(dead dzala
Aipdadl) 400

2 4 yall GlaSatidll

oS5 Sl and
A A

| IWES NI e &)ﬂ\ ) P




2 4 ypuall leSaiall

<laa jaj |

TIMERO




Iy 5 8 gl Jasa ) liad A gl Al 8 clindail] aes

A8 85V aa e AT Glaal Gigas Jla 34 )Y s o

oSaidl ey o gty ) Calas¥l gl 9y A V) A jaa o

el A 3 g culadaliall Jie Badsa algas 2Ll Aalall die il Y1 apas
A e g

D daadall ki) b axdind Al aSadiall (ailiad aal aal el U )
el Jall cllae Gl e dlailaall Lpalasiind (Say
s Al s Adalall de ) alas e dddlaal

delay _salll dades DA Mo 5 AT Jleely alidll (S ciigall Jac ok 8
e g Ja mllaall Joe 28 g5 Al

Dol Jeny il ol de Ll

(4dals il & delu) Ci 5

A )la (G delu) e

Ao la f Adala delud) Cilgaa mie 221L 4 3

Oscillator
Counter register I
External source
Counter/Timer é""




:AVR <laSadia A& Clidgal) o
«— Timer0 (8-bit)

— Timerl (16-bit) e e
(Functions) <&l sl

«— Timer2 (8-bit)

(Operation Modes) Jas) hlail

«— Timer3 (16-bit) e

43 ATMegalb pSaiall (s 5o . < 16 5 < 8 Clidsall o (e s AVR SilaSaia (g 523
G 8 e sa 5 Timer0 Js¥) i sall ¥ ol (udine, < 16 2a) 55 < 8 Laghe () i e
.(Pulse Width Modulation 4xaxll (e e Jiaed) PWM 2 58 5o 55 40 )l 32 5 ae

Timer0 < sall Lgiks ol &l jaaall

alae &= ¢ s 8 Qéjﬁ Al
L.SJJJS e-u'é-o Q-;’ 10 2
S 1.».'4__1_'15\ = dﬁdaﬁ PWM .3

cAa,yial aal s 4

(u)l.s.aj\ ‘)ﬁL..I - Qé}.‘\“ u\.;&.ia ) Olabliand) Jese O oﬁ.L.AA. .5




sJand) lail — Timer( <dsall o
:Normal Mode Vv
Loop (0x00,,,,,., - 0xFF ,>TOV0=1)

:Clear Timer on Compare Match (CTC) Mode v
Loop (0x00,,,.., — OCRO,, , > OCF0 = 1)

JFast PWM Mode Vv
Phase Correct PWM Mod%
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__ N Prescaler_ g 1
T-—Z Poscn % 1 x 105 —1.2'56@
_ oN Prescaler g 1024
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1 pall 483 Gleas — Timer() < pall
fosc=2MHZ gllaall (i 180 51 gl 33,5 ) Gl gy 1 Jlla
198 igall Jas 235 08 Al g (Prescaler=64 323 audall g

TimETCLOCK =

fOSC

~ 2000000

Prescaler

1

64

= 31250HZ

1§ sbed cgall 432 (b UL

Timerggsorurion =

InEut Fereque.gnc;:' ¥ 31250

= 0.000032 Sec = 32uS s
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- o~ - .- £ - N -
: s48all g Axalic V) adlll Jgaa — Timer() <23all <
Timing of TimerD at {55~ = IMHZ
Prescaler 1 8 64 256 1024
- Timer Resolurion in qmSec) 0.001 0.008 0.064 0.256 1.024
- Maxinuun Timer Perfod qmSec) 0.256 2.048 16.384 65.536 262,144
Timing of Timer0 at f,;. = 2MHZ
Prescaler 1 8 64 256 1024
Thuner Resolution in anSec) 0.0005 0.004 0.032 0.128 0.512
Maxinnun Timer Perfod (mSec) 0.128 1.024 8.192 32,768 131.072
Timing of Timer0 at f55. = sMHZ
Prescaler 1 8 64 256 1024
Timer Resolution in ynSec) 0.00025 0.002 0.016 0.064 0.256
Maxirnnn Timer Period qmSec) 0.064 0.512 4.096 16.384 65.536
el
Timing of TimerD at ;. = SMHZ
Prescaler 1 8 64 256 1024
Timer Resofution in ;imSec) 0.000125 0.001 0.008 0.032 0.128
Moaxinuun Timer Period pimSecy 0.032 0.256 2.048 8.192 32.768




:(Normal Mode) alad! Jaadl baai — Timer( <djgall «
Lﬂﬁp (ﬂxnﬂ(ﬂutlum) - OKFF{'I‘up] >TOVO = 1)

Timer Overflow Qi".a.“ P‘I.\i:\.m\ i._UM\
Top : L ] )

Tirar Ng 250mSec 252

Increment

0 -------------------------------------------------------- 1 oooa ®

:(Normal Mode) alad! Jaall aai — Timer( <@sall <
AU e 36 TO clipall aladiud  gllaall
hual 250mSec

Timing of Timer0 at {5 = IMHZ

Prescaler - 1 8 64 256 1024
Timer Resolution in qmSec) 0.001 0.008 0.064 0.256 1.024
Maximum Timer Perfod mSec) 0.256 2.048 16.384 65.536 262,144
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Prescaler
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Timer/Counter Control Register |

A

£ TCCRn |

)l Jas TCNTO .1
TONTO = 0 Y
e > i) . &Sad Jas TCCRO .2
airection controttoge ik, Ciock Sefect
; o (l: B ] >4 Jadl Jaes OCRO .3
BOTTOM TOP
Ext. - - -
A . e | dalaladll gl 8 J>—w TIMSK 4
Tlrnegcuumer 1
"l" o | [E0] For oen lasl/cd all
l 'l'inwrf'('.oun'lcr Register I f f '(Inl_Heq.]
— e s Aablidll el Jaus TIFR 5
A
Output Compare Pin (G ) :'/ 5 A J) ¢ 5? “a SFIOR '6
DN fala yal

| Output Compare Register I

i

Activate’

TCNTO 2all/cdgall Jawsa — Timer( <8 sal) <

Bit 3 2 1
TcnTo | TCNTO[7:0]
ReadWrite  R/W AW RIW RIW RIW R/W R/W RAW
Initial Value 0 0 0 0 4] 0 0 0
< . - . -l -

OCRO 4 4al i Jaes — Timer( <83all <
Bit 7 6 5 4 3 2 1 0
DCRO | OCRO([7:0] |
Read/Write  R/W R/W R/W R/W RIW RIW RIW RIW
Initial Value 0 0 0 0 0 0 0 0

OCRO is a 8-bit value that is continuously compared with the TCNT0 value; on match: -
- Generating an interrupits.
- Generating a waveform output on the OC0 pin.




TIFR <lakliall odef Jaa — Timer( <@gall o

Bit 7 6 5 4 3 2 1 0
TIFR | OCF2 TOV2 | ICF1 OCF1A | OCFIB | TOVi | OCFO | TOvo |
Read/Write ~ R/W R/W RIW RW R/W RIW RW RIW
Initial Value 0 0 0 0 0 0 0 0
OCF0 =1
TCNTO =0OCRO

~ Output Compare Flag <

TCNTO = FF
Overflow Flag < ,.
:(CTC Mode) CTC Jaall aai — Timer() <83all o
Loop (0x00;,,,,, — OCRO,,,.,> OCF0 = 1)

0Co ‘
Timer Value  Interrupt _);Iiu Ol -!-,'i-'b'-'\J TO

(83 250mSec -

ReClear




:(CTC Mode) CTC Jaall haai — Timer( <@3all <
A8 pall il Javal Gal) dad s (S
;A0 Adally a0 ) Jaf 04 cligal

fOSC X Trequired

OCROy 1y =

Prescaler

250 xJ10¥ x1x 10° »

:(CTC Mode) CTC Jaall aai — Timer( <jsall <
ol dakalia Jaad A T cilpall aladiin) o gllaall
250mSec b Ga) 2l il 4 Al

fﬂSC X Trequ.ired

OCROy 4 pE = Prescaler

250 x 1073 x1x 10°

OCROvaLvg = 1024 }244"0




:(CTC Mode) CTC Jeall aai — Timer0 <djsall <
CTCA hai A TO <ijsall aladiu qgllaall
JOKHz 22,5 OC0 kil Je 3 L) a5l

fOSC X Trequired

OCROy Ly = Prescaler

1% 10° x 0.0001
OCROVALUE = =100 X 0.5 = 5(

1

TCCRO aSaill Jawus — Timer0 <dgall <

et 282 g TO Cpall Jas Jaad apaal AINA (e oy

Bit 7 6 5 4 3 2 1 0
TCCRO | FOCO WGMO00 | COMo1 | COMOO | WGMoi | C€so2 | Cso1 | Cso0 |
Read/Write W RW R/W R/W RW R/W R/W R/W
Initial Value 0 0 0 0 0 0 0 0

N

. ! ‘ dad jLad)
cso2 cso1 CS00  Description .
o = g9 J.l.“ 1.....5..1!

No clock source (Timer/Counter stopped)

' clkgps/(No prescaling) 1 ]:IESC’]ET

clkygg/8 (From prescaler)

clkype/32 (From prescaler)

clkygg/128 (From prescaler)

clky,s/256 (From prescaler)

e e - - -]
- = 0D == O O

1
0
1
0 - Clkyqos/64 (From prescaler)
1
0
1

clkygs/1024 (From prescaler)




TCCRO pSaill Jawsa — Timer( <8jall

el pladlly TO cligall Joe Jaad 3303 ADMA (e ol

Bit 7 6 5 4 3 2 i 0
TCCRoO FOCO WGMO00 COMO1 COMOoo WGMO1 Ccso02 cso CSso00
Read/Write W RwW RW RW R/W R/W RwW R/W
Initial Value 0 0 1] 0 0 0 0 0
Jas haad ayaal
<8 gal)
L
wWGMo1'"  WGMO00'"  Timer/Counter Mode Update of = TOVO Flag
Mode (CTCO) (PWMO) of Operation TOP OCRO at Set on
0 0 0 Normal OxFF Immediate MAX
1 0 1 PWM, Phase Correct OxFF TOP BOTTOM
2 1 0 CTC OCRO  Immediate MAX
3 1 1 Fast PWM OxFF BOTTOM MAX

TCCRO pSaill Jasa — Timer() <8 all <

vl aSalll g TO Clpall Jae Joad 3aak A oy

Bit 7 6 5 4 3 2 1 a
TCCRO FOCOD WGMOo0 COMO1 COMOo0 WGMO1 cso2 Cs01 CS00
Read/\Write W RW RW RW RW RW R/W R/W
Initial Value 0 ] 0 0 0 0 0 0
al OC0 kil Ao 333
| [ (non-PWM Mode Only)
COMO1 ~ COMO0  Description

0 0 Normal port operation, OCO disconnected.

0 1 Toggle OCO on compare match

1 0 Clear OCO on compare match

1 1 Set OCO on compare match




TCCRO p$ai)) Jawsa — Timer() <@sall <

: oy Sl TO gl Jab ok 333a ADI (0 gy
Bit 7 6 5 4 3 2 1 0

TCCRO FOCO WGMO00 COMo1 COMO00 WGMo1 Cs02 Cso1 CSo00
Read/Write w R/W R/W R/W RW R/W R/W R/W
Initial Value 0 0 0 0 0 0 0 0
< -
OC0 phill Jo Aall o ud il
Force Output Compare

~ (non-PWM Mode Only)
Set FOCO bit > an immediate compare match is forced on the waveform generation unit. The

OCO output is changed according to its COMO01:0 bits setting.
A FOCO will not generate any interrupt, nor will it clear the timer in CTC mode.
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Output voltage = duty cycle X Vcc




DUty Cycle

Pulse width Modulation

Is a method of reducing the average power delivered by an electrical signal, by chopping it up into discrete parts.
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Fast rwm

| Fast PWM Mode ’

The 8-bit comparator continuously compares

TCNT with the Output Compare Register (OCR). ; /
Whenever TCNTn equals OCRn, OCN is cleared .
and OCn is set at the top of TCNTn TCNTn
DATA BUS
)

|
[J I - -U—] ocn _J U L

TCNTn = OCRn

AU Al e Lle Jgmadd S5 ) PWM o el 2litald gt 335
fctack
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Timer/Counter Interrupt Flag Regisw
7 6 5 4 3 2 1 0
OCF2 | TOV2 | ICF1 JOCFIA|OCF1B| TOVY | OCFO | TOVO
. — - . _w__g
j —sfor Tioer

................................................................

.
..............................................................

'
....................................................

Timer 1 input Capture Flag: set to 1 when capture event occurs

—siFor Timer 2

Nessssnssnnnnd y

m This register has flags that indicate when a timer interrupt occurs.

452 JS PORTB e all (il Jans i Of 2 5 1 Jlia

s e aclull
Al 5 S 1 S IS OS50 5 anita DU
Al 5 S 21008 Jiasy pladhall iy 16 2laad) o) L

5 e 31= 0 il iy 4005 2 JaY




#include <megal6.h>
volatile int ¢;
interrupt [TIM1_OVF] void timerl_ovf_isr(void)
{c++;
if (c==31)

{ c=0;

PORTB.0=~PORTB.O; }}
void main(void)
{
DDRB=(1<<DDB7) | (1<<DDB6) | (1<<DDBS5) | (1<<DDB4) | (1<<DDB3) | (1<<DDB2) | (1<<DDB1) | (1<<DDBO);
c=0;
TCCR1A=(0<<COM1A1) | (0<<COM1A0) | (0<<COM1B1) | (0<<COM1B0) | (0<<WGM11) | (0<<WGM10);
TCCR1B=(0<<ICNC1) | (0<<ICES1) | (0<<WGM13) | (0<<WGM12) | (0<<CS12) | (0<<CS11) | (1<<CS10);
TIMSK=(0<<OCIE2) | (0<<TOIE2) | (0<<TICIE1) | (0<<OCIE1A) | (0<<OCIE1B) | (1<<TOIE1) | (0<<OCIEO) | (0<<TOIEQ);
ttasm("sei")

while (1)

{
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Measuring period of a square signal

Use Timer 1 input capture interrupt to measure the period of a square wave.

® Analysis:
- The period of a square wave = the time difference between two
consecutive rising edges.

.. Connect the square wave to input capture pin of Timer 1.
./ Configure input capture module to trigger on a rising edge.

Input capture interrupt is triggered. Input capture interrupt is triggered.
Read ICR1 register. Read

] ‘square waveform

i il g —l
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Analog Signal
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How can we read the Analog signals using digital systems ?
Analog signal sampled with fixed Sampling Time and converted to its equivalent digital Value

+ o—— ONtFSape ADC Resolution

Voltage
SSEADS Analog Samples

5 Fss
T 8 bit ADC
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Nyquist Criteria and Aliasing Phenomenon
Suppose that we have the following Analog Signal

/\ / For any Periodic Signal Nyquist Criteria
Tsignal

i Ry
"% "V

L] .

N>2

Sampling Theorems Conclusions

= Large sampling time cause Aliasing

* Take the sampling Frequency > 2 Signal Frequency

= The bandwidth of human voice is from 200 Hz to 3khz
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Analog Reference and channel Multiplexer

Bit 7 6 5 4 3 2 1 0

Read/Write RW RW RW RW RW RW RMW RW

Inkial Vale 0 0 0 0 0 0 0 0
Bits 4:0 - MUX4:0: Analog Channel Bit 7:6 - REFS1:0: Reference Selection Bits
o e
0 | 0 |AREF Intemal Vref tumed of
00000 ADCO —— 2
0 | 1 |AVCCwithexomalcapacior st AREF pin
00001 ADCL | T
00010 ADC2 1 1| Intemal 2.56V Vottage Reference with extemal capacitor at AREF pin
ADC3
Cowm ma To improve noise immunity I "
00101 ADC5 [l £2=100- 10nf
3 H‘ - ,ﬁ‘ AVCC s the power supply to the ADC
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AVR At-mega 16 ADC Pins
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Selection of Analog Reference

+ At-magel6 ADCis 10 Bit, if the ADC reference voltage is 5v then the resolution will be

5

1024 = 4.88mV = Minimum change in Voltage

Suppose that its required to design temperature monitoring system , the temperature sensor
produce 0.4545V at 0 Cand 0.6797 Vat 150 C

0.6797 — 0.4545 e
T agamv__ = 47 Division Temperature Sensitivity 14570 = 325 C per Divistion

If voltage reference is changed to 2.5 V the Temperature sensitivity will be = 1.6 C per Division

Amplification circuits is add in order to increase the temperature sensitivity
- . e F d ta O TR N > s
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ADC Clock Frequency and Prescaler

Successive approximation and Clock scaling

Successive approximation work with full accuracy
when the ADC Rate between 50 - 200 kHz

If ADC Clock frequency is grater then 200khz the
accuracy will Begin to descend , and the measured
analog voltage will be noisy

The ADC features a noise canceler that enables
oonverston during sleep mode to reduce noise

uded from ﬂwﬂ/o‘m/and ot _er_ I/o




ADCSRA — ADC Control and Status Register A

2 The ADC module of the ATmega328P has two control and status
registers, ADCSRA and ADCSRB. For basic ADC operations only the bits in
the ADCSRA register have to be modified.

Bit 4 6 5 4 3 2 1 L]

(Ox7A) [ AoEn | ADsc | ADATE | ADIF | ADIE | ADPS2 | ADPS1 | ADPSO |

Read/Write W RwW RwW RW R/wW W RwW RwW

Instial Value o 0 (o} o 0o 0 0 0

= Bit 7 - The ADEN bit enables the ADC module. Must be set to 1 to do any ADC
operations. sl

= Bit 6 - Setting the ADSC bit to a 1 initiates a single conversion. This bit will
remain a 1 until the conversion is complete.

= Bit 4 - ADIF: ADC Interrupt Flag

[ o RRB = Bit 3 - ADIE: ADC Interrupt Enable

O o @ brnen 8 e F
= Ooulibe « a & : ®0
e ADCSRA - ADC Control and Status Register A
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Example (1): Analog-to-Digital Converter, ADC

/*ADC1.¢c */
#include <avr/io.h>
int main(void)
{ unsigned int adc_value; / Ivariable to hold conversion result
DDRD=0xff; /1 set PD as output port
IPORTD = 0x00; // output zeros on PD
ADCSRA = (1<<ADEN) | (1<<ADPS2) | (1<<ADPS0); // enable A/D, and select prescalar 32
ADMUX=0x05; /1 choose input channel 5
while(1)
{ ADCSRA |= (1<<ADSC); //start conversion
while (ADCSRA & (1<<ADSC));  // wait for conversion to complete
adc_value = ADCW; // read the ADC output
if (adc_value<512)
PORTD = 0x01; // on the green LED
else
PORTD =0x02; /1 on the red LED
}
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Example (2): Displaying the ADC output on 8 LEDs using

single conversion mode.

/*ADC2.c */
#include <avr/io.h>
int main(void)
{
DDRD=0xff;
PORTD = 0x00; &
ADCSRA = (1<<ADEN) | (1<<ADPS2) | (1<<ADPS0);
ADMUX=0x25;
while(1)
{ ADCSRA |= (1<<ADSC);
while (ADCSRA & (1<<ADSC));
PORTD = ADCH;
}

}

// set PD as output port

/1 output zeros on PD

/1 enable A/D, and select prescalar 32
// choose input channel 5

/ Istart conversion
/1 wait for conversion to complete
/7 read the ADC high byte
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#include <megal6.h>

void main(void)

{

" DDRC.0=1;
. re PORTC.0=0;
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while(1)
{

PORTA = 0b00000001;  deludl Sslie go o yomall Jubds
_delay_ms(2000); I o286 Baa) sl
PORTA = 0b00000010; sl Gylie  wile dyowll Lald
_delay_ms(2000); S oG Bl sl
PORTA = 0b0000000O; I Ayl Uiy g 3yl puas elab|
_delay_ms(2000); M 3B Baal pail




c,,r_m\‘\f"’3 \g‘”

pwm




320 e A e e e 55 gt i O 205 panall LA S pad dclal) A8 e
HE P Yty

AL A

k®  (k®)?

(el s & jaall daladl Adslaall)

n =

ey Ayl Ay 5la o4y apaiall pe Judedl e A s gall A liall i G gla g Ae el s 1]

RELE
o (805 aie glie S gl Cile dga sty W by st Cile 8D bl adll 6502
& ol 55l g Loyl dahie b Jaxi Y o) sl 1 Cus de jull @llaa S e gl (0 A4kl

Gk i i gy Lahasiad FSY) Ak a3y V gmatall ok o Galadl sgall s 03
e




toa adal) o il Ay )k

oo gl o o Uiy S (Y1 i 7 ey 3 J )
Pty el sl 5 bt aa

Gish o adl ge pial @A Jealy g asie z AN o Juais 280 Upaa Gask oo 0]
el o uadll agadl ety Al gl )3 s

e Gahaall AN agas WSl Sy Ay il Adse e A e duas Dpdlall Agaal Gyl e 12
» g Al a8l By gl 5 ety o el

cedil £ LS ) U Lgaasiad s Al 5 adaiall 2gall 465k 03

&Héq};&lﬁ _J_,.‘gl'%.‘i’.!._lhﬁta_)\h” agall 484 100 V_,hw}”a.lp_plmatﬁ_)utgﬁuaﬁ
100 V() jiaal o sgad ki o rimg Apan) Ayl ) gl (hm 4o s g S35 gyl
(1,8) &V s JUaas b patia dobansy dad o Jpmall dgall aphat dlac (ym jall 13¢] adafd (b gy




The Timer/Counterl in PWM Mode PWM Lhai & Y dlaall/cdgal)

TCCRIA) daali/cizaly A aSadll Jaus
a

B 7 & s 4 2 2 3

£2r s [comn | comb | - I - - T | Fvami . PwmD | TCCR1a
s s H Hmy = = H [ = Y

Insilisl sl o o 2 a L L a o a

The Timer/Counter 1 Control Register A
DAyl g e Jaea LSd) A0A  PWMILL, PWMI0 -1, 0 gl
134 = 38 38 (11) dsandl (A Coae 58 1S Valaadl /e85l PWM Jlidd dlee olailall olola saas
< PWM Law 60 daallf/cdsd) " 58 4 Jeade (S5 Ll

=l PWMI11 R
Y daallfcd sall PWM Jec cana 0 0
SUA Gy PWM G (e Joas U 1
SIS aiy PWM dias (e Jaxs 1 0
SUla Hdey PWM diay (= e Jane 1 1

PWM L jlaal @ (11)J sasd

OCI okl e ot | COMI1 | COMIO

N R 0 0

8 i)l vie Jaaill . seliall aal 8 36 ki v sl

— | =

I aa Y 0
1
1

o A i i vie Qi L Laied aad 8 A ik e sl

PWM Lai d Vi i) daas Jdl s (14) Jgaal




oh— S0 e dasialls GdSH Gaska Oe OVosall Ao e aSa05 Chgae g oo sdall 300 W e dan A0l 3 a0
dl Ae e Bsal PIND.6 5 Jlwiill PIND.S lS) 5 de 5l 25 3 PIND.4 o Jseo sl
- Afdaadl AW Ae el S5, lelay) A2LE W jelay

2| xvaL1 T
He Eab
2= st | —
BaL; dH'mwrxo 65 [—
— e ] roanwm Pz | T
sme || 11| hoance |
- 2 .-
Gl
i
A 33




dusudld) 5 _pcalaal)

o Nadiia]|




PCO-PC1 (l hall aadind e C 4l sl e (€ yae S el s Ga ) JS
PC3-PC2- by Laad 5 ¢ & jaall lasiisi i 3l PCA 5 J W) & jpaall Jan 35S
. Al & el pC5

e o) (8 Ol s 5 Gl o il Baad delud) o Jlie (uSe ) ) 50 ISl
el

® 2-DC - Proteus 8 Professional - Schematic Capture
File Edit View Tool Design Graph Debug Library Template System Help

DERN AFSEHED-20 BF+ +R0808) 00 ¥naBaEE @ fns B annnale

£ )

e W
s f#fﬁ

[P} DEVICES
ATMEGA328P T
12930

MOTOR

TBEE12FNG

+ Sl
+176Q

el bk EEEEREERE BE |

+O>SU@EN IS @O % )&+

°

i_u_ll

#include<megal6.h>
#include<delay.h>
void main(void)
{ DDRC = 0x0F; // initialize port C // motor1 across PCO, PC1,motor2 across PC2, PC3
while (1)
{// clockwise rotation
PORTC = 0b00110101; // PCO = High = Vcc
//PCl=Low=0
// PC2 = High = Vcc
//PC3=Low=0
delay_ms(2000); // wait 1s
// counter-clockwise rotation
PORTC = 0b00111010; //PCO=Low=0 //PCl=High=Vcc //PC2=Low=0 //PC3=High=Vcc

delay_ms(2000); // wait 1s

}
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ttinclude <mega16.h>
void main(void)
{
DDRD=0B11111000; // 3pins input push button
PORTD=0B00000000;
DDRB=0B11111111; // pwm OCO output
TCCR0=0B01110101;
while (1)
{
if (PIND.0==1)
{ OCR0=178; // Duty cycle 10% }
if (PIND.1==1)
{ OCR0=102; // Duty cycle 20% }

if (PIND.2==1)

{ OCR0=25; // Duty cycle 90% }
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#include <megal6.h>

#include <delay.h>

int ICR1;
void main(void)
{ DDRD=0xFF; //port B output to enable the OC1A on PB1

TCCR1A |= 1<<COM1A1 | 1<<COM1AQ; // OC1A override PB1,
noninverting mode of OC1A

TCCR1A |= 1<<WGM11; //Timer 1 mode E (14)

TCCR1B |=1<<WGM13 | 1<<WGM12 | 1<<CS10; // no prescalar
ICR1 = 19999; //20000=20msec

OCR1A = ICR1 - 2000; //2000=2msec

while (1)
{
OCR1A =ICR
delay_ms(10
OCR1A=ICR
delay_ms(10
| O}
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#define F_CPU 16000000
#include <megal6.h>
#include <delay.h>
void main(void)
{
int UBRR_Value = 103;
UBRRL = UBRR_Value;
UBRRH = (UBRR_Value >> 8);
UCSRB = (1<<RXEN) | (1<<TXEN);
UCSRC | = (3<<UCSZ0);
while (1)
{
while( ! (UCSRA & (1<<UDRE)));
UDR ="A";

delay_ms(1000);

}
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#define BAUD 9600

#define BAUDRATE
((F_CPU)/(BAUD*16UL)-1)

UBRRH = (BAUDRATE>>8);
UBRRL = BAUDRATE;
UCSRB|=(1<<TXEN)|(1<<RXEN);

while (!( UCSRA & (1<<UDRE)));
UDR = data;

while(!(UCSRA) & (1<<RXC));

Data= UDR;
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#define F_CPU 16000000

#include <mega16.h> U%AJ!‘S‘ JJSS‘

#include <delay.h>

void main(void)

{
1 J 3081 B 020 39S b wongll B3k
int UBRR_Value = 103; While (! (UCSRA & (1 << RXC))); // Waiting for Receiving buffer to be empty.
UBRRL = UBRR_Value; P pai 4y gl yally Yt Tl pSouidll oy i Uil olisa limg

.PCRTC e Virtual terminal 8380 5 aiclds cuai Lo 408
.PORTC _Jc (0b01100001 ) 4 s zrlyst] elliSga Bymdl Jlinaal el dgpmll I

UBRRH = ( UBRR_Value >> 8);
UCSRB = (1<<RXEN) | (1<<TXEN);
UCSRC |=(3<<UCSZ0);

while (1)
{
while (I (UCSRA & (1 << RXC)));

PORTC = UDR;

b}
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#include <megal6.h>
#include <delay.h>
#define F_CPU 1000000
#define BAUD 9600
#define BAUDRATE ((F_CPU)/(BAUD*16UL)-1)
void main(void)

JUBRRO el bz ey 470 208l 3y Jues Lt

{
unsigned char data; et A UBRROK 500 s b0 (Srally Ll oL 20s
data=0x00; e

¢ BUSIELOS T5W (ol UL Ol e U & o Jlaz Ny JLL )
DDRC=0XEFF; TR N T Ty yete)
UBRRH = (BAUDRATE>>8); (AL o8) 3y B Hls O 3 s S

UBRRL=BAUDRATE;
UCSRB | = (1<<TXEN)|(1<<RXEN);
UCSRC|=(1<<UCSZ0)|(1<<UCSZ1);

while (1)
{
while (!( UCSRA & (1<<UDRE))); LS. 4 Fil oL L ol of Bllash
UDR = data;
while(}(UCSRA & (1<<RXC))); eI L S
data=UDR;

PORTC=data;
delay_ms(500);
data++;

1
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#include <megalé.h>
#include <delay.h>
#define F_CPU 1000000
#define BAUD 9600
#define BAUDRATE ((F_CPU)/(BAUD*16UL)-1)
void main(void)

JUBRRO el bz ey 470 208l 3y Jues Lt

{
unsigned char data; et A UBRROK 500 s b0 (Srally Ll oL 20s
data=0x00; o
! BUSIETS 51 (ool UL Gl sde )W) & dlaz Ny JL )
DDRC=O0xFF; e e g g JLy
UBRRH = (BAUDRATE>>8); (L 03) 3y e Hls O3S b Hla 0 )

UBRRL = BAUDRATE;
UCSRB | = (1<<TXEN)| (1 <<RXEN);
UCSRC | = (1<<UCSZ0)|(1<<UCSZ1);

while (1)
{
while (/( UCSRA & (1<<UDRE))); ] | JL..‘_,! ,;.3 E'_JL-' LA ._!lL_-J'_I J.h--wt 4:133; ol Sl
UDR = data;
while(/(UCSRA & (1<<RXCQ))); A e | P! L] IE
data=UDR;

PORTC=data;
delay_ms(500);
data++;

1




USART 4a ) pe (ppaSatia cp JLia) g Sl )

ik 5V Ay il 3 Tx Jue ) ik dia 5 325k e USART (iing b Ty g2 o 583 JUall 30 3
m)J\ETdemJY\u)L.‘bJJY\@)J\@RxdhmY\uJL}‘uu\m)J\‘;Rxdl_mu‘i\
PY\u)LﬂL@L»J\

b LS Jitieaal) g Jua el (g JSI el




L 4

#define F_CPU 1000000 GA\AJJ
L2
#define BAUD 9600 S \
[
#define BAUDRATE ((F_CPU)/(BAUD*16UL)-1) . J

#tinclude <megal6.h>

#tinclude <delay.h>

void main(void) while (1)
( {
while (!( UCSRA & (1<<UDRE)));
unsigned char data;
UDR = data;
data=0x00;
while ((UCSRA & (1<<RXC)));
DDRB=0xFF; data=UDR;
UBRRH = (BAUDRATE>>8); PORTC=data:
UBRRL = BAUDRATE; delay_ms(500);
UCSRB | = (1<<TXEN)|(1<<RXEN); data++; }}

UCSRC| = (1<<UCSZ0) | (1<<UCSZ1);




#define F_CPU 1000000

#include <megal6.h>

#define BAUD 9600

#define BAUDRATE ((F_CPU)/(BAUD*16UL)-1)

#include <delay.h>

void main(void)

{
unsigned char data;
data=0x55;
DDRB=0xFF;
UBRRH = (BAUDRATE>>8);
UBRRL = BAUDRATE;

UCSRB| = (1<<TXEN) | (1<<RXEN);

UCSRC | = (1<<UCSZ0) | (1<<UCSZ1);

Tl
JM\
while (1)
{
while(!(UCSRA & (1<<RXC)));
data=UDR;
PORTB=data;
delay_ms(500);
data++;

while (!( UCSRA & (1<<UDRE)));
UDR = data;
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#define F_CPU 16000000
#include <megal6.h>
#include <delay.h>

void main(void)

{

int UBRR_Value = 103;

DDRC &= ~((1<<PORTC.0) |
(1<<PORTC.3));

PORTC |= (1<<PORTC.0) |
(1<<PORTC.3);

UBRRL = UBRR_Value;

UBRRH = (UBRR_Value >> 8);
UCSRB = (1<<RXEN) | (1<<TXEN);
UCSRC | = (3<<UCSZ0);

aSaiall 2 S
s o pall

while (1)
{ if(PINC.0==0)

{
while(!(UCSRA & (1<<UDRE)));
UDR ='N';
delay_ms(300);

}

else if(PINC.3==0)

{
while(!(UCSRA & (1<<UDRE)));
UDR = 'F;
delay_ms(300);

}
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#define F_CPU 16000000

#include <megal6.h> ° PO ‘
#include <delay.h> L -
void main(void)
while (1)
{ {
int UBRR_Value = 103; while (! (UCSRA & (1 << RXC)));

Received = UDR;

if(Received =='N")
DDRC |= (1<<DDRC.0); PORTC.0=1;

char Received;

UBRRL = UBRR_Value; else if(Received =="F')

PORTC.0="PORTC.O0;
UBRRH = (UBRR_Value >> 8);

UCSRB = (1<<RXEN) | (1<<TXEN); }

UCSRC | = (3<<UCSZ0); }
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while('(UCSRA & (1<<UDRE)));

UDR = 'U'; U By Sl
while(!(UCSRA & (1<<UDRE)));

UDR = 'A’; A oy YLyl
while(!(UCSRA & (1<<UDRE)));

UDR = 'R’; R By Jlas]
while(!(UCSRA & (1<<UDRE)));

UDR = 'T; T By sl
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char *word = "UART"; -
while(*word > 0)

while(!(UCSRA & (1<<UDRE)));
UDR = *word++;

}
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void UART _init()
{
uintl6_t UBRR Value = 103;

UBRRL = (uint8_t) UBRR Value;
UBRRH = (uint8_t) (UBRR Value >> 8);
UCSRB = (1<<RXEN) | (1<<TXEN);
UCSRC |= (3<<UCSZ0);
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UART init();
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#include <megal6.h> string <Ay~ / Y Al 4

#include <delay.h>
void UART()
{
int UBRR_Value = 103;
UBRRL = UBRR_Value;
UBRRH = (UBRR_Value >> 8);
UCSRB = (1<<RXEN) | (1<<TXEN);
UCSRC |= (3<<UCSZ0); }
void main(void)
{ char *word = "UART";
UART();
while(*word > 0)
{ while(!(UCSRA & (1<<UDRE)));

UDR = *word++;

delay_ms(500); }}
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#define F_CPU 1000000
#define BAUD 9600
#define BAUDRATE ((F_CPU)/(BAUD*16UL)-1)
#include <megal6.h>
#include <delay.h>
void main(void)
{ char data;

data=0x55;

DDRB=0xFF;

UBRRL = BAUDRATE;

UBRRH = (BAUDRATE>>8);

UCSRB | = (1<<TXEN) | (1<<RXEN);

UCSRC|= (1<<UCSZ0)| (1<<UCSZ1);

while (1) {

while(!(UCSRA & (1<<RXC()));
data=UDR;

PORTB=data;

delay_ms(500);

data++;

while (!( UCSRA & (1<<UDRE)));
UDR ="[";

while (!( UCSRA & (1<<UDRE)));
UDR = data;

while (!( UCSRA & (1<<UDRE)));
UDR ="]";

1
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