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Asynchronous General /O Flash and
Timer/Counter Modules Abc CRU Core RAM EEPROM
A A A A A A A A
Clkpe
ok, AVR Clock ok,
Contrel Unit
Clk gy [+ | Vg,
A A
Reset Logic Watchdog Timer
F 1 ;
Source Clock Watchdog Clock
Clock Watchdog
Multiplexer Oscillator
A A A A
Timer/Counter External RC External Clock Crystal Low-freguency Calibrated RC
Oacillator Oacillator Cscillator Crystal Oscillator Oscillator

o 2 e ol 3L e 5 ot illes 5 o35 CKSEL (b s (6 s SOIS e Ol

ML&J}‘JRC )}.‘;DL:M:‘ cuﬂjﬁﬂcwbu*l:)bjoby&LCKSEL LQLA

Device Clocking Option CKSEL3..0
External Crystal/Ceramic Resonator 1111 -1010
External Low-frequency Crystal 1001
External RC Oscillator 1000 - 0101
Calibrated Internal RC Oscillator 0100 - 0001
External Clock 0000
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CKSEL3..0 Nominal Frequency (MHz)
0001t 1.0
0010 20
0011 4.0
0100 80
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0101 =09
0110 09-3.0
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Frequency Range

Recommended Range for Capacitors

CKOPT CKSEL3..1 (MHz) C1 and C2 for Use with Crystals (pF)
1 101M 04-09 -
1 110 0.9-3.0 12-22
1 111 3.0-80 12-22
0 101, 110, 111 1.0= 12-22

Note: 1. This option should not be used with crystals, only with ceramic resonators.

50 SUT[1:0] e rb'«{c,.:{j.s CKSEL (sla cosygd (¢ abow g ol Sl SUS Cjt,a ;\&UAL{C
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Sl A le oS s >}>_,Reset@;aoMega16 s askd ;3 5 S Al Reset Sls 5l el 2o

1. Power-on Reset
2. External Reset

3. Brown-out Reset
4. Watchdog Reset
3. JTAG AVR Reset

Reset @l;.a
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Symbol | Parameter Condition Min Typ Max Units
Power-on Reset .
Threshold Voltage (rising) 4 23 v
Veort Power-on Reset
Threshold Voltage 1.3 23 v
(falling)"
RESET Pin Threshaold
Vog RRY OV,
RET Voltage 0.1 cc 0.9 cC v
Minimum pulse width on
'"sT | RESET Pin 15 | ws
v Brown-out Reset BODLEWVEL =1 25 2.7 3.2 Q
(2)
BOT Threshold Yoltage BODLEVEL = 0 57 40 49
Minimum low voltage BODLEVEL =1 2 Us
teon period for Brown-out
Brown-out Detector
Vs hysteresis go mv/
e e pl AEL edd pend A S Vee Wy Sl Jed Ly Power-on Reset A
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MCU Control and Status Register
MCUCSR | 7 6 |5 4 3 2 1 0
S gl - | JTRF | WDRF | BORF | EXTRF | PORF

ol CPU suss g5l00 6l &el Reset b 1 Salis s e 0L oS ol Sledlbl (6 e e 0]
Reset o, 30 5 U s SU bﬁﬁmw,ﬂ,@&:yp%pgﬁﬁo,\;\,}j\mﬂp\ o e

Bit 0 — PORF: Power-on Reset Flag
Bit 1 - EXTRF: External Reset Flag
Bit 2 — BORF: Brown-out Reset Flag
Bit 3 — WDRF: Watchdog Reset Flag
Bit 4 — JTRF: JTAG Reset Flag

-\ .
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void main ()

{
while (1) {

ol a5 il 5

LS o Jloyl sylklsl =5 = o 1y Hello World (¢ a5 g el s sl @
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#include<stdio.h>

void main ()

{
printf ("Hello World!");
while (1) ;

! a&)\bﬁﬁéu JN))‘ J‘}‘b

LS o alasl g il S oslwl While(1)
AT e I e Sl a sleml 5 @
.JS@M\JJJLQW}@UQL;L@;;\j\.L:{\Brace °

nn J.‘

g n eslinal pta g and) G slenl s Il 055 asle sl

Dyl o eslitnl Sles 5 xi g gl /T F Ly e
.&b&ciﬁQ}C4j¢uﬂﬂﬁfLJu4Mbi.

Jsb 5258 o, g2 S SO L LIS e fmamen 5 il ol 555, SlalS 51 Llg o s sl @
AL SLE Y S Wb s ol

By o BB sl S5 5 S S Gy~ e s ol Case Sensitive ob; S C @

(f, char, while,... J2) 250 eslinn) xS G > L b L= ol 555, SIS @
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abadl 5l Sl (sl slatas pU CSl pny iie by 15 @

chara; :Jles e gy ke ol ke i i p 5 @

a6l t\;;\

Type Size (Bits) Range

bit 1 0,1

char 8 -128 to 127

unsigned char 8 0 to 255

signed char 8 -128 to 127

int 16 -32768 to 32767

short int 16 -32768 to 32767

unsigned int 16 0 to 65535

signed int 16 -32768 to 32767

long int 32 -2147483648 to 2147483647

unsigned long int 32 0 to 4294967295

signed long int 32 -2147483648 to 2147483647

float 32 +1.175e-38 to £3.402e38

double 32 +1.175e-38 to £3.402e38
int b@0xA3; :Jlee oS o o3l @ Shes 5l pize iy x5 e oS gl @

oS o o3linal e ol I L5 eeprom S ¢ 4S5l EEPROM (g abasl> 5 aze i 5 gl @

eeprom int code; ;e
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chars ="a'; :Jle Bl adsl Gl e 4 iy a5 Oley 3 Olg o @
const float pi =3.14 5  :Jlwe 555 s el flash L const oS g aalS Lol iy @
Fosh o i ol (51 S (solle LIl al 3 el a5 Sbe Ol e FdEfIne s, L@
.Jj,.fl: @wjiil" CAU)‘JJ.ALo.b)‘Dﬁﬂ .)ﬂ.wj: el @'Jﬁﬁﬂbw‘g oJ;M b oals

#define code 100 ; 2l

s 9 e sl Ses

s Ja s Sles Shas
1 Y Oy *
Y0 o/Y V':“'L' /
q v o +
) A-Y G
) (K¥AY skilesdly %
0x00 0xFO & OxOF AND &
0x03 0x00 | 0x03 OR |
OxFO OxOF " OxFF XOR n
O0xOF ~(0xFO0) S oS -~
OxOF 0xFO0 >> 4 Sl 4 >>
O0xFO OXx0F << 4 xR S <<

R A
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i Jes s Slas e
a=ax-1 -a A -
aza+1l | a++ | LLSABH 4t
a—a-1 a-- Al Sy el -
Sl ano e Lgl.asjfl,«.o
i Jie SSles Lles
False 2>3 Ao >
True 'm'>'e’ S <
True 5>=5 Ssbr b Son | o>z
True 25<=4 | St Sos | <=
False '‘A' =='B' Ssls ==
True 2!=3 st I=

- VY-
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Jle

False | (2>3)&&(11=3)

Lf5.1::.»AND &&

True | (a'<d)||(10) | ~&=OR I

False I(7>5) o2k !
a®b a=b <Ll =
a=a*b | ar*=b | <WSlso2 *=
a=a/b a/=b Slsl g s /=
a=atb | at=b | <Ll +=
a=a-b a-=b LSl G A =

Jlais value 31
X plpa st e

P lsl | a=(value)?xy

Al Sosanl i s
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int a[5]; Jie @

inta[5] = {1,2,3,4,5}; gl e b

b ite 55 e ool e ot sla][0mm pobis slis]y g gl i s @

int a[2][3]={{1,2,3},{4.5,6} }; 1l

.;p@@,;:p;\ug\jw,u\cgupj); °

um‘)

Aea s SIS ol wl)l s azs
char name[ | ="Test"; Jie @
char name[5]={"T",'e",'s",'t' \0"}; L

Lyd oo NUll SIS G oyl pon bsani, @

R 2
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%’B‘S‘Jdﬂgw

:goto , zws @

D bl ez S BB 0N Sy

if - else ;=L @

1f (byd)
Vol grws;
else
Y Ol gass
B Gl Iy brace olg e il ot S Ol &S Sy s Y

Sl olaslelse SOl el V)

' #include<stdio.h>

void main(){
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printf("Enter a Number: ");
scanf("%d",&a);

if(a==0)

printf("You've entered zero\n");
else if(a>0)

printf("'You've entered a positive number\n");
else

printf("You've entered a negative number\n");

Switch - Case ,tsl. O

switch (i)

case. Y ,ldis:

Vool siws;?
break;
case Y luae:
Yol siwsy

break;

R
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default:

n ol sws;

“#include<stdio.h>
évoid main () {

int a;
printf ("Enter Month of your birth: ");

scanf ("%d", &a) ;
switch (a) {

case 1:
case 2:
case 3: printf("You've born is spring\n");

break;

case 4:
case 5:
case 6: printf("You've born is summer\n");

break;

case 7:
case 8:

case 9: printf("You've born is autumn\n");



case 10:
case 11:
case 12: printf("You've born is winter\n");

break;

default: printf ("Error! Enter a number between 1-

12\n")

While ,tsl. @

while (b,2)

{

Ol st

“#include<stdio.h>

évoid main () {
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printf ("Enter E to exit\n");

while(a != '"E') a=getchar();

Do/While ,tsl. @

do{
B PPV

} while (b,2)

g o Ll LS Bl il

For s > O
for (ads gl Jluis ; OLL b o5 (alST)

{

Ol gy

-v4.
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é#include<stdio.h>
évoid main () {

int a,i;

long int fact=1l;

printf ("Enter a Number: ");

scanf ("%d", &a) ;

if (a<0)
printf ("Error! You must Enter a positive number\n");
else 1f (a==0)
printf ("Factorial of 1 is 1\n");
else(
for(i=1;i<=a;i++)
fact*=1i;
printf ("Factorial of %d is %d\n",a, fact);

}
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"’j*j“L;‘LS‘dl"ﬁj‘-bﬁdjigcjﬁd&lgbreak)w; v

g Sl a5l a5 e B ge Ol ) grs anlsl gl s sd e el continue | sz.s 4

-

&y

AL o Do 4 mls s

E I o3ls Cy @U ¢U (@U 6L€-;L°j§j)

GU Ol gwd

;#include <stdio.h>
' long int cube (int x);

Evoid main () {
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int a;

printf ("Enter a number: ");
scanf ("%d", &a) ;

printf ("Cube of %d is %d\n",a,cube(a));

Elong int cube (int x) {

return xX*x*x;

é#include<stdio.h>
Eint _max (int a,int b);
Evoid main () {
int a,b;
printf ("Enter Two Numbers: ");

scanf ("%d%sd", &a, &b) ;

printf ("Maximum of %d and %d 1is %d\n",a,b,_max(a,b));é
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int max(int a,int Db) {

1f (a>b)

return a;
else

return b;

——

-YY -
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/*****************************************************

Project : LED Flasher
Author : Reza Sepas Yar

Company : Pishro Noavaran Kavosh

***~k*~k~k**********************************************/

#include<megal6.h>
#include<delay.h>
#define xtal 1000000

int 1i;

volid main (void)

{

DDRA = OxFF; [/ A axl 0 ) Cong 0 Sole pl s Shas S s gl 5

while (1)

for(i = 1; 1 <= 128; 1 = 1*2)
{

PORTD = 1i;

delay ms (100);

-Ye -



for(i = 64; i > 1; 1 = 1i/2)

PORTD = 1;
delay ms (100);

U1
) PCOSCL % 30
PC1/SDA |
L2 Lann PCATCK |—i
L2 _Duqaln PC3TMS |22 730
0 PCATDO —§§
S0 Pamianco PCSTOI (2L
2 Patianct PCBTOSCT (22 720
L Pazapc2 PCTITOSC2 f—2
2L Paziancs 14
28 1 paaaDcd PDORXD 770
221 pasiapcs POATHD |
201 pasiADCE PDNT) it )
22 L panapcy PO2ANTI ; 730 -
| FD4I0CIE [—2
——{ Peoixcio FDSIOCTA |2
e PDBICP |23 70
——{ PamTziamD POTIOC2
L PBA/OCHAINT
- dreazs 70
?— PESMOSI 20
L Peemiso AVOC =
S| rescK AREF |2 730
FTVEGATE

_Yo._
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7-Segment L o3, & 58 :Y o35,

/**~k*~k~k***~k*~k~k*~k*~k~k~k~k*~k*~k~k****************************

Project : Key Counter
Author : Reza Sepas Yar

Company : Pishro Noavaran Kavosh

*k*k*k*k*k*k*k*k*k*k*k*k*k*k***************************************/

#include <megal6.h>

#define xtal 4000000

flash char digits[l6]={0x3F,0x06, 0x5B,0x4F, 0x66,0x6D,
0x7D, 0x07,0x7F, Ox6F,0x77,0x7C,0x39, 0x5E,0x79,0x71};
unsigned char p state;

unsigned char key;

unsigned char i;

void main (void)
{
DDRD = OxFF;
PORTD = digits([0];
DDRC = 0x00;
PORTC = OxFF;

while (1)
{

key = PINC & 0b00000001;

-y
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delay ms (10);

if (key==0)
{
if (key!=p state)
{
if (i==15)
{
1=0;

PORTD=digits([i];

else

i++;

PORTD = digits([i];

p state=0;

b

else

p state=1;

-YV.-
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b yslael S 2t

U1
9 22 ——
—— RESET PCOISCL {2 o O
" PC1ISDA ===
5 XTAL1 PCATCK ==
—= 1 XTAL2 PCATMS ===
10 PCAMTDO === -
55— PADADCO PCSTDI 5=
S PAIADC! PCOTOSCT ==
55— PAZADC2 PCTTOSCE |—=
Z—] PA3IADC3 »
52— PA4/ADCA POORYD ==
S| PASIADCS PDIMXD =z
Z=—] PAGIADCE PD2INTO s —
2= PATIADCT PD3NT1 s
) PD4OCTB s
——] PBUXCKITO PDSIOCIA ==
—— PB1m POBICP [
——{ PB2INTZAIND PD7/OC2 b= —
——{ PE3/OCHAINT
—— PE45S
—— PE5MOS| 20
——{ PEsMISO AVCC ==
— 1 pB7/SCK AREF |—=
ATMEGAT6

£ & Sl das
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]
——

o Ol ) S i lS 7-Seg sl coalu Cunss ) Jsder

SIS Dp g f e d b a HEX
0 0 0 1 1 1 1 1 Ox3F
1 (0] 0 0 0 0 1 0 0x06
2 0 1 0 1 1 1 1 0x5B
3 0 1 0 0 1 1 1 Ox4F
4 0 1 1 0 0 1 0 0x66
5 0 1 1 0 1 0 1 Ox6D
6 0 1 1 1 1 0 1 Ox7D
7 0 0] 0] 0 0] 1 1 0x07
8 0 1 1 1 1 1 1 OxX7F
9 0 1 1 0 1 1 1 Ox6F
A 0 1 1 1 0 1 1 ox77
b 0 1 1 1 1 0] 0] 0x7C
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0x39

Ox5E

0x79

Ox71
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(LCD) mle Jowy 5 K2les 1 o35

/*k*k*k*k*k*k*k*k*k*k*k*k*k****************************************

Project : LCD Interfacing
Author : Reza Sepas Yar

Company : Pishro Noavaran Kavosh

~k~k*~k*~k~k~k~k*~k*~k~k*~k~k~k~k~k~k~k~k~k~k~k***************************/

#include <stdio.h>
#include <megal6.h>
#include <delay.h>
#include <lcd.h>
#define xtal 4000000

#asm
.equ  lcd port=0x1B ;PORTA

#endasm

volid main (void)
{
char buffer[10];

unsigned char w;

PORTB=0xFF;
DDRB=0x00;
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led init (16);
lcd clear();

while (1) {

w = ~PINB;

1f(w!=0x00)

lcd clear();
lcd gotoxy(0,0);

sprintf (buffer, "Number=%d",w) ;

lcd puts (buffer);
delay ms (100);

else

lcd cleax();

lcd putsf ("Number=0");
delay ms(100);

- &Y -
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LCDA1
LMO16L

U1
now
¢oll 9%, 35383885 2 | REseT e
13 PC1/SDA ﬁ
rN|«) <jw]w© hlwmgl;ggg T XTAL1 PC2/TCK E
=1 XTAL2 PC3TMS ?
© PC4TDO 22
20 PAorADCO PCS/TDI 2L
291 pA1/ADCH Pesosct (22
— = PA2/ADC2 PC7/TOSC2 p——
- 2L PA3/ADCS "
35 PA4/ADC4 PDO/RXD T
22 PASIADCS PD1/TXD |2
33 PAB/ADCE PD2/INTO 7
PAT7IADCY PD3/INT1 W
0l0) i PD4/OC1B 2
C@)@ > PBO/XCK/TO PD5/OC1A E
PB1/T1 PD6/ICP e
o [ i PB2/INTZ/AINO Po7IOC2 2L
101G/ | =] PBa/0CO/AINT
o 6_ PB4/SS
[0]0) —— PB5/MOS -
o 8_ PB&/MISO AVCC ?
— PB7/SCK AREF p——
= ATMEGA16
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/*k*k*k*k*k*k*k*k*k*k*k*k*k****************************************

Project : Keypad Scan
Author : Reza Sepas Yar

Company : Pishro Noavaran Kavosh

~k~k*~k*~k~k~k~k*~k*~k~k*~k~k~k~k~k~k~k~k~k~k~k***************************/

#include <megal6.h>

#include <delay.h>

#define xtal 4000000

unsigned char key, butnum;

flash unsigned char keytbl[16]={0xee, Oxed, Oxeb, 0xeT7,
Oxde, 0Oxdd, Oxdb, 0xd7, Oxbe, 0xbd, Oxbb, 0xb7, 0x7e,
O0x7d, 0x7b, 0x77};

volid main (void)
{
DDRB = Oxff;
PORTB = Oxff;

while (1)

{
DDRC = 0x0f;

Y.
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PORTC = 0xf0;
delay us(5);
key = PINC;

DDRC = 0xf0;
PORTC = 0x0f;
delay us(5);
key = key | PINC;

delay ms (10);

if (key != Oxff)
{

for (butnum=0;

{

Wcontrolengmeers in]
© @controlengineers

butnum<16; butnum++)

if (keytbl [butnum]==

}

if (butnum==16)

butnum=0;

else butnum++;

}

else butnum=0;

PORTB = ~ butnum ;
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1 0

hhkkhhbk ol sl felshs

Jele

U1
RESET PCO/SCL
PC1/SDA
XTAL1 PC2TCK
XTAL2 PC3TMS
PC4/TDO
PAO/ADCO PCS/TOI
PA1/ADC1 PCE/TOSCH
PA2/ADC2 PC7/TOSC2
PA3/ADC3
PAd/ADC4 PDO/RXD
PAS/ADC5 PD1/TXD
PAB/ADC6 PD2/INTO
PAT/ADCT PD3/INT1
PD4/OC18
PBO/XCK/TO PDS/OC1A
PB1/T4 PD6/ICP
PB2/INT2/AINO PD7/0C2
PB3/OCO/AIN1
PB4/SS
PES/MOSI
PES/MISO Avce
PB7/SCK AREF
ATMEGA16
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LED Dot Matrix s Siole :0 o553

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

Project : Dot Matrix Display
Author : Reza Sepas Yar

Company : Pishro Noavaran Kavosh

~k~k*~k*~k~k~k~k*~k*~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k*~k***********************/

#include <megal6.h>
#include <delay.h>
#define xtal 4000000

unsigned char k;
flash unsigned char arr[8]={0x18, 0x3C, 0x66, 0x66, O0x7E,
Oxo6, 0x66, 0x00};

void main (void)

{

DDRA=0xFF;

DDRB=0xFF;

while (1) {
for (k=0; k<=7; k++) {
PORTA=arr[k];
PORTB=~ (1<<k) ;
delay us (100);

-
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PORTB=0xFF;

U1
2 ) ReseT PCOISCL —g
13 PC1/SDA B
2] XTAL1 PC2ITCK 55
—=— XTAL2 PC3MTMS o5
40 PC4TDO 57
% PAO/ADCO PCS/TDI 55
38 PA1/ADCH PCBITOSC 59
37 PA2/ADC2 PC7ITOSC2 —
36 PA3/ADC3 14
35 PA4/ADC4 PDO/RXD 5
En PASIADCS PD1/TXD 6
ES PABIADCE PD2/INTO 7
PAT/ADCT PD3/INT1 s
I 1 PD4/0OC1B o
CO0CeeQO0 > PBOWXCKITO PD5/0C1A o0
[oeN ¥ ] oo 3 PB1M PDBACP >
o X Noks} X Nei i PE2/INT2/AINO PD7/OC2 [—=
0880880 =— PB3IOCO/AINT
S X XXX X o s gg;ﬁ% -
o X Neke} X o
oy X Reke} X Ne g PESIMISO AVCC —g
0O (018 PBT/SCK AREF ——
u ATMEGA32
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o sl 4y

.Ml{&@)lﬁ-é«ﬁ;uo]j\ 5)}»?6“@@@}@@\‘\ sl ATmegal6 s asls @

s b :
°)L¢°o: U’“)él 4.55} c.w C:,J):
CodeVision

External Pin, Power-on Reset, Brown-out Reset,

! $000 | RESET
Watchdog Reset, and JTAG AVR Reset

¥ EXT_INTO $002 INTO External Interrupt Request 0

Y| EXTNTL $004 | N1 External Interrupt Request 1

¢ | mim2_comp | %006 | TiMER2COMP | Timer/Counter2 Compare Match

° | TIM2_OVF $008 | TiMER2 OVF Timer/Counter2 Overflow

T | miMecaPT | S00A | TivERL CAPT Timer/Counterl Capture Event

v | Timi_compa | $00C | TIMERL COMPA | Timer/Counterl Compare Match A

A | Tim_comps | $09E | TIMER1 COMPB | Timer/Counterl Compare Match B

4| TIML_OVF $010 | TiMER1 OVF Timer/Counterl Overflow
| TIM0_OVF $012 | TimER0 OVF Timer/Counter0 Overflow
W' | SPLSTC $014 | spj sTC Serial Transfer Complete
'Y | UsaRT Rxc | $016 | ysarT, RXC USART, Rx Complete

' | 'USART DRE | $018 | ysaRrT, UDRE USART Data Register Empty

© | UsART Txc | SO0A | ysarT, TXC USART, Tx Complete

Vo ADC_INT $01C | Apc ADC Conversion Complete
" | EE_RDY $01E | g RDY EEPROM Ready

WV | aNa_comp | 3020 | AnA_comp Analog Comparator

o TWI $022 | Ty Two-wire Serial Interface

- A
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4 EXT_INT2 $024 INT2 External Interrupt Request 2
| TiMo_comp | %026 | TIMERO COMP | Timer/Counter0 Compare Match
" | spm_ReADY | $028 | spm RDY Store Program Memory Ready

w4y i b g3 Olojan ol g5 53 Sy po 5 5 il oo V0 o sl gls 5 ol sla sl @

Spd o (Shes Solsl b By (a4 OF 51 ey 5 058 e 03l VG 2 )l

2 ol U SED el 5is U1 b addy o ses jlo Jled oo 1l L bs ais s 51 SO 05,8 Jled (sl

Bit

SREG

):de_hi‘j_,adwﬁ.bjfi:Lgudjfbjp%:j):jaxiéligﬁw|dz-)uéA.ééjfaa:\.)\w)b. o

Sla aidy sbml ol 5 S Jlad Iodoma 1 OF o ol (505 S 2350 b il oo L1580 0 3 Il

58 o S s oy Il ISR G185l L sy 5 55 5

13 gad Jw\,oTGICRMUMbﬁf%w;&L..xil{f,uéuus,;\ Sl eslanad gl

Bit

GICR

INT1 INTO

INT2

2 .
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Lyi e S5 PB2 ;PD3 PD2 cls o 3l 0¥ s Ve a s gl aii, @

35 o e MCUCR s Jil sl (g domsn ) 50 (ol glo iy 51 om0 K5 g5

Bit 716|154 3 2 1 0

MCUCSR ISC11 | ISC10 | ICSO1 | ISC00

MCUCR[3:0] ls e ciliies sla s

ISCOl | 1SC00 Ao § s Ok S F s
0 0 TN INTO s e s e
0 1 X INTO e e s o
1 0 M — Do om0 ey ol g 4
1 1 . INTO s 55 o sy VU (s &)
ISCI1 | 1SC10 G Ay 0 RS s
0 0 TN INTI s e e e
0 1 X INTH e s s s
1 0 UM INTI ek b s 4
1 1 _x INTT oy s ey Yo s
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:JF&MMCUCSRMJJ‘.\%W‘%@)BY64&5‘}0“){{.}5&}

Bit 7 6 5 4 3 2 1 0

MCUCSR ISC2

J_[Gobj)mt_.’:‘jc@j)y{_ngqub-)bij@Jﬁ\j'édj@ﬁuﬁf)u\‘éﬂ\ﬁj ®
&&.ﬁy}o@})whéubwﬁw\uﬁﬁjQ&blsczj.ﬁjw&;yCmﬂ\d.)w;ﬁ

Jﬁ&oxJJYLéuLOTQMﬁ;ML:

LS"A‘(';:J_J- QM&.ﬁjOJW L(I)w})tﬂdwwOJyJwJGICRM))J &y]ac,.“uu)j.s Jl}d
o Sb Bl S Do w4y O ey ISR Gl S5l ey S ) 55 358 4l sl el K5

.Jj.w

Bit 7 6 5 4 3 2 1 0

GIFR | INTF1 | INTFO | INTF2

I.\yﬁ:&%ﬁjﬁj&)y@COd@ViSiOHJJL@@jw‘}ﬁ&‘j)

_0Y .
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interrupt [4iss s ¢ osled]  VOId iy s s, oL (VOId)

{

Ay g (5 4ol 2

d).)&-) QIJJL&G (ab‘)‘ d“}:w‘)vh\;by*\ Gy w;d).)&ATMEGA16 J)yjsdwj)‘sﬂéo)w

55 eslatul 5o Jead (sl

N Jls

#include <megal6.h>

#include <delay.h>

interrupt [2] void LED_ON (void)
{
PORTA=0x01;
delay ms (1000) ;
PORTA=0x00;

void main (void)

{
DDRB=0xFF';
PORTB=0x00;
DDRA=0xFF;
PORTA=0x00;
DDRD=0x00;

oY .
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PORTD=0xFF;

GICR=0b01000000;
MCUCR=0b00000010;

#asm("sei")

while

{

b

(1)

// INTO:
// INTO Mode:

& controlengineers.ir
© @controlengineers

7

On
Falling Edge

// Global enable interrupts

PORTB=0x01;

delay ms (500);

PORTB=0x00;
delay ms (500);

LR PR B )

U1
RESET PCOSSCL —g
PC1/SDA [—==
XTAL1 PC2TCK [—5=
XTALZ PCTMS |52
PCA4TDO 57
PAO/ADCO PCS/TDI 2L
PA1/ADCH PC6TOSCY [—22
PA2ADC2 pc7TOSC2 22
PA3/ADC3 b
PA4/ADC4 PDORXD [—=-
PAS/ADCS PDIMO =2 L@
PAS/ADCS PD2/INTO [—2—0
PA7/ADCT PDG/INT1 [—L
PD4/OC1B [—= L
PBO/XCK/TO PDS/OCIA [—2 =
PB1/T1 PDG/ICP [—22
PB2/INT2/AINO Pp7/0c2 2L
PB3/0OCO/AINT
PB4/SS
PBS/MOSI -
PB6MISO e
PB7/SCK AREF |22
ATMEGAIB

oY .
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L;@jcuwﬂtéd\ﬁwu);}mpcmmﬁzqgwmojy@f,uéwjﬁ\ L
o313 Gely augﬁ;j\wﬁuA.asjomwtkéw,ISR,-tG,,;;\m‘x@gwéﬁs

Al dal

,b\jg;c)ﬁ&d&;fgb)ﬁd})équ\c)y%ﬁf}f&)ﬂ@@jmé&)ﬂ)) ®

.J;Jlar_."‘éj‘}'.é‘rjié@)Q\fw%f@‘ycbﬁwjbla%‘@b

. INT2 )JA_AQu»Lm}LSMJWJINTIjINTO&)béaMprM}LSLa&é} °
& aen 3l 5, Se 03 S b Gl OT 510l ol by (sl aienls aseds 05 Sl &y s
Sl 3 8l ol SU0r Sl onl s Wl (5 e Bl s pal salind B ae oS gls Mode

gZM\bJ@M@)b&M}W}&Sﬂ)L&A

3l 5 SKan aS 1, CPU s>, sSREG 5,5 i &) 50 « CodeVision LLsS e

)"u"‘—é)”;S(PUSH) o,_g'-sStack,; 445 9 S O’:SJJ LS‘;’."}‘J:—EM;S\J:J:.:&SISR
S 5 e ELB 055 Jla 8 sl S o (POP) L3 1) s OTISR 5l xSt

LS eslul f-pragma savereg 358, 3l 4By sy S

_0¢ _
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o 3l e Sl ST 055

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

Project : Zero Cross Detector
Author : Reza Sepas Yar
Company : Pishro Noavaran Kavosh

~k****************************************************/

#include <megal6.h>
#include <delay.h>
#define xtal 4000000

interrupt [2] void switch (void)
{

PORTA=0x01;

delay ms (1l)7;

PORTA=0x00;

void main (void)

{
DDRA=0xFF;
PORTA=0x00;
DDRD=0x00;
PORTD=0xFF;

GICR=0b01000000; // INTO: On

MCUCR=0b00000011; // INTO Mode:

oo

Rising Edge
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#fasm("seli")

while (1);

Output vs. Input:

Wcontrolengmeers 1%
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// Global enable interrupts

o
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FRPFRRRE Blekkkhlde T T-

(0]
2 1 pegrecy RESET
VA e 2 4Peyson
Ml PC2TCK XTAL1
= PCATMS XTALZ2
w7 PCATDD
2L posrol PAOADCD
2 1 peamoscy FA1IADCT
R1 2 pcimosce PA2IADC2
o PAIIADCS
=~ POORXD PAIADCA
= POVTXD PASIADCS
1 { Po2NTO PAGIADCS
ST PDANTA PATIADCT |
2 { rosiccis
+— Posioc1a PEOMXCKITO
2 posnce PEAIM
2 porincs PE2NTZIAIND
PBI/OCO/AINT
PBASS
a0 PES/MOS!
2 avee PEAMISO
2 1 arer PB7/SCK
ATMEGA1E
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.

SR ,‘3\5/,0.1\3

s Fast PWM CTC Normal ;s Mode ;L hyls 45 il o gw A b SO in 25/ b
S dmlis e 52 OCO0 o 5 38 55,5 0lpe 4 TO oy sl » Correct PWM Phase
5 4« L3k o OCRO ; TCNTO TCCRO (sls ol ) i 4w (Sl arl cpl A2l oo ol
Gy 55 sl ol e S e eslinal aslie liie 5 edilod s ¢ osl Gy Koy Cogr

S 3 el SO e Sl o Clock Select sle oo a5 il o TTCRO b ) cn 5 oo
Compare Match Output sls =y 5 b Jls Mode L sl Wave Generation Mode sls

A Al s FOCO e s Slas .S o opns 1, 0C0 (0 s S Mode

TCCRO | 7 6 5 4 3 2 1 0

<= L0 FOCO | WGMOO | COMO1 | COMO00 | WGMO1 | CS02 | CSO01 | CS00

355 o e o 5 pl o WGMO0 s WGMOT sls e 0 4> 5 L sl 5 Sles Mode

oA
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Mode | WGMO1 | WGMO00 > Sles Mode
0 0 0 Normal
1 0 1 PWM, Phase Correct
5 | 0 Clear Timer on Compare Match
(CTC)
3 1 1 Fast PWM
Noramal Mode ®
= A s oslw }‘S\S ! o2 (4
: TIMERO sl 2
TCCRO 7 6 5 4 3 2 1 0
<= ¢l | FOCO | WGMO0O | COMO1 | COMO00 | WGMO1 | CS02 | CS01 | CS00
e 0 0 0 0 0 X X X

Clock Gla a4 5 LSS e Cunds en S e Prescaler o slls s i 357 a0

04 .

Dy o o Select
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CS02 | CSO01 | CS00 o SWS e om
0 0 0 (&8 520) SUS U5k
0 0 1 (e O 321) s SIS
0 1 0 e SHS/A
0 1 1 e SAS/E
1 0 0 (s SHS/YO
1 0 1 (e SIS/ 0 Y £
1 1 0 (T0) sl Sl 5055 g s o
1 1 1 (T0) b s e, Vi s o

Bit 7 6 5 4 3 2 1 0
TCNTO TCNTO[7:0]

TIFR 7 6 5 4 3 2 1 0

il OCF2 | TOV2 ICF1 | OCFIA | OCF1B | TOV1 | OCF0 | TOV0

e 0 0 0 0 0 0 0 X
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#include<megal6.h>

#define xtal 8000000

void delay ()

{
TCCR0O=0B00000010;
while (!TIFR&0x01) ;

TIFR=TIFR|0B0O0000001;

TCCRO0=0x00;

void main ()

{
DDRA=0xFF;
PORTA=0x00;
TCCR0=0x007;
TCNTO0=0x00;

while (1) {
PORTA.0=1;
delay();
PORTA.0=0;
delay ()7

Wcontrolengmeers in]
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// Timer Clock = CLK/8
// Wait Until Overflow
// Clear TOVO
//-Stop Timer0

[ O
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(400/,15 “ uju S 09 U,ZAG) deﬂ

void delay ()

{
TCNT0=0x38; //TCNT=55
TCCR0O=0B00000010;
while (!TIFR&0x01) ;
TIFR=TIFR|0OB00000001;
TCCR0O=0x00;

St 53 TOIE2 L TOIEO (sls ooy 5035 Jlad (1) iy o pes 5le Jlad oo 45 5 50 3 v

15,8 esliil addy Ol ge 0 el QU 5y e Bl il y Sl eslazad L 015 e sl G TIMSK

TIMSK 7 6 3 4 3 2 1 0

gl OCIE2 | TOIE2 | TICIE1 | OCIEIA | OCIE1B | TOIE1 | OCIEO | TOIEO

s o 0 0 0 0 0 0 0 X

(WﬂUﬂ)ﬁé@))\on‘bT:400[5 Lf"'fcf)vdb’a

#include <megal6.h>

#define xtal 8000000

interrupt [TIMO OVF] void timer(0 ovf isr (void)
{

PORTA"=0xFF;

TCNT0=0x38; //TCNT=55

I
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volid main (void)
{
DDRA=0xFF;
PORTA=0x00;
TCCR0O=0B00000010; // Timer Clock = CLK/8
TIMSK=0x01; //Enable TIMERO Overflow
Interrupt
#asm("sei") // Global enable interrupts

TCNTO0=0x38;

while (1)

Bit 7 6 5 4 3 2 1 0
OCRO0/2 OCRO[7:0]

OM&iOCFl L“OCFO%Lgﬁu&l;-ﬁ.;fi@&wéaéj\ijocow%@;ﬁ"'é
4..43})‘ oaleul r.,\_o Q)HJJ.J)&@M&J\P‘@WQJW@@} Lﬂsjft"” Lf")}‘)jbﬁ

LS SL ol e ol 60, K ris LS e )8

TIFR 7 6 5 4 3 2 1 0

S
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ol OCF2 | TOV2 ICF1 | OCFIA | OCF1B | TOV1 | OCF0 | TOV0

el el 1) 0 0 0 0 0 X X

L2l s COMO1 5 COMOO (sls oy e sy OCO oy sy i

TCCRO 7 6 5 4 3 2 1 0

S gl FOCO | WGMO00O | COMO01 | COMO00 | WGMO1 | CS02 | CSO01 | CS00

il g | X 0 X X 0 X X X
COMO1 | COMO0 OCO0 ¢y inss
0 0 (Jyors 1/O) s 6
0 1 s consy s Toggle
1 0 sl cnsy 4 Clear
1 1 sy Cns s s Set

Gy Cny ol 53 358 o 3l OCO (655 Conds odd SO anslie Godad Djs0 55 5 0l s

A M‘fuj:.:w‘} .>L>;3.\ Mb}oM&OCFI LLOCFO

ui_ljx.?ﬁjfajﬂgﬁd\ngayL@;@\cyﬁiocLgu&ﬁéjjé&udb-cwﬁ o
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#include<megal6.h>

#define xtal 8000000

void main ()

{

DDRB=0xFF;

PORTB=0x00;

TCNT0=0x00;
TCCRO=0B00010010;
//OCR0=99

OCR0O=0x63;

while (1) ;

Wcontrolcngmecrs i
© @controlengineers

OCO e s, T=51248 U ns e L sl 18 s

//toggle OCO on compare match

Setﬂwjéww)udw@‘uw)&w)u debﬁ&ﬂo‘gw ng.kﬁj)"osl.i’;ﬂ\d\ﬁ

TIMSK 7 6 5 4 3 2 1 0
<=t | OCIE2 | TOIE2 | TICIEI | OCIE1A | OCIEIB | TOIEI | OCIEO | TOIEO
s o X X 0 0 0 0 X X

Y-

.J}..jr
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interrupt [TIMO COMP] void timer(0 comp isr (void)
{

a8y g (5 el o3

}

CTC Mode @

el Olaj 53 aS Sl ol LS o s anslis 5 Shas b Jbe jcands blen o0 Mode (ol s
e |8 el G Sl s s ol i TCNTO i ,laas TCNTO 5 OCRO (sls o
>3 WGMOL s WGMOO0 sla oo jlaie sl o OCRO 5 55 55> 50 306 TCNTO V.A.LJ'SLA

il o) 50 Rl 5w Mode

TCCRO 7 6 5 4 3 2 1 0

S FOCO | WGMO0 | COMO01 | COMO00 | WGMOI | CS02 | CS01 | CS00

e el D 0 X X 1 X X X

b o s 5 s s SIOC0 (g (55 0 bl g0 58 3 Il ) .

fCLK_I/O

foog =
°¢" 2.N.(1+OCR0)

[ T R
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#include<megal6.h>

#define xtal 8000000

volid main ()

{
DDRB=0xFF;

PORTB=0x00;

TCNTO0=0x00;

OCR0=0x63; //OCR0=99

TCCR0O=0B00011010; //toggle OCO on compare match

while (1) ;

£ or+ Hz

- YAV +49) -

ML&JLAJJW‘}MMCTC MOdCJJML&ALS@_}_}ﬁ)ﬂLS@jjbdwéu%w_}

sl

shls e ﬁ\PWMﬁ.&«LgU&MOde)J |y 35 (=l>_=3\ @:QQQOCROMJ‘Q@.s)\m o
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/~k*~k*~k~k*~k*~k*~k~k*~k*~k~k~k~k*~k*~k~k*~k*~k************************

Project : Frequency Meter
Author : Reza Sepas Yar
Company : Pishro Noavaran Kavosh

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

#include <megal6.h>
#include <delay.h>
#include <stdio.h>
#include <lcd.h>
#define xtal 8000000

#asm
.equ _ lcd port=0x1B ;PORTA

#fendasm

unsigned long int timer0 ov;
unsigned long int 1in freqg;

unsigned char lcd buff[20];

interrupt [TIMO OVF] void timer(0 ovf isr (void)
{

AL



,...«

Wtontrolcngmecrs in]
Page |69 © @controlengineers

timer0 ov ++;

}

volid main (void)

{

// Timer/Counter 0 initialization

// Clock source: TO pin Falling Edge
// Mode: Normal top=FFh

// OCO output: Disconnected
TCNTO=0x00;

OCR0O=0x00;

TCCR0=0x00;

// Timer (s)/Counter (s) Interrupt(s) initialization

TIMSK=0x01;

// LCD module initialization

lcd init(1l6);

while (1)
{
TCCRO=0x06; // Start Timer TO pin Falling Edge
fasm("sei") // Global enable interrupts

delay ms (1000);

fasm("cli"™); // Global disable interrupts

- 4.



~
o — S
& controlengineers.ir
@controlengineers
Pag€|70 © @controlengineers

in freq = timer0 ov * 256 + TCNTO;
sprintf (lcd buff, "Fregency=%d",in freq);
lcd clear();

lcd puts(lcd buff);

TCCRO=0x00; //Stopt Timer0
timer0 ov=0; //Prepare for next count
TCNT0=0; //Clear TimerO0
}s
LCD1
LMO16L
= U1
L
gl 93 85983885 -2 ' RESET NW%L{%
PC1/sDA ==
13 24
= N|co t|w|ee] o cnlcnl‘— etf o] <] > XTAL1 PC2/TCK 55
ks i 12 | xTaL2 PC3TMS [—2=
P PC4TDO [—22
5] PA0/ADCO PC5/TDI £
22— PA1/ADCt PC6TOSCt [—22
L Z— PA2/ADC2 pC7/TOSC2 ==
= £1— PA3/ADC3 "
=2 PA4/ADCA PDORXD [—=-
=2— PAS/ADCS PDUTXD [—=
PAG/ADCS PD2/INTO |—&
U1(PBOXCKITD) S 38 1 pa7iaDCT PD3/NT %
; PD4/0C1B [—=
2— Peoxckmo PDS/OCTA =2
—— PB1M PDSICP [—2>
——{ PB2/INT2/AINO PD7/0C2 =&
——{ PB3IOCO/ANT
—2— PB4SS
-2 Pe5MOS| 0
—— PBOMISO avee =2
-8 pe7/SCK AREF =2
ATMEGA16
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Fast PWM Mode ®

TCNTO i

Q

PWM -, =

CRO laie

LS

5L ) 0 Mode ol s WGMOT s WGMOO (cls oy ki

Bit

TCCRO

COMO1

COMO0 | 1 | CS02

CS01

CS00

Syt a5 B Cansy 53 3l Sslie COMOL ; COMOO sls oo 5 Slee PWM < Mode s

COMO1

COMO0

OCO0 (1 curss
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0 0 (J5e2e 1/0) Jls L8
0 1 okt 5555
1 0 (osSas 6 PWM) 5, 0 0l 55 Set o illes cons 5,5 Clear
1 1 (o582 PWM) 55, o 0l 5 Clear (plss cuns s 55 Set

303 2l 5 g 5l U185 s et W5 PWM 50 (0153 (6 a6l

f
fMM:‘x;O N =Prescale = 1, 8, 64,256, 1024 X = Y0m— b ;s ol (6,08, ks

oJLﬂ.’l_..»:‘OCRO )‘J_LML_.’.‘}TCNTOMQJ‘J ‘&:.S)‘)‘.LEA LS‘)" d‘};@j‘“’luﬁ.)ﬂéw-ﬁ)‘ /
2l 0nly oad anolie (g addy Q:SjJJJOCRO)\.LEA Sl g a S| gas

(sl s |, PWM T oA Ol 5 s TCNTO @ 0315 J5l luds b v

#include <megal6.h>

#define xtal 8000000

interrupt [TIMO OVF] void timer0 ovf isr(void)
{
TCNTO0=0x06;

}

volid main (void)

{

- VY -
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PORTB=0x00;
DDRB=0x08;

// Timer/Counter 0 initialization
// Clock source: System Clock

// Clock value: 1000.000 kHz

// Mode: Fast PWM top=FFh

// OCO output: Non-Inverted PWM
TCCRO=0x6A; //0x7A for inverted PWM
TCNT0=0x06;

OCR0=0x38; //OCRO = 56

// Timer (s)/Counter (s) Interrupt(s) initialization

TIMSK=0x01;

// Global enable interrupts

#asm("seli")

while (1);

Avevvaane

PN (e — )

DutyCycle =

OCR: 0
XV % =—xV % =Y%
0 Yoo

- VY-
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Phase Correct PWM Mode ®

Jos (Dual Slope) aus 55 &jso 4 b S sl pl b aisl » Fast PWM &= 4.5 Mode |
sde B a5 Q)M44.)a;JSuL)Lmig@ﬁﬂs&j\ﬁbéc@%\g.xz;&¢bg\ Ly soole
N L OCRO ey 55 OCRO 5L 5 595 50 3ol ol a0 Odewy 5l Ao 5 b o il 531 OXFF
Odewy Lol o oo sde U L2alS Cojpm a4 g old ose il Soled g adasd 0l 5l dms 558
0 oo e ISRy sl ey sl Jlab S 0250 K 0 50 5 00 S ol o) e o 208 0l
c,_ib-pj_ajsdc,_.Aw\wdw.sﬁ&p)\ﬂ@wwﬁaj)ﬁﬂcﬁjouw
sgmo 33 535S o oLl OCRO s TONTO (sls oy oy gl Jos 28l 5 Sl 31 5kt
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OCRO i
TCNTO .
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ML oo 25 s Gilke OCO oy i

COMO1 | COMO0 0CO0 1y conves
0 0 (Jsene 1/O) Jlui L2
0 1 ok 5535

(sSmn e PWM) iul3l osle Oles s (ullas Cunsy s Clear

il ke Gley s (el Cuns s 5 Set

(oS PWM) ol ol Oles s (il Cums s 55 Set

alS Esles 0l s (ks Suxs s s Clear

OLaj 53 5353 oo ands o) ol 3L s s Jlaie OCRO ) Jlids 5 j50 55 @
35i #3554 OCRO e OXFF & 0o

OXFF o 5555 jio ol p TONTO zcoy 4565 558 o b Sl jio ol oo o2y ®
Il s e o mpﬁw,@\,\mjtsg@f:ou)-ﬁ;\‘xsw\sas,\it{wﬁu{
A sl g

(el denls LB 5 (¢ abal, 51 Phase Correct <= s PWM il 3 o

.I:
uwzﬁum N =1, 8, 64,256, 1024
X0\

5,l5 TCNTO
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ol s 4033l S Sas PWM s 5l o 28l Lo 2o lkde Ol Lials

PWM LDC 550 J S A o5

/~k*~k*~k~k*~k*~k*~k~k*~k*~k~k~k~k*~k*~k~k*~k*~k************************

Project : DC Motor Control
Author : Reza Sepas Yar

Company : Pishro Noavaran Kavosh

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

#include <megal6.h>

#define xtal 1000000

char digits[8]={0x3F,0x06, 0x5B,0x4F, 0x66,0x6D,0x7D, 0x07};
unsigned char;

unsigned char p state;

unsigned char key;

unsigned char 1i;

void main (void)

{

PORTB=0x00;
DDRB=0xFF;

DDRD = OxFF;

PORTD = digits|[0];
DDRC = 0x00;

-vi.
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PORTC = 0OxFF;

// Timer/Counter 0 initialization
// Clock source: System Clock

// Clock value: 15.625 kHz

// Mode: Phase correct PWM top=FFh
// OCO output: Non-Inverted PWM
TCCRO=0x63;

TCNTO0=0x00;

OCRO0=10;

while (1)
{

1f (!PINC.O)

if (key!=p state)

PORTC=digits[0];

else

i++;

PORTD = digits[i];
OCRO = i*10+10;
p state=key;
b7

-VYV .
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178

()
an

else

OxFF;

p state

C2

100nF]

U1
. . B e I3
2 | FEsET PCOISCL |22 o ©
” PCIUSDA [—=
2 eTaLs PCTCK [~
S N PC3MTMS |22 —
20 PC4TDO |22 =
—{ Pamanco PCSTON |
e PCETOSCT <2
< D1 = paziance PCTTOSC? =24
2L PA3iaDcs 1 220
TM4001 2 PaajaDCa POORXD f—=
S| PAgADCS FDITO [—2
22 1 pagiancs PDZINTO
| 22 1 pamancT PDRANTA m
A PO40C1E |2
——{ PBoXCkiTo PDS0C1A =
. R FDGICP
_ R1 Ml PB2NTZ/AING FOTOCE =2
—1 =—{ PBA/OCH/AIN
1k - PB4/SS
= psmosi
Ml PEBMISO AVCE %
£ 1 pemsck AREF |22
ATWMEGATE

L el Salesl Gl il 55
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ASSR ASO TCN2UB | OCR2UB | TCR2UB
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UjvubTCNTZQﬂf;mgéxafpdyhupduqﬁufWQJM%goxy;r@&no
Sy ool E3 s e 53 35 g0 sldis TCCR2 5 OCR2 0kl b g ol ol i e
5 eSO 5y e Sl e 5 0350 JLsd 5 Power-Save <l s 0y Sl cunss 53 Y uls @
3ol Isdmes 5035 | >l 1 ISR caidy 05 Jd & jm 5 5 5 0l @b’-Power—Save -y

255 o Power-Save ol

A5 RTC L cela 8 55 5

/*k*k*k*k*k*k*k*k*********************************************

Project : Real Time Clock
Author : Reza Sepas Yar

Company : Pishro Noavaran Kavosh

~k~k*~k*~k~k~k~k*~k*~k~k*~k*~k******~k**~k~k~k***********************/

#include <megal6.h>
#include <led.h>
#include <stdio.h>

#define xtal 8000000

#asm
.equ  lcd port=0x1B ;PORTA

#endasm

unsigned char second, minute, hour;

unsigned char lcd buff[10];

-AY -
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interrupt [TIM2 OVF] void timer2 ovf isr (void)
{
if (second==59)
{
second=0;
if (minute==59)
{
minute=0;

if (hour==23)

hour=0;
else
hour++;
}
else
minute++;
}
else
second++;
sprintf (lcd buff,"Time = %d:%d:%d",hour, minute,
second) ;

lcd clear();
lcd puts(lcd buff);

void main (void)

{

// Clock source: TOSC1l pin
// Clock value: PCK2/128

- AY -
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// Mode: Normal top=FFh

// OC2 output: Disconnected

ASSR=0x08;

TCCR2=0x05;

TCNT2=0x00;

OCR2=0x00;

// Timer (s)/Counter (s) Interrupt(s) initialization

TIMSK=0x40;

lcd init(16);

fasm("sei") // Global enable interrupts

while (1)
}

LCD1
LMO16L
" U1
ﬁgg 2w B5882385 -2 ReseT e
PC1/SDA [—==
13 24
- Nlt"l B ) hlmlmlgl: I ! 2] XTAL1 PC2TCK o5
== XTAL2 PCIMTMS 5
40 PC4MDO —
) PAQADCO PCSTDI 5 | |
PA1/ADC1 PCBTOSCT
381 pazapc2 PC7MOSC2 22 ] X1
- 2 pasiapca 32.768K
22 Pag/ADCa PDORXD (—12 |
T PASIADCS PDTXD 3
- PAGIADCS PD2ANTO 7
PAT7IADCT PD3INTY [——
. PD4IOCTE —:g
——{ PBOIXCKITO PDSIOC1A —=
-5 FE1M PD&/ICP 5
] PE2/INT2/AINO PDTIOC2 ==
——{ PB3/OCO/AINT
5 ] PEA4ISS
——| PESIMCSI -
= PBEEMISD AVCC =
—— PB7/SCK AREF p——
ATMEGA16
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TIMSK 7 6 5 4 3 2 1 0

o gl OCIE2 | TOIE2 | TICIE1 | OCIE1A | OCIE1B | TOIE1 | OCIEO | TOIEO

S lav 0 0 X X X X 0 0

LsdbLyﬂdeéﬁ)&ﬁj—lLJG“):L;GL:}OMM‘LG—;)V-?"J-A&:/-:J‘)E;‘)P‘Q)‘}JMISRQM‘F‘[J

S SSL1 ol ldle s

Normal Mode ©

L 5035 Sooled OXFFFF sue U b &5 slis 5l b asl oo i el 53 OF wlie wiles Mode -
Gl el Al e adby 03 b oy 3 5 0kd SO TOVI oy 5058 55w 0l OF @ O
aslie Joe Jites s5b 4y olaS 2 o3 p W B 5 A S aylis 55 ja o3le Mode s 555 by ISR
L OCF1A oy s oo mo 3 diias o ool OCRIB 5 OCRIA S TONTI jor s 55 1,
3351 Jlb oy 53 5 0303 Cams i 3 st lae OCIB L OCIA > = 4 eai < OCFIB
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COMI1A1/COMIBI | COMIA0/COMI1B0 OCIB | OCIA iy conss
0 0 (Usons VO) Jls 8
0 1 slas cons s 5 Toggle
1 0 sl cwnsy 5 Clear
1 1 sl Cons s Set

f}f@)ymuuﬁw\.&bccjﬁﬁ.&jﬁé\fOClB QOCIAJ‘OJW‘Q)M)J ®

K gk S

<4'3JUL5L?‘\. Jlﬁd)&l}‘jd\fu&cﬁ“ﬂ\ u‘ju'o)jbbcjﬂdg&jbv\:jjj)v dl:.A

#include <megal6.h>

#define xtal 8000000

volid main (void)

{

PORTD=0x00;
DDRD=0x30;

// Mode: Normal top=FFFFh
TCCR1A=0x50; //toggle OC1lA & OC1B
TCCR1B=0x02; //Clock/8
OCR1AH=0x00;

OCRIAL=0xFF; //OCR1A=255

- A4
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OCR1BH=0x28;
OCR1BL=0x0F; //OCR1B=10255

while (1) ;

T=yxY" x\us =\r\+vYus =\1¥\ms

36 Ml = OCR\B-OCRYA =\:Yoo —Yoo =\++vsus =) +ms

CTC Mode @

5553 o 4nslis ICRT LOCRIA o Gltie b ey 5 sb & TONTI s Jltie < ol s
L1 el TOP Sluie ol ulus cpl ol 35 o yio ol TONTL s Jlide g ol o oy 50 o

S o 5eend [CRI L OCRIA (sls s Sltie WOM sls Sy 55 55 50 5lkie 4 4 5
il eas Ol ICRTG OCRIA oy Sbe e eyl o 2 355 TOP litde 4 5ol 0w L
0313 et (sl Vg e OF Sl adBs 035 Jlad S0 53 5 0 SUICFL L OCFIA sl oy 5 5
Mode j5bais La wl (g amslis i 115 5,8 Sgo S L L Jes ool 55 ealizal auslis [l
L OCIA sla ol (g5, e Lol T oSl pl s il o s L LI PWM (gl

_ fCLKﬁI /0

f o=
O ¥ .N.('+ OCRIA)




Page |91

Lol

| ;
& controlengineers.ir
© @controlengineers

—
S A
]
-

OCIA s a0l 55 58 b8 2L e e 5 Adle

#include <megal6.h>

#define xtal 8000000

volid main (void)

{

PORTD=0x00;
DDRD=0x30;

// Mode: CTC top=01F3h
TCCR1A=0x40;

TCCR1B=0x0A;

OCR1IAH=0x01;

OCRIAL=0xF3; //OCR1A=499

while (1)
}

Avevae v

=—  —\+w..=\KHz
YXA(V+£44)
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Fast PWM Mode @

Vel s e A ol 23 lls ks 1 5 PWM gl - s O 53 45 53 5 jao sla b O
o edhe Ll S a8 55d e Eel i ol S S 1 e SBs L gl PWM le IS il 555

(WGMI[3:0] = Vo 0t v\ 0) sl - Mode . slls o o PWM

(OXFF = TOP) A ;o PWM
(OX1FF = TOP) =4 »~PWM X
(0X03FF = TOP) )+ mm PWM ¥
ICR1=TOP L . PWM

OCRIA=TOP { o . PWM .

for o Ssdomn 5o s 5151 g 5038 il g0 355 TOP Jluis b Liss 3l oo Mode -yl s
awslas Gkl - s il e S 8 PWM G 5 25 5 6 aslie S S s 50 S s 48 @
33 55h o SUTOP s 0 0des b 5 002 S OCIX o OCRIX ; TONT (ols o, oy
= 7oA PWM e w85 cils dal gt 3 m s (oS (onds 13k 0 sSae PWML s 2 5 5550

r.._h...;" 25 ol 555 jlucie 4 OCRIA L ICRI Gl i (6 v s Lo adly e Ve LA A ol slie Ll
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s (OCRIx L ICRI sl zeer, 4 0x0003 luie 0sls L) Con ¥ jloes lis Bl Sl s 55

(OCRIx L ICRI gla s 4 OXFFFF Slais 035 L) aib o oo VN 0T STas

log(TOP +Y)
log(Y)

resolution =

QOCFIA%ﬂWL&AMb}@MJL@TOVI ﬂ)ﬂﬁ-ﬁTOP)‘wMﬂUQ%)L
Slicis sy OT ISR 3 0l e aib ol Jlad abo g o g aiy STla Sl opl )3 355 0 G OCF1B
=t il ;xS TOP jludis 51 unl aceolie slagtais ) e a5 sy a5 b by oas | 4o lis

35S s Do 8l amlie o &) peaiyl

COMI1A1l | COM1AO
/COM1B1 | /COM1B0

0 0 (I yoms O) Ui 6

OCIB L OCIA . coxiss

Jsane /O 1, OCIB | Glls mis, 15 OCLA -, Toggle -2l WGMI[3:0] = 15 S

0 1

(S5 1/O) Jui L2 ' WGMI1[3:0] sls b= Ko sl
1 0 (552 6 PWM) TOP consy 55 Set 5 3y conss 3 Clear
1 1 (552 PWM) TOP ns 5 ;s Clear ;5 a5 cunss s Set
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Al o s 5 s il ) ol PWM £ e (308 5

fClkfI/O

foy = — 0
PWMTUNL(V+ TOP)

(Aos3 Y0 (s aiky Obej 5 58 4S50 LPWM (- 50)

#include <megal6.h>

#define xtal 8000000

volid main (void)

{

PORTD=0x00;
DDRD=0x20;

// Mode: Fast PWM top=03FFh
// OClA output: Non-Inv.

// OC1B output: Disconnected
TCCR1A=0x83;

TCCR1B=0x0A; //10 Bit PWM
OCR1AH=0x%00;

OCR1AL=0xFF;

while (1);
}

Yo
=—=9v1=\KHz DutyCycle = X\ % =Y0%
AV VYY) VeYe

fPWM
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ey 5 A kS L;:.E:w,ilsfé@Q\j&gﬂljﬁ)ﬁISRﬁTCNTl Lol adel Juze L @

interrupt [TIM1 OVF] void timerl ovf isr(void)
{
TCNT1=24;

}

TIMSK=0x04; //Enable TOV1

#fasm("sei") //Enable Interrupts

Phase Correct Mode ®

(OXFF = TOP) A 56 ] PWM A
(OX1FF = TOP) 2.4 ;b s PWM A
(0x03FF = TOP) V¢ 56 s PWM A
ICR1 =TOP L b moas PWM k3

OCRIA = TOP U i e PWM 0

_ 4o .
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25 PWM - 5 sl o 00 GTOP 51 s TOP G Lis jlais 5l axw s 55k 4 006 Mode ol 55
s TONTL ls o)y s =l 5 e 53 3)lecd o 2300 S 30 4 ol a8 Jls 3 0 S
Sl g 358 0SS ol e 33 B L Jsp ok A= s 5 eds a0 OCLX o OCRIX
Ll 13 anad ol W Se e sSe PWM

L ICRT Gls ) 6l Loy axdls (20 Ve LA A SOl ol Lls o (5,2 PWM 250 235
4y 0X0003 jlude 0sls L) oy ¥ 3lome jlde BBl Il cpl 3 358 o2l of d3 lde & OCRIA
sla i 0 OXFFFF s osls L) wib o e V1ol Slas 5 (OCRIx L ICRIT sl zo

(OCR1x LICR1

log(TOP +Y)
log(Y)

resolution =

OCFIA ¢y 55 anglio Galai b 5 A dal s O i Jlie 40 a0l 0w, LTOVI b 55 e 0
aisy OTISR & Wiy oasl p b o Jlad abo gy o g aily Sl Il opl 55 5 0 S OCFIB L
U o lacie ol Ll sls ais 05 e 05 0ley ,a LISR 51, (OCRX) aslis [lids 558 Cniie
—Load >, 5,5 3 TOP jluis 4 b Oty b s ol 0,23 OCRIB 3 OCRIA (o pr
csl wlg o TOP s 0u vy L 0T x5 s £ OCRIX (gla i s Jlide O3ls oid ol ol 55

558 0l LPWM > =
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TOP OCR1A=110

AN

OCRIA=IS0 ~__

4 0oy Olaj 53 OCRIX (sl e 038 55,0 b 3 5 36 et PWM 3 W 20 Y

bﬁy&c,@w

COMI1A1 | COM1AO
/COMI1BI | /COM1B0

0 0 () yoms VO) Ui 2

OCIB L OCIA ., cuxss

/0 . OCIB , 3l conss ,s OCIA .. Toggle :1sL WGMI[3:0]=9, 14 5

0 1

(Jpone VO) Ui 12 TWGMI[3:0] sle b S5 sl _J sons
1 0 J}j&)kﬁj&%@”})aset .LSJMJZJM}L;{MW}))CleaT
1 1 Jﬁ}:&)k&j&lﬁ?w;)aclear .63;&&&)@)&%@:—&’5));861:

%T&W&ﬁ)é%b)\)osfFaStPWM CJ[?—MJUC?@'CJB-)JPWM e U'Wlsf

_ fClkfI/O
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izl 5 esls .35 Phase Correct PWM « Fast PWM 11, o.tb Mode |13 Jts s asl 55+ Jle
.,\.:.5 odalie b @}FPWM u..ulSJ_e Ol

TCCR1A=0x83;
TCCR1B=0x02;
OCRIAL=0xFF;

Phase and Frequency Correct Mode ®

=4 A) S e LS e g 5 Ll el a S ol s L3 s Sls s Mode ol s sl

(WGM1[3:0]

ICR1 = TOP U iS5 5 56 momss PWM 3

OCRIA = TOP U 35 5 5 b mmai PWM ¥
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aslin >3 LICPL oo s1Capture (ss5,5 0ad 55 Jl 5o a5 Cnl Soyso ool 0l opl 5 Slas
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o= (TICIEI) Capture 35,3 (T L O35 Jd Sy o Obey ol 53 58 0 S ACF])

2L sl i L ICF] ey J8s55 55b ISR Ouis | 21 L s g iy sl l Csl Wilg o 003 K 5

235 SOl 6oy » S orip b By e adby 0350 Jd &) 50

Bit 4 3 0
ICR1H ICRI[15:8]
ICRIL ICRI1[7:0]

N A LguMOde)J})@)Sywuﬁg_@).-TOP Olge oS A= 53 3= ICRI s ) @

el Sl L ey G (VE 5\ Y

cﬁﬁ@",k;\wl‘\ssﬁfa)yql.:su@;ﬂyj\x\j;@Capture»\jouﬁ;mw‘s)ﬁm

Sz SCEST s e ICPT o 51 (g3, I £58 oman S o bl S LT g s
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TCCR1B 7 6 5 4 3 2 1 0

<= ¢l | ICNC1 |ICES1 |~ | WGMI3 | WGMI12 | CS12 | CSI1 | CSI10

Ly 3508 smesl Jlizes s (G sl eslatal L oS Al o 50 g JialS a1y SO slyls Capture s,
R - JMQ.JF&JMTCCRIB Sz JHICNCT e 055 S L sy o0l NI PR

AL e SIS JSew Sl 12 TCPT (sl (s s (6180 50 IS L 2l

D55 e J RSN o35

/~k*~k*~k~k*~k*~k*~k~k*~k*~k~k~k~k*~k*~k~k*~k**************************

Project : Servo Motor Controller
Author : Reza Sepas Yar

Company : Pishro Noavaran Kavosh
Chip type : ATmegalb6
Clock frequency : 16.000000 MHz

~k~k*~k*~k~k~k~k*~k********~k~k*~k~k~k~k~k~k*~k***********************/

#include <megal6.h>
#include <delay.h>
#define xtal 16000000

volid main (void)

{

PORTD=0x00;
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DDRD=0x20;

//
//
//
//
//
//
//
//

Timer/Counter 1 initialization
Clock source: System Clock

Clock value: 2000.000 kHz

Mode: Ph. & fr. cor. PWM top=ICRl
OClA output: Non-Inv.

OC1B output: Discon.

Noise Canceler: Off

Input Capture on Falling Edge

TCCR1A=0x80;

TCCR1B=0x12;

ICR1H=0x4E;
ICR1L=0x20; //ICR=20000

OCR1AH=0x03;
OCR1AL=0xE8; //1000

while (1)

{

for (OCR1IA=1000;0CR1IA<2000; OCR1A++)

delay ms (1) ;

for (OCR1A=2000;0CR1A>1000;0CR1A--)

delay ms(1);

e prledis -
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U1

% PCO/SCL RESET |2~
£— PC1/SDA 15
£ Pc2TcK XTAL1 [—2
= PC3TVS XTAL2 |—=
£ Pc4TDO i
£ PCSITDI PAO/ADCO |—2=
£-— PCETOSC PA1/ADCT [—22
2| pc7mosce PA/ADC2 [—2>
” PAS/ADCS [—=L
<=1 PDORXD PA4/ADC4 [—22
<= PDI/TXD PASIADCS [—=2
= Po2/NTO PAG/ADCS =+
= PD3/INT1 PA7/ADCT |—=

~o—] PD4/0C1B 1
~=—| PDS/OC1A PBO/XCK/TO f—tm
= PD6/CP PBI/TI [—==
2 pp7ioc2 PB2/INT2/AINO [<——
PB3/OCO/AINA. [—3=
PB4/SS e
- PBS/MOS) [—=-
=5 Avee PBE/MISO f—t—
32 | AREF PR7/SCK

ATMEGA16

e 7o M5 N e

#include <megal6.h>

#define xtal 8000000

flash char sinewave[256]={

0x80,0x83,0x86,0x89,0x8C,0x8F,0x92,0x95,0x99, 0x9C, 0x9F, O0xA2, 0xA5, 0xA8, 0xAB, 0xAE,
0xB1l, 0xB4, 0xB6, 0xB9, 0xBC, O0xBF, 0xC1, 0xC4, 0xC7, 0xC9, 0xCC, 0xCE, 0xD1, 0xD3, 0xD6, 0xD8,
0xDA, 0xDC, 0xDF, O0xE1l, 0xE3, O0xE5, 0xE6, 0xE8, O0xEA, OXEC, O0xED, OXxEF, 0xF1, O0xF2, 0xF3, OxF5,
OxFo6,0xF7,0xF8,0xF9, 0xFA, OxFB, 0xFC, O0xFC, O0xFD, OXFE, OXFE, OXFF, OXFF, OXFF, OXFF, OxXFF,
OxFF, OxFF, OXFF, OxFF, OXFF, OXFE, OXFE, OxFE, OxFD, OXFC, O0xFC, 0XFB, OxFA, O0xF9, 0xF8, 0xF7,
O0xF5,0xF4, 0xF3,0xF2, 0xF0, OXEF, 0xED, OxEB, O0xEA, 0XE8, 0xE6, 0xE4, 0xE2, 0xEQ, O0xDE, 0xDC,
0xD9, 0xD7, 0xD5, 0xD2, 0xD0, 0xCE, 0xCB, 0xC8, 0xC6, 0xC3, 0xCl, O0xBE, 0xBB, 0xB8, 0xB5, 0xB3,
0xB0, O0xAD, OxAA, OxA7,0xA4,0xAl, 0x9E, 0x9B, 0x97,0x94,0x91, 0x8E, 0x8B, 0x88, 0x85, 0x82,
0x7E,0x7B,0x78,0x75,0x72,0x6F,0x6C, 0x69,0x65,0x62,0x5F, 0x5C, 0x59, 0x56, 0x53, 0x50,
0x4D,0x4B, 0x48,0x45,0x42,0x3F, 0x3D, 0x3A,0x37,0x35,0x32,0x30,0x2D, 0x2B, 0x29, 0x26,
0x24,0x22,0x20,0x1E,0x1C,0x1A,0x18,0x16,0x14,0x13,0x11,0x0F, 0x0E, 0x0OD, 0x0B, 0x0A,
0x09,0x08,0x06,0x05,0x05,0x04,0x03,0x02,0x02,0x01,0x01,0x01,0x01,0x01,0x01,0x01,

~YeY o
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0x01,0x01,0x01,0x01,0x01,0x01,0x01,0x02,0x02,0x03,0x04,0x05,0x06,0x07,0x08,0x09,
0x0A, 0x0B, 0x0D, 0x0E, Ox0F, 0x11,0x13,0x14,0x16,0x18,0x1A,0x1C,0x1E, 0x20,0x22,0x24,
0x26,0x29,0x2B,0x2D, 0x30,0x32,0x35,0x37,0x3A,0x3D,0x3F,0x42,0x45,0x48, 0x4B, 0x4D,
0x50, 0x53,0x56,0x59, 0x5C, 0x5F, 0x62, 0x65, 0x69, 0x6C, Ox6F, 0x72,0x75,0x78, 0x7B, 0x7E
}i

char i=0;

interrupt [TIM1 COMPA] void timerl compa isr (void)
{

OCR1A=sinewave[1];

i++;

if (1==255)

i=0;

volid main (void) {

DDRD=0xFF;

// Timer/Counter 1 initialization
// Clock source: System Clock

// Clock wvalue: 8000.000 kHz

// Mode: Fast PWM top=00FFh

// OC1A output: Non-Inv.

// OC1lB output: Discon.

// Noise Canceler: Off

// Input Capture on Falling Edge
TCCR1A=0x81;

TCCR1B=0x09;

// Timer (s)/Counter(s) Interrupt(s) initialization

IR I
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TIMSK=0x10;

//enable global

#asm("seli") ;

while

(1)

PR EREERE T

interrups

U1

RESET PCO/SCL
PC1/SDA

XTAL1 PC2/TCK

XTAL2 PC3TMS
PC4/TDO

PAO/ADCO PCS/TDI

PA1/ADC1 PCEITOSCI

PA2/ADC2 PCT/TOSC2

PA3/ADC3

PA4IADCY PDO/RXD

PASIADCS PD1/TXD

PABIADCS PD2/INTO

PA7/ADCT PD3/INT1
PD4/OC1B

PBO/XCKITO PDS/OC1A

PB1/T1 PD8/ICP

PB2/INT2/AING PD7/0C2

PE3/OCOrAINT

PB4/SS

PB5/MOSI

PB&/MISO AVCC

PB7/SCK AREF

R1

o == 14
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U2

Rlelelsioiaiols Relstolatatelels

Jols

ATMEGA16

2.7k

ctL

0.05uF |

Vel o

Out
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(RS-232) by <55
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Sl 1 0 Sl bLo,I s el b 55l .l o Jes Full Duplex oy ,m@y o 5 Jlzdy
o J e ST JU e w0 g5lpe Sl Sl Sledlbl ol 5 5 55 50 UART i b 51 5 S

S o s b Il J e g Gab 5 O Bl Slaes U 5 65 S s (s5lse

b s se b LU sl 1l 53 351kl ul 48 bl 515 il e o & 5SS G ols Jb o s
b o RS-232 L LUl 5l ol 0 Ll il o cands Handshaking sls ;o slls o35 ol
By oo o3l e ge 5l e L bLiL gl il s Ll sl o el s « Null-Modem
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> Sos

Carrier Detect

§ ol ot il ot G w30 U

A Receive Data Liled oo 23 ys 1 page b oS Ll DB 5 5alS
i Transmit Data 213 oo dbl page sl L Sl 5 seals
¢ | Data Terminal Ready 35l o el LU sl 1 o (Sobel g0 & salS
° Signal Ground e e

1 Data Set Ready

2l o el 5 penlS & bl 2 Iy ass Sobl g3y

Ring Indicator

v Request To Send Al o Il DS Sl il D3 p3 50 Sl 5 seelS
A Clear To Send ol sl b SMBLALS (0 65 kel o0 pDlel 5 5alS w0350
4 A sl eals asis il K

5T BT 6 il ilew i L Space conss UL )Y B +Y Wy mlaw RS-232 5l s

il e ik L Mark ey Sils
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oMbl I
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OLL oy ool ilaie Jho L Bliae g5 5 S 00 o 8 (oLt s w50 U518 G G 5 0S8
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(UDR) USART Data Register

Bit 7 6 5 4 3 1 0
UDR (Read) RXBJ[7:0]
UDR (Write) TXB|[7:0]
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i 53 55 ge SleMb ples &S 358 0 S Sl o cul (USART Transmit Complete
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USART Control and Status Register B Y

UCSRB 7 6 5 4 3 2 1 0
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o okl G o ool UCSRC il b 5 ol okl = i URSEL o UBRRH owil= b v/

..3}..:3

USART Baud Rate Registers .0

Bit 7 6 5 4 3 2 1 0
UBRRH URSEL | - - - UBRR[11:8]
UBRRL UBRR[7:0]

354 o o3lized UCSRC , UBRRH i sl ol At axiS oS 5b oles URSEL

o b O gy bl ST Olalad b (585l gl 5 iz ol 5,5, odial glas 8 ¢1, :UBRRH[7:4]

ol 4,8 e 18 eslizd 55 5 USART Lty Baud Rate s gl o o535 oo :-UBRR[11:0]
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<, Mode UBRR (s, ;i Baud Rate 4.~ Baud Rate ¢, ;] UBRR alxs
T fOSC f
U2X=0) 05 5] Baud=——%— UBRR = ——9%¢
VY(UBRR +Y) V1x Baud
ﬂlﬂ})ﬁ&ﬂbb}ﬂj f f
Baud=——% UBRR = ——2¢
U2X=1) AMUBRR +)) Ax Baud
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Aol Cds I, UBRR s (gsle o5 Sl Mode s Baud Rate = Y+ v 5 5 alleh SUS L o) Jls

Avevaan
UBRR = —\y=Y.v.yY* = UBRR =Y.v
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Avvvaan
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CodeVision ,> USART !y

553 plodl USART sl cledass b s 0F 5l asliad 51 45 5 )05 1 stdioh L6 s 015 ) ool

e 0T 51 day 5 eas SGRXC 2 6wl s e Polling 25, « U ol igetehar() ot
4% 1, UDR
o 015 am 5 eas SGUDRE o U il e ke Polling 25,4 o6 ol putchar() o

J.SL;GL;:SUDRJJ‘);‘)LS

4_a<=j>jj_§:ﬁ@kaﬁ‘QJA)J}.,\S&JL»J‘(aij;T&LS‘JJbVJJ&@UV)‘MJ}\jJK:ﬁ)TJLIA

sl 9,5 (g asl

#include <megalé6.h>
#include <delay.h>
#include <stdio.h>

#define xtal 8000000

void main (void)

{

UCSRA=0x00;

UCSRB=0x08; // USART Transmitter: On
UCSRC=0x86; //8 Data, 1 Stop, No Parity
UBRRH=0x00;

-WYA L
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UBRRL=0x33; // USART Baud rate: 9600

delay ms(3000) ;
putchar(7) ;
while (1) ;

#include <megalé6.h>
#include <stdio.h>
#define xtal 8000000

void main (void)

{

char a;
DDRA=0XFF;
PORTA=0XFF;

UCSRA=0x00;
UCSRB=0x10; // USART Receiver: On

UCSRC=0x86; //8 Data, 1 Stop, No Parity

UBRRH=0x00;

UBRRL=0%x33; // USART Baud rate: 9600

a = getchar(); // Polling RXC

PORTA = a;
while (1) ;

L
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4 Ol e Sl S g 53 LSl o st ael p S35 5 e 48,0 ¢l L USART Lng{ch@\jS
d.ﬂ}_gﬂjojyp\)rjsj;\:aéMUJ{&u\édbdbbly@.zﬁjguMJLWQ)y
W g Ol g

while (! (UCSRA&0x80)) ;
PORTA=UDR;
while (1) ;

B S e Jlal b ) . USART L.gl, s, L putsf() 5 puts() els
ol ol U 5o bl 53 5 1L e getchar() s putchar() =5 USART (WL mhacs ol plas bl S

&debﬂUDRMJM@‘}: w\é@yHﬂMLﬁjg‘)gch_faJLw\J‘

S o ailsl 5 OXT0)LF s1is ws) glgsl a wls o) Y

("\-’j"‘: T JL\.M)‘ Jl.lj.n.ﬂ QJ}T’. 4 "AVR" 9 "KaVOSh" 6[.& 43.«1)) VJL:.A

#include <megal6.h>
#include <delay.h>
#include <stdio.h>

#define xtal 8000000
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flash char stringl[7]="Kavosh";
char string2[7]="AVR";

volid main (void)

{

UCSRA=0x00;

UCSRB=0x08; // USART Transmitter: On
UCSRC=0x86; //8 Data, 1 Stop, No Parity
UBRRH=0x00;

UBRRL=0x33; // USART Baud rate: 9600

putsf (stringl) ;
puts (string2?) ;
while (1)

y“.’ . ..~‘ "":__‘:sih

P = g e ¥ P
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& Bl S S b Ll e b o ol Ugb 5 ate oL 0L 55T 55 sl 16 ) 1 getS() mb
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#include <megal6.h>

#include <delay.h>
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#include <stdio.h>

#define xtal 8000000

volid main (void)

{

UCSRA=0x00;

UCSRB=0x08; // USART Transmitter: On
UCSRC=0x86; //8 Data, 1 Stop, No Parity
UBRRH=0x00;

UBRRL=0x33; // USART Baud rate: 9600

delay ms (1000);
putsf (" Kavosh ") ;
while (1);

#include <megal6.h>
#include <stdio.h>
#include <lcd.h>
#define xtal 8000000

#asm
.equ _ lcd port=0x1B ;PORTA

#endasm
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char al[l0];

volid main (void)

{

UCSRA=0x00;

UCSRB=0x10; // USART Receiver: On
UCSRC=0x86; //8 Data, 1 Stop, No Parity
UBRRH=0x00;

UBRRL=0x33; // USART Baud rate: 9600

lcd init(16);
lcd clear();
lcd putsf ("Waiting...");
gets(a,10);
lcd clear();
lcd puts(a);
while (1) ;

&‘j@\hfﬁ\)gvj"s&db)\dl{,ﬁ Q)ﬁbbé“é.@d@é%}&cljw‘ pl’intf() @U

Sl 3 Jade illes

Ml ¢ 5 Cw b SIS
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AL %cC
Vo sl )JJ\MWWJJ& %1 5 %d
ke sl Oy g0 4 golisl sae | %E 5 %e
soliel sue % f
JJé‘)Nullbo.uV.}st‘)
%08
SRAM
).sé\jNull@anb’-Lgm)
%op
Flash
Voo les 5o Cadle Doy s 3o %u
sl 3 Cudle 05 s 3 | Y0X 5 Y0X
% SIS 4%

(m@db)‘dtﬁﬂgb)ﬁM‘)OM&MQB&M}&)0 JLIA

#include <megal6.h>
#include <delay.h>
#include <stdio.h>

#define -xtal 8000000

int a = 100;
char b = "A'";
float pi = 3.14;
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void main (void)

{

UCSRA=0x00;

UCSRB=0x08; // USART Transmitter: On
UCSRC=0x86; //8 Data, 1 Stop, No Parity
UBRRH=0x00;

UBRRL=0x33; // USART Baud rate: 9600

printf ("a=%d b=%c pi=%f",a,b,pi);

while (1)

Oy 4 O : S e 1y el )l Cds g Ol 5 4ol syls 1, LB -l prin 5
o Ol cpl aS S s |l 50 Jsb o g sl o aS 3505 15 B | printf &b
g Al 3,50 3 &S sl e b g edin ok width sl s s LG Yowidth.precision
4_25%)3)_.;‘.50w;#)bé&%WJbujlﬁ-db'-0u|L§cJ‘J}\4{ML{€G)\J‘MJ\MJ§\

nn

S5 e precision il e goliel a5 5 s cand Sl e ol 3L (g liel sus

printf ("a=%4.2",a);

kajJjéﬂjcmmvmanUNSﬁpﬁMK)GUQLbQA

Project/Configure/C Compiler/(s)printf Features

3505 oS
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O b e e 1 I e s Sl ks SedBl B Ll e bl ) oslizul L sscanf() zb

scanf ("Jsl o,le", £33 osle)

S o3ls LB aS S o nd Jul ule 53,8 e 13 ol s Bl a8 LS;[-*:“(L" NJQJL.&
Jsb 035531 L Ll sl S8 Y0 0l ys g axdy Jsb (28 s Syse s AEL O go am 4y 8L 5

e Ol e oty [2alS ol pds liis w0 1 O Ol oo e 2 SIS 51 LS
scanf ("%$10d", a)

.J;s‘foﬁﬁ-saﬁi;'ijjo.ﬁ‘jﬁ-és‘)))_}\ \)J;'SblS\'

Blols sprintf () Ll lyscant () GU Slasin

Project/Configure/C Compiler/(s)scanf Features

l oF gl o) Cs w5 05,5 G man |, Flash g dasl> 51 655 s scanf() , printf() pls s

g5 esle w1y b Ol Slasie 03P Sy 53 503 S o3lizul L OF 51 OISl d G ol plis cConsl oy

o bed (..L.e (int, width , int) I\~
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TxD
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Slave 2 v |

Slave 3 v |
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huwinterface Ackiver Control module
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Microsoft Ackiver Plugin
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General w| Pishro Noavaran Kavosh

A Tabl
XY= _1
¥ &
=f =B

/om O[] se
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J.:S)J‘jbﬁ).lsﬁmkjrjﬂLoad)‘J&{j))J A

Private Sub Form Load()

MSComml.Settings = "9600,N,8,1"
MSComml .CommPort = 1
MSComml.PortOpen = True
MSComml.Output = "Test" + Chr(l6)

End Sub

RS0 .Lh‘jp- JL»)‘ COMI 4 QL‘{L: Ceo Lgi 9 R C,.:.s/\ ¢Q)\}§

SYY -
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RS232 L USB 2 bl o5,

FE1
. 1 WiCC WD
USB - Q Ve b
FERRITE BEAD
CHA X
CH-USE == 5
1 ™ donF 2‘?0&
o] ~
1 4 1
T~ C4 CE
w0 F30F OAuF
' = 1
“
(=] [ S ]
S % 338 THD LO
= o
R 27R Rp [R— -
P USEDM
rTes e
RS 27R
At I usBDF CTS# :"LEI'
b TRe PR—
R 15
—M—1—“G RETOUTH DERe PRd—
RETOUTE . I
XTI
A R pHE—
BhiHz RESONATOR
| TxDEN [FE—
J T N
XTOUT FUWREN# PAE— |
W CO———3 RESETR FURE TL
TxLEDR PHE—
EECS RXLED# p—
1 Eeskc
EEDATA sLEEPH PHE—0
DECOUPLING CAPS
1 [=
TEST z oo
WECC Z 2%
F TZ22BM
a4
4 3 == CZ == C1
1~ 10uF 0.1uF 0AuF VEL
e
U
* oy vee [
I sK nE L
s DIM NE
2 pout GHD [
W3 CA5/5E0
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2 Az by
L -
R1
P
10k
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3L o 5 S se 4 O Pinout ;e LQFP g5 3 FT232BM .~ Package

w e L 2 5
4] 9 295 2 O g
Hdz3EESE
7 3 25 N
EESK | 1 O 24 |3 rxp
EEDATA [T —FTDI (T 1 RTS#
[ a—
vce T — T 1 CcTs#H
RESET# [T} T 1 DTR#
RSTOUT# T T 1 DSR#
FT232BM
3vsouT [ T 1 pco#
usepp [T (11 Ri#
useom | 8 xx Y 17 |-/ GND
\ /

GND | =
SLEEPY 1
RXLED¥ 1]
TXLED# [—L]
veeio I
PWRCTL [T

PWREN# [—1]
TXpEN T =&

:c,,,,\ﬂ)-Q,y@WinXPﬁoTﬁms;)um\ﬁ@;Lg)mw\;\@.swdxe}sw\m

““ﬁl"”wli)‘;ﬂ)uﬂ)JT‘)\'\ft}:@‘)J‘f‘w)ﬁ‘)s QO

http://www.ftdichip.com/Drivers/VCP.htm

(E:\CDM 2.00.00 JL'ZA u‘jﬁff 4.:) J\.;.S Ul’lle o‘jﬁJJ B et L.gi )J b ol LS)"L?)L’ Jil.Q (\‘
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Found New oy oIl ol s S J—235 USB (sla, oSS 51 S a ly 5 51580 Csens s
o3l J::l Found New Hardware Wizard s o5l 55 O 51 L 5 o0s 2l Hardware

.J..éSgS.:leNeXt}a.};g?Bd‘b(ajJLg41».3.}'.?.3}..1

Found New Hardware Wizard

Welcome to the Found New
Hardware Wizard

Thig wizard helps you install software for:

IJSE =-= Serial

f your hardware came with an installation CD
&2 or floppy disk. insert it now.

What do you wart the wizardto do?

(®) Install the software automatically (Recommended)
() Install from a ligt.or specific location (Advanced)

Click Mext to continue.

Back Net> | | Cancel

.J»:il.‘u.LS.:lSNeXtLS)JJ{}O)JSJ)\)‘))ﬁb)MJ.&l?))SJJ (f.

-VYe
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2

Found New Hardware Wizard

Please choose pour search and installabion oplions.

(&) Search for the best driver in these lacations,

U ze the check bomes below tolimit or expand the default search, which includes local
paths and remov able media. The best diver found wall be installed.

|:| Search remowable media [floppy, CO-BOM...]
Include this location inthe search:

(EACDM 20000 v| |__Browse |

() Dan't search. | will chaoze the driver ta ivstall

Chooze this option to select the dewice diver from a izt Windows does not guarantes that
the driver you choose will be the best match for vour hardware.

< Back l[ Mext» ] [ Cancel

.k_«.uj..; om&ujﬂ‘él_b)ﬁbJMC))j—w)Jdeou LSJ\;&JJ&-L 6}%@)}%}6&)%)3

COntll’lue 6}) Bx JLED-‘ )‘ Lf;ﬁ v.&;: l; C,..SL?— L)'i\ )2 9 ol JL>L.’.| j‘.’.) )Uﬁ?\ Jj.;n ab‘b L;de.ﬁ cC‘.aﬁL.«jJ.i.iLa

S SIS Anyway

- YYo .
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Har dware Installation

] E The zoftware you are installing for thiz hardwaare:
&

USE 5 erial Corperter

has not passed Windows Logo besting to venfy itz compatibility
with Windows HP [T el me vk bhiz testing iz imporkank, )

Continuing your installation of thiz software may impair
or destabilize the comect operation of your gpstem
either inmediately or in the future. Microsoft stromngly
recommends thal you stop this installation now and
contact the handware vendor for software that has
passed Windows Logo testing.

Contirdeg Srmyway ] E_QTEIF'InataIIatiun

J...ZLL;G‘)L;; S48 LSL“ J.;b Q)j@édb))j}@jﬁ.ﬁ)&bu‘goﬁ o3l u,ll.«vl.wﬂ))sls (6

Found New Hardware Wizard
Please wait while the wizard inztall: the zoftware . .

g ISE Serial Carverter

’—-J? —*—j(
fidiunin.exe

To E:NANDOWS avstemde
[ ]

R
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w9 2 L).i‘FlnlSh ng)ﬁ&:lsbjab‘s)b.é‘@wg@):ﬂidﬁﬁy fw‘fw‘_;clﬁ)}lg) @

Found New Hardware Wizard

Completing the Found New
Hardware Wizard

The wizaid has finished instaling the software far:

% USB Senal Converler

Click Finith to close the wizard

2S 5L 1, (Hardware s 4L 5, » Control Panel\System ... ,s) Device Manager v
4 COMX (b L (55l COM &5 1S o alamDlo doas Lo 0T LS [+] 555 » SIS L1, Port e s
objj C,.éli).} L.’. JL.«:)‘COMX < b Sledb! VY S ajj}:: d_:lk.d .,L::‘jj o U‘i\ )‘ el 0 objj'.é‘ ;MM.:S

.J.:}SQ.%L:).))UAf}f}.}b::“gjb)\d)b%\j

YV -
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£ Devica Manager

Ble  acton  ¥ew delp

= HEHES £ A =Ea

#-%» keyboards
=17 Micz ard other pointing devices

# Modems

H Manitors

# [{ FCMCIA adapters

=1 Ports (COM &.LPT)

L ﬁ_f Bluetooth Communications Port (COM17)

i n__)y" Buetooth Communications Port {COM18)
b '_y‘ Communicaions Port {COM 1)

-y SBP2 IEEE 1394 Devices
-8, Sound, video and game contrallers

+- g System devices
= Universal Serial Bus contrallers

SIYA S

o

&
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(TWI) I’C Bus

Lol iy iy LSS50 ol sl s 45 =1 b Philips 5,5 Law 5 V8A ans sl 4 IPC s It
A IO g 5 5 olSas G L3 Sl gls 5 L eiSls Bl slel (gl o3l
@&ﬁog)jiﬁ\gﬁquMﬁLﬁsup& Inter-IC MM&,@;@%@I%
5wl el i el Cxeo 53 e Doso 4 S ol o)l A e mazee Slylde oy s bl
s Ve Sl Gt 03 sl 4 () S el ) 1B 58 (s (5 e s e 51 0T 5008
s e ole 6w St alS Sl s uS e B 5L TPC el s 4 S IS 4 il €
5 A 2l oes Sl 5 S S gl e 3w 535 S e sla Track pme 4 Ll b 5
el 2SI sl 15 sy s S S e i 35050 2L 3l e D Bl e

2 Z. . .
I'C b sl S5 5 &

S hs DB 5y s 3 Oy Ll e OF SIS 5 il e 05,50 Il o JSS5, S TPC )

omh At Gl 3 eV o sl 50 s (el s sl 6 a3 VYY) iV pas sl Y

(b G » ke 10T E) 5 pluld

R
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SDA 5555 o slel SYS Master Lo s SCL ¢35 » 5,0 3L SDA 5 SCL L 55 4 s oL ¥
s o JuS Master v g of Cgr a5 Wil 0 45 b 55 s Data L

STt 5) sl St Sl Jll 55 L argr 55 S g A Sl b g 2 E
(High Speed cxsos )5 436

et Sl o alol b g3l b b sl Sy £ B O3 ged sl Ul L0

Sl UK S (55 4 i 55 392 50 ik 5l eslinad L SDA L 3l axul =b sls Spike i
L e Bl (il il sl 00 51 2aS e 15 e oS (9355

LS 5 55 LPC Wl s & il s Slew Rate (s oS J 25 & jges SCL 5 SDA (sls o v
sl adas ol O ol wediS J xS s Ses iS e dge (kS £ S5 YL gla
S oSS EMI sl a0 VU (gl SCisa s Sl Bl S 5038 Gl (g350 b 1 JUSK

pee Dose & el IS e a8 e slie 5o L Ll a3l el 5 el e b a SLS e A

= - 2
2,8 2 NAIC vy s 2

é)‘-uu.w‘ O..t" )é é\?»\h&‘

& o0l 5 SHS L g el A5 5 Sledlbl Ll g e liS gy b oS Sl (g alns :Master
Al e Dbl JL ]

ol ok as eyl Master L g a5 ol ¢l dbs Slave

das o lhesls el 53 1y ledbl oS (gl alins 1ot

"\J‘?L!‘U’“L’)‘ b C)LO}UAASLQ‘ A.L:.w) Io.\;;

I 2
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S a by b Ll e Ol sen Master <G5l is 3148 das o Oluebl S adSs :Arbitration

Sy 33 ge Oledbl 38, Cws QJJQLAQT)'\JQL@;.J‘JJ))B: 34

I'c b3 U C)"*"

13,15 5 45 5l O..’.‘)Jdtiz.wcb_w‘jb WS sk

1. Float High (Logic 1)
2. Drive Low (Logic 0)

—._/_ - N\

'-é‘-‘lo'é{t High Drive Low

-Yey o
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gl Coslie 2 altes I b ax 5 L 5353 o pasie Float High mbau b b o5 Lidle cons

< 100 kbps / 100 kbps 400 kbps
4.7k 22k 1k

U‘”LJ&i)L"‘»" q,_;«b SJLAAPUH'up Chﬁjuﬂ&i)‘ o)W‘w@aMmﬁ)ﬁJ@'JJ 45)}1@&.&

VDD
Pull-up
Resistors ﬁRp ﬁRp
gpa _Serial data line
gCcL __Serialclockline ®
re I (=
SCLK1 J DATA{ _J SCLK2 _] DATA2 _J
ouT ouT ouT
SCLK < I SCLK < | DATA
[[] ] H
DEVICE 1 DEVICE 2

Wired-c 5 bl Pull-up (slgzeslis 5 055 Open-collector s, ;s oiii asl)l SaSS wr ,a

Lot b s Pull-up 51015 o cuslis glr @ 55550 cnl @b sl 45 355 0 RC oy b

-VEY -
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&id‘d':—""’}’nghcb—“)" uju.a k}:\ALSJ‘)AJ ol el ol ﬁ\)‘MﬁC,wa ‘]a.,w};"‘&SLS‘ o

Al o el GG ds g s Oleg et 3 5 e L O3 a8 5L Sel s g

IC1 =4066
R2=1K2
R1=1k8
R==<100 Ok

IC1

R1

[2C Device

YCC

2 .
I'C b sl cons

ST JUsl K Sl am diS s s b Cmds il 8 il s e b Cmds o3l slyls I°C ol

Jyé&QMWf)ﬂMJJbﬂL&J\&S&M oﬁjbﬁwﬁgyu‘bkmchﬁ

Start

Stop

Restart

Data

ACK/NACK

b 0L Ll G sl B35 e sl 5T Lyl 3 G oS Sl Sl :Start Condition b jLT L e

Sl 0 Doso ol Cand s cpl sl by Sl sed 358 e ses Busy
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spA | N
SCL AN

Device < baw g Ll 5 o 50 5151 b 0LL Ll 5 G sl L :Stop Condition b 0LL Ly,

3 95 sl @ 503 Sl s

5O dal s vy a5 5515 5 58 SleyCuns s ol (Restart Condition b suow £ Lyl i
sdoms g3 5 Sl S 5L 6 s Slave b bl 5 &8 sl (6,505 5T Ll 5 o aly J xS 0sls s

L o el el OLL JUSw ) s oS g5 ,8 IS S s S

spA L N
scL /1 N I\o

- Yee o
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bt gl o ales S S LCw 5058 eooslin 3 Sledbl Co A D= o) s :Data ey
SDA 5l alate KL i jltie 5552 o (505 4505 SCL 55 552 50 SIS (5 085, Y s 4 ;5 SDA
S L5 YU 5 ) 53 SDA Jluie b il oes SDA 5l oild ol s lkie 450l shite 4 555 o ol
g5 ol kS @ Sles ol 2o SCL o8 Il 15 L5 SDA Lt xS 55k 4 5 18 a5 SCL

el OLL 5 leT dal i 4 -l L

1 N0

SDA SDA

SCL A \ L SCL __/' \

43

Data must be valid on rising edge

L 055 3 b J%V_@J&wﬁ o3l S A 3L ys 3l s 0, S (6 by A ACK/NACK Con
Gl pde 25 v SIS 3 SDA L 0l ey o Acknowledge b mob stz 3 4 SDA

3l e ol G 1 esls L Pull-up e slis 451 il Passive

-Yéo
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sV sl 6
L 0l e S a3l ey 4 355 e el btz (6 ey ol S VLT Ll 5 a1 ey
QTQJ}:&)JJJ b 4.1.:,‘.»:‘56‘3) u;‘.«.::y .LAMaSteI'«SJMSJUﬁGQ,fw\ QJﬁJL.a.JJ\J Jﬁ)&.’&f&j}

Mb&@éw‘j)\ QJ.:‘_}:-L;oMJQLL.’

SCL
I
: S 1 P
oo | | | 1 Il [l I | S
START ADDRESS RAN ACK DATA ACK DATA ACK STOR
condition condition

MECaM

o2l 1 iliee (5 alows VYA s sl Ol 6 2l o iV sl 3 s PC Loy JS 5
o3l B ol S s b s WY ST e 55 5 L3 e s 555 sl VU slaas ol 51 S
03,5 3 b oS o S plas ool pal ol 5l g 5 0352 s G5 ko sl s e
o3l b Lo Slave aen (gl 5 &S slaw 35 talyr Calys 1) 2o A (g el (s &L Master « SDA
syws B Slave sl Master Loy a5 ail b Llg o ool 358 e ol Broadcast s,5

.M3@¢@||)@jois>ﬁ@m
Sgdoa 5o 3B Sy Eer S S b (g W b 6 e bilos sl ‘U.UJTHT Codgdse o dle

D s

-Yéer o
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oslu JUisl K

L Slave 51 K oaly Sdbl daly o5 dilb o Master J xSy S 5 g 5348 S (55

‘S Il

SCL

' Slave’l

Master, Sensor

Slavez Slaawe3

S04

Slaveh Slaven 1 Slsl'-»vel_'_'.2

Clock Memory Dizplay  Keypad

Lo o o ol S, 15 S 13, bleyl 0L el e a5 | sl Slave . o1 Master of 5l w5 S s

(aLm.?W.J\Mi);{QTLS})L&JJUS;{QT}\\)QBW\M‘)}@SUL»&MQTM%)JJ

il s Gl ol W sl 48 (gl dlos 5 S o amlio 355 ysl b es S s |y sl s Slave

B IR CR T Master « 5 o5 5 sl ACK JiZ K & SAUS 5 SDA 055 e b

Cons s S Master culg s 5 eds 5Ll Slave L oledbl Jsls Master Lo s 3das Jt&w ol s

ALl e

- Yev o

Bus o sl e 4SS e sl Stop
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AVR ) S5 Sun 53 TWI o8,

S A M A
o=l ol e J S S s Jes Master & g0 445 I 3 1) SCL Lt sl (5 0p95 Jssle ol
2yb o plasl TWSR i) 530S s iy sls Cp 5 TWBR ) Slilas (g s Jos
Bla> b Slave ;3 CPU il 5 bl 5106 oS s i 5 S 55 Slackis a  Se Slave s Slee

L] o Sy (¢ by sl s aiL SCL s 5 10

_ CPU Clock Frequency
T+ Y(TWBR)x ™™

A8 5 SCL L (g5 olaisl SIS Master el - Sas & sl 8 5o

TWI (5t fr

A5t s TWAR ; TWDR TWSR TWCR TWBR (sls ¢ 4 s 2y sls TWI 2t
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| Sn ;. 3

‘TWI Bit Rate Register

Bit

4

3 2

TWBR

TWBR[7:0]

3%T@C-J%ﬁjc5*@‘)@%ﬁPOTJJ@JJS@MDSCL G B e

TWBR =

CPU Clock Frequency-16x s,

2xfgeg ¥t

TWPS

(TWPS =0 ;5 5,5V o+ 1, SCK s 5 5 55 8l8a A Jliy S L TWBR o) ) Ul

TWBR = 2 TV
YXYerran X§
‘TWI Control Register
TWCR 7 6 5 4 3 2 0
<= ¢l | TWINT | TWEA | TWSTA | TWSTO | TWWC | TWEN TWIE

sl 3 g Ol gl cw s Sae s ajlsoge o L TWI D 28 s aady gy ol
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ods Set Lo aidy oyes jlo dd Cow &S S50 53 S opl 03,5 S L TWI Interrupt Enable

5SCL sls ey J,8 TWI Jy3lae 0 00 S L 5 03,5 Js |, TWI oy o) -TWI Enable Bit

L)‘f~| Q.,\.::J.d...pt.gjo.)ui JM&J})}%}SIGW Rate J}Sb‘jdbd\)).bﬁf‘éxav\.@&ﬂ bSDA

J%T&)JLQMI/O Q)WM‘J.bw‘gaMJw}:&TWI&Lw

TWDR ) o) a8 355 0 SO Sl Sl ki o ol -TWI Write Collision Flag
S TWINT a5 Lol o ;s TWDR 5 6o b9 b8l oo TWINT oy 5550 and § (g5l

Lyl s Gl Csb Master coxs s s e ol 65y SO s s TWI STOP Condition Bit
jouu)SCLJSDAL}kﬁ-La\JJSM\ﬁ;@\dQQW;%w\QJ;&«SIaVGWﬁﬁ

Al el e xS Olg oo e 5 pde i S o 5sls S

S syl 0s Master G L e ol 55 K 25 L1l 5 -TWI START Condition Bit
55 S e LT Lol s G bl A3l 3T a8 s 53 503 S S ) b Ll Csew S s 5Ll Ll 2

Loyl s G sl L O Sl e 5358 0 ol 655 OLL il 3 G e e TWI Jg5le o) paiyl S8

538 Sl e 5 lae g ST Ll 3 sbl 51w WL TWSTA o 3,8 o s |y ol J o8 5L
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oS s J s 1, Acknowledge U pass LJL el TWEA TWI Enable Acknowledge Bit

35 o obml o5kl i s ACK LU s5d s g S cs opl sy S

Abes S Calos 1y gt a4 by s el Slave oSl 5l e )
-JH-:YL’ ol C_,.%LLJJ P u\y\fe Lg’.’. S o> &TWAR BE) TWGCE o ‘L<.:.A‘.>LA Y

Al eas sl s Slave L Master s osls ool $ A

S adds aS Jyao 53 5ol SCTWI Calbs 51 G a eledl 5l e o TWI Interrupt Flag
o ISR gl 5l oy s 2l a8 o 2 TWE (g 4By 5l 0 0 il SO TWIE e 5 6l

D SUSG g bl e Sida 5 L 5 55 el SU ol S )y
LS e g iy gl aS 1 ols e ples Sl gime L L1 e 5 0 pd SO TWINT (o ) o8 oK
SU L TWINT s TWER iy lodiss U 0lasen 01 51 s 5 05,5 s TWDR i0) oo
53 SCL el S0 TWINT iy 45 4 Siable s sdes 5 iy plal & g, TWI J3be & s

.;\;M\ﬁr@\W@ATWI;p&g%&\sgujujxu@gp,uwj

TWI Status Register

TWSR 7 6 5 4 3 2 1 0

<= ¢l | TWS7 | TWS6 | TWS5 | TWS4 | TWS3 | - | TWPS1 | TWPS0

-Yoy o
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23 dodr Gl &S S o pasiie ) oS e iy s b ooy ol TWI Prescaler Bits[1:0]

TWPS1 | TWPSOQ | o el S Sl
0 v \
. \ i
‘ ~ 1
! ) s

J}J:L;dw:x}'

5, 80kes )8 gle Mode v 3 S il s TWECansy KLl e e ol TWI Status[7:3]

A Al s O

‘TWI Data Register

Bit

4 3 2

TWDR

TWDR]7:0]

ol AT els Sl S s 5358 Jlsl b oS cd (gl <ol g 5o TWDR (Jlizt - s

ol &f. TWINT r}:ﬁ 39 J\..;:L.: C)Lc'on‘ JU&:\ Jl;— DL TWI S Lf“jl’. DL L@.\J JIM,\.:}-) w‘ me‘ dali)"
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3L o SR 5 ST le cursss ss Slave sl ze; ol ;TWI (Slave) Address Register

TWAR 7 6 5 4 3

<2 el | TWAG | TWAS | TWA4 | TWA3 | TWA2

TWALI

TWAO

TWGCE

SasiS 5o paes Syl b w by e 0X00 .51 TWI General Call Recognition Enable

LS e e |, Slave .psten v ol TWI (Slave) Address|[7:1]

s Aal g3 oalatul aslsl y3 slayl 3 Sy ge 4 g sla g 108 f\s

S: START condition
Rs:  REPEATED START condition

R: Read bit (high level at SDA)

W: Write bit (low level at SDA)

ACK:  Acknowledge bit (low level at SDA)
NACK: Not acknowledge bit (high level at SDA)
Data:  8-bit data byte

P: STOP condition

SLA:  Slave Address

- Yoy .-
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TWI s e sla Mode
1. Master Transmitter (MT)
2. Master Receiver (MR)
3. Slave Transmitter (ST)
4. Slave Receiver (SR)

(MT) Master Transmitter @

35 o o3l aslsl 534S oyl Sk 5 0l sl g4 Cansy S Master L s luzl Mode
33,5 JLw ) SLAFW g5, 5 - sloml 5l ey 81 sz 3 L ol 8 Master o5 &S o oo
Sy o bl S syl 558 Jleyl SLATR &S 5550 53 5 el Lyl &= 5,05 Master

::.stda:lq;ﬂﬁ)'Q)M@TWCRL}AJJ\MQ)&T.@\JJ

<= ¢l | TWINT | TWEA | TWSTA | TWSTO | TWWC | TWEN | - | TWIE

A3l e ol OF e 5030 TWI g wis 5l Js TWIE

L azils K ldie LU 4 3 5 635 TWI 5L Jles TWEN

1 ol Sgma sl e 5 105 558 oo okl i Sl cpl s ol Sl bt o K S TWWC
ol sl i 58 ool L Collision ol plo 5 ool a2 50 TWDR (655

35l OLL el 5 el el bl s |5 il e i TWSTO
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S il b 55 5 05,S slaal 1 5LET Ll 1« ol 0350 33T &) o 53 TWI U3l G os s & TWSA
AL OLL Lol s G jasds

jmﬁ;)LﬁsACKQLE@A;@T@\,.:ﬁJQJ;Set oo L il e cuenl o g luis TWEA
Nl e

J\.STWCRM) ja.w}? ol o3ls QLAJA rbu‘d\.:ij)&TWIUbﬁ&dlﬂ&i&;ﬁbTWINT

=t 53 50,8 bl 1 5Ll Jayl s TWI U3l ol 035 3T &y s 557355 Sladss (gl 21 51
Ll i 5 4 S s w ) il IS 0LL dal 3 G eSS 4 g ol ol 04 3T e O gy
0x08 1. TWSR ;555 30 Conoy a5 ous S TWINT 5 OF 51 o eilad o sl [ 5LeT
s L Ol 5l e 5 ot axi o SLATW luie TWDR (g5, b MT cunsss w0 3555 55 s dal =
TWDR (¢, SLAHW 2is 5l e 3 5L (s ad> 0 o3 5 SU L, O TWINT (g5, K

g Al 5 e 4 TWCR ol

TWCR 7 6 5 4 3 2 1 0

<= ¢l | TWINT | TWEA | TWSTA | TWSTO | TWWC | TWEN | - | TWIE

s 1 X 0 0 X 1 |0 X

IS e 5l S Ll sl s s edd SO TWINT e bsues ACK il s s SLATW o eslews 3 L
4SWL&0 U”J"’ quLa OX18 J.’)‘J\.ﬂ.c U’" 4\5&)}«0 DL JJS LS‘)|J'9 TWSR L OX38 La 0X18 ¢0X20

‘J\_:)‘ J—.\; CA_SL> n/\—AJLQA 5}.:4 de)‘ o)‘b 6})\) v\ib w‘ )‘ o C,..w‘ o Léli)b ACK 39 ol de)‘ L}»JJT
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TWI LﬂjﬂAde‘bTWINT%JQ);S&SQbJQM w}JTWDRMJ‘)JJJGJ)))AJ‘J\EA
=) Q)HMJJ;JB- ML@.ATWCRQL«.:EJ ..,\JSL;ob (:.shaj Jbgﬁif}b\jeu&TWWC

Zbﬁ Jubb;—

TWCR 7 6 5 4 3 2 1 0

<= ¢t | TWINT | TWEA | TWSTA | TWSTO | TWWC | TWEN | - | TWIE

BISEY 1 X 0 0 X 1 |0| X

J.J\_>u GJ.JL:QL.:L: %‘ﬁ&)@‘brl}u‘ﬁjéjﬁ&)‘ﬁ ob‘.) LSLQ C".’.L’ CL«S Jl.w)‘ H.«)S‘U‘i.l?-jc U'i‘

b o sl 5 spe 6 TWOR ) a3l L 0L Jal 3 0l e OLL

TWCR 7 6 . 4 3 2 1 0

<= ¢l | TWINT | TWEA | TWSTA | TWSTO | TWWC | TWEN | - | TWIE

S 1 X 0 1 X 1 (0| X

TWCR 7 6 5 4 3 2 1 0

<= ¢l | TWINT | TWEA | TWSTA | TWSTO | TWWC | TWEN | - | TWIE

s 1 X 1 0 X 1 (0| X
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25 e S TWINTO 0L Lol 5 sl 51

v

3Lt Master « <ol ol 5 55 aalss 0X10 1 TWSR oo Jlie sioe 5,8 Sl sl

s o b J S Osls caws 31 05 |y Slave s

Sl o 5 Jsd lke Master Transmitter cJb- il sl onsy ;s TWSR i slis

TWSR i s Slos 55 ¢l TWI & a1 5 30 oS (sika Cniss
0x08 ol ol slayl g Cand s NACK LACK st s s SLA+W JL
NACK ' ACK =it s s SLA+W JL. |

0x10 S ST SRy
NACK L ACK il s s SLA+R JL. |
NACK L ACK il s 5 esls cul Sl
0x18 ol sds 2l ;3 ACK 5 os Jluyl SLATW oL 3o g5 75 - sl
OLl b sl
Sme 65,0 Sl ol

0x20 el sz il s ACK 5 os Jle )l SLAFW oL
0L Il sl
NACK L ACK sl s 5 esls <ol Jla
0x28 el o il s ACK 5 i Jlulesls <ol 3o g5 25 I sl
0L Il sl
NACK L ACK sl s 5 esls ool Ll
0x30 el odis 3l 53 ACK 5 o Loyl esls ool 3o g5 5 - sl
OLl b sl
0x38 el a8y s 3l el IS Ol sdms J 28 (510 (35 5 £ 0 = JL
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(5 asks Voe c,.:_g'CJ.}Lg}OXAO w,;Tb.Slave & 0X77 sae L)) Y Jle

#include <megal6.h>

#define xtal 8000000

void main ()

{

//--- Start Condition and Transmitting SLA+W ----

TWBR 32; // Bit rate = 100Khz

TWCR OxA4; // Transmit Start Condition

while (TWCR&0x80==0); // Waiting for TWINT flag

1f (TWSR&0OxF8==0x08) // Start Condition Transmitted?
{
TWDR=0xA0; // SLA+W

TWCR=0x84; // Enable TWI and Clear TWINT

else

goto error;

while (TWCR&0x80==0); // Waiting for TWINT flag

if (TWSR&OxF8==0x18) // SLA+W has been send with ACK?

- YoA .
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{

TWDR=0x77; // Data=0x77

TWCR=0x84; // Enable TWI and Clear TWINT

else

goto error;

while (TWCR&0x80==0); // Waiting for TWINT flag

1f (TWSR&OxF8==0x28) // Data has been send with ACK?
TWCR=0x94; // Transmit Stop Condition

error:

while (1) ;

(MR) Master Receiver @
5Ll bl mislbonl 51 e b OF sl (gl 5 A4S o il s Slave i1, cledlbl Master coxs s ool )3
Al el slonl s 4 BT Ll 84S 5yse 55 58 el b Slave & SLAHR 15 - Gdls
5o 1 ol Jlacie 1oL SLAFR Jlu )l gl o o5 0 0X08 LI, TWSR s 5 oas G TWINT o

3305 Jlsl 1 OT TWINT 05 5 SL L 505 5 (6,138 ,L TWDR
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)‘u—gi‘}ai‘j—";’ LJ_i‘ )J)aM&iTWINT u_:abffa CJQJ)ACK})}& o)L"MJ\é SLA"'RASOJLGJ

3,8 51 3 TWSR ;s ol - Sas 0x48 L 0x40 0x38 slaus

TWSR . s Shas >ﬁ¢l>,u'\TWIL54.L_MﬁJJl_,3@45L5J~CWJ
0x08 Wl ol sl 3 0 Cand s NACK t ACK csb,s 5 SLA+R Jla)
NACK t ACK sl ,s 3 SLA+R JL

Oxlo sl 0 3{;;3'\ e)b.jh GJJ oo ‘j
NACK L ACK sl s s SLA+W JL )|
0x38 il iy s 31 b J S oi;@dﬂsd\ﬁu:w}@,;auduj
OX4O el ol C,..éLL)b ACK E) [ JL.eJ] SLA+R C,..il; NACK L_:'ACK JLVJ)‘ 9 03l C,..gb C,._:!Li)a
Shoma £ 45 Load g 3l

OX48 RGO I WA C,..éLL)b ACK 9 [ JL«)] SLA+R C,..gl;
0Ll Conds sl
0x50 ACK Jljl 5 osls culy w3l s NACK L ACK Jljl 5 esls cul bl s
Sdoma g9 0 Lond g Sl

0x58 NACK Jljl 5 esls sl @ol s
e

Coils g eals TWINT s SO 51 s il e b ,5 ACK 5 oo JL )l SLAFR &8 5550 55
L{Master QTJ‘MjaJ\_J:)\J_gS ga—ib UiJ}T C,Jlijbl:)\s Ui‘ J).,w oJ.:‘j} Ju\jSL;cTWDR)J ol
Slles Oly5 odmd 52 5 3500 1 O DAl g dad s s S 0 oDl Slave « NACK Ol 3

355 B DL 3w 55 a3 S sl U 1, 01 2

(5 ks Ven C/.:..a.Cj.;}OXAO L)ﬂ)JTl.gslaVej‘ oals Cul ¥ Ol ) ¥ Jl

#include <megal6.h>

#define xtal 8000000
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char incoming data;

vold main ()

{

TWBR = 32; // Bit rate = 100Khz

TWCR = 0OxA4; // Transmit Start Condition

while (TWCR&0x80==0); // Waiting for TWINT flag

1f (TWSR&OxF8==0x08) // Start Condition Transmitted?
{
TWDR=0xAl; // SLA+R

TWCR=0xC4; // Enable TWI and Clear TWINT

else

goto error;

while (TWCR&0x80==0); // Waiting for TWINT flag

if (TWSR&0xF8==0x40) // SLA+R has been send with ACK?

TWCR=0xC4; // Master Acknowledging and clear TWINT

R T N
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while (TWCR&0x80==0); // Waiting for TWINT flag

if (TWSR&0xF8==0x50) // Master has been Received Data?
{
incoming data = TWDR; // Reading Data

TWCR=0xC4; // Master Acknowledging and clear TWINT

else
goto error;
//-—--- Reading 2nd byte and Stop Condition —------
while (TWCR&0x80==0); // Waiting for TWINT flag

1f (TWSR&0xF8==0x50) // Master has been Received Data?

Incoming data=TWDR;

TWCR=0x94; // Master Not Acknowledging and clear
TWINT

}

else

goto error;

TWCR=0x94; // Transmit Stop Condition

error:

while (1) ;
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(SR) Slave Receiver ®
oS e <osb s Master Transmitter 51 1, oledibl 5 o35 Slave ok ;8 ) 285 S cund s opl 5o
355 So LSB e asilis 55,25 51,3 TWAR VU v s Slave . LS s sl

b8 dalgt o sl 1 O o geail i 55 5 50 Al 55 eges Sl 3 o sSkul 4 56 Master

TWAR 7 6 5 4 3 2 1 0

S gl TWAR[7:1] X

gl s sl 3 e TWCR

TWCR 7 6 5 4 3 2 1 0

<= ¢t | TWINT | TWEA | TWSTA | TWSTO | TWWC | TWEN | - | TWIE

Sl 1 1 0 0 0 1 0| X

s Js TWI Ja3b G e S TWIE o
355 s ACK Uyl 6o S TWEA o

AL e Master s sdgs 2 0LL 5 3l Ll sbul |5 il s a0 TWSTO 3 TWSTA s oo
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AS Cls eses Ol 2 SO L ek s eyl Master L s U oad iz Slave sio S 5l e

dal e Master «S cul ol g edias olis Wil ho (W/R) g s ols 3L o JUJT 3 S

£ 5 5 oi Slave Read (SR) coxss 5505 Slave o)yl 53 45 a4 Slave 1) (g luis

TWINT <, SLA+W il s 5w .3 8 sl )3 Slave Transmiter (ST) S s &) pas

rodls el 3 g s TWSR ) 3 (Ol im0

TWSR . s Shas :)Jr\q;}\TWIédfdﬁ,U\jde\SéJagWJ
0x60 el 0 JLu )l ACK 5 oas il ;s SLATW oL NACK L ACK Jlojl 5 esls cul sl s
sl Master L 5 SLA+W Jlol (o 53 b J =8
0x68 NACK L ACK Jljl 5 esls culs sl s
sl 4 s
0X7O el 0l de)‘ ACK E) ol C,.ﬁ\.ﬂ) P u_r‘ybﬁ NACK l.iACK de)‘ E) 03l C,.ﬂb C,.ﬁLi):
Master Loy o Sl Jll g 53 il d 28
0x78 NACK L ACK Jlojl 5 esls ol bl s
sl by s )
0x80 ol Sl s ACK Ll g esls ol il s NACK L ACK Jlol 5 esls ool sl s
Fars Sl dlasl b ol sy S 4 i
0x88 bl Sl s NACK Jlegl g esls ool il s
Master « Slave | coxsy i <l
0x90 o3oe slsl b 5o ACK JLl 5 esls el il s NACK L ACK Jljl 5 esls cul sl s
fors = gl ool Oady S 4 s
0x98 sosee Sl p s NACK JL 5 esls ol il o
Master « Slave 3| coxss s gl
gors I Jlasl b s sl Osy S 4 s
0xA0 ol goa b5 Okl Sl 2l s
Master « Slave ;| cuxsy i <l

Gdews Master ¢l 5 ot 3l Slave Law gy s el il 0X60 ois okl g S &S 550 o

S aS Sley U ges S il by esls gla ol ,\Jbsd‘,Slave RVl e ol ss Lyl 53 (ACKD)
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TWSR vy Jlie &30 2l o aS Sl dal g aelsl gyl s sl sl JW@ﬂLﬁdlﬁlﬁ Lyl &

<;ﬁ;§\~~gﬁtf,0x01JUJprvehﬁgwbgﬁpéggggpyiJm

#include <megal6.h>

#define xtal 8000000
char incoming data;

void main ()

{

[/—=—mmm Initial Setting ———------—------
TWAR = 0x01; // Slave Address
TWBR = 32; // Bit rate = 100Khz
TWCR = 0xC4; <// Clear Int, Set TWEA and TWEN

while (TWCR&0x80==0); // Waiting for TWINT flag

1f (TWSR&0xF8==0x60) // SLA+W Received?

{
TWCR = 0xC4; // Clear Int, Set TWEA and TWEN

else

-Ylo .
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goto error;

while (TWCR&0x80==0); // Waiting for TWINT flag

if (TWSR&0xF8==0x80) // Slave has been Receive Byte?
{

incoming data=TWDR; //Receive incoming data
TWCR=0x84; // Clear TWINT
}

else

goto error;

while (TWCR&0x80==0); // Waiting for TWINT flag

if ((TWSR & O0xF8)== 0x0A0) //Stop Condition Received?
TWCR=0x84; // Clear TWINT

error:

while (1) ;
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(ST) Slave Transmitter

TWSR s > Shes ;,ﬁzrka.;\TWIdd,wﬁ.u\,:_fsd,\,{W}
0xAS8 sl 0ds Jlu )l ACK 5 oaz il ;s SLAHR oL NACK L ACK il s 5 esls cul Jla |
siMaster Lo 5 SLA+ W Jlol o 53wl J =S
0xB0 NACK L ACK =il s 5 esls cal Jla)
Sl Ay Cws
0xBS8 ACK cibl,ys gesls ool Jl | NACK L ACK il s 5 esls cul Jla |
gars S dlasl ol sy S 4 i
0xCO NACK sl s 5 esls ool Jla |
Master « Slave ;| coxsy i <l
&2 S dlsl b wﬁT Ok - 4 S8
0xC8 (TWEA=0) ACK 3L 5 5 esls <ol J.);-T Jll

Master « Slave | corxss i sl

(Gaks Ve o 75 5 0x01 soodl L Slave slesls cul S ol ) 10 Jlis

#include <megal6.h>

#define xtal 8000000

volid main ()

{
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TWAR = 0x01 // Slave Address
TWBR = 32; // Bit rate = 100Khz
0xC4; // Clear Int, Set TWEA and TWEN

TWCR

while (TWCR&0x80==0); // Waiting for TWINT flag

if (TWSR&OxF8==0xA8) // SLA+R Received?
{
TWDR=0x77; // Transmitt 0x77
TWCR = 0xC4; // Clear Int, Set TWEA and TWEN

else
goto error;
[[/————mm— = Wait for ACK or NACK ---—--——-----
while (TWCR&0x80==0); // Waiting for TWINT flag

1f (TWSR&OxF8!=0xC0O0) // Slave has been send NACK?

goto error;

error:

while (1) ;
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ieele b g5l Sl jen
sdas o, 3SCL g5 » 1) 5 csle LWL Master [a 55 8 o W g s Master Lo s cels L
SL S g Esl 5 el AND s bl sl (L IPC ot s Wired-AND ol 4 a5 U

»JSJoJ el

start counting
wait HIGH period

__ counter —
CLK & reset \
2 \ /r'
|
SCL

MBCE32

Fig.8 Clock synchronization during the arbitration procedure.

Master o hls sl @ 53 Arbitration
PC o5, Gl sl 53T SDA Last 45 &S Iy o s ol & L35 e Sbes s Les Master »
ol g3 Olayon Master do Uy 53 ol 055 55T Jaul 1 53 a0 g0 3 S Sl 0l b JSC
Sl 5y 50 Lol 3 o5 L de LS 1 ledbl (8 s 31 0oy Ll andla 1) ol a4 s 2
SDA L 55 515 0lisls esls Olejen 55k Master wor oo 53 5 o Kis | Eol Wired-AND

Lrﬁ)b:ﬁ‘ b k\jé@b&wbé})ﬁjoMANDvﬂbu%w‘év\;)‘.}@db)‘dliﬁ Q)}J‘U
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o3l o Master of ezl cilas Master <« by o 0315 b L SDA Lx &5 K6 50 55 s

A 5wl 1 s Master s 8 g5

master 1 loses arbitration
| e DATA 1£SDA

R
|
_

N W
A E
RN
SCLS\/\/\/\/\/\MSC/;

Fig.9 Arbitration procedure of two masters.

il ails Master uis o8 shls s Al 3550 3 Lo Arbitration ales 5,8 e o> 45 5b Oles
125

b e 3 G 3355 e a5 sl Slave G 0l e s syl 4 a5 L Slave sy s )
(il dal g e 3yls |, SDA

2,005 SDA L 4 oz ¢l b, Sos Master LY
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CodeVision s 'C & (135l 3 oo >
o Sage s S5 cpl slul O PC ba by e &5 s S @l L CodeVision LS

WLpd kS g5 s 4l 58l D&Ja...uj.? QQSCLJSDALgLaQﬁ.Msdawjquﬁq&)Uéi

#asm
.equ  12c port=0x18
.equ _ sda bit=3
.equ  scl bit=4

#endasm

Ll ol yuns SCL s SDA ol e 4 PORTB 516 57 (sla o IS andad ool s

CodeVision LS ;5 I’'C &'y

:i2¢_init()

3 e g8 0 Sos w3l eslinad 1 S b s ool plasl L PC b (s adsl Sledis 16

:i2¢_start()

w\;,wmﬁ@ﬁb&“)\mup;\jwpswyﬁjmd3@\;Laijai\,;&@uw\
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:i2¢_stop()

&S ol PC el 55 2 0L Jal it S b

:i2¢_read()

ML o 3 Do 4 OF IS IS 5 el 12C€ Ll 511 2ol S bl

unsigned char i2c read(unsigned char ack)

Sose s bosss Jllacknowledgement ol G ol s 5l s LS uS e cems ack el L

L5 dal g sl NACK

:i2c_write()

Ml e 5 0T IS IS o3 S JLI TPC el ) 2l S o

unsigned char i2c¢ write (unsigned char data)

- > &_: \.,\_I:A U : ‘J..SJBU\ACK cSlaVCAS ..) S 9062 LM Lﬂ)\)\,\bdata 2.
PPl R 3 & 2 e e Hoe R Brane
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I’C s EEPROM U L5l Y o5

U1

SCK
SDA
TEST

#include<megal6.h>

#define xtal 1000000

; AD
==h
Az

24C01C

U2
= rEsET PCOISCL f—22.
s PC1/SDA %
= AL PCOMCK =22
12 1uraLz PC3TMS |2
40 PCATDO %
20 1 pamiADco PCSTDI |-
% PATADC PCBTOSCT %
28 1 pazapca PCTOSC? |2
% PASADCS »
28 1 paaiapca PDORXD —a
25| pasiapes PDATHD f—
% PAS/ADCS PD2ANTO %
23 ) paTiaDcT PD3INT1 |——
1 PDAIOCTB %
1 pBoCKITO PDSIOCTA —=
g— PB1/T1 PDBICP %
=2 1 PE2ANTZIAIND PO7IOC? |21
g PB3/0COIAINT
= PB45S
£ 1 pesmos
;— PE&MISO AVCC %
PBT/SCK AREF
ATVEGATE

/* the I2C bus 1s connected to PORTB */

/* the SDA signal is bit 3 */

/* the SCL signal is bit 4 */
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#asm

.equ _ i2c port=0x18
.equ _ sda bit=3
.equ  scl bit=4

#endasm

/* now you can include the I2C Functions */

#include <i2c.h>

/* function declaration for delay ms */

#include <delay.h>

#define EEPROM BUS ADDRESS 0xa0

/* read a byte from the EEPROM */
unsigned char eeprom read(unsigned char address) {
unsigned char data;

i2c_start()s

i2c write (EEPROM BUS ADDRESS) ;
i2c_write (address);

i2c start();

i2c _write (EEPROM BUS ADDRESS | 1);
data=i2c read(0);

i2c stop();

return data;

}

- YWve o
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/* write a byte to the EEPROM */
vold eeprom write (unsigned char address, unsigned char

data) {

12c_start();

i2c _write (EEPROM BUS ADDRESS) ;
12c _write (address);

12c _write (data);

12c _stop();

/* 10ms delay to complete the write operation */
delay ms (10);
}

volid main (void) {
unsigned char i;

DDRD=0xFF;

/* initialize the I2C bus */

12c_init();

/* write the byte 55h at address 10h */

eeprom write (0x10,0x55);

/* read the byte from address AAh */
i=eeprom read(0x10);

PORTD=1;

while (1); /* loop forever */

}
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Jlous 4 S JUT Jiw

i iy Flash U ST s o s le s 5525 Jiaws 4 SJUT Las gl &S ols (B, sdes
Ramp-Compare Delta-Encoded sL» Jo. Successive Approximation L, sz sla
Sme slbe coui Sy, SIAVR e J 285 S Ols ol 51 a5 6,6 5 Sigma-Delta Pipeline ADC

LS = oalaral

Ao sl B Fas b fds d gl

:C,...u\ﬂ)‘c;)),.o@d@w\éouwur\ﬁpdﬂ

DN 1 D\] 2 DI D] DIJ
Yy¥y Yy ¥y
VREl DAC
Comparator
+
Vin S/H :
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OT L blize 6 ,mb slie & SJUT 6 6500 K LS ¢l Jizws & S JUT Jue Sample and Hold
SOy MK ys sss s sbol Sample and Hold e 5 b ol 45 5,05 Stable 55,5 S o 5L
o 0310 ol azils (g wges L1y (63555 LK S (S e edaline ) OF 3l esles Sl (6 450

J)‘b&o&@t:é.buéQWUbJLﬂ‘})‘MﬁQ)b-)J.S&

aslis g 1y dloes (6 ol 035 o LIl jiu, ol Successive Approximation Register

P r-’w)i”
S JUT Slie L DAC Liv g sie ol 5058 s 5,145,L 10000000 (s b sas U SAR s iz
ph o el oS wlie (s 25 3L S5 el aslie sl oS g0 3 50 e amslie (53505
&S ,LDAC 301000000 s0e e 55 5485 S 1 0 51 s e 5035 SL I, MSB -, SAR
P S sS Cmsd o Lol oS annlie g2 AL S S 0wl SUe &S S50 3 50 s
S IUT e 0as g b Jes cpl 252 (108 LDAC (655,55 53 11000000 su8 s 55 5 0

s o S ks 0LL s wlis « End of Conversion o oley cpl 55 5 axils aslsl
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:ATmegal6 s aski ADC Slasein 3 & »

* 10-bit Resolution

» £2 LSB Absolute Accuracy

* 65 - 260 ps Conversion Time

* Up to 15 kSPS at Maximum Resolution

» 8 Multiplexed Single Ended Input Channels

« 7 Differential Input Channels

« 2 Differential Input Channels with Optional Gain of 10x and 200x
* 0 - VCC ADC Input Voltage Range

* Selectable 2.56V ADC Reference Voltage

* Free Running or Single Conversion Mode

» ADC Start Conversion by Auto Triggering on Interrupt Sources
* Interrupt on ADC Conversion Complete

* Sleep Mode Noise Canceler

Jlesl ADC & oz oSL b S5m0 o5 il » PORA 035 5 Shes ADC (ss5,5 sl o
5Ws s AREF 1 AVCC o a5l w0 S5 5 0350 o SW U o o 52505 Sy disd
Coge 4 0l s 0l ADC usly o) 5 S s S S Bl e el BB s Y0 2D
55 il azils sl VOC U ey o 5 2t b o ol 55 558 o oel AVCC o 51 6810
VOC Gl ol LC fs K0 s oy 055 o 035 e o3licad AVCC 8l 4 VCC 51 &S 5,50

23 g Jeae
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| ahD

VCC

PA1 (ADC1)

| Paz (aDC2)

|| Pa3anca)

:l PAD (ADCO)

i PA4 (ADCA4)

PA5 (ADC5)

]
: PAT (ADCT)

Analog Ground Plane

| PAB (ADCS)

i i
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ADC >l e jr

ADC Multiplexer Selection Register

ADMUX

o gl

REFSI

REFS0

ADLAR

MUX4

MUX3

MUX2

MUX1

MUXO0

A3l S 5 4 S A5 s s b o ol FANnalog Channel and Gain Selection Bits[4:0]

Lgu C,_SB-JJJ_MSquxSﬁ;b Lfl'”;w Lgsjjjoﬂ_gw‘jov\,i J,,QZAADC .,\9-\‘54.3&.5‘5)‘3 Juls

Aas yldds ol 10X 51X (o b sl s (3555 S 55 aS o35 20V ADC =35 Single-ended

hbyMG@Vuzoongaﬁbj%

(:L)u‘ﬁﬁx;w\djbt}i&:<sw‘umﬂg‘u%w.‘}ab};&ﬁggirbu\JMADc45&)%)5

sls Package ¢, - ki Lol s Shee) il o o5 ol plae Coo bl Slesdls dal 50

-yva .

(ol o LtlesI MLF ;TQFP
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Single Ended Positive Differential Negative Differential
MUX4..0 Input Input Input Gain
00000 ADCO
00001 ADC1
00010 ADC2
00011 ADC3 N/A
00100 ADC4
00101 ADCS5
00110 ADC6E
00111 ADCY7
01000 ADCO ADCO 10x
01001 ADCA1 ADCO 10x
0101000 ADCO ADCO 200x
010110 ADCA1 ADCO 200x
01100 ADC2 ADC2 10x
01101 ADC3 ADC2 10x
01110t ADC2 ADC2 200x
011111 ADC3 ADC2 200x
10000 ADCO ADC1 1x
10001 ADC1 ADC1 1x
10010 N/A ADC2 ADC1 1x
10011 ADC3 ADC1 1%
10100 ADC4 ADC1 1x
10101 ADC5H ADCH 1x
10110 ADC6 ADCH 1x
10111 ADC7 ADCH 1x
11000 ADCO ADC2 1x
11001 ADCA1 ADC2 1x
11010 ADC2 ADC2 1x
11011 ADC3 ADC2 1x
11100 ADC4 ADC2 1x
Single Ended Positive Differential Negative Differential
MUX4..0 Input Input Input Gain
11101 ADC5 ADC2 X
11110 1.22V (Vgo) N/A
11111 0V (GND)

YA
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S ADC  esls s 3 LS ¢ s ol s3> » ADLR ., :ADC Left Adjust Result

JJ‘K&J@;U °J‘JJ:M?>-) 6})f&1&)}¢@¢fw‘f¢ijy M‘j}nghtAdjust Q)}.«p

33 S e et ) dad sl |, ADC 35U, e b ol :Reference Selection Bits[1:0]
e 3 aS Gose 53 A dal s dlesl nis s pladl B iS5 b S () S G5
L AREF 3515 55 51 S o b 558 Jlesl AREF o 4 o5l 55 ks 35 e eslinal lstls 5L
D5 o emns s AREF [y s 5610 050 G Jlail b sl edd Ol oy Ol & 25 V,07

Bl fals ) sl

REFSI | REFS0 = W
' ' AREF s U 3W;
. \ AVCC ¢ b 55
\ ' sl 9555
\ \ Iy Y00 sl U

- YAY -
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ADCSRA 7 6 5 4 3 2 1 0

<= ¢t | ADEN | ADSC | ADATE | ADIF | ADIE | ADPS2 | ADPS1 | ADPS0

Sl s SHS 1S 1) (6l 0l ey w0 o oo 01 ADC Prescaler Select Bits[2:0]

ADPS2 ADPSI1 ADPSO (e g 2
' ~ ~ Y
. . \ »
. \ : ‘
' \ ) A
\ ~ ~ 1
\ ' ) Yy
\ ) ~ 4
) ) \ VYA

eledl i opl 0350 K (D sy os0e Lo b w0550 S &y 50 5 :ADC Interrupt Enable

SYAY -
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ISR | ol cadidy 050 Jd om0 3 5 0k SO o ol ks S plasl b :ADC Interrupt Flag

2503 SUL 0T Ol5 o o opl Joms 53 G 25 b o geail b 53 5555 01 045 SL Esl Lly

Auto ; Single ;& g3lulely L5 o ooy 33 4 s Slks :ADC Auto Trigger Enable
s 4 ADC 55 cunds 3 5 0dd el fits G ADC (g5lul ol L o b ol 2> « Trigger

2L Auto Trigger cuxsy ;3 ADC 0sls 1 5 gl 5 0 Ko Jtls sl (S Gk sl e

L5t SFIOR s 51 ADTS[2:0] sl s (5 b sz 04 5 Kipin 65 258 S8 S 0l

E ity

5355 SO Sy ool AL LA e BT ol Single glubely, cuxs s 53 :ADC Start Conversion

S e |y b el Sl 6, SO i g (Free Running) CONPWIN TN W IEIP P

S s s s LADC 0l e 0T 05 5 KL 030 ADC Jsjb 5l Jé e ol ADC Enable

Jj...zL‘B‘)GJGW&MQW6J}J&C&LW‘&ML}MADC4SL;L>-).>C,».:JJ‘L§‘9)JM

The ADC Data Register

Jeil s &0 s ADC (63555 &5 So50 03 55,5 o 513 ey nl 03 4 fias Slles OLL L

.;pdu;\;u@uvbp&?;@@mp

SYAY -
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35h oools i RA JLA @50 55 « ADMUX <>, 3 ADLR o 3las
ADLR=0
Bit 7 6 5 4 3 2 1 0

ADCL | ADC7 | ADC6 | ADCS | ADC4 | ADC3 | ADC2 | ADC1 | ADCO

ADCH - - - - - - ADC9 | ADCS

ADLR=1
Bit 7 6 5 4 3 2 1 0
ADCL | ADC9 | ADC8 | ADC7 | ADC6 | ADCS5 | ADC4 | ADC3 | ADC2

ADCH | ADC1 | ADCO - 7 o - - -

SFIOR R 6 5 4 3 2 1 0

<= ¢t | ADTS2 | ADTSI | ADTSO | - | ACME | PUD | PSR2 | PSR10

wils & luis ADCSRA o, 5l ADATE s 8 50 55 :ADC Auto Trigger Source
oy ol a8 3 oy L ADC S5 55 s min ¢S 65 S o el ADTS (slo gy 3L

ADCJj_>-L}i.)_é'?l_aj‘m.h‘))udjé)jﬁa)s‘g.ubycﬁauidAﬁjrzﬁéox})‘YbéuéJ‘x\

Free Running <l 5l uaas sl | bos Sldes atw g &5 0 ADC 5 il i S5 e
.V.:JSL;aoJu.L.»\
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ADTS2 | ADTSI | ADTSO0 3ol asa
' ' ' Free Running
' ' \ S JUT (g oS anlie
' ! ' Ao s A
' ) ! Ao ol 6 alis Gl
! ) ' Ao ol 5
! ' \ S b B galis gl
! \ ' S ol e
\ ) \ & ot Capture

a5 has 5 ks S o, 4 ADC 510 ol

w}))ﬁﬁy&\ MM‘}}W)A\)&M&CjﬁADSCC«;&))jL;UaﬁA&JLJ};“LQLaD}J&

dL»lS‘J.:J_J rw‘)‘yﬁé)j*p)b J)J&kjlﬂ)\f‘%ﬂédfwy del—ilﬂL’jOJ)—’&L}iM Cbu‘

LIS dal g 6 s ol sl s OLL b as s ADC

)‘ADATE%QJ;&LQB u.i‘ﬂs.l&l.a&)gbj} &..’QJDJ W}ADC 6)‘Ju‘ ob Ls‘f)i'f.b °‘)
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S plasil 4 £33 ADC 5 oa s RESC oS s (i 358 0 SC 805 e o 45 Jlos g
3503 S5 1 ADC il Gl sl o3l 53 Ol n alos s &S o Lo

54 5 LS SO s Cands 3 ADC &S o5 03 il s ADIF oy Lo S plasl o
Okeors ($1 2 A Al gt £ 5 ik B (s SG pledl 31y 358 Sl S5 e Ol 4 gy 0
OL SO s b 8 sl s LS 15 Free Running <l 5 ADTS gle oo b canss ool «
A el el Jze S5 OF 5l ey 5 003 SELADSC 05 5 S

Lol L5 o (ADIF) Lo slasl o o, Yo ADIE oy 035 Jlb &5 5553 bl o5 5 5b Olos
Carsy 3 ADC 4S5 S50 33 555 SU il e bo g oo ol ISR 6l 21U 5 ol a5 sl
Ol 6oy = K o2é s LADIF o b e b g gl il s SO Single Conversion
<L ADIF o2 S oS s ol b e ol Free Running s s S 5 53 SL

Al dal <=L>,u'\ Sl OOAS G L Conl 0l

ADTS[2.0]
—— M  PRESCALER
START CLK,pc
ADIF — ADATE
SOURCE 1 —— L
_____ 5 _>7 CONVERSION
_____ LOGIC
e EDGE
SOURCE n RETECIOR

ADSC
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S Gk Ob) g o kiS el i

Sl das o pll |y Jlos 4 S I Las Jisme gle e, olal 5 aS (golde (o3 Lho S go @
Jalels 5,askS Yor GO0y S 3L (535,55 SYS S w5l Resolution e Sl 4 0
G o (¢ vy O e &S 3L e LS S ey S S LS 5550 SISl (6l ADC

L 0r o (SIS iS5 & s 5 Shos 6|y ADC ssls 555 o s ADCSRA 25 51 ADPS
bﬁwwtogwJﬁqjgosjwd\j\cjuoi,tmAS@MJUUUL;;JA;;VH

ALl e

ADEN
START P
7-BIT ADC PRESCALER

CK ——m
T
oi| = o 2| 8 E o
) v ) Bl Il I
QO O QO O] ) O] O
ADPE
ADPS1
ADPE

ADC CLOCK SOURCE

- YAV -
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Jsb SHS IS YO 550> bas 2 ADC s sl ol s o Las SSMode Sl eslinal &y 50 5o

2505 3L Oley SHS Y su 0l oS gl bis » Free Running e 3 a5 (is

S99 2y 2l S
Sl Ly i o ADC L g5 adld adil g Sl 33 2alS Csly 50 sbml U 285 Sen Jstls &1k

ADC Noise 015 o5 sla Mode 5l S an 1y 85 Soe hds Olaj L3 Ol K00 (nl 350

250 el CPU G el 51wy s Sllee G 1 Idle L Reduction

LM35 )W b Les LS):‘S o)'\.\.;\ Y °j)ﬂ

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

Project : Temprature Measurement with LM35
Author : Reza Sepas Yar

Company : Pishro Noavaran Kavosh

Chip type : ATmegalb6

Clock frequency : 1.000000 MHz

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

#include <megal6.h>
#include <delay.h>
#include <stdio.h>

#define xtal 8000000

// Alphanumeric LCD Module functions
#asm
.equ  lcd port=0x12 ;PORTD

- YAA S
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#endasm

#include <lcd.h>

#define ADC VREF TYPE 0xCO

// Read the AD conversion result

unsigned int read adc (unsigned char adc input)
{

ADMUX=adC_inputIADC_VREF_TYPE;

// Start the AD conversion

ADCSRA |=0x40;

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

ADCSRA |=0x10;

return ADCW;

}

void main (void)

{

char lcd buff[10];
int adc iny

float temp;

PORTA=0x00;
DDRA=0x00;

// ADC initialization
// ADC Clock frequency: 45 kHz
// ADC Voltage Reference: Int., cap. on AREF

VA4 -
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// ADC Auto Trigger Source: None
ADMUX=ADC VREF TYPE;
ADCSRA=0x86;

// LCD module initialization

lcd_init(16);

while (1)
{

adc_in=read adc(0);

temp=adc in/4;

sprintf (lcd buff, "Temp=%5.1£ C", temp) ;
lcd clear ()

lcd gotoxy (0,0);

lcd puts(lcd buff);

delay ms (1000);

b
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LCDN
LMO16L

Vs5S
VoD
VEE

b Lol Rarl

U1

o

&
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PCOBCL
PCAEDA
PCATCK
PCITMS
PCATDO
PCSTOI
PCBTOSC
PCTITOSC2

FDORXD
FPDAUTHD

FOZANTO

— FDANTT

Baa:aaalqﬁﬂﬁﬂqﬂﬁ

FO4OCIE
FOSOC1A

FOEACF

i

POTIOC2

AVCC
AREF

RESET

HTAL1
XTAL2Z

PANMADCD
FPATADCT
PAZADCZ
PaADCE
PadiaDC
PASIADCS
PAGIADCE
PATIADCT

FEOMCKITO

FEWTI

PEANT 2AIMG
FEIOCOAIMT
PBAISS

PESMOSI
FESMISO
PETISCK

Ve

VOUT

GHD

*VS

ke [egl Lhy! B8 - s i da | L L] £ —af—a L=l
L L) L= bl =) L=y L= b Gk

ATMEGA TG
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LM35



| ]

& controlengineers.ir,

Page [192 © @controlengineers

S JUT 5 oS anlie

5 Cie 835, w5 w95 ol &S Al o AINT 5 AINO (65555 55 slyls f}lﬂéoww& Js5be
jabj_gwuﬁbgb:jbﬁ\éj)jwjgwtga&ﬁ%ﬁ&&“éobﬁamwuﬁbb&ﬁ

25508 4 5 Sy el CaPUTe (o555 038 K5 Sl 18 (0 1o slaa,8 i edle st

BANDGAP
REFERENCE Voo

ACB( l

ACD
ACIE
AINO
. L] ANALOG
INTERRUPT COMPARATOR
/ BELECT IRQ
R e——

ACIS1 ACISO ACIKC

—
TO TA21 CAPTURE
TRIGGER MUX

-
r

ADC MULTIPLEXER ACO

OUTFPUT M
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S JUT g oS anulin gla 2o
Special Function IO Register
SFIOR 7 6 5 4 3 2 1 0

<=z ¢l | ADTS2 | ADTSI | ADTSO | - | ACME | PUD | PSR27| PSR10

U das o 1 oSl ol SILT (6 oS aslis J55L :Analog Comparator Multiplexer Enable
u;jﬁu'jACME Con 0332 S &y goo 3 355 Sl ADCT6 ADCO (sla b b 3l e 654
e ($53,3 Olsoe i ADC LS b > > (aib 4o ADCSRA 3 ADEN ) ADC o5

g MU;’-&;«LSUJ}AINI Wl O panl o 55 550 e Ol eliS g lie

Analog Comparator Control and Status Register

ACSR | 7 6 5 4 3 2 1 0

<= ¢l | ACD | ACBG | ACO | ACI | ACIE | ACIC | ACIS1 | ACISO

3 SaldS 4SS s ens s o ool tAnalog Comparator Interrupt Mode Select[1:0]

S o S5 1501 s s s Jsder Gille S LT (6 oS anylie slasly g

-Vay -
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ACIS1 | ACISO By Cuend
. . o2 Toggle ;s ediS anslis g sy
. \ ol 5,53,

S odoisy omlby 6 ad s eSS anslie (g i

ST

S ol YL g ] po elS sl (g 4

ST

So b Capture 55,5 < o2l 045 K L tAnalog Comparator Input Capture Enable

D55 S oS anglie s 2 Gkl

La addy ogee jlo dbd S 5 S ol &S S50 5o tAnalog Comparator Interrupt Enable

3yl Jld S JUT g oS anulin (g aidy il SO

o g0 i a5 gle sl S S S Sl o :Analog Comparator Interrupt Flag
SACIE Sl cnby cpl p3 5 0 Sl 53l Coens (6 ahew o s 55, ACISO 5 ACIST sls s (s
C,a_w.k_wj:ACIQ_HJMM|?W°MWQAISRMMLJJML&LAMﬁ)w}o&)bdw

S SL1 0T 25 L ils o Sl p 5 S pmanl e s s el SL 1

205 S0 e 656 Lo ST eaiS alis >3+ <o ool tAnalog Comparator Output

Sy o O S [
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ol Bandgap oo 5 5Lds o ol 003 S L tAnalog Comparator Bandgap Select
aolio e (635,5 AINO L-J.:_;ACGB Cp 0038 20 Doy gep )3 ks dal ot oS anslie Clle (6349

D dal g sllS

ol g oo lad S JUT 6 oS aslin ¢ 4dis Cw ol 043 K L :Analog Comparator Disable
ACD%Q:\:MJ\&S.:}M\?&L;)K.:{}JM s Mode > e Oy als 4 adies
BERER Y0 R N P JLQRACSR}\ACIE%QJ;SL;Lg;fjJUTéo.l;.Sa\.....lUiatga\.é};Jng

el g iy Ll e Sl et Ol

S ST (5 oS dnmslis 5 0k uSh Do 35,9

S JUT oS anglis e 35,5 Olge  ADCT 6 ADCO (sla (s35,5 51 S o a5 3503 3525 Sl
0352 S gel Jlzs 4 SIUT Jus (ADEN € 0550 jio L) L s cnl 31 aslinad gl g Sl
3355 ADMUX e, i MUX[2:0] s oy cms ol 3 il G SFIOR 5l ACME .
3L S ADEN Less jio ACME o &S 550 50 b S o bl 5 Jsds ol | i

2 dal g S;JUT@oJ;;SMLEAJALAéUMAINl O

ACME | ADEN | MUX][2:0] | 5 4wzl e 2505

) X XXX AIN1

XXX AIN1
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ADCO

ADCl

ADC2

ADC3

ADC4

ADCS

ADC6

ADC7

(ome oo 8 SIS T i s 5 L0 pDe) s

#include <megal6.h>

// Analog Comparator interrupt service routine

interrupt [ANA COMP] void ana comp isr (void)

{
PORTA=PORTA"N0x01;

}

// Declare your global variables here

volid main (void)

{

// Declare your local variables here

-4t
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PORTA=0x00;
DDRA=0x01;

// Analog Comparator initialization
// Analog Comparator: On
// Interrupt on Output Toggle

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

Off
ACSR=0x08;
SFIOR=0x00;

// Global enable interrupts

#asm("sei")

while (1)
}

-4y .
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U1

=l rEsET PCO/SCL %
s PC1/SDA ==
L2 wraL PCATCK =22
22 ) xrals PC3/TMS %
PCATDO |—22
20 1 pagsaDco pCsTDl 2L
% PA1ADC PCETOSCI %

22 PA2iADC2 PC7/TOSC2

2L pasapca

28 1 paarapca PDORXD |—2
Vee % PAS/ADCS PDATXD %
221 pasiaDcs PD2INTO —E
38 | pa7iapcy PO3INTT |—L
- 1 PD4IOCB %
— 1 pBorcKTo POSIOC1A ==
@ g— PE1/T1 POBICP %

2 PBINTZ/ANO PD7/0C2

© - Egi;%WNM
V2Vee o . g— PB5MOSI N
L Peemiso AVCC |3
L £ 1 pe7I5CK AREF ==
- ATMEGA1E
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oS % ey 5 03 » Serial Peripheral Interface ol . 0ib o 05 S b e 3505kl S 45 SPI

S =S o3I glas )8 55 s B VL sla s 3l Jlaniy Bl @ s jlisbinl ol ol s =1 b N 5 5

Sy 5 3 LI 6la JUIE WJlimgs I 3513 5 oDl (S o JUE it 535150 53 oSy

LSl A 53 5 Cosl o s J.:LESPI Loy gy aail w@wuﬁ:y&él) oslaiul

s J\A\? S 9 ol asrﬁﬁ‘}»ﬂ.}'}am oJJw."J O g2 JL&J\

) ol ob)jTSPI J.ll...»‘g‘)‘ L;"J"C"'"".‘.Jﬁ))b

anka s Shes Slaseis okijlu oS L5
SSM2163 8x2 Audio Mixer 63dB attenuation in 1dB steps Analog Devices
AD7303 DAC 8Bit clock rate up to 30MHz Analog Devices
AD7811 ADC 10Bit 4/8 channel 300ksps Analog Devices
AD7816 ADC + Temperature Sensor | 10Bit Analog Devices
AD7858 ADC 12Bit, 8 channel 200ksps Analog Devices
1/2/4 channel 256 positions
AD8400 Digital Pot Analog Devices
1, 10, 50 100kOhm 10MHz update rate
Low voltage operation 1.8V/2.7V/5.0V
AT25010 EEPROM block write protection 100 years data ATMEL
retention
AT45D011 FLASH 5V 1MBit SMHz clock rate ATMEL
AT45D021 FLASH 5V 2MBit 10MHz ATMEL
AT45DB021 FLASH 2.7V 2MBit SMHz clock rate ATMEL

-Y44 -
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AT45DB041 FLASH 5V 4MBit 10MHz ATMEL
AT45D081 FLASH 5V 8MBit 10MHz ATMEL
AT45DB161 FLASH 2.7V 16MBit 13MHz ATMEL
ADSI1210 ADC 24Bit BURR-BROWN
ADS7835 ADC 12Bit low power 500ksps BURR-BROWN
ADS7846 Touch-screen controller 2.2V to 5.25V BURR-BROWN
DS1267 Digital potentiometer Dual 10k, 50k and 100k DALLAS
DS1305 RTC 96-byte User-RAM DALLAS
DS1306 RTC 96-byte User-RAM DALLAS
DS1722 Digital Thermometer -55°Cto 120 °C accuracy +/- 2°C DALLAS
DS1844 Digital Pot 4 channel, linear 64 positions DALLAS
NM25C020 EEPROM data retention >40 yeagd Fairchild
hard- and software write protection
KP100 Pressure Sensor Range 60 ... 130kPa Infineon
82527 CAN Controller Flexible CPU-interface CAN 2.0 Intel
MAX349 MUX 8-to-1 dual 4-to-1 Maxim
MAXS504 DAC 10Bit low power internal reference Maxim
MAX522 DAC 8Bit SMHz Maxim
MAXS535 DAC 13Bit Schmitt-trigger inputs Maxim
MAX3100 UART Up to 230kBaud Schmitt-trigger inputs Maxim
MAX4548 Switch Triple 3x2-crosspoint switch Maxim
MAX4550 Switch Dual 4x2 cross point switch Maxim
MAX4562 Switch Clickless Audio/Video Switch Maxim
MAX4571 Switch Audio/Video Maxim
MAX4588 MUX Dual 4 channel 180MHz bandwidth Maxim
MAXT7219 LED display driver 8-digit 10MHz clock rate Maxim
digital/analog brightness control
25AA040 EEPROM 4k max. 3MHz clock data retention >200 Microchip

I I
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years
MCP3001 ADC 10Bit, 2.7V to 5V 200ksps @ 5V low power Microchip
Programmable Bit rate up tp IMHz
MCP2510 CAN Controller Microchip
0... 8 Bytes message frame
MC68HCS86T1 RTC + RAM 32x8Bit static-RAM Motorola
. . . ) National
CLC5506 GTA (Gain Trim Amplifier) [ 600MHz bandwidth control range 16dB )
Semiconductor
National
COP472-3 LCD Controller Keine SDO-Leitung )
Semiconductor
National
LM74 Temperature Sensor 12Bit + sign 3V to 5V -55 °C to +150 °C
Semiconductor
National
MM5483 LCD Controller 31 segment outputs cascadeable
Semiconductor
High Voltage Display National
MM58342 35V max cascadeable
Driver Semiconductor
National
USBN9602 USB Controller DMA-Support Several FIFOs ]
Semiconductor
SPI » Jﬂ.q.o 6 970
Master Slave
SCK » SCK
MOSI » MOSI
MISO (¢ MISO
SS > SS

I S
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cgswbu_:;;@‘&_ga.})_; g jMISO MOSI cSCKb)L@z L)i‘ J)MQAWW‘&S)}EM

sMaster Jols s 05> .1il . Slave Select ; Master in slave out Master out slave in

MSB MASTER LSB

el ol e3ls 0L 5 K s Slave

MSB

SLAVE

LSB

'MISO  MISO!
8 BIT SHIFT REGISTER , , 8 BIT SHIFT REGISTER T
I ]
F » A 'Mosl Mosi! > A A
] ]
I I
| |
- i i SHIFT
| SCK SCK| ENABLE
CLOCK GENERATOR [ - —
— i

355 Slave 51 SS L 05 S iw L Master il o SIS Wy 5 Shift Register s Lol —

Shift 51, Jiw,l gl = 5,5 5 o3l Slave s Master .J_;S&_Aosl_aﬂ) il g o

o ol ledlbl iS5l 1 esls (5 sl SCK Lt ;5 SIS sbwl L Master ; osls | 3 Register

o Slesls 5o Slave G, b s sy 5 s Slave 3 MOSI o syl 5 00 7o Master ,» MOSI

SS Lot Isdame Packet S dlul slail 5l axy 354 o Master 51 MISO 5515 5 s 7o MISO

3 o 055w Master L Slave s 5 o 5 s G Master Lo s

A R
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SPI s jr

35S 5 Cunds osls gla gy 5 5 4 «S 030 SPCR 5 SPSR SPDR > 5 a 6l,ls SPT U550

SPI Data Register

SPDR

Sy pl

MSB

LSB

S ge (S o3l Ul Lo ge QTQM?)MMbﬁ- o sa |y eals Jla! EIr5 S Rl s

A dal e sl 8L

SPI Status Register

SPSR

SPIF

WCOL

- - - | - | - |sPRX

Master coasy 55 SPI Js3le 455550 3 S opl ss 2 K 26 L :Double SPI Speed Bit

Al sl ol 53 SCK s (55 55 50 SIS LS 3 il
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S G5 = Sml SO I 3 S Sl G Sl e ] :Write COLIision Flag

2yi o SU o ol SPSR e 0l 5l b 35 4z o lkie SPDR

50dd Sz ol b SOl el LY e SO Sl 5 s c :SPI Interrupt Flag
aidy Sy sl ol Wy e Sles pladl diily S b 4y o gas e Jb 5 SPIE oy 8 5550 2
5035 ool Sl D3l s Sl sline @ ol 35 3 K3 (§ Aoy G Loy 2 5SS oy Y 3y
o Sk opl Camds e 01 LISR (6l 21 L s si e oI SPIF e, 008 G L cnss

.Jj,«i

SPI Control Register

SPCR | 7 6 5 4 3 2 1 0

<= ¢b | SPIE | SPE | DORD | MSTR | CPOL | SPHA | SPR1 | SPRO

slls S s slswl Master «5 1, SCK o FP S 55 ) SPI Clock Rate Select 1 and 0

LS e S 5 d sl
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SPI2X | SPR1 | SPRO | SCK 5
~ \ : £/t
: ~ \ fose /11
. \ . f .t
~ \ \ foe /YA
\ . ~ fose /Y
\ . \ fosc /A
\ \ : f /Ty
\ \ \ f . /¢

S eals colys 5 JLasl i OLsy p 5 dsdr las oo 55 ol ‘Clock Polarity y Clock Phase

CPOL | CPHA | <& ¢ & | ol 6505 5 &
' ' olis) b o i, YL
' \ okis, YL s lsy b
| ' o kg, Vb okisy b
| ) olis) b o i, YL
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5,8 3 Master coxsy 45 SPT Ugile oo o0l 05 5 L :Master/Slave Select
LSB Il 055 oo &ys0 55 5558 o Jime b 65, MSB il ey o) 055 S L :Data Order
SPI ;L. Jws ., :SPI Enable

SPI ¢ 45, 5L Jws < :SPI Interrupt Enable

SPL 5 osls J&Sl 5 o 956

ol 5 AS el U8 SLSs et Sy pan | SS et el sl sy S Master ol e 4 SPT U3l 5
S 5 (88 03, Jio 5 ey 353 planil BLI1 (s et SGULT I 1S Ol g3 s A aids
o313 oLy Ly i sl S5 5 ety B 5 sl el (SPDR) sl s 55 ol
o el LA Sl e 5 el els i e SO Slave ; Master sls Shift Register s > g 50
53 1 01 s el Jlwl (sl Ll e Master ol 5y 353 o o bl plesl (s wlis o SPIF

3ol oSS S 1 88 et Lol plail (s il 4y b 5 25 SPDR

Tl=tei b =

MOEL

LN

I S
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el S SS st Salsle ol s sy S Slave i s SPT Ussle aGile) blie (s ahais
5= Slave L. 5 SPDR ) oS col (S Ll ol 55 il e tri-stated coxs s ;s MISO
588 s LOW 5l g i dal i plonil JUisl 5525 s Master Law s SS Lt o8 Sl B Ll 552
ly sl ool d as s SPIE 055 ooy sm 53 5 et S SPIF o el G il el
33 UL Lze s L3 SPDR s 1) i (g esls Slave el (Sae ool 5l a5 e galowl Esls

Ll 1y bys gesls o

SPI ,s gl 4 bLs |

SS s Les b Master .5, J xS |, Slave oslias 0lys 0SS o 5l eslised U i3 e llas

20 S Sy a5 ST i S 15 bLl 0T L aal s e a5 1 ¢l Slave

SCLE B SCLK
WMOS! W A0S SR
5P MISO e WSO Slag
Master 851 ¥ B8
s52
553 -
| SCLE
B MOSI 5P
MISO Slave
» 55
»| SCLK
| MOSI SP1
MISO Slave
B 55

A R
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CodeVision s spi() o]

Al e 5 &y 5o 4 SpiLIib L s Qisﬂwdo}x})asﬁspi.h L s @U gl odel

unsigned char spi(unsigned char data)

{
SPDR=data;

while ((SPSR & (1<<SPIF))==0);
return SPDR;
}

ijoh}gﬂuubjM)@)@SPLfQd”xS&cﬂbmﬁﬁjd§9@@UwH%jwub
0 s b Cundy 5 RS Gl e 6 abew s SPT L i ol 5l eslinad 51 L5 sl b 51 o o il g
Ak

(SPI 3, b 51 J 585 Koo 33 b)) il

Master 5 o 4ol

#include <megal6.h>

#include <delay.h>

// SPI functions

#include <spi.h>

vold main (void)

{

YA
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unsigned char incoming;

// SCK=Out MISO=In MOSI=0Out SS=0ut

PORTB=0b00000000;
DDRB=0b10110000;

// SPI initialization

// SPI Type: Master

// SPI Clock Rate: 500.000 kHz
// SPI Clock Phase: Cycle Half
// SPI Clock Polarity: Low

// SPI Data Order: MSB First
// SPI Enable: True

SPCR=0x71;

while (1)

incoming=spi (0x77);

delay ms (50);

#include <megal6.h>

#include <delay.h>

A I

Wcontrolengmeers in]
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// SPI functions

#include <spi.h>

volid main (void)

{

unsigned char incoming;

// SCK=In MISO=0Out MOSI=In SS=In
DDRB=0b01000000;

// SPI initialization

// SPI Type: Slave

// SPI Clock Rate: 500.000 kHz
// SPI Clock Phase: Cycle Half
// SPI Clock Polarity: Low

// SPI Data Order: MSB First
// SPI Enable: True

SPCR=0x61;

while (1)

incoming=spi (0x33) ;

delay ms (50);

YV o

Wcontrolengmeers in]
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Watchdog ,~t 5 Sleep s Mode

Sl il e Sl Mode 1 stas glls AVR (la w85 Soo a0 015 (5 2 Sy e shate

\J}‘SLEEP M‘)}Lﬂb‘jon &JMCUCE M})‘SE@J—:L u\jz- W‘j-\ﬂ &ij.hﬂt..:bj)j

S sLa Mode 5 SKalaS 5515 1,285 Ko 45 AS o pend S ol 5 SM[2:0] sl ooy 552

Jﬁg_wiCA_&.Jg)‘.J\:u_;o.l...::CJB-W}ui\)‘);\.?aMJé))é\w‘g;‘ub;-f)JD}Jut_%f,a.o

\)_>-\ ‘)SLEEP)‘MM\)}ZMJ QT‘)‘wjaJJS‘J?-‘ b 4.5.5} B g')'.‘.:}) ‘Startup Qb)db})j\ff‘u

3 S dal g

MCU Control Register

MCUCR

oy el

SE

SM2

SM1

SMO

s <l GSLEEP x5l S s s ples s oo ol :Sleep Mode Select Bits[2:0]

L b S SIS wow b Loz Extended Standby , Standby sl Mode «5 il azils 4> 55 .S

JQL; s oalazol J;Lg L}".Jb- )jsujj)
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SM2 | SM1 | SMO Sl ol
' . | Idle
. . v | ADC Noise Reduction
. \ + | Power-down
. \ y | Power-save
) ' ' ol 5,5,
) ' ) ok 955,
| ) + | Standby
\ | v | Extende Standby

Al el e ool WL SLEEP | s ¢l ~1 31 L3 :Sleep Enable

<l sl Mode

S JUT (g oS asslis ,SPI, USART Ll eas cis e CPU sy -l > :1dle Mode o

SIS 5 5d oo Sl Cundy ol s aalsl 555 1S 4 4y ptes s Watchdog (s ..t ,ADC, TWI

o s M (s adds Gt,e s aals >j>'-)l54_36>\56t¢64.ﬁ.3u\ o b 42 Flash v 3 CPU

Ligd Sl Landy 5 2S5 S mo Lol KlS

-YYY -
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(ol sl aasy ADC sla J3k Ll sas i 2 CPU :ADC Noise Reduction Mode °
o ADC 0540 Jlsd &5 3 dims s aslsl 592 IS « Wathdog 5 Y ol TWI .ol jasis
S By mlie sy o ol Cands cnl S1OT Ll b 0l 6500 LS plnil Mode ol 405555 e
Brown-out , Wachdog ,..Ls Reset, L= Reset - cows 5 1t Mode ol 53 &5 s U5k

Lpi Mode ol 5l s > el asil 5« Reset

Sla by aS S0y edd ibgie ot ol Cuxd s ol s :Power-down Mode .
s Reset « > L= Reset .aas o aslsl 5, = LS« Watchdog s TWT (o5 Sl > L=
g Lol Lls e ol sl aiss s TWI sl 5 s Brown-out Reset Watchdog
05,5l sla Jadle s 5 o i gie La SHS eles Mode ol s Lull 5 Ol DI 1 285 See

Las e aalsl 5 S 4

Y el [ S1asS oyl ol L esp Power-down «lis Mode .| :Power-save Mode J

S ¥l 5l aS Sy s ols dalgt aalsl s 2GS @ Ol e 3 A S (U).(;JMOdC

> 35 oslizel Power-down ;i Mode -pl slow ol g 35 b eslizad o Seul

Lt el a5 ©ols ol Uoes o Power-down «lis Mode .| :Standby Mode o
SO ok S =l e . R y
L?L:GJJ.J_MQ_AU\;UP}S@Ql:.gmwcﬁ.u\oﬁ\&ﬁséuﬁj\qﬁljsﬁd@;ﬁﬂ

Al e s S Va5 e 0 Sl Ol 5 el G- Startup ol

sl aS Sls 0l Loy Power-save i Mode .| :Extended Standby Mode o
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CodeVision > 015 cs g els

Al o 3 3l el sl e sleep.h LG s &l onl ol

o e il ple sleslinal 51 LS 5 035 ol sl Mode « 35,5 5le Jlb = o sleep enable()
2yd Ll s

235 o 08 ol gl Mode 05 S Jlé 2 gl o ol sleep_disable()

23 s gl ~1 b extendedstandby() 5 standby() powersave() powerdown() adle()

A3 sl b e Ol oS Mode sl 5 S il 5

Watchdog ..U

S Bt L aS S e Ly SUS 5 Al ) S5 L e s 55l 5 Watchdog el
Lol oo 156 WDP[0:2] sls o L Reset s o ol s Watchdog ol ¢ oS i
Jolss s b lile 5 5 eus Reset  \Watchdog et J 85 Soe 002 Reset L WDR sl sz
ol S Sdasd ) ms 5 Se 00i Reset sle U es S Reset | ol Jaall) s opl 5l eslinal b s

.Jj,:& s odud B) J.:}'.ﬁ-'« B WatCthg ﬂu

-YYe o
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WATCHDOG N WATCHDOG
OSCILLATOR —3 PRESCALER
WATCHDOG
RESET
WDPD
WDP1
WDP2
WDE
MCU RESET
Watchdog Timer Control Register
WDTCR |76 |5 4 3 2 1 0
<=¢t | .|-|-| WDTOE | WDE | WDP2 | WDP1 | WDP0

ol g 2 s S opl ol Jls Watehdog b« jL; ‘Watchdog Timer Prescaler([2:0]

S o e 25 o Gl 1) el

Number of WDT Typical Time-out | Typical Time-out
wWDP2 | WDP1 | WDFO Oscillator Cycles at Ve = 3.0V at Voo = 5.0V

0 0 0 16K (16,384) 17.1 ms 16.3 ms
0 0 1 32K (32,7868) 34.3 ms 325 ms
0 1 0 54K (65,536) 68.5 ms 65 ms
] 1 1 128K (131,072) 0.14s 0.13s
1 0 0 256K (262,144) 0.27s 0.26s
1 0 1 512K (524,288) 0.55s 0.52s
1 1 0 1,024K (1,048,5786) 1.1s 1053

1 1 1 2,048K (2,097 ,152) 22s 21s

-Yyo .
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U WDE o 55, 2o 5 L :Watchdog Enable s Watchdog Turn-off Enable

S5 s Sl b 00,8 Jleb ax S1a s e b b el OF 03,5 S L s e Js Watchdog
bl 5 a5 e L 0T 038 Jleb 2 (sl el 3 5d e ol WDE (55, SO

Ll A2l ey S 4l o8 e WDE ) s G, WDE s WDTOE (gla e Ol s
(553 S I3 dme
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IO b pr ) Cloas 1) g

jPORTA cDDRA ‘Q)ﬁ:ﬁf?)ﬂ L§Lﬁf-‘~:") JL&Q‘}S«MJ\JLL;&Q)}&ML};JA&J?XASoJ‘y

! aJﬂIJi.’))b&iJAg_QLEJASaJﬁPINA

:Data Direction ..>,
QU.;Sw@wg)osﬁo)ﬁL;os\sgp_-m)w\uﬁ_s@uilrUj\s«S))waMJw\
Blre (258 a2 5 SO )l Sl S Sl eS8 ) ST S s s A b el (92505
DDRA = < le Gl b e Olgoias A2b o 35,5 S gpai] b 53 5035 5,5 Sop O

Mbt;aﬁ) Q)}"’“‘:"d’)‘.’f LSMQ.;.;)JL.V.:;-) Q’l‘ 6&%;"@0_50]310111101

DDRA 7 6 5 4 3 2 1 0

by S | o | G | oA | e | oA | e | s | oA

PORTX >,

AL el (gho S s Ol 4 S S o 4l Sy G esls S 4 Sto ey opl 5 Shes

J‘"OJJS&L.’Mlﬁ‘d’ﬁ)ﬁ“s@)j*")’ﬁw&&rd‘)QTL}EACE“JJ*:&@)JQ)}:ELSJJ@T
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S Sose 53 J3 Il (g aalsl 53 4 ges Q\j&g.;ﬁgdwoﬁoi‘gbﬁf L;sl.aPull-up Coglis S

S oless 7 6 5 4 3 2 1 0
DDRA 1 0 1 1 1 1 0 1
PORTA 1 1 0 1 0 1 0 0
i PN I o el I S ool v g Cosys | ST
et |y | el | et | et | et | ] e
o3ls Cg
T ke ke ke ke sl ikt
S | Pull-up | A2 < Ao = Pull-up Ao

PINX jor

493 |, PORC axilir Jle Ol sie 40558 0dil 52 eyl Slbsime b o o8 e Ol ol

JL&.@‘L;“Lk.wCla_wchObllOlOOOOf‘fPINCJL.\M“?))‘Jic_}V.:,JJL’ o.);é.)&.:;:: 63‘5)_5 Q)jﬁp

AL ) Doge 4 a ekl

PINC 7 6 5 4 3 2 1 0
S gl 1 1 0 1 0 0 0 0
shoe | K S| e | K| e | e | e | e
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JJJ:'SJJS?G ‘5\.& f},&} LEBE) ‘;ba LL.JJ“_geyd .Y wﬁ:

SIMPLIFIED DIAGRAM OF +
LOGIC LEVEL QUTPUT | )i
EIGURE 1 CAN BE DRIVEN j“‘ .'
. By LOGIC GATE r
& SOURCE I
CLRRENT
LIMITED
g CURRENT!

‘|7_‘ FIGURE 4

+ TYRICAL OF IMDUSTROLOGIC RIO-8-LL
CURRENT

LIMITIRG
RESISTOR +

- I .
LED REQUIRES & L
—] - R DRIVE TRANSISTOR
' (MAYEED '
' FIGURE 5
> ; RELAY WiITH TYRICAL OF INDUSTROLOGIC

LOGIC GATE BACH EMP RID-8-0C OR DISCRETE RELAY
SUPPRESSION

T FIGUREZ oo M)
LiGIC LEYEL DIGITAL OUTPUT CURRENT

.

(LIMITED CURREMT! 1 LIMITING
e RESISTOR
1 El

LED

+5 — %
el
OR —— =1

FIGURE 3 1 SOLID STATE RELAY

CPEMN COLLECTOR DIGTAL OUTPUT CUTPUT MODLLE
TYPICAL OF INDUSTROLOGIC SBC-1

AMD OTHER DEWICES THAT CARM DRIME

RELANS AMD SOLID STATE RELAY'S

|

|

PULLUFP RESISTOR
A BE BUILT-IM "PULL UP" RESISTOR PULLS INPUT UP (*HIGH")
LRTIL SwaTCH PULLS IMPUT "L (T GROUMDY

+3 +5 +5

RELAY WITH
BACK EMF

.é SLUPPRESSION
—< |_<= < }‘ L oR DIODE
— +
LOGIC GATE MATCHES RELAY
_ | COIL WOLTAGE
FIGURE & — —

Vl

LOGIC LEVEL DIGITAL IMPUT

PULL UP RESISTOR BIUILT IM T ALL OR B SOLID STATE RELAY
INDUSTROLOGIC PRODUCT DIGITAL INPUTS = | 4 IMPUT MODULE
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AVR Slbki & Slasie ¥ S 4

BEs Flash EEPROM SRAM Max F.max Ves (V) 1.6-bil B.-bit PWM . T = 10-bit Interrupts Ext
(Kbytes) (Kbytes) (Bytes) 110 (MHz) Timers Timer (channels) AD Interrupts
AT90PWM1 8 05 512 19 16 2755 1 1 7 1 No - 8 - 4
AT90PWM2 8 05 512 19 16 2755 1 1 7 1 Yes - 8 - 4
AT90PWM3 8 05 512 27 16 2755 1 1 10 1 Yes - 11 - 4
ATmegal28 128 4 4096 53 16 2.7-55 2 2 8 1 2 Yes 8 34 8
ATmegal280 128 4 8192 86 16 1.8-55 4 2 16 1 4 Yes 16 57 32
ATmegal281 128 4 8192 54 16 1855 4 2 9 1 2 Yes 8 48 17
ATmegal6 16 0.5 1024 32 16 2.755 1 2 4 1 1 Yes 8 20 3
ATmegal62 16 05 1024 35 16 1855 2 2 6 1 2 - - 28 3
ATmegal64P 16 0.512 1024 32 20 1855 1 2 6 1 2 Yes 8 31 32
ATmegal65 16 05 1024 54 16 1855 1 2 4 1 1 usl 8 23 17
ATmegal65P 16 0.5 1024 54 16 1.8-5.5 1 2 4 1 1 usl 8 23 17
ATmegal68 16 0.5 1024 23 20 1855 1 2 6 1 1 Yes 8 26 26
ATmegal69 16 0.5 1024 54 16 1855 1 2 4 1 1 usl 8 23 17
ATmegal69P 16 05 1024 54 16 1855 1 2 4 1 1 usl 8 23 17
ATmega2560 256 4 8192 86 16 1.855 4 2 16 1 4 Yes 16 57 32
ATmega2561 256 4 8192 54 16 1855 4 2 9 1 2 Yes 8 48 17
ATmega32 32 1 2048 32 16 2755 1 2 4 1 1 Yes 8 19 3
ATmega324P 32 1 2048 32 20 1.8-5.5 1 2 6 1 2 Yes 8 31 32
ATmega325 32 1 2048 54 16 1855 1 2 4 1 1 usl 8 23 17
ATmega3250 32 1 2048 69 16 1855 1 2 4 1 1 usl 8 32 17
ATmega3250P 32 1 2048 69 20 1855 1 2 4 1 1 usl 8 32 17
ATmega325P 32 1 2048 54 20 1855 1 2 4 1 1 usl 8 23 17
ATmega329 32 1 2048 54 16 1855 1 2 4 1 1 usl 8 25 17
ATmega3290 32 1 2048 69 16 1.8-5.5 1 2 4 1 1 usl 8 25 32
ATmega3290P 32 1 2048 69 20 1855 1 2 4 1 1 usl 8 25 32
ATmega329P 32 1 2048 54 20 1855 1 2 4 1 1 usl 8 25 17
ATmegad06 40 0.512 2048 18 1 4-25 1 1 1 - - Yes - 23 4
ATmegad8 4 0.256 512 23 20 1855 1 2 6 1 1 Yes 8 26 26
ATmegab4 64 2 4096 54 16 2755 2 2 8 1 2 Yes 8 34 8
ATmega640 64 4 8192 86 16 1.8-5.5 4 2 16 1 4 Yes 16 57 32
ATmega644 64 2 4096 32 20 1.8-5.5 1 2 6 1 1 Yes 8 31 32
ATmega644P 64 2 4096 32 20 1855 1 2 6 1 2 Yes 8 31 32
ATmegab45 64 2 4096 54 16 1855 1 2 4 1 1 usl 8 23 17
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ATmega6450 64 2 4096 69 16 1855 1 2 4 1 1 usl 8 32 17
ATmega649 64 2 4096 54 16 1855 1 2 4 1 1 usl 8 25 17
ATmega6490 64 2 4096 69 16 1855 1 2 4 1 1 usl 8 25 32

ATmega8 8 05 1024 23 16 2.755 1 2 3 1 1 Yes 8 18 2
ATmega515 8 05 512 35 16 2.755 1 i 3 i 1 - - 16 3
ATmegag535 8 05 512 32 16 2.755 1 2 4 1 1 Yes 8 20 3
ATmegas8 8 05 1024 23 20 1855 1 2 6 1 1 Yes 8 2% 26
ATtiny11 1 - - 6 6 2755 - 1 - - - - - 4 1
ATtiny12 1 0.064 - 6 8 1855 - 1 - - - - - 5 1
ATtiny13 1 0.064 648 6 20 1855 - 1 2 - - - 4 9 6
ATtiny15L 1 0.0625 - 6 16 2.755 - 2 1 - - - 4 8 1(+5)
ATtiny2313 2 0128 128 18 20 1855 1 1 4 usl 1 usl - 8 2
ATtiny24 2 0.128 128 12 20 1855 1 1 4 usl - usl 8 17 12
ATtiny25 2 0.128 128 6 20 1855 - 2 4 usl - usl 4 15 7
ATtiny26 2 0.125 128 16 16 2755 - 2 2 usl - usl 1 1 1
ATtiny261 2 0128 128 16 20 1855 1 2 2 Yes - usl 1 19 2
ATtiny28L 2 - 32 1 4 1855 - 1 - - - - - 5 2(+8)
ATtiny44 4 0.256 256 12 20 1855 1 1 4 usl - usl 8 17 12
ATtiny45 4 0.256 256 6 20 1855 - 2 4 usl - usl 4 15 7
ATtiny461 4 0.256 256 16 20 1855 1 2 2 Yes - usl 1u 19 2
ATtiny84 8 0512 512 12 20 1855 1 1 4 usl - usl 8 17 12
ATtiny85 8 0512 512 6 20 1855 - 2 4 usl - usl 4 15 7
ATtiny861 8 0512 512 16 20 1855 1 2 2 Yes - usl 1 19 2

-YYY o
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ATmega64,ATmegal28
YB oo
____EEEE
ER TR R Pra—
00000000 Q = o
o L.22%222222  22%
Seberupreerz82exzy
<0< o0oooocoana@>0 00
OO0O0O0O0nNOO0O0a0n00n0Mnn
0y e @ I wy Lo B B o
ﬁ[’l%mmmSm%mgmgmmmgv:iS]PM(ADﬂ
RXDO/PDI) PED O 2 47 O PA4 (AD4)
(TXDO/PDO) PE1 O 3 46 [0 PAS (ADS)
(XCKO/AIND) PE2 O 4 45 [0 PAS (ADS)
(OC3A/AINT)PE3O S 44 [ PAT (ADT)
(OC3B/NT4) PE4 O 6 43 0 PG2(ALE)
(OC3C/ANT5) PESO 7 42 O PCT (A15)
(T3INTE) PEE T 8 41O PCE (A14)
(IC3/INTT) PE7 O 9 40 O PCh (A13)
(SS)PEOC 10 39 PC4 (A12)
(scKype10O 11 38 PC3 (A1)
(MoshPB2O 12 3THPCZ(AID
(MISC)PB3 13 36 [ PCT (A9)
(OCD) PB4 O 14 35 O PCO (A8)
(0c1A) PEE O 15 34O PG1(RD)
(OC1B) PBE ] 16, 33 0 PGO(WR
2P RN NRINRNRRBEN |
SR
c00mcEzEREEREES
o35k “kNgcggsgee
o ea zZzzz=Zou —
SRR ST =
g e o5aan
) CeFE
ATmega8
PDIP
N
(RESET)PC6 ] 1 28 [0 PC5 (ADC5/SCL)
(RXD) PDO L] 2 27 [1PC4 (ADC4/SDA)
(TXD)PD1 3 26 1 PC3 (ADC3)
(INTO) PD2] 4 25 1PC2 (ADC2)
(INT1) PD3[] 5 24 APCT (ADC1)
(XCK/TO)PD4 ] 6 23 [1PCO (ADCD)
veed 7 22[AGND
GND[]8 21 1 AREF
(XTAL1/TOSC1) PB6 (] 9 20 AvVCC
(XTAL2/TOSC2) PB7 []10 19 [1PB5 (SCK)
(T1)PD5 11 18 [1 PB4 (MISO)
(AIND) PD6 ] 12 17 1 PB3 (MOSI/OC2)
(AIN1) PD7 ] 13 16 [1 PB2 (SS/IOC1B)
(ICP1) PBOC] 14 151 PB1 (OC1A)
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AVR olhi &, Pinout :¢ cou sy

ATmegal6, ATmega32
PDIP
-y
(XCKI/TO) PBO O] 4 40 [0 PAD (ADCO)
(T1) PB1 O 2 39 [J PAL (ADC1)
(INTZ/AINO) PB2 O 3 38 [0 PAZ (ADC2)
(OCO/AINT) PB3 O] 4 37 O PA3 (ADC3)
(55) PB4 O 5 36 [0 PA4 (ADC4)
(MOSI) PB5 O 6 35 [0 PAS (ADCE)
(MISO) PBE O 7 340 PAG (ADCH)
(SCK) PB7 ] 8 33 [O PAT (ADCT)
RESET [ 9 32 [O AREF
vCC O 10 31 [0 GND
GND O 11 30 [0 AVCC
XTAL2 ] 12 29 O PCT7 (TOSC2)
XTAL1 O 13 28 [0 PCE (TOSCT)
(RXD) PO 14 27 O PCS (TDI)
(TXD) PD1 O 15 26 O PC4 (TDO)
{INTO) PD2 ] 16 25 O PC3 (TMS)
(INT1) PD3 O 17 24 [ PC2 (TCK)
(OC1B) PD4 O 18 23 [0 PC1 (SDA)
(OC1A) PD5 O 19 22 O PCO (SCL)
(ICP1) PD6 O 20 21 O PD7 (OC2)
ATiny26
PDIP/SOIC
(MOSI/DI/SDA/OCTA) PBO L 1 20 [ PAD (ADCO)
(MISO/DO/OC1A) PB1 2 19 1 PA1 (ADC1)
(SCK/SCL/OC1B)PB2 [ 3 18 [ PA2 (ADC2)
(oc1ByPBa 4 17 [ PA3 (AREF)
vcec s 16 1 GND
GND [ 6 15 [JAVCC
(ADCTV/XTAL1) PB4 7 14 1 PA4 (ADC3)
(ADCB/XTAL2) PB5 [ 8 13 1 PAS (ADC4)
(ADCOY/INTO/TD) PBE ] 9 12 1 PAG (ADCS/AIND)
(ADC10/RESET) PBT [ 10 11 1 PAT (ADCE/AINT)
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ATmegal6 s i, 5 aodDs 0 S g
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Page
53F (85F) SREG I T H = W N Z c 7
F3E (S5E) SPH — - - — EP10 EPE SP3 10
52D (S50} SPL SPT SPE SPS SP4 SP3 sP2 SP1 SPO 10
S3C {85C) OCRO Timer/Counterl Output Compare Ragister g3
$3B (55B) GICR INT1 INTOD INT2 — - - IWSEL 46, 67
B34 (554) GIFR IMTF 1 INTFD INTF2 - - - - - &5
$30 (358) TIMSK QCIE2 TOIE2 TICIE1 DCIE1A TOIET QCIED TOIED B3, 114, 132
TIFR QCF2 ICF1 COCF14 TOWV1 COCFD TOVD B4, 115,132
SPMIE - RWWSRE PGWRT PGERS SPMEMN 248
TWINT TWEN - WIE
SM2 1SC10 ISC01 1S CO0D
JTD - BORF EXTRF PORF
FOCD COMD1 COoMoD WEMD1 C302 S50 C500
Timer/CounterD (2 Bits)
. - Cecillator Calibration Register 28
531 (351" : = =
On-Chip Debug Register 225
$30 (350) ADTE2 ADTS1 ADTSD — ACME PUD PSRZ2 PSR10 55,86,923,108,218
S2F (34F) COMTAT COM1AD COMIB1 COMIBD FOC14 FOC1B WM WEM10 109
$2E (S4E) TCCR1B 1CHTT ICES1 = WGEM12 WEM12 o512 C511 C310 112
82D (34D) TCNT1H Timen/'Counter! — Counter Register High Byte 113
S2C (54C) TCNTIL Timer/Counter! — Counter Register Low Byte 113
25 (348) OCR1AH Timern/'Counter! — Cutput Compare Register A High Byte 113
F2A (34A) OCR1AL Timen/'Counter | — Output Compare Register A Low Byle 113
DCR1BH Timer'Counter! — Output Compars Register B High Byte 113
QCR1BL Timen'Counter 1 — Output Compare Register B Low Byle 113
ICR1H Timen/'Counter! — Input Capture Register High Byt 114
ICR1IL Timen/'Counter! — Input Capture Register Low Byte 114
TCCRZ FOC2 WEMZD COM21 | COM20 WGEM21 | C521 3520 127
TCHT2 Timen'CounterZ (5 Bits) 128
OCR2 Timer'Counter? Output Compare Ragister 120
ASER — - - — ASZ TCN2UB | QCRZUB TCR2ZUB 130
WDTCR = = = WOTOE WECE WOP2 | WDP1 WDPD 41
UBRRH URSEL - - - UBRR[11:8] 165
UCSRC URSEL UMSEL UPM1 LUFMO USBS UCEZ1 UCSZ0 UCPOL 164
51F (53F) EEARH - - - - - - - EEARS 17
F1E (83E) EEPROM Address Register Low Byte 17
51D (53D} EEPROM Data Register 17
51C (53C) = =, = = EERIE EEMWE EEWE EERE 17
318 (33B) FORTA PORTAY PORTAG PORTAS PORTA4 PORTAZ PORTAZ FORTAI PORTAD 64
F14 (53A) DDRA DDAT DDAS DDAS DoAd DDA DDAZ2 Coa1 DDAD 84
$10(339) PlkA PIMAT PINAS PIMNAS Plrad PlIMA3 PIMAZ PINAT PIMNAD G4
518 (338) FORTE PORTEY PORTBS PORTBS PORTE4 PORTE3 PORTBZ FORTB1 FORTED 54
517 (337) DDRB DDB7Y LDBS DDBS DD84 DDB3 DDB2 CODB1 DDBO 84
5168 (336) FINB PINBT PINBB FINBS FiHB4 FINB3 PINBZ PINB1 PINBD G4
315 (335) PORTC PORTCY PCRTCE PORTCS PORTCA PCORTC3 PORTC2 PORTCAH PORTCD 85
51 ) DORC DDCF DDCB DDC5 CoC4 DDC3 CDCZ2 DDC1 oDCo 85
51 PINC PINCT FINCE FINCS FINC& PINC3 FINC2 PINC1 FINCD 65
§12 ($32) PORTD PORTDT PORTDE FORTDE FORTD4 PORTD3 FORTDZ PORTDM PORTDO 5
51 DDRD Doo? DDDE DoDa DoD& ooD3 DDD2 DDD1 oooo 5
PIND PINDT FINDE FINDS FIND& PIND3 FIND2 PIND1 FINDD 65
SPOR 5P| Data Register 140
SPSR SPIF WCOL - - - - SPIZX 140
EPCR SPIE SPE DORD MSTR CPOL CPHA SPR1 SPRO 138
UDR USART I/ Data Register 181
UCSRA RXC | Txc | UDRE | FE DOR PE [ uzx MPCM 182
UCSRB RXCE | TxCE | UDRIE | RXEN TXEN ucsz2 | RxBs TXB8 183
UBRRL USART Baud Rate Register Low By 185
ACSR ACD ACBG ACO ACI ACIE cic ACIS1 ACISD 200
ADMUX REFS1 REFS0 ADLAR MUX4 MUX3 Mux2 MUX1 MuXo 215
ADCERA ADEN ADSC ADATE ADIF ADIE ADPSZ ADPS1 ADPSD T
ADCH ADC Dat istzr High Byte 213
ADCL ister Low Byte 218
TWDR erial Interface Data Repgister 130
502 (522) TWAR [ twas | [ wal | TWGCE 120
01 (821} WER | TWSE | TWSE | TWS3 = | TWPS0 170
500 (520) TWBR Serial Interface Bit Rate Register 178
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