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(2) REGISTER

* aregister or a memory cell is an electronic circuit
which can memorize the state of one byte.

(3) SFR REGISTERS

* Special function registers .

* every microcontroller has a number of registers (SFR) whose
function is predetermined by the manufacturer .

* such as timers, A/D converter, oscillators and others .
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Example read data from memory
* CPU puts the @ 0x1002 in the @bus ¢ 2
CPU sends the read signal via the control bus » S
Memory puts the content of the @071x002 (0xF26) in the data bus

* Memory sends data-ready signal to the cpu via the control bus ¢/
* CPU reads the data from the data bus and puts it in one of its registers
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Features

+ High-performance, Low-power Atmel™ AVR® 8-bit Microcontroller

+ Advanced RISC Architecture

— 131 Powerful Instructions — Most Single-clock Cycle Execution
— 32 x 8 General Purpose Working Registers

— Fully Static Operaticn
— Up to 16 MIPS Throughput at 16 MHz
— Om-chip 2-cycle Multiplier

+* High Endurance Mon-volatile Memory segments
— 16 Kbytes of In-Syatem Self-programmable Flash program memory

— 512 Bytes EEPROM
— 1 Kbyte Internal SRAM

— Write/Erase Cycles: 10,000 Flash/ 100,000 EEFROM
— Data retention: 20 years at 85=C1H) years at 25°C

— Optional Boot Code Section with Independent Lock Bits
In-Systern Programming by On-chip Boot Program

True Read-While-Write Operation

— Programming Lock for Software Security
* JTAG (IEEE std. 1149.1 Compliant) Interface
— Boundary-scan Capabilities According to the JTAG Standard

— Extensive On-chip Debug Support

— Programming of Flash, EEPROM, Fuses, and Lock Bits through the JTAG Interface

+ Peripheral Features

— Two 8-bit Timer' Counters with Separate Prescalers and Compare Modes
— Ome 16-bit Timer'Counter with Separate Prascaler, Compare Mode, and Capture

Mode

— Real Time Counter with Separate Oscillator

— Four PWM Channels
— B-channel, 10-kit ADC

& Simgle-ended Channels

T Differential Channels in TOFP Package Only
2 Differential Channsals with Programmable Gain at 1x, 10x, or 200x
— Byte-oriented Two-wire Serial Interface

— Programmakle Serial USART
— Master/Slave SP| Serial Interface

— Programmable Watchdog Timer with Separate On-chip Oscillator

— Om-chip Analeg Comparator
+ Special Microcontroller Features

— Power-on Reset and Programmable Brown-out Detection

— Internal Calibrated RC Oscillator

— External and Internal Interrupt Sources
— Six Sleep Modes: ldle, ADC Moise Reduction, Power-save, Power-down, Standby

and Extended Standby
+* "0 and Packages
— 32 Programmable 1'D Lines

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

« Operating Voltages
— 2TV - 5.5V for ATmegai&l
— 4.5V - 5.5V for ATmagaib
« Speed Grades
— 0 - 8 MHz for ATmegai6l
— 0 - 16 MHz for ATmeagait

+ Power Consumption & 1 MHz, 3V, and 25°C for ATmegaiGL

— Active: 1.1 mA
— ldle Mode: 0.35 mA

— Power-down Mode: < 1 pA

8-bit AVR®
Microcontroller
with 16K Bytes
In-System
Programmable
Flash

ATmegal6
ATmegal6L

Rz, 2488 T-ANR-O7D
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40 £ Function: Bit7=0ut Bité=0ut BitS5=0ut Bitd=0ut Bit3=0ur Bitl=0ur Bitl=0ut Bit{=0ur M| |3
4] DDRB=(1<<DDB7) | (l<<DDB&) | ({l<<DDB5) | (l<<DDB4) | {1<<DDB3; | (l<<DDB2) | (1<<DDBl) | (l<<DDBO);
42 A State: Bit7=0 Bite={ Bits=0 Bit4=( Bit3=0 Bitl=0 Bitl=0 Bit(=0
43 PORTB=(0«<<PORTB7) | (0<<PORTB&) | (0<<PORTBS) | (0<«<PORTB4) | {(0<<PORIB3) | (0<«<PORTB2Z) | (0<<PORTB1l; | (0«<<PORIBO); ¢
44 |
45 A7 Port O initialization ¥
i A Function: Bit?=In Biteé=In BitL=In Bit4=In Bit3=In Bitl=In Bitl=In Bit(=In .
47 | | |DDRC=({0=<DDC7) | (0=<DDC&) | (0=<<DDCS) | (0<<DDC4) | (0=<DDC3) | (0<<DDCZ) | (0=<DDC1l) | (0=<DDCO);
48 £ State: Bit7=T Bite=T Biths=T Bit4=T Bit3=T Bitd=T Bitl=T Bit(=T
49‘ PORTC=(0<<PORTCT) | (0<<PORTCg) | (0<<PORTCS) | (0<<PCRTC4) | (0<<PORTC3) | (0<<PORTCZ) | (0<<PORTC1) | (0<<PORTCO);
50 :
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53 DDRD={1<<DDD7) | {1<<DDD&) | (l<<DDD5) | (0<<DDD4) | (0<<DDD3) | (0«<<D0D2) | (0«<DDDLl) | (0<<DDDO); £
54 ‘ £ Btate: Bit7=1 Bité=0 Bith=0 Bit4=T Bit3=T BitZ=T Bitl=T Bit(=T
I55 PORTD=(1<<PCRID7) | (0<<PCRTD&) | (0<<PORTDS) | ({(0<<PCRTD4) | (0<<PORID3) | (0<<PORIDZ) | (0<<PCRID1) | (0<<PORTDO);
|96 z
57 | | (while (1)
58 [H {
58 | £ Place pour code here .
| &0 PORTR . 0=1;
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n: Bit7=0ut Bité=0ut Bits=0utr Bit4=0ut Bit3=0ur BitZ=0ut Bitl=0ut Bit({=0ut
DB7) | (l<<DDB&) | (l<<DDB5) | (l<<DCB4) | (1<<DDB3) | (l1<<DDB2) | (1l<<DDBl) |
Bit7=0 Bité=0 Bit5=0 Bitd=0 Bit3=0 BitZ=0 Bitl=0 Bit(0=0

PORTB7) | (0=<PORTB&) | (0=<<PORTBS) | (0=<PORTB4) | (0<<PORTB3) |

{1<=<DDBO) ;

(0<<PORTB2) | (0<<PORTEL1)

Iinitialization
n: Bit7=In Bité=In Bit5=In Bitd4=In Bit3=In FBitZ=In Bitl=In Bit{0=In

DC7y | (0=<<DDCe) | (0<<DDC5) | (0<<DDC4) | (0<<DDC2) | (0«<<DDCZ) | (0<«<DDCLl) | (0«<<DDCO);
Bit7=T Bité=T Bit5=T Bit4d=T Bit3=T BitZ=T Bitl=T Bit(=T
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Iinitiglization
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@Cnnfigure DD7) | (l=<DDD&) | (l<<DDDS) | (0<<DDD4) | (0<<DDD3) | (0«<DDDZ) | (0<<DDDl) | (O<<DDDO);
EXT [/~ State: Bit7=1 Bité=0 Bit5=0 Bitd=T Bit3=T Bit2=T Bitl=T Bit0=T
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3¢ |
57 | | |while (1)
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&0 | PORTA _0=1;
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(Q<<PORTDD) ;

switch
[ad-}

switch
[

woid n

Insert




... protues 38wl 7l o S (e aSaiall ) calal) 1aa Jas 2

aul s ¢ file Leie JUia LS elat Jia oSaiall e (4 je Jaii
alall

. ed essicnal - atic

File Edit View Tool Design Graph Debug Library Template System Help

NEES AL GE@EARR-B 0 A +(+QQAQQ ¢ ¥R TEEAE QAER, [T AAL DED R

1 Schematic Capture

kJ c K Edit Component ? >
L
i [:\‘:-) i—' , Part Beference: | Hidden: []
| Part Value: [ATMEGATE | Hidden: [ Help
- Bement: Hew Data
3 _ DEVICES | . .
3 MA‘IG | PCB Package: |DiL40 |[B8] Hde | || HiddenPins
Bl'E CRYSTAL Program File: [ [ (e mr > | [ Edit Fimware
[ LED-BLUE
= RES CKOPT (Oscillator Options) (1) Unprogrammed ~ | |Hide Al i Tl
e
D BOOTRST (Select Reset Vector) (1) Unprogrammed ~ || Hide Al v
i
5 CKSEL Fuses: (0007} Int.RC 1MHz ~ || Hide All W
@ Boot Loader Size: (00) 1024 words. Starts at 0« 1CI ~ || Hide All w
P 1 SUT Fuses: {00) | HdeAl -
@ Advanced Properties:
/ Clock Frequency w |[Defa|.||t} Hide Al ~
O Cther Properties:
2 ]
o
A
| [] Exclude from Simulation [] Attach hieranchy module
'EP' [] Exclude from PCE Layout Hide common pins
Exclude from Current Variant [] Edit all properties as text
T - = = =e S T
| || COMPONENT U1, Value=ATMEGA16, Module=<NONE>. Device=ATMEGA16. Pac | x: 2000 y:  =100.0




L) - g x

File Edit View Tool Design Graph Debug Library Template System Help

DEEN AT #WG@AER-B0 B+ +8962 D¢ | EhE EEEH X2, #E BB E

~ ¥ Schematic Capture %

g I »
El o : l_“_ Edit Component ? X L
D i,:D #® Select File Name i
D» o) I
- 1 Look in: | || blink led v @eFemEr i
% Mame . Date modified Type Size A
i i Debug 4/28/202211:56 PM  File folder [
i - | Quickaccess Project Backups 4/28/2002 1207 AM  File folder |
= LED-BLUE - Release 4/28/2022 11:26 PM  File folder t
N RES [ ted_blink.cof 4/28/2022 11:56 PM COF File 1KB i
- Desktop [
o i
= o i
@ Libraries L
43 i
2 @_n :
y This PC E
o e '
® L
Metwork [
o i
7] L
A i i
i
* y ;
File Edit View Tool Systern  Help File name: led_blink v| | Open 1
DEEW| & 4@ D@ R EEEE &t s [E R Flesoftype:  HEX, UBROF, COFF, ELF or OB Fes [ | v | Cancal ||
$ Schematic Capture 3 | = ‘ i ™
F 1 Edit Component ? x —:ootsheeﬂ
Part Reference: |U‘I | Hidden: []
Part Value: [ATMEGA1E | Hdden: O0 | [ g, i
Element: |_New — =
D ata ]—
- PCE Package: |D“-4D ~ “ﬂ Hide Al ~ Hidden Fins j
i v Program Fie: [led_biirk.cof [ lige s~ | [Ecit Firmware
== LED-BLUE ed b ] ide A
= RES CKOPT {Dscilator Options) (1) Unprogrammed || Hide Al " Cancel
. = e
l:; BOOTRST (Select Reset Vector) (1) Unprogrammed ~ | | Hide All ] i
5 CKSEL Fuses: [(0001) Int. RC 1MHz Ve e ~
@ Boot Loader Size: (00) 1024 words. Starts at Be1CH v | [Hide Al v
Vs SUT Fuses: | (00 e ~ || Hide Al j‘
@ Advanced Properties: r i
- Clock Frequency + |[Defaut) |[Hdem  ~|
% Cther Properties: n:
3 -
[¢4]
A
[ Exclude from Simulation [ Attach hierarchy module
‘*’ [] Exclude from PCE Layout Hide common pins
Exclude from Cument Variant [ Edit all properties as text




® blink_led - Proteus 8 Professional - Schematic Capture — >
File Edit View Tool Design Graph Debug Library Template System  Help

DERS ALY H4EHEER=-BR @ RBFE &+ 468 aq % B = Y% & A
H Schematic Capture
C L
3| FJ
] E K .)_J “ oo
i
= 1 M DEVICES
" PRL)
T CRYSTAL b U1
LED-BLUE -
= RES ——1— 2] RESET PCO/SCL :f‘g
- 10k T PC1SDA [
1 o] XTALY PC2TCK |52
o XTALZ FCITMS
4 R1 FC4TDO |—=
™ —+— g" PAQIADCO PC5TDI :g
@ 330 Zgv] PAT/ADCT Poamosct |5
= Pazianc2 FCTITOSC2
PAZ/ADCS
7" D1 i. FA4/ADC4 POORXD .'11;
@ 4a| PAGIADCS PDATXD [o=e
LED-BLUE “3e| FAG/ADCE PD2INTO ==
" PATIADCT POIINT f——
PD4IOCTE f—m
L] ;: PBOTOIXCK PDS/OC1A :13
@ —_ 5] FBATI FDEICF1 [558
- <5 PE2IAINOINT2 POTIOC2
: FBSAINTOCD
L 5 =
= Feess
4] —5 FBSMOsI -
FREMISO amerF =
A 28 FETISCK avee =
= ATMEGA1S
P P Il B | © 5Messagels) | ANIMATING: 00:00:04.800000 (CPU load 10%) x:  -47000 y:  -2300.0 th

12:09 AM E
2

€ 4072022



Dt WS Jrdi ) ALl 3 )lall e Jaaedy o
w589l (» push button  Jbss

[ ] on atic (=
File Edit View Tool Design Graph Debug Library Template System Help
NEES AL G @G ER-E @ B+ +QQ4Q4Q D¢ | ¥on@l| = 1S, (@ BRABED R

KSd'ﬂrﬂich)lu'e b4 |

¥ Pick Devices ? >

.—-[ Keywords: Showing local results: 4 Preview

L3
1
by

| push button | Device Library Description Analogue Primitive [RTSWITCH]

Match whole words? [ ACTIVE SPST Push Butten
. Ds1802 MALKII Dual Audic Taper Potentiometer With Pushby
Show only parts with models?
[P ow only parts with models? L] | o5 MAXIM Dual Audio Taper Potentiometer With Pushby
Category: D518025 MAXIM Dual Audio Taper Potentiometer With Pushbu

CRYSTAL - -D—
(Al Categories)

LED-BLUE

RES Microprocessor ICs _O 0—

Switches 8 Relays

+ 1 7o

0o e F

o
S

Sub-category: PCEB Preview

(Al Sub-categories)
Peripherals
Switches

Manufacturer:

(Al Manufacturers)
Maxim

+O-8U0@EON\N LSO UE

. NI

b b Il M | & 11Messag..  ROOT- Root sheet 1

12:12 AM

ENG




N\ . -~ X
File Edit View Tool Design Graph Debug Library Template

DEEN A4 EERER-R|@

T = .
J Schematic Capture X |

System  Help

#|4RQQR D¢ YRR EEEAEH QLRSS [E 8% RBELR

o, . N
'\~ LN 5 hd \ : ! \ : \ ’ ! v v o4 N 3 Pick Devices 7 %
L; < 9 . e 9 < + D Keywords: Showing local resuis: 4 Preview
+ [push button | [evice Library Descrption Analogus Primitive [RTSWITCH]
Lol ] ! S \ . - Match whole words? (] | NIRRT PST Push Button
t show only parts it modes? [ | D51802 MAXIM Dual Audio Taper Potentiometer With Pushb
43 @M 6‘ . e o orly parts i mocee? L1\ 1 cepoe MAXIM Dual Audio Taper Potentiometer With Pushb
L DS18025 MAXIM Dual Audie Taper Potentiometer With Pushb
CRYSTAL
T st Crtegoren 1
= RES Microprocessor ICs -0 Oo—
- Switches & Relays
s
|
%\ Sub-category: PCE Preview
(All Sub-categories)
A Peripherals
o Switches
@
i
®
(All Menufacturers)
" Masim
< >| & ok Cancel
U - —
® blink_led - Proteus 8 Professional - Schematic Capture ) 11 Messag.. ~ ROOT - Root sheet 1

File Edit View Tool Design Graph Debug Library Template System Help
DEEY ai€4«w@dBn-B1@O +

_ﬁSchemdichJlu‘e )4 |

EANE Tl A DR EEs P

c L |
2
- ! Ly
=
o t [ TERMINALS
DEFAULT
¥ INPUT U1
OUTPUT R2 a = —
BIDIR RESET PCOISCL —o——0
- NER 10k = PC1/SDA 22
4 GROUND = xman PC2TCK [—=
ﬁ CHASSIS —— XTALZ PCATMS [—==
R1 =2
DYNAMIC i PC4TDO [—==
] BUS { } = Pacianco pesmol (—=22
@ NC 230 o e PEBTOSCT [—=
== Paziapc2 PCTTOSC2 =
A = PA3IADCS o
D1 <2 Pagiance FDORXD [—=
= =2 FASIADCS FDUTXD [—=
LED-BLUE 22 ] pagiapce PozNTD —2
. 2 paziancy PD3/INTA %
3 FD4/DCTE f—=
= — PBOmONCK PDSIOC1A [——
@ L % PB1T PDA/ICP —22‘13
- —— FBZ/AINOINT2 PO7IOC2 [
i — pa3raNIOCD
] 2] raaSs A
@ % PBSIMOS! =
A ——| Peemiso AREF [—2=
— pe7iscK Avcc
ATMEGA1S
-




LUST oLy Ada (3l jf ddls Aslesb \ AL A gad A%
PIN Jawdl 40UST oLty &= ¢ If 49 R LI
L ~ ~ o4 s~ Lo ~
P
JA A ae Jaladis LY
- mEn &
£X CodeVisionAVR - C:\Users\ALA' A\ Desktop\blink_led\led_blink.prj - x
File Edit Search View | Project Tools Settings Help
- = E— o i — -
v ) &~ ke b § & Check Syntax B X F| G '_;_;ﬂ&"‘mﬁl{_;{}{“‘ E?I@'D‘@@\e\uwxa T
"3 Compile F9 | & L B b P [
TR LAY LI A N Y Y LT
*_ % 4| Build Shift+F9 r 1 B - g
£ T
6 =23 piiilg Al Cirl+F
[E] Code Mavigator = = B &3 = Start Page 4 p > v QX - 3x
¥ CodeVisionAR < Clean Up : . _ if ()
= ) Praject; led_blink — i
T N
el 5 Notes @ Information . — -
J led_biink.c ) - - PORTB7) | (0<<PORTB€) | {0<<PORTBS) | (0<<PORTB4) | {(0<<PORTB3) | (0<<PORTEZ2) | (0<<PORTBLl) | ({0<<PORTBO); ~ | |[1E O
Headers & }
mega'IE.h = i Iinitialization ..
R megal B_bits | i n: Bit7=In Bité=In Bits=In Bit4=In Pit3=In Bitl=In Bitl=In Bit0=In do {
3 Fst Files - DC7) | (0=<DDC&) | (0=<<DDCS) | (D=<<DDC4) | (D=<<DDC3) | (0<<DDC2) | (0«<=DDCl) | (0==DDCO); 1
led blirk.asm e l Bit7=T Bité=T Bit5=T Bit4=T Bit3=T Bir2=T Birl=T Bic(=T while
: led_blirk.lst | 1 - DORTCT) | (0=<BORTCeE) | (0<<PORICS) | (0<<BORTC4) | (0<<BORIC3) | (0<<BORICZ) | (0=<<PORTCL) | (0<<PORTICO); while
led_blink.map | Notes el . }
..... 3 Dth;F”BS . _ |ipitialiszation
[ E : . P s e niceets B rn Bitz=Tn Bizi=in Bo=im
lﬂ'~. prorttnaf'-]ew CodeVisionAVR PrDJECt .r.'.H.E_t* TC';:* .E.I:'E—QH? B.T.*:-—(_?Lz* E{*# In Bit3: _?'r ..f.-.?_t“' In E-Tt_z.,.j—ﬂ ﬂSztu'.? I.?" o ) for |
DD7) | {1<<DDD&) | {(l<<DDDS) | (0<<DDD4) | {(0<<DDD3) | {(0<<DDD2) | {(0<<DDDl) | {(0<<DDDA);
EE Export to CodeVisionAVR Extension for Atmel Studio Bit7=1 Bité=0 Bit5=0 Bit4=T Bit3=T BitZ=T Bitl=T Bit(=T }
i o E DORTD7) | (0=<<PORTD&) | (0<<PORIDS) | (0<<PORTD4) | (0<<PORID3) | (0<<PORIDZ) | (0<<PORTDL) | (0<<PORTDO);
&= Configure switch
&7 while (1) cz
o
III {
5g A Place pour code here switech
|ﬁ|J if (PINC.0==1){ o3
£l PORTA|.0=1; -
52‘ } woid o
63 }
|ﬁ4 !
65| |1
o« T | W

@ Meszages
O Enos A W ahings

Meszages  Terminal

61:12 Maodified Insert  Cede Infermation may be incomplete, as the file was modified since last Compile/Build




® blink_led - Proteus 8 Professional - Schematic Capture — >
File Edit View Tool Design Graph Debug Library Template System  Help

DEEHA QA HE@FREE~B @ @+ $88 84 B3 5 ¥

H Schematic Capture

el
o
[

i
=

[ TERMINALS

E DEFALILT
INPUT U1
QUTPUT R2 8
— BIDIR - 1 - 2° | REsev PCOISCL :g
- POWER 10k T PC1/SDA [52
GROUND 5a] XTAL1 PC2ITCK 5=
R (oo R1 — e e
[ EEQAMIC — x" FAQIADCO PCSTDI :g
@ 30 35 P& ADC PCBMTOSCA =
<= Fazianc2 PCTITOSCE
Vi =qn| PASIADC3 il
D1 =c5| PA4/ADCA PDORXD [
) = PASIADCS PDATXD ==
LED-BLUE S5e| FABIADCH PD2/NTO (===
/ n PATIADCT PDINT1 [===
" PD4/OC1B ==
O ~+| FBOTOIXCK FD5/0C1A [2—==
o = = PBAM1 PDSICP1 |55
- 5| PEZAINOINT2 POTIOC2
3 | FE2AINTOCD
— PBaisE
4] =5| PESIMOSI -
A o] FEBMISO AREF [—==
FET/SCK ANCT
= ATMEGA1S
-

P P Il M | © 5Messagels) © ANIMATING: 00:00:04.550000 (CPU load 19%) x: +17000 y:  +1100.0 th




Gaob die (&8 138 5 A0 1 3add (aday s Al 1 sadl flasher (e s Al Jaad o &I Jasaty o 685 (o g (Y]
delay _ms() sl ddlcaly o Sl Jans g 2l adadll 5 Jua o) 4 3l Jana Jal (10 delay 4oSe 48l

b LS source file alaiul s PORT ) JS dae y aob (e WliSy o 58 (i gus il
source file LU new 4aild (.
NO e baally o 58 ¢ sacluadl jla 2aUY (S file 4aild (e project file _Lial a6 Yl (S

™% You are about to create a new project.
' Do youwant to use the CodeWizard AVR?

£X Code
Eile Edlt Search View Project Tools Settings Help
5 uvHH4 % %[0 M- I EIEEYA 5 & @ ©- @ -8
&aawﬁa T RE “‘“-:-‘n'ioi@- [@ f-rg a_ E LI YL EREY YLD
l@'_jamlﬂlﬁ,%,
[E] Code Navigator = I X [ g Codelnfo.. » X | 0 X Siat Page
E\:}é Codetiziondi R Start
..... I Mo F'ru:uj,au:t New Project
...... Wl DthEr F||ES .:'FE"L :":J-'E':-.
Open Example Project
Recent Projects
oPe Confirm »
12




\ . . - N I3 Bt . L
1 \ 3 JA]\M\.L:S;M@}M\?S&A\&}AQMMQ;\M
\\ File Edit Search View Project Tools Settings Elp
\ -0 2 - bl bl 3% 98 % [ [ = . ¥
T YEETEE ov|o[se

e

Create New Project X
Code Mavigatar = ¥ [ 2 £k d
CV CodevisiontvFi Savein: | || blink_led ~] & ¥ > m-
e 1) Mo Project ~
| Other Files ' MName Date modified Type
Debug 4/29/2022 11:28 PM  File folder
GidsEse Project Backups 4/29/2022 12:30 AM  File folder
- Release 4728/2022 11:26 PM File folder
3 £ led_blink 4/29/2022 11:29 PM  CodeVisia
on Desktop £X ledblink 4/28/2022 11:25 PM  CodeVisio
m
3 Libraries
3
12 'a
This PC
- 3 >
Metwork
File name: |Ied7b|ink2 ~ | | Save
Save as type: Project files [y qu 1 ~ Ca__ncel
Keep Start Page Opened After Loading Project

L W IE R S O S =N S T i e N S =B W e | BT @ e & W
RA 488 B2 2R2ov0/00aes|»ih =40l e. BacHw.||@5% G

IR EF R EEE
nde Mavigator = = B2 [ Codelnfn. = B2 F B 2 Sta Paoe
Codetisiond R Start
A Mo Project MNew Project... el Mew Project: led_blink2 =
i Other Files Open Project...
Open Example Project.. Device Selection
. M arme: Drevice Info:
Recent Projects
led blink ATmegal 280 -~ FLASH zize: 16K butesFdbd
— ATmegal 2800 zize: 1024 bytesEEPROM zize:
2 ATmegal 2281 512 bytesl/0 pins: 32Timers:
on ATmeoal 281 Swfatchdog: YesUSART(=):
c ATmegal 284 1T vesSPIl YesUSIE
rode ATmegal 284F MallSE: MoCaM: MaaDC:
20 ATmegal 284HRFR2 YesDAC: Nofnalog
Comparator: ves
I 3 ATrnegal B
1 12 ATmegalBL
ATmegal EHWE
ATmegal &1
ATmegalBUZ2
ATmegalEU4
ATmegalBOE
ATrmegalB09
ATmegal B2 &

C Source File:

led_blink 2. |

[A Keep Start Page Open

deszages

Errors | £8% Warnings |




calall 4Ly configuration 4 ela

File Edit Search View Project Tools Settings Help

J | -0 2 - I B € x| | 2R B ,|J<q—"1 = | = 7| B8 Configure Project led_blink2.prj x| B | L= B
g [= ‘ ‘ o _.-'. e . - . 5
Jﬁ LB W "’|J S T A |& Q&b | (] | Fites C Compiler | Before Build | After Build E:M | @ .
J B I?I‘_I:T| I || (& °HL:|<T>| El ||E. = v| Input Files Dut_pit Directaries | - ki
Code Mavigator = = B 3 B GHEREATILIR g aea [ > [Haotes Start Pags El-[] C:\UsershLaasD esktophblink_lediled_blink 2. prj
E\}; CodeVizionAy R o4l AN o[ led_blink2.c _
----- [ Project: led_blink2 ~
f[ 5] Other Files Le - add
| EETHEE
.| ' clie Fil= | ==
el ez Kl ey
e G
|
I
|
| |
|
" = = —— — o |
@ Messages OOUR: AT OOOCOOOCIHRC:. TR, et G OOCOUO SRl OO OO0 |
0 Errars .’i\‘. Wharnings |
|
tMezzages | Terminal E %  OE i | K Cancel | | @ Help |




2 Sl LUKl Ails yelail Source file <ale iy o 58 A

fX¥ CodeVisionAVR - Chllsersh\ALA'A\Desktophblink_led\led_blinkZ.prj
File Edit 5earch Miew Project Tools Settings Help

- g . T _| —

. ¥ Open Ctrl+ O &=y Project

m Reopen 3 —
H "E tri- ' {T} Ell_l—\_Ll gi -
bed sav @ Code lnfo... = 0 X
O t
s | |
FE Close All

w= Page Setup
1 Print Preview |

= Print Ctrl+P '

(«) Exit Alt+F4




- Ul ISl 8 LS BN o i e Ly gy 2 5SH) AUST e 8 dnda U el
| File Edit Search View Project Tools Settings Help

| ”'HHH*"J%EWCLH|%_'_“L' IELIGE
_n&ﬁfﬁa TR T I Y T NEY
LIRS E R

| Code Mavigator = * 8 X [gCodelnfo.. * 1 X | 0 X JEECERE Notes Start Page

=

GV CodevisionaVR | fafac RN 4 sershALA'AND esktop\ 2Mafac
= 1| Project: fafa 0 Includes OST _ ‘
_Iél__ Headers - fx Functions S ff: Ul 1 ] -
: ] delaph 1|l |#include <megalé.h> el il g Saiall 4ii€a le i

----- | megalbh 2’ tinclude <delay.h> = ’ . .Lﬁ\ e

- bl megalf_bitsh ’ 3)|H|woid main{) { u“‘“é")j G sle i
'é""_'- List Files | 4 | [PDER=0B0000000L; i )l Jawal) (33 yla e PORT I ddda 5 aaas

-] fafa.asm |l | [stare:

..... fafa lst g BORTRE=0BOOO0000L; PORTA <l o A d)‘ 3oLl
= ] fafamap Uy e 4 1o 3l jaldll 1321 » 5lilal
EI " Dther Files il e i A e d . :’—u T T

g delay ms(1000); Al go to dala e‘ﬁﬁ-‘-‘-‘t-.‘ Liad
...... "I fafa.c Ill'_'l goto ;t-art;
111
1271
| ]
™
| |




save asli.ai\éwgﬂmeugdd\ﬁ;ewﬁsei

£X
File Edit Search VYiew Project Tools Settings Help
“H.HIH* % %6 LqH B|REEAY % 6BE8|L o- @,@ Q|G O =
Hﬁgﬂ H-wﬁ-wv S n;u,n}gto e 4| |ETI m@% ,E'ﬁﬂ*ﬂ*@ .n.vn|@
R ER R
£X Save C:\Users\ALA'A\Desktop'blink_led\flasher.c As... x
[&| Code Mavigator =+ & X [ g Codelnfo. = 3 X PR X
E\}; CodeVfiziondi/H L] untitied. o Savein: | blink_led v| @ ? * - -
- 1l MoProject - fx Functions s
EI Other Files ¥ * Mame Date modified Type
""" |y Masher.c | 1 . Debug 4/29/2022 11:28PM  File folder
I Project Backups 4/28/2022 1230 AM  File folder
ld E . mReIease 4/28/2022 11:26 PM  File folder
5 | flasher 4/29/202211:34 PM CFile
i E Desktop ~|led_blink 4/29/202211:28PM  CFile
g M
(10 Libraries
11
12
3 [‘4
|14 This PC
15
1174 e 3
| Metwork
i | File name: flasher V| | Save
- Save as type: |C Cnmp?ler source file *.c) w Cancel
L ‘_ - .




EX CodeVisionAWR - C:\Users\ALA'A\Desktop\blink_led\led_blink2.prj

File Edit Search View Eroject- Tools Settings Help

Ty T [ H H % Check Syntax
o3 .
LEELY P G
Gy Build

E =
= & 5 823 Byild Al
Code Mavigator = = & i;i _ompilatic

[S¥ CodeVision®VR < Clean Up
el Project: led_blink2
(=~ 1 Other Files
| ) Hasher.c
@
D
& Motes

Configure

F9
Shift+F3
Ctrl+F9

14

| Export to a Mew CodeVisionAVR Project
B Export to CodeVisionAVR Extension for Atmel Studio

ALY LYY rE

tart Page

atmegalé_h>
delay.h>
!

0B00000001)
Qoo001;
00017
00a) 7

00007
00a) 7

configure LS project 4@ (e

“% |5 8 §|F| -0
B EE|

— lrmwik Eile Clasbeuak Diiecbor -l |
Add File to Project X
ct
Look in: | | | blink_led v| @ @ & E-
* MNarme 1 Date modified Type
. Debug 4/29/2022 11:28 PM File folder
Quick access Project Backups 4/29/2022 1230 AM  File folder |,
. Release 4/28/202211:26 PM  File folder =
Eﬂasher 4/30/2022 12:20 AM  CFile
Desktop “led_blink 4/20/2022 11:28PM  CFile |
J Mjled_blinkl 4/30/2022 1219 AM  CFile
™ juntitled 4/29/202211:58PM CFile
Libraries Fe
This PC |
Ea < 3
MNetwork
File name: flasher V| | Open |
Files of type: C Compiler files {*.c) ~ Cancel




|[@= Configure Project led_blinkz.prj =< | ® | <> €

Files C Compiler  Before Build  afer Build e | @ -
il W —, =

— iy ) (Sae) o stlaal) Calal) Caa

ey . (JsY) project J) <aley allagiul

O 55 ) Bl ae alall Ly )

e baai project Aalall (pds (&

LuSoe) e ad 68 a4 s Build all

- ox % concet | [ @ e

£¥ CodeVision&WR - C\Users\ALA' A\ Desktoph2\fafa.prj
Eile Edit 5Search Niew | Project Iools Settings Help
I i
- ) = = I B § 5 Check Syntax F * B &

# & % Compile Fo
Hﬁﬁ;n-}swvn;__ ] E]mvﬁi
gg Build Shift+F%

A F =
5 .
== G =3 FNEE Ctrl+F

[E Code Mavigator = ~ B &3 © Compilatio

S¥. CodeVisiondyR < Clean Up
= 1 Project: fafa - —_—— — —
IT:I---H, Headers @ Information
i b delaph T —— megals . h=
o] megalBh @R aMext Error delay.h>
L bl megalB_bits.] D cot . M
-0 List Files . . 00001;
-] fata.asm P 5
li, fafa.lst 4 Go't S arnir 333?01.
L] fafamap - X . .
(=1~ ] Other Files & Motes a00000;
il SN i Qoo
e J fafa.c A
| Export to a Mew CodeVisionAVR Project
|E Export to CodeVisionAVR Extension for Atmel Studio
Configure



-
File Edit Wi Tool Design Graph Debug Library Template System Help

L U v - S R R | e B | &

3 Schematic Capture ¢

DS R | S g R

k. C
== - | ,EI:' ++ | Drag Object
= | o i L & | Edit Properties Ctrl+E
= P | Delete Object
o T =2 DEVICES c| Rotate Clockwise Murn--
ATMEGATE RrR1 L "} | Rotate Anti-Clockwise Mum-+
diE BUTTON d [ -
LED-SREEMN — | RES=h ®_* | Rotate 180 degrees
= = 5 :g HTALY |4—>| X-PAirror Ctrl+ M
I
a R2 e T v-Mirror
{2 —:l—;g PADIADC = -
[ 330 == FPA1ADC % Cut To Clipboard
PAZIADCE
()] 2. ] Faamoca Copy To Clipboard
D1 e PALIADCS . . W
= PasADC 2 St
i LED-GREEM JETI E ADD: L4y = S
= 2] parrapcr Goto Part in Design Explorer
4 ; PEOTOGCK 1> | Highlight Part in PCE Laycut
PBA/T w L i
- e = | FEzAINDINTZ ¥ = Sheet
(] 2z = PEAINI/OCT i =
= FB4/SS 2
HE E FBSMOSE S 3
r FEESMISO —
i & Display Model Help Ctrl+H
A ATMEGA1S F
@ Display Datasheet Cerl+D
Eh 1 | Show Package Allocation
* Configure Diagnostics
|:|‘>" Make Device
ﬁ Packaging Tool
)"’ Decompose
=ssage it the object or label being poirt: at. i ource Code .
> 1» Il =] & om (s} : Edit the obj label b ed Edit S Cod }00.0

I':i.le Edit View Tool Design Graph Debug Library Template System Help - CRYN
DERSBAEDECRD T4+ QAQ0Q D Kb EEEE Qs [T 6% 0R os g il ) Laey Jain

I Schematic Capture ¢

- L g . . . .
P Edit Component ? > J
S N . = 5 - - g J
T .\‘:-) fl:l Part Reference: ’i | Hidden: [] = . . ® - \
& 0 " ¥y Part Value: [ATMEGAT6 | Hidden: [ Help 1— It LM—‘}
= - Element: Mew Data .
3 . ~ " sy sl -
M DEVICES (@ S Q 1.5

ke EM:EM - PCB Package: [DiLao ~ Hide Al ~ Hidden Pins d.J.AA—\ A

R1
¥ BUTTON C—F— Program File: [[\2¥afa cof =] | Hide au P | [Eacrimmare
= LED-GREEM ok
S R CKOPT (Oscillator Options) {1) Unprogrammed | |FRd= A Cancel
- : -~
l:f R2 BOOTRST (Select Reset Vector) (1} Unprogrammed ~ | | Hide All e
3 ——1— :
%Elw - | CKSEL Fuses: (0100} Int.RC 8MHz ~ | | Hide Al ~ 1
@ Boot Loader Size: (D0) 1024 words_ Starts at Ox1C1 ~ | | Hide All ~
» D1 SUT Fuses: (00) v || Hide Al I

LED-GREEN
@ Advanced Properties: L
/ Clock Frequency ~ |{Defau|t} Hide Al ~
g e Other Properties:
Oy
0 |
A ]
E [] Exclude from Simulation [] Attach hierarchy module
‘E’P [] Exclude from PCB Layout Hide common pins

Exclude from Current Variant [] Edit all properties as text




wJ.x.-a” uLaSJu.a.”.d:bLo

cadoill jolao &1 jgi ol a3adl jolas
AVR alslel)




OV egdlaall i ga ) (lela) ciliige sae ) zling cleSatiall zal o & i) adaiil
alial (go a5 (& z iy Jaladly « ADCJ Flashdl (RAM
Bl 8 Leasins Al 5 A
SSatdl) Jae i g adatl QI a4 ) cilial) Jans psiy 53 il gus o (o
. J&il 1 Crystal Oscillator (i I yigall
2y s w =) s abiag g agle Yigall Aad 35a 5 oD sae
= XTAL2 5 XTALT (input) ¢kl 3 5 )
w’% Fabs Alion S 33k e 5 le ieall 13 ¢ (Output)
2 Lovie. (<l 3 ial) il aat O e 5580 Ll
- (hnd Sall Lyl 5 ¢ 55) <l 5 aga Lgpdans
4N .5;1 o s gl hiall i e (<l ) 53
$ F N e e il el 1 Sl A s
© =8) 4alina Gle Ll g ¢ lan Aaids Leia 45 64l 3 alall
).\.@_,d \eaadm;u.o&)mj\ J,-Jﬁédj( ..... -16
data sheet J2& (a5 (Oaze pam 2Sa) by S

XTAL1

GND




3 -~

(o JB) Ay (Sl Gliayi gllacly o 688 oSatiall Jala s pla 2850 RC AR igall
ﬁé‘;;m\}e_d\skqv5a@;j253)\}i\;ﬁmM‘@J\A\Q@Jﬁ\

1.0MHz, 2.0MHz,
4.0MHz, 8.0MHz

at 5V and 25°C > 3%

XTAL2
4. External Clock
XTALA1
NC ——mMMM— XTAL2
GND
EXTERNAL
CLOCK XTAL1
SIGNAL
——  GND

. Jass Real Time Clock 48 ;&Y ¢ ¢ill s 5 :(External RC) RTC Jigall

TOSC2 5 TOSC1 ksl e

qar 4MHz CLOCK

External Clock




Sl e SSY Flasher



P | -~

s ol 25l

le Vi Ve Vi Luminous Viewing | |
max. typ. max. max. intensity angle ‘Wavolongth
Standard Red [30mA 1.7V 21V 5V [smoa@wmA 60* | 660nm

Standard | Brightred [30mA 2.0V 25V 5V | 80med @ 10mA | 60° 625nm |
YUYy r r ]
590nm

|

|

o

Type Colour

Standard Yellow [30mA |21V 25V 6V  32mcd @ 10mA | 60°

Standard | Green |25mA 22V 25V 5V 32med @ 10mA | 60° . 565nm
High intensity |  Blue [30mA |45V 55V | 5V | 60mcd @20mA | 50° | 430nm

Superbright | Red [30mA 1.85V 25vF5v 500mod@20mA 60° 660nm
Lowcurrent | Red §3omA 17V 20V 5V | Smcd@2mA | 60° | 625nm

- WU 8 Jlall roloVl (nakachl Ll : Ty max
wUmeJﬂwme'wb“M Vi typ
dewuswhsﬂmylwb“wl Vi max
MJWW@GJMWWMWI Vi max
mcd millicandela bl g bl 620 © Luminous intensity
. osloW &)l LulSail 4l; : Viewing angle

.. nm = nanometer »lall cpall axg0 J3b : Wavelength



(45)&14.“ ;\y":‘\j\) &.ﬁ:lh:
jﬁ:": ;q.l\l“ 5 ,lalll
lemes PORTC U1

L RT J e
z~PORTC 4! .

"V

[

XTALY
XTAL2

PAGADCD
PAADCY
PAADCY
PAYADCY
PAaLAOCA
PASADCS
P ALY ADCH
PATADC?

PBOTOXCX
BT
PEAINOWNT2
PEYVANLOCD
PE4SS

e SO AREF
PEYSOX AV

ATMEGA 1S

[t PEFREEEP ©

P

-




s el 3 g8l

#include <megal6.h> PORTC=0801000010;
#include <delay.h> delay ms(200);
void main(){ PORTC=0B10000001;
DDRC=0B11111111; delay ms(200);
while (1) PORTC=0B01000010;
{ delay ms(200);
PORTC=0B00011000; PORTC=0800100100;
delay ms(200); delay ms(200);

PORTC=0B00100100; }
delay ms(200); }
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&0 DORTC = OBO0OO0000L; 71 delay ms (507
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65 delay ms(50); TE PORTC=0BO1000000;
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71 delay ms(50); ) PORTC=0BOOOO1000;
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l 'Oporation
;L Max All Ports Current Sourced:
4 PIC 16F886 = 90 mA
ATMegal68P = 150 mA

A. Microcontroller's Port is used as a Current Source
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< PIC 16F886 = 90 mA
ATMegal168P = 150 mA

B. Microcontroller's Port is used to Sink Current
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#include <delay.h> i e 1

void main(void)
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PORTC=0B01011011;
delay_ms(25);
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disna §ygu0 g ANSI C - €99 dylimall 0L SUL £55 (Bytes suc) 55131 olgral | seimall J51s lgaisg s dadd Bl
slaal ol g3 glhall Jodally WAL ol yudall dad jles] oo Lialy Ll ¢1g3d int 2-bytes (16 bit) -32,768 = +32,767
’ 5 Slil unsigned int 2-bytes (16 bit) 65,535

' Float 4-bytes (32 bit) 1.2E-38 to 3.4E+38
Signed dad el Unsigned 40 o8l double 8-bytes (32bit) |2.3-308 to 1.7E+308
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DA ARyl alay o 685 bl JUa ) 3 gl

e 255 (A1 0 e pitl) 21 AL a6 el AUS 5 aSaial) e 40 pia Dlasila 8 Jua s
Al e 100 e JS Om ey spall PORT <o sl

z A PORTC O a1 el 30

42 A4 Function: Bit7=In Bite=In Bit5=In Bitd=In Bit3=In BitZ=In Bitl=In Bit(=In

43 DORB~(0=<<DDB7) | (0=<DDB&) | (0<<DDB5) | (0«<<DDB4) | (0=<DCB3) | (0<<DDBZ) | (0=<DODBl) | (0<<DCBO);

44 S State: Bit7=T Bite=T Bits5=T Bit<4=T Bit3=T Biti=T Bitl=T Bit(=T

45 PORTE={0«<<PORTB7) | (0<«<DPORTE£) | (0«<<PORTES) | (0<«PORTE4) | (0=<<PORTE3) | (0<<PCRTE2) | (0<<DORTEB1) | (0<<PORTED);
g

47 S Port O initialization
48 S Funetion: Bit?7=0ut Bité=0ut Bits=COut Bitd=0nt BitI=0ut Bitf=0ut Biti=0ut Bitf=0ut

49 DORC=(1<<DDC7) | (1«<<DDCs) | (1l«<<DDC5) | (1<<DDC4) | (l=<<DDC3) | {1l<<DDC2) | ({1=<<DDC1l) | (l«<<DDC0);

50 S State: Bit7=0 Bite={ Bits5=0 Bit4=0 Bit3=0 Biti={ Bigl=0 Bigi=0

gl PORTC=({0=<<PORTCT) | (0=<PORTCg) | (0«<<PORTCS) | (0=<<PORTC4) | (0<<PORTC3) | (0<<PBORTCZ) | {(0=<PORTC1l) | (0<<BORTCO);
52

53 S Port [ ipnitialization
T ¥ Funetion: Bit7=In Bité=Tn Bitbt=In Bitd=Tn Bit3=Tn BitZ=Tn Bitl=Tn Bitid=In

55 CORC=(0=<DDD7) | (0<<DDDc) | (0<<DDD5) | (0<<DDD4) | (0<<DDD3) | {(0<<DDD2) | (0<<DDD1) | (0<<DDDO);

Sa S State: Bit?=T LBite=I Bit5=T Bit4d=T Bit3=T LBit2=T Litl=I Bitl=

57 BORTC=(0<<BORID7T) | (0=<PORTD&) | (0<<PORTDS) | (0<<PORTD4) | (0<<PORIDZ) | (0<<BPORTDZ) | (0<<PORTD1) | (0<<BORTIDO);
S

54 for (counter=0;counter<=2Z00;counter++]

60 | {

gl |;GRTC=cuunter;

g2 delay ms(100]j;

63 |

64 !
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FAOFOTE L IRITIALIZALION

A Function: Bit7=0ut Bite=0ut Bit5=0ut Bit4=0ut Bit3=0ut Bitl=0ut Bitl=0ut Bit{=0ut

DDRC={1<<DDCT7) | {l<<DDCe) | (l<<DDCS) | {1<<DDC4) | (1<<DDC3} | (l<<DDC2) | {1<<DDC1) | (l<<DDCO);

ff State: Bit7=0 Bite=( Bitb=(0 Bit<=(0 Bit3=0 Bitd=0 Bitl=0 Bit{=C

EOATC={0<<PORTCT) | (0<<PORICE) | (0<<PORATCS) | (0<<PORATC4) | (0<<BORTCI) | (0<<BORTCZ) | (0<<PORTCL) | (0<<PORTCAQ);

Jf Port D initialization

/¢ Function: Bit7=In Bite=In Bith=In Bitd=In Bit3=In Bitd=In Bitl=In Bit{=In

DDRO=(0<<DDD7) | (0<<DDDe) | (0<<DDDS) | (0<<DCDD4) | (0<<DDD3) | (0<<DDD2) | (0<<DDDL) | (0<<DDDO);

/f State: Bit7=T Bite=T Bit5=T Bit4=T Bit3=T Bitl=T Bitl=T Bit{=T

PORTL=(0<<PORID7) | (0<<PORIDE) | (O<<PORIDS) | (0<<PORID4) | (0<<PORTD3) | (0<<PORTDZ) | (0<<PORIDL) | (0<<BORIDO);
while(l)

{

for (counter=d;counter<=235;countertt)
{
BORTC=11<<rounter);
delay ms{10Q);

}
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DAY B aad g e il cala gall selial) Canveal 313 A1aa5uL 5 while 4als aa Gl 486l 5 ) geay 4 HY)



a0
al
5d
53
24
33
a6
a7

]
u

59
&l
6l
fa
63
id
63
il
&7

=]
o

69
0
71

selialy) oladl Sl for ‘_r\sh e\dil.u\_) A S Jaaas

JF State: Bit?=0 Bite=0 Bit&=0 Bitd=0 Bit3=0 Bitd=0 Bitl=0 Bit{=0
PORTC={0<<BORICT) | (0<<PORICe) | (0<<PORICS) | (0<<BORIC4) | (0<<PORIC3) | (0<<BORICZ) | (0<<PORIC1) | (0<<BCRICO);

A Port D) initialization
/¢ Function: Bit7=In Bité=In Bit5=In Bit4=In Bit3=In Bitd=In Bitl=In Bit0=In

DDRD={0<<D0D7) | (0<<DDDg) | (0<<DDD5) | (0<<0DD4) | (0<<DDD3) | (0<<DDD2) | {0<<DDD1) | (0<<DDDQ);

A State: Bit7=T Bite=T Bit5=T Bitd=T Bit3=T Bitd=T Bitl=T Bit(=T

PORTD=(0<<BCRIDT) | (0<<PORTDe) | (0<<PORTDS) | (0<<PQRTD4) | (0<<PORID3) | (0<<BPCRID2) | (0<<PORTC1) | (0<<PORTDAO);
while(l)

{

far (counter=7;counter:=0;counter--)

{

BORTC=(l<<rcounter);

delay ms{200); }

for (counter=0;counter<=7;countertt)
I
FORIC={1<<rcounter);
delay ms(200);

I



Toggle Bit sx02 o, e
B Gl aig dana il 3 dossiisall goall Lasl o Toggle Bit daveydl dspall asi

55 g IJFMMUJQMWEMIEUUHLg,.u.'i'.-:.:.iﬂ-.'!ll—d.!‘:;.J.h.qJ1n..:.-.|| [ 4l
.thJE'imegﬂrdi*¢ﬂ1
Resgister ~= (1 << BitName);

3olgl 4 o¥uy) ks oy 1l blinking led . JLall jlazs| Lifa)y d2all ois alasiwl

E7
o= while (113
sa |= {
a0 jj A Plarsme proor code bers
6l | ifF (BPINC_0=—1) {
az PORTA~=({l<=DPORTA _0) ;
a3 delay ms {1005 7
64 | | 1
a2
|58 | | |[while (1)
|5-§| = {
ol | At Blare your ocode hers
a1 |[=] if (BPINC_O0=—1){ f\j\4e‘.ﬁ$1u‘..}
62 l BORTE _O=1;
(63 | delay ms{100) 7
ad | PORTE _O=0;
|65 delay ms (100) ;
|66 | | }
a7 |
6s | 1
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' while (1)
. {
csi@@f&mem“ﬂ g‘ﬂ‘i%&%’fﬁz // Place your code here
alec if((PINB&(1<<0))==0)ds¥! ¢ 4k y& yal 5l &3 : <<())==
(1<<0) 55500000001 &}l g B il sall e i 'f{((PlNB&(l 0))==0)
S Al ()5S lidall i vie il (g s Aulaall
PORTC |=(1<<0); 2al5 58 PORTC e ¢ all o5& PORTC|=(1<<0);
}
— 3 ¢l yals o sy if ((PINB&(1<<1))==0) I 1l if (PINB&(1<<1))==0)
({7 oS 13 SUd (1<<1) &b s 500000010 = B 4l sl {
ial oy b gracae QIS 13T Cumy Vol a3 L) ~ L) . .
C Al olal) Sl s PCO Ca_yhall }PORTC&— (1<<O),
| ‘ G da il A8y ) guiis if (PINB&(1<<2))==0)
' {
PORTCM=(1<<0);
' }
.. * )
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JaaS PORT plaai) U'b ‘}_u.h.l
s52al LED elilaly 1 s 324l LED Jaiiy asdy el S

.button bia 25 13 Jaadly jai 1384, . 15
#include <megal6.h>
#include <delay.h>

void main(void)

g {
e DDRC.0=1;
SROmOTS Start:

Canaan
e mal”

if (PINA.O==1)  PINAQss 3

L e A

= s { PORTC.0=1;

H== delay_ms(1000);

== - = PORTC.0= 0;
L delay_ms(1000);}

goto Start;
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PORTD il .8 PDO kil =a 5 ) JBa
RUP Ztaiah ad 5l aie jae Jedy Ja2eS
DDRD. 0=0;
PORTD. 0=1; PINDO (e d3lal ad ) daslia Jua g o

il Jaws .S PORTC il = Y Jba

okl JSI RUP ataiall il 2. glie Jad g JaoS
DDRC=0B00000000;
PORTC=0BI11111111;



YAEQE c—U da glaa Jordty galad) JEall 2 g5

_ﬁﬁ Mmair L
Ut | 1 ﬁiin-:lude <megalec.h>
(o= T :g ||:|R1 . | 2 finclude <delay.h>
- L e am vold main (void)
FCATDO 00 | 8 LED-RED .
PAIADCD POSTDN L2t + 5| ||DDRC.0=1; 1 4ale LS Jaa g2 Lual 58 PORTA
e el LRI " & |||PORTR.0=1; L AIR0AY &Y daglia Sl
PAYADCH - : . __ - y
PAUIADCH PDD.’RKD:—r’ e T o ariat PINA.0==0 k&) sy dllyyg
FABIADC POIMD (=== Can g if (PINA.0==0)
PABIADCH PORINTO = -
— PATIADCT PoaNT1 1 g =1
PO4OCIB (—=
PBOTONCK Puamcm:—lo .— =10 PORTC.0=1;
PEATY POBICP = ; .
PEZANOINT? FTIOG (- | g1l delay ms(1l00);
oG STt 2 /b ['|eoRTC . 0=0;
PBSMOSI BT T | 13 delay ms{100);1]
PEGNISO AREF [ | = =
PETISCK AICO == -14 goto start;
HIVEGATS e 15 L




225 ellisg Internal pull-up Jl ol J0ai o e ilbs 3 pasu o JLialllia 3
ieoo Slagalall fa sae 235 5 luas IS @Soviios 5LS 10 Blaglas 3 plasawl

lnid aslg aguls Lass @z PBO WBylally bazall plziall Ll bhaall @5 15) -
3213 2 Lads @z PB1 Bkl hazall Zlziall Lo baall @13 o
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22,
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—0——‘— TEX L pavarccy
T 2L ] pavADCE FOMRD —4
—_ 35| pAADCS FOLTXD —=
s . 1| pamancs poamro &
i pamanc? POAUNTL fble
PoLOCLE —1E
1| pEOTIVACK POWOCIA |2
Z 1 paum PoancPy —22
3_| pezAnImTZ PomOCz 22
! 4 | povanvoco
—] PELSE iy
[l '; PESMOSI 3
PEGWMISD AREF
) £ | parscx Awvce |2
q . ATMEGAILS

13) uw sna PINX Jowuilly 71Raall 3203 uwod adyll doglia il ssy i S35
zliia @J:.Mlms PINX=0b11111111 Jovuall 2513383 dadll asis
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PORTB (e Alalall ad )l e lia poan Jiadiy Liad o ¢ JAS Lgasen Jerdl PORTB il phal Judi o

S Bort B Initialization
S Fupnction: Bit7=In Bitée=In Bit5=In Bit4d=Tpn Bit3=In BitZ=In Bitl=In Bit{l=In

DDRB=(0<<DDB7) | {(0=<<DDBe&) | (0<<DDB5) | (0<<DDB4) | (0<<DDB3) | (0=<DDB2) | (0<<DDBl) | (0=<DDBO);
S Startae: Bit7=P Bit&=P Bith5=F Bit4=P Bit3=P Bit2=FP Bitl=P Bit{=F
PORTB=(1<<PORTB7) | (l1l<<PORTBe) | (1<<BORTBS) | (l<<PORTB4) | (l<<PORTB3) | (l<<PORTB2) | (l<<PORTBl1l) | (l<<BQRTBO);
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REEET 22
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. 43 1 s PCITOR 22
= E: k- PCITME 22
=325 < o POAMTDO =
=5 PAAOCT FOSTO 55
i S| PALIAOC POETOECT o5
—— Paamocs FCTTOECE [——=
Erl-REC FED 25| PAaROCs T
S| PeaROc POORAD [—=
=] PASIOCS POATHD =
— @ S| PAEROCE PORINIT [—=
= LED-RED —O —— PATIDCT FOUNT [— =
. PO4CCIB [
Y o e POSTC1A [
—C O = FEITI FDSICPI [—5=
~— PEEANIINTZ FOTIOCE A
N | —— PEARNITCO
L 5| FB4EE

—|= = PESMOCE 1=
- —5—| PE&MISD AREF |—=

—— PETEC Ao
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U1
RESET PCOISCL
PCUSDA
XKTALT PCATCK
KTALZ FCATMS
PCATDO
FADIADCD FCETD
FAUADC PCETOSCT
FAZIADC2 FCTITOSC2
FAZADCE
FAHIADCA FDIRXD
FASIADCS FD1TXD
FABIADCE FOZINTO
FATIADCT FOJINT1
FD4/OC1E
FEOTHNCK FDSIOCTA
FBAT1 FD&ICF1
FEZIAINGINT2 PDT/OCE
FBIAINT/OGCO
FB4/SE
FESMOSI
FESMISO AREF
FETISCK ANEC
ATMEGATS
Ut
RESET PCO/SCL
PCUSDA
HTALY FCATCK
KTALZ FCITMS
PC4TDO
FAADCD FCETD
FATIADC1 FCATOSCT
PAZIADCZ FCTTOSCE
FAIADC
PA4/ADC4 PDORXD
FASIADCS FD1TXD
FABIADCE FOZINTO
FATIADCT POINTI
FD4/0C1B
PBOTOMCK PDS/OC1A
FB1T FDSICF1
FEZIAIMYINTZ POT/OCE
FBHAINTIOGCO
FB4/SE
FBS/MOSI
FEEMISO AREF
FET/SCK AWCC
ATMEGA1S

n
R2
T} FAQIADCD
| | L
- R4 = 221 PatiaDCt
I } PAZIADC2
220
L . ==
] 9,
o—‘— PATIADCT
s -8 PBOMOXCK
o O FB/T1
| | FEIAINGINT2
FBI/AINT/OCO
u ] L
PB4/SS
FBESMCS
FBEEMISO
FB7/SCK

FDORXD
FDUTXD
PDZ/INTO
PD3/INT1
FD4/0OC1B
FDS/OC1A
FD&/ICP1
PD7/OC2

AREF

AVCC

ATMEGA1S

while (1)
{
if (PINB.0==0)
{ PORTA.0=1; }
else if (PINB.1==0)
{ PORTA.0=1;
PORTA.1=1;}
else if (PINB.2==0)
{ PORTA.0=1;
PORTA.1=1;
PORTA.2=1;
else
{ PORTA.0=0;
PORTA.1=0;
PORTA.2=0; }

}
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{
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}
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while (1)
{

if (PINB&(1<<0))==0)
{
PORTCA=(1<<0);

}
if ((PINB&(1<<PINB1))==0)

{
delay _ms(25);

}
if ((PINB&(1<<PINB1))==0)
{
PORTCA=(1<<0):
}
}
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void main(void)
{
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NN {i--;
delay_ms(200);
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}
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42 A4 Function: Bit7=In Bite=In Bit5=In Bitd=In Bit3=In BitZ=In Bitl=In Bit(=In

43 DORB~(0=<<DDB7) | (0=<DDB&) | (0<<DDB5) | (0«<<DDB4) | (0=<DCB3) | (0<<DDBZ) | (0=<DODBl) | (0<<DCBO);

44 S State: Bit7=T Bite=T Bits5=T Bit<4=T Bit3=T Biti=T Bitl=T Bit(=T

45 PORTE={0«<<PORTB7) | (0<«<DPORTE£) | (0«<<PORTES) | (0<«PORTE4) | (0=<<PORTE3) | (0<<PCRTE2) | (0<<DORTEB1) | (0<<PORTED);
g

47 S Port O initialization
48 S Funetion: Bit?7=0ut Bité=0ut Bits=COut Bitd=0nt BitI=0ut Bitf=0ut Biti=0ut Bitf=0ut

49 DORC=(1<<DDC7) | (1«<<DDCs) | (1l«<<DDC5) | (1<<DDC4) | (l=<<DDC3) | {1l<<DDC2) | ({1=<<DDC1l) | (l«<<DDC0);

50 S State: Bit7=0 Bite={ Bits5=0 Bit4=0 Bit3=0 Biti={ Bigl=0 Bigi=0

gl PORTC=({0=<<PORTCT) | (0=<PORTCg) | (0«<<PORTCS) | (0=<<PORTC4) | (0<<PORTC3) | (0<<PBORTCZ) | {(0=<PORTC1l) | (0<<BORTCO);
52

53 S Port [ ipnitialization
T ¥ Funetion: Bit7=In Bité=Tn Bitbt=In Bitd=Tn Bit3=Tn BitZ=Tn Bitl=Tn Bitid=In

55 CORC=(0=<DDD7) | (0<<DDDc) | (0<<DDD5) | (0<<DDD4) | (0<<DDD3) | {(0<<DDD2) | (0<<DDD1) | (0<<DDDO);

Sa S State: Bit?=T LBite=I Bit5=T Bit4d=T Bit3=T LBit2=T Litl=I Bitl=

57 BORTC=(0<<BORID7T) | (0=<PORTD&) | (0<<PORTDS) | (0<<PORTD4) | (0<<PORIDZ) | (0<<BPORTDZ) | (0<<PORTD1) | (0<<BORTIDO);
S

54 for (counter=0;counter<=2Z00;counter++]

60 | {

gl |;GRTC=cuunter;

g2 delay ms(100]j;

63 |

64 !
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FAOFOTE L IRITIALIZALION

A Function: Bit7=0ut Bite=0ut Bit5=0ut Bit4=0ut Bit3=0ut Bitl=0ut Bitl=0ut Bit{=0ut

DDRC={1<<DDCT7) | {l<<DDCe) | (l<<DDCS) | {1<<DDC4) | (1<<DDC3} | (l<<DDC2) | {1<<DDC1) | (l<<DDCO);

ff State: Bit7=0 Bite=( Bitb=(0 Bit<=(0 Bit3=0 Bitd=0 Bitl=0 Bit{=C

EOATC={0<<PORTCT) | (0<<PORICE) | (0<<PORATCS) | (0<<PORATC4) | (0<<BORTCI) | (0<<BORTCZ) | (0<<PORTCL) | (0<<PORTCAQ);

Jf Port D initialization

/¢ Function: Bit7=In Bite=In Bith=In Bitd=In Bit3=In Bitd=In Bitl=In Bit{=In

DDRO=(0<<DDD7) | (0<<DDDe) | (0<<DDDS) | (0<<DCDD4) | (0<<DDD3) | (0<<DDD2) | (0<<DDDL) | (0<<DDDO);

/f State: Bit7=T Bite=T Bit5=T Bit4=T Bit3=T Bitl=T Bitl=T Bit{=T

PORTL=(0<<PORID7) | (0<<PORIDE) | (O<<PORIDS) | (0<<PORID4) | (0<<PORTD3) | (0<<PORTDZ) | (0<<PORIDL) | (0<<BORIDO);
while(l)

{

for (counter=d;counter<=235;countertt)
{
BORTC=11<<rounter);
delay ms{10Q);

}

a8 330 ) counter e e\ail.ub. S PRSI L;};Y\ ol Bas ¢ 3elay L Chla gaall C'_\id..a 3 SI) A8t Aty
DAY B aad g e il cala gall selial) Canveal 313 A1aa5uL 5 while 4als aa Gl 486l 5 ) geay 4 HY)
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59
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fa
63
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63
il
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69
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71

selialy) oladl Sl for ‘_r\sh e\dil.u\_) A S Jaaas

JF State: Bit?=0 Bite=0 Bit&=0 Bitd=0 Bit3=0 Bitd=0 Bitl=0 Bit{=0
PORTC={0<<BORICT) | (0<<PORICe) | (0<<PORICS) | (0<<BORIC4) | (0<<PORIC3) | (0<<BORICZ) | (0<<PORIC1) | (0<<BCRICO);

A Port D) initialization
/¢ Function: Bit7=In Bité=In Bit5=In Bit4=In Bit3=In Bitd=In Bitl=In Bit0=In

DDRD={0<<D0D7) | (0<<DDDg) | (0<<DDD5) | (0<<0DD4) | (0<<DDD3) | (0<<DDD2) | {0<<DDD1) | (0<<DDDQ);

A State: Bit7=T Bite=T Bit5=T Bitd=T Bit3=T Bitd=T Bitl=T Bit(=T

PORTD=(0<<BCRIDT) | (0<<PORTDe) | (0<<PORTDS) | (0<<PQRTD4) | (0<<PORID3) | (0<<BPCRID2) | (0<<PORTC1) | (0<<PORTDAO);
while(l)

{

far (counter=7;counter:=0;counter--)

{

BORTC=(l<<rcounter);

delay ms{200); }

for (counter=0;counter<=7;countertt)
I
FORIC={1<<rcounter);
delay ms(200);

I



Toggle Bit sx02 o, e
B Gl aig dana il 3 dossiisall goall Lasl o Toggle Bit daveydl dspall asi

55 g IJFMMUJQMWEMIEUUHLg,.u.'i'.-:.:.iﬂ-.'!ll—d.!‘:;.J.h.qJ1n..:.-.|| [ 4l
.thJE'imegﬂrdi*¢ﬂ1
Resgister ~= (1 << BitName);

3olgl 4 o¥uy) ks oy 1l blinking led . JLall jlazs| Lifa)y d2all ois alasiwl

E7
o= while (113
sa |= {
a0 jj A Plarsme proor code bers
6l | ifF (BPINC_0=—1) {
az PORTA~=({l<=DPORTA _0) ;
a3 delay ms {1005 7
64 | | 1
a2
|58 | | |[while (1)
|5-§| = {
ol | At Blare your ocode hers
a1 |[=] if (BPINC_O0=—1){ f\j\4e‘.ﬁ$1u‘..}
62 l BORTE _O=1;
(63 | delay ms{100) 7
ad | PORTE _O=0;
|65 delay ms (100) ;
|66 | | }
a7 |
6s | 1
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' while (1)
. {
csi@@f&mem“ﬂ g‘ﬂ‘i%&%’fﬁz // Place your code here
alec if((PINB&(1<<0))==0)ds¥! ¢ 4k y& yal 5l &3 : <<())==
(1<<0) 55500000001 &}l g B il sall e i 'f{((PlNB&(l 0))==0)
S Al ()5S lidall i vie il (g s Aulaall
PORTC |=(1<<0); 2al5 58 PORTC e ¢ all o5& PORTC|=(1<<0);
}
— 3 ¢l yals o sy if ((PINB&(1<<1))==0) I 1l if (PINB&(1<<1))==0)
({7 oS 13 SUd (1<<1) &b s 500000010 = B 4l sl {
ial oy b gracae QIS 13T Cumy Vol a3 L) ~ L) . .
C Al olal) Sl s PCO Ca_yhall }PORTC&— (1<<O),
| ‘ G da il A8y ) guiis if (PINB&(1<<2))==0)
' {
PORTCM=(1<<0);
' }
.. * )
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AR T MR . TR TR EEmm— S RS, B U U . . .

JaaS PORT plaai) U'b ‘}_u.h.l
s52al LED elilaly 1 s 324l LED Jaiiy asdy el S

.button bia 25 13 Jaadly jai 1384, . 15
#include <megal6.h>
#include <delay.h>

void main(void)

g {
e DDRC.0=1;
SROmOTS Start:

Canaan
e mal”

if (PINA.O==1)  PINAQss 3

L e A

= s { PORTC.0=1;

H== delay_ms(1000);

== - = PORTC.0= 0;
L delay_ms(1000);}

goto Start;
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PCUSDA
XKTALT PCATCK
KTALZ FCATMS
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FATIADCT FOJINT1
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FEOTHNCK FDSIOCTA
FBAT1 FD&ICF1
FEZIAINGINT2 PDT/OCE
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FETISCK ANEC
ATMEGATS
Ut
RESET PCO/SCL
PCUSDA
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KTALZ FCITMS
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FAADCD FCETD
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while (1)
{
if (PINB.0==0)
{ PORTA.0=1; }
else if (PINB.1==0)
{ PORTA.0=1;
PORTA.1=1;}
else if (PINB.2==0)
{ PORTA.0=1;
PORTA.1=1;
PORTA.2=1;
else
{ PORTA.0=0;
PORTA.1=0;
PORTA.2=0; }

}
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if (PINB == 0b11111110) { PORTA = 0b00000001;}
software debouncing (delay) |l alusiwls 7 Liall el 3

if (PINB == 0b11111110)

{
delay ms(10); I oy g
if (PINB == 0011111110)  // bgtaa JIjle ! 41 ST 3sle]
{ PORTA = 0b00000001;}
}
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if (PINB&(1<<PINB1))==0)
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while (1)
{

if (PINB&(1<<0))==0)
{
PORTCA=(1<<0);

}
if ((PINB&(1<<PINB1))==0)

{
delay _ms(25);

}
if ((PINB&(1<<PINB1))==0)
{
PORTCA=(1<<0):
}
}
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Main Function

void main(void) v Interrupt event
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{ interrupt [vector number] void lable (void)
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Instruction n

Flag Interrupt=0

—_— —_—




+ Giladaldal) el ol gl
¢ o gill (i A aSadiall liakalie ciaa adl 5l Chass 13l
a5 AVR claSaid) & ¢ Vsl Lgiaad oy il o Ao W14 6V cld dadaliall ale JS5 0
Alial) dxkaliall U5 ¢ Aadaliall dnie 8 lgana g a3 Cis ladaliall 4 61 6] dans
45y 8 RESET
Laill (e dadalia gali yo 2 L] aSaiiall ) (int 0) Jaadll (e Aadalia (alla 055 i [
Andaliall odgd Cuniiy s allall 108 Jagy 8 g aSatiall (8 (Ll (i () (int O)
Gadaliall Asilly s aY) 5 ¢ ((akaie (1) Aagdl) Jes3 (INTFO) Zadaliall ale 238 oY)
. (int 1)
aSadiall Alacind) (8 Le dadalia geali 2w o) Calise Jaai (e dadalia (ol 255 13 LI O
Cladaliall Ol ol o) daatig ¢ Al Je J oY) dabalial) 4 6l b ddasi jo dadalaal) ol
- 30Ul saclall 38 5 Aaliad)
Miad <Y ) siad) il dabaliall e 4 V) elliad jaiall o) ginll Cald dalalaall
I3 (Int0) dxblaall e 4,405l Ld ($000) o) siadl <uld (RESRT) dxkaliall
O sindl il (Int 1) dadaliall e s AV & 4 d VI Al ($001) o sl
ledliall 48 ) Ay 1358 5 (002 5| 0X002)




Table 18. Reset and Interrupt Vectors

Vector Mo. ,ﬂFnr;EEr:E’ Source Interrupt Definition J dxb | ?WT ‘_;“:‘J‘ dj-’-’."—” O
i i} i d =
AN L, T ATMegal6
iy lab il ey wlblill Lgyl s iy
2 002 INTO External Interrupt Request 0
3 004 INT1 External Interrupt Request 1 ?‘l"")b“”ﬁ 273'“"“"”
4 006 TIMERZ COMP Timer/Counter2 Compare Match
5 s008 TIMERZ2 OVF Timer/Counter2 Overflow
B 2004, TIMER1 CAPT Timer/Counter1 Capture Event
7 g00C TIMER1 COMPA | Timer/Countert Compare Match A
& S00E TIMER1 COMPE | Timer/Countert Compare Match B
9 010 TIMER1 OVF limer/Countar1 Overflow
10 5012 TIMERO OVF Timer/Counterl Cwverflow
5014 SPI, STC Serial Transfer Complete
12 016 USART, RXC USART, Rx Complete
13 5018 USART, UDRE USART Data Register Empty
4 S01A USART, TXC USART, Tx Complete
15 $01C ADC ADC Cormversion Complete
16 S01E EE_RDY EEFROM Ready
17 $020 ANA_COMP Analog Comparator
18 %022 TWiI Two-wire Serial Interface
19 024 INT2 External Interrupt Request 2
20 8026 TIMERQO COMP Timer/Counterd Compare Match
21 $028 SPM_ROY Store Program Memory Ready
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18 0x0022 | SPISTC SPI bl (il oo Y1 JlaiS)
19 0xD024 |  USART_RX USART a\kadll  J Ryt (el Jlaney! il
20 0x0026 | WUSART_UDRE USART adaill i el Sililll Joasa
21 0x0028 USART_TX USART puiaill 6 T addlh Jos 1 JlaiS)
22 0x002A ADC ADC b It G Jgmall b s gl LS
23 0xD02C | EE READY i ala EEPROM &_SIall
24 0x002E | ANALOG COMP. HEYLY il (5 fiall
25 0x0030 | ™[ 12€ S LN LS e gl )
26 0x0032 SPM READY i jala gmali all (o 583 3 S0
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MCUCR : MCU control Register

MCUCSR : MCU control &status Register
GICR : General interrupt control Register
GIFR : General interrupt flag register
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GICR - General Interrupt Control Register

Bit Number 7 6 5 4 3 2 1 0
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| 1 1 The rising edge of INT1 generates an interrupt request
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