
System-Level Programming

16 µC System Architecture – Processor

Peter Wägemann

Lehrstuhl für Informatik 4
Systemsoftware

Friedrich-Alexander-Universität
Erlangen-Nürnberg (FAU)

Summer Term 2025

http://sys.cs.fau.de/lehre/ss25

16
-M

C
-P

ro
ze

ss
or

_
en

http://sys.cs.fau.de/lehre/ss25


Example ATmega32: Block Circuit Diagram
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Example ATmega Family: CPU Architecture

Application code

Boot code

IRQ vectors0x0000
0x0046

0x1FFFF

main:
  ...

wait:
  ...

up to approx. 60 
KiB external 

SRAM

32 registers

64 IO registers
up to 160 

ext. IO registers

up to 4KiB 
internal SRAM

0x0000
0x0020

0x0060

0x0100

0x1100

0xFFFF

Program address space (Flash)
1–128 KiB, 2-Byte elements

Data address space (SRAM)
0–64 KiB, 1-Byte elements

Computing unit

Data bus

Address bus

8

1616

16

Harvard architecture (memory for code and data is separated)

peripheral registers are integrated into the memory
; can be accessed like global variables

In comparison: PC is based on a von-Neumann-architecture that uses shared memo-
ry; I/O registers use a special I/O address space.
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How Does a Processor Work? ◀◀ ▶▶

PCSR

R1

R1`

PC`SR`

…Z...

RESET

Vcc

main: ldi R1, 48
dec R1
beq L1
call f
sub R1, 58

L1: ...

f: add R1, 11
ret
...

Program memory

Bus

Zero bit

0x0000
0x0002
0x0004
0x0006
0x0008
0x000A

0x0100
0x0102

SR

µC
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only one multi-purpose register (R1)
program counter (PC) and status register (SR) (+ “shadow copies”)
no data memory, no stack ; program only works on registers
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call f
sub R1, 58

L1: ...
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Program memory

Bus

Zero bit

PC = 0x0000

w = *PC++

decode(w)

execute(w)

RESET

0x0000
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SR
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w: dec <R>
R –= 1
if(R == 0) Z = 1 
else Z = 0 

47

0
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R –= 1
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w: beq <lab>
if(Z) PC = lab

47

0
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0
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w: call <func>
PC` = PC
PC = func
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w: dec <R>
R –= 1
if(R == 0) Z = 1 
else Z = 0 

w: beq <lab>
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main: ldi R1, 48
dec R1
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call f
sub R1, 58

L1: ...

f: add R1, 11
ret
...58

0
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