
Microcontroller 

Programming

Atmel ATmega8/128/328

Core



Task 1

Find and download:

 AVR instruction set manual  

 ATmega328PB datasheet   

 XPlained-MINI datasheet 

and follow me
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AVR Core
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ATmega8
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ATmega128
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ATmega328



Memories

 In-system reprogrammable Flash Program 

Memory

 SRAM Data Memory

 EEPROM Data Memory
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Memory Model

 3 address spaces

 Program Flash 

 Register File + Data SRAM + I/O

 EEPROM
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Memory – Program flash

 Instructions 16/32 bits

 ATmega8:

 Program Counter 12bit

 memory 4K x 16bit

 ATmega128:

 Program Counter 16bit

 memory 64K x 16bit

 ATmega168/328:

 Program Counter 13/14bit

 memory 8/16K x 16bit

ATmega8 ATmega128

ATmega48 ATmega88/168/328
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Memory – SRAM

 Direct

 Indirect

 Indirect with

Displacement

 Indirect with

Pre-decrement

 Indirect with

Post-increment

ATmega8:
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Memory – SRAM

 Direct

 Indirect

 Indirect with

Displacement

 Indirect with

Pre-decrement

 Indirect with

Post-increment

ATmega128:
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Memory – SRAM

 Direct

 Indirect

 Indirect with

Displacement

 Indirect with

Pre-decrement

 Indirect with

Post-increment

ATmega88/168/328:



Memory – EEPROM

 ATmega8: 512B

 ATmega128: 4kB

 ATmega168: 512B

 ATmega328: 1kB

 Accessed as other peripherals
 EEARH/L, EEDR, EECR

 longer access time (write 8.5ms, read 4 clock cycles)
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I/O Space

 control and access to all peripherals

 IN, OUT – transfer between GPR and I/O 

registers

 ATmega8: 64 x 8bit

 ATmega128: 
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GPRF General Purpose Register File

32 x 8bit

Combinations:

1x8 out 1x8 in

2x8 out 1x8 in

2x8 out 1x16 in

1x16 out1x16 in

X,Y,Z: displacement, increment, decrement



MCU Control and Status Register 

JTD JTAG Interface Disable (not on 48/88/168/328)

JTRF JTAG Reset Flag (not on 48/88/168/328)

WDRF Watchdog Reset Flag

BORF Brown-out Reset Flag

EXTRF External Reset Flag

PORF Power-on Reset Flag

7 6 5 4 3 2 1 0

JTD - - JTRF WDRF BORF EXTRF PORF

R/W R R R/W R/W R/W R/W R/W

0 0 0

MCUCSR
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ALU – Status Register

I Global Interrupt Enable

T Bit Copy Storage

H Half-Carry

S Sign

V Two’s Complement Overflow

N Negative

Z Zero

C Carry

7 6 5 4 3 2 1 0

I T H S V 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 0

SREG
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Stack – ATmega8/128 and many others

7 6 5 4 3 2 1 0

SP15 SP14 SP13 SP12 SP11 SP10 SP9 SP8

SP7 SP6 SP5 SP4 SP3 SP2 SP1 SP0

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

SPH

SPL
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Stack – ATmega48/88/168/328
7 6 5 4 3 2 1 0

SP15 SP14 SP13 SP12 SP11 SP10 SP9 SP8

SP7 SP6 SP5 SP4 SP3 SP2 SP1 SP0

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

SPH

SPL



23

A
T

m
e
g
a
8
: 
0
x
0
0
(0

x
2
0
) 
–

0
x
3
F

(0
x
5
F

)



24

ATmega8
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ATmega128
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ATmega128



Exceptions to keep you awake

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

* 16/32 bit instruction coding
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I/O Register Access

 IN/OUT

 only registers $00-3F (PINF-SREG)
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I/O Register Access

 CBI/SBI, SBIC/SBIS

 only registers $00-$1F (PINF-EEARH)
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 LD/ST, LDD/STD, LDS/STS

 Whole data space

 Register File

 I/O memory

 internal SRAM

 external SRAM

I/O Register Access
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Beware

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

IN  r16, PORTG
 IN operates only I/O space $00-$3F, 

PORTG is in Extended I/O space ($65)

LDS r0, OSCCAL
 LDS loads only r16-r31

LDS r20, PORTD  ≠  IN r20, PORTD

LDS r20, TCNT0  =  IN r20, PORTD
 LDS operates the whole Data space, 

IN operates I/O space with different addresses
m128def.inc:  .equ PORTD = 0x12
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