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Programming

Atmel ATmega8/128/328
Core




Task 1

Find and download:

AVR Instruction set manual
ATmega328PB datasheet
XPlained-MINI datasheet

and follow me




Flash
Program
Memory

Program
Counter

-

Data Bus 8-bit

Status
and Control

y

Instruction
Hegister

Y

Instruction
Decoder

l

Control Lines

Direct Addressing

Indirect Addressing

32x8
General
Purpose
Reqgistrers

Interrupt
Unit

SPI
Unit

Watchdog
Timer

Analog
Comparator

AVR Core

Data
SRAM

IO Module1

IO Module 2

EEPROM

IO Module n

/O Lines




ATmegas

RESET
P - PO PEO- PET -—I I:II
[l A & & & & 3 L & & & & '—'.
4 HTaL2
AN EREER
3
PORTE DRVERSTUFFERS PORTE DRIVERSELUFFERS
GnD PORTE DK TaL INTERFACE PORTE DIGITaL INTERFAGE
ML & Al
aDc | 7| INTEFFaCE ol T
ol
AFEF| N
£ TIMERES:
PROGRaM f— ETacK 1] e COUMTERS: M—e CSTILLATOR
COUNTER FOMTER
i {
PRCGRAM | [T IMTEFRHL
FLaSH [ SRaM OSCILLATOR
i |
RETRLICTICN EMERAL WATCHDOG
REGISTER | Ly puRposE “*  TMER OSCILLATOR
REGISTERS l
HETRLCTICH " * U CTRL
DECODER * v R A TIMNG
l L Z
COMTROL NTERRUPT
LINES “ M unT
T
STATLE
AVR CPU REGISTER PTM % EEPROM
o et o e
1-“}-.. COMF
- INTEFFacE [* %
g

—

PORTD DKSITAL INTERFACE

i

PORTD DR VERSBLUFFERS

F I.

r T Y Y Y Y Y
PCO-POT




>
—
=
D
Q
Q
=

4N

il

1

N

D

ANaLOG

COMPRATOR
+

fof
Pas - Par PCo -FCT = 2| [@
= -
T_ 1 - - E
I I ¥ i i
: | PORTF DRIVERS | PCOIFTa DRIVERS FORTEC DRIVERS
— 1
= LI Tt
| DaTa REGISTER DT DR DaTa REGISTER DaTa CIF, [aTa REGISTER DaTa DR,
! POATF REG. PORTE PORTA FEG. PORTA PORTE REG. PORTE
1
: I I &-EIT DaTa BUS I i
| <
: F
e L o L - Calip, 05C
1 Mal
AGND— = OSCILLATOR
REF o
“—:J I l OSCILLATOR
1 ¥
i PROGRAM STacK WATCHDOG
:-| ATAG TaP | "'| COLNTER |“_ | POINTER |‘_" TIMER |
1 ) l
! |
| » =T TIMING aND
! FRCGRAM MCL CONTRAL A
:-P|I:IN-I}IIPI:IEE-LE"__I -I | ::I SReM |*—>- FECETER | B conTROL
v Y I
| =
i BOUNDART
TIMER
! SCaN GENERLAL q—>| E >
: | poRERAL | COINTERS n
' REGSTER: [ ™
! | =] W
| PROGHAMMING INETRLCTION - ¥ INTEFFLFT
| DECODER L] z LHT
1 I I I
E I:I:N]'LrnnL
: ithe | comou_|
1
1
I
i STATLE
! REGISTER - ]
|
I "
1
' EaRTo » - TWOUWRE SEFIAL
! = | LZARTH | INTERF&CE
1 -
| —
1
1
1
1
1
1
1
1
I
1
1
1
1
1
1
1
1

! ,
CaTa REGISTER DaTa DA, DaTa REGISTER CaTa CIA. DaTa REGIZSTER CaTa CAR. OaTa RES. | | CaTa DA,
PORTE REG. PORTE PORTE REG. PORTE PORTD REG. PORTD PORTE REG. PORTG
| PORTE DRIVERS | | PORTE DAIVERE | | PORTD DRIVERS | PORATS DRIVERS
[ ) + &
e _.ﬁ) JRRY R  OSpEEy UIVE P ENVU U R U JES Ry SN QUGN JEE N ) Ep N R N N U
T ¥
PE7 PEx- PEF POw - PO PGo- PG4




[
=
[ \
e . O,
Watchdog - |
. Power debugWIRE I 2
Timer Supervision ¥ |
1
Watchdog > POR/BOD & PROGRAM |
Oscillator RESET LOGIC :
1
Oscillat
e Flash SRAM :
- ircuits / "
- Clock 10 1t 1
Generation 1
1
. 1
AVR ce. :
EEPROM :
A i !
h A . : AVCC
Y
A A AT | AREF
b J b v | : GND
2
8bit T/C O 16bit T/C 1 A/D Conv. 44 :
I 1
e S — |
1
Wl
S |l svitTic2 Analog < Internal 6, 1
= Comp. Bandgap 1
2 A :
Y I
1
1
USART 0 SPI ™I |
1
F F Y Fy 1
1
¥ b J h " !
) 1
-~ F JP ' 1
Y ¥YyY Y Y Y Y v :
PORT D (8) PORT B (8) PORT C (7) 1
F F :
} RESET
_________________________________ .
XTAL[1..2]
" L
PD{0..7] PB[0..7] PCI0.6] ADCIB..T] 9



Memories

e |In-system reprogrammable Flash Program
Memory

e SRAM Data Memory
e EEPROM Data Memory
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Memory Model

e 3 address spaces

Program Flash
Register File + Data SRAM + 1/O
EEPROM
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Memory — Program flash

$000 $0000
ATmega Tmegal2

Application Flash Section Application Flash Section

e Instructions 16/32 bits
e ATmega3:

5 .
rogram Counter .12b|t L —
= memory 4K x 16bit

e ATmegalZ2s:
Program Counter 16bit
= memory 64K x 16bit @
e ATmegal68/328:
Program Counter 13/14bit —
= memory 8/16K x 16bit

Boot Flash Section Boot Flash Section
$FFF $SFFFF




Memory — SRAM

° DI rect ATmega8:
o nd I re Ct Register File

RO

R1

e Indirect with re

Displacement

R30

R31

e Indirect with 0 Registers

$00

Pre-decrement —

e Indirect with S5

$3F

$3E
Post-Increment

Data Address Space

$0000

$0001

$0002

$001D

$001E

$001F

$0020

$0021

$0022

$005D

$005E

$005F

Internal SRAM

$0060

$0061

$045E

$045F




Memory — SRAM

e Direct
e Indirect

e Indirect with
Displacement

e Indirect with
Pre-decrement

e Indirect with
Post-iIncrement

ATmegal?28:

Memory Configuration A

Data Memory

32 Begisters | $0000 - $001F
64 /0O Registers | $0020 - $005F
160 Ext I/O Reg. | $0060 - $00FF

$0100
Internal SRAM
(4096 x 8)

$10FF
$1100

External SRAM
(0 - 64K x 8)

L e e e e — - —

Memory Configuration B

Data Memory
|~ 32 Hegisters | $0000 - $001F
64 /O Registers | $0020 - $005F
$0060
Internal SRAM
(4000 x 8)
$0FFF
$1000
External SRAM
(0- 64K x 8)
$FFFF

b e e e e e e — —
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Memory — SRAM

e Direct
e Indirect

e Indirect with
Displacement

e Indirect with
Pre-decrement

e Indirect with
Post-iIncrement

ATmega88/168/328:

32 Regqgisters

64 1/0 Registers

160 Ext 1/0 Reg.

Internal SRAM
(512/1024/1024/2048 x 8)

0x0000 - 0x001F
0x0020 - Ox005F
0x0060 - Ox00FF

0x0100

Ox02FF/0Ox04FF/Ox4FF/Ox08FF
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Memory — EEPROM

e ATmega8: 512B

e ATmegal?28: 4kB

e ATmegal6sa: 512B

e ATmega328: 1kB
A

ccessed as other peripherals

EEARH/L, EEDR, EECR
longer access time (write 8.5ms, read 4 clock cycles)
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/O Space

e control and access to all peripherals
e IN, OUT - transfer between GP

registers
e ATmega8: 64 x 8bit
e ATmegal2s:

egister Summary

and

- - - — —
Acdress Hame BIt 7 Bt & BRE it Bit3 Eit2 BIt 1 Bito Fage
T ] 5 v z ]
= = - Py 1
ES E B Exl 1
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IWTFD = - =
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TowD IcFs = Town
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GPRF General Purpose Register File

32 X 8bit =
Combinations: E

1x8 out 1x8in o
2x8 out 1x8 in L o
2x8 out 1x16 In

1x16 out1x16 In

Ox1A
Ox1B
0x1C
0x1D
Ox1E
0x1F

X-register Low Byte
X-register High Byte
Y-register Low Byte
Y-register High Byte
Z-register Low Byte
Z-register High Byte

X,Y,Z: displacement, increment, decrement
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MCUCSR,

6 5 4 3

2

MCU Control and Status Reglst

s

JTD

JTRF WDRF

BORF

EXTRF

R/W

JTD
JTRF
WDRF
BORF
EXTRF
PORF

R R R/W R/W
0

R/W

R/W

JTAG Interface Disable (ot on 48/88/168/328)
JTAG Reset Flag (ot on 4s/38/168/328)

Watchdog Reset Flag
Brown-out Reset Flag
External Reset Flag

Power-on Reset Flag



ALU — Status Register

SREG

ONZ< O IH™

6 5 3 2 1 0
I T H S \% N Z C
R/W R/W R/W R/W R/W R/W R/W R/W

0 0 0 0 0 0 0

Global Interrupt Enable

Bit Copy Storage

Half-Carry

Sign

Two’'s Complement Overflow
Negative

Zero

Carry

20



Stack

- ATm eg a8/128 and many others

6 5 4 3 2 1 0
SPH SP15 SP14 SP13 SP12 SP11 SP10 SP9 SP8
SPL SP7 SP6 SP5 SP4 SP3 SP2 SP1 SPO
R/W R/W R/W R/W R/W R/W R/W R/W
R/W R/W R/W R/W R/W R/W R/W R/W

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0
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Stack

— ATmega48/88/168/328

6 5 4 3 2 1 0
SPH SP15 SP14 SP13 SP12 SP11 SP10 SP9 SP8
SPL SP7 SP6 SP5 SP4 SP3 SP2 SP1 SPO
R/W R/W R/W R/W R/W R/W R/W R/W
R/W R/W R/W R/W R/W R/W R/W R/W
RAMEND RAMEND RAMEND RAMEND RAMEND RAMEND RAMEND RAMEND
RAMEND RAMEND RAMEND RAMEND RAMEND RAMEND RAMEND RAMEND

22



0x00(0x20) — 0x3F(0X5F)

ATmega8

27. Register Summary

Address Name Bit7 Bit6 Bit & Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Page
0x3F (OX5F) SREG | T H s v N z [ 8
Ox3E (Ox5E) SPH - - - - - SP10 SPS SP8 11
Ox3D (0x5D) SPL SPT SPE SPE SP4 SP3 sP2 SP1 SPO 11
0x3C (0x5C) Reserved
0x3B (Ox5B) GICR INT1 INTD | = = = = IVSEL IVCE 48, 68
0x3A (Ox5A) GIFR INTF1 INTFO = = - _ - _ 59
0x30 (0x59) TIMSK OCIE2 TOIE2 TICIE OCIE1A OCIE1B TOIE! = TOIEQ 73,104, 124
0x38 (Dx58) TIFR OCF2 TOV2 ICF1 OCF1A OCF1B TOV1 = TOVO 74, 104, 104
Ox37 (0x57) SPMCR SPMIE RWWSEB = RWWSRE BLBSET PGWRT PGERS SPMEN 224
Ox36 (Ox56) TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN - TWIE 181
0x35 (0x55) MCUCR SE sSM2 SM1 sSMO I1ISC11 ISC10 15C01 1SC00 38, 67
0x34 (0x54) MCUCSR - - - - WORF BORF EXTRF PORF 43
0x33 (0x53) TCCRO = = = = = Cs02 cso1 CS00 73
0x32 (0x52) TCNTO Timer/Counter0 (8 Bits) 73
0x31 (0x51) OSCCAL Oscillator Calibration Register 31
O30 (Ox50) SFIOR - - - - ACME PUD PSR2 PSR10 57, 77,125,196
Ox2F (0x4F) TCCR1A COM1A1 COM1AD COM1B1 COM1BO FOC1A FOC1B WGM11 WGM10 99
Ox2E (Ox4E) TCCR18B ICNC1 ICES1 - WGM13 WG 12 cs12 cs11 Cs10 101
020 (0x4D) TCNTIH Timer'Counterl — Counter Register High byte 102
0x2C (0x4C) TCHNT1L TimeriCounter! = Counter Register Low byts 102
0x2B (Ox4B) OCR1AH Timer/Counter! — Output Compare Register A High byte 103
Dx2 (Ox4A) OCRIAL Timer/Counter! — Output Compare Register A Low byte 103
029 (Ox48) OCR1EH Timer/Counter! — Output Compare Register B High byte 103
0x28 (0x48) OCR1BL Timer/Counter1 — Output Compare Register B Low byte 103
Ox27 (Ox47) ICR1H Timer/Counter1 — Input Capture Register High byte 103
O0x26 (Ox45) ICR1L Timer/Counter1 = Input Capture Register Low byte 103
0x25 (0x45) TCCR2 Focz |  weMz0 |  com2i | comM20 | wGM2i csz22 | csai cs20 121
0x24 (Ox44) TCNT2 Timer/Counter2 (8 Bits) 123
Ox23 (0x43) OCR2 Timer/Counter? Cutput Compare Register 123
0x22 (0x42) ASSR = = = = AS2 TCN2UB | OCR2UB TCR2UB 123
D21 (Oxd1) WDTCR - - - WDCE WDE WDP2 | WDP1 WDPO 43

0200 (o) UBRRH URSEL - - - UBRR[11:8] 160
UCSRC URSEL UMSEL UPM1 UPMO USBS ucszi UCcsz0 UCPOL 159
0x1F (0x3F) EEARH = = = = = = = EEARS 19
Ox1E (Ox3E) EEARL EEART EEARS EEARS EEAR4 EEAR3 EEAR2 EEAR1 EEARO 19
0x1D (0x3D) EEDR EEPROM Data Register 19
0x1C (0x3C) EECR = = | = | = | eemrEe [ EEMWE EEWE EERE 19
Ox1B (0x3B) Resened
Ox1A (0x3A) Reserved
0x19 (0x39) Reserved
0x18 (0x38) PORTB PORTB7 PORTBE PORTBS PORTB4 PORTB3 PORTE2 PORTB1 PORTEBO 85
0x17 (0x37) DORB DDB7 DDBS DODBS DDB4 DDB3 DDB2 DDB1 DDBO 65
0x186 (0x36) PING PINB7 PINBS PINBS PINB4 PINB3 PINB2 PINB1 PINBO 85
Ox15 (0x35) PORTC = PORTCE PORTCSE PORTC4 PORTC3 PORTC2 PORTCA PORTCO 85
Dot 4 (Ox34) DDRC - DDC8 DDCs DDC4 DDC3 DDCc2 DDCA DDCo 85
0x13 (0x33) PING = PINCS PINCS PINC4 PINC3 PINC2 PINC1 PINGO 65
0x12 (0x32) PORTD PORTD7 PORTDS PORTDS PORTD4 PORTD3 PORTD2 PORTD1 PORTDO 65
0x11 (0x31) DDRD DDD7 DDD8 DDDS DDD4 DDD3 DDD2 DOD1 DDDO 65
0x10 (0x30) PIND PIND7 PINDS PINDS PIND4 PIND3 PIND2 PIND1 PINDO 66
OxOF (Ox2F) SPDR SPI Data Register 135
OxOE (0x2E) SPSR spiE [ weoL | - - - [ - [ - SPI2X 134
0%0D (0x2D) SPCR SPIE__ | SPE | poro | msTR | cPoL |  cPHA |  SPRI SPRO 133
0x0C (0x2C) UDR USART 1/O Data Register 156
Ox0B (0x28B) UCSRA RXC | T®C | UDRE | FE [ por | PE [ UzX, MPCM 157
DDA (Dx2A) UCSRB RXCIE | TXGIE | UDRIE | RXEN | TXEN | UCSzz |  RXB8 TXBE 158
0x089 (0%29) UBRRL USART Baud Rate Register Low byte 160
0x08 (0x28) ACSR ACD ACBG ACO ACI ACIE ACIC ACIS1 ACISO 196
Ox07 (0x27) ADMUX REFS1 REFS0 ADLAR = MUX3 MU X2 MUX1 MUX0 208
0x08 (0x26) ADCSRA ADEN ADSC ADFR ADIF ADIE ADPS2 ADPS1 ADPSO 209
0x05 (0x25) ADCH ADC Data Register High byte 210
Ox04 (0x24) ADCL ADC Data Register Low byte 210
Ox03 (0x23) TWDR Two-wire Serial Inteface Data Register 193
0x02 (0x22) TWAR Twas | Twas | Twad | Twas Twaz | Twai | Twap TWGCE 194
0x01 (0x21) \ TWSR l TWS7 | Twse | Twss | Tws4a | Twsa | - | Twesi TWPSO0 193
0x00 (0%20) TWBR Two-wire Serial Interface Bil Rate Register 191
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27. Register Summary ATmega8

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Page
0x3F (0x5F) SREG [ T H s v N z C 8
Ox3E (0x5E) SPH - - - — - SP0 SP9 SPE 11
0x3D0 (0=5D) SPL SP7 SPE SPE SP4 SP3 SP2 5P SPO 11
0x3C (0x5C) Reserved
0x3B (0=5B8) GICR INT1 INTO - - - - VSEL VCE 48, 68
O3 {OcBA) GIFR INTF1 INTFDO - - - - - - &9
O30 (Ox59) TIMSK OCIE2 TOIEZ TICIE1 OCIE1A QOCIE1B TOIE - TOIED 73,104, 124
0538 (0x58) TIFR OCF2 TOVZ ICF1 OCF1A OCF1B TOW = TOWO 74, 104, 104
D37 (057 ) SPMCR SPMIE RWWSE - RWWSRE BLBSET PGWRT PGERS SPMEM 24
(e 36 (058 TWCR TWINT TWEA TWSTA TWSTO TWWC TWEM - TWIE 161
O35 (055 MCUCR SE SMz2 SMA SMO ISC11 ISC10 |SC01 | SCO0 36, 67
O34 (Oxbd) MCUCSR - - - - WORF BORF EXTRF PORF 43
Ox33 (0x53) TCCRO - - - - - cs02 Ca01 CE00 73
032 (0x52) TCNTO Timer/CounterD (8 Bits) 73
31 (0x51) QOSCCAL Oscillator Calibration Register 31
D30 (0x50) SFIOR - - - — ACME PUD PSR2 PSR10 57, 77,125, 196
0x2F (0x4F) TCCR1A COM1A1 COM1AD COM1B1 COM1BD FOC 1A FOC1E WGEM11 WGEM1D 29
Ox2E (0x4E) TCCR1B ICNC ICES1 - WGM13 WGM12 C512 CE11 C310 101
0x2D (0x4D) TCHNT1H Timer Counter! — Counter Register High byte 102
Ox2C (0x4C) TCHNT1L Timer/Counter1 = Counter Register Low byte 102
2B (0x4B) OCR1AH Timer/Counter1 — Output Compare Register A High byte 103
Coc2d, (DA OCR1AL Timer/Counter! — Output Compare Register A Low byte 103
(28 (0was) QCR1EH Timer'Counter! — Qutput Compare Register B High byte 103
Coc28 (OB OCR1BL Timer'Counter! — Output Comparne Register B Low byte 103
27 (0xd7) ICR1H Timer/Counter1 = Input Capture Register High byte 103
(26 (Owds) ICR1L Timer/Counter! = Input Capture Register Low byte 103
0x25 (0x45) TCCR2 FOC2 WGM20 coM21 COM20 WGM21 | Gcs22 |  cs2i CS20 121
24 (Oxdd) TCNT2 Timer/Counter2 (8 Bits) 123
One23 (Ded3) QCR2 Timer'Counter2 Output Compare Register 123
022 (0xd2) ASSR - - - — AS2 TCNZUB OCRZUB TCRZUB 123
(21 (0xd) WDTCR - - - WDCE WDE WDP2 WDP1 WDPO 43

- . UERRH URSEL - - - UBRR[11:8] 160

0200 (a0 )

UCSRC URSEL UMSEL UPM1 UPMOD UsSBS UCSZ1 UCSZ0 UCPOL 159

Ox1F (0=3F) EEARH - - - - - - - EEARE 19

0x1E (0x3E) EEARL EEARY EEARS EEARS EEAR4 EEAR3 EEARZ EEAR1 EEARD 19

Ox1D (030 EEDR EEPROM Data Register 19

0x1C (0x30) EECR - - - - I EERIE | EEMWE EEWE EERE 14
Ox1B (0x3B) Resered
DT A [Ox3A) Resened




0x2C (0=4C) TCNT1L Timer/Counter! — Counter Register Low byte 102
OxZB (0x4B) QOCR1AH Timer/Counter! — Output Compare Register A High byte 103
O 28, (O dA) QCRI1AL Timer/Counter! — Output Companre Register A Low byte 103
(28 (0xd8) CQCR1BH Timer/Counter! — Output Compare Register B High byte 103
0x 28 (0x48) QCRI1BL TimerCounter! — Qutput Compane Register B Low byte 103
Ox27 (047 ICR1H Timer/Counter! - Input Capture Register High byte 103
w26 (0xdB) ICR1IL Timer/Counter! = Input Capture Register Low byte 103
(25 (Owd5) TCCR2 FOC2 WGM20 COM21 COM20 WGEM21 C522 | C52 C520 121
w24 (44 TONTZ TimerCounter? (8 Bits) 123
0x23 (Ox43) QOCR2 Timer/Counter2 Output Compare Register 123
Ox22 (0xd2) ASSR - - - R AS2 TCHNZUB QOCR2UB TCR2ZUB 123
021 (Oxd1) WDTCR — — — WDCE WDE WDP2 WDP1 WDPO 43
. . UBRRH URSEL - - B UBRR[11:8] 160
0x2007 {0m40) )
UCERC URSEL UMSEL UFE N UPMO USBS UCSZ UCSZ0 UCPOL 159
Ox1F (0x3F) EEARH - - - - - - - EEARS 19
Ox1E (0x2E) EEARL EEART EEARS EEARS EEAR4 EEAR2 EEARZ EEAR1 EEARD 19
0x1D {0x3D) EEDR EEPROM Data Register 19
Ol C (0 3C ) EECR — — — - I EERIE | EEMWE EEWE EERE 18
Ox1B (0x3B) Ressrved
O 1A (D 3A) Resarved
019 {0x39) Resenved
0«18 (0x38) PORTE PORTET PORTES PORTES PORTE4 PORTE3 PORTEZ FORTE1 FORTED 65
0w 7 (037 ) DORE DDEY DD BS DDBS DDE4 DDE3 DDE2 CDE1 DD BD G5
Ox16 (Ox38) PINE PINBT FINES PINBE PINE4 PINE3 PINEZ PINE1 FINEDQ 65
Ox15 (Dx35) PORTC - PORTCE PORTCS PORTCA PORTC3 PORTC2 PORTCA FPORTCO 65
Q14 (Ox3d) DDRC — DDCE DDCE DD C4 DDC3 DDC2 DDCA DDCO 65
13 (0x33) PING - PINCS PINCS PINC4 PINC3 PINCZ PINCA PINCO 65
Ox12 (0x32) PORTD PORTOY PORTDS PORTDS PORTD4 PORTD3 PORTDZ2 PORTDM PORTDO 65
11 {0x31) DORD DooD7 [n]n]n]:] DoDSs DO D4 ooo3 oDD2 DooA DoDo 65
Do 10 (O30 PIND PINDT FIN DS PINDS PIND PIND3 PINDZ PIND1 PINDO (15
0x0F (0x2F) SPDR SP| Data Register 135
Ox0E (0x2E) SPSR SPIF WCOL — - — — — SPI2X 134
0x0D (0x2D) SPCR SPIE SPE DORD METR CPOL CPHA SPRA1 SPRO 133
0x0C (0x2C) UDR USART /O Data Register 156
Ox0B (0x2B) UCSRA RXC THC UDRE FE DOR PE U2x MPCM 157
Ooe0A, (O 2A) UCSRB RXCIE THCIE UDRIE RXEM THEN Ucszz RXBE THEB 158
008 (0x29) UBRRL USART Baud Rate Register Low byte 160
0B (O 28) ACSR ACD ACBG ACO ACI ACIE ACIC ACIS ACISO 198
O07 (Dx27) ADMUX REFS1 REFS0 ADLAR R M3 ML X2 MUXA MUXD 208
006 (Ox26) ADCSRA ADEN ADSC ADFR ADIF ADIE ADPS2 ADPSA ADPS0 209
w05 (0x25) ADCH ADC Data Register High byte 210
Ox04 (024 ) ADCL ADC Data Register Low byte 210
003 (0x23) TWDR Two-wire Serial Interface Data Register 193
002 (Ox22) TWAR TWAG TWAS TWad4 TWAS TWAZ TWA | TWAD TWGCE 184
Ol (021 TWSR TWST TWSE TWSS | TWS4 | TWS3 — TWPS1 TWPS0 193
00 (020 TWEBR Two-wire Serial Interface Bit Rate Register 191




0x00(0x20) — 0x3F(0x5F) + (0x60)-(0x9D)

ATmegal28

T’x‘egister éummary

Address Name Bit 7 Bit 6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 Page
(SFF) Resernved = = = = = = = =
Resarved -
(59E) eserved = Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Page
($90) UCSR1C - ($61) DDRF DDF7 DDF6 DDF5 DDF4 DDF3 DDF2 DDF1 DDFO 88
($9C) UDR1 ($80) Resenved - - - | - - - - -
(598B) UGSR1A RXC1 S3F ($5F) SREG 1 T H s v N z c 10
($94) UGCSR1B AXCIE S3E ($5E) SPH SP15 SP14 5P13 5P12 SP11 SP10 SP9 5P8 13
(599) UBRR1L 33D ($5D) SPL SPY SP6 SP5 SP4 SP3 sP2 SP1 SPO 13
(598) UBRRTH - $3C ($5C) XDIV XDIVEM XDIVE XDIVS XDIV4 XDIV3 XDIve XDIV1 XDIVO 36
($97 Reserved - $3B ($56) RAMPZ - - - - - - - RAMPZD 13
(596) Reserved - S3A ($54) EICRB ISCT1 ISCT0 1081 1SCE0 15C81 1SCE0 18541 1SC40 90
(595) UCSROC - $39 ($59) EIMSK INTT INTS INTS INT4 INT® INT2 INT1 INTO a1
(594) Resened - $38 ($58) EIFR INTF7 INTF& INTF5 INTF4 INTF2 INTF INTF1 INTFO 91
(593) Reserved - $37 ($57) TIMSK OCIE2 TOIE2 TICIEA OCIE1A OCIE1B TOIE1 OCIED TOIED 108, 138, 158
(592) Reserved - $36 ($56) TIFR OCF2 TOV2 ICF1 CCF1A OCF1B TOVI OCF0 TOVO 108, 140, 159
(391) Reserved - $35 ($55) MCUCR SRE SAW10 SE SM SV smM2 IVSEL IVCE 30, 44,63
(590) UBRAOH - 334 (354) MCUCSR JTD - - JTRF WDRF BORF EXTRF PORF 53, 254
(58F) Resened - $33 ($53) TCCRO FOCD WGEMOD COMO1 GOM0 WGMO1 cs02 cso1 G500 108
($8E) hesened = $32($52) TCNTO TimerCounted (8 Bit) 105
(580} Ressned - $31(851) OCRO Timer Counter0 Output Compare Register 105
($80) TCCRG FOC3A $30 ($50) ASSR - - - - ASD TCNOUB OCROUB TCROUB 1086
(SBB) TCCR3A CoM3A1 $2F ($4F) TCCR1A COM1A1 COM1AD COM1B1 COM1BD COMICT COM1CD WGM11 WGM10 132
(§8A) TCCR3B ICNC3 S2E ($4E) TCCR1B ICNGi ICES1 - WGM13 WGM12 csi2 csii cs10 135
(389) TCNT3H $2D ($4D) TCNTIH Timer/Courteri - Courter Register High Byte 137
($88) TONTSL $2C($4C) TCNTIL TimeriCounter! - Counter Register Low Byte 137
87 OCR3AH 2B ($4B) OCR1AH Timer/Counter1 — Output Compare Register A High Byte 137
$86) OCRAAL S2A ($44) OCRIAL TimerCounter! — Output Compare Register A Low Byte 137
(885) OCR3BH $20(349) CCR1BH Timer/Counter! — Output Compare Register B High Byte 137
(584) CCR3BL $28($48) OCRIBL Timer/Counterl — Output Compare Register B Low Byte 187
(569) OCR3CH $27(347) ICATH TimerGourter! - Input Capture Register High Byte 138
(382) OCR3CL 526 ($46) ICRIL Timer/Counter! — Input Capture Register Low Byte 138
(581) 1GR3H 525 ($45) TCCR2 FoC2 WGEM20 com21 ] COM20 } WGM21 ] cs22 cs21 CS20 156
(530) IGA3L 524 ($14) TCNT2 Timer/Counter2 (8 Bit) 158
(S7F) Resened = $23($43) OCR2 TimerGounter? Output Compare Register 158
($7E) Reserved = $22($42) OCDR IDRDVOCDR? OCDRB OCDRS OCDR4 OCDR3 OCDR2 OCDR1 OCDRD 251
($70) ETIMSK = $21($41) WDTCR - - - WDCE WDE WDP2 WDP1 WDPO 55
(87C) ETIFR = $20 ($40) SFIOR TSM - - - ACME PUD PSRO PSR321 72,109, 144, 227
($78) Resarved = S1F ($3F) EEARH - - - - EEPROM Address Register High 20
37A) TCCRIC FOC1A S1E ($3E) EEARL EEPROM Add ress Register Low Byte 20
(579) OCR1CH &1D (53D} EEDR EEPROM Data Register 21
(578) OCRICL $1C ($3C) EECH = = = = EERIE EEMWE EEWE EERE 21
(577) Resared = $1B ($3B) PORTA PORTAT PORTAG PORTAS PORTA4 PCRTA3 PORTAZ PORTA1 PORTAQ 86
(876) Resened = $1A ($34) DDRA DDAT DDAS DDAS DDA4 DDAS DDA2 DDAI DDAD 86
(575) Reserved = $19 ($39) PINA PINAT PINAG PINAS PINA4 PINAZ PINAZ PINA1 PINAD 86
(574) TWCR TWINT $18 ($38) PORTE PORTET PORTEE PORTES PORTB4 PORTE3 PORTB2 PORTEB1 PORTBO 86
(573) TWDR $17 ($37) DORB DDB7 DDBS DDBS DDB4 DDB2 DoB2 DDB1 DOBO 86
(572) TWAR TWAG 516 (536) PINE PINBT PINBE PINBS PINB4 PINB3 PINB2 PINB1 PINBO 86
(871) TWSR TWST $15(535) PORTC PORTCT PORTCE PORTCS PORTC4 PORTCA PORTC2 PORTCA PORTCO 86
(870) TWBR $14($34) DDRC DDC7 DDCE DDCS DDC4 DDC3 [o]sler] [s]o s} onco 86
(B6F) OSCCAL $13($33) PING PINGT PINGE PINGS PINC4 PING3 PINC2 PINC1 PINCO 87
(86E) Resarved = $12(832) PORTD PORTD? PORTDS PORTDS PORTD4 PORTD3 PORTD2 PORTD1 PORTDO 87
($60) HMCRA = $11(831) DDRD Don7 DOD6 DhDs DOD4 DDDG [ ]ele] DoD1 DbDo a7
($6C) AMCRB AMBK $10 ($30) PIND PIND7 PINDE PINDS FIND4 PIND3 PIND2 PIND1 PINDO 87
1$68) Reserved - SOF (§2F) SPDR SPI Data Register 168
1384) EICRA 18C31 S0E ($2E) SPSR SPIF | wocoL - | - - [ - - [ smzx 168
(869) Resened - $0D ($2D) SPCR SPIE | SPE DORD | MSTR CPOL | CPHA sPR1 | SPRD 166
(368) SPMCSR SPMIE 30C ($2C) UDRD USARTD /O Data Register 188
(867) Reserved = 508 ($2E) UCSROA AXCO | TGO UDRED |  FE0 | DORD | UPED UzXo | MPCMD 188
(366) Reserved - S04 (524) UCSHOB RXCIEQ |  TXCIEQ UDRIED | RXENO | TXEND | ucszoe RXBED | TXBA0 189
(855) PORTG - $09 (529) UBRRAOL USARTO Baud Rate Register Lo 191
(864 DORG - $06 ($28) ACSR ACD ACBG ACO ACI ACIE ACIC ACIST ACISO 227
($63) PING = $07 ($27) ADMUX REFS1 REFSO ADLAR MU X4 MUXa Mux2 MUX1 MUX0 242
(982) PORTFE PORTF?. $06 ($26) ADCSRA ADEN ADSC ADFR ADIF ADIE ADPS2 ADPS1 ADPS0 244
$05 ($25) ADCH ADGC Data Register High Byte 245
504 (324) ADCL ADC Data Register Low Byte 245
503 (523) PORTE POl
$02 ($22) DDRE DI Address Name Bit 7 Bit 6 Bit5 Bit4 Bit3 Bit 2 Bit1 Bit0 Page
01 (821) PINE PINET PINES PINES PINE4 PINE2 PINE2 PINE1 PINEOD a7
$00 ($20) PINF FINFT PINFS FINF5 PINF4 PINFS FINF2 PINF1 PINFO 88 26




Register Summary ATmegal28

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Page

(5FF) Resaned = = = - = - = =

. Fesarved = = = - = - = =
(59E) Reserved - - - - - - - -
(S90) UCSR1C - UMSEL1 UPM11 UPMIO USBS1 UCSZ211 UC5210 UCPOLY 180
(590 UDAR1 USARTT /O Data Register 188
(H9B) UCSR1A RXCA THCA UDRE1 FE1 DOR1 UFE1 L2 X1 MPCM1 188
(H9A) UCSR1B RXCIE1 THCIET UDRIET RXEN1 THEN1 UC5212 RXBa1 TXEB1 189
($£99) UBRR1L USART1 Baud Rate Register Low 191
($98) UBRARTH - - - - US5ART1 Baud Rate Register High 191
(597) Resarved - - - - - - - -
1596) Resarved - - - - - - - -
($35) UCSROC - UMSELD UPMOT UF MO0 USES0 UCS201 UC5200 UCPOLO 180
(E04) Resared - - - = - = - -
(£93) Researved - - - - - - - -
(£92) Resarved - - - - - - - -
(591) Resarved - - - i - i - -
($90) UERROH - - - - USARTO Baud Rate Register High 191
(58F) Resaned - - - - - - - -
(%8E) Resered - - - I - I - -
(580) Resered - - - - - - - -
(HaC ) TCCRAC FOC 34, FOC3B FOCAC - — - — — 126
(HBE) TCCR3A COM3A1 COM3IAD COM3B1 COM3BO COM3C1 COM3COo WIGM31 WEM20 132
(5BA) TCCR3BE ICHC3 ICES3 - WGEM33 WGEM32 Csa2 C531 C530 135
($89) TCNT3H Timer/Counter3 — Counter Register High Byte 137
1588) TCNT3L Timer/Counter3 — Counter Register Low Byte 137
1$87) OCR3AH Timer Counter3 — Output Compare Register A High Byte 137
(HA5) OCR3AL TimerCounterd — Qutput Compare Register A Low Byte 137
(FAE) OCR3EH TimerCounterd — Output Compare Reaister B High Byte 138
(524 ) OCR2BL TimerCounterd — Cutput Compare Register B Low Byte 138
(583) OCR3CH Timer/Courterd — Ouwtput Compare Register C High Byte 138
($82) OCR3CL Timer/Counterd — Output Compare Regigder C Low Byte 138
(%81) 1CR3H Timen Counter3 — | nput Ca pture Reqgister High Byte 138
(580) ICR3L Timer/Counter3 — Input Capture Register Low Byte 138
(E7F) Resarned - - - - - - - -
I(57E) Resared - - = - = = - _
(57D) ETIMSK - - TICIEZ OCIE2A OCIE3R TOIES OCIESC OCIE1C 129
(7C) ETIFR - - ICF3 OCF3A OCF3B TOV3 QCF3C OCF1C 140
(57B) Resarved - - - - - - - -

FOC1A FOC1E — - — - - 27

(STA)

TCCR1C

FOC1C

136




Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Page
(561) DORF DDFY DDF& DOFS DOF4 DOF2 DDF2 DOF1 D DFO ag
(H50) Resaved - - - - - - - -

E3F (B5F) SREG | T H S v M z C 10

$3E (35E) SPH S5P15 S5P14 5P13 SP12 SP11 SP10 SP9 SP8 13

F3D (5509 SFL 5P 5P 6 5P5 5P4 5P3 S5P2 5P1 SP0 13

$3C (550) XD XDIVEM XDIVE XDIVS XDIv4 XDIW3 XDz XD XDIVD 36

3B (55B) RAMPZ - - - - - - — RAMPZO 13

534 (554) EICRE ISCT1 |SCT0 15C51 1SCE0 ISC51 15C50 15C41 | SC40 90

530 (559 EIMSK INT? INTE INTS INT4 INT3 INT2 INT1 INTO 91

38 (558) EIFR INTF7 INTF& INTFS INTF4 INTF2 INTF INTF1 INTFO 91

37 (557) TIMSHK QCIE2 TOIE2 TICIET OCIET1A QCIE1E TOIET QCIED TOIED 108, 138, 158

336 (356) TIFR OCF2 TOW2 ICF1 COCF1A OCF1B TOW OCFO TOVO 108, 140, 159

35 (555) MCUCRH SRE SRW10 5E SM1 SN0 SN2 IVSEL IVCE 30, 44, 63

534 (354) MCUCSER JTD - - JTRF WDORF BEORF EXTHF FORF 53, 254

5330553 TCCRO FOCO WGEMOO COMD1 COMOO WGMO1 Cs02 CsmM Cs00 103

32 (552) TCMTO TimerCounte (8 Bit) 105

F31(551) QC RO Timer CounteD Output Compare Register 105

$30(550) ASSR = = = - AS0 TCHOUE CCROUB TCROUB 106

$2F (34F) TCCH1 A COM1A1 COMA1AD COM1BA COM1BO COM1CA COM1CO0 WGEM11 WGM10 132

52E (34E) TCCR1E 1CMCT ICES1 - WGEM13 WGEM12 C512 Cs11 C510 135

S20 (340 TCNT1H Timer/Counter1 — Counter Register High Byte 137

F2C (3T TCNTIL TimerCounterl — Counter Register Low Byte 137

F2B BB CCR1AH TimerCounter! — Output Compare Reaister A High Byte 137

F2A (B A) OCR1AL TimerCountern — Cutput Compare Register A Low Byte 137

$29(549) COCR1BH Timer/Counter! — Qutput Compare Regiger B High Byte 137

328 (548) OCR1BL Timer Counterl — Output Compare Reqister B Low Byte 137

F27(347) ICRIH Timer Counterl — Input Capture Register High Byte 138

526 (546) ICR1L Timer/Counter! — Input Capture Register Low Byte 138

525 (345) TCCR2 FOC2 WGEM20 COM21 COM20 WGEM21 Cs522 CsM C520 156

524 (544) TCMT2 Timer'Counter2 (8 Bit) 158

F2a(83) CCR2 TimernCounter? Output Compare Register 158

$22(%42) OCDR IDRDY CCORT OCDREG COCDR5 OCDR4 OCDR3 OCDR2 OCDR1 OCDROD 251

321 ($41) WOTCRH = = - WDCE WDE WDP2 WOP1 WOPD 55

520 (540) SFIOR TSM - - - ACME PU D PSRO PSR321 72,109, 144, 227

S1F (53F) EEARH = = = - EEPROM Address Register High 20

F1E(S3E) EEARL EEPROM Address Register Low Byte 20

H10(530) EEDR EEFROM Data Reqister 21

F1C (F30C) EECH - - - - EERIE EEMWE EEWE EERE 21

$1B ($3B) PORTA PORTAT PORTAG PORTAS PORT Ad PORTAS PORTAZ2 POHRT A1 POHTAD 86

F1A(534) DDORA DDAT DD AG DDAS DDA4 DDAZ DDAZ DD A1 DD AD BE

PIMA PINAT PINAG PINAS PIMNA4 PINAS PINAZ PINA1 PINAD 86

510 (%38)




©)

For technical reasons’, I/O register access differs
Bit operations for some GPIO and communication
In/out for the most common registers
All memory access

Exceptions to keep you awake

* 16/32 bit instruction coding
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/O Register Access

e IN/OUT

o only registers $00-3F (piNF-srEG)

(1)

Syntax:
IN Rd,A

16-bit Opcode:

Operands:
0<d<31,0<A <63

1011

0AAd

dddd VIV

30



/O Register Access

e CBI/SBI, SBIC/SBIS
only registers $00-$1F (PINF-EEARH)

()

Syntax:
CBIA,b

16-bit Opcode:

Operands:

0<A<31,0<b<7

1001

1000 ARMAR

Abbb
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/O Register Access

e LD/ST, LDD/STD, LDS/STS

e Whole data space
Register File
/O memory
Internal SRAM
external SRAM

Syntax:

(i) L DS Rd,k

32-bit Opcode:

Memory Configuration A

Data Memory

32 Registers
64 1/0 Reagisters
160 Ext I/O Reg.

Internal SRAM
(4096 x 8)

External SRAM
(0 - 64K x 8)

b e e e e - - —

$0000 - 3001F
$0020 - $005F
50060 - $00FF
$0100

$10FF
$1100

0<d<31,0<k<65535

1001

oood

dddd

0000

kkkk

kkkk

kkkk

kkkk
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Beware

CBI MCUCR, SE
CBI operates only $00-$1F, MCUCR is $35 ($55)
IN rl6, PORTG

IN operates only I/O space $00-$3F,
PORTG is in Extended 1/O space ($65)

LDS r0O, OSCCAL
LDS loads only r16-r31
LDS r20, PORTD = 1IN r20, PORTD

LDS r20, TCNTO = 1IN r20, PORTD

LDS operates the whole Data space,
IN operates I/O space with different addresses

$13 ($33) D3I (DDI)

III

m128def.inc: .equ PORTD = 0x12 $12($32) PORTD $32($52)

nNnoDn
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