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Asynchronous General VO Flash and
Timer/Counter Modules ADc CRU Core RAM EEPROM

A A A A A A A A
ClK e
clk,s AVR Clock LY
Contral Unit
- cllz yay
A A
Reset Logic Watchdog Timer
F 1 :
Source Clock Watchdog Clock
Clock Watchdog
Multiplexer Oscillator
A A A 4L

]

Timer/Counter External RC External Clock Crystal Low-freguency Calibrated RC
Oscillator Oscillator Oscillator Crystal Oscillator Oscillator

Co 25 e ol A3l o 25 Jsds las 5 035 CKSEL (gls couysd (6 dw s SHS e s

ML:&&‘JRC )jj%.w‘ Cuﬂfﬂtﬂw)b}c;y&f.‘cKSEL 6LA

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




Page |8

WWW.avr.ir www.pnkavosh.com
O = ol S s IS Gillas L b SIS e (6 ale sy aes (31Tl (6l 1B SIS
(JJ).J: JJZJ) Y8 Whe r‘;jﬁ CKSEL 6[.@ C,A.:: rl.a: "\'."L’ C«:M‘j w\ DL J'I.‘)jf )‘J.; LS‘J" bj.& JL«&‘XTALI

XTAL1
ol SIS

CKOPT

XTAL2 |::: 1 _36pF

)\.@j@b&)ﬁjﬁjﬁ&/\jicv A LSLA wlsjﬁjscﬁaw‘&bda.u o}leSRC J"S)&:«o‘
Jl}q.‘ S%JJM)JVUW‘LS‘"‘W} ui\);‘xSQ,.w\ o cﬁjgd_}OSLﬂ))Ae-)JYO LSLAJ)J QT
= 3 Jsdr ilas 50l s CKSEL (sls g (g b sy Olu g (8 3 050 axdls 525 0

Bydel S5 L CKOPT consy ol 5. iL

CKSEL3..0 Nominal Frequency (MHz)
0001 1.0
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0100 80
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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 1010 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.

55 SUTTL:0] sla el 4 oy 5o CKSEL (sla covysd (g dbow g ol Slisl SUS Cjbj\&ﬁl{c
L&C,.:.:u_i‘)\m Jj.u rW\_ﬁjg.:Amb S%@Start—up dLo)JZSU} d‘j@didﬂ)ﬁ)\c&s})‘) >4 9

LS s Datatsheet ,> System Clock and Clock Options |as ;s ab s e Jslix Gl doas

Reset @l;.o )

sl w0 g5, CPU 5 s o o ol aJyl Sl o 1/O Sl 5 ples 1S5 See 0 Reset |

5l A ,le oS sl >ﬁjReset@woMegal6 s asks 53 5 S Al Reset Sls 5l sl s

1. Power-on Reset
2. External Reset

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

VY o
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Power-on
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Symbol | Parameter Condition Min Typ Max Units
Power-on Reset ;
Threshold Voltage (rising) 4 23 v
Veor Power-on Reset
Threshold Voltage 1.3 23 W
(falling)™"
RESET Pin Threshaold
Vog AW av
RST Voltage 0.1 cc 0.9 cc v
i Minimum pulse width on 15 <
RST | RESET Pin ' H
v Brown-out Reset BODLEVEL =1 25 27 3.2 y
(2
BOT Threshold Yoltage BODLEVEL = 0 57 40 49
Minimum low voltage BODLEVEL =1 2 ps
teon period for Brown-out
Brown-out Detector
Vs hysteresis 20 mv
e il AL el el A S Vee 3y a8 dal = Jed Ly Power-on Reset A

G0 oy b (g e sled clin] dm w0 3y Oy s s e Reset (g5l ol ol 3 als 45 AS s
S ey e ol ) Jal s s Sles el Sbs Ul ReSet cuns s 53 dhovy Sde ar S 0 (ot S 0

(ol s Pull-up 515 51 o onl 055 A3 35T L 5) .ol s o VEC 4 RESET

1
v ~A~ Vear
'CC 1

1
RESET A TReT

TIME-OUT

—

B

5
c

INTERNAL | |
RESET

L e Vee mbReset o il pacs o8 sl ol 3 5 )ls 503

Vel
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RESET i i
| |
| |
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| |
TIME-OUT ! r—tour—{
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' :
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RESET !

bl IS SO o0 L S el ) Watchdog b olss oLl L :Watchdog Reset ¢
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MCU Control and Status Register

MCUCSR | 7 6 |5 4 3 2 1 0

o gl - | JTRF | WDRF | BORF | EXTRF | PORF

24s CPU s (3100 ol 2ol Reset wbie 5 SCaldS s o 0L 45 ool SleMbl (6 gime s (]
Reset w30 55 L aus SU L e 0f s 2 e 5285 b il oy 8 Ol Sl ey L1581 O

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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C oy gl
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void main ()

{
while (1) {

o iy 1wl 8

LS o ol slilial =5 > « |y Hello World (¢ aziy 5 g ool gl @
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#include<stdio.h>

void main ()

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

el 0 i3ls s gl sgaiay 1l e

S o alaal g ail> G sl While(1)

nno,
3

Sy e ealinal e gt G slesl sl 05 S jaste sl

Sy o osliiul Sles s xi g Gl /T F Ly e

a5 L Calg e e bl s anlis @

Jsb 5552 g0 gade LIS Lty o mamen 5 il ol 555 SlalS 51 Llg o b aslis @
AL SLETY 1S b e o

i e BB o S5 s S S Gy > o s el Case Sensitive ol S C o

@f, char, while,... J2) 250 eslin) o8 G > Ll L= ol 555, SlLUS @
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il S IS (gl sl ol Dbl iy e i @

chara; il e g ke ol ke iy x5 5 @

La o3l C‘f‘

Type Size (Bits) Range

bit 1 0,1

char 8 -128 to 127

unsigned char 8 0 to 255

signed char 8 -128to 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 oo o3l @ Slas 51 iie iy a5 s (pond 5l @

=S o o3linul iz oU 5l LS eeprom IS (¢ 4ds 5l EEPROM (¢ abasl> )5 aze iy 5 gl @

eeprom int code; 1
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char s ="a'; Jle

Sls gl Hlde e 4y a3 Ol 3 Ol 0 @
const float pi =3.14 ;  :Jls 554 o plnil flash L const sulS g aalS Lot i @
£ 5sh oy ol (51 S (solle LIl a3 el i a5 SUe Ol e FdEfINe spea, L@

J}"I’L;“’uz’ji'.‘.l" QUJ‘.L&Abo.b)‘Jﬂﬂjaﬁwj el ;@ﬁﬂswjosﬁmbo:b

#define code 100 ; Jle

9 sl sl Ses

o Je s Shes Al
1 ¥y o b *
Y.0 o/Y r,,:«.E_T /
q Y+l g +
° A=Y G
\ (R¥YAY s biladls %
0x00 0xFO & OxOF AND &
0x03 0x00 | 0x03 OR |
O0xFO OxOF " OxFF XOR n
OXOF ~(0xF0) S JoSa ~
OxOF OxF0 >> 4 Coly 4 e >>
0xFO OXOF << 4 T A e <<

A
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ua&g 6&;1.4.9

Al JL‘ :JSL“& g/
a=-ax-1 -a a3 .
a=a+l a++ Al S Rl 4+
a=a-1 a-- Ay S pals -
LS‘ A.M\_Luﬂ LSLQ §/lq9
Al Jle Jjﬂ-“-‘ <
False 2>3 Aox S
True 'm'>'e’ S <
True 5>=5 Gl b S5 .-

True 25<=4 | sl S5S | <=

False '‘A' =="B' Ssled ==

True 21=3 Sslsls I=

-YY -
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ke sls Sles

4 Jls s Slas Ses

False | (2>3)&&(1!=3) | S&=AND | gg

True (‘a'<3)||(10) <=2 OR I

False 1(7>5) ol !
olesl gl Slas
e J&s :_/S.L».:— Jfla&
a<b a=b . =
a=a*b a*=b ol s o0 *—
a=a/b al=b Sl 5 s /=
a=atb | at=b | <W=ls e +=
a=a-b a-=b sl G =

Jlais value 31
X plpaast and
P4 lsl | a=(value)?xy

Al sl e 5o
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b 4l

-

s g s Sl ie I (Sl a5 pema s 4]

ol o e g5 ine el ol slans] 5 i i p @
int a[5]; Jie @

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

Egess &s ﬁa.:ﬁv...«\[jla.,.uﬂt.o SAS][O s olis slae]; rgda 33 sla !, iy S b °

int a[2][3]={{1,2,3},{4,5,6}}; 1l

25t ot e e Al Gl C 0l s o

\ij

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

Aigd o o= Null SIS S wojlsen bz, o

-Ye o
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S g (S eaas

:20t0 , s> @

g bl e S by Ol Sy

if - else ksl @

1f (b yd)
Vool swsy
else

Y Ol gas;

s By brace ol g e il s S Ol &S Sope s V)

Sl olaxlelse Sl eslend 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. ®

switch (i)

case ) ,lui.:

Vool swsy
break;
case Y luae:
Yol siwsy

break;

A
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default:

n olysws;

#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");
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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 gy

;#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 PPVINEY

} while (b,2)

g o |l LSS Bl el

For sl > O
for (ad> glawl Jluis 7 OLL b o5 (alST)

{

Oy gy

-Ya.-
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;#include<stdio.h>
évoid main () {

int a,i;

long int fact=1l;

printf ("Enter a Number: ");

scanf ("%d", &a) ;

1f (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*=i;
printf ("Factorial of %d is %d\n",a, fact);

}
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.:ﬁyé\%ﬁj\Lfidj,\{cjjﬁ-@l{break)}:ws v

. g Sl a5 ad> 5 o B g0 Dol stwd aslsl gl >l s pd e Cels continue | sz.s v

-

¢y

AL e 3 Do mlE R

E I o3ls Cy GU <’U (@U LSLG-"L"}§JT)

{
e sl pri
CU C)‘)ji.w)

}

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

gvoid main () {
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int a;

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

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

élong int cube (int x) {

return X*x*x;

g#include<stdio.h>
éint _max (int a,int b);
évoid 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){
if (a>b)

return a;
else

return b;

-YY -
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a.al..,;);":}&é:\ °3,}J’.’:

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

Project : LED Flasher
Author : Reza Sepas Yar

Company : Pishro Noavaran Kavosh

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

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

int 1i;

volid main (void)

{

DDRA = OxFF; [/ A axl 0 ) G g 0 Sole opl s Shas S s gl 5

while (1)

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

PORTD = 1i;

delay ms (100);

-Ye o
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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 T30
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 PDZNTD [t )
22 L panapcy PO2ANT ; 770 -
| FD4IOCIE [—2
——{ Peoixcio FDSIOCTA |2
e FOBICP |23 70
——{ PamTziamD POTIOC2
= PBAOCHAINT
- dreazs 70
?— PESMOSI 20
L Peemiso AvCC =
S reHscK AREF =2 730
FTVEGATE

-Yo._
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7-Segment | .3, S, 25 Y o5

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

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

#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;

I
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delay ms (10);

if (key==0)
{
if (key!=p state)
{
if (i==15)
{
i=0;
PORTD=digits[i];
}
else
i++4;
PORTD = digits([i];
p state=0;
I
}
else

p state=1;

L
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U1
g 73 ———
—_—1 RESET PCOISCL 53 '8} [e;
13 PC1SDA —5r
EVE KTAL1 PCZHTCK —=
—_— XTALZ PC3MTMS —
10 PCATDO == -
5] PAQADCO PCETDI —
5] PANADCT PCETOSC —
ST PAZIADCZ2 PCTITOSC?Z  frmmme
5] PAZADCS 14
T PA4ADCH POORAD =
Eran FPASIADCS FD1THD T3
] PABIADCE FD2INTO o
— PATIADCT PD3ANTA =
’ POAOCIE 3
-] FPBOACKTO PDSIOCTA =
= PBE1/T1 PDEGACP =
—— PE2NT2(AND PDTIOC2 f—— >
- FPBOCOFAIN
-+ PE4/SS
-] FPBSMOS] a0
- FBGMISO AVCC —
— PE7/SCkK AREF p— —
ATMEGA TG -

oo |pslael S i ,\.',TCJ.',L;U.) Aas e olis S e LIS 7-SeQ sla ol Consdy 3 sl

(s

SIS Dp g f e d C b a HEX
0 0 0 1 1 1 1 1 1 Ox3F
1 0] 0] 0] 0 0] 1 1 0] 0x06
2 0 1 0 1 1 0 1 1 0x5B
3 0 1 0 0 1 1 1 1 Ox4F
4 0 1 1 0 0] 1 1 0 Ox66
5 0 1 1 0 1 1 0 1 Ox6D
6 0 1 1 1 1 1 0 1 Ox7D
7 0 0 0 0 0 1 1 1 0x07
8 0 1 1 1 1 1 1 1 OxX7F
9 0 1 1 0 1 1 1 1 Ox6F
A 0 1 1 1 0 1 1 1 ox77
b 0 1 1 1 1 1 6] 0 Ox7C

L
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C 0 0 1 1 1 0 0 1 0x39
d 0 1 0] 1 1 1 1 0] Ox5E
E 0 1 1 1 1 0 0 1 0x79
F 0 1 1 1 0 0 0 1 Ox71

-Ya.-
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LCD) e Jlwy 5 Kislei 1 o355

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

Project : LCD Interfacing
Author : Reza Sepas Yar

Company : Pishro Noavaran Kavosh

*****************~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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lcd 1nit(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 clear();
lcd putsf ("Number=0") ;
delay ms (100);

-8y -
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LCD1
LMO16L
N aw U1
Pald B5, S588Z8385 2 | ReseET poorscL 22
23
i3 PC1/SDA ==
| Nlm <|w|o| ~|wo|o le o o] it 17 ] XTAL1 PC2/TCK o5
A2 f xTaAl2 PCITMS [—52
4 PC4TDO |52
55— PAD/ADCO PCS/TDI 52
=——] PA1/ADCT PCETOSCY [—£2
 — ==— PA2/ADC2 PC7/TOSC2 =2
- =i~ PA3/ADC3 »
=2— PA4/ADC4 PDO/RXD |—=
=2 PAS/ADC5 PDI/TXD [—=2
=+ PA6/ADCS PD2/INTO [—=
PA7/ADCT PDS/INT1 [
0]0) ! PDA/OCTB %
::@ s ~— Peonxckmo PDSIOC1A [—2
PBA/T1 PDBICP =22
o | i PB2/INTZ/AINO PD7/0C2 2L
010} | =] PB3/OCO/AINY
o —— PB45SS
00} —— PB&/MOSI -
o ——| PBEMISO AVCC ==
-2 pe7ISCK AREF [—2£
— ATMEGA16

- &Y -
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M;bwwgﬁw‘i °j,}‘f.’:

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

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

#include <megal6.h>

#include <delay.h>

#define xtal 4000000

unsigned char key, butnum;

flash unsigned char keytbl[16]={0xee, Oxed, Oxeb, 0xeT7,
Oxde, 0xdd, Oxdb, 0xd7, Oxbe, 0xbd, Oxbb, 0xb7, 0x7e,
O0x7d, Ox7b, 0x77};

volid main (void)
{
DDRB = 0Oxff;
PORTB = Oxff;

while (1)

{
DDRC = 0x0f;

A
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PORTC

= 0xf0;

delay us(5);

key =

DDRC =

PORTC

PINC;

O0xf0;
= 0x0f;

delay us(5);

key =

key | PINC;

delay ms (10);

1f (ke
{

for

{

}
if

}

else b

PORTB

y != 0Oxff)

(butnum=0;

if (keytbl [butnum]==key)

(butnum==16)

butnum<16;

butnum=0;

else butnum++;

utnum=0;

= ~ butnum ;

-te

www.pnkavosh.com

butnum++)

break;
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U1

2] RESET pcoiscL -2
13 PC1/SDA 54
ETE XTAL1 PC2TCK =
== XTAL2 PC3/TMS 0
40 PC4TDO 27
3] PAQ/ADCO PCS/TDI 8
B PA1/ADC1 PC6/TOSC1 >
57 PA2/ADC2 PC7TOSC2 p—=
%] PA3/ADC3 14
= PA4/ADCA PDO/RXD ES
3] PAS/ADCS PDUTXD 5
B PABIADCS PD2/INTO —7
=— PAT7/ADC7 PD3/INT1 4
1 PD4/OC1B o
< PBO/MXCK/TO PDS/OC1A =
San| PB1/T1 PDENCP >
A PB2/INT2/AINO PD7/0C2 ===
< PB3/OCO/AINT

- PB4/SS

= PBS/MOSI 20
< PB&MISO AVCC A
—— PB7/SCK AREF —=

ATMEGA16

WWW.avr.ir

W o

2l ©Q N O | OO

-¢to .
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LED Dot Matrix sls Siole :0 o553

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

Project : Dot Matrix Display
Author : Reza Sepas Yar

Company : Pishro Noavaran Kavosh

*****************~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};

volid 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
- KTAL1 PC2ITCK _25
2121 xra2 PC3TMS [—22
40 PC4TDO —57-
R PAD/ADCO PCS/TDI =3
= PA1/ADCT PCBTOSC1 [
2 PA2ADC2 PC7TOSC2 22
2L PA3/ADC3 o
5 PA4/ADCA PDO/RXD 5
2 PAS/ADCS PDUTXD —2
5 PABIADCS PD2INTO [—2
PATIADCT PD3/INT1 &
1 PD4/IOCIB o
“—{ PBOIXCKTO PDS/IOCTA I—=
3 PB1/M PDGICP >
ry PB2ANT2/AINO PD7/0C2 p—=—
2 PB3CCO/AIN
2| PB4
7 PBS/MOSI 20
B PB&/MISC AVCC B
PB7/SCK AREF |32
ATMEGA32

A=
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o sla 4y

Al o sl s Ay s 0T 5l 550 ¥ aS WSl e 4By e YY) glls ATmegal6 (s asks @

P . .
o slodd sl a5 s o
CodeVision
\ $000 | RESET External Pin, Power-on Reset, Brown-out Reset,
Watchdog Reset, and JTAG AVR Reset
A EXT_INTO $002 INTO External Interrupt Request 0
Y | EXT.INTL $004 | N1 External Interrupt Request 1
t | Time_comp | %006 | TiMER2 COMP | Timer/Counter2 Compare Match
| TIM2_OVF $008 | TiMER2 OVF Timer/Counter2 Overflow
T | iML_caPT | S00A | TiMERL CAPT Timer/Counterl Capture Event
V| Tim_compa | 300C | TiMERL COMPA | Timer/Counterl Compare Match A
A TIM1_COMPB $00E | T)MER1 COMPB Timer/Counterl Compare Match B
4| TIML OVF $010 | 1iMERL OVF Timer/Counterl Overflow
| TIM0_OVF $012 | TimER0 OVF Timer/Counter0 Overflow
W' | SPISTC $014 | sp| sTC Serial Transfer Complete
'Y | usART Rxc | %016 | ysaRrT, RXC USART, Rx Complete
| usarRT DRE | $018 | ysaRT, UDRE USART Data Register Empty
‘¢ | UsART Txc | SO0A | ysarT, TXC USART, Tx Complete
‘e | ADC_INT $01C | Apc ADC Conversion Complete
" | EE_RDY $01E | Eg RDY EEPROM Ready
W | aNA_comp | 8020 | 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

Y| 1imo_comp | %026 | TIMERO COMP | Timer/Counter0 Compare Match

" | spm_ReADY | $928 | spm RDY Store Program Memory Ready

d ol 4By i b 55 Ol jen Sl g 53 oy po 3 5 Bl o 5L Cu sl Ll 5 ol e pesl @

S5d o (Shoy So sl s a5 (a4 OF 5| ey 5 58 o 0303 VL ol

23 i U SED el 5ias L1 b addy o ses 5l Jled o Il L ba ai s 51 S 058 Jleé (sl

Bit |76 |54 32|10

SREG | I

)JJJ}_Jwdwﬁiﬁbéuk&jfw@)>jem&g%d‘f)&é%ﬁj;ﬁ)‘v\ij‘)b °
Sla g sl oy 5 S b s | O Sy ol 5 G 2ds b il oo S8l 0 5 Sl

3 305 Jbd 1, 0T GICR jmy 53 db oo cn 035 S Ll ol gla iy 51 SO 5l ealinael (6

Bit 7 6 5 |4(13|2|1]60

GICR INT1 INTO INT2

- 4.
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238 o e MCUCR s J3l Coslezr 6 o ) 50 ol sl iy 51 S 008 K5 6 5

Bit 716|154 3 2 1 0

MCUCSR ISC11 | ISC10 | ICSO1 | ISC00

MCUCR[3:0] s s e sla I

ISCO1 | ISC00 Ao My 0N K5 gy
0 0 TN INTO s i i
0 1 — X INTO e e s o
1 0 TN INTO e b s o
1 1 _x INTO - 5 e85, YU (s <
ISC11 | ISC10 S s iy 0ad K g
0 0 TN INTI oy s i il
0 1 X INTI e b 3 s
1 0 i — INTT o 03 oy ol s &
1 1 X INTI oy 55 oy VU (s
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Bit 7 6 5 4 3 2 1 0

MCUCSR ISC2

&BoLJJwQJcL))YQLSQQJBjJJJL@ﬁ\)'Lsa\_ﬁ:‘a)k_'%})\:;ﬁﬁju-\‘é@) L]
S by 50, omb g ad bassy ploas 5 CeLISC2 s in cpay ool g S

s ol Vg dbolons K5 el

v_,ocv::j_l QM&ifo)))\.G c(I) ‘u_;j)t.u Jla.%@.:.:d.)y J&)GICRM}))&);;A%QJ}J{M
= SL B e & s 4 4B L)Tﬁ,; ISR&\g\j\wc,\Jb— gl od sl adsy sl Cel Wil

.J‘j.w

Bit 7 6 5 4 3 2 1 0

GIFR | INTF1 | INTFO | INTF2

33}1@%/.:3'){.)'Q)}.‘pﬂt.gCOdeViSionijbwj B Q,;S))

-
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interrupt [4iss s ¢ osled]  VOId iy s s, oL (VOId)
{
4By g (S 4l
}

J3d) OF Jslas oU 51015 o 5 A3l s VY BT o (5306 ATMEGALG 5,50 55 (s a5 ls 1 s ool

55 eslatal 5o (Jead (gl

N Jle

#include <megal6.h>

#include <delay.h>

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

volid main (void)

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

oY .
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PORTD=0xFF';

GICR=0b01000000; // INTO: On
MCUCR=0b00000010; // INTO Mode: Falling Edge

#asm("sei™) // Global enable interrupts
while (1)
{

PORTB=0x01;

delay ms (500);

PORTB=0x00;

delay ms (500);
b7

U1
RESET PCOISCL —g
PC1/SDA [—==
XTAL1 PC2TCK [—5=
XTAL2 PC3TMS |22
PC4/TDO —22?,
PAO/ADCO PCS/TDI 2L
PA1/ADC 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/OCO/AIN
PB4/SS
PBS/MOSI -
PB6MISO e
PB7/SCK AREF |22
ATMEGAIB

-oYy.
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G abs s aiis 5 SO sl dl o s Adl e plis 4 b Sope 4 b g 4 S

w\:éwgoqujj\wﬂu@jomdkéijSR;\C,,;;!mmﬁgw\éﬁ;

IS URRVA S

x‘jgf:ﬁ@wjj&)ﬁéj)égd‘43%%#3}}&);«94{@)&6&)}@)3

-JJSJL’.'%‘LSJ\):"‘(’J-.’6@JO‘§@9§J5Q-1“‘:"JF ais g sl Cols

o INT2 3 ad s oo g addy omen 5 INTI jINTOL}:ﬁ);&@wde@a}}
& en 3|5, Sn 03 S ol Gl b Ol 51015 o opl ply (o gd o osls Lasds O Sl &) g0
Sl 5 A2l e 4l SU 0 DI ) s I (5 e BBl s el eslinl e oS sl Mode

.&:MM‘O.L«:;-.? a2 "j-)b-dwj ”QOW".L”J.;‘)SJ:"JLS-A

53 el 5 Kes aS 1, CPU s 2, s SREG 5,5 i &) 50 « CodeVision Ll
)"M)oJJS(PUSH)oJ_:}SStaCkJJA_L;} B &))LS‘J"‘)‘J‘B‘MM::’MISR
S s Uils e el ol 05 S Jli L gl kS e (POP) LL5L 1, s OISR 5l it

LS oslul #-pragma savereg 358, 3l Ay sy s

_0¢
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o 3l e Sl T 55

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

Project : Zero Cross Detector
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***********************/

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

interrupt [2] void switch (void)
{

PORTA=0x01;

delay ms(1);

PORTA=0x00;

volid main (void)

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

GICR=0b01000000; // INTO: On
MCUCR=0b00000011; // INTO Mode: Rising Edge

- 00
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#fasm("seli")

while (1) ;

Output vs. Input:

www.pnkavosh.com

// Global enable interrupts

-o1.
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U1
2
2 pcorscL
<8AV/ ..... .wml PC1/SDA
Mm| PC2MTCK
Nﬁw. PC3TMS
ﬂ PC4/TDO
ﬁ PCS5/TDI
R{ 3] Pososct
*ﬁ 1_ —_— PCTITOSC2
10K
% PDO/RXD
2 Po1TXD
BR1 PD2/INTO
$ PD3/INT1
ﬂ FD4/OC1B
A R2 Q1 18 1 ppsiocia
— 2N2926 wwl PD6/ICP
47K 2 pp710C2
— BRIDGE
L I% AvCC
= 22 1 ARer
ATMEGAT6

RESET

XTAL1
XTAL2

PAOQ/ADCO
PA1/ADC1
PA2/ADC2
PA3IADC3
PA4/ADC4
PAS/ADCS
PAB/ADCE
PA7/ADCT

PBOMXCKI/TO
PB1/T1
PB2/INT2/AINO
PB3/OCO/AINT
PB4/SS
PB5/MOSI
PB&MISC
PB7/SCK

|

felsobl - lefelslslalslefs sl f=

WWW.avr.ir

-ovY.
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J-Lo ,’S\S/ﬂu

s Fast PWM CTC Normal ;s Mode jLgx chils 45wl o sw A b O i 25/ b
S dmlis e 5,2 OCO0 o s 38 55,5 0lpe 4 TO o sl » Correct PWM Phase
5 4 a5 42l o OCRO ; TCNTO TCCRO (sls ol a; iy aow SLo1s ol o) 2L o sl
G s 55 o5 ol et Ly b e eslital aslie Sldie 5 ediled Jldde sl gy Sy S

S s el SIS e Sl o Clock: Select sls oo a5 il o TTCRO b i) 0 5 oo
Compare Match Output sls <o 5 b s Mode L sl , Wave Generation Mode sl

TCCRO | 7 6 5 4 3 2 1 0

<= ¢t | FOCO | WGMO00 | COMOI | COMO00 | WGMO1 | CS02 | CSO1 | CS00

34 o e o 5 pl o WGMO0 s WGMOT sls e 4 5 L aub 5 Sles Mode

-V,



Page |59

WWW.avr.ir www.pnkavosh.com
Mode | WGMO1 | WGMO00 >,Sbos Mode
0 0 0 Normal
1 0 1 PWM, Phase Correct
5 . 0 Clear Timer on Compare Match
(CTO)
3 1 1 Fast PWM
Noramal Mode ©
o A oslw jjls / (4 ]
: TIMERO sls 2o
TCCRO 7 6 5 4 3 2 1 0
<=¢l | FOCO | WGMO00 | COMO1 | COMO00 | WGMO!1 | CS02 | CS01 | CS00
Al e 0 0 0 0 0 X X X

Clock Gl S a4 5 LSS e Cunds o0y S i Prescaler G slls s i 387 5000

355 o e Select

-o04.
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CS02 | CSO01 | CS00 ol WS e om
0 0 0 (i 528) SIS 05
0 0 1 (s O 3) @ams SIS
0 1 0 e SHS/A
0 1 1 e SUS/E
1 0 0 (s SHS/YOV
1 0 1 Kt AR
1 1 0 (TO) s Sl (5 sy oy s o
1 1 1 (T0) b= - s 0855V (s &

Bit 7 6 5 4 3 2 1 0

TCNTO TCNTO[7:0]

TIFR 7 6 5 4 3 2 1 0

S gl OCF2 | TOV2 ICF1 | OCFlA | OCFIB | TOV1 | OCFO | TOV0

s o 0 0 0 0 0 0 0 X
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#include<megal6.h>

#define xtal 8000000

void delay ()

{
TCCR0O=0B00000010; // Timer Clock = CLK/8
while (!TIFR&0x01) ; // Wait Until Overflow

TIFR=TIFR|O0B00000001; // Clear TOVO
TCCR0=0x00; // Stop TimerO

void main ()

{
DDRA=0xFF;
PORTA=0x00;
TCCR0O=0x00;
TCNT0=0x00;

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

A
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(40018 45 < 5ls (s 0,93 als) Y e

void delay ()

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

i 53 TOIE2 L TOIEOQ (sls coy 5 035 b (1) 4By o yae Sl Jlad Sy 45 550 5 v

:JJSOJL?L:.«.M‘ 4.61.9) ol‘,ﬁomﬂb Q-)\-\:Uﬂ)ﬂ)‘ c‘\.ﬂﬁj)‘ o)@\bd‘j&ML&TIMSK

TIMSK 7 6 5 4 3 2 1 0

e gl OCIE2 | TOIE2 | TICIE1 | OCIEIA | OCIEIB | TOIE1 | OCIEO | TOIEO

s o 0 0 0 0 0 0 0 X

(WﬂUﬂ)ﬂé&é})‘@bW‘bT:400[B L;*-’JAC}A)VJUA

#include <megal6.h>

#define xtal 8000000

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

PORTA"=0xFF;

TCNT0=0x38; //TCNT=55

R
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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

TCNT0=0x38;

while (1);

dwslin > Shas b S5/ sl @

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

oJ.,igi.iOCFl LiOCFOQﬁéﬂ\ﬁuuﬁ.;ﬁ&&lﬁéu},gjOCOﬁw@jﬁfw
wj)‘ebu.l_w‘ (:.)._9 Q)H)JJ}M@M&)‘;B‘WQ)}&MME} &}f@ u‘"}"‘,}‘gb}

LS SUL ol cw ol s K omis L lilg o )8

TIFR 7 6 5 4 3 2 1 0

RS
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o b OCF2 | TOV2 ICF1 OCFlA | OCF1B | TOV1 | OCF0 | TOV0

e o 0 0 0 0 0 0 X X

124 s COMOT 5 COMO0 (cls oyt 5y OCO o Conds s

TCCRO 7 6 5 4 3 2 1 0

S gl FOCO | WGMO00 | COM01 | COMO00 | WGMO1 | CS02 | CSO01 | CS00

P e B ¢ 0 X X 0 X X X
COMO1 | COMO00 OCO oy consss
0 0 (Jsore I/O) Jli L8
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(OCO o 5, 8T =5121 o LI sbowl) £ Jles

#include<megal6.h>

#define xtal 8000000

void main ()
{
DDRB=0xFF';
PORTB=0x00;
TCNTO0=0x00;
TCCR0O=0B00010010; //toggle OCO on compare match
OCRO=0x63; //OCR0=99

while (1) ;

Setﬁwjdww)u JLQ;BC,.:JAA w;&r&,u dL«d Osﬁ&ﬁa‘gﬁ)\& QLM;W:L&A LS‘J'.’

.Jj..i:

TIMSK 7 6 5 4 3 2 1 0

o gl OCIE2 | TOIE2 | TICIE1 | OCIEIA | OCIEIB | TOIE1 | OCIEO | TOIEO

P X X 0 0 0 0 X X

- e
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:sj.idau'ifjﬁj;;)y@ISRchw\):

interrupt [TIMO COMP] void timer(O comp isr (void)
{

4By g (5 4l o3

CTC Mode @

el Olay s aS ool ﬁ\@ﬁyd@@@)ﬁbdb}@)&wﬂUMOd€ RUBE
e 5 el G Kl okl i TCNTO e, luis TCNTO 5 OCRO sla zu
2 > WGMOT 5, WGMO0 sl <o jltis sl s OCRO i 53 59 50 500 TONTO s S

il ) 50 Rl s 4 Mode

TCCRO 7 6 5 4 3 2 1 0

Sl FOCO | WGMO00 | COMO01 | COMO00 | WGMOI1 | CS02 | CS01 | CS00

e o X 0 X X 1 X X X

:Jiingﬂjéwu!ocoOﬁw,uvmwcfwts;auw\ﬁ o

fcu<_|/o

foo =
°¢?" 2.N.(1+OCR0)

e O
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#include<megal6.h>

#define xtal 8000000

volid main ()

{
DDRB=0xFF;

PORTB=0x00;

TCNT0=0x00;

OCR0=0x63; //OCR0=99

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

while (1) ;

for. or+ Hz

CYA(+)

MbydbﬁW}ML&.&CTC MOde)Js\.M..lLE.ALS@)}ﬁ)ﬂéﬁjjbdwéﬁ%w_}

.als

Lg\)bjz_mg-)O_i\PWMﬁ.éLSLaMOde):\ﬁJ':ﬁfL?J CABJL{J:{LEOCROM)‘\{@JJ‘M °

v e
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BE .,\_3‘.)\9-)\.)\.5» d‘ﬁ)ﬂj‘wﬁjm’\‘; oj:>-.> J;‘)J)ﬁb)b %b)\i&ﬁdlxﬁéwuﬂ UI.BJ.: WJJ‘ Ls‘j’

s 6,138 ,L OCRO

J%JJ&AW\SJ&V oj)f):

/~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)
{

A
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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(16);

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

delay ms (1000);

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

- 4.
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in freq = timer0 ov * 256 + TCNTO;

sprintf (lcd buff, "Fregency=%d",in freq);
lcd clear();

lcd puts(lcd buff);

TCCRO=0x00; //Stopt TimerO
timer0 ov=0; //Prepare for next count
TCNT0=0; //Clear TimerO
}s
LCD1
LMO16L
= U1
L
gl 93, 85983885 -2 RESET pcorscL &
3
1 PC1/SDA |22
- N|co +|wlo]l ~|o cnlcnl‘— ol o] = ] XTAL1 PC2MTCK 55
AnAn A A A 12 {xTaL2 PC3TMS |52
= PC4TDO [—22>
Zo— PAO/ADCO PC5/TDI 5
22— PA1/ADCt PC6TOSCt [—22
L Z— PA2/ADC2 pC7/TOSC2 ==
= ST PA3/ADC3 o
22— PA4/ADC4 PDORXD [—2-
=2— PAS/ADCS PDUTXD [—=
PAG/ADCS PD2/INTO |—<
CRPERRERAT & | 38 1 pa7iaDCT PD3/NT %
] PD4/0C1B [—=
2— Peoxckmo PDS/OCTA =2
—=— PB1M PDSICP [—2>
——{ PB2/INT2/AINO PD7/0C2 <L
——{ PB3IOCO/ANT
—2— PB4SS
—2— Pe5MOS| -
—— PB&MISO avee -2
£ pr7/sCK AREF =2
ATMEGA16



Page |71
WWW.avr.ir www.pnkavosh.com

Fast PWM Mode ®

S gl e 53 L3 OC0 o aS ols ol L il e Jb s Mode wlie S -l

LS

o 1
TCNTO i OCRO i

PWM -, =

Al ) o, Mode ol ;s WGMOTL 3 WGMO0 sls o i

Bit 7 6 5 4 3 2 1 0
TCCRO 0 1 | COMO1 | COMOO | 1 | CS02 | CSO1 CS00

Sy i 5 3 s 53 31 Eoslize COMOT 5 COMOO (cls oo 5 ke PWM cls Mode s

COMO1 | COMO0 0CO0 1y corvss

A
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0 0 (Jsons VO) U 6
0 1 old 5,3,
1 0 (sSas 6 PWM) 5, 0 0l 55 Set o ills cons 5,2 Clear
1 1 (552 PWM) 5, 0 0l e Clear (sl e 50 Set

1 gas Sliial 25 ge b 5l O e 0dd W5 PWM o e (56 5 (g ansles (61

f
foun = ;:1‘7)'(/0 N = Prescale = 1, 8, 64,256, 1024 X = YoT— sl s sk 55008, s

OJM‘OCROJ\MMQ_}TCNTOMQJ‘J 4.:.5)‘)‘.)\.5.4 LS‘JJ Q\ﬁ&ﬂljﬁ)ﬁé@j}‘ \/
Dl 03y oad anolis (g add ‘.:)::}))JOCRO Sldie Sl g 4 ST s e

(sls s |, PWM e o558 0l o TONTO @ 0sls 4yl Hlaes v

(Ao2 Vo g aibs 0k s4KHZ G5 5 LPWM 5 1) 5) Ade

#include <megal6.h>

#define xtal 8000000

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

}

void main (void)

{

- VY o
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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

#fasm("seli")

while (1)

DutyCycle = OCR X\ Yo = —
Yo Yo

XV % =Y%

- VY-
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IS S oo 4 G L Ko s oS (0> U s e meS aibs 0Ly OCRO 0us sl @
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jCOMOO)‘.L;.AMM@jﬁ-Mlﬂjb&.ﬂf‘fﬂ)ﬂjwu&)‘.}s&dOCRO4.1\‘0-\ @J)‘Jjﬂb ®

Sedale KL Lis oyl ea COMOL

Phase Correct PWM Mode ®

Jos (Dual Slope) avs 55 &ojso 4 b S sl pl b aisl » Fast PWM - 4.5 Mode .l

sde B 2ol 58) Q)M@josﬁui)wg@fifiﬁp;.xpjﬂuSQ)M\Q.M>@¢QJ Iy eoled
8L OCRO i, 53 OCRO 5L )3 5 50 3o Jlie cpl @0 Sy S5l 5 AL o 21530 OXFF
Odewy Lojlad o oo sde U L2alS g 4 5 old o0 el Soled o adasd 0l 5l b 355 o
2 2o e ISR sy sl ey Sl Jlab oy 0250 S5 D30 50 5 003 S ol o) e o 208 0l
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TCNTO i
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il e 5 dadr ilke OCO oy ois

COMO1 | COMOO 0CO0 (py conves
0 0 (J5ene /O) Jlui L2
0 1 ok 5535

(sSms 6 PWM) ial 3l osle 0l s (pullas Cunsy s Clear

il ke Gley s (el Cuns s 5 Set

(J&PWM)@lfl J)LM-:IUL‘JJ: Ad-’l—h’ CM}):Set

alS Esled 0l s (el Cuxs s s Clear

Ol 3 5355 oo adsh jmry ol 3L 5 it Slade OCRO o) Jlie i &y )3 @
255 5354 OCRO e OXFF @ O

OXFF 5 5555 jio ol p TONTO o) 45 05550 o b Sl o el oo oy @
Jmd o) oy Bl o ey ool Sl SIS @ g5 05 Oley > STaS cdls s b cnl ol
Al dal g
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Ll e 42l S e ySe PWM I 3 5 b e 2l o gze lide OF 2alS

PWM LDC 550 J xS A o35,

/~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;

volid main (void)

{

PORTB=0x00;
DDRB=0xFF;

DDRD = OxFF;

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

A
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PORTC = 0OXxFF;

// 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;

TCNT0=0x00;

OCRO0=10;

while (1)

{
if (!PINC.O)

if (key!=p state)
{
if (1i==7)
{
i=0;

PORTC=digits[0];

else

i++;

PORTD = digits([i];
OCRO = 1*10+10;
p state=key;
I

-VYY.-
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else

OxFF;

p state

c2 | -
=)

U1
. . i WG
-2 1 reEsET PCOSCL |22 o 0
" PC1/SDA 22
2 xraL PCOTCK 22
22 1 a2 PC3MMS [ —
20 PCATDO 22 =
2 Paoranco el
S Patanci PoaTOSC! [—2
< D 2L pazanco PCTTOSC? =22
2L { Pagiancs 1 220
M40 2 PaaiaDca POORXD f—=
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24 1 b neiancs POZANTO
" 22 1 pamancy PDRANTA m
A PD4OCTE f—2
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2 reim POBICE
_ R1 Ml PE2/INTZAIND FoTOC? =2  e—
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Ml PEBMISO AVCC %
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Bit 71654 3 2 1 0
ASSR ASO TCN2UB | OCR2UB TCR2UB

A e S ST a5 SIS e oy 0l 05 5 Set L :Asynchronous Timer/Counter2
S ol S Ty sl 081 o LS e s TOSC2 , TOSCI ;s sl oy ol g S

555 1= TCCR2 5 OCR2 TCNT2 (sl o s

G e OS] Cans s 23 oo 3, Shas e sl » {Timer/Counter2 Update Busy
TCNszi_w.ﬁ-)Lg))v_:}jd%;d@.ﬁj@jjﬁomjé@@)y@\j' ﬁl}d'})\}f\“ﬁu
4_3CA_M:\o.)\_.i01_37'-5Lésﬂwjjbdd)u_ﬁﬂjb‘}_ﬁ‘-;c&TCNzUBQﬁcbﬁwjjéj\.)\b

el L liie 2 00 6l TCNT2 Sl (g siias 0lzs OCR2UB

S ols ol Loy TCN2UB wilea ¢ o) :Output Compare Register2 Update Busy

o= L es s TCN2UB siles <o oo i Timer/Counter Control Register2 Update Busy
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555 sldis TONT2 Ol 0les a8 Sy sm s (dil o Soslite ey aw opl QL1 NWHLCIIES
.J}..:L;ao.b'b} CJ}AJJ.M...:;.-))J ;;;—yj.&aTCCRZ;OCRZ uv\."?l.s‘)a.«\*l aJJ\}ﬁ-JL.v.:.?-)
5l el 04 oy 3l e 5 0352 JLsd 55 Power-Save Sl s ojjs;wfcwjﬁ\‘ﬁu °
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/*****************************************************

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

#include <megal6.h>
#include <lcd.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,

second) ;
lcd clear();

lcd puts(lcd buff);

void main (void)

{

// Clock source: TOSCl 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
i1}
ggg 98w 35883385 -2 ReseT PCOISCL =22
PC1ISDA [—==
13 24
- le =r|w]wo hlwlml‘gls I E! e T XTAL1 PC2TCK T
== XTAL2 PCIMTMS 5
40 PC4MDO 5
) PAOADCO PCSTDI 5 | |
PA1/ADCI PCBITOSCT
L 381 pazapc2 PC7TOSC2 22 ] X1
- 3 pasiaocs ” 32.768K
= PA4/ADCA PDORXD e |
= PAS/ADCS PDTXD 3
S| PABIADCE PD2AINTO [—=
PAT7IADCT PD3INTY [—0
" PD4IOCIE —:g
——{ PBOIXCKITO PDS/IOCIA —=
= FPEB1M FDENCP 5
- PE2/INT2/AINO PDTIOC2 ==
——{ PB3/OCOIAINT
g— PEA4ISS
——| PES/MOSI o
1 PEE&MISD ANVCC =
—— PB7ISCK AREF ——
ATMEGA1G

-AY -



Page |84
WWW.avr.ir www.pnkavosh.com

S A/ b

« Capture s ob 4 s (e S i sl SUGL 2 osdle OF 3 5 Sl 2 VTV (5,0l G el
Ly sded (S e OLoy 5 S yauli o g3 ol ke sue ol gla 0ley s i ol ol ol 635331 O
o ol Mode zoy lls ol sl o wal 315 Sles sl (5,8 03101 Ol O Go b 5l 563 8 o3
Phase and Mode s Phase Correct PWM Mode Fast PWM (CTC Normal sLs (U
= PWM =Y ¢lyls e Dlas V a0ls s PWM s Mode ..t .« Frequency Correct
S aslis 55 0lye 0 OCIB 5 OCIA cls o 5 5 63555 Olse & T1 o el cpl 55 .iL

Al 0 S et Capture iss 6555 ol ICPL oy iomans S o es
plS Sa 4SSl o o es3la OCRIB ;OCRIA s TCNTI sls jw s paob 035 o V1 e @
53 352 gp e 45 A3l o mme (5 amlis A1y 55 DI K el ppioes s H 5 Lol 5o 6Ll
Gl e Gy Sl o 53 503, S awslis TCNT1 L 1, OCRIB ; OCRIA (sbs i
& s ool Capture a1y w50 ICRI i) fooeen das s a5 1, OCIB ; OCIA

AL e e

ICR1 ,OCRIB OCRIA TCNTI \ 1ot s o35Lt glo ior, @

-AE L



Page |85

WWW.avr.ir www.pnkavosh.com
s edge p 1y b J xS TCCRIB 5, TCCRIA oA b o
TCCR1A 7 6 5 4 3 2 1 0
el COMI1Al | COM1AO | COM1B1 | COM1B0 | FOC1A | FOCIB | WGMI11 | WGM10
TCCRI1B 7 6 5 4 3 2 1 0
S 1k ICNCI1 ICES1 - WGMI13 | WGM12 | CS12 CS11 CS10

555 o oyt WGMI3 5, WGMI12 ,\WGMI1 ,WGMI0 (cls oy ¢ dhow s ol (5,8 Mode

<, Mode

WGM13 | WGM12 | WGM11 | WGM10 TOP TOV=1
Normal OXFFFF OXFFFF

| ) PWM, Phase Correct, 8-bit 0x00FF 0
Y ! PWM, Phase Correct, 9-bit 0x01FF 0
¥ . . A ) PWM, Phase Correct, 10-bit OX03FF 0
¢ ) CTC OCR1A OXFFFF
0 ) ! Fast PWM, 8-bit 0xO00FF TOP
1 \ \ Fast PWM, 9-bit OXOLFF TOP
A ) ! \ Fast PWM, 10-bit 0x03FF TOP
A | ' ) PWM, Phase and Frequency Correct | ICR1 0
A ! ! PWM, Phase and Frequency Correct | OCR1A 0
Ve \ A PWM, Phase Correct ICR1 0
W \ | ! PWM, Phase Correct OCRIA |0
VY | | ' CTC ICR1 OXFFFF
A | | ) ol 5,55, - -
V¢ | | \ Fast PWM ICR1 TOP

- Ao _




Page |86
WWW.avr.ir www.pnkavosh.com
‘o ! ! ! ! Fast PWM OCR1A | TOP

S5 ke b 5 035 OXOOFF 1 5 OXO1FF ,0X03FF lt sl slie L155 o ke pl o

AL ICRT LOCRIA (gls o, 51 USo s ot

5 Ao b 3 FOCO sslea s 0 5 Shee &5 S aslis 25w Force sl o :FOCIB , FOC1A
53 S bl gl aib s S0l s C ol 035 SO PWM L2 sla Mode s a8 s 5 cpl il o 50
)JCOM LSLA%W}‘J&LEAOClB)OCIA Sl o Gy s Col sl bl &y s

554 . TCCRI
sOCI1A sl (0 cn sy x5 :COMI1B1 ; COM1B0 ,COM1A1 ,COMI1AQ sla oo
= 3l | sl 5, Sles (LS MOde @ axe b O Jldie &5 S o pare Gudes - 53 1, OC1B

55 wealp asdlls | OF Cilises sla Mode w3l oy S

A2l e s SIS e s 512 1CS12 5 CS11 CS10 gl ooy

CS02 | CSO01 | CS00 ol WS e ol
0 0 0 (b 528) SIS 5y
0 0 1 (s O 3) e SIS
0 1 0 e SOS/A

AT



Page |87

WWW.avr.ir www.pnkavosh.com
0 1 1 e SHS/E
1 0 0 (s SHs/von
1 0 1 e S/ Y8
1 1 0 (TD) b b s ois) b s 4
1 1 1 (TD) sl s 055 VL s 4

oLsy b g ad Cw ol 05 a0 LICPL oy 1 Capture jise 655,55 ¢ ad s <o ICEST e

S S Eelsdin; Vs &) 01 055 S L

oSxcs (Ve Capture iso o ) ICFT 5 B 3 aslis Gy o ) OCFIB (A 8 wslis ol

Wl e

TIFR 7 6 5 4 3 2 1 0

o gl OCF2 | TOV2 ICF1 | OCF1A | OCF1B | TOV1 | OCFO0 | TOVO0

S g | 0 X X X X 0 0

355 4y Ol 4 by e ISR & asl p Cleisl Eel il 5 s TIMSK' ) 35

-AY -



Page |88
WWW.avr.ir www.pnkavosh.com

TIMSK 7 6 5 4 3 2 1 0
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1 1 sl cunss s Set

f}ﬁ@)ﬂmuww‘ %bccyd&;.@ﬁé‘fOCIBQOCIA)‘OJL&A‘ Q)M)J L]

L gk S

(MU‘EL:A\' )Le &Jﬁk’l}-‘j@uw\r\ u‘ju o)jbl.gcydgjs .lgj) R (_JL:.A

#include <megal6.h>

#define xtal 8000000

vold 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 =\¥)+vYus =)¥\ms

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

CTC Mode @

5355 4o awslie ICRT LOCRIA ;i jltis b 4t s 55b & TONTI ey jltie S ol 5o
L el TOP Sluie ol cpl 55 cpl by 358 o jio ol TONTL s Sltis (g0l 2 &y 50 o

5 e oy ICRT L OCRIA sls i s Jltie WGM (sla oy 53 55 50 5lkis & 4 55
a aily eas Ol ICRT L OCRIA oy Sbe e eyl o 2 355 TOP e 4 5ol 0w L
oﬂgjﬁg:65%oggLfﬁgiyxajo{fdu5¢0,¢,>)oiachCFlg()CFlAngr%ﬁg,;;
Mode ;5 i L ol (g amslis iy 115 5,8 Spgo S33L L Jos ool 55 ealized anslie l s
L OCTA (la anly 555 oo sloml g (LS5 ol ol 53 il o g3 3L sLIs PWM gl

AL e o5 <, 3ke OCIB

_ fCLKﬁI/O

f o=
% y.N.('+ OCRIA)
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OCIA s b 35 5255 ) 503 L o 50 5 AL

#include <megal6.h>

#define xtal 8000000

void main (void)

{

PORTD=0x00;
DDRD=0x30;

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

TCCR1B=0x0A;

OCR1IAH=0x01;

OCR1AL=0xF3; //OCR1A=499

while (1);
}

=— —\+..=\KHz
YXA(\+£44)

-4y -
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Fast PWM Mode @

Ve s o A ol cds glls ol 15 PWM éu@ﬁﬁ,usﬁj,uéuﬁu N PO
)—35‘53&—9 JJ‘}«“JJJ)[SSJ}LL;‘“LMJ‘ ‘,\.\SGU bw&bh&‘PWM LQLQ JLKAM C,Mw‘)bté

(OXFF = TOP) A mw PWM )
(OX1FF = TOP) ;4 o~ PWM
(OXO3FF =TOP) = \+ »nPWM ¥
ICR1=TOP L . PWM

OCRIA=TOP { o . PWM .

@f:,:wj\|>J¢,wﬂ),,)~|,-\mﬁ°>;U;JLM':,~.@,;;,}TOP,\@U,@;tﬂUMode ol s
aolie Gk C - s il S 8 PWM G s s 5 6 anslin & S50 53 A8 0,8 @
53358 o SLTOP jluds &0 0desy b 5 o S OCIX (o OCRIx 5 TCNTI sbs pr ) oo
= 3 PWM e w85 lls dalt 55 (S (nds Wil 0 Se PWML s 2 687 5550

V.“_E.‘Jo\j_ﬁJsj\,ngOCRlA LICRI s ey (6 by Ly axils 2o Ve LA A ol slie Ll

-4y .-
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s (OCRIx L ICRI (sl sz 4 0X0003 Sluis 0515 ) s ¥ 5l Jliie PBli Sl ol 3 550

(OCRI1x L ICRI sl zr, « OXFFFF i 0sls L) aisl o oV 0T ST

log(TOP +Y)
log(Y)

resolution =

L:OCFIA&:,_:.'J_:JWLE.GM[_!)@M JL’JTOVI ﬂ)ﬁ”(’"ﬂTOPJ"&‘Mﬂ.U Q.L;.«.»:‘)L
)U\_ﬂ.ow_g QTISRJJQ“?_TLﬂMbonw&yjaéw);\udb- w‘))b‘j‘ldﬂ&iOCFlB
b 55 2l xS TOP lotis 51 anl acolie gla vy 5liie 45 Ciils 4 55 LL ol oS | 4ol

358 o g ) s o & gt

g dalpt oy Jade las e 5 awslis Gudas = 3 OCLB 5 OCLA b oo Canss i

COMI1Al | COM1AO
/COM1BI1 | /COM1B0

0 0 (Jyeme 1/0) Jlos 6

OCIB L OCIA .\, cxsy

Jsene /0 -, OCIB 5 3t coxss ,s OCIA ., Toggle -1it, WGM1[3:0] = 15 3|

0 1

(Jsone 1/0) Jlis 2 - WGMI[3:0] sl Il S o,
1 0 (52 2 PWM) TOP coniss 55 Set 5 s comss > Clear
1 1 (uﬂ_};vu PWM) TOP oy 93 Clear B J.:Ue.; Coxdy 93 Set

-4y -
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T o s 5 s il ) ol PWM £ 08 5

fClkfI/O

£y = — 1O
PYMUNL( + TOP)

(Ao 3 Y0 g aibs Ol s 5,8 S iS5 LPWM C}a) A4 Je

#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
OCR1IAH=0x00;

OCRIAL=0xFF;

while (1)
}

v
=4qv1 = \KHz DutyCycle = AL Ver % =Y0%

A
A+ ) \evs

-4¢ .
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ey 5 A kS &5:&\5}4{&\}2duﬂljﬁ)ﬂISR);TCNTl ooy adel Jluas L @

interrupt [TIM1 OVF] void timerl ovf isr(void)

{
TCNT1=24;

}

TIMSK=0x04; //Enable TOV1

#asm("sei") //Enable Interrupts

Phase Correct Mode ®

(WGMI[3:0] =1y 0+ ¥ ¥ ) st e o8 Mode 2y slls b s PWM

(OXFF = TOP) i A b oess PWM )
(Ox1FF = TOP) .4 ;b e PWM A
(0x03FF = TOP) V¢ 56 et PWM Y
ICR1 =TOP L 3t s PWM k3

OCRIA =TOP U b e PWM 0

-do._
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s TONTT s oy 0l 6 ademd j3 sl o $o5m0 Sy dn ools 4 S Jb= 3 e sSas
CJL?-)J J)Mdﬁ&'mw‘ﬁﬁ})‘j)d)wbgjf U"")L""‘:’ CJBJ)}@MWOCIX&OCRIX
LICRI b iy s Ly anily 2oVt LA A b ,iolie LIy o >3, PWM s
4 0x0003 Sluie 0sls L) s ¥ 5loee Sluia Bl I ol s 55 mk.& o s luie w OCRIA

sl ey 4o OXFFFF lais 0sls L) st G R ol SSla= 5 (OCRIx L ICRI sla

(OCR1x LICR1

log(TOP +1)
log(Y)

resolution =

OCFIA oy 55 anlio Gulai b 5 A3 dal s O i e 4 a0l 0w, LTOVI 0 55 1 o
iy OTISR & Wil g o el Al ol Jled ab g e g aiBy ST la S ol 55 553 0 S OCFIB L
AL s Sl ol Ll sls 0i5 0155 s 505 0bey 8 LISR 551, (OCRX) avclie jlids .3 55 Cndine
—Load x5 3 TOP jluis & b Oty U s ol 6,23 OCRIB 3 OCRIA (ol
sl wly o TOP a0 0uy U 0T x5 s & OCRIX (gla oy Sliis O3ls o5 opl b 55

25 5 O, lize LPWM e

L
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TOP OCR1A=110

AN

OCR1A=180 ~

4 Odowy Ol 53 OCRIX gl ) 038 552 b w8 3 55U st PWM 0 WL S0 v

JjJLSAJP-cJM

g dalpt oy Jads las e 5 awslie Gudas = 3 OCLB 5 OCIA b oo Canss i

COMI1Al | COM1AO
/COM1B1 | /COM1B0

0 0 (Jyome 1/0) Js L6

OCIB L OCIA .\, cxsy

1/O ., OCIB 35 omiss 5 OCIA -, Toggle :uit WGMI[3:0] =9, 14 S|

0 1

(Jpone VO) Ui 2 SWGMI[3:0] sle o S5 6l J sons
1 0 J)}}j}@)&%%}}):set .6:MJJWJ&UGJWJ):CIQE‘H‘
1 1 _Q)}JQL)LM':}L;{LEW}):CEM .65}&&&)@)&%@9—)}))86‘:

%T&W&ﬁ)é&b)‘)a.}yFastPWM QBMJQW’CJBJJPWM Cjﬁ J\..,lfj.e

_ f(:1k71/o

f —_ VO
PYM Y NL(V+ TOP)
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izl 5 esls .35 Phase Correct PWM « Fast PWM 11, b Mode 13 Jts s asl 551+ Jls

_1:..S°.x.al.;~» \) L;"}j"PWM u,.,_alSJ.e B

TCCR1A=0x83;
TCCR1B=0x02;
OCR1AL=0xFF;

Phase and Frequency Correct Mode ®

=4 A) S e LS e g 5 Ll els aS cl ol s L3 s Slee s Mode ol s ool

(WGM1[3:0]

ICR1 = TOP U, iS5 5 36 pemss PWM )

OCRIA =TOP L t5 5 5 6 mmas PWM ¥

-AA
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S b Capture a>|

aslin >3 LICPL -, sl Capture sss5,5 0as S5 Jl 5o a5 sl Soyso ool 0 s opl 5 Slas
U Capture o 5, Olosen 5 odd axd g [CRT s 53 TONTL ey )3 55 50 5ltie SJUT S
=!I (TICIEI) Capture (55, o S 035 b e 5o Sles cpl 2 35 o S ACF]D S
2L sl i L ICF] ey J8s55 55b ISR Oui | 21 U s gl aid s slol ol Ll g o 00 K 5

255 SLOT 6oy 2 s Ly o aidy 0550 Jd &) 5o

Bit 7 6 5 4 3 [ 27170
ICR1H ICRI[15:8]
ICRIL ICR1[7:0]

A A sls Mode) 355 S @ awslis g TOP 0l & a8 = 55 5 « ICR] o) @

el Sl las ey G (VE 5\ Y

S Gk Sl nl 45 3,8 O s il e 53 5l Wil e Capture dly ol K5 s 4SS shailea
icslis 25,2 01 0350 K SICPL o e cpl 039 Jio 3,5 o &) ACSR 2>, 5 ACIC
Sy JMCEST ey e st ICPT 51 (3555 I 58 (i S o sl 5 ST (5 oS
VU s ad OF 035 S 5 o) mb 6 & S 0l O35 i & 55l w53 o s TCCRIB

S o ol ) (635,55 JSw (5 0,
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TCCRI1B 7 6 5 4 3 2 1 0
<= ¢l | ICNC1 |ICES1 |~ | WGMI13 | WGMI12 | CS12 | CS11 | CS10

Ly 3508 meel Jlizes ild (O sleslatal L oS dil o 5 s JialS a1y SO lyls Capture sy,

ol 008 JLe b s st e JW TCCRIB i, SIICNCT s 03,5 (6 b dimly ol sy o 3

AL e SIS JSew Sl 12 TCPT (sl (s o (6513 050 IS L il

D55 e IS N o35

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

Project
Author

Company

Chip type

Servo Motor Controller
Reza Sepas Yar

Pishro Noavaran Kavosh

ATmegalb

Clock frequency : 16.000000 MHz

***********~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 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 (OCR1A=1000;0CR1IA<2000; OCR1A++)

delay ms(1);

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

delay ms(1);

www.pnkavosh.com
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U1
% PCO/SCL RESET |-
2= Pcuisoa .
22 pcarek XTALT [—2
22 PC3ITVS XTAL2 —=
2 Pc4TDO "
2L PCS/TDI PAO/ADCO [—52
22— PoBTOSCH PAT/ADC! [—=2
2 _{ pc7mosce PA2IADC2 [—2=
» PAS/ADCS 2=
? PDO/RXD PA4/ADC4 —35
22— PDIMO PAS/ADCS [—22
-2 PD2/INTO PAB/ADCS [—2-
17 ppainT PA7/ADCT =22
= 18_1 ppaocie

;g PD5/OC1A PBO/XCK/TO —12
23 poeice PBA/M [—=—
2 pp7i0c2 PB/INT2/AINO |——
PB3/OCO/AINT [—2—

PB4ISS _6

- PBS/MOS] [—2—
£ Avee PBE/MISO |——
21 sREF PB7/SCK 32—

ATMEGA16

e 7o M N e

#include <megal6.h>

#define xtal 8000000

flash char sinewave[256]={

0x80,0x83,0x86,0x89,0x8C,0x8F,0x92,0x95,0x99, 0x9C, 0x9F, 0xA2, 0xA5, 0xA8, 0xAB, 0xAE,

0xB1l, 0xB4, 0xBo6, 0xB9, 0xBC, 0xBF, 0xC1, 0xC4, 0xC7, 0xC9, 0xCC, 0xCE, 0xD1, 0xD3, 0xD6, 0xD8,

0xDA, 0xDC, 0xDF, O0xE1l, 0xE3, O0xE5, 0xE6, 0xE8, O0xEA, OXEC, O0xED, OXxEF, 0xF1, 0xF2, 0xF3, O0xF5,

OxF6,0xF7,0xF8,0xF9, 0xFA, OxFB, 0xFC, O0xFC, O0xFD, OXFE, OXFE, OXFF, OxFF, OXFF, OXFF, OxXFF,

OxFF, OxFF, OXFF, OxFF, OXFF, OXFE, OXFE, OxFE, OxFD, OXFC, OxFC, 0XFB, OxFA, O0xF9, 0xF8, 0xF7,

O0xF5,0xF4, 0xF3,0xF2, 0xF0, OXEF, 0XxED, OxEB, O0xEA, 0XE8, 0xE6, 0xE4, 0xE2, 0xEQ, OxDE, 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, Ox0E, 0x0F, 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, O0x6F, 0x72,0x75,0x78, 0x7B, 0x7E
}i

char i=0;

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

OCR1A=sinewave[1];

i++;

if (1i==255)

i=0;

volid main (void) {

DDRD=0xFF;

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

// Clock value: 8000.000 kHz

// Mode: Fast PWM top=00FFh

// OClA output: Non-Inv.

// OC1B 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 interrups

fasm("sei");

while (1)

}
U1
2| RESET PCO/SCL —%
A PC1/SDA (—==
] XTAL1 PC2/TCK |5
12 0 xTa PC3TMS [—52
I PC4TDO 5=
S PAOADCO PCSTDI 55
S| PAT/ADC PCBITOSCT (—5=
T~ PA2ADC2 PC7/TOSC2 |—=2
<L~ PA3/ADCS i
22— Pa4iADC PDORXD (—=-
2 PAsIADCS PDITXD |2 U2
£2— PAG/ADCS PD2/INTO [—=
2 1 pa7/ADCT PD/NTT [—£- -
. PDA4/OCTB [ R1
——{ PBOIXCKITO PDS/OCIA —=—T"1—¢ + Out
~£— PBIM PDB/ICP (=3 27K
~—{ PBINT2/AIND pPD7/0C2 |—=L C1— OPAMP
——{ PB3IOCO/AN1 —
] PB4/SS 0.05uF
—2— PBSMOSI -
N PBB/MISC AVCC B
£ pe7ISCK AREF |—2 —

ATMEGA16

- Yel o
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(RS-232) by <55

3 2oLS o lan Il 51 SO Oloman 5 Ad iy a5 3 Ikl &g 4 g3de W ans 2150 5 RS-232¢
L 03Kl a5 05, K b Bl skl pl ol s glas )8 5 et la S pslS
Sy 1) 0 Sl bLo,I s e b 5 5slS .l o Les Full Duplex o0 500 5 Sl
o J e ST JL e @ g5lpe SISl Sledbl ool 5 5 s 55 50 UART (o b 515 S s

S e ils b bl b S ek S OF Gley Slaas b s o3 S s (g5l

b e b Bl Il 5 51kl cl 8 bl 515 il e e & 50 G ol e sy
U 4 RS-232 L Lol 5l ol g5 Ll il o cunss 5 Handshaking sls oy slls o5 0
2y e ol p3ye 5l e L bLi gl ol il s Jll sl oy el L « Null-Modem
eL DY S U gy LS 5 IS s el 5L s (e 4l ) TX S RX 55 s pl ol

S e aa>Dle 51
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HGIW ouas)jimﬁjbbjﬁq&ﬂ‘}d)&)b

Pin 3 Ses
! Carrier Detect § ol fate il Lot S 4 pge LI
Y Receive Data Al o 2dlys 1) e Lo odd Jljl bl 558
s Transmit Data ol o Jlslpase sl 1y Sledbl 5 pnlS
¢ | Data Terminal Ready 5l o g3l LU sl 1 5 (Sbel o5 4y 5elS
° Signal Ground IS e
1 Data Set Ready 213 o el SaelS 4 BLS s bl £
v Request To Send Ailed o g DB Jl)l b el 53 p3 50 51 5 geelS
A Clear To Send o1 Jlsl )y Sl L5 o 4 bled (o @Yol 5 5ealS s 35
A Ring Indicator Al ool Gais il S5

ST BT el s il i L Space cunss KLl )Y B +Y Uy e RS-232 5 et s

il e ik O L Mark coasy Sl

R T
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+25V T
space
IIOII
+3V
- T
-av |
ae
mark
25V

S5 s DLl LB Ll S o S s 0 50 il sk b TTL 51kl Sl jpgns 4 5]
sl Jice 5l S anbe 1,5, Lol TTL @il U Wil o PC Sy mhav ots Jlte KL 5 2,10
s il S MAX232 st e HIN232 L, MAX232 sz 5lae TTL 4 RS-232 o Jlics
e 0alie IC LIS (gl 1y wsed e & s 3 ool Time Jin ¥y s 3 Y uls S sl 4yl 1

VALY

+5v

e

4.7
+71 . T
Ll ]J
L
—] c1+ Ve
e L] v+ G[:-N
SUB-D connector 8-pin - |_I—[ o1- Tlowt [
";.ﬁ'ﬁ 2+ Rinf] =
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P — —] * THn ] T liree b G
[ B [] Temn Tz2in [}
—+ F:-ca‘j [ ran  F2ou [
. L 5 R g 1o ML
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U S e o= 1 MAX232
: g :
r o Saral cable
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1
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oy e Send deta (Ta)
=]
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|
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"

i
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oleMbl LB

Lﬁ_ﬂ)\J_;L:i;gﬁ/\Uo‘ywwiam)wggggﬁj@f;g;ﬁb}s«sdibw\ﬂame&Us
OLL oy ool ilate Jao b bliae g5 5 S 00 o 8 (ol s w0 50 U518 G G508
Vo bl Frame G 5 sbey sloses 5o Mie sd o plulis G by (3L G Y LY il s 45)
o Ol o Sl B 0315 S K s SLL s sl e K Data el 0 e cda oS el oy

e 00000008

idle start bit 7 dota his '1-_-,;- Etn]_:lbitfﬂj
- i

AVR ) 25 5 S USART s Shas

}Q)/&»_..»T | 93 RS-232 J)\.L'ab_w\ j‘djosﬁ USART J)}LA&&‘)‘J ATmega16L§4.da_$

F3b S K Jol st el 5 4ols UART il AVR ) 255 S0 USART s coledibl LG

C.a_:squo .,\;\‘93 &AVRJJ‘\SQ)WJ\bcw\dtilg‘@jbki&jdj\}? Lg)l.:':;-‘&ucob‘bduﬁaf
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ey 5 UPMILI0] ss o o 515 a5 L 3,8 Al e 0315 355 i Data

53 o wdas UCSRC

(UDR) USART Data Register R

Bit 7 176 5] 4]3]2T]17]0
UDR (Read) RXBJ[7:0]
UDR (Write) TXB[7:0]

Al » /O Registers las ,s UDR ol o S 2 o3 S sl b &y byl 5 3l il
b oslys Sl ol goee oy opl GA1 50250 UDR ) 3o and i o ool daie (Jli )l 3L
s SV UDRE oy a8 i1 6,ie UDR s 655 0150 e olos L das o o &
Jiw )l bosss oo a S otisb USART Lo s Iyl glus @y pal 6 55 5 ol s G UCSRA
55 oledbl asl S UCSRB s 5I TXEN ¢y oS 5550 55 USART Loyl il 4 el

D}JL;GJL.«:)‘TXDwﬂ%%@f}o@éﬂ.’g}bw}w

USART Control and Status Register A Y

<2¢ | RX | TXC | UDR | FE |DOR |PE| U2 | MPC
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C E X M

Sbl,l S 4 ) J 285 Ko e ool 0s K iMulti-processor Communication Mode
B ! a.,\j)'\.sﬁ Lo

Baud o) S.iMode > ey -l 05,5 & L :Double the USART Transmission Speed

Mbjdﬂp.)%bvﬁ.:w‘ djj.i}quOde)J R M‘}ﬁ-ﬁ\ﬁjbRate

bl Osls g5, L UPM[L:0] sla e 52 b 51 0315 s W 5 050 Jé &y 50 s :Parity Error

D S S el edlns L s Ol

das e Say sy m A LOverrun Ll syl e SO e ol Overrun ;0 L :Data Overrun
s ol Sl Gdadar (el 5 ASl Ui (g esls (e 3 ey St 5 Sl 8L, Bl &S
Cledbl Cdl ol 3 s Ok s i pu st Sy s AL ke ey S 3L s Sl S o

2 oo oDl ot 55 DOR o 008 G L5055 oo o Sl
o S painl g 53 5 edd G S opl LEL i OLL C sds L ,s Frame s S1:Frame Error

53 352 5o SLedbl &S ol cpl (g okias OLES o 0l 022 S :USART Data Register Empty

L;JVJJWC"M‘ %bjf\)ls&L{.)JéoJlﬂTde)‘JﬁtjcM JLAJ\MP-)CAE.:JLS‘}J JL..»:)‘}.‘BL

el SGUDRE a8 Sl b o aisy sl sl ailb S UCSRB .z 51 UDRIE oo o8

‘FOPUDRE P.?'ﬁ:UDRJ.) .\i.".'do.ﬂ.} ﬁj%ﬁy‘ﬁ“)QTOJb)JISRJ| QMC)BL

el Ayt ST L5 035 eslel (Gl w0 aS 508 o SO Sy pl 5K O Sy 3l a3 9
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Sk 3 3 g pe SleMbl plad S 58 0 O Sbej e o) :USART Transmit Complete

Q.:JQJ}.’ dlﬂb.&.&b sl S5 9 JL,:)‘J_%\..:)J 6%.)\2:603\))°J\.\j: oJ\JWQ)ﬁ‘L}MJ

b 55 TXC o ISR (sl 21 L 5558 Jlasl 0 JelS (5 i s sl) Sl K155 o ar ol TXCIE

LS SU 0101 o) p S rE b Ll oo Ll o5 s gisl g 53 g 0dd Sb I i

5 o 50 S UDR s Frame G sl s ous oS L e o) USART Receive Complete

29s o e UDR sul o=

USART Control and Status Register B Y

UCSRB 7 6 5 4 3 2 1 0

<= ¢l | RXCIE | TXCIE | UDRIE | RXEN | TXEN | UCSZ2 | RXBS | TXBS

e S ol 355 e edliad 2o A Mode s JL e ooy s 3l aS J- s 'Transmit Data Bit 8

SS

S e S ol 358 e oozl 2o A Mode s U oy 3l &S I s :Receive Data Bit 8

Al 1y o ol LU UDR 0wl 51 13 &5 Suls a5 Ll o dal gt 8l ys S1S

o313 sla oy 3l UCSRC - ;5 UCSZ[1:0] sla cs 5 <o opl oS 5 L ‘Character Size

LS o asie Frame s 1 (S8 (6 6310
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I o Jb e Sy Jlsl 0 TXD o 0le 5 Shas ey o0l 05 5 K L Transmitter Enable

b, UART U= 55 s opl 055 e 6 s Jsara /O 50 4 oslinal LG Ol 51 ey 5 o3l

258 dal s 36 Sledbl Jlol Ll B ol J piie

o3l Il s Jb e oy by w RXD s (oole 5 S e 21 05 5 S L Receiver Enable
)oML}bJ\iﬂQ)yjﬁb%d\db;fwbw L/JMI/O Q)yuaJW\&GQTJM}

sy daly= oaeb PE 5 FE DOR ol <oy ltis

G 4SS 3o 33 oo ol 043 G L :USART Data Register Empty Interrupt Enable
Lol el dils e (UDRE) Jloyl 3L 0350 Jbt oy 0 Jlad izl S (D b iy IS 5le Jles

.b}i 4.5.3)
M Lsaisy JS 5o e Cp S S50 3 o 2l 045 K L TX Complete Interrupt Enable

3y 4y ol sl 15 o (TXC) bl plasl o 0ok Il (2L S

D La aisy JS 5o e s oS S50 3 (s 2l 045 G L:RX Complete Interrupt Enable

USART Control and Status Register C .

UCSRC 7 6 5 4 3 2 1 0

<= ¢t | URSEL | UMSEL | UPMI1 | UPMO | USBS | UCSZ1 | UCSZ0 | UCPOL
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Shas pl Ol gl &S (ks I/O ¢las s S S dﬂ)ﬂ «<ls UBRRH ; UCSRC la =

.Jj..fu s oalau! URSEL Cn

GTLS}) .L:L’ Q}ﬁwTMOde‘).}jbﬁ&abﬂ)E@Q)&MOde)waﬁgw\ :ClOCkPOlarity

sl oy sl llae Cp ol s Shas 5l il s w

UCPOL TXD 1o oy Sl g osls uss | RXD s 655 (8L s s e3ls 31 (5505 5 4 gas

. XCKJJ@LQQJ;))‘Y\JLQU XCKML:&@J{)JWQLQQ

\ XCK G s etiss sl s 4 XCK 6 s odin, Yo s 4

L SLS gl s slaws 3 sl les UCSZ2 o ol on 4 o ol :Character Size[1:0]

J.«S&M"‘)C,.y/\éoﬂ.b‘b%w‘fﬁﬁdbjacu&w'

UCSZ2 | UCSZ1 UCSZ0 ASLE s o3Il
. . . s 0
' . ) e\
. ) . sV
. \ \ S A
) . . okl 9,35

-3V -
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\ N ) ol 953
\ \ . oS 955
) ) | T

o S ol &S 5 s Sl s S e e 1 OLL s s slues (o ! :Stop Bit Select

Sy pa S a5 OLL o Y OUS ) S s 5 OLL cw S L

53l e plasl s i Gilhas | 0318 cw w0 g e Sledis ooy 5 (ol tParity Mode[1:0]
«S) uLA.:k.J QL_‘Q.AW){@J};)J}QM )@\%d‘FrameJAb‘J@ Q)\};Qﬁ:—vd.}ydw e
03 gedd aslie sdd il Sl L O3l 8 s Hliie (5l el iz 3 Slekas @Ua.aﬂ;l;;ﬂ); Lb

Dy o &UCSRA S PE o s 550 )0

UPMI | UPMO | O35 < Sons
. . Js s
) ) ol 555,
) ' T3 0ils
) ) 550308

23 il S ol o 534S s s |, UART LIS cJ- UMSEL :USART Mode Select

J.S&)LSQjJ.{,MW}))QTQJ}&\;}Q}J&IJB

-V e
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(0x40) 3 i ool gLls UBRRH s UCSRC > 55 s S o5 Jlles :Register Select
S0 el S1aS Sope pl 4 il o e 53 02l 5 S s i s ol Gl cnl 5 L
s lkie UBRRH (g5, 2l a5 Al S MSB b oles s b e 3 <, UCSRC

UBRRH
UCSRC

0x02;
0x82;

el sl s s 4 UBRRH 25 Jliis (UBRRH L UCSRC) sl opl latns ol

a = UBRRH;

a1y et ol g e sy SIS IS 53 b s Sy L UCSRC i e ol i il

o
Il

UBRRH ;
UCSRC;

o
I

s Ll e aiy slw Jd co YU (g a5l B iy Sl oslical Sopo 3 o 2 Y
oS Jé e Hasm("cli")
&ok‘;}-&@w\UCSRC OJJ“B}L)GM e.l;b:-JMURSEL CA.:.:UBRRH QJ.:\}}L: v

-5‘5—\:4

USART Baud Rate Registers .

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

552 o 03lizal UCSRC 5 UBRRH .y sl (¢l 13 axiS S b oles :URSEL

o b Ol g, b ST Olabad b (5850 (gl 5 5 dizees ol 5,5, ool slas 8 sl :UBRRH[7:4]

ol LS el 8 eslanal 5,50 USART Ll Baud Rate . sl < 03155 ol :UBRR[11:0]

Zb}a..; aJw.Mr‘ﬁ)' .b.:\)))‘ d‘j}@)}b

<8 Mode UBRR 3, ;| Baud Rate «..l>s Baud Rate ¢, ;i UBRR 4 .l>e
U2X=0) 0 Sl Baud —f°S° UBRR = ——¢—— —
=0) o, — — _
’ )1(UBRR +1) y1x Baud
f‘f})ﬁ&ﬂbdjjb/\uﬂi f
Baud=——>—— UBRR = —2¢— —
U2X=1) AMUBRR +Y) Ax Baud
03 S 3 Shas Baud =——>¢—— UBRR = o —\
Y(UBRR +Y) Yx Baud
Tl e ey 15 sl Sl el 3 g s slast Sl
B R
Error[%] — ( aud ateClosestMatch _ \) X0 %

BaudRate

R T T
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sl s |, UBRR e ¢gsle 035 Sesi Mode > Baud Rate = Yé+v 5 5 alKe A SHS L2 Jle

DR

BaudRate = Yiod

YUYV 1)

Vil
Error[%]=(——-)xV++%=+.Y%
Vi

Sl Jsd LB sl 5STas ax S| s ga oslizul 5,88 7.3728 Jliw S 51 0155 o lax A i (g,

J.\.ZL'L;OJ..,&)JY WJJ‘

AN D ALTY e, i Baud Rate las o s o 5lestizal L ol o a5 ols Jles S v
LSl e VEVEOT V)0 04T VYVYA

Al e 55> 50 ATmegal 6
CodeVision ,> USART w5
555 plul USART sl ledes il b OF Sl esliad 51 13 5 5505 3 stdioh L6 s w5 al odlel
Sie OF 5l a5 003 G RXC oy b wile o Jlize Polling 5y, & b ) igetchar() ab

s 1, UDR

-V
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S o5l dwy 5 eui S UDRE o= U Ll o ks Polling 2y, « =6 ol :putchar() ~u

J“S@‘_ﬁSUDRJJ‘)st‘)E

4_3r)b‘jj_{:,o@UM@\QM}J)J&S&JL&)\th‘jI{?«é‘ﬁb\/ JJ&MUV}‘MJ}\)&)YJ@

:d)\jj_iraémbﬁ

#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 ;

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

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

2<=).>_5J§:A4.AUJ.3

#include <megalé6.h>

#include <stdio.h>

R A
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#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=0x33; // USART Baud rate: 9600

a = getchar(); // Polling RXC
PORTA = a;
while (1) ;

A Ol o Sl Sooge 53 LSl e s ael p S35 50 e 48,0 (¢l LS USART LSYL{CJGM@‘)S
i Ol

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

R
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ol b 5o bl 3 5 il e getchar()  putchar() =5 USART (Wb mhavs ol plad bl S

xHer‘dt—nﬂ)‘UDRJ—LMM})A\—’@‘j‘J—i‘LSMﬁHﬂMl—aﬁs‘)S‘Y;e\)u‘)‘

S oLl 1 OX10) LF sl wsy sl o wls o) Y

(Ju‘}..; ~° dl.w‘)‘ dl’.‘.f“’ C)J}.: A "AVR" 9 ”KaVOSh" LSLA 4.7...3)) VJLZA

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

#define xtal 8000000

flash char stringl[7]="Kavosh";
char string2[7]="AVR";

vold main (void)

{

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

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

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

www.pnkavosh.com

D e JFI ‘)L“QTW‘}OM Jsb (g el

&'.’.u:" C).J\.A)JjJSJAJLAJ\C}J)J&ALS\J;‘)KaVOShLSM)JJ&@U\ )\MJ}‘)&)i Jls

#include <megal6.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

-IYY -

(Ldas

5 S sl
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UBRRH=0x00;

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

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

Y 5 See asli

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

#asm
.equ  lcd port=0x1B ;PORTA

#endasm

char al[l0];

volid main (void)

{

UCSRA=0x00;

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

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

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

.L!‘j:L;OC,.AJﬁJTSblSJuS&JLw‘)‘ dlifwﬁ)‘)ﬁbbaﬁé@d&éu)&cu U':‘ .pl'intf() @U

WAL 5 Jader lae

s Cw b SIS

S %¢cC

\o 6L.~O B )‘MW@WJJ& %lj%d

oo sl e 4 goliel e %E 5 %e

6‘)L~:&‘ Sle %f

JJCE\)NU.H@M.LV;;'-L;A:JJ o
oS
SRAM

)J&‘jNullbaMﬁkéu‘) (y
op
Flash

-VYY o
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Vool 5 Cadle Oy e S0 %u

\-\LSWJJC,A)’LOQ‘}U\{W}J& %X}%X

% SI,8 %%

(J‘-S@dl-w)‘ JL’[J—wC)‘)ﬁMb okl (gl d@éﬁ)&)o Jse

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

#define xtal 8000000

int a = 100;
char b = "A';

float pi = 3.14;

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

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

-YYe o
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while (1)

o 4 Ol ol o8 A8 et [ bl S35 Ols Jsb e 5 4l o 350 1 Sl ol printf() U
g el 3550 3 S Sl e G b g euins oL Width sl s ks LG Y%owidth.precision
amilir 55 e 4B S 5 sde o e s Il Gl WLS1 5 o311 4 ik 2Bl sl Sl 2y S
By ldie precision il e g lisl s 5" s G Slo Jlie opl 3L (g lisl s0e

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

152k 510l e 1, CodeVision LLsls s printf() ob Slasis
Project/Configure/C Compiler/(s)printf Features

3_34.’&:’:35

O 55k 3 g0 end L Il S Sl 8los SAedbl LB Wil5 e mb nl Sl eslizad L zseanf() ab

! Q)}“’Cﬁ‘“‘.’@ugﬁ‘

scanf ("Jsl ok, 05 osle)

-\YYo .
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6aJ\Jg_.,JGASJ\SL;eM‘JJ‘Q)L.J«‘)JJ;&JJ;OT).}L;“JQL{JJLS4&;)6W‘L§W€Ur‘).}&)w
Jsb 055380 L bl sl SIS YO b s g atdy dsb 10,8 f Ohsee 4 3L Oy a4 8L s
s Ol s w0 ols J2alS ol s Slie a0 1, 0T Ol o s b SIS 51 LS
scanf ("$10d", a)

.J\.ZSLfoaj.:p'-.saj:;'n?.a)bja.b'bﬁ-ébj)j)'\b}?sb\s\'

310ls sprintf () wleal, scanf () @U Colasin

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

b of I 21 cs w9 03,5 O man |, Flash s dasl> 51 6sb; s scanf() , printf() pls g

U'lj a:bbbh;}i Slasein (“’Jj QJ‘,«GJQJAJJSA. ob\.ﬁ.«‘uqiﬂ Q&‘J&-Uuﬂjb | d’-’itﬁ

o Lo v-b-e (int, width ; int) I~

QJJSJ..' Cwr2 g )3 J\?.J"‘ C)Jﬁ)‘ oalaiu!

R
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Al e ) D s 4 Sl

TxD TxD
RxD < > < > RxD
XCK » XCK

ol b 434S (gl 4 O 3 Wb esls a5 el ol 3 4d Cules 0 S MoOde s L a5 (gl i 3 ge
‘YL_'LSG\.:J)J J.J:L' ol JL.»:)‘ o.L':j) mgéu‘)s cJ\bﬁ\ﬁ.}}J 6)\3;3 4."}4;.; o.).},:f):“:,w\ ol JL.»:)‘

.J}.j Ca.élijb o.)\.':j)

Multi-processor .~z

jMaSterQ\}&mJj}S};&&yM J}J&@JL‘&MA\MOde w‘)\@)%ﬁﬁgw&ésbﬁ‘é\f

LS e s sl Slave ol g @ 4k

- VYV .o
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TxD
Master MCU
RxD
W W WY
v
Slave 1 A4 |
Slave 2 A4 |
Slave 3 Yy |
Slave 4 |

& sl ol s sl Mode ol sl I 2S5 S UCSRA o SIMPCM s 05 5 S L
0313 v g (Sl osle S 35k s o3I Master L. s Slave 1L Slave ; Master ;.o oledibl
DA S Ll s OF plas 5 ol (a4l a5 O3 W Slave sl s sd e eslind (TXBS)
g4 !~ Ll Master | ooodl @il e 5 6,5 3 gl sl p kix Mode s MPCM .
el SO 0T g s sl ol O s a0 4 Sl 3 G Master L
S dilen Lo s sl L s Slave 5, o5 558 o dol o S 035 SO S o Jll a2 S
bt 5 o3, S SU I s MPCM i Ol Slave oS anslis 555 eysl U1y OF 50350 ool
le o ol Sl Jhte Oloes Conl G s STMPCM s o5 s Slave «i 5 le o o3ls <ol s
LS i ) 355 ag S B i 3 e Godeas MaSter gl by JLsl L eds Sl Slave ol cnl s
s WL 4 Isdoee MASTET osls Lol plasl 51 ey 23525 Sl (6,03 Slave sladl ¢ gan Jlol 53 53 6
Ao OTMPCM =y &5 J3Slave x5 o Jl)l 1) 55 sl 5655 S 1y 355w Sy (85 0]

s o el alys g eslel 5e3 S K1y ol adae 55 0l

- YYA S
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Mdb}.’.ﬁj" dlifw Q)ﬁ, AY °3}){. ¢

RS'dﬁ.wjnxj6‘]:.,\.&OJLL‘AS)}.EJL«A)obyNull'MOdem Q)MA.’ Pc‘jjﬁ’ﬂlsdyku)‘

58 oo oaliiel MAX232 Jus 5l Jead gl Sl giles TTL 4 232

355 Al ol s &S MSComm J =8 51 015 o Sww Jlss 53 COM sla oy g a0 oo 2 S
5wl 5 gl mscomm32.0¢x LB b o Ol ooy 8 B3I 28l s ged eslanal 5l

oas ol [y 5 ol OCX ol b plsl gy S o a3

.4 3L Standard EXE g5 3 L s s S A

New Project

Mew 1E:-:isting] Hecent]

s = > B N

aiads|  Activer EXE Ackive DLL Aickives WE Application

&
/"
b4

Control ‘Wizard
b L b S
SIS S R -
Fe -
VB Wizard  Data Project  IIS Application Addin Ackivey
fManager Document Dl

P=a 4 Fea 4 Pes 4

Open
Cancel

Help

il

[ Dian't show thiz dialog in the future

A
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53 s 5 A4S Ozl |, Component s, 5. Project ¢ «u 8 s, » SIS L Jol gm0 5 b Y

LS SIS 1 OK (5 4S5 5035 <adle |, Microsoft Comm Control 6.0 s ;S Lol

Components |g|

Controls ]Designers ] Insertable Ohjects ]

huwinkerface Ackiver Control module

Imccomctl 1.0 Type Library

Microsoft Ackiver Plugin

Microsoft ADO Data Conkral 6.0 (OLEDE)

Microsoft Agent Control 2 0 G

soft Chart Control 6.0 (OLEDE)
& Cornm Control 6,0

oft Common Dialog Control 6.0

Microsoft Data B ontrals 6.0

Microsoft DataGrid Control 6.0 (OLEDE)

Microsoft Datalist Controls 6.0 (OLEDE)

Microsoft DataRepeater Control 6,0 (OLEDE) =
Micrasoft Direct Speech Fecognition w

a3 I 2 ™ Selected Items Only

1>

£

Microsoft Comm Contral 6.0

Location:  CAWINDOWS)syskem3ZiMICOMMIZ, OCx

Ok | Cancel Apply

1eas 3 e b 55, Toolbox 511, MScomm J s R A

w| Pishro Noavaran Kavosh
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S 3)ls 1y 5 IS asksd o 5 Load sl o A

Private Sub Form Load()

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

End Sub
< 05 Baud Rate=1200 L Test ¢ axi, .S >0 1, wal o FS (g 4S5 03,23 L .V

A dal = Jle,l COMI GOl C K sesls s A O3l s

R
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R8232 L’USB JA" LUJ\ AY °5~5)'i

FE1
. 1 ™ WiCC WCIT
Use T Q \EC [
FERRITE BEAD
CH1 ,
. == s
™ onF E%R
o] e
== Ca J— i
[tx} 22nF 0. 1uF
' = U1
“
[&] [ S
= B g ggg TXD-Z'ﬁ_O
= o
R4 27R R [EE— —
i USEDM
RTee Pe—T)
RS 27R
Ao I UsBDP CTS# QLEF
b TR R—
RE ks
—M—1—5€1 RETOUTR psRa pel—
RETOUTE . booe ba
ETIN
1 RI# o -
GibiHz RESONATOR
| 1 TepEN FE—
4 '|' PN
XTOUT PREN PAE— |
VC OO RESETH FURE TL
TXLED# pHE—
EECS RXLED# pAd—
1 ek
EEDATA sLeEepw pHO—
DECOUFLING CAPS
4 &
TEST T 22
vCE 3 ES
F TZ32 B
a4
A+ ¢z - 2 —_ C1
-~ 10uF 01uF 0.1uF v
~
m
- o vee [
] gk, nE L
N 2 o NE [2
DouT GHD
T3 LA /5EE
Rz { Optional )
2 2 '
L -
R
AAA

-VYY -
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b o 5 Sose 4 OI Pinout ;e LQFP g5 3| FT232BM .~ Package

- L 9 E
9 O 25 £ 9 g
dz3EE SR
7 3 2% N
eesk —| 1 O 24 |1 rp
EEDATA [T — T RTS#
[ —]
vee T ro— ‘ TD I T cTs#
RESET# [T T DTR#
o=l FT232BM ==
3V30UT T T—1 pcb#
usepp [T [T R
useom —T| s XXYY 17 |3 enp
N\ * g

GND L] e
SLEEP# [T
RXLED# I
TXLED® I
vecio [T

pPwrReTL [T
TXpen [T

PWREN# [—17

'E‘L“C'JQJJ‘):'.)J“‘)DTJ‘J"&‘):@‘)J‘f‘w)ﬁ‘)z Q
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o3l _::l Found New Hardware Wizard s o5 5 O 51w 5 ods sl Hardware

..X:JS;K:SbNeXtJaJJSg..JBd\\JrJQLSQ}f.Jﬁ

Found New Hardware Wizard

Welcome to the Found New
Hardware Wizard

This wizard helps you install software for:

IJSB =-= Serial

i your hardware came with an installation CD
&2 orfloppy disk. insert it now.

What do you wart the wizard to do?

(%) Install the software automatically (Recommended)
() Install from a list or specific location (Advanced)

Click Mext to continue.

Back Net> | | Cancel

.J.ﬁLQ.;k.i:lSNeXtLs‘))ﬁjc);b)‘)‘J)ﬁ\)JMJJ\.?-J)lS)J (f.

-VYe
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Found New Hardware Wizard

Please chooze pour search and installabion options.

(3) Search for the best driver i these lacations,

Uze the check boxes below tolimit or expand the default search, which includes local
paths and removable media. The best diver found will be nstalled.

|:| Search remowable media (floppy. CO-ROM...]
Inchude this location in the search:

[EACDM 20000 v | Browse

() Don't search, | wil chosse the diver to ivstall

Chooze this option to select the dewice diver from & lizt. Windows does not guarantee that
the driver you choose will be the best match for wour hardware.

< Back ][ Ment » l[ Cancel

Lﬂﬂomﬂujiéu)ﬁbbwﬁdQ)H}JdMLOM (5.*.«;).{:! 6}%@)}%}63}%})
Continue 6})]’)‘.&94 )\ wlﬁrla;bdb U‘»’~| 9> 9 ek Jl"i\ R )UQ;-‘ J}J 03l> @L*'Z'i c@b)ﬁ\.ﬁ

S SIS Anyway

- YYo .
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Har dware Installation

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

USE 5erial Converter

has hot passed Windows Logo besting o wernify its compatibility
with WWindows HP. [T ell me vy bz teshing iz imporkank )

Continuing your installation of this software may impair
or destabilize the comect operation of your spstem
either immediately or im the future. Microsoft strongly
recommends thal pou stop thiz inztallabion now and
contact the hardware wendor for zoftware that haz
passed Windows Logoe testing.

Contifde Styway ] Lﬁ__TDF'InatalIatiun

.LS:LoLgaJL:.' S0 LSL“ Jf.b OJF@JB})}}M}&MJ&GWJoM o3ls ﬁbﬂ))éts (6

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

g LISE S erial Cotwerter

_'——J? .-’J
ftdiurin.exe

To ENWIND DS epstemid2
[ )

R
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4w 9 2 w\FlﬂlShéj)f&ﬁlejo)\b)‘f\WMﬂoTw“bjﬂ rw‘))wdﬂ?ﬂ)}-\,\gj .

.J)ﬁidacl.a.?

Found New Hardware Wizard

Completing the Found New
Hardware Wizard

The wizard has finished instaling the software for:

% 1USB Senal Corrventer

Click Finish to cloze the wizard

AS 5L 1, (Hardware s 4L s, » Control Panel\System ... ,s) Device Manager v
& COMX b L (s5les COM S S o alaDlo dns Jaey 0T LS [+] (555 » SIS LI, Port w55
asjj CA—éLiJ) Li deJCOMX “ b SleHbl VY S °3jj'i L};Lﬁa J\ﬁ.:‘): & o U‘3~| )‘ ) o on}.é‘ Cmnﬁ.}
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5 Devica Manager

Ble  acion  ¥ew Qelp

= @B HES A NS |
-4 Kevboards ~
3117 Mic= ard other peinting devices
i Modems
=+l % Manitors

+- B8 Metwark adapters

# B FCMCIA adapters

=1 Ports (COM &.LPT)
ﬁ_y" Buetooth Communications Port (COM17)

g ﬂ" Buetooth Communications Port (COM18)
";’I‘ Communications Port {COM1)

|- #gp SBP2 IEEE 139 Devices
+- @, Snund, videno and game confrallers

+- i System devices
| Universal Serial Bus cantrallers

<

SIYA S
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(TWD I’C Bus

Lol e 1S5, ol IAnl 55 i 1 b Philips @8 5 law 5 144 aas Lilsl s PC s lastead
L I O g5 oS S 3 il sla 4305 L adisls s B sl sl ssle 5
S S Dl ol s OF G Sl 68 w3 o Inter-IC Ciisen s 08,8 iy s 35 I°C
)C,_..u\o.l_.iuﬁ.lg:w):daj_».;«Q)H4.3Jﬁjﬁw\oﬂy\.ml{&t«}uc)b\m&ﬁd&u)\
Eam Vo Sl e 03 03l oS (6 58wl w515 5 (S sl 5 e Dl e 510508
s e ole s aus St il Gl s uS s i | Las IPC el s 4 S IS 4 il €
5 A 2boes Sed s 5SS b e s et 3 5 S e o TrACK e 4 (bLosl B 5
mblia g 1S el 515 4 e (S 501 s il 35050 Ll 3l o sDhe 3L oz

2 Z R .
I'C b sl S5 5 Fr

(b G 2 ko 10T E) 5 luld

R
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SDA 5555 - sll SYS Master Lw s SCL g5; » .5, 3L SDA s SCL L 55 4 s oL Y
23 o J S Master Ly 0 g a5 Al o 4 b 55 ¢ Data L
STt 5) il kS e Sl Jlesl 55 L argr 53 S w0 i A Dbl b g5, 2 8
(High Speed cxss 55 43t 5
et Sl o ol b g3l o b sy 00 B 03 ges plys sUly 0
Sl S S (55 4w 55 397 50 5l eslinal L SDA Lt i axul = (sls Spike i
Ld o Bl A2l il sl 00 51 zaS e OF 5 e oS (93,5
LS 5 55 LPC Wl ks & il e Slew Rate (s oS J 25 & s SCL 5 SDA (sl oy v
=gl ad aS ol O sl ediS J xS s Shas i 35 (5a5lS Een s YL gla
LS o SeS EMI 2als a0 YU gla SGpasls Bl L 3l 53 505 5 Bl g250 U S
pee Do & el IS e a8 5 aslie 5o L Led el (oIl el 5 el e b 4 5L e A

Z .72
2,8 A0 g vy 655 2

)J‘JJLL»‘ w‘ J) ‘jbm‘

& edas BLL 5 SIS Iy (5 ediS U5 5 SOl Ll (5 aliS £ 0 45 el (g ey ‘Master
Al e Sledbl JL

il 0l s eyl Master L s a5 ol gl abws Slave

a3 esls el 53 |y Oledbl S (gl Al s todkize b

Ll o b 3l Sl &S gl adlew s teki S

- Yee o
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S a by b Ll e Ol sen Master <G5l e 148 s o Oluebl S adSs :Arbitration

s 3 ge Sledbl 1, s 31O e OF 51 SO s o 50s s

IZC U"'b. L dbg.:.w C_,la.—‘

3,15 5 92 5 sl ol s dtiywck_w).)és‘)jbg

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

| _P Iy — “,

'-lg‘lo'..t High Drive Low

-Yey o



Page |142
WWW.avr.ir www.pnkavosh.com
gl Coslie 28 altes I bar 5 L 5358 o sasie Float High s b b o 5 Lidle cons

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

u"‘l""&—i"b‘i‘ C,_.Ol; JJ:_.;.@Pull—up Q,_A}Uu&ij‘ o;@\@wamwﬁ)ﬁﬂ)sdwbw

VDD

Pull-up
Resistors ﬁIRP ﬁRp
SDA Serial data line

SCL Serialclock line -

[ e [ I

scLki | paTA1_| scke paTAz
ouT ouT ouT ouT
SCLK < DATA SCLK < DATA
m m m m
DEVICE 1 DEVICE 2

Wired-c— ;s lls Pull-up slgzeslis 5 055 Open-collector s, 5 53 s i)l S e o
slowl ol il o il b b G slls s Vb bglast 5540 50 g3ose ol Js sl .« AND

Lot b Jus Pull-up 51015 o cuslis glr @ 55050 cnl @by sl 45 355 o RC Jlos b

-VEY -
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&—.’.LSA"LC—”’,}‘nghCJ‘—“‘)J C,\Ajuﬂ U,LALSJ}A.: oalaiul Cunl ol C‘)‘Mdﬂ JG.MJ)JASLS‘ 09

Al o el GIL dss g s Blog a3 5o 3k O3 a8 5L Sl o g

ICT =4066 i1 s
R2=1kK2
R1-1K8 B
Fz=<100 Ok
Rz SCL
v - DA
L
[2C Device Tl [2C Device
A

2 .
I'C b b cons

ST JUsl K il am A s e s Camds ol o8 dil s i b Cmds 3ls slyls I°C by

M&eMWﬁ)ﬁfﬁﬁ)JbﬁL&w‘ﬁéwoﬁj)y&@ﬁ@%chtﬁ@b—d}l

b 0L el i sl 58 e sl LT Jayl 3 G a5 Sbes 5l Start Condition b 561 Lyl o

:MM&Q)M u.l\tud,.g..p‘g LJ'«’\ JL?;:‘ L;’L‘))bj“-’ .Jﬁ&gMBusy

-VEY -
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SCL

Device S Lu g Ll5 o 50t 551 ol 0LL Ll 3 &G sbel L :Stop Condition b 0LL Lyl o

TYRIN B sl S e

5 Osb Al s dew s a5 5 13 5 58 by cuxs s ol (Restart Condition U suow g9 Ll

sdoms g5 Sl S ST (6 s Slave b bl 5 &8 sl (6,505 5T Ll 5 o aly J 28 03ls s

Bl o el sel OLL JUSw 1 s oS 5,8 IS S5 S

SDA / N

scL

- Yee o
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bt 5gh o ales SUS S L o 5058 e ooslin 3 Sledbl Cu A D= ol s Data e
SDA I il G L jho jldis 5355 o 5uls p 505 SCL s 555 50 SUS 5 05, YU s &) 55 SDA
LSoJ.:j‘)ded‘)JSDA)U}A J%b .,\AZ[;JAMSDA )‘ ol o.l;b}-)‘.lﬁﬂ &‘)}b@)}&@o&‘y

s (ol s @ 3w Sl i SCL &8 Il 55 L SDA Lx cnsy IS 55b 4 5 8,0 SCL

el OLL 5 leT dal s aad ol L

1 N 0

SDA SDA

SCL | A Nl SCL | A o

3

Data must be valid on rising edge

bObﬁij{S%reJJ&yﬁ o313 Cow A 3L 3 Sl e o6, S (6 s A ACK/NACK con
Gl pde 25 eg SIS 53 SDA L 0ule sy o Acknowledge b mub sxizn 3 4 SDA

.J)\J s ol.<.3 =§—i \) oals L Pull—up C,w)Lia ny ‘j’: .,\...I:La s PaSSiVC

-Yéo
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s Y oessl 6
L 00l s S a3l ey 4 355 e el 3 ezl (6 Aoy o3l S VLT Ll 5 Sl
OTOJ){&_}J}‘J\) 41.:.\#‘5 S5 u;'.u“u).a MMaStCTASJSwM%Aw\QJyWJJ\J S 9 U':'”':’f

MLL;«ML;M))\ Q.)ub:—doMJ oLEs

- -

Sl sl e el

[Fg]
L]
g
o
—
[=5)
[=]
ro
-
o
du]
|
-

< 1 P
o2 Il J | | 1 I |1 I |l
START ADDRESS RW  ACK DaTA ACK DATA ACK STOP
condition condition

MECEM

ol 1 e ¢ s VYA [as ool OISl o8 sl o iV sl S s IPC Ly JS 5k
o3l KBl S s s MY ST e 3 5 3l e 0l 55 o3l VUl pl )L AS
035 3 b S oy Sen ples sl nl dlasl 51 ey 5 035 gager GIsFS Sho sl s 6
o3l 3 Lo Slave aes gl o &S by 35 Ll Cabys 1) 2o A (g esls (s &L Master « SDA
sy b Slave sl o Master Lo s a5 il sl L5 o ol 552 e ol Broadeast 5,5

Aas o plouil | ks O S 550 o esl
Spdoen 5Ly Err S5 b b (s ahew s b 5 Slme il slaes upsT MY Cussdoe e sdle

R
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o3l JUil K

L Slave 51 < oaly Sbdbl dalss o5 3L o Master J xSy Ko o5 psad 53 68 S 55

S Jl)

' o SCL
r - . . - - - SDA
Slave,l Slave2 Slsr.--na-3 Slaveh Sla\.-'en 1 Slavem2

Master, Senzor  Clock hiemary Display  Keypad

b s | e Slave ¢ aes S ool (ST o sl b (555 § 8 Cardy S S5 S Tl
Qi o b G, 1 S 13 LU OT L sl e aS | sl Slave . sf Master o 5l w5 S s
plad s o g O (535 b Ll OF 511, Sledbl dal g o oS 33l o st OF gl Sy 3
b anils G of a0 sl 45 (o) dlos 5 S o aslio 355 oysl b g3 S s |, sl s Slave
e ey oo sl Master « 5 o35 sl ACK JiZ e SUS o SDA 055 e L
Cons s S Master colg s 5 eds 5Ll Slave L oledbl Jsls Master bu g e Jiw sl s

- Yev o
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AVR ) S5 Son 53 TWI o s

St F 5 M Ay
o=l ol e J S S s Jes Master & g0 4 a5 I 3 1, SCL L Csls (50,55 Jssle oyl
2yd o planl TWSR ey 53 0aiS ol 2y sl < s TWBR ey Slelas (g s s
Bla= wL Slave ;s CPU i85 bl 5,106 oS ok i 5 S 55 Sl 4 Saos Slave s Sles

_ CPU Clock Frequency
Y (TWBR)x ™

el Ve sl U S5, TWBR s Jﬁpxs&wMaster g w0 TWL S = 554 5

A8 )5 SCL L (g5 ol SHS Master el - Sas & pais] & 53

TWI (5t fuer

3L L TWAR , TWDR TWSR TWCR TWBR (sls ol & s oy slls TWI 2t

- YEAL
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‘TWI Bit Rate Register
Bit 7 6 5 4 3 2 1 0
TWBR TWBR[7:0]

T o s 5 (8 s a5 L 0T e 5 &S e end 1, SCL S8 3 s

CPU Clock Frequency-16x g,

TWPS

TWBR =

2x gy xt

(TWPS =0 5 5,0,k 1o+ 1, SCK iS5 5 55 8l8e A Jliy S LTWBR ) ) Ut

TWBR = vy
YXVerran x4
‘TWI Control Register
TWC
7 6 5 4 3 2 1 0
R
. TWIN | TWE | TWST | TWST | TWW | TWE TWI
S p -
T A A O C N E

ol 13 Oy 4 O gl o s Shae 5 5lsoge o L TWIJ 28 s aady g ol
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o ds Set La aidy osas l b S &S S50 53 S 2l 055 S L TWI Interrupt Enable

3SCL sl o =S TWI sile 0l 00 KL 5035 Jeé |, TWI ey o) :TWI Enable Bit
ﬁ\&ﬁﬁb)o“d@é)j)jw‘981ew Rate J;S»\jdbLﬁ\)::;@o.L@_of\)SDA

J;T@)JL;}AMI/O Q)Mm\bbwjoMwaﬁTWI%

TWDR ) 5,48 555 0 SO Sl sl ki o ool TTWI Write Collision Flag
S TWINT &8 Lot o ;s TWDR ey 65s ndp Uil a0 TWINT o 5550 and p ()l

Ll s G osbwl Cslb Master coxs s js e o2l 6y G oxi s TWI STOP Condition Bit
A dalpt SU s 50 4 TWSTO o oy ol 005 |ml g 5 3 8l PC Ll s 0L
5045 Ly SCL 5 SDA L jlax Ll 5 S dal i sbl OLL Cansy S opl 035 S Slave coasy 5o

S sbwl s Master Gus b ool s S i s Ll 05 ‘TWI START Condition Bit

53 dsS e sl Ll K sbel il 3T a8 o 3 503 S S 1y b Ll coen S e slel Lyl s
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Ll 5 G sl L 0T 51 Gy 5358 0 ol s LY Tl b G s e TWI U5l o) a8

355 Sb I e 5 dan s ST el sl 5l aay WL TWSTA o 5,8 o s w1 ol J 8 L]

oS e J xS 1, Acknowledge U a0 slwl TWEA :TWI Enable Acknowledge Bit

s bl 5 dal s 50 ACK GG o5 s G onl 650 S

Aibes S ol |y st 4 byje el Slave a5l e )
Al ol Sl s e ses Ol 3 S 5000 S TWAR 3 TWGCE e 4Salsle Y

Al e sl s Slave L Master s osls ol G A

S addy aS JSygo 5 5 edd SCTWI by 5SS pladl Sl e o ‘TWI Interrupt Flag
iz ISR ¢l =1 5l s s ol s o 5 TWI gaisy ls o sl SCTWIE s 5 (6l

Dah SLSG a5 bl 5l 5 Ll 5 0 el SU ol S e
Shs G s b @l S ) ol e pled Dl gime Ll 5 0 5d SO TWINT (o o8 s
SL L TWINT o, TWCR ) Slalis L Olosen gij\mjas;mz;J(TWDR Jze) el
53 SCL el SO TWINT (a8 e Seabsle dilod oy (5 4oy ol 4 5,5 TWI U550 b s

‘TWI Status Register

-Yoy o
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TWS
7 6 5 4 3 2 1 0
R

TWS | TWS | TWS | TWS | TWS TWPS | TWPS

Sy pl .

25 dodr Gille oS WS o el | oS o iy e b ooy ol TTWI Prescaler Bits[1:0]

23}«5& P e 5

TWPS | TWPS S Ak
1 0
. . \
. \ ¢
\ ' !
\ \ ¢

3 Shes 8 glaMode v » 53 s il o TWI cansy KLl e e ol TWI Status[7:3]

A dal g s O

‘TWI Data Register

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

-YoY .
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ol oA Jels Cals Sl s 535 dlel L &S il (i b g gme TWDR (il S s

3L o SR 5 ST sl curssy ys Slave sl ze, ool :TWI (Slave) Address Register

TWA
7 6 5 4 3 2 1 0

R
o | TWA | TWA [ TWA | TWA | TWA | TWA | TWA | TWGC

S
6 5 4 3 2 1 0 E

Sasil g o3 paes Sl b w by w000 .51 TWI General Call Recognition Enable

S e aie | Slave st e Vol TWI (Slave) Address|[7:1]

s el g aslizal aelsl s 31315 Sype 4 5 sla 5,158 gl

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)

-Yoy .
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Data:  8-bit data byte
P: STOP condition
SLA: Slave Address

TWI s Sles sla Mode

1. Master Transmitter (MT)
2. Master Receiver (MR)
3. Slave Transmitter (ST)
4. Slave Receiver (SR)

(MT) Master Transmitter @

Ss o oslia M‘b‘))‘\sdw).}]é‘}l{}bﬁ sl FIr5 Lords S Master L. 5 lawl Mode -l s

JJ}S

Juo,l SLA+W gos oAb sl 3 e Sl sl 3 L ok LS Master «S S o s
Sgd o il S sl 558 Jle sl SLAFR oS 550 55 5 edi Jlyl &= 5,1 Master

338 o3l 5y oyse o TWCR dA.s)\.,Li/a\{)'L&«T Lyl

TWC
7 6 5 4 3 2 1| 0
R
. | TWIN | TWE | TWST | TWST | TWW | TWE TWI
= (’ -
T A A o) C N E
BISvE 1 X 1 0 X 1 0| X

- Yot o
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AL e ol OF e 5030 TWI g wis 5l Js TWIE
5L axils e LU a3 5 030 TWI 5l Jbs TWEN
1o olide 5 Sl e 5 1508 o o lily i -l 3 ol Sl s oy K S TWWC
el s ol i 58 eslas L Collision -l by 5 ool azis 5o TWDR (g,
38 sl OLL Jal 3 aeal s o il 3 15 il e i TWSTO
S il b 55 5 05,S slaal [ 5LET Ll 1 b 0350 31T &) 5o 53 TWI U3l G o35 & TWSA
Al 0Ll a5 S asts e
5035 SLS ACK oS om 5UT Ll 2 53 0T 03 S Set 5 5 L 15 il o el o 5,1 TWEA
By g o Sl

A4S TWCR s Jae 5 ot 313 0o plonil 4 55,8 TWL G 555 o SU 0 25 L TWINT

b 3 5 05,8 slaal 1 5Lel Ll s TWI s3le ol 0350 33T s 5 G g6 Slaskas gl >l 5l
Ll b 5 4 S s w [y ol 58 0L el 3 SO sl Jdse 4 5 edd el 0SS et Oy
0x08 s TWSR ;5 550 50 onis A4S 50 SO TWINT 1 07 51 g cdilad o 3l 1 L
s 0T ey 5 ok 4z 5 SLAFW 5ltis TWDR (5, Wb MT coniss & 55,5 sl S dal

TWDR 55, SLATW 25 5l s 343 5Ll s g ad> 0 B oa S SUL 1 of TWINT (g5, K

<2¢t | TWIN | TWE | TWST | TWST | TWW | TWE |- | TWI

- Yoo ._
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T A A 0] C N E
e 1 X 0 0 X 1 0| X

A2l o io TWSTA o sy sy 5T Ll s w5 a8 bl 5l a8 il 13 (g o o b cslis
AS o S dal,s l s s edd S TWINT oy lsdme ACK il s 5 SLAFW ot eslew s
S sline ot 4l OXI8 il Jliie ol & s 5w 55 5,5 s Jl3 TWSR 5 0x38 L 0x18 0x20
Il s cdb ailes 558 Jlaglesls S b opl 51 ey ol o il 55 ACK 5 o Jlayl sl
TWI Ly i A s o3ls TWINT s 03,8 SUL 5 ot a2 5 TWDR oy 3 i 5550 ltie
ey 555 _pas s TWINT 05,5 SU 5l aias TWDR tom ) 45 5550 3 A5 dalst Jlo

=0 Q)HMJJC_J[;- ML&ATWCRCJL&QQJ ./L.SLSA“) CJLAJ db—&r%\)oM&iTWWC

Dy J\A‘)}
TWC
7 6 5 4 3 2 1| 0
R
;| TWIN | TWE | TWST | TWST | TWW | TWE TWI
— (‘ -
T A A o) C N E
e 1 X 0 0 X 1 0| X

S e g5 OLY Ll S sl b planil e 5 358 o ST 0313 sla gl plas Jll oLt b o

3yd o3l 5O 4 TWCR sy a3 )lis L oLl Ll 2 bl e 0L

TWC 7 6 5 4 3 2 1 0

-Yel.
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R
T TWIN | TWE | TWST | TWST | TWW | TWE TWI
& -
T A A O C N E
S 1 X 0 1 X 1 (0] X
WSl el ) 5 dadr Sdme g8 Ll S sl 6l
TWC
7 6 5 4 3 2 1 0
R
G TWIN | TWE | TWST | TWST | TWW | TWE TWI
= -
T A A (@) C N E
S 1 X 1 0 X 1 (0] X

b 0 S TWINTO OLL Lol sl 51 e V)
o3t Master a4 < ) 555 daly 0X100 41 TWSR e ) e st 55,30 Sl G byl b

s o b J S Osls cews 105 | Slave s

il o 25 Jsdr 3lee Master Transmitter <> Calies gls onsy 53 TWSR e 5l

e sl TWI (g sy K155 o oS (g ns
s Shas
TWSR 553
0x08 ol ok Sl 3 ns NACK § ACK st 5 ; SLA+W JL.

NACK L ACK il s s SLA+W JL.,|
0x10 RGSU P W E P PP t,}f“ Coxd
NACK t ACK st s s SLA+R JL.l

-Yov.
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NACK  ACK sl s 5 esls cul Jla)

0x18 el ot 23l 53 ACK 5 s Jlo )l SLAFW L, 3does g Al sl
oL Il sl
R C,th“)b ACK 9 oLl JL\A)I SLA+W C,\.ib Sh>we @J‘:' I bl>=3'|

0x20
el Okl Il sl

NACK L ACK sl s 5 esls cul Jlo
0X28 RGN P 4 Q,‘.'BLUJ ACK 9 ol JL.:)‘ o3l Q,\.lLu Sd>we Cjﬂ Il .:\;;l\

0L Il slow

NACK  ACK sl s 5 esls cul Jla

0x30 el o252l s ACK 5 ois Jla )l esls <ol 3does g Sl sl
OLL I sl
0x38 sl 4y s ) el S O sdoma J 28 () 30 5 30 - JLa

(ks Vv co 5L 5 0XAD st L Slave « 0X77 sae Jlul) Yl

#include <megal6.h>

#define xtal 8000000

volid main ()

{

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

TWBR 32; // Bit rate = 100Khz

TWCR

OxA4; // Transmit Start Condition

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

if (TWSR&0xF8==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&O0xF8==0x18) // SLA+W has been send with ACK?
{

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

-Yed .
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error:

while (1) ;

www.pnkavosh.com

(MR) Master Receiver @

Sl Jal 2 sl 51 e b OF sl gl 5 &S o il s Slave 5l 1, cledibl Master cuxs s opl s

Al o slonl s w0 BT bl 5 &S S 5s s o3liw 3 Slave « SLA+R L3 ol o=

531, o s 1L SLAHR JLf ¢l o5t s OX08 i s TWSR liis 5 o o TWINT o

S bl

05 Jluyl 1y ST TWINT 05 5 SL L 5055 5,138 ,L TWDR
53 5ol SO TWINT e 550 ol s ACK 5 555 o5l 3 SLATR &5 b

5,5 3 TWSR s ol - Sas 0x48 L 0x40 0X38 slass

e el TWI (g ey K15 0 8 sy Conis
> Shas
TWSR 55
0x08 sl 0 5| Fors Lands NACK t ACK st s s SLA+R JL
NACK L ACK sl ,s s SLA+R JL. )
0x10 RGSU PSS W PR I PP tjf:' Cwrd g
NACK Lt ACK it s s SLA+W JL. )
0x38 sl 4y s ) el S gh,\?u@,:sélﬂ_,:wj@,:«uudu)\
0x40 sl od 2l ;5 ACK 5 eus Jlejl SLA+R oL NACK L ACK Jlojl 5 esls <ol ol s
otz sl ,s ACK 5 eas Jlo )l SLA+R b 3dos £ 0 Cand y sl
0x48
sl OLL Corsy sl

R T W
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0x50 ACK ULyl 5esls col il s NACK L ACK Jlojl 5 esls <ol ol s
Sd>e C}j& Card g Sl

0x58 NACK Jlojl 5 esls ol @bl s
0Ll Cond g sl

sl s g eals TWINT guis &5l a1k s sl s ACK 5 eus JL )l SLAHR & ESTIBE
l__’MaSter QT)‘J\_ujoJ_J:)‘J.SJ C,.._.:‘L: u..{J?-IC,‘.%L:)JU)lSw‘ ,J}.Z o.J\.;‘jﬁ- JubjhfaTWDR)J ol

Slles Ols5 o 4 43 5 5,000 1 O DAl das Sos a5 S s pdlel Slave « NACK oslew b

(Fads Ve w75 5 0xAD soodl L Slave slesls <ol ¥ ol ) ¥ Js

g B e O L s 5,5 Ll G sl L L 001

#include <megal6.h>

#define xtal 8000000

char incoming data;

vold main ()

{

TWBR

32; // Bit rate = 100Khz

TWCR = 0OxA4; // Transmit Start Condition

while (TWCR&0x80==0) ;

Sending SLA + R

R T 0

// Waiting for TWINT flag
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if (TWSR&0OxF8==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

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

1f (TWSR&O0xF8==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 —------

[ T
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while (TWCR&0x80==0) ;

// Waiting for TWINT flag

1f (TWSR&OxF8==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
it
error:

while (1) ;

(SR) Slave Receiver @
oS cosb s Master Transmitter 51 1, ledbl 5 o5 Slave ok ;8 ) 285 So cunsy opl 5o
555 So LSB s amils 55,5 51, 3 TWAR VU v s Slave .ol b S & gars Sl

b S dal gt oisl 1 OF oy geail i 43 55 el 55 eges Sl b oSl 4,56 Master

TWAR 7 6 5 4 3 2 | 0

S ol TWAR[7:1] X

T
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b A i 5 slks TWCR
TWC
7 6 5 4 3 2 1 0
R
b TWIN | TWE | TWST | TWST | TWW | TWE TWI
e -
T A A 0] C N E
HE 1 1 0 0 0 1 0] X

555 e TWI Jg5k 6o S TWIE

55 Jes ACK JL I G ons S TWEA

AL e Master s odge » 0bL 5 el Ll 3 sbul |5 il o ,i TWSTO s TWSTA s ooy

A8 Coily eses Ol 3O L s el s eosT Master Ly Ui ke Slave i S 5l e

dal g e Master a5 oo ul ol (g edias Ol AL i (W/R) g s ol 3L s UN)J 3 S

£ 53 5 ei Slave Read (SR) cox s 5,05 Slave o) 5 anl 53 45 a4 Slave o 1) g luis

TWINT ., SLA+W il s 5l e .3 S sl 13 Slave Transmiter (ST) S 5 &) sas

sl dal g JﬁjTWSRMJ)J Sols W}je.&i&

TWSR . > Shas :ﬁrlqleWIddﬂﬁL\jjfédAx{W;

0x60 el ok Jl ) ACK 5 o il s SLAFW oL NACK L ACK Jlel 5 osls b &3l s
siMaster ke SLA+ W Jlol - 3 b J 28

0x68 NACK L ACK Jlo )l 5esls cul il s
el Ay Cws

R T
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0x70 sl 0l sl ACK 5 el by o ges Sl 3 NACK L ACK Jlojl 5 esls ol @bl s
Master Loy oses Sl p dlo)l e 53wl d 28
0x78 NACK L ACK Jlojl 5 esls ol @bl s
Sl by s )
0x80 olantl Sl s ACK Jl gl 5 esls ol il s NACK L ACK Jlojl 5 esls ol sl s
gord = Jlasl L sl Osds b a4 s
0x88 obal Sl b s NACK Jl g esls ol sl s
Master « Slave | coxsy i <l
el 5,3 ACK Jleyl 5 esls ol sl s NACK L ACK Jlo )l 5 osls ool sl s
0x90 TS T S ] Sl 2 20 > UK} 54 )
gors Sl Jll L ool Osk Ll i
0x98 s Sl s NACK Jlyl g esls ol il s
Master « Slave | coxss i sl
gord = Jll L sl Osds b a4 s
0xA0 ol goa b s 0Ll Sl il s
Master « Slave | coxsy i ol

Gdewas Master ¢l 5 ot Sil,s Slave Law s zwy el b 0X60 sl okl g S &S 550 o

S aS Slay L gea 8 byl enls sla ool x\,sdoSIave ) Sl e ol s Jlayl 58 (ACKD)

TWSR ) Sl S5 opl s a8 Cils dal s aelsl Wy, cpl 355 3wl sioes C)J:“Lidlili Lyl &

L2l e OXAO L,

(5askS Ve ot 5 5 0X01 psT L Slave Law s esls culy G il s) it s

#include <megal6.h>

#define xtal 8000000

char incoming data;

volid main ()

{

- Ylo .
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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&OxF8==0x60) // SLA+W Received?

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

else
goto error;
[/=——mm—————- Slave Receive a Byte --------—-—--
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;

[ T



Page |167
WWW.avr.ir www.pnkavosh.com

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

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

error:

while (1) ;

(ST) Slave Transmitter @

S ol L e S W/R oy sl il 5ty o8 Sl ol b sl e SR alie omss ol
31 dal g o 3 Slave a3 5 Ll Slave i) olaie dal s e 4S S e pdlel Master

S sl et TWSR G (ool canss 85 Ol5 oo 5 0 SO TWINT o sl cobys 5l m
dal i Master sl 5 S s a1, of ACK 05k 2 L Master Slave 5l esls <ol s Jl)

(TWSR=0XCO0) s 405 dal s Jl ) NACK uS sls 55 1, <ol o 21

TWSR . > Shas s}.\irlqleWId«lﬂﬁ,\j\jSJGL;Ax{W;

0xAS ol o0 Jl )l ACK 5 o =il ,s SLAHR L NACK L ACK =il s 5 esls ool JLo|

- Viv .
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siMaster Loy SLA+ W Jlo)l o 3wl d 28
0xB0 NACK L ACK sl s 56l ol Jl |

RGIW IPU: PRGI

0xBS8 ACK sl s 5 esls cul Jlo NACK L ACK sl s 56l ol Jl |

gors = Jll L sl Osds by s
0xCO NACK il s 5 esls ol Jlu |
Master « Slave | coxss i sl

gt I Jlsl bos ool Oss S & s
0xC8 (TWEA=0) ACK sl s 5 esls ol on 21 Jlal
Master « Slave | coxss i <l

(;ﬁ;§\~~gﬁéfJOXOIJwﬂpsmveymmgagaggxb>yodw

#include <megal6.h>

#define xtal 8000000

void main ()

{
[/—=———mm—— == 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
[/ === Transmit a Byte to Master ---—-------

if (TWSR&0xF8==0xA8) // SLA+R Received?
{
TWDR=0x77; // Transmitt O0x77

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

else

goto error;

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

1f (TWSR&O0xF8!=0xC0) // Slave has been send NACK?

goto error;

error:

while (1) ;

el b il Sl jen
sdas a5 3SCL g5, » 15 Cole LWL Master ja 55 8 o g s Master Lo 5 cele L
o0 W R WA Y deL{jouANDV.AL{LAQ&LA U,JQIZC b s wired-AND ¢l w0 a5 L

.;:;dagsjzi..ac,&b

T
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start counting
wait HIGH period

-1 counter -
CLK vy reset \
2 3 /;) A
|
SCL

MBCE32

Fig.8 Clock synchronization during the arbitration procedure.

Master o 1> sl @ )3 Arbitration
PC o5, Lal il 53T SDA last 45 &S Iy s ol & L35 o Sl s Les Master »
el 3 Olayen Master dos Uy 53 by 055 55T Jaul 3 3 a0 g0 3 S Sl o b JSCs
Comol 559 50 Lowal jo 055 bas LU Oledbl by s 51 O Kb aidls ) b4y o s
SDA L 5, 515 0lisls osls Olejen 55k Master wor x5 5 o Kis J>= Esl Wired-AND
2l ety slus el g5 2 5ol d AND a Lls e cpl as il o Jlsl b & 50 @
o315 L Master ol ezl cilles Master G a by e o3ls Lt L SDA Lt o5 SIS sl s s
L (il o S b Pull-up sy 6 i b 55 i SI) ST e sy ilate G a3 1) L e

LSS sbl S s Master s 8 g5 5

YV o
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master 1 loses arbitration
I |~  DATA1£SDA

-
|
_

I A
e
“B
SCLS\/\E/\/\/\/\i;

Fig.9 Arbitration procedure of two masters.

il ails Master s o 551y s Al 5,50 5 Lo Arbitration dles 555 e odys 45 55 Oles
iy

pwfmspjsjdiu_»#;w)ﬂSlaVe&Qujﬁjaﬁg\@s«z}:buSlaV€ Syge ys L)
ol dal s sme s yls 1 SDA

3,05 SDA Lt a4y o s ¢l o3, 503 Master &G LY

CodeVision ,: I’C & /53l 0 L s
o ot s US55 ol sl 06l IPC il s g s w5 5 S s 90,1 L CodeVision Ll

1 pd S 3 S w15l e 5 a5 WL SCL 5 SDA (ols g sy (oo 55 0l 40 (51531

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

#endasm

Ll el ens SCL 5 SDA 0l e s PORTB 51§ 5 ¥ (sl o oS ankss ol 5o

CodeVision LS ;s I’'C els

:i2¢_init()

Sahesp e s GUS Shestazal 31 |3 L 5 esls ¢L>'L§\ bIZC b sl oladas @L? o
:i2¢_start()

ol s s Al S ey |,Q,\,uu.u,u.;\ju,,u.45@yﬁjxs¢>w,u@\,:&"@uw\

2y el b WU pl (s 2 e

:i2¢_stop()

LS ool PO ol 55 2 0LL Jal 2 S s o

ti2¢_read()

- YVYY o
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Ml o 3 S 4 OF IS IS 5 el = 12C€ Ll 511 2ol S bl

unsigned char i2c read(unsigned char ack)

Sose o bsss Jllacknowledgement <ol G ol s 5l e LT aS A8 e s ack el L

Al = sbwl NACK

:i2¢_write()

AL o 5 S 4 O LIS IS 638 Ll PC il 1) ol G b

unsigned char i2c write (unsigned char data)

oy 5 S Ll Al ol A8 sl ACK Slave 5 5 505 La Jll Jaisdata i
ER S e= &R d SIFP D2 IR R Brane

K13 8 el i Sldie oy sea]

I’C sl EEPROM U L5 i )Y 55,

A
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U2
= rESET PCOISCL %
s PC1SDA [
= XTAL PCTCK 22
12 1rals PCamMs |2
PCATDO |—2
% PAOIADCO PCS5TDI %
S PAUADCT PC6TOSCT =2
R20) L PA2ADC2 PC7TOSC2 |—22
e 2 PAIADCS »
S PAdiADCA PDORXD |2
2 PASIADCS PDITXD =2
£ ProiADCS PD2ANTO |—2
22| paTiaDcT PD3INT! |t
Po4ioC1E =2
] [ —{ peOmxcKimo PD5/OCTA f—rse
U1 g— PE/T PDEICP %
i : T reaocoan T
SCK *
g A1 SDA ? ) | g PB4/SS
A TEST ——] BSOS 20
PBEMISO AVCC
N i 2 1 pe7i5cK AREF =22
- - ATMEGA 16

#include<megal6.h>

#define xtal 1000000

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

/* the SDA signal is bit 3 */

/* the SCL signal is bit 4 */

#asm

.equ  12c port=0x18

.equ  sda bit=3

- \Wve o
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.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();

12c _write (EEPROM BUS ADDRESS) ;

i2c _write (address);

i2c_start();

i2c_write (EEPROM BUS ADDRESS | 1);
data=i2c read(0);

i2c_stop();

return data;

}

/* write a byte to the EEPROM */
void eeprom write (unsigned char address, unsigned char

data) {

- \veo .
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12c _start();

i?2 c_write (EEPROM_BUS_ADDRESS) ;
i2c_write(address);
i2c_write(data);

i2c_stop();

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

void main (void) {
unsigned char 1i;

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 */

}

Jlows 4 & JUT Jus

R O
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i iy Flash U ST s o sl s 55y Jizes 4 SJUT Las gl &S ole o) ses
Ramp-Compare Delta-Encoded ¢L» Ji_.. Successive Approximation L, i,z sla
Sle sy o i s JJAVR b J 255 Ss Ol ol 5l S o 6 s Sigma-Delta Pipeline ADC

VLY = osleul

e s B Sy b has sl

:w\ﬁ)‘Q)M@JJ@@|L§¢J3«03L~¢\J§Q>6}M

Clock ] SAR — EOC
DN—[ DT\'—:‘ DID] Dﬂ
YV Yy vYY
ViRgp —— DAC
Comparator
+
ViN S/H

OT L bl (g ,mb sliie &4 SJUT (6 6500 K b (¢l Jezws 4 S JUT Jue Sample and Hold

So )y MK g sss s sbwl Sample and Hold e 5 b ol 45 5,05 Stable g5, G« 5L

- YVYy o
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Joos O35 4ol azdls (g gl L1y (93555 I (S (S o sdalis 1) OF 3l esl [l (5 4503

J)‘J&OKJ&;JULSM(SM)MU‘)jtj})‘.)\iﬁﬁd)t}'j.J\.As‘jﬁ

aslie S 1y dlizes (ol 03) o i llis e, ool Successive Approximation Register

e o 5S1
S JUT Jlacis UDAC L g sue ool 5552 o 6,138,L 10000000 (5 oL sae LSAR o ol
Sy o ol odsS wnlis oy 2 5 AL S5 el aslie sie &S S 53 50 e dslie (63500
$NS,LDAC 501000000 s ams 53 5 &5 S 5 0T 5l 13 o 5 03,5 Sk 1, MSB <y SAR

e S s S G st oo Eol oS alie g 2 AL S S sl anlie sde &S 50y 350 e
S JUT Hlase gas o G Jas opl 5sd 6,108 ,0 DAC (55,5 55 11000000 s0e ams 53 5 ods S

D o S ks 0LL s wlis « End of Conversion o oley cpl 55 5 axils asls

:ATmegal6 s aki ADC olasis 3l & »

* 10-bit Resolution

- YWA L
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» +2 LSB Absolute Accuracy

* 65 - 260 us 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

Jsl ADC g o S Al &g o 8 3 s PORA 45 5 Shes ADC (555 s o
3Wy 5 AREF o AVCC e w51 e o S5 5 0050 or o SW5 U i o (93505 SWs Aisd 0
Coge 4 Ol ¢ wdis ADC usly 6o 1 e s 2alS S il o el LB I Y0 s
o3 b awsls ol VCC Ly Y 3l mi Wl opl 35 058 o el AVCC o 5l 810
VCC o al oI LC A6 0 s dhnss 015 e 0353 o o3l AVCC 0l & VEC 5l &5 iy

23 505 Jeate

-yva .
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| D
vee

PA1 (ADC1)

Analog Ground Plane

PAD (ADCO)

i PA4 (ADC4)

PAS (ADC5)

PAE (ADCE)

I
: PAT (ADCT)

- H
o
_'IUUI'IF' 10uH

ADC >y sla fuer

ADC Multiplexer Selection Register

ADMUX 7 6 5 4 3 2 1 0

<= ¢l | REFS1 | REFSO | ADLAR | MUX4 | MUX3 | MUX2 | MUX1 | MUXO0

A3 S 5 a4 S AiS s s b o ol FANalog Channel and Gain Selection Bits[4:0]
Sl Sl 3 S e et 5 L Sl 3005 0 rimen 5 0l e ADC a4 (635,55 JUS
A a sldde ol 10X 5 IX (60,0 b sl ($3555 Sll= 55 a5 035 20 Y+ ADC =35 Single-ended

Al e A V0 200X 5 e by o
oLl ot ol ol ook sl B S s b Sy el 5 005 s S plonil J5aia ADC &S 500 53

sla Package s, — L Lol s Shae) il o 5 ol plas Cu b pl laasds dal 5

(ol ol LtleyI 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 ADC5

00110 ADC8

00111 ADC7Y

01000 ADCO ADCO 10x

01001 ADCA ADCO 10x

01010 ADCO ADCO 200x

01011 ADCA ADCO 200x

01100 ADC2 ADC2 10x

01101 ADC3 ADC2 10x

011100 ADC2 ADC2 200x

011110 ADC3 ADC2 200x

10000 ADCO ADC1 1x

10001 ADCA ADCA1 1x

10010 N/A ADC2 ADCA1 1x

10011 ADC3 ADCA1 1x

10100 ADC4 ADCA1 1x

10101 ADC5 ADCA 1x

10110 ADCE ADCA 1x

10111 ADC7 ADCA 1x

11000 ADCO ADC2 1x

11001 ADCA 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 1X

11110 1.22 V (Vge) N/A

11111 0V (GND)

- YAY
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HSUADC s osls ) 55 bdd 6 4=t bl o s ADLR ., :ADC Left Adjust Result

J)‘.,\f‘.id)“ﬁu °J|JJ:'M"3>~.) é})f&i&)ﬂ@%w‘ﬂijf J\A‘j}nghtAdjust C))jap

33 S e e ) dsde s |, ADC 51, e b e ol :Reference Selection Bits[1:0]

QAREFJM}}))‘&S@UJ Jj.&: JW\AREFWML?JB-)UJ} J\.il...a Jﬁyo.}lﬁ.’.’w\ u.k;—‘.)jwj

O‘PQ_AW_A)}AREFW-W}JLJ\.. Q)b&idw‘beeM ub;b‘ c?-]o Q\‘y&MCJJYOT

Bl fals ) 5 sl

REFS1 | REFSO o 3
. : AREF s < 31,
' \ AVCC s b 55
| ' ot )3,
\ \ Iy Yo sl 5,

SYAY -
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ADC Control and Status Register A

ADCSRA 7 6 5 4 3 2 1 0

<= ¢l | ADEN | ADSC | ADATE | ADIF | ADIE | ADPS2 | ADPSI | ADPSO

Gl s SIS 1S 1) (gl 0l el iy o 0 o oo o) ADC Prescaler Select Bits[2:0]

ADPS2 ADPSI1 ADPSO el 2 2
' ~ Y
. . \ X
. \ , .
. \ : A
! ' ~ 11
‘ ' \ Yy
| ) ~ ot
! ) \ VYA

plesl woy cpl 0350 S 5 (D) iy o gas Sle dlad Sy 030 G 00 2 :ADC Interrupt Enable

Sahaddyoslml Cel Wlg e LS S

SYAY -
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ISR (sl =l caids 0350 b Sy sm 5 5 0ds K o onl s S plest L :ADC Interrupt Flag

2503 SLL OT OIS o o ool s 53 SO 25 b opsmaial b 53 5353 0 02 SL Esl S5 e

Auto ; Single ;& g3lulely L5 o &y 3 4 s Sls :ADC Auto Trigger Enable
Py MADC <=jb Cuxp 9 9> 9 okl fbu‘ Ji')"": &ADC 6)\.)\4‘ ab ‘)L:JJ& L; d}‘ oI 45Trigger

2oL Auto Trigger cursy ;3 ADC 0sls 1 3 6l 5 0 S o5 S bl S Gk Sl S

sl SFIOR oo s 5IADTS[2:0] s w5 a0 05 i g8 358 S8 S 0

DS s

5355 SO S cpl LU LA e BT ¢l Single g1l ol curs s 53 :ADC Start Conversion

Sy oo |y s ol C opl 60y K i g (Free Running) sy fdS Candy o

Sy s i L ADC ol e 01 055 KL 20 ADC Uil 5o Jé e ol AADC Enable

Sy lay o)lS aed b Oldes &S 550 o el &MJMADC&QB‘)D%&‘&})P

The ADC Data Register

Jesiliss & 5o s ADC (55,5 45 5550 53 53,5 (o0 013 s opl 53 s ot Slas OLL L

.Jﬁ&o:\b&u\‘&.{ar}@%ﬂp

- YAE -
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5h mosls JuldRA S LA @50 53 « ADMUX o>, ;5 ADLR o Gillas

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 | ADCI | ADCO N - - - - N

SFIOR 7 6 5 4 3 2 1 0

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

ails S& lucis ADCSRA o, I ADATE o 8 50 55 :ADC Auto Trigger Source
oy ol e S (31T ely L ADC S5 55 S g ;e ¢S 45 48 e el ADTS (sbs oy 21,
ADC 5,5 Las bl el s 4S5 J)50 53 5 L3L o pie O s a5 w6 o, VU s 4 31l
Free Running ¢ b=l aas plasil ) hos Sldes anpo &0 4 ADC 5 0L gin K s

V-:S T oJLiL.»\
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ADTS2 | ADTS1 | ADTSO Sl el
) ' ' Free Running
: . \ S T g oS alie
. \ . o o (g by
' ) ! Ao ol 6 alis Gk
| ' ' Ao ol 5
\ ' ) S b B g alis Gokss
) ) ' S b s
) \ \ & e Capture

S fas g has S o, ae 4 ADC (6510 ol

ADEN ¢ «ul 5 5 5 53 b ADMUX s s dlow s oo 0 565 5 a5 3550 JUS sl 51
o 02 S opl A el Cr ey L g8 ADSC e o) » ke S i g il ey S
JUI ot plasl 5 3 4 )5 53 353 oo S LI5S (5 Al O OLL L 5 0350 S b plol

IS dal s U sl ol s 0LL b s s ADC
SIADATE oy 05 5 S L e opl o L3l o 515355 S0 ot Camss ADC (o310 ol gl Ko e,

- YA
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S bl an g5 -2 ADC 5 ea s RESCE oS e (i 008 0 SO 805 e o 45 Sloj g
3503 S5 L ADC il Sl sl o3l 53 Ol o alws oy &S o oS
5 a8 8 LS SO Carsy 3 ADC &S 5550 53 il o ADIF ¢y s S el oo
Doy (81 Al gt £ 5 Sk B (s G pledl 51y 358 bl S5 e Ol 4y
DL S s fods g8 sl 5 S 15 Free Running <l 55 ADTS gls o il cnss ool &
A dal g plowil g L O 51 w5 0d 3ETADSC 05 5 &
Lol Ll o (ADIF) 5 sladl o 55, Yo ADIE oy 0350 Jlad S5 3 i 42 o5 5k Oles
Corsy 3 ADC 45 S50 53 555 SU bl e o S (ol ISR 6l 21U 5 ol a5 sl
Ol 6oy = K i s LADIF o b g s g gl b s S Single Conversion
SUADIF o oSyl 55 55 53 s 3L o Slsl Free Running coasy a5 50 SU

Al dal g rb.a\ Sl OOUs G L ol ol

ADTS[2:0]
———M PRESCALER
START CLK, o
ADIF — ADATE
SOURCE 1 — L
_____ 5 )— CONVERSION
""" LOGIC
= EEET EDGE
SOURCEnN DETECTOR
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Jebs 5y Ol 5 0 kS oS Sy

Sl s e plil | Jlizes & S AT s Jge sle o, polad oS (e (28 i S50 &
Jalesls 5, skS Yoo B 0v o S 3L (635,5 SUS G w5l Resolution ae Sk 4 0w
Sl o (5 Aoy O Sl oS LSL o oS e iy S (SIS 3550 SNS sl 61 » ADC

L 0r oy (SO S 3 & e 3 Shes (512 ADC a5 355 o s ADCSRA o, 51 ADPS
3 Shes ol Ko 3 0h iy 2 mwd\j\C,uo@\mswyﬁ);,\;,-g;ﬁ,gsvn

LA

ADEN
START RsEL
7-BIT ADC PRESCALER

CK ——M

[=]

EPEEEE

i v ) ] Il I

QD Q] QO & o O O
ADPS
ADPEA
ADPS2

ADC CLOCK SOURCE

- YAA S
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Jsb WS IS Y0 250> s a ADC (¢ oJyl oladas s & s S Mode i eslizul &) 5o s

S>30 nE SRS AS
Ls‘j—’ ‘.z\.)j_é‘: L5_,¢)1AXDC .]a_.wj: Y8 W OJ\J‘)}'J‘J\-&A C.j.} J‘“ALSC’&L’].’.)J )bq'\bjjjls‘);tﬂ L5'L>"’ C)b‘v\ﬂ

ADC Noise 015 o5 sla Mode 5l <G an |y 85 Son hds Olaj 3 015 o [0 cpl 30

355 el CPU G g0l 5l ey s Slles B s Idle L Reduction

LM35 )}M\.l.w L: Lo 6; o)".)J‘ Y ojj}::

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

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

-YA4 -
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#endasm

#include <lcd.h>

#define ADC VREF TYPE 0xCO

// Read the AD conversion result

www.pnkavosh.com

unsigned int read adc (unsigned char adc input)

{
ADMUX=adc_input | ADC_VRE F_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 in;

float temp;

PORTA=0x00;
DDRA=0x00;

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

R R

on AREF
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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=%5.1f C", temp) ;
lcd clear ()

lcd gotoxy(0,0);

lcd puts(lcd buff);

delay ms (1000);

b

R
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1SS e

o)~ Do lrof— wcﬁmwwm@&. —f—= (c=]
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LCD1
LMO16L
U1
22 1 pcoscL FESET
2 _1pcisba
2 peamer XTAL1
%BH n= O ND T DO TPCM‘MS XTAL2
22Y ¥Yrw 25088886 %7 Pc4moo

£ pesoi PAO/ADCO
||  wfo]o r-|oo o 9I: i Bl S5 PCB/TOSC1 PA1ADC1
2 1 pcimosca PA2ADC2
14 PA3/ADC3
] PDORXD PA4/ADCA
=~ PDITXO PAS/ADC5
— —=—{ PD2INTO PAB/ADCS
- <5 POINT1 PA7/ADCT

~=— PD40C1B
PD5/I0C1A PBOMXCKITO
g? PDBICP PBT1
PD7/0C2 PE2/INT2/AINO
. PBA/OCHAIN
¢ Q\ moees PBASS
- PBSMOSI
55— Avee PE6MISO
—t AREF PBTISCK

ATMEGA16

-4y -
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LM35
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S JUT 5 oS anslie

j&:/.—;ﬂé.)_})‘} %)34.3).: w‘ﬁ.\a}b&AINl}AINO S3959 92 6\): g}bi&ouww J_})"Lo
}obj_séwiuﬁ|)QQ}JM|6})3L§}JW&@JQ§C%JEJ&J&JL«AS@J){@J&SMGA&U&M

2550 & 55 Sy el CaPUTe (o555 055 K5 Sl Kl 0 ole slaa,8 edle (i

BANDGAF
REFEREMNCE

ACIE
L | ANALODG
INTERRUFT COMPARATOR
8ELECT IRQ
y e
ACIS1 ACISD ACIC
—
T TAZ1 CAPTURE
ACD TRIGGER MUX
ADC MULTIPLEXER -

CUTRUT
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SJUT (5 oS anglin 5l

Special Function 1O Register

SFIOR 7 6 5 4 3 2 1 0

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

U das o 1) 0lSl ol S LT (6 oS anslis J55l :Analog Comparator Multiplexer Enable
e (33,5 Oy i ADC S b > = (Wil 40 ADCSRA s ADEN ) ADC o5,

D M‘j}"&dd)})ﬁAINl Wl O eyl o 5 5550 o Tl oS anslis

Analog Comparator Control and Status Register

ACSR | 7 6 5 4 3 2 1 0

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

5 Salus s S s s s o ool tAnalog Comparator Interrupt Mode Select[1:0]

S o S50l s 5 ol Gillas S LT (6 oS anglie slasly g,



Page |195
WWW.avr.ir www.pnkavosh.com

ACIS1 | ACISO )

fjfTOggle‘))aJ\;’SMLiALg@j

. \ O.L::j))')

6cv\_.:jjwl_é64_:.])zewwwé4.é)

ST

S odo Y g ad po edS sl 5 ai

ST

o b Capture ss5,5 w2l 045 K L tAnalog Comparator Input Capture Enable

Sy S e kS alie (2 Gesb

La addy ogee o dd S 5 S 00l &S 5,50 5 tAnalog Comparator Interrupt Enable

Sl Jld S JUT g oS anslin (g aisy il SO

g 0l i n gl ol S (S8 Sl e ol :Analog Comparator Interrupt Flag
SACIE Sl cansy ol o Ssd o0 S 8l o (6 alaw gy s <355 ACISO 5 ACIST ss e s
WL_MJSACIQﬁ)MMb}MbMWGJISRMMbjML&{uwj&WJL.udw

S SL 1 OT S md s b ils e Sl p 3 oy pma) e s L el S 1

32U o 656 Lo p ST oS awslis >3+ <o ol tAnalog Comparator Output

D o O3 SN S

- V4o _
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ol Bandgap oo 5 5Lds o o 003 S L tAnalog Comparator Bandgap Select

WWMQSJ}))AINO u.:_“:ACGB Cﬁ_:JQJ)JJ.LwCJ)M)J L M‘j} ouwmwééj))

g dal g oS

o .Jﬁ&éa}gjﬂjdom aslis ¢ 4w cw opl 0us K L tAnalog Comparator Disable
ACDg,_:go.sb)_x,ij)'\M.:;M\f&dé)KﬁjdwéuMOdeﬁ e Oy alS 4 a
55 Smanl b 3355 Jlad 2 ACSR GIACIE s 05 5 SU L S JUT (6 oS amlie (5 aiby Lb

S JUT (5 oS dnslin 5 0k oS Jlo 35,9

S JUT oS anslis ine 35,5 Olgie  ADCT 5 ADCO (sla (s35,5 51 S a5 3505 3525 OSGl -
035 el Jars 4 SIUT Jae (ADEN oy 0550 oo L) il s o) 51 eslinad (sl i Sl
3355 ADMUX s, 5iMUX[2:0] ls oo cms ol s il G SFIOR 51 ACME -
ail S&ADEN G osy i ACME oy S g 3 s S o Olsiil 5 i illae | dee

g Jal gt K‘QUTéoJ;;SwLEAJA;ﬂLSUJJAINI O

ACME | ADEN | MUX[2:0] | o455 azle (s 52505

) X XXX AIN1

X ) XXX AIN1

R
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\ L] LR N ) ADCO

) ' v ADCI1

) ' AR ADC2

\ ' M ADC3

) ' Voo ADC4

\ ' ) ADC5

! ' AR ADC6

\ ' " ADC7

(oo o G 5V S I i & s 5 50 p0e) 1

#include <megal6.h>

// Analog Comparator interrupt service routine
interrupt [ANA COMP] void ana comp isr (void)

{
PORTA=PORTA"0x01;

}

// Declare your global variables here
void main (void)

{

// Declare your local variables here

-4y .
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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)
}

-YAA -
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U1

=l rEsET PCO/SCL %
PC1SDA 2=
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/AINO PD7/0C2

© - Egi;%WNM
V2vee o | L] pesmos

; PBEMISO AVCC %
L £ 1 pe7I5CK AREF ==

ATMEGA1S

-Y44.-
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SPI Bus

oS b de 5 03 Serial Peripheral Interface ol . 0ib o 05 S b e 3 ikl S 45 SPI

S =S o3l glas )8 55 s B VL sla s 5l Jlaniy Bl @ s libil ) ool sds >l b V) 5 s

Sy 5 3 LI Sla JUIE WJlimgs I 35135 (Aol 6V o S5 i (535150 5 oS

OLSGl ameS 53 5 Gl o s J{GSPI Loy &\Jgguﬁ%@xa;&ﬁ ..syi‘jaéb oslaiul

RGINAR J..A‘j} S0 I ebji;.éﬁj..ajje.,\.\u osri.é < g JL&:;\

) ol az)}TSPI J:'L"”JJ\ fjc,.w:!ﬂ));

askas 5 Slas clasts saislel oS 5
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
ADS8400 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

Yoo
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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 to05.25V 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 years 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 S
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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 5 Shos o 4

Master Slave
SCK » SCK
MOSI » MOSI
MISO MISO
SS » SS

A R
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cgswbw;}d._:deb}_:g jMISOcMOSI‘SCKL})L@zw‘JyL;GWWASJJEM

sMaster | ol oy .l o Slave Select , Master in slave out Master out slave in

il ol 03y 0L 5 K5 s Slave

MSB  MASTER LSB ! | MSB SLAVE LSB
' MISO  MISO!
’— 8 BIT SHIFT REGISTER , , 8 BIT SHIFT REGISTER
A : A
> L MOS| MOSI: > A
1 I
| |
- i i SHIFT
|SCK  SCKI| ENABLE
CLOCK GENERATOR [ 9™ 55 —
1

Y

>, Slave 51 88 L 055 io L Master sl o« SO W K 5 Shift Register 5 Jols v
Shift 51, Juw)l gl = s 5,50 s esls Slave s Master .azs o oslsl | bl 6 4 o
o Sl ledbl . aiS e 5LET T esls (s dsle SCK Lt ;5 SIS sl L Master ; osls ) 3 Register
o Slesls 5o Slave G, b s sy s s Slave 31 MOSI o 5505 5 00 7= Master ,» MOSI
SS L s Packet Sy Jlosl plasl 5l dey 355 o Master 5IMISO 5515 5 ski =51 MISO

Sy o 055w Master L Slave s 5 o 5 els G Master Lo s

A 0
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SPI s jr

JS 5 Candy el G ey S 4 S ey SPCRJSPSR ‘SPDRM)MLSUJSPI Jssle

SPI Data Register

SPDR 7 6 5 4 3 2 1 0

<=¢b | MSB LSB

Jj_a-}néo.)‘bg').\_'ab:'- g,;—yd]d.l.ab}-_}.l.&.lﬁb}-v}-jﬂ b osls Jlal &)f.i':}:.w.:q-) w‘éﬂ)f&;'f

Sl el el 8L s

SPI Status Register
SPSR 7 6 5 4 3 2 | 0
<=¢8 | SPIF |[WCOL| - | - | - | - | - |SPI2X

Master e 3 SPI Us5le <55, 50 53 Cw o0l 5 » G o2 9 L :Double SPT Speed Bit

A sl ol 93 SCK s (65 555 50 SIS LIS 5 il
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S G35 = Sml So I 3 S Sl G Sl e ] :Write COLIlision Flag

2yd o SU o ol SPSR e 0l 5l b 3 sd 4z gl ki SPDR

50d Sz opl b S sl plast LY sl 0 SO Sl 3 s o :SPI Interrupt Flag
aiy S sl ol K5 o Sl pladl disly S b 4y e ses e Jd 5 SPIE oy o8 5550 3
5035 ol Sl 0l s Sl slian by 0l 358 o3 S5 (S Aoy G Ja g b 5SS o Y ays
o Sbcw ol Cards s 001 LISR (6l 21 b s e oDl SPIF o 00 S L caniss

J}w

SPI Control Register

SPCR | 7 6 5 4 3 2 1 0

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

sl S s sl Master «5' 1, SCK S5 = 5 <oy 5 o2 :SPI Clock Rate Select 1 and 0

LS e S 3 dsd
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SPI2X | SPR1 | SPRO | SCK =63
: . . o/t
. . \ VAR
g \ . f ./t
. | | foe /N YA
\ . . f /Y
\ . \ fose /A
\ | . fose /Y'Y
\ \ \ f e

S edls colys 5 JLasl i Olsy 5 Jsdr olas <o 55 ol ‘Clock Polarity y Clock Phase

CPOL | CPHA | <& s & | @ils 2 450 s
. o lisy b oig, YU
. o, Y s ls, b
| o, YL ol b
| sl b ISVEPRN

I I
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3,8 o3 Master coass 55 SPI Jyslk oo ol 05 S K L :Master/Slave Select
LSB sl 055 jao s 55 5558 o Jime b 5, MSB lul ey ol 055 S L :Data Order

SPI ;L. Js <., :SPI Enable

SPI s 45 5L Jé < :SPI Interrupt Enable

SPI ;5 osls J&S) 5 0 950

o 5 AS el U8 SLSs et s 1,SS et el sl sy S Master Ol e 4 SPT U3l 3
S b5 88 03,5 Lio 5l ey 35 plil bl (s 4 o G ST 51 U3 Ol e law s L add s
G o3l Il e Ls s el SUS U5 Al L 5 SIS bl sl (SPDR) w3l 5 55 il
o el LA Sl e 5 el els i o G Slave 5 Master sls Shift Register s > > 5
53 1 0 sl b Jlw gl L5 e Master ol 51 ey 358 0 G bl plesl (s 4Lzs 4 SPIF

ol oSS S 1 88 et Ll plasl (s il 4y b 5 i SPDR

Y.V o
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O Sl S Ss b i Sabsle ol st g S Slave i 55 SPT Jsjle a6k blie (g b s

5= Slave b5 SPDR ey oS col (S Ll 1o ol s .03L s tri-stated coxs ;5 MISO

5SS 0 Low I ey s dal el Uil 5525 jao Master Lw i SS Lt & Sl b Ll 552

.Js_’\j}'wﬂ.\._«v)) U_l‘ gIC,»_:.stPIE QJ}J&Q)M)J)oM&SPIF V;“-f"' C,..il.:gg.iﬁ,ﬁl.i)) (aLoS‘

BLI) SN SR VIV AN R g SPDR s 1, sud> s esls Slave ol S ol 51 e 355 4By sl sl

Ll 1y Bl s (g esls ol

SPI 5 ol 4K bls |

SS e Les Jub Master sy J xS |, Slave sslaas 0y o SS o 5l eslisal U 3 s e illas

200 a5 S o &S 15 bl 0T L dals= e aS 1, ol Slave

SCLK

MOsI

1l MIS0
Master 851
552

553

» SCLK
» MOSI SPI
IS0 Slave
[
— SCLK
» MOSI SPI
MISO Slave
» S5
— SCLK
o MOSI Pl
MISO Slave
W 55

YA
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CodeVision s spi() ol

P R &5 3o 4 Spilib L s ol 5 Shas (g 0950 5035 SpLI Lb s Cﬁu ol ol

unsigned char spi(unsigned char data)

{
SPDR=data;

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

ijdh}f}UMbJMs&)@SPhﬁb&wxS@CAwﬂMﬁijpgcudH%ﬂdvb
0dd b x5 J RS Gl ) alew sy SPT L w5l 5l esliad 51 LS sl b 51 el o il g
Ak

(SPI 5 b 5 J 85 Soe 53 bLs ) s

:Master 5 S asl

#include <megal6.h>

#include <delay.h>

// SPI functions

#include <spi.h>

vold main (void)

{

A I
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unsigned char incoming;

// SCK=0Out MISO=In MOSI=0Out SS=0ut
PORTBR=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) ;

Slave 5 S asb

#include <megal6.h>

#include <delay.h>

Yy o
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// SPI functions

#include <spi.h>

vold 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);

[ T
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Watchdog ,~t 5 Sleep s\ Mode

Sl il o Sl Mode 1 stas ghls AVR Gl 285 S a0 0155 (5 4 S e [ shate

\F\SLEEP JMJ‘)}L»J)oJ\J &MCUCEW}J‘SE%JAL u\j;- W‘j-\)‘ &JAA..:J))‘}

S sLa Mode 5 KalaS 5505 1,585 Koo 45 AS o en i o2l 31 SM[2:0] sla oy 35

ch_wiCﬁ_a:-!u\gj‘.x:_ajOJ\.\.::C)l?-C,.:Mjw‘)‘)ﬁ.:ﬁlMJ&})é‘wj;\u‘?w})JJj.\.::L_‘)Jw

‘j-’" bSLEEPJ\MMb}L‘MJ QT)‘wﬁjoJ;\J}‘ b 4.&3} B O:’"JJ ‘Stal’tup Qb)éojwéu

3 S dal g

MCU Control Register

MCUCR

Sy pl

SE

SM2

SM1

SMO

s <l L SLEEP Coxss 3l (K s dsds las b o ool :Sleep Mode Select Bits[2:0]

L Jls S SIS mo b Lais Extended Standby , Standby ls Mode «5 il azils 4> 55 .S

.,\_,L, < oalazul JJB u.?-)b- )jsujj)
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SM2

SM1

SMO

Ol Cand g

Idle

ADC Noise Reduction

Power-down

Power-save

oS 555,

SWISTSS

Standby

Extende Standby

Al edd S s ol WL SLEEP | s (¢l ~1 51 L3 :Sleep Enable

ole> sle Mode

S JUT (g oS amslis ,SPI, USART Ll soi cis e CPU sy -l > :Idle Mode o

SIS 550 oo Lol Cund g ol s aolsl 555 IS 4 addy ot s Watchdog (s ..t , ADC, TWI

ol 5 s g s mlie s bl 52 S 4 SIS mle (6 4k el et i e Flash o CPU

Ll Sl Cands 5l J a8 Sen s 2 sl LlS
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(ol sl aas s ADC sla Js3k Ll a8 2 CPU :ADC Noise Reduction Mode o
o ADC 055 s &y o s s e aslsl 5= IS & Wathdog 5 ¥ b  TWI u.»)ﬂ RS
S iy mlie 35t e ol andy cnl 50T Ll b s el gt L el Mode (pl w55, aoes

Brown-out ; Wachdog .5 Reset, > L= Reset -coes 5 Ld Mode ol 55 &S s Js5be

Li Mode ol 5l 5,5 eel il s« Reset

Sl addy aS w55 edd (ibgie sl o0l Curs s ool s i:Power-down Mode °
s Reset (> L= Reset .uas s aalsl 5, ,LS «, Watchdog s TWI o5 Sl >, L=
T Smel Lls e ol sla aiss s TWI sl 5Ly Brown-out Reset Watchdog
OS] gla Jssle LS 5 o B e La SIS eles Mode cnl s Lol i Ol s 51 ) 85 S0

Las o aelsl s S @

Y Lol [ S1aS olws ol b es sy Power-down «lis Mode .l :Power-save Mode o

355 oslizel Power-down ;i Mode -pl glow ol g 358 b eslizal 05 Sad

— L ol 4 S sl ol L es o POower-down wlis Mode -1 :Standby Mode °
o ook S =l L ed g ] e y
A_?%:JJJ.J_ML}_»U\J\JPJKS@QWMQMAoM\kﬁ;&L@M}\gﬁ|)>ﬁJ@;ép

Al e alS ISV 5 S 0 Sl Ol 5 el G Startup ol

D5l S Sl ol Lo 5 Power-save «lie Mode .| :Extended Standby Mode o

-YY e o
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CodeVision > 015 cu g els

Bl e 3 sslse Jald st esleeph U s ols cnl D5

oo il ple sleslinal 51 LS 5035 ol sle Mode « 35,5 3le Jls = o sleep enable()
Byl Lk ml s

235 o 08 4 ol gl Mode 05 S Jé 2 ¢l ob 0l sleep_disable()

3 a ¢l ~1 b extendedstandby() 5 standby() powersave() powerdown() adle()

A dal by e Ol oS Mode 5,15 5 S il 5

Watchdog .U

e B L aS ST e Sl SUS 5 Al ) SIS B L e A2y 55l 5l Watchdog e
Lol o 126 WDP[0:2] gls o L Reset s o Jol s Watchdog b ¢ oS s
Jeolss s anb 1l e 5 5 ea Reset  \Watchdog b J S5 Soe 0s Reset L WDR Laal s
ol s Syl asd J S, See 00d Reset sl U os S ResC 1) ol faall)szes cpl 5l eslinal b s

.J}..f: s oy e ﬁj—aa-.’. BE WatCthg J.Q.il:

-Yye .
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WATCHDOG - WATCHDOG
OSCILLATOR — PRESCALER
WATCHDOG
RESET
WDFPD
WDP1
WDP2
WDE
MCU RESET
Watchdog Timer Control Register
WDTCR | 7|6 |5 4 3 2 1 0
‘”ff{’t’ -|-1-{WDTOE | WDE | WDP2 | WDP1 | WDPO

el 5 s Sy opl ol Jls Watchdog b o5 jL; :Watchdog Timer Prescaler([2:0]

Number of WDT Typical Time-out | Typical Time-out
wDP2 | WDP1 | WDFO Oscillator Cycles at Ve = 3.0V at Ve = 5.0V

0 0 0 16K (16,384) 17.1 ms 16.3 ms
0 a 1 32K (32,788) 34.3 ms 32.5ms
0 1 0 64K (65,536) 8.5 ms 65 ms
0 1 1 128K (131,072) 0.14 s 0.13s
1 0 0 256K (262,144) 0.27s 0.26s
1 0 1 512K (524,288) 0.55s 052s
1 1 0 1,024K (1,048,576) 1.1s 10s

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

R T




Page |217
WWW.avr.ir www.pnkavosh.com

U WDE o 55, o225 L :'Watchdog Enable ; Watchdog Turn-off Enable
DS L Sole kb 08 Jlb ax ST sd e e b el 0T 035 S L s e Js Watchdog
g el o 5 4 3 e b 0T 038 Jleb e (sl Ll s e plndl WDE (5, S

Ll AL 635 G S 4l o8 ke WDE o) s I, WDE s WDTOE (gle e Ol jes )
(250 G oo
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IO b e ) Claas 1) g

jPORTA ‘DDRA cg:))ﬁ: &j’:‘)‘ L;LAJI.W.:}-) JLI.A d‘ym“b&g:))f@.byf &JJ}XASQJJ.:

(o] OMT Ji" )J&ﬁ%&jSoJﬁPINA

Data Direction .>,
Q)ﬁ454;SdaMjosﬁajﬁ.Lgoalzg;.@_q-mjwlug_s@uﬁTUJ\SJ#MMle
Blas o 258 x5 SO e ol Sl S Sl el s (655 STaS oo pdh s A b el 92505
DDRA = = jle gl b Jls Olge 4 il o 3555 Sgan] f 53 5035 s> S O

DDRA 7 6 5 4 3 2 1 0

el Cgr | muA | s | eS| et | et | e | st | ot

PORTX s>,

MLQML;M;::[ Lﬁ"_)J} Q‘}APMAS@‘)M)JJ)\JQ)}J&GJ‘JQ.@.?'M&MJ w‘bﬂ«&

A0S S Ll (535,54 oo s3 3 XS o a5 OF ilate mlan 358 e ani 5 S (55 4]
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S Soge 53 8 e g aslsl )3 g Olpe w058 0 i g ol 4 Ly ye L;L>'-\.>Pl.111-ll.p o glis o

e 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
ST

$335 ST ST ST | T 358 ST

osls Cg

e L el | el | el | e

Ok bt

e | | AR | s | e | | | o

= Pull-up S < A2 X Pull-up A2
PINX ;e

433 [, PORC wnilr Jle Ol 4255 0l 5 sl Dl gioms Ll o 2 ke Ol sl

JL@.@‘%&4Mt0b11010000f\fPINc MJ)‘MJV?&L °'>jSL5’\’.".’)'<'.‘.'.': 63))) CJ)}.,&

AL o ) oo A G e

PINC 7 6 5 4 3 2 1 0
e gl 1 1 0 1 0 0 0 0
o3ls Cg= e < Ao K Ao e Ao e
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ARSsSe sl a9 0,59 » by s Y Cawgn

SIMPLIFIED: ClAGRAM OF Y
\LOGIC LEVEL QUTPUT | l—‘.
FIGURE 1 CAn BE DRIVER
wgn 2 By LOGIC GATE jm
& SOURCE .' |
| CLURRENT
LIMITED ‘|>_'

CURRENT!

s L FIGURE 4

+3 TYRICAL OF IMDUSTROLOGIC RIO-5-LL
CURRENT
LIMITIMG

RESISTOR +

&) I .
LED REGQUIRES 2, L
SR oR DRIVE TRANSISTOR
(MY EET) )

4|>_<._D FIGURE 5
RELAY WITH TYPICAL OF INDUSTROLOGIC

|

|

LOGIC GATE BACK EMP RID-8-0C OR DISCRETE RELAY
] SUPPRESSION
FIGURE 2 ODIODE 4V
LOGIC LEVEL DIGITAL QUTPUT CURRENT

|

. LIMITING
RESISTOR
u

(LIMITED: CURREMT!) 1 %
-
L
LED

------ R
+5 — |-
s
OR — -+

FIGURE 3 ’17 SOLID STATE RELAY

CPEM COLLECTOR DIGITAL QUTPUT CHTRUT MODLLE
TYPICAL OF INDUSTROLOGIC SBC-1

AMD OTHER DEWICES THAT CAM DRIWE

RELAYS AND SOLID STATE RELAYS

FULLUP RESISTOR

ML BE BIUILT-IM "PULL UP" RESISTOR PULLS IMPUT LP ("HIGH")
LMTIL S9ITCH PULLE IMPUT Lo (T GROUMDY
+3 +5 +5

RELAY WITH
BACH EnF

% SUPPRESSION
—< '; < }‘ L oR DIODE
LOGIC GATE MATCHES REL&Y
R COIL WOLTAGE
FIGURE &

LOGIC LEVEL DIGITAL IMPUT

PULL UP RESISTOR BILILT IM TO ALL OR B SOLID STATE RELAY
INDUSTROLOGIC PRODUCT DIGITAL INPUTS = | 4 IMPUT MODULE
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AVR Clki & Olasein ¥ G g

- Flash EEPROM SRAM Max F.max Vee (V) 1.6-bil B.-bit PWM = T - 10-bit Interrupts Ext

(Kbytes) (Kbytes) (Bytes) 110 (MHz) Timers Timer (channels) AD Interrupts

AT90PWM1 8 0.5 512 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 2755 2 2 8 1 2 Yes 8 34 8
ATmegal280 128 4 8192 86 16 1.8-5.5 4 2 16 1 4 Yes 16 57 32
ATmegal281 128 4 8192 54 16 1.8-5.5 4 2 9 1 2 Yes 8 48 17
ATmegal6 16 0.5 1024 32 16 2755 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 05 1024 54 16 1855 1 2 4 1 1 usl 8 23 17
ATmegal68 16 0.5 1024 23 20 1.8-5.5 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
ATmegal6oP 16 0.5 1024 54 16 1855 1 2 4 1 1 usl 8 23 17
ATmega2560 256 4 8192 86 16 1855 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 1.8-5.5 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 1855 1 2 4 1 1 usl 8 25 32
ATmega3290P 32 1 2048 69 20 1.8-5.5 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
ATmega64 64 2 4096 54 16 2755 2 2 8 1 2 Yes 8 34 8
ATmega640 64 4 8192 86 16 1855 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 1.8-5.5 1 2 6 1 2 Yes 8 31 32
ATmega645 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 1.8-5.5 2 1 1 usl 8 32 17
ATmega649 64 2 4096 54 16 1.8-5.5 2 1 1 usl 8 25 17
ATmega6490 64 2 4096 69 16 1855 2 1 1 usl 8 25 32
ATmega8 8 0.5 1024 23 16 2755 2 1 1 Yes 8 18 2
ATmega8515 8 0.5 512 35 16 2755 1 1 1 - 16 3
ATmega8535 8 0.5 512 32 16 2755 2 1 1 Yes 8 20 3
ATmega88 8 0.5 1024 23 20 1.8-5.5 2 1 1 Yes 8 26 26
ATtiny11 1 6 6 2.7-55 1 - - 4 1
ATtiny12 1 0.064 6 8 1855 1 - - 5 1
ATtiny13 1 0.064 64B 6 20 1855 1 - 4 9 6
ATtiny15L 1 0.0625 6 16 2755 2 - 4 8 1(+5)
ATtiny2313 2 0.128 128 18 20 1855 1 usl 1 usl - 8 2
ATtiny24 2 0.128 128 12 20 1855 1 usl - usl 8 17 12
ATtiny25 2 0.128 128 6 20 1.8-5.5 2 usl - usl 4 15 7
ATtiny26 2 0.125 128 16 16 2.7-55 2 usl! - usl 11 11 1
ATtiny261 2 0.128 128 16 20 1.8-5.5 2 Yes - usl 11 19 2
ATtiny28L 2 32 11 4 1855 1 - - 5 2(+8)
ATtiny44 4 0.256 256 12 20 1855 1 usl - usl 8 17 12
ATtiny45 4 0.256 256 6 20 1855 2 usl - usl 4 15 7
ATtiny461 4 0.256 256 16 20 1.8-5.5 2 Yes - usl 11 19 2
ATtiny84 8 0.512 512 12 20 1.8-5.5 1 usl - usl 8 17 12
ATtiny85 8 0.512 512 6 20 1855 2 usl - usl 4 15 7
ATtiny861 8 0.512 512 16 20 1855 2 Yes - usl 11 19 2
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AVR olbi &, Pinout :¢ s
ATmega64,ATmegal28 ATmegal6, ATmega32
WO
____EBEEE PDIP
2000008 G STa
g, .22222222 22% \__J
SeYFEPPILErEcREs (XCKITO) PBO O 1 40 [ PAD (ADCD)
”DET”Q;‘[‘;DEEZ‘TQQ (T1)y PB1 O 2 39 O PA1 (ADCT)
FENC 50“’ 82385883335 748 [1PA3 (AD3) {INT2/AIND) PB2 O 2 38 O PAZ (ADC2)
(s:gﬂo:;;t;ii?gg i;ggiggig;; (OCO/AINT) PB3 O 4 37 ™ PA3 (ADC3)
) il
(XCKD/AIND) PE2 ] 4 451 PAG (ADS) (SS) PB4 4 § 36 1 PA4 (ADC4)
(OC3A/AINT) PE3 ] 5 441 PAT (ADT7) (MOSI) PBS O & 35 [ PAL (ADCK)
(OC3BIINT4) PE4 ] & 43 [PG2(ALE) (MISO) PBE O 7 34 O PAG (ADCE)
(OC3CANTS) PES O 7 42 O PCT (A15) (SCK) PB7T O 8 33 [0 PAT (ADCT)

(T3/INTE) PES ] 8 41[1PCE (A19)

(IC3ANT7) PE7 0 9 4001 PC5 (A13) RESET ] 9 32 [0 AREF
(S8)PBO O 10 39 PC4 (A12) VCC O 10 31 O GND
(scK)PB1O 11 38 PC3 (A1) GND O 11 30 [0 AVCC
(Mosi) P20 12 s7hPc2 (at0 .
IS0y PB3 0 13 36[1PC1 (a9) XTAL? 12 29 O PC7 [TOSC?_IJ
(oco) PB4 ] 14 35 [0 PCO (48) XTALT O 13 28 O PCB (TOSC1)

(0C1A) PBE ] 16 340 PGI1(RD) (RXD) PDOD O 14 27 O PCh (TDI)
G cogannarenRRRY | (TXD) PD1 [ 15 26 1 PC4 (TDO)
o0 oU oo oo oy (INTO) PD2 OO 16 25 [0 PC3 (TMS)
5831;823285583885 (INT1) PD3 f 17 24 (1 PC2 (TCK)
Sfole” XXpEEgggil (OC1B) PD4 ] 18 23 01 PC1 (SDA)
388 222299 (OC1A) PD5 O 19 22 01 PCO (SCL)
g RS (ICP1) PD6 ] 20 21 O PD7 (0C2)
ATmega8 ATiny26
PDIP
7
(RESET) PCce1 28 O PCS (ADCS/SCL)
(RXD) PDO ]2 27 [1PC4 (ADC4/SDA)
(TXD) PD1 ] 3 26 1 PC3 (ADC3)
(INTO) PD2 ] 4 25 [1PC2 (ADC2) PDIP/SOIC
(INT1) PD3 ] 5 24 PC1 (ADC1)
(XCK/T0) PD4 O] 6 23 [QPCO (ADCO) (MOSI/DI/SDA/GCTA) PBO [ 1 20 ] PAQ (ADCD)
veed7 22 0 GND (MISO/DO/OC1A) PB1 ]2 19 1 PA1 (ADCT1)
oND e 21 B AREF (SCK/SCL/OCTB) PB2 (3 18 1 PA2 (ADC2)
(XTAL1/TOSC1) PB6 ] 9 20 D AVCC (0c1B) PBIL {4 17 L1 PA3 (AREF)
(XTAL2TOSC2) PB7 [] 10 19 [1PBS (SCK) vee E 5 16 g GND
R 18 P84 (MISO) (ADCT/XTALT )?3';?1 — ? 13 — l::fl:([:ADCS]
(AINO) PD6 L 12 TP PB3 (MOSIIOC2) (ADCB/XTAL2) PBS [ 8 13 1 PAS (ADC4)
(AINT) PDT [ 13 16 [1PB2 (SS/OC1B) (ADCS/INTO/TO) PBE L] 9 12 1 PAG (ADCS/AIND)
(ICP1)PBOC] 14 15 O PB1(OC1A) (ADC10/RESET) PB7 [ 10 11 [ PAT (ADCE/AINT)
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ATmegal6 s i, 5 4odDs 0 S s

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Page
§3F (85F) SREG I T H 15 W N Z C 7
F3E (S5E) EPH — - - — - EP10 =P8 SP3
52D (S50} SPL SPT SPE SPS SP4 SP2 sP2 SP1 SPO
S3C (85C) OCRO Timer/Counterl Output Compare Ragister a3
$3B (55B) GICR INT1 INTO INT2 — - - IWVSEL 48, &7
B34 (554) GIFR |MTF1 INTFD INTF2 - - - - - &5
330 (358) TIMSK OCIE2 TOIE2 TICIE1 DCIE1A TOIET QCIED B3, 114, 132

TIFR QCF2 ICF1 COCF1A TOWV1 COCFD B4, 115, 132
SPMIE - RWWSERE PGWRT PGERS 248
TWINT TWEN -
SM2 1SC10 ISC01
JTD - BORF EXTRF
FOCD COMD1 COoMoD WGEMD1 C302 S50
Timen/'CounterD (2 Bits)
. - Cecillator Calibration Register 28
531 (551" - - —
On-Chip Debug Register 225
$30 {350) ADTE2 ADTE1 ADTSD — ACME PUD PSR2 PER10 55,86,923,128,218
S2F (34F) COMTAT COM1AD COMIB1 COMIBD FOC1A FOC18 W11 WEM10 109

B2E (S4E) TCCR1B 1CHTT ICES1 = WGEKM12 WEM12 03512 C511 C310 112
82D (34D TCNT1H Timen/'Counter! — Counter Register High Byte 113
S2C (34C) TCHNTIL Timer/'Counter! — Counter Register Low Byte 113

25 (348) DCR1AH Timer/'Counter! — Output 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
ICRIL Timen/'Counter! — Input Capture Register Low Byte 114
TCCR2 Focz WEM20 comz1_ | comzo weMz1 | [ csz1 [  csm 127
TCHT2 Timen/'CounterZ (5 Bits) 128
OCR2 Timer'Counter? Output Compare Ragister 120
ASSR - - - - Aas2 | TCNIUB | OCRZUB |  TCR2UB 130
WDTCR = = = WDTOE WDE | worz | woP1 | wDPD 41
UBRRH URSEL - - - UERR[11:8] 165
UCSRC URSEL UMSEL UPM1 UFMO USBS | UCEZ1 UCSZ0 | UCPOL 164
S1F (33F) EEARH _ _ _ _ _ [ _ _ | eEars 17

F1E (83E) EEPROM Address Register Low Byte 17
51D (53D} EEPROM Data Register 17
51C (53C) = = = - EERIE EEMWE EEWE EERE 17
$1B (33B) FORTA PORTAY PORTAG PORTAS PORTA4 PORTAZ PORTAZ FORTA1 PORTAD al
F14 (53A) DDRA DDAT DDA DDAS DA DDA DDAZ2 Coa1 DDAD 84
$10(339) PlkA PIMAT PIMNAS FIMNAS PliMad PlIMA3 PIMAZ PINAT PIMNAD G4
518 (338) FORTE PORTEY PORTBS PORTBS PORTE4 PORTE3 PORTBZ FORTB1 FORTED 54
317 (837) DDRB DDB7 DDBS DDBS Do24 DDB3 DDB2 COBE1 DDBO 84
516 (336) FINB PINB7 FPINBB FINBS FiMB4 FINB3 PINBZ PINB1 FINBD G4
315 (335) PCRTC PORTCY PCRTCE PORTCE PORTCA PCRTC3 PORTC2 PORTCAH PORTCD 865
51 ) CORC DCY DDCB DDCS CoC4 DDC3 CDCZ2 DOC1T oDCo 85
51 PINC PINCT FINCE FINCS FINC& PINC3 FINC2 PINC1 FINCD 65
51 PORTD PORTDT PORTDE FORTDE FORTD4 PORTD3 FORTD2 PORTDM PORTDO 5
51 DDRD Doo? DDDE DODa DoD& ooD3 DDD2 oo Dooo 5
51 PIND PINDT FINDE FINDS FIND& FIND3 FIND2 FIND1 FINDD 65
$0F (§2F) SPDR SPI Data Register 140
SOE (32E) SPSR SPIF WCOL - - - - - SPIZX 140
F00 (320 SPCR SPIE SPE DORD MSTR CPOL CPHA SPR1 SPRO 138
30C ($2C) UDR USART 10 Data Register 181

UCSRA Rxc |  Txc | uUDRE | FE [ oor | PE [ oz [ MPCM 182
UCSRB reciE | TxciE | wome | Rxem |  TtxeN | wucez2 | mxes | Tx=s 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 MUuXo 215
ADCERA ADEN ADSC ADATE ADIF ADIE ADPSZ ADPS1 ADPSD 27
ADCH ADT Dat istzr High Byte 213
ADCL ister Low Byte 218
TWDR erial Interface Data Register 130

502 522) TWAR [ twas | [ [ [ twar ] [ +wece 120
01 (821} WER | TWS8 | TWSE | | TWS3 | - | | TWPSD 170
500 (520) TWBR Serial Interface Bit Rate Register 178
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