°C LM1117IMPX-ADJ NO3B Tape and Reel
LM1117IMPX-3.3 NOSB Tape and Reel
LM1117IMPX-5.0 NGGB Tape and Reel
3-lead TO-220 0'Cto +125°C LM1117T-ADJ LM1117T-ADJ Rails TO3B
LM1117T-1.8 LM1117T-1.8 Rails
LM1117T-2.5 LM1117T-2.5 Rails
LM1117T-2.85 LM1117T-2.85 Rails
LM1117T-3.3 LM1117T-3.3 Rails
LM1117T-5.0 LM1117T-5.0 Rails
3-lead TO-252 0°C to +125°C LM1117DTX-ADJ LM1117DT-ADJ Tape and Reel TDOD3B
LM1117DTX-1.8 LM1117DT-1.8 Tape and Reel
LM1117DTX-2.5 LM1117DT-2.5 Tape and Reel
LM1117DTX-2.85 LM1117DT-2.85 Tape and Reet
LM1117DTX-3.3 LM1147DT-3.3 Tape and Reel
LM1117DTX-5.0 LM1117DT-5.0 Tape and Reel
-40'C 10 +125°C LM1117IDTX-AD LM1117IDT-ADJ Tape and Reel
LM1117IDTX-3.3 LM1117IDT-3.3 Tape and Reel
LM1117IDTX-5.0 LM1117IDT-5.0 Tape and Reel
B-lead LLP 0'C to +125°C LM1117LDX-ADJ 1117ADJ Tape and Reel LDCOBA
LM1117LDX-1.8 1117-18 Tape and Reel
LM1117LDX-2.5 1117-25 Tape and Reel
LM1117LDX-2.85 1117-28 Tape and Reel
LM1117LDX-3.3 1117-33 Tape and Reel
LM1117LDX-5.0 1117-50 Tape and Reel
-40°C 0 125°C LM1117ILDX-ADJ 11171AD Tape and Reel
LM1117ILDX-3.3 1117133 Tape and Reel
LM1117ILDX-5.0 1117150 Tape and Reel
TO-263 0°C to +125°C LM11175X-ADJ LM1117SADJ Tape and Reel TS3B
LM111758X-2.85 LM111752.85 Tape and Reel
LM11175X-3.3 LM111753.3 Tape and Reel
LM11175X-5.0 LM1117S5.0 Tape and Reel
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llock Diagram

7\

<

—0 v,

Thermal 41
Limit S -
+
* Current _j_+ é é
Limit _— < <
& . 4 . 2 & & /g-o Vout
Substrate
—— GNOD {FIXED OUTPUT)
— — = =0 ADJ. (ADJUSTABLE OUTPUT)
10081501
snnection Diagrams T0-263
50T-223 e
h\vio,ﬁ [ PoutPuT
T [ Jwput [T 421/6HD
b i
a"’DU: :I ouTkuT 10031844
ADJ/GHD Top View
10091904
Top View S
100R1845
T0-220 Side View
Veut [ NPT
@) D s—T 1) 2T LLP
A2J/GNO
ADJUET NOT GONNECTED
10091902
Top View e Vot
TO-252 h o
Vour
[T ] input
10081945
Tavb is ) oulput When using the LLP package
! Pins 2, 3 & 4 must be connected together and
[T saivann Pins 5, 6 & 7 must be connected together
Top View
10691938
Top View
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LM1117/LM11171

{Note 2)

Storage Temperature Range
Lead Temperature

LM1117 Electrical Characteristics

Absolute Maximum Ratings ot 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Maxirnum Input Voltage (V) to GND) 20V
Power Dissipation (Note 2)
Junction Temparature (T,

internally Limited
150°C

-65°C to 150°C

TO-220 (T) Package 260°C, 10 sec
SOT-223 (IMP) Package 260°C, 4 sec
ESD Tolerance (Note 3) 2000V
Operating Ratings ot 1)
Input Voltage (v, to GND) 15V
Junction Temperature Range (T ){Note 2)
LM1117 0°'Cto 125°C
LM1117] -40°C to 125°C

Typicals and limits appearing in normal type apply for T 2= 25°C. Limits a
tion temperature range for operation, 0°C to 125°'C.

ppearing in Boidface type apply over the enfire junc-

Symbaol Parameter Conditions (NI;i:SJ (N:tjep 4) (Nno‘:zXSJ Units
Vaer Reference Voltage LM1117-ADJ
lour = 10MA, Vi -Vour = 2V, T,=25C 1.238 1.250 1.262 vV
10mA < I < BOOMA, 1.4V < Vin-Vour 1.225 1.250 1.270 v
< 1oV
Vour Output Voitage LM1117-1.8
lour = 10MA, Vi = 3.8V, T, = 25°C 1.782 1.800 1.818 v
0 <oy = BOOMA, 3.2V < V), < 10V 1.746 1.800 1.854 v
LM1117-2.5
lour = 10mA, V) = 4.5V, T, = 25°C 2.475 2.500 2,525 v
0 < lgur < 800MA, 3.9V <V, < 10V 2.450 2,500 2,550 v
LM1117-2.85
lour = 10MA, V), = 4.85V, T, = 25°C 2.820 2.850 2.880 v
0 < loyur < 800MA, 4.26V <V, < 10V 2.790 2.850 2.910 v
0 < gyt < 500mMA, Vi = 4.10V 2,790 2.850 2,910 v
LM1117-3.2
lour = 10MA, V, = 5V T, = 25°C 3.267 3.300 3.333 vV
0 <lgyr < 800MA, 4.75V< V,, < 10V 3.235 3.300 3.365 v
LM1117-5.0
lour = 10MA, Vi, = 7V, T, = 25°C 4.950 5.000 5.050 v
0 = lgyr = 800mA, 6.5V < v, < 12V 4.900 5.000 5.100 Vv
AVoyr | Line Regulation LM1117-ADJ
{Note 6) lour = 10MA, 1.5V < V|-V € 13.75V 0.035 0.2 %
LM1117-1.8 1 6 mv
lour = 0mA, 3.2V sV, < 10V
LM1117-25 1 6 mV
lour = OMA, 3.9V < V), < 10V
LM1117-2.85
lour = OMA, 4.25V < V,, < 10V 1 6 mv
LM1117-3.3
lour = OmA, 4.75V =V, < 15V 1 6 mv
LM1117-5.0
lour = OmA, 6.5V <V, £ 15V 1 10 my
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M1117 Electrical Characteristics (continued)
/picais and limits appearing in normal type apply for T, = 25°C. Limits appearing in Boldface type apply over the entire junc-
»n iemperature range for operation, 0°C to 125°C.
- Min Typ Max .
'mbol Parameter Conditions (Note 5) (No‘;e 2) (Note 5) Units
Your | Load Regulation LM1117-ADJ
(Note 6) Vi-Vour = 3V, 10 < lgyr < 800MA 0.2 04 %
LM1117-1.8 1 10 mv
Vg = 3.2V, 0 € loyr < BOOMA
LM1117-2.5 1 10 mV
Vi = 3.8V, 0 < lgur < 800MA
LM1117-2.85
Vi = 425V, 0 € lgyr < 800MA 1 10 mv
LM1117-3.3
Vi = 475V, 0 < lgur < 800MA 1 10 my
LM1117-5.0
Vin = 6.5V, 0 < lgur < 800mA 1 15 mV
V our | Dropout Voitage lout = 100MA 1.10 1.20 v
{Note 7) lour = 500mMA 1.15 1.25 Vv
lgur = BOOMA 1.20 1.30 Vv
T Current Limit Vin-Vour = 5V, T, =25°C 800 1200 1500 mA.
Minimum Load LM1117-ADJ
Current {Note 8} Vi = 15V 1.7 5 mA
Quiescent Current LM1117-1.8 5 10 mA
Vi € 15V
LM1117-2.6 5 10 mA
Vin £ 15V
LM1117-2.85
V), < 10V 5 10 mA
LM1117-3.3
Vin € 15V 5 10 mA
LM1117-5.0
Vi € 15V 5 10 mA
Thermal Regulation Ta =25°C, 30ms Pulse 0.01 0.1 %o/W
Ripple Regulation fryeme =1 20HZ, Vig-Vour = 3V Vaep e 60 75 dB
= 1Vpp
Adjust Pin Current 60 120 HA
Adjust Pin Current 10 <€ lgyur< BOOMA,
Change 1.4V < Vig-Vour s 10V 0.2 5 HA
Temperature Stability 0.5 %
Leng Term Stability T, = 125°C, 1000Hrs 0.3 %
AMS Qutput Noise (% of Vour), 10Hz < <10kHz 0.003 %
Thermal Resistance 3-Lead S0T-223 15.0 ‘CW
Junction-to-Case 3-Lead TO-220 3.0 "CIW
3-Lead TO-252 10 ‘CW
Thermal Resistance | 3-Lead SOT-223 (No heat sink} 136 ‘CW
Junction-to-Ambient | 3-Lead TQ-220 {No heat sink) 79 "CW
(No air flow) 3-Lead TO-252 {Note 9) (No heat sink) 92 "CW
3-Lead TO-263 55 ‘CIW
8-Lead LLP{Ncte 10) 40 ‘C/W
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LM1117/LM11171

LM11171 Electrical Characteristics

Typicals and limits appearing in normal type apply for T, = 25°C, Limits appearing in Boldface type apply over the entire junc-
tion temperature range for operation, ~40°C to 125°C.

Symbol Parameter Conditions (NT&? 5) (NZty: 4) (N':taexf)) Units
Veer Reference Voltage LM#1171-ADJ
lour = 10MA, Vin-Vour = 2V, T, = 25°C 1.238 1.250 1.262 Vv
10MA < lgyr < BOOMA, 1.4V <V Vour 1.200 1.250 1.290 Vv
< 10V
Vour Output Voitage LM11171-3.3
lour = 10MA, Vi = 5V, T, = 25°C 3.267 3.300 3.333 v
0 < louy < 800MA, 4.75V <V, < 10V 3.168 3.300 3.432 v
LM11171-5.0
laur = 10mMA, ¥,y = 7V, T, = 25°C 4.950 5.000 5.050 v
0 < loys < BOOMA, B.5V < Vi < 12V 4.800 5.000 5.200 v
AVoyr | Line Regulation LM11171-ADJ
{Note 6) lgur = 10mMA, 1.5V < Vi -Vour € 13.75V 0.035 0.3 %o
LM11171-3.3
lour = OMA, 4.75V < V,,, < 15V 1 10 my
LM11171-5.0
lout = OMA, B.5V <V, < 15V i 15 my
AVeur | Load Reguiation LM1117I-ADJ
{Note 6) V- Vour = 3V, 10 < lgyr < 800mA 0.2 0.5 %
LM11171-3.3
Vi = 4.75Y, 0 € oy < B00MA 1 15 my
LM1117]-5.0
Vin = 6.5V, 0 < lg,y < BOOMA 1 20 mv
Vin-V our | Dropeut Voltage loyr = 100mA 1.10 1.30 v
(Note 7) lour = 500mMA 1.15 1.35 v
lour = 800mMA 1.20 1.40 v
LT Current Limit VinVour =5V, T, =25C 80O 1200 1500 mA,
Minimum Lcad LM11171-ADJ
Current {Note 8) Vi = 15V 1.7 5 mA
Quiescent Current LM11171-3.3
Vi < 15V 5 15 mA
LM11171-5.0
Vi < 15V 5 15 mA
Thermal Regulation T, = 25°C, 30ms Pulse 0.01 0.1 %W
Rippte Regulation fappee =1 20Hz, Vin-Vour = 3V Vapee 60 75 dB
= 1Vpp
Adjust Pin Current 60 120 A
Adjust Pin Current 10 £ lguts 800MA,
Change 1.4V <V iy-Vour < 10V 0.2 10 HA
Temperature Stability 0.5 %
Long Term Stability | Ta = 125°C, 1000Hrs 0.3 %
RMS Cutput Noise (% of Voyur), 10Hz < f 210kHz 0.003 %
Thermal Resistance 3-Lead SOT-223 15.0 ‘CIW
Junction-to-Case 3-Lead TO-252 10 oW
Thermai Resistance | 3-Lead SOT-223 (No heat sink) 136 "CIW
Junction-to-Ambient  } 3-Lead TO-252 (No heat sink)(Note 9) 92 ‘C/wW
No air flow) 8-Lead LLP(Note 10) 40 ‘CW

Note 1: Absolute Maximurn Ratings indicate limits beyond which damage fo the device may occur. Operating Ratings indicate conditions for which the device is
infended to be functional, but specific perlormance is nat guaranteed. For guarantead spacifications and the test conditions, ses tha Electrical Characteristics,
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e 20 The maximum power dissipation is a function of Tamaxy - Oia, @nd Ty The maximum allewable power dissipation at any ambient temperature is
3= (T y(max—Ta¥0a- All numbers apply for packages soidered directly into a PC board.

ste 3: For testing purposes, ESD was applied using human body model, 1.5kQ in series with 100pF.
ste 4: Typical Values represent the most likely parametric norrm.

e 5: Al limits are guaranteed by testing or statistical anaiysis.

e 6: Load and line regulation are measured at constant junction room temperature.

#e 7: The dropout voltage is the input/output dilferential at which the circuit ceases to regulate against turther reduction in input voliage It is measured when the
tput voltage has dropped 100mY from the nominal value obtained at Wy = Vgur +1.5V.

ite 8: The minimum output current required to maimain regulation.
te 9: Minimum pad size of 0.038in?

+te 10: Thermat Performance for the LLP was obtained using JESDS1-7 board with six vias and an ambient temperature of 22°C. For information about improved
rmal performance and power dissipation for the LLP, refer to Appication Note AN-1187.

ypical Performance Characteristics

Dropout Voltage (V,,-V ou1) Short-Circuit Current
14 | 14 T, = 125°C
] [
1.2 T, = 259¢C 1.2 ; {
J ,— Fann
T = = 0
T gy - T, = 25°C
N =
o T 1, =125% ¢
08 2 08
_D -
= E
+« 06 3 06
a S
2 04 < 0.4
=] [+]
i
0.2 0.2
0 0
0 200 400 600 800 0 5 10 15
Output Current (ma) Input/Output Differential {V}
10091822 10081823
Load Regulation LM1117-ADJ Ripple Rejection
0 T T 1 90
Al gy = BOO A 50 il Vi = Your 2= 3V
e -0.5 Lot ety M
\B_\, | ettt \E
c E 70 \
g -0.1 &) Yin = Your = Yororour N
o -~ 50 "
5 -0.15 A g N
[ ] - L)
2 \\ B VRippLE = 3 Vpp VRIpPLE
a -0z P £ 40 < 0.5Vap
5 M~ @ |
7 -0.25 B g U
H "'*-\ ] 50 [ Capy = 200 uF AT f < 60 Hz
a8 -0.3 10»0“'” = 25 uF AT T > 60 Hz
ot = 054 I |
-0.35 0 ,

=50-25 0 25 50 75 100 125 10 100 1k 10k 100k

Temperature (°C) Frequency (Hz)

10081943 10081906

7 www.national.com

IZLLEWV/ZELENA



LM1117/LM11171

Typical Performance Characteristics (continued)

LM1117-ADJ Ripple Rejection vs. Current
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LM1117-5.0 Load Transient Response
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Temperature Stability
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LM1117-2.85 Load Transient Response
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LM1117-2.85 Line Transient Response
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'ypical Performance Characteristics (Continued)

LM1117-5.0 Line Transient Response
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pplication Note

' External Capacitors/Stability
Input Bypass Capacitor

input capacitor is recommended. A 10pF tantalum on the
ut is a suitable input bypassing for almost all applications.

Adjust Terminal Bypass Capacitor

1 adjust terminal can be bypassed to ground with a by-
i5 capacitor (Cap,) to improve ripple rejection. This by-
\& capacitor prevents ripple from being amplified as the
put voltage is increased. At any ripple frequency, the
edance of the C,p, Should be less than R1 to prevent the
le from being amplified:

H2m* fgee e Capa) < A1

' R1 is the resistor between the output and the adjust pin.
ralue is normatly in the range of 100-200¢2. For example,
i R1 = 1240 and frpp e = 120Hz, the Cap, should be >
F.

Qutput Capacitor

output capacitor is critical in maintaining regulator sta-

;, and must meet the required conditions for both mini-
n amount of capacitance and ESR (Equivalent Series
istance). The minimum output capacitance required by
LM1117 is 10pF, if a tantalum capacitor is used. Any
sase of the output capacitance will merely improve the
stability and transient response. The ESR of the output
acitor should range between 0.342 - 2202, In the case of
adjustable regulator, when the C,p, is used, a larger
ut capacitance (22pf tantalum) is required.

Jutput Voltage

LM1117 adjustable version develops a 1.25V reference
ige, Ve, between the output and the adjust terminal.
hown in Figure 1, this voltage is applied across rasistor
» generate a constant current 11, The current ap, from
idjust terminal could introduce error to the output. But
1 it is very small (60pA) compared with the I1 and very
tant with ine and load changes, the error can be ig-
1. The constant current 11 then flows through the output
esistor R2 and sets the output voltage to the desired

ixed voltage devices, Rt and R2 are integrated inside
evices.

LM1117-A0J

Vin YiN Vour Yaut
ADJ
10 #FI A~ 100 uf

) R2
Vour = Yeer {1+ 77 + L R2

10081917

FIGURE 1. Basic Adjustable Regulator

3.0 Load Regulation

The LM1117 regulates the voltage that appears between its
output and ground pins, or between its output and adjust
pins. In some cases, line resistances can introduce errors to
the voltage across the load. To obtain the best load regula-
tion, a few precautions are needed.

Figure 2, shows a typical application using a fixed output
regutator. The Rt1 and Rt2 are the line resistances. It is
obvious that the V| gap i8 less than the Vy by the sum of
the voltage drops along the line resistances. In this case, the
load reguiation seen at the R, pap would be degraded from
the data sheet specification. To improve this, the load should
be tied directly to the output terminal on the positive side and
directly tied to the ground terminal on the negative side.
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LM1117/LM1117I1

Application Note (continued)

LM1117 - XX RUY
Yin = ¥in Yaut
GND

|L
—-

Vour Yioap

R oan

Rt2

Vigan = Your - I (RE1#Rt2)
10091815

FIGURE 2. Typical Application using Fixed Output
Regulator

When the adjustable regulator is used (Figure 3), the best
performance is obtained with the positive side of the resistor
R1 tied directly to the output terminal of the regulator rather
than near the load. This eliminates line drops from appearing
effectively in series with the reference and degrading regu-
lation. For example, a 5V regulator with 0.050 resistance
between the regulator and load will have a load regulation
due to line resistance of 0.050 x I_. If R1 (=125(Q2) is con-
nected near the load, the eflective line resistance will be
0.058 (1+R2/R1) or in this case, it is 4 times worse. In
addition, the ground side of the resistor R2 can be returned
near the ground of the load to provide remote ground sens-
ing and improve load regulation.

L1117 - ADJ Ri1
Yin =1 Yin Vour
ADJ

Yout

Rt2

Yooap = Veer (RT+R2)/RY - | Rt

16091918

FIGURE 3. Best Load Regulation using Adjustable
Output Regulator

4.0 Protection Diodes

Under normal operation, the LM1117 reguiators do not need
any protection diode. With the adjustable device, the internal
resistance between the adjust and output terminals limits the
current. No diode is needed to divert the current around the
regulator even with capacitor on the adjust terminal. The
adjust pin can take a transient signal of £25V with respect to
the output voltage without damaging the device.

When a output ¢capacitor is connected to a regulator and the
input is shorted to ground, the output capacitor will discharge
into the output of the regulator. The discharge current de-
pends on the value of the capacitor, the output voltage of the
regulator, and rate of decrease of V. In the LM1117 regu-
lators, the internal diode between the output and input pins
can withstand microsecond surge currents of 10A to 20A.

With an extremely large output capacitor (>1000 pF), and
with input instantaneously shorted to ground, the regulator
could be damaged.

In this case, an external diode is recommended between the
output and input pins to protect the regulator, as shown in
Figure 4.

1N4002
{Optional)
LM1117-ADd
Yin O iN Your 4 O Your
A0 s l
R1 Cout
100 uf
l
—l— Cadj R2 =

| 10 pf

10081915

FIGURE 4. Regulator with Protection Diode

5.0 Heatsink Raquirements

When an integrated circuit operates with an appreciable
current, its junction temperature is elevated. It is important to
quantify its thermal limits in order 10 achieve acceptable
performance and raliability. This limit is determined by sum-
ming the individual parts consisting of a series of tempera-
ture rises from the semiconductor junction to the operating
environment. A one-dimensional steady-state model of con-
duction heat transfer is demonstrated in Figure 5. The heat
generated at the device junction flows through the die to the
die attach pad, through the lead frame to the surrounding
case material, to the printed circuit board, and eventually to
the ambient environment. Below is a list of variables that
may affect the thermal resistance and in turn the need for a
heatsink.

ROJC (Component
Variables)
Leadframe Size & Material

R? CA (Application
Variables)

Mounting Pad Size,
Material, & Location
Placement of Mounting
Pad
PCB Size & Material
Traces Length & Width
Adjacent Heat Sources

No. of Conduction Pins

Die Size
Die Attach Material
Molding Cormpound Size
and Material
Volume of Air
Ambient Temperatue
Shape of Mounting Pad

www.national.com




\pplication Note (continued)

Laad Frama 7= RIC + fia
Die

L~

o I

[Motded Packaga
I

Wounting Pad

10091837

IGURE 5. Cross-sectional view of Integrated Circuit

ounted on a printed circuit board. Note that the case

imperature is measured at the point where the leads
contact with the mounting pad surface

e LM1117 regulators have internal thermal shutdown to
fect the device from over-heating. Under all possible
arating conditions, the junction temperature of the LM1117
ist be within the range of 0°C to 125°C. A heatsink may be
juired depending on the maximum power dissipation and
ximum ambient temperature of the application. To deter-
e it a heatsink is needed, the power dissipated by the
uiator, P, , must be calculated:

N+l

‘o= Vin-Vourl L + Vinle

ure 6 shows the voltages and currents which are present
he circuit.

i —

Vi IN out

l GND

100918186

D‘<
=

— i

FIGURE &. Power Disslpation Diagram

The next parameter which must be calculated is the maxi-
mum allowable temperature rise, Tp{max):

Ta(max) = T (max)-T ,(max)
where T (max) is the maximum allowable junction tempera-

ure (125°C), and Ta{max) is the maximum ambient tem-
perature which will be encountered in the application.

Using the calculated values for Tg{max) and Pp, the maxi-
mum aliowable value for the junction-to-ambient thermat
resistance (8,,) can be calculated:
044 = Tr{max)/Pp

If the maximum allowable value for 8, is found to be
2136°C/W for SOT-223 package or 279°C/W for TO-220
package or 282°C/W for TO-252 package, no heatsink is
needed since the package alone will dissipate enough heat
to satisfy these requirements. If the caiculated value for 8,
falls below these limits, a heatsink is required.

As a design aid, Table 71 shows the value of the 8,, of
50T-223 and TO-252 for different heatsink area. The copper
patterns that we used to measure these 0,5 are shown at
the end of the Application Notes Section. Figure 7 and Figure
8 reflects the same test resufts as what are in the Table 1

Figure 9and Figure 10 shows the maximum allowable power
dissipation vs. ambient temperature for the SOT-223 and
TO-252 device. Figures Figure 11 and Figure 12 shows the
maximum allowable power dissipation vs. copper area (in?)
for the SOT-223 and TO-252 devices. Piease see ANY128
for power enhancement techniques to be used with SOT-.:23
and TO-252 packages.

*Application Note AN-1187 discusses improved thermatl per-
formance and power dissipation for the LLP.

TABLE 1. 9, Different Heatsink Area

IZLEEWTVZEEENA

Layout Copper Area Thermal Resistance
Top Side {(in)* Bottom Side {in%} (8,4, CMW) S50T-223 {6,4,"C/W) TQ-252
1 0.0123 0 136 103
2 0.066 0 123 87
3 0.3 0 84 60
4 0.53 0 75 54
5 0.76 0 69 52
6 1 0 66 47
7 0] 0.2 115 84
8 0 0.4 98 70
9 0 0.6 89 63
10 0 0.8 82 57
L 0 1 79 57
12 0.066 0.066 125 89
13 0.175 0.175 93 72
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LM1117/LM11171

Application Note (continued)
TABLE 1. 9,, Different Heatsink Area (Continued}

Layout Copper Area Thermal Resistance -
14 0.284 0.284 B3 61
15 0.392 0.392 75 55
16 0.5 0.5 70 53
*Tab of device attached to topside copper
www.national.com 12




pplication Note (continued)
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FIGURE 7. 8,, vs. 10z Copper Area for SOT-223
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LM1117/LM11171

Application Note (continueq)

10091841

FIGURE 13. Top View of the Thermal Test Pattern In Actual Scaie

www.national.com
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pplication Note (continued)

10091992

FIGURE 14. Bottom View of the Therma! Test Pattern in Actual Scale
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LM1117/LM11171

Typical Application Circuits

LM1117-510

Y > IZVOT N OUT—T-OW to 10V
+ +
GND

‘G#FI IIDO_u.F
—= ‘ —
b
b 1D

Adjusting Qutput of Fixed Regulators

10 puF

10031930

LM1117-5.0

Yy > 9.0V IN out 7.5¥
+ +
10;1FI GND Imoyr

2.5 Your

10091
Regulator with Reference

LM1117-aDJ

O—I‘—Vw Your 4 —0
AD .
10 pF
# | 1210

- R2
Cogj” ™ 1k

L

100 pf

_ RZ
Your = 125 (1 iy
'CAdI is opiional, however it will improve ripple rejection.

10091829
1,256V to 10V Adjustable Regulator with Improved
Ripple Rejection

LM1117 - ADJ
—1 ¥ Your
Al

Your
5y

~ 100 uf

10 uf Lo

Tantalum T > RZ  an2z218
720

* Min. output & 1.25V

10391927

5V Loglc Requlator with Electronic Shutdown*

www. national.com
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ypical Application Circuits (continued)

10 pf

B.5Y -

I

GND

* Select for charge rate.

LM1117-5.0
o 5.2Y Line
N out 5.0V Battery
GND
500
LM1117-5.0
IN ouT
— =100 uf

I

10081932

Battery Backed-Up Regulated Supply

Floating Input

LM1117-5.0
IN ouT : 4 I
* +| p——
10 uf T _1_ 100 wb —
& 0 Vo1 = -5Y
10091933

Low Dropout Negative Supply

www.national.com
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LM1117/LM11171

Physical Dimensions inches (milimeters)

unless otherwise noted

- 3:0.1
| (% [0 B[ E [65]

1
'
! 0
] -
|
ETICSE - U 19810 4
| j
! ;
| U |
| '
1__U U |
1 ! 3
- ox (23
[} 4o————6.5:0.2 g
T

1.

@

)

thJ.JI
PKG
SE:-MH
-
' -}'

{G 3)

1]

L3N l)

L-——l—(zxza)

LAND PATTERM RECOMMENDATION

RO.15%0.05 T*F
RO.1520.05 TVP \
0 '8 8

[0.25]
GAGE PLANE

= LT, = — e\ |
Y A . L[ T’ \_‘
3X 0,740 334—-] 0.03-0.10 SEAT NG PLANE o0
&[0 1@ A& B ] Teel 0.9 MIN TYP LN
[ R I
DIMENSIONS ARE IN MILLIMETERS
MPD4A (Rev B)
3-Lead SOT-223
NS Package Number MPO4A
_,10.240-0.260 ) 0.330-0.350
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{2.54'3.05] /ﬂ [5.73-3.89]
i
A |
voots ! 0.090-0.110 f
0.400 _g s _ - . [2.29-2.79] 0.190-0.210
+0.38 - [ =~ — 4.83-5.33
f10.18 2535 T l i [ l ]
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i
-
l /\ /\ (0.525-0:855 ) 0.015 10007 [0.38 1013
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[4.45-4.70] _L r_,_,_/ir /
3
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0°-8 \I.«‘ Lowswom (2.67 028
0.048-0.052 -015 [2:67 J53g]
[1.22-1.32] SEATING PLANE
TAPERED
SIDES 1° T038 (REV L)
3-Lead TO-220
NS Package Number T03B
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'hysical Dimensions inches (millimeters) unless otherwise noted (Continued)
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LM1117/LM1117I1

Physical Dimensions inches (milimeters) unless otherwise noted (Continued)
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Notes

E SUPPORT POLICY

NONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
/IGES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL
JNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein:

ife support devices or systems are devices or
iystems which, (a) are intended for surgical implant
Yo the body, or (b) support or sustain life, and
hose failure to perform when properly used in
coordance with instructions for use provided in the
ibeling, can be reasonably expected to result in a
ignificant injury to the user.

2. A critical component is any component of a life
support device or system whose failure to perform
can be reasonably expected to cause the failure of
the life support device or system, or fo affect its
safety or effectiveness.

INED SUBSTANCE COMPLIANCE

anal Semiconductor certifies that the products and packing materials meet the provisions of the Customer Products
fardship Specification (CSP-3-111C2) and the Banned Substances and Malerials of Interest Specification
2-9-11152) and contain no “Banned Substances” as defined in CSP-9-11152.

National Semniconductor Natlonal Semiconductor
Americas Customer Europe Customer Supperl Centar
Support Center Fax: +49 (D) 180-530 85 86
Email: new.feedback @ nsc.com Email: eyurape.suppont@ nse.com
Tel: 1-800-272-9959 Deotsch Tel: +43 (0) 89 9508 6208
English Tel: +44 (0) 870 24 0 2171
ational.com Frangais Tel: +33 {0) 1 41 91 8790

National Semiconducior Natlenal Semiconducter

Asla Pacific Customer Japan Customer Support Center
Support Center Fax: 81-3-5638-7507

Email: ap.support @nsc.com Email: jpn.teadback @ nsc.com

Tel: 81-3-5638-7560

5 not assume any responsibilily lor use of any circuitry described, no circuit palent licenses are implied and National resarves the right ai any time without nolice ta change said circuitry and specitications.

lojeinfiay Jesus nodoig-moT ywoos 1ZLLLINTY/ZLLLIN
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