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programming 
langs

High level  
such as qBASIC, 

C++, PASKAL, 
VBASIC, ...

Low level  
such as Assembly 
and machine lang. 

Background 

 A computer system consists of hardware and software 
components. 

 Hardware includes microprocessors, memories & input/output 
devices. 

 Software includes the operating systems, programming languages 
and application programs. 

 Programming languages may be classified as follows: 



 
 

 A High level language is a set of instructions that let the programmer 
perform arithmetic, logical, data transfer, conditional branching, and I/O 
operations. 

 It is not necessary that the programmer has strict information 
about the internal structure of the computer system. 

 High level programs are translated to the machine language of the 
specific processor using a software called "compiler", to be 
executed. 

 

 A Low level language is a set of instructions that deal with the 
internal structure of the processor and the computer system, to 
perform arithmetic, logical, data transfer, conditional branching, 
and I/O operations. 

 

 

 

 

 

 

 

 

 

 



 
 

HARDWARE COMPONENTS 

 

 The function of the CPU is to execute (process) information stored 
in memory.  

 The function of I/O devices, such as the keyboard and video 
monitor is to provide a means of communication between the user 
and the CPU. 

 The CPU is connected with the memory and I/O devices through 
strips of wires called busses.  

 The bus inside a computer allows carrying information from place 
to place, just as a street allows cars to carry people from place to 
place.  

 In every computer system there are three types of buses: address 
bus, data bus and control bus. 

 Data bus: is a set of bi-directional lines used to transfer data 
between different hardware components. The number of lines of a 
data bus  

Address Bus 

Processor 

Memory 
Output 
devices 

Input 
devices 

Data Bus

Control Bus 



 
 

 Address bus: is a set of uni-directional lines used by the processor 
to transfer the address information to determine a memory 
location or an I/O device. The number of address lines depends on 
the capability of the processor. An n-bit address bus  2n different 
addresses. For 16-bit address bus, the number of addressable 
locations is Kbytes. 

 Control bus: a number of wires used by the processor to control the 
operation of the other components of the system, such as memory 

 

 

MEMORY 

A memory chip consists of a large number of memory locations. Each 

location stores binary data. The size of a memory location is typically 8 

bits (1 Byte). The processor identifies a location by its address.  
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Memory Organization 

 Memory chips are organized into a number of locations within the 
IC. 

 Each location can hold 1, 4, 8 or 16 bits depending on how the 
memory is internally designed and it is equal to the number of data 
pins on the chip. 

 The number of storage locations = 2number of address pins.  

 As an example, if memory chip has  data pins and  address pins 
then, there are  storage location and each location in this 
memory stores  bits. Moreover, the total number of bits that can 
be stored in this memory is equal to (   ) bits. 

 

Memory Speed 

 One of the most important characteristics of a memory chip is the 
speed at which its data can be accessed. 

 To access data, the address is presented to the address pins, the 
READ control signal is activated, and after a certain amount of time, 
the data appear at the data pins.  

 The speed of the memory is usually referred to as the access time. 

 The shorter is the access time, the better (and more expensive) is 
the memory chip. 

 The access time of memory chips varies from few nanoseconds to 
hundreds nanoseconds, depending on the IC manufacturing 
technology.  



 
 

 

 

Memory Classification 

 



 
 

ROM (Read Only Memory) 

 ROM is a type of memory that does not lose its contents when 

the power is turned off. 

 For this reason, ROM is also known as non-volatile memory. 

 There are many types of ROM, such as, PROM, EPROM, 

EEPROM, Flash EPROM, and Mask ROM. 

 

PROM (Programmable ROM) or OTP 

 The user can burn information in to this type of ROM. 

 For every bit of the PROM, there exists a fuse. If the fuse is 

burned, then a 0 is stored. If the fuse is left as it is, then a 1 is 

stored. 

 If the information burned in to a PROM is wrong, then the 

PROM must be discarded. Therefore, it is also called One Time 

Programmable (OTP) ROM.  

  Programming PROM (burning PROM) requires an equipment 

called ROM programmer or ROM burner. 

Example: Draw the (4x4) diode matrix of a PROM. The contents are 

according to the given table. 

 

 

 

 

 



 
 

The PROM looks like this: 

 

 

 

 

 

 

 

 

 

 

 

 

Homework: Repeat for (4x6) and (4x8) PROMs. 

EPROM (Erasable Programmable ROM)  

or UV-EPROM 

 EPROM was invented to allow changes in the contents of 

PROM after it is programmed. 

 EPROM can be programmed and erased thousands of times. 

 A widely used EPROM is called UV-EPROM where UV stands 

for ultraviolet. 

 A UV-EPROM can be eased by shining UV radiation through a 

glass window for about 20 minutes.   

 The program/erase cycle of UV-EPROM is 1000 times. 



 
 

To program an EPROM, the following steps must be taken: 

1. Erase the memory chip by removing it from its socket on the 

system board and placing it in EPROM eraser equipment to 

expose it to UV radiation for 15-20 minutes. 

2. Place the memory chip in to another equipment called EPROM 

programmer to load the program by applying a 12.5V or higher 

dc voltage on the Vpp pin. 

3. Place the memory chip into its socket on the system board. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

Example:  

For the ROM chip 27128, find the number of data and address pins. 

 

Solution: 

The 27128 has a capacity of 128K bits. 

It has (16K ×8) organization (all ROMs have 8 data pins). 

The number of data pins of 27128 is 8. 

The number of address pins is 14 since 16K=214. 

 

 

EEPROM (Electrically Erasable Programmable ROM) 

or E2PROM 

EEPROM has several differences with EPROM, such as: 

 The erasure method is electrical. 

 In EPROM, one can select which byte to erase, in contrast to 

UV-EPROM in which the entire contents are erased. 

 EEPROM can be erased and programmed while it is still in the 

system board. 

 The cost per bit of EEPROM is much higher than UV-EPROM. 

 The program/erase cycle of EEPROM is 100000 times. 

 

Flash EEPROM  

 Since the early 1990s of the 20th century, Flash EEPROM has 

become a popular user-programmable memory chip because 



 
 

its entire contents can be electrically erased in less than a 

second (flash).   

 In recent Flash memories, the contents are divided into blocks, 

and the erasure can be done block by block. 

 Flash memory can be erased and programmed while it is in its 

socket on the system board. 

 Flash memory is widely used as the BIOS ROM of the PC, and 

as a hard disk mass storage medium (SSD = Solid State Drive) 

 The program/erase cycle of Flash EEPROM is 100000 times. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

Mask ROM 

It is the kind of ROM that its contents are programmed by the IC 

manufacturer. It is not a user programmable memory. 

The main advantage of Mask ROM is its low cost. 

Example: The diode matrix of a (4x4) Mask ROM is shown below.  

 

 

 

 

 

 

 

 

 

Question: What is the difference between PROM and Mask ROM? 

Homework: Repeat the above example for (4x6) and (4x8) MROMs. 

 

 



 
 

RAM (Random Access Memory) 

 RAM memory is called volatile since cutting off the power to the 

memory IC results in the loss of data.  

 Sometimes, it is referred to RAM as R/WM (Read/Write Memory). 

 There are three types of RAM: 

 Static RAM (SRAM) 

 Dynamic RAM (DRAM) 

 Non-vilatile RAM (NV-RAM) 

 

SRAM 

The storage cells are made of flip-flops, and each flip-flop requires at 

least 4 transistors to build. A storage cell holds a single bit. 

 



 
 

Example:  

For the RAM chip 6116, find the 

number of data and address pins. 

 

Solution: 

 The 6116 has a capacity of 16K 

bits. 

 It has (2K ×8) organization. 

 The 6116 has 8 I/O data pins. 

 The number of address pins is 

11 since 2K=211. 

 Also, the SRAM has three pins for the following control signals: 

Chip Select (-CS) to activate or deactivate the memory IC. 

Write Enable (-WE) to enable writing (input) data into the RAM.  

Read Enable (-RE) to enable reading (output) data from the RAM. 

Note that all of these control signals are active low digital signals. 

 

To write data into the 6116 SRAM: 

1. Provide the address to pins A0 to A10. 

2. Activate the CS pin. 

3. Make WE=0 and RE=1. 

4. Provide the data to pins I/O0=I/O7. 

5. Make WE=1, and the data will be written into SRAM on the 

positive edge of the WE signal. 



 
 

 

 

 

 

 

 

To read data from the 6116 SRAM: 

1. Provide the address to pins A0 to A10.This is the start of the 

access time tAA. 

2. Activate the CS pin. 

3. Make WE=1 and RE=0. On the negative edge of RE, the 

data will appear at the data pins D0-D7. 

 

 

 

 

 

 

 

 

 

 



 
 

NV-RAM 

 Like other RAMs, the NV-RAM allows the CPU to read and write to 

it, but when the power is turned off the contents are not lost. 

 NV-RAM combines the best of RAM and ROM. 

 The NV-RAM chip internally is made of the following components: 

1. Very low power consumption SRAM cells made of CMOS 

transistors. 

2. An internal lithium battery as a backup energy source. 

3. UPS control circuitry. 

 
 

DRAM 

  In 1970, Intel Corporation introduced the first dynamic RAM. Its 

density (capacity) was 1024 bits. 

  The memory cell in DRAM is a capacitor. A charged capacitor 

holds 1 and a discharged capacitor holds 0. 

  To solve the charge leakage problem, a refreshment circuitry is 

used. The capacitors are refreshed periodically. 

  The memory cell is smaller than SRAM. 

  It has a higher density and smaller size than SRAM. 

  It is cheaper and lower power consumption than SRAM. 

  The data in DRAM cannot be accessed while it is being refreshed. 



 
 

DRAM Organization 

 The DRAM can have ×1, ×4, ×8, or 

×16 memory organization. 

 In DRAM memory chips, the data 

pins are also called I/O. In some 

DRAMs there re separate Din and Dout 

pins.  

 The memory cells are arranged as a matrix. Therefore, half of the 

number of address lines is needed. The address pins are used to 

determine the row (when RAS is active) and the column (when CAS 

is active) of the intended memory cell. For example, the 256K×1 

DRAM chip has nine address pins (A0-A8), with RAS and CAS. 

 

Example: Find the number of address pins in (16K×4) SRAM and 

(16K×4) DRAM. 

SRAM: 16K= 214, Address pins =14. 

DRAM: 16K= 214, Address pins =  with RAS and CAS. 

 



 
 

Logic Gate Address Decoding 

Example1: 

Connect a 2KByte ROM with an 8-bit data bus/16-bit address bus 

CPU.  

 

Solution: 

2K=211, then there are 11 direct address lines (A0-A10). The 

remainder of the 16 address lines (A11-A15) are connected to the 

NAND as shown in the figure. 

 

 

 

 

 

 

 

 

 

 

 

The address range of the locations is: 0x0000 to 0x07FF. 

 A15 A14 A13 A12 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0 

First 

location 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Last 

location 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 



 
 

 

Example2: 

Connect a 1KByte ROM and a 4KByte SRAM with an 8-bit data 

bus/16-bit address bus CPU.  

Solution: 

 

 

 

 

 

 

 

 

 

 

The address range of the ROM is: 0x0000 to 0x03FF. 

 A15 A14 A13 A12 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0 

First 
location 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Last 
location 

0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 

 

The address range of the SRAM is: 0x1000 to 0x1FFF  

 A15 A14 A13 A12 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0 

First 
location 

0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 

Last 

location 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 



 
 

I/O Port Interfacing 

 The data flow between the CPU and the I/O devices is performed 
through connection points called ports. 

 The ports are under the control of the CPU.  

 The CPU identifies (activates) an input or output device by placing 
its address on the address bus and enabling the associated port. 
Then, the data flows through this port. 

 For example, in the figures below, the address of the output device 
is 0xFF00 and the input device is 0xF000. 

 

 



23 

 
 

 
Example: Design a microcomputer system with the following components:  

1. CPU (8-bit data bus and 16-bit address bus). 
2. 2 Kbyte ROM. 
3. 2 Kbytes RAM. 
4. One input port and one output port. 
 
 

 
 

 
 
 
 
 
 
 

 
 
 

 
 
 

 
 
 
 
 
 

 
 
 



 
 

 

 



 
 

 The AVR is a modified Harvard architecture 8-bit RISC single-chip 
microcontroller, which was developed by Atmel in 1996.  

 The AVR was one of the first microcontroller families to use on-chip 
flash memory for program storage, as opposed to one-time 
programmable ROM, EPROM, or EEPROM used by other 
microcontrollers. 

 The AVR architecture was conceived by two students at the 
Norwegian Institute of Technology (NTH), Alf-Egil Bogen and 
Vegard Wollan.  

 When the technology was sold to Atmel from Nordic VLSI, the 
internal architecture was further developed by Norway, a 
subsidiary of Atmel. 

 It is commonly accepted that AVR stands for Alf and Vegard RISC 
processor.  

 The AVR 8-bit microcontroller architecture was introduced in 1997. 
By 2003, Atmel had shipped 500 million AVR flash microcontrollers.  

 

 



 
 

BASIC FAMILIES 

AVRs are generally classified into the following: 

Family 
name 

Series 
name 

program 
memory 

Pins in 
package 

peripheral 
set Extra features 

tinyAVR ATtiny 0.5 16 kB 6 32 Limited  
 

megaAVR ATmega 4 512 KB 28 100 Extensive Extended instruction set 
(multiply instructions and 
instructions for handling 
larger program memories)
 

XMEGA ATxmega 16 384 KB 44 64
100 

Extensive 
with ADCs 

 

Extended performance 
features, such as DMA, 
"Event System", and 
cryptography support. 
 

Application
-specific 

AVR 
 

megaAVRs with special features not found on the other members of the 
AVR family, such as LCD controller, USB controller, advanced PWM, CAN, 
etc. 

 
FPSLIC 

(AVR with 
FPGA) 

 FPGA 5K to 40K gates 
 SRAM for the AVR program code, unlike all other AVRs 
 AVR core can run at up to 50 MHz 

 
32-bit 
AVRs 

 

 In 2006 Atmel released microcontrollers based on the 32-bit AVR32 
architecture.  

 They include SIMD and DSP instructions, along with other audio- and 
video-processing features.  

 This 32-bit family of devices is intended to compete with the ARM-
based processors.  

 The instruction set is similar to other RISC cores, but it is not 
compatible with the original AVR or any of the various ARM cores. 

 

 

 



 
 

DEVICE GENERAL ARCHITECTURE 

 The AVR is a modified Harvard architecture machine, where 
program and data are stored in separate physical memory systems 
that appear in different address spaces, but having the ability to 
read data items from program memory using special instructions. 

Von Neumann Model for Stored Program Computers 

 

 

 

 

1903-1957)

Harvard Architecture 

 

 

 

 

Harvard Architecture Advantages 

 Separate instruction and data paths 
 Simultaneous accesses to instructions & data 
 Hardware can be optimized for access type and bus width. 



 
 

Von Neumann vs. Harvard Architecture  
 

 
 

DEVELOPMENT BOARDS 

 Inexpensive development 
tools. 

 Free development 
software. 
  

 Many AVR based cards 
with different peripheral 
and memory 
combinations. 

 
 Can be used with conventional programming environments (C, 

assembler, etc.). 
 

 USB-based AVRs have been used in the Microsoft Xbox hand 
controllers. 

 



 
 

ATMEL 8-BIT MICROCONTROLLER WITH 32KBYTES 
IN-SYSTEM PROGRAMMABLE FLASH 

 

Features 
 High Performance, CMOS Low Power 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 20 MIPS Throughput at 20MHz 
  On-chip 2-cycle Multiplier 
 High Endurance Non-volatile Memory. 
  4/8/16/32KBytes of In-System Self-Programmable Flash program memory 
  256/512/512/1KBytes EEPROM 
  512/1K/1K/2KBytes Internal SRAM 
  Data retention: 20 years at 85oC/100 years at 25oC 
  Optional Boot Code Section with Independent Lock Bits 
  In-System Programming by On-chip Boot Program 
  True Read-While-Write Operation 
  Programming Lock for Software Security 

 
Peripheral Features 

 Two 8-bit Timer/Counters with Separate Prescaler and Compare Mode 
  One 16-bit Timer/Counter with Separate Prescaler, Compare Mode, and 
 Capture Mode 
  Real Time Counter with Separate Oscillator 
  Six PWM Channels 
  6-channel 10-bit ADC  
  Programmable Serial USART 
  Master/Slave SPI Serial Interface 
  Byte-oriented 2-wire Serial Interface (Philips I2C compatible) 
  Programmable Watchdog Timer with Separate On-chip Oscillator 
  On-chip Analog Comparator 
  Interrupt and Wake-up on Pin Change 



 
 

Special Microcontroller Features 
 Power-on Reset  
 Internal Calibrated Oscillator 
 External and Internal Interrupt Sources 
 23 Programmable I/O Lines 
 - 5.5V 
 -40oC to 85oC 
 Speed - 4MHz@1.8 - 5.5V, 0 - 10MHz@2.7 - 5.5.V, 0 - 20MHz @ 4.5 - 

5.5V 
 Power Consumption at 1MHz, 1.8V, 25oC 

  Active Mode: 0.2mA 
  Power-  
  Power-save Mo  

 
 
 

PIN CONFIGURATIONS 
 
The Pinout of ATmega48A/PA/88A/PA/168A/PA/328/P is shown below: 
 
 
 

 



 
 

PIN DESCRIPTIONS 
 

1. VCC: Digital supply voltage 

2. GND: Ground 

3. Port B (PB7:0)  

4. Port C (PC5:0) 

5. PC6: RESET 

6. Port D (PD7:0) 

7. AVCC: is the supply voltage pin for the A/D Converter. 

8. AREF: is the analog reference pin for the A/D Converter 

 

 
 
 



 
 

 
AVR CPU Core 

 
This section discusses the AVR core architecture in general. The main 
function of the CPU core is to ensure correct program execution. The CPU 
must therefore be able to access memories, perform calculations, control 
peripherals, and handle interrupts. 

 

 

 



 
 

ALU  Arithmetic & Logic Unit 
 The high-performance AVR ALU operates in direct connection 

with all the 32 general purpose working registers. 

 Within a single clock cycle, arithmetic operations between 

general purpose registers or between a register and an 

immediate are executed. 

 The ALU operations are divided into three main categories  

arithmetic, logical, and bit-functions.  

 Some implementations of the architecture also provide a 

powerful multiplier supporting both signed/unsigned 

section for a detailed description. 

 
Status Register 

 The Status Register contains information about the result of the 
most recently executed arithmetic instruction. 

 This information can be used for altering program flow in order 
to perform conditional operations.  

 Note that the Status Register is updated after all ALU 
operations, as specified in the Instruction Set Reference.  

 
 
SREG  AVR Status Register 
The AVR Status Register  SREG  is defined as: 



 
 

Bit 7  I: Global Interrupt Enable 

 The Global Interrupt Enable bit must be set (=1) for the interrupts to 

be enabled. The individual interrupt enable control is then 

performed in separate control registers.  

 If the Global Interrupt Enable Register is cleared (=0), none of the 

interrupts are enabled independent of the individual interrupt enable 

settings. The I-bit is cleared by hardware after an interrupt has 

occurred, and is set by the RETI instruction to enable subsequent 

interrupts. 

 The I-bit can also be set and cleared by the application with the SEI 

and CLI instructions, as described in the instruction set reference. 

 

 

Bit 6  T: Bit Copy Storage 

The Bit Copy instructions BLD (Bit LoaD) and BST (Bit STore) use the T-

bit as source or destination for the operated bit. A bit from a register in 

the Register File can be copied into T by the BST instruction, and a bit in 

T can be copied into a bit in a register in the Register File by the BLD 

instruction. 

 

 

Bit 5  H: Half Carry Flag 

The Half Carry Flag H indicates a Half Carry in some arithmetic 

operations. Half Carry Is useful in BCD arithmetic. See the 

information. 

 



 
 

Bit 4  S: Sign Bit, S = N  V 

The S-bit is always an XOR 

Complement Overflow Flag V. 

detailed information. 

Bit 3   

The 

  

Bit 2  N: Negative Flag 

The Negative Flag N indicates a negative result in an arithmetic or logic 

Instruction Set  

Bit 1  Z: Zero Flag 

The Zero Flag Z indicates a zero result in an arithmetic or logic 

 for detailed 

information. 

Bit 0  C: Carry Flag 

The Carry Flag C indicates a carry in an arithmetic or logic 

 detailed 

information. 



 
 

 

General Purpose Register File 

 The Register File is optimized for the AVR Enhanced RISC 

instruction set.  

 In order to achieve the required performance and flexibility, the 

following input/output schemes are supported by the Register 

File: 

 

 One 8-bit output operand and one 8-bit result input 

 Two 8-bit output operands and one 8-bit result input 

 Two 8-bit output operands and one 16-bit result input 

 One 16-bit output operand and one 16-bit result input 

 

 



 
 

The X-register, Y-register, and Z-register 
 The registers R26...R31 have some added functions to their 

general purpose usage. These registers are 16-bit address 
pointers for indirect addressing of the data space.  

 The three indirect address registers X, Y, and Z are defined as 
shown below. 

 In the different addressing modes these address registers have 
functions as fixed displacement, automatic increment, and 
automatic decrement.  

 

 

 
 

Stack Pointer 

 The Stack is mainly used for storing temporary data, for 

storing local variables and for storing return addresses after 

interrupts and subroutine calls.  

 Note that the Stack is implemented as growing from higher to 

lower memory locations. The Stack Pointer Register always 

points to the top of the Stack.  

 A Stack PUSH command will decrease the Stack Pointer. 

 Initial Stack Pointer value equals the last address of the internal 

SRAM. 



 
 

 The AVR Stack Pointer is implemented as two 8-bit registers in 

the I/O space.  

 

 Note that the data space in some implementations of the AVR 

architecture is so small that only SPL is needed. In this case, 

the SPH Register will not be present. 

Instruction Execution Timing 

 The AVR CPU is driven by the CPU clock clkCPU, directly 

generated from the selected clock source for the chip. No 

internal clock division is used. 

 When the device is powered-on, the Program Counter is set to 

0. 

 The instruction at the location in Flash Memory at the address 

indicated by the Program Counter is fetched and placed in the 

Instruction Register 

 The opcode and operands within the instruction are extracted 

by the Instruction Decoder 



 
 

 The control lines from the I.D. activate the particular circuitry 

within the ALU that is capable of processing that particular 

opcode. The ALU executes the instruction. 

 The Program Counter is automatically incremented and the 

cycle repeats. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Example: ADD R5, R12 



 
 

Pipelining 

 The parallel instruction fetches and instruction executions are 

enabled by the Harvard architecture and the fast-access 

Register File concept. This is the basic pipelining concept to 

obtain up to 1 MIPS per MHz with the corresponding unique 

results for functions per cost, functions per clocks, and 

functions per power-unit. 

 

 

 

Binary Representation of Instructions 
 

a machine-executable instruction 
 
<Homework: Mov R4, R6. Assume Mov opcode=11011> 

 



 
 

 

 



 
 

AVR Memories 

 The AVR architecture has two main memory spaces, the Data 
Memory and the Program Memory space.  
 

 In addition, the ATmega 328 features an EEPROM Memory for 
data storage.  
 

 All three memory spaces are linear and regular. 
 
 

(1)  In-System Reprogrammable Flash Program Memory 

 The ATmega 328 contains 32Kbytes On-chip In-System 
Reprogrammable Flash memory for program storage.  
 

 Since all AVR instructions are 16 or 32 bits wide, the Flash is 
organized as 16K x 16.  

 

 For software security, the Flash Program memory space is 
divided into two sections, Boot Loader Section and Application 
Program Section.  

 

 The Flash memory has an endurance of at least 10,000 
write/erase cycles.  

 

 The ATmega 328 Program Counter (PC) is 14 bits wide, thus 
addressing the 16K program memory locations.  

 

The following figure shows the Program Memory Map of ATmega 
328 



 
 

 
 

(2)  SRAM Data Memory 

 The 32 general purpose working registers, 64 I/O Registers, 
160 Extended I/O Registers, and the 2048 bytes of internal 
data SRAM in the  ATmega 328 are all accessible through all 
these addressing modes. The Data Memory Map is shown 
below 

 



 
 

(3)  EEPROM Data Memory 

 The ATmega 328 contains 1 Kbyte of data EEPROM memory.  

 It is organized as a separate data space, in which single bytes 

can be read and written.  

 The EEPROM has an endurance of at least 100,000 

write/erase cycles.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

 

 

 

 



 
 

 

 

 

 

 

 



 
 

 

 



 
 

 

 

 

 



 
 

 

 

 



 
 

 

Example 

 

 



 
 

 

 

 

 

 

 



 
 

More instructions 

 

 

 

 

 



 
 

 

 



 
 

 

 

 

 

 

 

 

 

 



 
 

 

 

 

 

 

More AVR Assembly Instructions 
 

STACK MEMORY 
 

Mnemonic Operation Description 

PUSH Rr Stack  Rr - Decrement SP by 1 
- Copy Rr to the top of stack memory 

POP Rd Rd  Stack - Copy the top of stack memory to Rd 
- Increment SP by 1 



 
 

Note that the Stack Pointer (SP) must be initialized before any instruction 
can deal with stack memory. 
 
 
Example: Use the stack memory to store the contents of R12 and R7 
temporarily. The address of the last location in SRAM is 0x4000. 
 

 

 
 
 
Example: Swap the contents of R20 and R21 via stack memory. The 
address of the last location in SRAM is 0x4000. 
 

 
 
 
 
 
 

 
 
 
 

LDI SPL, 0x00 ; Load SP lower byte 
LDI SPH, 0x40 ; Load SP higher byte. Now SP=0x4000 
PUSH R12 ; Decrement SP (SP=0x3FFF) 

Store R12 in stack memory (0x3FFF) 
PUSH R7 ; Decrement SP (SP=0x3FFE) 

Store R7 in stack memory (0x3FFE) 
.
.
.

 
; 

 
Other instructions 

POP R7 ; Load R7 from stack memory (0x3FFE) 
Increment SP (SP=0x3FFF) 

POP R12 ; Load R12 from stack memory (0x3FFF) 
Increment SP (SP=0x4000) 

END ; Stop 

LDI SPL, 0x00 
LDI SPH, 0x40 
PUSH R20 
MOV R20, R21 
POP R21 
END 



 
 

UNCONDITIONAL BRANCHING 
 

Mnemonic Operation Description 
JMP, K PC  K Jump to address K 

CALL, K stack  PC 
PC  K 

- PUSH PC to stack memory 
- Jump to address K 

RET PC  stack Return 
 
 
 
 
 
 
 
 
 
 
 
 
 

JMP CALL-RET 
One-way jump Two-way jump 

--- Store PC in stack 
Used to skip instructions Used to call and execute subprograms 

 
 
 
COMPARISON 
 

Mnemonic Operation Description 

CP Rd, Rr Rd - Rr 
Update C & Z flags according to the 
result of Rd-Rr 

CPI Rd, K Rd - K 
Update C & Z flags according to the 
result of Rd-K 

 



 
 

Note that after CP Rd, Rr is executed, the following can be concluded from 
the C and Z flags: 
 

C Z Conclusion 
0 1 Rd = Rr 
0 0 Rd > Rr 
1 0 Rd < Rr 

 
 
Example: Specify the contents of R20, R21, C and Z flags after the 
execution of each instruction in the following program. Suppose that all 
registers and flags are reset initially. 
 

 R20 R21 C Z 
LDI R20, 0x3A 0x3A 0x00 0 0 
LDI R21, 0x3A 0x3A 0x3A 0 0 
CP R20, R21 0x3A 0x3A 0 1 
CPI R20, 0xFF 0x3A 0x3A 1 0 

 
 
 
CONDITIONAL BRANCHING 
 
 
 
 
 
 
 
 
 
 
 
 

 



 
 

I/O Ports 
 

 All AVR ports have true Read-Modify-Write functionality when 

used as general digital I/O ports.  

 This means that the direction of one port pin can be changed 

without unintentionally changing the direction of any other pin. 

 Each output buffer has symmetrical drive characteristics with 

both high sink and source capability. The pin driver is strong 

enough to drive LED displays directly.  

 All port pins have individually selectable pull-up resistors with a 

supply-voltage invariant resistance.  

 All I/O pins have protection diodes to both VCC and Ground as 

indicated in the figure below. 

 
 

I/O Pin Equivalent Schematic 

 



 
 

 -b /

 Port B, Port C & Port D 

 Pins identified as PB.n, PC.n or PD.n (n=0 7) 

  

 Input with internal pull-up 

 Input with no pull-up (tri-state) 

 Output low 

 Output high 

There are three registers associated with each I/O port, as folloows. 

 



 
 

 

 



 
 

 

 

0 



 
 

 

 



 
 

 

 

00 



 
 

RESET AND INTERRUPT HANDLING 
 

 The AVR provides several different interrupt sources. These 
interrupts and the separate Reset Vector each have a separate 
program vector in the program memory space.  

 All interrupts are assigned individual enable bits which must be 
written logic one together with the Global Interrupt Enable bit in the 
Status Register in order to enable the interrupt.  

 
Interrupt Vectors in ATmega328 and ATmega328P 

 



 
 

 The lower the address the higher is the priority level. RESET 
has the highest priority, and next is INT0  the External 
Interrupt Request 0.  
 

 When an interrupt occurs, the Global Interrupt Enable I-bit is 
cleared and all interrupts are disabled. The user software can 
write logic one to the I-bit to enable nested interrupts.  

 

 All enabled interrupts can then interrupt the current interrupt 
routine. The I-bit is automatically set when a Return from 
Interrupt instruction  RETI  is executed. 

 
 
Interrupt Response Time 

 The interrupt execution response for all the enabled AVR 
interrupts is four clock cycles minimum.  
 

 After four clock cycles the program vector address for the 
actual interrupt handling routine is executed.  

 
 During this four clock cycle period, the Program Counter is 

pushed onto the Stack. The vector is normally a jump to the 
interrupt routine, and this jump takes three clock cycles.  

 
 If an interrupt occurs during execution of a multi-cycle 

instruction, this instruction is completed before the interrupt is 
served.  

 
 If an interrupt occurs when the MCU is in sleep mode, the 

interrupt execution response time is increased by four clock 
cycles. This increase comes in addition to the start-up time 
from the selected sleep mode. 



 
 

 
 A return from an interrupt handling routine takes four clock 

cycles. During these four clock cycles, the Program Counter 
(two bytes) is popped back from the Stack, the Stack Pointer is 
incremented by two, and the I-bit in SREG is set. 

 
 
Analog Comparator 

 The Analog Comparator compares the input values on the 
positive pin AIN0 and negative pin AIN1.  
 

 When the voltage on the positive pin AIN0 is higher than the 
voltage on the negative pin AIN1, the Analog Comparator 
output, ACO, is set (=1). 

 

Analog-to-Digital Converter 
 
Features: 

-bit Resolution 
-  

 from the pins of Port A. 
- VCC ADC Input Voltage Range 

 
 

 

 

---------------( THE END )----------------- 


