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#include <mega32.h>
#include <stdio.h>
#include <stdlib.h>
#include <math.h>

#include <delay.h>

#define rs PORTD.O
#define rw  PORTD.1
#define e PORTD.2
#define csl PORTD.3
#define cs2 PORTD.4
#define rst  PORTD.5

#define data PORTC

/I Alphanumeric LCD Module functions
#asm

.equ __led port=0x18 ;PORTB
#endasm

#include <lcd.h>

#define ADC_VREF TYPE 0x60

// Read the 8 most significant bits

// of the AD conversion result



unsigned char read_adc(unsigned char
adc_input)

{

ADMUX=adc_input | (ADC_VREF TYPE &
0xf¥);

// Start the AD conversion

ADCSRAJ=0x40;

// Wait for the AD conversion to complete
while ((ADCSRA & 0x10)==0);
ADCSRAJ=0x10;

return ADCH,;

H

// Declare your global variables here

flash unsigned char gambarl0[8]=
{0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x80} ;
flash unsigned char gambarl1[8]=
{0x00,0x00,0x00,0x00,0x00,0x00,0x00,0Xc0};
flash unsigned char gambarl2[8]=
{0x00,0x00,0x00,0x00,0x00,0x00,0x00,0Xe0};
flash unsigned char gambar13[8]=
{0x00,0x00,0x00,0x00,0x00,0x00,0x00,0Xf0};
flash unsigned char gambar14[8]=
{0x00,0x00,0x00,0x00,0x00,0x00,0x00,0X18};
flash unsigned char gambarl5[8]=
{0x00,0x00,0x00,0x00,0x00,0x00,0x00,0Xfc};

flash unsigned char gambar16[8]=
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{0x00,0x00,0x00,0x00,0x00,0x00,0x00,0Xfe};
flash unsigned char gambarl7[8]=
{0x00,0x00,0x00,0x00,0x00,0x00,0x00,0X ff} ;
flash unsigned char gambar20[8]=
{0x00,0x00,0x00,0x00,0x00,0x00,0x80,0Xft};
flash unsigned char gambar21[8]=
{0x00,0x00,0x00,0x00,0x00,0x00,0X c0,0Xff};
flash unsigned char gambar22[8]=
{0x00,0x00,0x00,0x00,0x00,0x00,0Xe0,0Xft};
flash unsigned char gambar23[8]=
{0x00,0x00,0x00,0x00,0x00,0x00,0X10,0Xff} ;
flash unsigned char gambar24[8]=
{0x00,0x00,0x00,0x00,0x00,0x00,0X18,0Xff};
flash unsigned char gambar25[8]=
{0x00,0x00,0x00,0x00,0x00,0x00,0X fc,0X ff} ;
flash unsigned char gambar26[8]=
{0x00,0x00,0x00,0x00,0x00,0x00,0Xfe,0Xft};
flash unsigned char gambar27[8]=
{0x00,0x00,0x00,0x00,0x00,0x00,0X1f,0X ft} ;
flash unsigned char gambar30[8]=
{0x00,0x00,0x00,0x00,0x00,0x80,0Xf,0Xft} ;
flash unsigned char gambar31[8]=
{0x00,0x00,0x00,0x00,0x00,0Xc0,0Xff,0Xff} ;
flash unsigned char gambar32[8]=

{0x00,0x00,0x00,0x00,0x00,0Xe0,0X {f,0X {f};



flash unsigned char gambar33[8]=
{0x00,0x00,0x00,0x00,0x00,0X10,0X ff,0X f} ;
flash unsigned char gambar34[8]=
{0x00,0x00,0x00,0x00,0x00,0Xf8,0Xff,0Xff};
flash unsigned char gambar35[8]=
{0x00,0x00,0x00,0x00,0x00,0X fc,0X{f,0Xft};
flash unsigned char gambar36[8]=
{0x00,0x00,0x00,0x00,0x00,0X fe,0X {f,0Xft} ;
flash unsigned char gambar37[8]=
{0x00,0x00,0x00,0x00,0x00,0X ff,0Xff,0Xft};
flash unsigned char gambar40[8]=
{0x00,0x00,0x00,0x00,0x80,0X{f,0Xff,0Xff};
flash unsigned char gambar41[8]=
{0x00,0x00,0x00,0x00,0Xc0,0Xff,0Xff,0Xff};
flash unsigned char gambar42[8]=
{0x00,0x00,0x00,0x00,0Xe0,0Xff,0X ff,0X{f} ;
flash unsigned char gambar43[8]=
{0x00,0x00,0x00,0x00,0X f0,0Xff,0X ff,0Xff};
flash unsigned char gambar44[8]=
{0x00,0x00,0x00,0x00,0X {8,0Xff,0X ff,0X{f};
flash unsigned char gambar45[8]=
{0x00,0x00,0x00,0x00,0X fc,0X ff,0Xff,0Xft} ;
flash unsigned char gambar46[8]=
{0x00,0x00,0x00,0x00,0X fe,0X{f,0X1f,0Xft} ;

flash unsigned char gambar47[8]=
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{0x00,0x00,0x00,0x00,0Xff,0X ff,0X ff,0Xff};
flash unsigned char gambar50[8]=
{0x00,0x00,0x00,0x80,0X ft,0X f,0Xff,0Xft} ;
flash unsigned char gambar51[8]=
{0x00,0x00,0x00,0Xc0,0Xff,0Xff,0X f,0X ff} ;
flash unsigned char gambar52[8]=
{0x00,0x00,0x00,0Xe0,0Xff,0Xff,0X ff,0Xff};
flash unsigned char gambar53[8]=
{0x00,0x00,0x00,0X£0,0Xft,0Xff,0Xf,0Xff};
flash unsigned char gambar54[8]=
{0x00,0x00,0x00,0Xf8,0X{f,0Xff,0Xff,0X{f};
flash unsigned char gambar55[8]=
{0x00,0x00,0x00,0X fc,0X ff,0Xff,0X ff,0X{f};
flash unsigned char gambar56[8]=
{0x00,0x00,0x00,0Xfe,0X ft,0X ff,0Xff,0Xft} ;
flash unsigned char gambar57[8]=
{0x00,0x00,0x00,0X ff,0X{f,0Xf,0X ff,0Xff};
flash unsigned char gambar60[8]=
{0x00,0x00,0x80,0X ff,0X{f,0Xf,0X ff,0Xff};
flash unsigned char gambar61[8]=
{0x00,0x00,0Xc0,0X ft,0Xf,0Xff,0X ff,0X{f};
flash unsigned char gambar62[8]=
{0x00,0x00,0Xe0,0X ff,0X1f,0X ff,0Xff,0Xff};
flash unsigned char gambar63[8]=

{0x00,0x00,0X10,0Xff,0X{f,0X {f,0xFF,0xFF } ;



flash unsigned char gambar64[8]=
{0x00,0x00,0xF8,0xFF,0xFF,0xFF,0xFF,0xFF };
flash unsigned char gambar65[8]=

{0x00,0x00,0xFC,0xFF,0xFF,0xFF,0xFF,0xFF }

flash unsigned char gambar66[8]=

{0x00,0x00,0xFE,0xFF,0xFF,0xFF,0xFF,0xFF}

b

flash unsigned char gambar67[8]=

{0x00,0x00,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF}

flash unsigned char gambar70[8]=

{0x00,0x80,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF}

b

flash unsigned char gambar71[8]=

{0x00,0xCO0,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF }

B

flash unsigned char gambar72[8]=

{0x00,0xE0,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF }

flash unsigned char gambar73[8]=

{0x00,0xF0,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF}

flash unsigned char gambar74[8]=

{0x00,0xF8,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF}

b

flash unsigned char gambar75[8]=

{0x00,0xFC,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF }

b

flash unsigned char gambar76[8]=

{0x00,0xFE,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF }

flash unsigned char gambar77[8]=

{0x00,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF }

B

flash unsigned char gambar80[8]=

{0x80,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF}

flash unsigned char gambar81[8]=

{0xCO0,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF
}s

flash unsigned char gambar82[8]=

{0xE0,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF}

b

flash unsigned char gambar83[8]=

{0xFO0,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF}

flash unsigned char gambar84[8]=

{0xF8,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF}

flash unsigned char gambar85[8]=

{0xFC,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF
¥

flash unsigned char gambar86[8]=

{0xFE,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF
}s

flash unsigned char gambar87[8]=



{OxFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF,0xFF }

b

unsigned char x,y;
unsigned int n;
unsigned char adc[128];
float f]128],s,q;

char buffer[128];

void display(unsigned char a)

rw=0;
data=0x3E]a;
delay us(1);
e=0;

delay us(1);

}

void yadd(unsigned char a)

rw=0;
data=0x40la;

delay us(1);

e=0;
delay us(1);
¥

void xadd(unsigned char a)

rw=0;

data=0xBS§|a;

delay us(1);

e=0;

delay us(1);

}
void zadd(unsigned char a)
{

e=1;

rs=0;

rw=0;
data=0xCO|a;
delay us(1);
e=0;

delay us(1);
}

void write(unsigned char a)



rs=1;

rw=0;
data=0x00|a;
delay us(1);
e=0;

delay us(1);

}
void main(void)

{

// Declare your local variables here

// Input/Output Ports initialization
// Port A initialization

// Func7=In Func6=In Func5=In Func4=In
Func3=In Func2=In Func1=In FuncO=In

// State7=T State6=T State5=T State4=T
State3=T State2=T State1=T StateO0=T

PORTA=0x00;

DDRA=0x00;

// Port B initialization

// Func7=In Func6=In Func5=In Func4=In
Func3=In Func2=In Func1=In FuncO=In

// State7=T State6=T State5=T State4d=T
State3=T State2=T State1=T State0=T

PORTB=0x00;
DDRB=0x00;
// Port C initialization

// Func7=In Func6=In Func5=In Func4=In
Func3=In Func2=In Func1=In FuncO=In

// State7=T State6=T State5=T Stated=T
State3=T State2=T State1=T State0=T

PORTC=0x00;

DDRC=0xFF;

// Port D initialization

// Func7=In Func6=In Func5=In Func4=In
Func3=In Func2=In Func1=In FuncO=In

// State7=T State6=T State5=T Stated=T
State3=T State2=T State1=T State0=T

PORTD=0x00;

DDRD=0xFF;

// Timer/Counter 0 initialization
/I Clock source: System Clock
/I Clock value: Timer 0 Stopped
// Mode: Normal top=FFh

// OCO output: Disconnected
TCCRO0=0x00;

TCNTO0=0x00;



OCRO0=0x00;

// Timer/Counter 1 initialization

/I Clock source: System Clock

// Clock value: Timer 1 Stopped

// Mode: Normal top=FFFFh

// OC1A output: Discon.

// OC1B output: Discon.

// Noise Canceler: Off

// Input Capture on Falling Edge

// Timer 1 Overflow Interrupt: Off
// Input Capture Interrupt: Off

/I Compare A Match Interrupt: Off
// Compare B Match Interrupt: Off
TCCR1A=0x00;

TCCR1B=0x00;

TCNT1H=0x00;

TCNT1L=0x00;

ICR1H=0x00;
ICR1L=0x00;
OCR1AH=0x00;
OCR1AL=0x00;
OCR1BH=0x00;

OCR1BL=0x00;

// Timer/Counter 2 initialization
// Clock source: System Clock
/I Clock value: Timer 2 Stopped
// Mode: Normal top=FFh

// OC2 output: Disconnected
ASSR=0x00;

TCCR2=0x00;

TCNT2=0x00;

OCR2=0x00;

// External Interrupt(s) initialization

/I INTO: Off

// INT1: Off

// INT2: Off

MCUCR=0x00;

MCUCSR=0x00;

/I Timer(s)/Counter(s) Interrupt(s) initialization
TIMSK=0x00;

/I Analog Comparator initialization

/I Analog Comparator: Off

/! Analog Comparator Input Capture by
Timer/Counter 1: Off

ACSR=0x80;

SFIOR=0x00;



/! ADC initialization

// ADC Clock frequency: 1000.000 kHz
/I ADC Voltage Reference: AVCC pin
// Only the 8 most significant bits of

// the AD conversion result are used
ADMUX=ADC VREF TYPE & 0xff;

ADCSRA=0x82;

// LCD module initialization

lcd_init(16);

while (1) {
rst=1;
display(1);
for (y = 0; y < 128; y++) {
for (x = 0; x < 8; x++) {
if (y < 64) {
csl=1;
cs2 =0;
} else {
csl =0;
cs2=1;
}
xadd(x);

yadd(y);

zadd(0);
write(0x00);

delay us(1);

}

csl =1;

cs2=0;

for (y =0; y < 128; y++) {
adc[y] =read_adc(6);
delay us(120);

H

for (y =0; y < 128; y++) {
rst=1;
display(1);

if(y<64){

for (n=0; n < 128; nt++) {

s =s+ (adc[n] * cos((6.2831) *y *n/
128));

q=q + (adc[n] * sin((6.2831) * y *n/
128));

}

fly] = sqrt((s * s + q * q));
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zadd(0);
else{ write(gambar10[x]);
if(y==64){ delay us(1);
fly] = 1163]; j elseif (fly] > 150 && fly] <= 175) {
} xadd(x);
else{ yadd(y);
fly] = 1]128-y]; zadd(0);
} write(gambarl 1[x]);
} delay us(1);
led clear(); }else if (fly] >= 175 && fly] <= 200) {
led gotoxy(0, 0); xadd(x);
13print(buffer, “f[%u] = %1, y, {[y]); yadd(y);
lcd_puts(buffer); zadd(0);
write(gambar12[x]);
for (x=0; x <8§; x++) { delay us(1);
if (y >=64&&y<=127) {
csl =1, } else if (fly] >= 200 && fly] <= 225)
{
cs2=0;
xadd(x);
else {
yadd(y);
csl =0;
zadd(0);
cs2=1;
\ write(gambar13[x]);
if (fTy] <= 150) {
delay us(1);
xadd(x);
} else if (fly] >= 225 && f]y] <= 250) {
yadd(y);

xadd(x);



yadd(y);

zadd(0);

write(gambarl4[x]);

delay us(1);

} else if (fly] >= 250 && f[y] <= 275) {
xadd(x);

yadd(y);

zadd(0);

write(gambar15[x]);

delay us(1);

} else if (fly] >= 275 && fly] <= 300) {
xadd(x);

yadd(y);

zadd(0);

write(gambarl6[x]);

delay us(1);

} else if (fly] >= 300 && fy] <= 325) {
xadd(x);

yadd(y);

zadd(0);

write(gambarl7[x]);

delay us(1);

Velse if (fy] >= 325 && f[y] <= 350) {

xadd(x);

yadd(y);
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zadd(0);
write(gambar20[x]);
delay us(1);
} else if (fly] >=350 && fly] <=375) {
xadd(x);
yadd(y);
zadd(0);
write(gambar21[x]);
delay us(1);
} else if (fly] >=375 && fly] <=400) {
xadd(x);
yadd(y);
zadd(0);
write(gambar22[x]);
delay us(1);
} else if (fly] >= 400 && fly] <=425) {
xadd(x);
yadd(y);
zadd(0);
write(gambar23[x]);
delay us(1);
} else if (fly] >=425 && fly] <=450) {
xadd(x);
yadd(y);

zadd(0);



write(gambar24[x]);
delay us(1);
} else if (fly] >= 450 && fly] <= 475) {
xadd(x);
yadd(y);
zadd(0);
write(gambar25[x]);
delay_us(1);
} else if (fly] >= 475 && f[y] <= 500) {
xadd(x);
yadd(y);
zadd(0);
write(gambar26[x]);
delay_us(1);
} else if (fly] >= 500 && fly] <= 525) {
xadd(x);
yadd(y);
zadd(0);
write(gambar27[x]);
delay us(1);
} else if (fly] >= 525 && fly] <= 550) {
xadd(x);
yadd(y);
zadd(0);

write(gambar30[x]);

delay us(1);
} else if (fly] >= 550 && fly] <= 575) {
xadd(x);
yadd(y);
zadd(0);
write(gambar31[x]);
delay_us(1);
} else if (fly] >= 575 && fly] <= 600) {
xadd(x);
yadd(y);
zadd(0);
write(gambar32[x]);
delay us(1);
} else if (fly] >= 600 && fly] <= 625) {
xadd(x);
yadd(y);
zadd(0);
write(gambar33[x]);
delay us(1);
} else if (fly] >= 625 && fly] <= 650) {
xadd(x);
yadd(y);
zadd(0);
write(gambar34([x]);

delay us(1);



} else if (fly] >= 650 && fly] <= 675) {
xadd(x);
yadd(y);
zadd(0);
write(gambar35[x]);
delay us(1);
} else if (fy] > 675 && fy] <= 700) {
xadd(x);
yadd(y);
zadd(0);
write(gambar36[x]);
delay us(1);
} else if (fly] >= 700 && fly] <= 725) {
xadd(x);
yadd(y);
zadd(0);
write(gambar37[x]);
delay_us(1);
} else if (fly] >= 725 && fly] <= 750) {
xadd(x);
yadd(y);
zadd(0);
write(gambar40[x]);
delay us(1);

Velse if (fy] >= 750 && f[y] <= 775) {

xadd(x);
yadd(y);
zadd(0);
write(gambar41[x]);

delay us(1);
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}else if (fly] >= 775 && fly] <= 800) {

xadd(x);
yadd(y);
zadd(0);
write(gambar42[x]);

delay us(1);

} else if (fly] >= 800 && fly] <= 825) {

xadd(x);
yadd(y);
zadd(0);
write(gambar43[x]);

delay us(1);

}else if (fy] >= 825 && fy] <= 850) {

xadd(x);

yadd(y);

zadd(0);

write(gambar44[x]);

delay us(1);

Velse if (fy] >= 850 && fy] <= 875) {



xadd(x);
yadd(y);
zadd(0);
write(gambar45[x]);
delay us(1);
} else if (fly] >= 875 && fly] <= 900) {
xadd(x);
yadd(y);
zadd(0);
write(gambar46[x]);
delay_us(1);
} else if (fly] >= 900 && fly] <= 925) {
xadd(x);
yadd(y);
zadd(0);
write(gambar47[x]);
delay us(1);
} else if (fly] >= 925 && fly] <= 950) {
xadd(x);
yadd(y);
zadd(0);
write(gambar50[x]);
delay us(1);
} else if (fly] >= 950 && fly] <= 975) {

xadd(x);
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yadd(y);
zadd(0);
write(gambar51[x]);
delay us(1);
} else if (fly] >= 975 && fly] <= 1000) {
xadd(x);
yadd(y);
zadd(0);
write(gambar52[x]);
delay us(1);

Velse if (f[y] >= 1000 && f[y] <= 1025)

xadd(x);

yadd(y);

zadd(0);
write(gambar53[x]);
delay us(1);

} else if (fly] >= 1025 && f]y] <= 1050)
xadd(x);

yadd(y);

zadd(0);
write(gambar54[x]);
delay us(1);

} else if (fly] >= 1050 && f]y] <= 1075)
xadd(x);

yadd(y);

zadd(0);



write(gambar55[x]);
delay us(1);

yelse if (fy] >= 1075 && f[y] <= 1100)

xadd(x);

yadd(y);

zadd(0);
write(gambar56[x]);
delay us(1);

Velse if (ffy] >= 1100 && f[y] <= 1125)

xadd(x);

yadd(y);

zadd(0);
write(gambar57[x]);
delay us(1);

} else if (fy] >= 1125 && fly] <= 1150) {

xadd(x);

yadd(y);

zadd(0);
write(gambar60[x]);
delay us(1);

Velse if (ffy] >= 1150 && f[y] <= 1175)

xadd(x);

yadd(y);

zadd(0);
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write(gambar61[x]);
delay us(1);

Velse if (ffy] >= 1175 && fy] <= 1200)

xadd(x);

yadd(y);

zadd(0);
write(gambar62[x]);
delay us(1);

Velse if (fy] >= 1200 && fy] <= 1225)

xadd(x);

yadd(y);

zadd(0);
write(gambar63([x]);
delay us(1);

b else if (fTy] >= 1225 && f[y] <= 1250)

xadd(x);

yadd(y);

zadd(0);
write(gambar64[x]);
delay us(1);

}else if (fy] >= 1250 && fly] <= 1275)

xadd(x);

yadd(y);



zadd(0);
write(gambar65[x]);
delay us(1);

Velse if (ffy] >=1275 && fy] <= 1300)

xadd(x);

yadd(y);

zadd(0);
write(gambar66[x]);
delay us(1);

} else if (fly] >= 1300 && f]y] <= 1325)

xadd(x);
yadd(y);
zadd(0);
write(gambar67[x]);

delay us(1);

}else if (fy] >= 1325 && f[y] <= 1350) {
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yadd(y);
zadd(0);
write(gambar71[x]);

delay us(1);

}else if (fly] >= 1375 && fly] <= 1400)

xadd(x);
yadd(y);
zadd(0);
write(gambar72[x]);

delay us(1);

}else if (fly] >= 1400 && f]y] <= 1425)

xadd(x);
yadd(y);
zadd(0);
write(gambar73[x]);

delay us(1);

xadd(x); } else if (fly] >= 1425 && f]y] <= 1450) {
yadd(y); xadd(x);
zadd(0); yadd(y);
write(gambar70[x]); zadd(0);
delay us(1); write(gambar74[x]);
} else if (fly] >= 1350 && f]y] <= 1375) delay us(1);

} else if (fly] >= 1450 && f]y] <= 1475)
xadd(x); {



xadd(x);

yadd(y);

zadd(0);
write(gambar75[x]);
delay us(1);

}else if (fy] >= 1475 && fly] <= 1500)

xadd(x);

yadd(y);

zadd(0);
write(gambar76[x]);
delay us(1);

yelse if (f[y] >= 1500 && fy] <= 1525)

xadd(x);
yadd(y);
zadd(0);
write(gambar77[x]);

delay us(1);

yelse if (fy] >=1525 && fy] <= 1550) {

xadd(x);
yadd(y);
zadd(0);
write(gambar80[x]);

delay us(1);
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} else if (fly] >= 1550 && fly] <= 1575) {

xadd(x);
yadd(y);
zadd(0);
write(gambar81[x]);

delay us(1);

Velse if (fy] >= 1575 && fy] <= 1600)

xadd(x);
yadd(y);
zadd(0);
write(gambar82[x]);

delay us(1);

Velse if (fy] >= 1600 && fy] <= 1625)

xadd(x);
yadd(y);
zadd(0);
write(gambar83([x]);

delay us(1);

Velse if (fy] >= 1625 && f[y] <= 1650) {

xadd(x);
yadd(y);
zadd(0);

write(gambar84[x]);
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delay us(1); zadd(0);
b else if (fly] >= 1650 && fly] <= 1675) write(gambar87[x]);
delay us(1);
xadd(x);
Voelse if (fTy]>1725)¢
yadd(y);
xadd(x);
zadd(0);
yadd(y);
write(gambar85[x]);
zadd(0);
delay us(1);
write(gambar87[x]);

} else if (fly] >= 1675 && fly] <= 1700)
delay us(1);

xadd(x); ¥
yadd(y); H
zadd(0); }
write(gambar86([x]); csl=1;
delay us(1); cs2=1;

b else if (fly] >= 1700&&A]y]<=1725) { delay_ms(6000);
xadd(x); 35

yadd(y); }
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Features

* High-performance, Low-power AVR® 8-bit Microcontroller

* Advanced RISC Architecture

— 131 Powerful Instructions — Most Single-clock Cycle Execution

— 32 x 8 General Purpose Working Registers

— Fully Static Operation

— Up to 16 MIPS Throughput at 16 MHz

— On-chip 2-cycle Multiplier

* Nonvolatile Program and Data Memories

— 16K 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-While-Write Operation

— 512 Bytes EEPROM

Endurance: 100,000 Write/Erase Cycles

— 1K Byte Internal SRAM

— Programming Lock for Software Security

* JTAG (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
* Peripheral 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

* Special Microcontroller Features

— Power-on Reset and Programmable Brown-out Detection

— Internal Calibrated RC Oscillator

— External and Internal Interrupt Sources

— Six Sleep Modes: Idle, ADC Noise Reduction, Power-save, Power-down, Standby
and Extended Standby

* I/0 and Packages

— 32 Programmable 1/O Lines

— 40-pin PDIP, 44-lead TQFP, and 44-pad MLF

* Operating Voltages

—2.7-5.5V for ATmegal6L

—4.5-5.5V for ATmegal6

* Speed Grades

— 0 -8 MHz for ATmegal6L

—0-16 MHz for ATmegal6

* Power Consumption @ 1 MHz, 3V, and 25[/C for ATmegal6L

— Active: 1.1 mA

— Idle Mode: 0.35 mA

—Power-down Mode: <1 pA

C-1



Pin Configurations Figure 1. Pinouts ATmega16
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Disclaimer Typical values contained in this datasheet are based on simulations and characterization
of other AVR microcontrollers manufactured on the same process technology. Min and Max values will be

available after the device is characterized.
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Overview The ATmega16 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 ATmega16 achieves
throughputs approaching 1 MIPS per MHz allowing the system designer to optimize power consumption
versus processing speed.

Block Diagram Figure 2. Block Diagram
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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 resulting architecture is more code
efficient while achieving throughputs up to ten times faster than conventional CISC microcontrollers.

The ATmega16 provides the following features: 16K bytes of In-System Programmable Flash Program
memory with Read-While-Write capabilities, 512 bytes EEPROM, 1K byte SRAM, 32 general purpose |/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, SPI port, and interrupt system to continue functioning. The Power-down mode
saves the register contents 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 I/O modules except Asynchronous 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. Software 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 ATmega16 is a powerful
microcontroller that provides a highly-flexible and cost-effective solution to many embedded control
applications. The ATmega16 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.

Pin Descriptions

VCC Digital supply voltage.

GND Ground.

Port A (PA7..PAQ) Port A serves as the analog inputs to the A/D Converter. Port A also serves as an 8-
bit bi-directional I/O port, if the A/D Converter is not used. Port pins can provide internal 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 PAO 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.

Port B (PB7..PB0) Port B is an 8-bit bi-directional 1/0 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 ATmega16 as listed

on page 56.

Port C (PC7..PCO0) Port C is an 8-bit bi-directional I/O 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
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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 activated even if a reset occurs. Port C also serves the functions of the JTAG interface
and other special features of the ATmega16 as listed on page 59.

Port D (PD7..PD0) Port D is an 8-bit bi-directional I/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 ATmega16 as listed

on page 61.

RESET Reset Input. A low level on this pin for longer than the minimum pulse length will generate

a reset, even if the clock is not running. The minimum pulse length is given in Table 15 on page 36.
Shorter pulses are not guaranteed to generate a reset.

XTALA1 Input to the inverting Oscillator amplifier and input to the internal clock operating circuit.

XTAL2 Output from the inverting Oscillator amplifier.

AVCC AVCC is the supply voltage pin for Port A and the A/D Converter. It should be externally

connected to Vcc, even if the ADC is not used. If the ADC is used, it should be connected to Vcc through
a low-pass filter.

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

Register Summary

Address BitT Bit 6 Bit 3 Bitd Bit3 Bit 2 Bit 1 Bit0 Page
| T 3 B K z c 7
- - - - - EaE 5F2 5P 10
SPT EPE 8PS 5P4 EP3 5P2 &M SF0 10
TImEnCounten O Corpars Regsier EE]
INT1 NTO INT2 = - - VSEL WCE 4E, EY
INTF1 NTFZ - - - - - ]
OCIEZ TICIEY OCIE1A OCIE1B OCIED TOIED 83, 114, 132
oCcF2 ICF1 DCFiA 2CF1B OCFO ToMD 84, 115, 132
EFMIE = RWVINERE SLBEET FGERS SFMEN 248
TWINT TWSTA TWSTO iz = TWIE 178
SN2 SM1 5Md 1 12C01 SC00 20, EE
JTD = JTEE EXTRF FORF 35, €7, 225
FOC2 OO ConoD cE CEOD ai
TimerCounterd (2 SHs) a3
Dziliator Calloration Sglster 28
Cnr-Chip Debug Reglster 225
ADTEZ ADTE] ADTED = ACME FUC FER2 FER1D S5.BE,133,155.21%
COMIAL COM1AD CoM1B COMIED FOC1A FoCiB WEMi1 WSHMID 108

ICHEA ICEE1 = WGEM2 WEM12 CE12 o8 CBI1d 2
TimenCounier] — Counter Regisher High Byl 3
TimerCounier] — Counter Regisher Low 3
TimenCounter! — Cutput Compars Ragister A High Byte 113
TimeEnCounter — Ouisst Compars Register A Low Syls 2
L 3
L 3

Eyie

mEnCountEr — O r B High Eyte
r B Low Syl

menCounteri — O

mieniCounter] — Input Capture Regisher Sigh Syte
meniCounter] — Input Capture Ragisher Low Syte

: FoCz cowan weMzi | csz | cs¢ | cEm 127

TCNTZ TImenCounterz i Eiz) 123

CCR2 TimenCounter Ouiput Compars Regisier 129

ASSR - - - - AS2 | Tonaus | ocR:uUB | TORIUB 130

WOTCR - - - WOTOE WoE | wosz | woer | woes 1

UBRAS URSEL - - - UBRA[H4:5] 155

UCEAC URSEL UMBEL UPLH LEND wses | ucsz ucszo | woPou 154

EZAR - - - - - [ - - [ Ezam: 7

EEARL EEFROM Address Regisier Low Eyte T

EEDR EEFROM Dats Regster 7

EEGR - - - - EEWE EERE 7

FORTA FORTAT FORTAS FORTAS FORTA4 FORTAI FORTAD 54

1A 15340 DORA DoAT o0AE COMs Dowe Dol DOAZ 54
513 (533 EINA FINAT PIMAS FINAS PINAS EiKA1 PINAT 54
5151338 FORTE FORTET FORTES FORTBS FORTE FORTE FoRTED 54
5174337 JORE o0E7 ooEs ooss ooB4 ) posd 54
3151335 EIHE EiNET PSS FinEs FINES FINE1 FINED 54
3150328 FORTC FORTCT PORTCS POATCS FORTCS PORTC PORTCD 6
514 (534) DoRC pocT i oocs pocs ooct poco 55
513:533) FING FIKCT Flhcs FiC FINC1 FINCT 55
5124532) FORTD FORTDT FORTDS FOATDS FORTED4 PCATDA FoRTDI 55
5116331 oORD poo? DoDs DooS DoD4 ooot DOCO 55
5124520) FIND FIKDT ko3 FINDS FIRND4 FIND1 FINDC 55
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SFOR 5F Cas: Segisier 140
SPER ser | weaoe | - | - | - [ - | - [ sPiax 140
SPCR sfE | == | ooro | msTR | cFor | cPea | PRt | sPRd 138
uoH USAST U0 Daka Register 161
WCERA e | mc | uwomre | fE | oom | PE |  wmx | wrcw 162
WCERE rxcie | Teele | womie | mxew | teen | woszz | mxms [ TeEs 163
JERRL USAST Baud Rate Repizier Low Exte 168
ACSR ACD ACEG ACO ACl ATE ACIC ACIS ACISD 200
ATMUX sEFE1 REFE] ATLAR ML MUx3 MUz Mux 1 ML 215
ADCERA ADEN ADEC ADATE ADIF ATUE ADPE2 ADFE1 ADFED 217
ATH ADC Data Register High Byl 218
ADCL ADC Data Repisier Low Syte 218
TWDR Two-alre Sarial imierace Cata Sacister 180
TAR TWAS A5 Tiaad Twaz A2 T TwAD TWGCE 180

1. When the OCDEN Fuse is unprogrammed, the OSCCAL Register is always accessed on this address. Refer to the
debugger

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 1/0O 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 SBI instructions will
operate on

all bits in the I/O Register, writing a one back into any flag read as set, thus clearing the flag. The CBI and SBI
instructions

work with registers $00 to $1F only.
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Speed (MHz) Power Supply Crdering Code Package Orperation Range

8 2.7-548v ATmegaloL-2aC 248 Caommercial
ATmegaldl-grc 40P8 (0°C to 70°C)
ATmegaldl-gMc 4401
ATmegaldl-2al A48 Industrial
ATmegaldl-gF 40P8 (-40°C 1o B5°C)
ATmegaldl-2M 4401

16 4.5- 548V ATmegald-184C 248 Caommercial
ATmegald-1e8rc 40P8 (0°C to 70°C)
ATmegald-1eMc 44M1
ATmegald-184l A48 Industrial
ATmegald-187I 40P8 (-40°C to 85°C)
ATmegald-1aM 4401

Packaging Information
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1. Basic Specifications

1.1 Display Specifications
1) LCD Display Mode - STN, Megative, Transmissive

2) Display Calor - Display Data = 1" : Light Gray (*1)
: Display Data = “0" : Deep Blue (*2)
3) Viewing Angle cBH
4) Driving Method - 1/64 duty, 1/ Sbias
5) Back Light - White LED backlight
Mote:

*1. Color ione may slightly change by Temperature and Driving Condsion.
*2. The Color iz defined as the inactve / background color

1.2 Mechanical Specifications

1) Outline Dimension 193.0x 70.0 x 13.8MAX
(see attached Outline Drawing for details)

1.3 Block Diagram

BLA, DL — LED Backlight Circuit
=
S 5 LCD Panel
85z 128 x 64 pixels
% 8
S
G SeB010E SEB0108
— DWer
\{,%E,'—\fsv‘g_ qust_er or or
Circuit equivalent equivalent
D80 - D7 i |
RS, RIW, E, IRST !
CSsi

cs

D-1



1.4 Terminal Functions

Pin Pin o

No. | Name Descriptions

1 WSS | Power | Negative Power Supply, Ground (0V)

VDD | Power | Positive Power Supply

2

3 Yo Power | LCD Contrast reference

4 RS Input | RS =H; DBO — DBT = Display RAM data
RS = L; DBO — DBY = Instruction data

RW | Input | In read mode

[sp] [

E Input RW=H,
Data read form the LCD module,
data appears at DBO — DBT and can be read by the host
while, E = H and the device is being selected
In write mode
RW=L,;
Data write to the LCD module,
data appears at DBO — DBT will be written into the LCD module
at E = H=L and device is being selected

T DB0 [1[e] Data bus;

Three state /O terminal for display data or instruction data

14 | DB7 | 1O

15 | CS1 Input | Chip selection,
When C31=1{*1)
enable access to the Left Side (84 column) of the LCD module

16 | CS2 | Input | Chip selection
When C52=1{*1)
enable access to the Right Side (64 column) of the LCD module

17 | /RST | Input | Reset signal
/RST =L,

Display off

display start line register becomes 0

no command or instruction data could be accepted
/RST =H,

Mormal running

18 [ VOUT | Output | Power Booster output for VO

19 | BLA | Power | Positive Power for LED backlight

20 [ BLK | Power | Negative Power for LED backlight

*1. Display or instruction data could write into the LCD module’s driver/controllers individually
or at the same time.
Cnly read display or instruction data form one of the driver/controller in the LCD module at
a time, otherwise unexpected data collision may oceur.




2. Absolute Maximum Ratings

Items Symbol Min. Max. Unit | Condition
Supply Voltage Voo 0 7.0 W Vas =0V
Operating Temperature Tor -20 70 °C | Mo Condensation
Storage Temperature Ter -30 80 *C No Condensation

Cautions:

Any Stresses exceeding the Absclute Maximum Ratings may cause substanfial damage to the
device. Functional operation of this device at other conditions beyond those listed in the
specification is not implied and prolonged exposure to extreme conditions may affect device

reliability.
3. Electrical Cha

racteristics

3.1 DC Characteristics
Wee=0V, Won =5V, Toe =26°C

ltems Symbol | MIN. | TYP. | MAX. [ Unit | Applicable Pin
Operating Voltage Voo 4.8 5.0 52 v VDD
Input High Voltage Vi 35 - Voo I RS, RAW, E, C51, CS2,
Input Low Voltage Wi 0 - 04 W DBO-DBT
Operating Current lop 6.5 15 mA | VDD, V33
3.2 LED Backlight Circuit Characteristics

".’5LH=U".’: |f5L3=BDmA. Tc.p=25:C
ltems Symbol MIN. TYP. MAX. Unit | Applicable Pin
Forward Veltage Wisia - 49 - YV | BLA BLK
Farward Current IfeLa - 120 mé& | BLA, BLK

BLA

BLK
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3.3 AC Characteristics

Wog=W, W, =5V, T, =25:C
ltem Symbal BN TYP. MAX. Unit
E oycle fime tc 1500 - - ns
E high lewel width iwh 700 - - ns
E low lewe’ widih bl pue] - - ns
E rise fime r - - 1B ns
= fall ime [ui - - & ns
Address sei-up tme tasu 210 - - ns
Sddress hold fime tah 15 - - ns
Data set-up iime tdsu 300 - - ns
Diata celay tme td - - 230 ns
Diata hald time (write] tdkus i5 - ns
Diata hald time (read] tdhr 3 ns

— =]

t I

tr—— b 3

tagu=—] |- it
R W Y

tasu ———tah
&5,

_,_I =
L3l, CEE }{ :X

by ] j——— e
DED - DBET

Hist Write Timing Diagram

W

[]
1+
n

et 431
E
tir—] [—tulr—=] [—tf
tosu=={ |= tah
v/ N
tosy=—={ |= '-'| tak
R4S X }{
C81, C52

— td tohe
TEO - NR7 &

Hos: Read Timng Diagram
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4. Function Specifications

4.1 Basic Setting
To drive the LCD module correctly and provide normally display, please use the following setting

Display stari line (£ address)= 0
LCD Display = on

MNote:
These setting/commands should issue to both controllers while start up.
See the Display Confrol Instructions section for details.

LCD module
4.2 Adjusting the LCD display contrast VDD
A Variable-Resistor must be connected to the
LCD module for providing a reference to V0.
Adjusting the VR will result the change of LCD —; V0
display contrast. 23 VR
The recommended value of VR is 25k to 50k L —
z VOuT
2
V8S

4.3 Resetting the LCD module
The LCD module should be initialized by setting /RST terminal at low level when turning the power
on.

When /RST pull low, the LCD module will:
- Display off
- Display start line register hecomes 0. (Z-address=0}

While /RST is low, no instruciion can be accepted except status read. Therefore, execute other
instructions after making sure that DB4=0 {clear /RST) and DBE7=0 (ready) by status read
instruction. The conditions of power supply at initial power up are as follow;

Item Symbol MIN. TYP. | MAX. Unit
Reset time trs 2.0 - - us
Rise time ir - - 150 ns




4.4 Display Memory Map

Page (X) . L
address data LCD Display (front view)

D0 g

0 : g
D7 _ _ )
D0 "

1 3 :
% e s

2 I:::‘ E

3 Dl: ...:.. rmn = "
o7 .

p Bz 128)(64 p|XEIS .....................
Ef: , . .

il :
D-: --------------------------------------------------------------------------------
DO

g :
D-: --------------------------------------------------------------------------------
D0 :

7 o i

ColumniY) Address 00h = 3Fh 00h = 3Fh
Chip Select CS1=1, C52=0 C51=0, C32=1

MNote:
1) Display star line (Z address) =0
2) The Display Data store separately in two drivers.
3) The Display Data for the left section could be accessed by C51=1.
The Display Data for the right section could be accessed by CS2=1.

4.5 Internal Registers

There are three registers in each secfion of LCD module. Each of them could be controlled
independently.

FPage (X) Address Register
X address register designates pages of the internal display data RAM. Count function is not
available. The address should set by instruction.

Column (Y) Address Counter
Y address counter designates address of the internal display data RAM. It could be set by
instruction and is increased by 1 automatically by read or write display data operations.

Display Start Line (7) Register
Z address register indicates of display data RAM to LCD top line. It may be used for scrolling the
display pattern on the LCD.
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5. Design and Handling Precaution

~Nom ks e M

@®

10.
11.
12.
13.
14.

15.
16.

17.
18.

The LCD panel is made by glass. Any mechanical shock (eg. dropping form high place)
will damage the LCD module.

Do not add excessive force on the surface of the display, which may cause the Display
color change abnormally.

The polarizer on the LCD is easily get scratched. If possible, do not remove the LCD
protective film until the |ast step of installation.

Never attempt to disassemble or rework the LCD module.

Only Clean the LCD with Isopropyl Alcohol or Ethyl Alcohol. Other solvents (eg. water)
may damage the LCD.

When mounting the LCD module, make sure that it is free form twisting, warping and
distortion.

Ensure to provide enough space (with cushion) betwsen case and LCD panel to
prevent external force adding on it, or it may cause damage to the LCD or degrade the
display result.

Only hold the LCD module by its side. Mever hold LCD module by add force on the heat
seal or TAB.

Never add force to companent of the LCD module. It may cause invisible damage or
degrade of the reliability.

LCD module could be easily damaged by static electricity. Be careful to maintain an
optimum anti-static work environment to protect the LCD module.

When peeling off the protective film from LCD, static charge may cause abnormal
display pattem. It is normal and will resume to normal in a short while.

Take care and prevent get hurt by the LCD panel sharp edge.

Never operate the LCD module exceed the absolute maximum ratings.

Keep the signal line as short as possible to prevent noisy signal applying to LCD
module.

Never apply signal to the LCD module without power supply.

IC chip (eg. TAB or COG) is sensitive to the light. Strong lighting environment could
possibly cause malfunction. Light sealing structure casing is recommend.

LCD module reliability may be reduced by temperature shock.

When storing the LCD module, avoid exposure to the direct sunlight, high hurmidity, high
temperature or low temperature. They may damage or degrade the LCD module



