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Register

Function

Port-
Address

PORTA | Data Register

0x1B

DDEA Data Direction Register

OxI1A

PINA ‘ Input Pins Address
PORTB | Data Register

0x19
0x18

DDRB Data Direction Register

0x17

PINB Input Pins Address
PORTC ‘ Data Register
DDRC Data Direction Register

0x16
0x15
Ox14

PINC Input Pins Address
PORTD ‘ Data Register
DDRD | Data Direction Register

0x13
Ox12
0x11

PIND Input Pins Address

0x10

Port Pin Configurations:

PORTxn

PUD

(inSFIOR) | 10

Comment

0

X

Input

Tri-state (HI-Z)

1

0

Input

Pxn will source current if ext.
pulled low.

Input

Tri-state (HI-7)

Output

Qutput Low (Sink)

Cutput

Cutput High (Source)

Status-Register, Accumulator flags

Port Function

AVR 055l 5 Coursg Sl -0

Port-Address RAM-Address

SREG Status Register Accumulator 0x3F

0x5F
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Bit 7 6 5 1 0

| INT4 | INTD INT2 IVSEL IVCE | GICR
Read/Writa RW RW RW R R RW R
Initial Valua i 0 0 0 0

J—[f;bngLﬂJLﬂJ A

‘-,.'ELd .._4.".'.1";' 3..15153 - Jl.d
39 o=yl Al Sl Jled

Jshaz 5 U5 illae MCUCR &l 3 1, aiy camslas 45 b INTL 5 INTO (gl adby 51 Sy 50 (glys pgms dlpo 4o

S, adin p)

Bit 7 & 4 3 2 1 0

I SMz SE SMO l3C11 15C10 I5C01 ISC00 I MCUCR
Read\Writa RW RW RW RW RMW RW R
Initial Valus 0 0 0 0 0 0 0

ISC11 ISC10 Description

0 0 The low level of INT1 generates an interrupt request.

1] Any logical change on INT1 generates an interrupt request.

The falling edge of INT1 generates an interrupt request.

The rising edge of INT1 generates an interrupt request.

Description

The low level of INTO generates an interrupt request.

Any logical change on INTO generates an interrupt request.

The falling edge of INTO generates an interrupt request.

The rising edge of INTO generates an interrupt request.

Bit 7 _ 3 2 1 0

| J1D WDRF | BORF | EXTRF | PORF | MCUCSR
Read/Write RIW A W RW R/W RIW RW
Initial Value 0 o See Bit Description

sdigy Oxliid 0 ] |
saigYLAd 1
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B 2 1 ]
T N c | smReG
Read/Write R W RW RAW
Initial Value 0 o ] 0 o 0 0 ]

S az g ) Jle 4 0,5 e plosl Hasm(sei”) jgiws LI ol Codevision  LLalS (o

o9 o ALl amly S C gy oo 4y oig Ul & 5o INTL > 15 &ay o0 b ,o b Jlie ol 4o 2 ls

#include <megal6a.h>
/l External Interrupt 1 service routine
[EXT_INT1] void ext_intl_isr(void)
{
PORTC++;
}

void main(void)

{
PORTC=0x00;
DDRC=0xff ;
DDRD=0x00;
PORTD= 0x08;
/I External Interrupt(s) initialization
GICR |= (1<<INT1) | (0<<INTO) | (0<<INT2); /I INT1: On
MCUCR = (1<<ISC11) | (1<<ISC10) | (0<<ISCO01) | (0<<ISCO00); // INT1 Mode: Rising Edge
GIFR = (1<<INTF1) | (0<<INTFO) | (0<<INTF2); //Reset INT1 flag
#asm("sei") // Global enable interrupts

while (1) { }

aady glajls p Joo

Table 18. Reset and Interrupt Vectors

Vector Program
No. Addressz Source Interrupt Definition

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

$000¢1 RESET and JTAG AVR Reset

$002 INTD External Interrupt Request 0
$004 INT1 External Interrupt Request 1
%0086 TIMER2 COMP Timer/Counter2 Compare Match
%008 TIMERZ2 OVF Timer/Counter2 Overflow

$00A TIMER1 CAPT Timer/Counter! Capture Event
TIMER1
$ooC COMPA Timer/Counter! Compare Match A
TIMER1
$00E COMPB Timer/Counter! Compare Maich B

$010 TIMER1 OVF Timer/Counter! Overflow
$012 TIMERO OVF Timer/Counter) Overflow
$014 SPI, STC Serial Transfer Complete
$016 USART, RXC USART, Rx Complete

$018 USART, UDRE USART Data Register Empty
$01A USART, TXC USART, Tx Complete

$01C ADC ADC Conversion Complete
$01E EE_RDY EEPROM Ready

$020 ANA COMP Analog Comparator

$022 TWI Two-wire Serial Interface
$024 INTZ2 External Interrupt Request 2
$026 TIMERO COMP Timer/Counter0 Compare Match
$028 SPM_RDY Store Program Memory Ready

q
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char SevenSegCode[16]={0x3f, 006 , ....}; /I slac| cuaSns g soaS ol )]

void  SevenSegDisplay ( char digit[4] ){

DDRD [=0xf0; /] (Ragles J5uS bshs) (25,5 st Do sUL S Jloz i o

DDRC = Oxff ; I (Kol sbos bas) 29,5 oloinr &g ples iy

PORTD.4=1; /! (O 08, Conly o ol Cans ygus 50,5 Jlad

PORTC = SevenSegCode[ digit[0]]; // Lus las (59, )50 08, cieSn (oo o5 ldS

Delay ms(3);  /Hewslos o5 sl

PORTD.4 = 0; I Jgl coeZn g 30,5 Jad ,ué

by

alss iales |, 1234 ob, oz soe CoaSs o ool 3,0 48 MaiN Lol mb o UL &elyy 05 5l ool b s Jls
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int main ( void ){
char digit[4]={4 , 3,2, 1};
while(1){
SevenSegCode[ digit] ;
}
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lcd_putchar(ch) -
s aile .09, o0 LG LCD (g5, AsCil gg5 5l ST SO ioled sl @b o)
Icd_putchar('A'); Al ol
char ch="1%
Icd_putchar(ch); ch yse Jlaae isles
Icd_puts(char *str) -
D9 oo 03laiwl LCD (g9, o, )|, RAM dladl> o a5 ASCil g5 5l ails, G ioles gl b o0l
Icd_putsf(flash char *str) -
ol 09l oo oolaiwl LCD (g9, o,ls 1,8 flash dlsls> ,o a5 AsCiil go5 5l aiss ) SO Gioled gl a0l o)
Icd_putsf ( "Atmegal6");
lcd_clear() -
D oo 03liwl LCD (g9, ool ool ioles polas 90,5 SU sl ab oyl
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e 0iS o et |, L
Icd_gotoxy (0, 1);
Icd_putchar('A");

2gd o ol (Y71) pgo Las (x=0) sl o A SIS Jle ol 5o
SIS B el SO LS 5l bl 0,5 0olizd SPIINK) &b 51 G55 (5o ASCHT slaaS a4 so0e polio s

int sprintf(char *str, char flash *fmtstr [ , argl, arg2, ...]) ;

oo slael UM.)LM :\ JL.@
int temp=34;
char *str ;
sprint( str, "temp= %d ", temp);
Icd_puts (str);
LS)L‘Z,.;:‘ dde uu.:l..o.: :Y JLA
float temp=34.5;
char *str ;
sprint( str, "temp= %4.1f ", temp);
Icd_puts (str);
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'/ System Memaory Model:
system clf Small

/ EZvent | Optimeze for:

event_sys{ Size Code Generation

/ Pores | Optimzation Level Bit Variables Sce: 16 v
ports_ini{ Maximal ] Promote charto int [/ char is unsigned
Program Type: 18 bit enums [ Enhanced Par. Passing
[~ Smart Register Allocation
[ Automatic Global Register Allocation
[+ Store Global Constants in FLASH Memory
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i "' (sjcanf Fealiies [F] Clea Global Variables at Program Stattup
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CONNECT Receive
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Sydpd Oygar b b (nl J7S 550 90 Jlail ol ol Slellbl
Ngd (oo Jate K0Sy 4

b ey 90 onl 55 zobaw 9 Fomeels 4 )5S ,Se JLail sl
sl b dged Jats e Losiitns | ganl (g5 (o038 Conl Sglito oo
sty el RS232 5 il 5y gxbans (6l 5gsals” U yos & y0 Kl 30 s TTL 515 pelas (gl )85 Koo
Abl el oo ools ylid Jlae ol oy USG50 0,5 solaiwl 5Ly o gl lawly Jlae SO b g0 ol Jlas! sl
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UART Frame

Frame Data Parity

el 3lg8 Cam g 9 (STOP DIL) L oo g Lo con i gl ls Slellsl LIB alge yiinn jo
g oo 0010 musgs aalol pl jo T (gjlasl o], (KigK> g USART ise slysls
UDR : Jlu,l g cdl o ol -
S shle w5 ks 5l ol g ol aldl .l Slelb! Jlu )l 6l TXB 5 céb o sl RXB wls gl)ls USART oy
DS o 00latul UDR 6l 51 )15 ailys b g g Sl 0 30 (o 098 (o0 aiLis UDR b a9 ywy0!
Bit 7 6 5 4 3 2 1 0
i RXB[7:0] | UDR (Read)
i TXB[7:0) | UDR (Write)

Read/Wrie R/W RAW
Initial Value 0




UCSRA : USART (clpaz ols -

Bit 7 6 5 4 3 2 1 0
[RxC™ ] 7xC [ UDRE | FE | DOR | PE | U2X | MPCM | UCSRA

Read/Write R RW R R R R RW

Initial Value 0 0 1 0 0 0 0 0

Sz lellll a5 ans L B 55 oo Xy UCSRA &l o RXC s UDR ol o bl o lellbl 28,5 15
Sy <l 10 TXC a1l awsgs UDR &l oas 00l 51,3 Slellll Loyl pladl by cprizman ol osis 2l o lS
555 oo s 55 UDRE ¢y UDR @l s JI5 g lellll LolS Jlo )l b 5508 13
UCSRB J,uS ol -
- [RxZ:IE T rxf:.s I uc:uE I Rx:sN T rxaeu |uczszz] Rx138 T Txt:aa ] ucsrs

Read/Wrie RW RW RW RW RW RW R RW
Initial Value 0 0 0 0 0 0 0 0

Sl j> 4dBg ()5 )5 Jlad J \— 1 B o e sl W S
Uyl addg 3 )5 Jlad
Aladdy oo )3 Jlad

Sl ol Jlad

Wb jekate pl 6lp 0,5 o )),8 ool 0,90 Slelbl Jlo,l g b, Joe 0,5 Jbd sl TXEN ¢ RXEN slozo
Gl Wb cud o 3L o ‘_,’Jl>5JL..u)| ¢ Bl 0 slaady 0,5 Jled gl 0,8 18 SO adls o can g0 ol I SS o
Omzead 0gd Jad b Jlu )l oo g 8L, o ui».lLo)'] &lp Jbo ok . Wes S L UDRIE ¢ TXCIE < RXCIE

5565 on 1 525 5500 asl ganl )3 ol -8 plosl Sl By 5y o 51 SAelll] il o anlss o
UCSRB = 0x98 ; //0b10011000

Jlasf 3l S

UCSRC J,us ol -

Bit 7 6 5 4 3 2 1 0

| URSEL | UMSEL | uPpm1 | upPmo | usBS | ucszi | ucszo | ucPoL | UCSRC
Read/Write RW RW RIW RIW RW RW RIW RW
Initial Value 1 0 0 0 0 1 1 0
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Bl aga GATH G Stop cuy Ml GLATH Gy

Gil$ g g QA —=
Sl S5 Slrdgi g 5 Sl aazgi bl 1wl ke ol 2T e Sl Gl o Pl e Sy oisi o)

e 9 oo LSl o 1, 0X86 lade
UCSRC = 0x86 ; // 0b10000110

Syee Sl (S S gl B g S SIOP S Sl ¢ 0)jls g Sl (g9 Sl (bl oge ke nl i

UMSEL Bit Settings
UMSEL Mode

0 Asynchronous Operation

1 Synchronous Operation




UPM Bits Settings Oile el gl o
UPM1 UPMO Parity Mode
0 0 Disabled

0 1 Reserved
1 0 Enabled, Even Parity
1 1 Enabled, Odd Parity

USBS Bit Settings Cany StOp Slani wuliid G
uUsBs Stop Bit(s)

0 1-bit

1 2-bit

UCSZ Bits Settings Sl L Bl (el (Slg
UCcsZ2 UCszi Character Size
0 0 S-bit
0 6-bit
1 7-bit
8-bit

Reserved

Resarved

Reserved
9-bit

UBRR «ls ,o (Baud Rate ) wlelb! Jil &5 oudas -
ool b old ol Jlade 0sd o (aseice UBRR iy 003l Ol Lawgy asl jo con ol b s Jas! ey
L el 51l 9 o gt 455,818 01 5 o aalone Jlaie o5 Jobir 51 5 oel 5 i 55 45 ey,
220 0 lade (fepu=8Mhz) J :uSg S (6,I5 uilS 3 4y dz g5 b g o amio Jgoo Billae oS )15 4%+ Jlal 7 5
UBRR =51, // 0b0000000000110011 : s .5 ,1,3 &l ol S5l wsb

12 10 9
- | UBRR([11:8]

UBRR[7:0]

B 3 0

Equation for
Equation for Calculating Calculating UBRR
Operating Mode Baud Rate'" Value

Asynchronous Normal Mode
(U2X =0) BAUD =

fosc fosc
UBRR = ———— —
16(UBRR + 1) 16BAUD




Table 70. Examples of UBRR Settings for Commonly Used Oscillator Frequencies (Continued)
foec = 8.0000 MHz fose = 11.0592 MHz fope = 14.7456 MHz

2::': U2X =0 U2X =1 U2X =0 U2X =1 U2X =0 U2x =1
(bps) UBRR Error UBRR Error UBRR Error UBRR Error UBRR Error UBRR Error
2400 207 0.2% 415 0.1% 287 0.0% 575 0.0% 283 0.0% 767 0.0%
4300 103 0.2% 207 0.2% 143 0.0% 287 0.0% 191 0.0% 383 0.0%
02%
.0.3%
0.2%
21%
02%
3.5%
7.0%
85%
8.5%
0.0%
0.0%

0.2% 71 0.0% 143 0.0% as 0.0% 191 0.0%
0.6% D.0% 95 0.0% 83 0.0% 127 0.0%
0.2% 0.0% 7 0.0% 47 0.0% 0.0%
-0.8% 0.0% A7 0.0% 0.0% 0.0%
0.2% 0.0% 35 0.0% 2 0.0% 0.0%
2.1% 0.0% 23 0.0% 0.0% 0.0%
0.2% 0.0% 17 0.0% 0.0% 0.0%
-3.5% 0.0% 1 0.0% 0.0% 0.0%
8.5% 2 0.0% 0.0% 0.0% 0.0%
0.0% 2 -7.8% -7.8% -78% 53%
0.0% - -7.8% 1 -7.6% -7.8%
0.0% - - - o -7.8% -7.8%
0.5 Mbps 1 Mbps 891.2 kbps 1.2824 Mbps 921.6 kbps 1.8432 Mbps
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/I USART Receiver interrupt service routine

interrupt [USART_RXC] void usart_rx_isr(void)

{

}

/I USART Transmitter interrupt service routine
interrupt [USART_TXC] void usart_tx_isr(void)
{

}

355 (o bl S ol
/l Global enable interrupts
#asm('sei")

il ,o 9 Jo)l sl s i getchar «putchar wolgs 5l ales co aol 5 slasl 4 Stdio.h gl wlbolS” L yoges adlsl L
S5 0 40 PUES L g Printf b 51 asly oo ala SO Loyl 6l mizen aaS colaiul SIS SO
LCD (55, 1) JyuSg,8e dawgs (8L y0 la iS5 5 iS5 oo Jlo)l 085,800 5l pasie Aoz G 55 &l e
WS oo 2l
#include <io.h>
#include <alcd.h>
#include <delay.h>

// Standard Input/Output functions
#include <stdio.h>

/I USART Receiver interrupt service routine




interrupt [USART_RXC] void usart_rx_isr(void)
{
Icd_putchar(UDR);

¥

void main(void)

{
DDRA=0x00;
DDRB=0x00;
DDRC=0x00;
DDRD=0x00;
/I USART initialization
/I Communication Parameters: 8 Data, 1 Stop, No Parity
/I USART Receiver: On
/[ USART Transmitter: On
/I USART Mode: Asynchronous
/I USART Baud Rate: 9600
UCSRA=0x00;
UCSRB=0x98;
UCSRC=0x86;
UBRRH=0x00;
UBRRL=0x33;
Icd_init(16);
/l Global enable interrupts
#asm('sei")
while (1)

{

printf("Atmegal6\n\r");
delay_ms(1000);
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void SevenSegDisplay ( char digit[4] , char position)

A5 e asie | CieXs o (59, ,liel p8 )] slass position .
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Typical Applications

Vour
oUTPUT A1
™ 0 mi =100 mv/°C '—!-‘ %

X g

+Vs
(4V TO 20v)

Choose Ry = -Vg/50 pA
Basic Centigrade Temperature Sensor V our=+1.500 mV at ‘150:_(.'-
(+2°C to +150°C) = 4260 mV a1 +26°C
= -550 mV at -55°C

Full-Range Centigrade Temperature Sensor

Jliws > @ ST o slesls 9 silailol) : et GalojT doneds

ADCSRA J S 3 lgoz pg b5 -
ol 3 3 5T Sl s wb ol cnl o ADEN can ) iSs Sae Jliams 4 ST Joe ide 0,5 Jbé sl
&S Joe Solll (39,5 Glyie 4wl oo 1S9 o I A gy Il

Bit 7 6 5 B 3 2 1 0

I ADEN ADSC ADATE ADIF ADIE ADPS2 ADPS1 ADPSO ] ADCSRA
Read/Write RW RW R/W R/W RW RW RW R/W
Initial Value 0 0 0 0 0 0 0 0

Jooe jlas Jlad oo | | |
s g g le b oo Jatd (ilS 53 crnad (slacs

Josed pladl o . Jons 4iBg 3los Jlab Coss

ania ooy S Lo £5,8 5l am 2,5 510 Cllo s ADSC g gl aniie JUIS 5y sl s 55 o5l
olel 5,8 a4 ADIF oo ol SO L Jows plasl 505 )18 baws Ol j0 g o0 dewle o Jlade b oS o Jsb
O o Jes Cao cpl Ho 17 jlade xie L)AS jae |y Con cpl (haw Jlade LS failes jlas Wb )5 008
8,5 1317 > ;0 ADSC s b b )b, 61 (ADAT=0 ) Jgero cdl> o cnl S8 a5 p3U (05 o0 plxl
ey 53y Bl b Ugono 09, (o0 S0 25 Jooz Billae Jowe (63959 (ilS 2 pandie 38 (S 51 ADPS g e
ol 5,205 VYO Mo o3 (slyr S 3 s AVR (sled 55 San 3 oSl 5 s (oo 2lS o B ¢y
o548 ¢ o (5l (ADPS=110 ) 1/64 o 1o jlaie Ol b« i 3,080 cutd (uilS g @ az g b cplplo
A aolex Jlesl Jouw 4 35,205 VYO




* Bits 2:0 - ADPS2:0: ADC Prescaler Select Bits
ADC Prescaler Selections

ADPS1 ' ADPS0 Division Factor
0 0 2
0 2
1 -
1 8
0 16
0
1
1

32
64

3l 5 Billae Wl o ADCSRA &l sl y adsl jlade byl ol azgs b
ADCSRA = 0xc6 ; // 0b11000110
ADMUX =L -

Slsies JUIS ez ol 51 Sy 2 bl gl 5yl LB A & e 9, AtMEGAlB ) Sy Ko ,o SolliT 65g,5 JUIS ot
JBS a5 )3 Cyeod 43 5 PAD &y e (ADCO) oo JUIS .o, ooliciasl 135 Jgoz sllas ADMUX &l ol Cas s 5|
2ol PA7 &y Jaie (ADCT) i
Bit 7 6 5 4 3 2 1 0
| REFS1 | REFSO | ADLAR | MUX4 | MUX3 | MUX2 | MUX1 | MUX0o | ADMUX

Read/Write R/W R/W RW R/W RW R/W AW RW
Initial Value 0 0 0 0 0 0 0 0

g g e sl ST 3959 JUI il

Single Ended
Input S 2000 ]
o 55
ouctiz <> FORTAR}—{ ~0c2 |
ADGH . R
ADC2 <> EORIM—{ 2001 |
ADC3 < ORI —{ Aocs
— <o (FORTAG— 20cs |
<o~ FORIAT}—{ 20c7 |
ADC5 <:,— ol Sy am e

ADC6 S
ADC7 =AW ] i s




P58 9,500 d9b (o Dl 5 Jgaz illas a5 el o 51y g pe bl 4 by e (REFSX) 0lS ol 131 o 90
4 AVREF _olaisl & b j & o5y comizman o VIEFE256V L51s 5y aye « 05 anlys g O Ugane
g oo Jlosl JuSg Soe

*» Bit7:6 - REFS1:0: Reference Selection Bits

Voltage Reference Selections for ADC

Volitage Reference Selection
0 0 AREF, Internal Vref turned off
0 1 AVCC with external capacitor at AREF pin

1 0 Reserved

1 J 1 Internal 2.56V Voltage Reference with external capacitor at AREF pin

Aoyl ol anlyd o5 1023 50 goue 89> 40 Jg2.56 50 Sbl 550 el ol 4o uimad g 09 yidon 23L5 2.56
ol gy e s Jel Jluzws jlade 5 SolbT (6055 55 jlaie o
Volt = ADCW x —¢L =8or 10
olt = X m n =oor
30 el Joe (w003l Sl o bas Jols s 0o lade i g4 Ol gl ADMUX ol ;o ADLAR co
O P BISIALIPS SIS v LW

* Bit5 - ADLAR: ADC Left Adiust Result

The ADC Data
Register - ADCL and
ADCH

ADLAR =0

12 1 10

ADCS ADC4 ADC2

ReadWrre

Irvisd Value

15 14 13 12 1 9 a
ADCS ADCs ADCY ADCE
ADCH ADCO - - - -

7 8

¢ 4
R R R R
R R R R
1]} V] Q

Read'Wrae

0
R
R

Intsd Value 0

Hde add Ojgo ol )0 oS coliw] o e Sl Sl pasletu a5 098 g0 bl 235 Ugese ADLAR=1 CJl>
20,5 oo ekt Olawlxs )0 g 950 o0 okilg> ADCH &l
Vo ez Cewly S g AVCC a2 e 5Ldg 9 90 JUIS Gl 6l g ADMUX @l gl Jlaae |8 Oloensgy a4y azgi b

g dalgS 5 O jga S
ADMUX =0x42 : // 0b0100 0010




D9 oo 2l LCD (55, (5998 &jgar 9 00l ouilys Jowe LS lade 55 Aely o Jle

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

void main(void)

{
Icd_init(16);
ADMUX=0x42; [/ Voltage Reference: AVCC pin ,Channe: 2
ADCSRA= 0xc6; // frequency: 125.000 kHz , ADC Started
while (1)
{
/I Start the AD conversion
ADCSRA|=(1<<ADSC);
/I Wait for the AD conversion to complete
while ((ADCSRA & (1<<ADIF))==0);
ADCSRA|=(1<<ADIF); // Clear flag
sprint( str," adc=%d ", ADCW);
Icd_gotoxy(0,0);
Icd_puts(str);
delay_ms(1000);

Bit 6 5

SFIOR wls -

0

ADTS1 ADTSO

PSR10 I SFIOR

Read/Write R/W R/W
Initial Value 0 0 0

* Bit 7:5- ADTS2:0: ADC Auto Trigger Source
ADC Auto Trigger Source Selections

ADTS2 ADTS1 ADTSO Trigger Source

0 0 Free Running mode

0 1 Analog Comparator

0 External Interrupt Request 0

Timer/Counter0 Overflow

Timer/Counter! Compare Match B

Timer/Counter1 Overflow

|
|
|
|
\ Timer/Counter0 Compare Match
|
|
|
|

Timer/Counter1 Capture Event

R/W
0
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TOVn

> (Int.Req.)

Cantrol Logic

Clock Select

Edge
Detector

' ' ' ( From Prescaler )

A Timer Counter
TCNTn

sl P ol OCnA

(Int.Req.)

Wavetorm
Generation

A SO gge Wpe

OCnB

™ (Int.Req.)

Wavelorm
Generation

B U fee wlps PD4

DATABUS

{ From Analog
Comparator Ouput )

& ICFn (Int.Req.)
Edge

Detector

TCCRnA TCCRnB
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Counter Unit Block Diagram
DATA BUS (s-bit)

TOVn
> (int. Req))

TEMP (8-bit)

Clock Select

count Edge

[TeNTnH (8-b1) [TENTAL (8-01)| clear ciks., Detector
Control Logic |«

TCNTn (160 Counter) |0

( yoabi) s oy LS fom Prescaler ) l
S

LS s

Syshas 2 ey
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Prescaler for Timer/Counter0 and Timer/Counter1

10-BIT T/C PRESCALER

CK/M024

"

Clock Select Bit Description

TIMER/COUNTER1 CLOCK SOURCE
clky,

'

TIMER/COUNTERO CLOCK 50URCE
Clkgy

Description

Mo clock source. (Timer/Counter stopped)

clk,»/1 (No prescaling)

clk,n/8 (From prescaler)

clkyn/64 (From prescaler)

clk; /256 (From prescaler)

clk,g/1024 (From prescaler)

External clock source on T1 pin. Clock on falling edge

External clock source on T1 pin. Clock an rising edge

508,50 8l ,0 (S 0g0) () LU 5l SUS ¢ 3T Clesl g 0 g 0,ls |18 Stop cll> jo peuli o Jgax Jgl css, o

Bit

Read/Write

Initial Value

Bit

Read/Write

Initial Value

T

6

9 (o8 (ol e SUS' g pande )b Sl ool SWS Sl ks s

5

4

3

TCCRIB s TCCRIA (slysls -Y

2 1 0

I COM1A1

COM1AD

COM1BA

COM1BO

FOC1A

FOC1B WGM11 | WGM10 I TCCR1A

R
0

T

RW
0

&

RAW
0

R
0

4

W
0

3

W RW R
0 0 0

2 1 0

| IENCA

ICE&1

WGEM13

WGM12

cs12 Ca1N1 Ca10 I TCCR1B

RW
0

R
0

R
0

R
0

R RW R
0 0 o

UL Jgiz 50 a5 el (udlS )3 pendo iy puSly ol Wlsesl bglas les TCCRIB @l ;s CS12 b5 CS10 cles
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WGM12 | WGM11 Update of TOV1 Flag Set
WGM13 = (CTC1) | (PWM11) Timer/Counter Mode of Operation | TOP OCR1X on

0 0 0 Normal OXFFFF | Immodiate | MAX

0 PWM, Phase Correct, 8-bit 0x00FF | TOP BOTTOM

0
0 1 PWM, Phase Correct, 9-bit OxO1FF ‘ TOP BOTTOM
0

PWM, Phase Correct, 10-bit Ox03FF | TOP BOTTOM

cTe OCRIA | Immediate | MAX

Fast PWM, 8-bit OXO0FF J TOP TOP

Fast PWM, 9-bit 0x01FF | TOP TOP

Fast PWM, 10-bit 0x03FF | TOP TOP

-

PWM, Phase and Frequency Correct | ICR1 | BOTTOM BOTTOM

O oo N | BN

‘ PWM, Phase and Frequency Correct | OCR1A ‘ BOTTOM BOTTOM

| PWM, Phase Correct IcR1 | TOP BOTTOM

| PWM, Phase Correct OCR1A | TOP BOTTOM
| cre ICA1 | Immediate | MAX

Reserved - | - -

Fast PWM ICR1 ‘ TOP TOP

Fast PWM OCR1A | TOP TOP

QOutput Compare Unit, Block Diagram
DATA BUS -bi)

TEMP (8-bit)

—] Y y
[ocR1AHEBU (801 | OCR1AL B (801) | || [ TCNTIH (ebity | TCNTIL (g-bi)

OCR1A Buffer (16-bit Register) TCNT1 {18-bit Counter)

— y =
OCRIAH (8-0it) | OCR1AL (8bit) |

OCR1B (16-bit Register)

J L

| = (16-bit Comparator )

——= OCFnx {Int.Aeqg.)
Y

Waveform Generataor

WGMn3:0 COMnx1:0

s5:a ;5 (PD4) OC1B 4 (PD5) OCIA (sla 4l ,Sles TCCRIA =l ,5 COMIBX 5 COMIAX clezs 755
Sy a3l S o asedes |, PWM 4 CTC clasge 5 s OCRIB 5 OCRIA &uylin cleils pyolio b yasl oo (gglus
0 4tlis (OCRIB 5 OCRIA ) JUIS 50 fsli cleils pyolio b o)1 oo yasl iyl plSin 1o aoge dos 5o Cond
5 b gdae K TIFR &ls 4o (OCFIB § OCFIA) JUIS g0 (g5l slomz y « slio 90 ol arllas olSim )0 5 095
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Compare Output Mode, Phase Correct and Phase and Frequency Correct PWM

COM1A1/ | COM1A0Q/
COM1B1 COM1B0 | Description

0 0 Normal port operation, OC1A/OC1B disconnected.

0 1 WGM13:0 =9 or 14: Toggle OC1A on Compare Match, OC1B
disconnected (normal port operation). For all other WGM1
settings, normal port operation, OC1A/OC1B disconnected.

Clear OC1A/OC1B on Compare Match when up-counting. Set
OC1A/OC1B on Compare Match when downcounting.

Set OC1A/OC1B on Compare Match when up-counting. Clear
OC1A/OC1B on Compare Match when downcounting.

Compare Output Mode, Non-PWM

COM1A1/ COM1A0/
COM1B1 COM1B0O Description

0 0 Normal port operation, OC1A/OC1B disconnected.
0 1 Toggle OC1A/OC1B on Compare Match

1 0 Clear OC1A/OC1B on Compare Match (Set output to low level)
1 1 Set OC1A/OC1B on Compare Match (Set output to high level)
Compare Output Mode, Fast PWM

COM1A1/ COM1A0/
cOoM1iB1 COM1BO Description

0 0 Normal port operation, OC1A/OC1B disconnected.

0 1 WGM13:0 = 15: Toggle OC1A on Compare Match, OC1B
disconnected (normal port operation). For all other WGM1
settings, normal port operation, OC1A/OC1B disconnected.

Clear OC1A/OC1B on Compare Match, set OC1A/OC1B at
BOTTOM, (non-inverting mode)

Set OC1A/OC1B on Compare Match, clear OC1A/OC1B at
BOTTOM, (inverting mode)

o gl s Sy el b b o2y ICFL 5 deylio gloaz » OCFIB 3 OCFIA ¢ 55, o2y TOVI oy

Sy anigi Ll o 17 Jlake b )53 p 3 &9 Loz cnl 5 Se 2 05

Bit 7 5 4 3 2 1 0

I OCF2 ICF1 OCF1A | OCF1B - TOVO I TIFR
Read/Write R/W R/ RW RW RW R R/
Initial Value 0 a 0 0 0 0 0

TIMSK : L yauls &8y pulas oLd ¥

Bit 7 B8 5 4 3 2 0

| OCIE2 TOIE2 TICIE1 | OCIE1A IJ'CIE1E| TOIE1 | | TOIED | TIMSK
Read/\Write R/W R R R/W
Initial Value 0 0 0 0

AR




Lo &ady gl TICIEL oy g dunslio &a8g (gl OCIELB 5 OCIELA (glois « 55, poo 4dBg 50,5 Jlad gl TOIEL oy

gy o0,
(OCR1B)H)B JUL 4 ( OCR1IA)H A JU dslas wls -¥

4 3

OCR1A[15:8] OCR1AH
OCR1A[7:0] OCR1AL
Read/Write RwW RAW

Initial Value 0 0

Bit 4 3

OCR1B[15:8] OCR1BH
OCR1B[7:0] OCR1BL
Read/Write R/W RW RW R RW R/W

Initial Value 0 0 0 0 0 0 0 0

48 OCRIB 5 OCRIA « TCNTL (slioli b s 005Ls &ygams 45 C b5 50 dmgliin 5 youli (sleils el Sy o3V

ICR (Capture) lacs ol -0

4 3
ICR1[15:8]
ICR1[T7:0]

Read/Write RW RAW

Initial Value 0 0

ICR L3 1o 5o Lsd oo 553 Jlagl (PDB) ICPN > 15 &4l 4y (b & 51 el Ui lad Sl 55 yasli a5 olSin
903 655 03l 1y Sl slign b g 951, 0ls8 (o0 damd <l 5l onliil b 05,5 o 0,05

Input Capture Unit Block Diagram
A DATABUS i)

-4
|
. ¥

[ icAnH@on | icRnL @by | [ TCNTaH(sot) | TCNTnL(8bit) |

WRITE ICRn (16-bit Register) TCNTn (16-bit Counter)

TE |

ACO* ICNC

R '

Comparator Noise Edge
Canceler Detector

» ICFn (Int. Req.)

P
L

[, ICRL 0l <ol 5 ICRH UL col polie aul aSly Cancs (o yiwd )0 dow 00 3ls &9 LS ol CodeVision o
3,5 solaiwl GBlos &g
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OCnA Interrupt Flag Set
+-=~| or ICFn Interrupt Flag Set
: (Interrupt on TOP)

OCnA

(Toggle) (COMnA1:0=1)

Period F 1

Jelk 10

focna = 2.N-(1+O0CRnA)

#include <io.h>
void main(void)
{
DDRD= 0x20; /0010 0000 //PD5 output
PORTD= 0x00;
// Timer/Counter 1 initialization
TCCR1A =0x40 ; // OC1A output: Toggle on compare match
TCCR1B = 0x0A; // Mode: CTC top=OCR1A & Clock value: 1000.000 kHz
TCNT1=0x0000;
OCR1A=500; // OCR1IA=T/2
while (1)
{
}
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—_— Comrol Logic
girecion

BOTTOM 4 TOP ?

' ' ' Q | From Prescaler )
TimaoCountar

TCNTn | =0] I-:—U;E-]

d;’___}

DATABUS

i

z5o Voo g anlio (idu sles -

DATA BUS

= (8-t Compann |

OCFn lInt Rog )
} -

1

Waveform Generator ,

$ $

WGMnT:0 CoMm 2

Aoyl gl -
TCCRO J 5 wbs -)

Bat 7 6 5 4 3 2 1 0

FOCO WGMO0 | COMOYT | COMOO | WGMO1 | CS02 Ccso1 Cs00 TCCRO
Read/Write W / R/W RW RW RW RW
Initial Value 0 0 0 0 0 0 0 0
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Description

No clock source (Timer/Counter stopped).
‘ clko/(No prescaling)
: clk, /8 (From prescaler)

clk, /64 (From prescaler)
clk, /256 (From prescaler)
clk, /1024 (From prescaler)

External clock source on TO pin. Clock on falling edge.

- e .. a0 0 O O

e - A - I YN E- 3 K-)
- O - O - O|=- 0

External clock source on TO pin. Clock on rising edge.
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ATMEGA16/32
-
smi = (T
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D9 oo il ) Jgiz Bilhe jho el o Slee 350 Sl gl Can 93 0

WGMO00 Timer/Counter Mode Update of TOVO Flag
(PWMO0) of Operation OCRO Set-on

Normal Immediate = MAX

cTe Immediate = MAX

0

1 PWM, Phase Comect | | ToP | BOTTOM
0

! FastPWM TOP MAX

Jleyi 090 -
Sy g SUS 50 5 035 o GB)led (YOB) 095 meySle Jlaie U jao 5l el SUS Gy 5o 50 50l 090 0l o
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Figure 31. CTC Mode, Timing Diagram

OCn intarupt Flag Set

(COMN1.0 = 1)
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5,5 1,3 PORTB3 &l (55, AtMegalb ) :iSy Sen 15 25,5 CnhiS aess OCO
Table 39. Compare Qutput Mode, non-PWM Made

COomo1 COMO0 Description
Normal port operation, OCO disconnected.

Toggle OCO on compare match
Clear OCQ on compare match

Set OCO on compare match

gy dalg> 5 dlal, Gille 29,5 zae JSG Wl )8 00l Sl Toggle > UL Jgoo il ST

£ = fe 1o
0Cr — 2. N-(1+OCRn)

OCRO &L3 o 43,5 1,3 ,laie OCRN yizmos il wilgs o 1024 L 5256 « 64 08 « 1 polis glls N ala, ol o

(PWM Phase corect) o g0 PWM 550 -
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OCn temupt Fag Set

OCRANn Updine

TOVn intorrupt Flag Set

(COMN1 0 « 2)

(O0OMN1 0 < 3)

: _ Jex o
focurcrwm = 5 510

Table 41. Compare Output Mode, Phase Correct PWM Mode'"!
COMO1 | COMOO = Description

0 (¢} Normal port operation, OCO disconnected

(4] 1 Reserved

1 0 Clear OCO on compare match when up-counting. Set OCO on compare
match when downcounting,

1 1 Set OCO on compare maich whan up-counting. Clear OCO on compare
match when downcounting
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OCn Intarrupt Flag Set
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TCNTn

i
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(COMN10=1)
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Table 40. Compare Output Mode, Fast PWM Mode'"

como1 COM0O Description
0 0 Normal port operation, OCO disconnectad.
0

Reserved

1
1 0 Clear OCO0 on compare match, set OC0 at TOP
1

1

Set OC0 on compare match, cear OCO at TOP

TCNTO ,ols s05,las b3 Y

Bit 3 N a
TCNTO[7:0]

Read/Wrie / W Rw

Irvtial Vaiue 0 0

OCRO alis ols ¥

Bit 4 3
OCRO[7:0)
ReadWrite RW RW
Initial Value 1] o 0

TIFR )"“..U 6L€'°->)-’ uLu -f

Bit 7 6 5 4 3 2 1 0

[ ocF2a T Tov2 | ICFi | OCFiA | OCFiB | TOVi | OCFO | TOVO | TIFR
Read/Write AW RIW RW RW RIW RW AW RW
Initial Value 0 0 0 0 0 0 0 0
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