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Processor Architecture

Von Neumann - @ Fetches instructions and
— data from one memory.
i @ Limits Operating

8-Bits == Bandwidth
Program and

Data Memory

T ® Separate memory spaces
e == for instructions and data.
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Two Memory Architectures

. Processor Processor
m Prnceton
B Fewer memory : .
Wires
B (Von Newman
machine) i |
Program Data memory Memory
| Hﬂﬁrﬂid memory (program and data)
n Separate buses for
data and program
B Simultaneous Harvard Princeton

program and data

HlEl'J‘.'lDl'_':T-’ ACCESS




“Cycle Execution

3yl ¢llis AVR LL\LASASA?EM o
) ey = duna g el ) 2

0] 6 glleall 23 5 IS 1) Dhd @
(Al
JA‘UJJA16MU‘¢-‘L-““€5>-‘A‘U\@’—“-\€J o
- 3aa) gl
B 2] e a3 gy ) il
Y

17



coder+ 2x program counter =

0ty Lea Olant il DSy 5
QA@?@@J\JA\}Y\

18



A programming memory

Al gddedl AVR I < jaae aal et s
R il o 5aa o 5 S
Lalidl EEPROM ) 4idks 5
ina il G ll JalgY) (e pladind (e i
125 (5 5 oSl ¢ Flash memory
Programmer (burner) 4 s dss

19



V| a>gl

e e Loty Bad cleSatial) (aliad g
25> 5all peripheral units 4 =
1S o) o L) dalls S, @

20



£

X! $L§M\QUQJ\$Q9€§JM s R 4
Aat of 38l Saiall Jals CPU

21



U skt (38 5 gang bl e 131 (S

‘.aJAuAJ.\S\LALe\AJY\cAdA\A_u

Ly 8 e gana

5 ¢ 32 ) clelatdll Wl g

juhn;]\g_\\_mlqd\c_\m
ah\jj\w\

22



AV R J sMle G Hlsw s
Ao lizol|

\UAMM\MUM\UL@_AM 8
‘\A—ﬂ-\—ﬂek-'u»he-—e

sale 43 Saiall daiiall S L =
4 Calias colile ) Lpanis 5 & ".Al\g_\\.AS;_\.d\uA

?S;l“ u\u&}(bﬂ\m
MM\ESA.\AMJ\.JA‘USMU‘LJAQQ_\;).\M‘J] o
USAAJMJS\A

23



.
Gudl gl Joall 38101 dolue OLilKalgase  Bliblose  dollas iy
@ b gl Gl dgllal  Peripheral)l  Lalall ool oliLul
Jhpr.mdi p:-a- sa>iw  Devices g GPIO wlwidls
g lpdl gy gllpalipdl Bl "MJ” 43l
Dl Jusa - Jopogw Sl Joludll

N[ oSl >yl




Al G 5 jlew o) 2ain 1A @
il g g sl 138 daa

25



Jatasheet SULJI Jud> ocl,9

il agd Ao Datasheet ) dlaclos
o g 4l dgy Hha LA‘G (5 A ‘_;Gﬁ
B el Al L
(A \ ¢ kel < Y aills cgli\.ﬂ\ c"““"‘h
) ) aSaiall LeSlay 3l ol jaal) Jurdi A0S cdaa

26






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 Operation
- Up to 16 MIPS Throughput at 16 MHz —®

- On-chip 2-cycle Multiplier
* High Endurance Non-volatile Memory segments
- 16 Kbytes of In-System Self-programmable Flash program memory

' ®
- 512 Bytes EEPROM - v
- 1 Kbyte Internal SRAM 8 blt A R

- Write/Erase Cycles: 10,000 Flash/100,000 EEPROM i

— Data retention: 20 years at 85°C/100 years at 25°C"" Mlcrocontro"er

- Optional Boot Code Section with Independent Lock Bits .
In-System Programming by On-chip Boot Program WIth 1 GK Bytes
True Read-While-Write Operation

- Programming Lock for Software Security |n-Sy Stem

+ JTAG (IEEE std. 1149.1 Compliant) Interface
- Boundary-scan Capabilities According to the JTAG Standard Pr Ogram mable

- Extensive On-chip Debug Support

- Programming of Flash, EEPROM, Fuses, and Lock Bits through the JTAG Interface FlaSh
* Peripheral Features

~ Two 8-bit Timer/Counters with Separate Prescalers and Compare Modes
~ One 16-bit Timer/Counter with Separate Prescaler, Compare Mode, and Capture

Mode ATmegal6

- Real Time Counter with Separate Oscillator

- Four PWM Chapnels ATmega1 6L
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(INT2/AINO) PB2 [
(OCO/AIN1) PB3 ]

(XCK/TO) PBO [C
(T1) PB1 [

(38) PB4 [
(MOSI) PB5 [
(MISO) PB6 [

(SCK) PB7 O

RESET [
VCC [

GND [
XTAL2 [
XTAL1 [
(RXD) PDO [
(TXD) PD1 [
(INTO) PD2 [

(INT1) PD3

(OC1B) PD4 [
(OC1A) PD5 [

(ICP1) PD6 ]

DO NOO R, WN =

39
38
37
36
35
34
33
32
31

30 ]
29 |
28 |
27 ]
26 |
25 |
24
23 ]
22 ]
21

=
]
=
2
=
=
)
=)
5
]
=
)
=
=
=
]
]
=
=
=

PAO (ADCO)
PA1 (ADC1)
PA2 (ADC2)
PA3 (ADC3)
PA4 (ADCA)
PA5 (ADCS5)
PA6 (ADCS)
PA7 (ADC7)
AREF

GND

AVCC

PC7 (TOSC2)
PC6 (TOSC1)
PC5 (TDI)
PC4 (TDO)
PC3 (TMS)
PC2 (TCK)
PC1 (SDA)
PCO (SCL)
PD7 (OC2)
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(XCK/TO)
(T1)
(INT2/AINO)
(OCOrAINT)
(55)

(MO SIH)
(MISO)
(SCK)

PAO (ADCO)
PA1 (ADC1)
PAZ (ADC2)
PA3 (ADC3)
PA4 (ADC4)
PAS (ADCS)
PAG6 (ADCS)
PA7 (ADC7)
AREF

SND

AvVCC

PC7 (TOSC2)
PC6 (TOSC1)
PCSs (TDD)
PCa (TDO)
PC3 (TMS)
PC2 (TCK)
PC1 (SDA)
PCO (SCL)
PD7 (OC2)

RESET
vcc

WA dLAddOONONRWON

OVAWN=O
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(XCK/TO) PBO
(T1) PB1
(INT2/AINO) PB2
(OCO/AIN1) PB3
(SS) PB4
(MOSI) PBS
(MISO) PB6
(SCK) PB7
RESET

vce

GND

XTAL2

XTAL1

(RXD) PDO
(TXD) PD1
(INTO) PD2
(INT1) PD3
(OC1B) PD4
(OC1A) PD5
(ICP1) PD6

DO N AR WN =

Vcec O, k]l

b e e gall s phall Jaston A1 o plall ga g @
e 2.7V e Al s ge 0 5S) O a5 ) aadial) A8
( =855y

PAO (ADCO)
PA1 (ADC1)
PA2 (ADC2)
PA3 (ADC3)
PA4 (ADC4)
PA5 (ADCS)
PA6 (ADCS)
PA7 (ADC7)
AREF

GND

AVCC

PC7 (TOSC2)
PC6 (TOSC1)

PC5 (TDI)
PC4 (TDO)
PC3 (TMS)
PC2 (TCK)
PC1 (SDA)
PCO (SCL)
PD7 (OC2)
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(XCK/TO) PBO
(T1) PB1
(INT2/AINO) PB2
(OCO/AIN1) PB3

(5S) PB4
(MOSI) PBS
(MISO) PB6
(SCK) PB7

RESET
vce
GND

XTAL2

XTAL1
(RXD) PDO
(TXD) PD1
(INTO) PD2
(INT1) PD3
(OC1B) PD4
(OC1A) PD5
(ICP1) PD6

DO N AR WN =

PAO (ADCO)
PA1 (ADC1)
PA2 (ADC2)
PA3 (ADC3)
PA4 (ADCA4)
PA5 (ADCS)
PA6 (ADCS)
PA7 (ADC7)
AREF

GND

AVCC

PC7 (TOSC2)
PC6 (TOSC1)

PC5 (TDI)
PC4 (TDO)
PC3 (TMS)
PC2 (TCK)
PC1 (SDA)
PCO (SCL)
PD7 (OC2)

GND o ,b0J]

b, hll alis g5 Aty g aSaiall am yY) Gkl @
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(XCK/TO) PBO
(T1) PB1
(INT2/AINO) PB2
(OCO/AIN1) PB3
(5S) PB4
(MOSI) PBS
(MISO) PB6
(SCK) PB7
RESET

\Ve'e!

GND

XTAL2

XTAL1

(RXD) PDO
(TXD) PD1
(INTO) PD2
(INT1) PD3
(OC1B) PD4
(OC1A) PD5
(ICP1) PD6

DO N AR WN =

| oy [5Led tJ el A9
GND ool bVl o 29

PAO (ADCO)
PA1 (ADC1)
PA2 (ADC2)
PA3 (ADC3)
PA4 (ADCA4)
PAS (ADCS)
PA6 (ADCS)
PA7 (ADC7)
AREF

GND

AVCC

PC7 (TOSC2)
PC6 (TOSC1)

PC5 (TDI)
PC4 (TDO)
PC3 (TMS)
PC2 (TCK)
PC1 (SDA)
PCO (SCL)
PD7 (OC2)
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(XCK/TO) PBO
(T1) PB1
(INT2/AINO) PB2
(OCO/AIN1) PB3
(5S) PB4
(MOSI) PBS
(MISO) PB6
(SCK) PB7
RESET

\Ve'e!

GND

XTAL2

XTAL1

(RXD) PDO
(TXD) PD1
(INTO) PD2
(INT1) PD3
(OC1B) PD4
(OC1A) PD5
(ICP1) PD6

DO N AR WN =

TALT, XTAL2 wls 1

el Gl 3l Lelua 68 oy il ol plaY) &

PAO (ADCO)
PA1 (ADC1)
PA2 (ADC2)
PA3 (ADC3)
PA4 (ADCA4)
PAS (ADCS)
PA6 (ADCS)
PA7 (ADC7)
AREF

GND

AVCC

PC7 (TOSC2)
PC6 (TOSC1)

PC5 (TDI)
PC4 (TDO)
PC3 (TMS)
PC2 (TCK)
PC1 (SDA)
PCO (SCL)
PD7 (OC2)
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(XCK/TO) PBO
(T1) PB1
(INT2/AINO) PB2
(OCO/AIN1) PB3
(5S) PB4
(MOSI) PBS
(MISO) PB6
(SCK) PB7
RESET

\Ve'e!

GND

XTAL2

XTAL1

(RXD) PDO
(TXD) PD1
(INTO) PD2
(INT1) PD3
(OC1B) PD4
(OC1A) PD5
(ICP1) PD6

WA

DO N AR WN =

AVCC O,k

dadli (e J e )kl I ADC VCC
Al gl sty dlua o5 o) 5 aSaiall JAI 3 sa gall )l
Ve <okl 4

PAO (ADCO)
PA1 (ADC1)
PA2 (ADC2)
PA3 (ADC3)
PA4 (ADCA4)
PA5 (ADCS5)
PA6 (ADCS)
PA7 (ADC7)
AREF

GND

AVCC

PC7 (TOSC2)
PC6 (TOSC1)

PC5 (TDI)
PC4 (TDO)
PC3 (TMS)
PC2 (TCK)
PC1 (SDA)
PCO (SCL)
PD7 (OC2)
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(XCK/TO) PBO

(T1) PB1
(INT2/AINO) PB2
(OCO/AIN1) PB3

(5S) PB4
(MOSI) PBS
(MISO) PB6
(SCK) PB7

RESET
\Ve'e!
GND

XTAL2
XTAL1
(RXD) PDO
(TXD) PD1
(INTO) PD2
(INT1) PD3
(OC1B) PD4
(OC1A) PDS
(ICP1) PD6

DO N AR WN =

PAO (ADCO)
PA1 (ADC1)
PA2 (ADC2)
PA3 (ADC3)
PA4 (ADCA4)
PAS (ADCS)
PA6 (ADCS)
PA7 (ADC7)
AREF

GND

AVCC

PC7 (TOSC2)
PC6 (TOSC1)

PC5 (TDI)
PC4 (TDO)
PC3 (TMS)
PC2 (TCK)
PC1 (SDA)
PCO (SCL)
PD7 (OC2)

AREF w9 ,l0J|

Analog Reference =
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DDRA = 0b00000001;

00000007 dassll o G 5a¥) 138 iy
oY) call ol A8 Al DDRA

0= AY il @
S Jaxy PAQ <Lkl ol 61 @
JaaS Jeas il LY L g
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(XCKITO} PBO ] 1 40 [0 pao output
T1) PB1 [ 2 39 [ PAY
INTZ/AIND} P82 ] 3 38 O PAZ
DCO/AINY PB3 [ 4 37 [0 FA3
(55) PB4 [ 5 36 3 PA4 Input
(MOSI) PB3 ] § 35 [J PAS
(MISO} PB5 ] 7 34 11 PAG
SCK) PBT ] 8 33 [ PA7
RESET (] # 32 [ AREF
vee O ¢ 31 (1 GND




~ DDRA = 0b00000011;

el BV 5 23S Jaxi PAQ, PAT ikl o Lixy 1368

(XCKITO) PBO
T1) P81
INTZ/AIND} PE2
OCMHAINT PR3
(55) PB4

MOSI| PES
IS0} PES
[SCK} PE7
REGET
Veo

-t O PO g O S o O N e

JaxS
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J=eund |
PORTX Register

. oy b N aByl zysdl 8 PORTX o wwdll oot
PORTA = 0b00000001;

Oyl e HIGH (5 volt) dagdy dgygS 53Lis] 1yl xey liag

LOW (0 volt) ;o5 Bl byl 3L

PORTA = 0b00000000;
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