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Final Project - Assignment no. 5

Deliver the design document for the final project.
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Introduction to Computing

Chapter O

The AVR microcontroller
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 Internal organization of computers

— The different parts of a computer
 1/0O
 Memory
- CPU
— Connecting the different parts
e Connecting memory to CPU
« Connecting I/Os to CPU

— How computers work
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Internal organization of computers

« CPU
* Memory

* 1/O
— Input
* E.g. Keyboard, Mouse, Sensor
— Output
* E.g. LCD, printer, hands of a robot
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« Everything that can store, retain, and recall
Information.

— E.g. hard disk, a piece of paper, etc.
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Memory characteristics

« Capacity
— The number of bits that a memory can store.
* E.9. 128 Kbits, 256 Mbits

« Organization

. . bi
— How the locations are organized e
» E.g. a 128 x 4 memory has 128 locations, £ 2
4 bits each <

* Access time
— How long it takes to get data from memory

©2011 Pearson Higher Education,
Upper Saddle River, NJ 07458. ¢ All Rights Reserved.
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Semiconductor memories

« ROM RAM -
— Mask ROM (Static RAM) SRAM —
— PROM (Programmable (Dynamic RAM) DRAM —
ROM) Nonvolatile ) NV-RAM —
— EPROM (Erasable (RAM
PROM)

— EEPROM (Electronic
Erasable PROM)

— Flash EPROM
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Memory\RomMaAS k ROM

 Programmed by the IC manufacturer
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vemons\RoMPROM (Programmable ROM)

« OTP (One-Time Programmable)
— You can program it only once
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vemoryRoM\EPROM (Erasable Programmable ROM)

 UV-EPROM

— You can shine ultraviolet (UV) radiation
to erase it

— Erasing takes up to 20 minutes
— The entire contents of ROM are erased

ANy

Table 0-5: Some UV-EPROM Chips = o
Part # Capacity Org. Access Pins Vpp i; Ei 2764 2 g Eéc‘
5716 6K K % 8 350 s % 35V o= 74 |5 Ao
2732 32K 4K =% ¥ 450 ns 24 25V A4 06 23 B AN
2732A-20 32K 4K x 8 200 ns 24 21V o= zE o
27C32-1 32K 4K x 8 450 ns 24 125V CMOS INE=E 20 1 CE

: A0 O10 193 O7
2764-20 64K SK x 8 200 ns 28 21V v B Jod =
2764A20 64K 8K x 8 200 ns 28 125V o1 12 173 05
27C64-12 64K 8K x 8 120 ns 28 12,5V CMOS e di o o
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vemoryROMEEPROM (Electrically Erasable

Programmable ROM

° I RDY/BSY [ 1 Vee

Erased Electrically W e

. A7 [ 'TNC

— Erased instantly 60  8Kx8 (18

A5 [ A9

— Each byte can be erased separately #~c AL

A3 [ 1 OE

A2 [] ] A10

Al ]CE

A0 [ 11/07

1/00 [ [11/06

1101 [ ] 1/05

/02 [] ] /04

Vss [ [ 11/03
Part No. Capacity Org. Speed Pins Vyp
2816A-25 16K 2K = 8 250 ns 24 5V
2864A 64K SK x & 250 ns 28 SV

28CH4A-25 64K 8K = 8 250 ns 28 5 VCMOS
28(C256-15 256K 32K = 8 150 ns 28 5V
28C256-25 256K 32K = 8 250 ns 28 5 VCMOS
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Memory\ROM\F lash ROM

Erased in a Flash
the entire device Is erased at once

Part No. Capacity Org. Speed Pins Vpp

28F256-20 256K 32K x 8 200 ns 32 12V CMOS
28F010-15 1024K 128K x 8 150 ns 32 12 VCMOS
28F020-15 2048K 256K x 8 150 ns 32 12V CMOS
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Semiconductor memories

« ROM RAM -
— Mask ROM (Static RAM) SRAM —
— PROM (Programmable (Dynamic RAM) DRAM —
ROM) Nonvolatile ) NV-RAM —
— EPROM (Erasable (RAM
PROM)

— EEPROM (Electronic
Erasable PROM)

— Flash EPROM
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Memory RAMS RAM (Sta’[IC RAM)

* Made of flip-flops (Transistors) wdt T 2B ve
A5 2 23 1 A8
* Advantages: T ks 2 bar
— Faster ode SRAM 0B R
— No need for refreshing o e 7B ios
. /o1 09 16T 1/07
 Disadvantages: vo2 519 =
— High power consumption oNo AL =1

— Expensive
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Memor\RAMD RAM (Dyn amic RAM)

 Made of capacitors
« Advantages:
— Less power consumption
— Cheaper
— High capacity
« Disadvantages:
— Slower
— Refresh needed
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vemon\raMINV-RAM (Nonvolatile RAM)

 Made of SRAM, Battery, control circuitry

« Advantages:
— Very fast
— Infinite program/erase cycle
— Non-volatile
« Disadvantage:
— Expensive
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Internal parts of computers\CP U

 Tasks:

— It should execute Iinstructions

* It should recall the instructions one after another
and execute them
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Connecting memory to CPU

 Memory pin out

GND Vee

4784> DO-D7
% AO-An1

al 9

©2011 Pearson Higher Education,
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Connecting memory to CPU

 Memory pin out

©2011 Pearson Higher Education,
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Connecting memory to CPU

 Memory pin out

= GND Vee

©2011 Pearson Higher Education,
Upper Saddle River, NJ 07458. « All Rights Reserved.
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Connecting memory to CPU

- GND Vee

/
-t ~ » DO-D7

n
C P U —Z b AO-Aps
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Writing to memory

Address 4 N
CS AN /

Data { Datavalid

WE ) N S
i Data { Data i
! setup ¢ hold i

>l ime
Vee
= GND Vee
8
>/
< — »{ DO-D7

n
C P U —Z b AO-Aps
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Reading from memory

- Rc .
Addl’eSS P4 Address valid 4
CS N /
OE e
Data : ( Data valid
£ tan, R
WE
»lime
Vee
= GND Vece
8
/
-t ~ »| DO-D7

n
CPU A AO-An
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Connecting |I/Os to CPU

e CPU should have
lots of pins!

CPU
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Connecting I/Os to CPU using bus

Address bus (—<£

Data bus [«

Control busq Read

CPU

AVR Microcontroller and Embedded System Using Assembly and C ©2011 Pearson Higher Education,

Mazidi, Naimi, and Naimi Upper Saddle River, NJ 07458. ¢ All Rights Reserved.



Connecting I/Os and Memory to CPU

Address bus

CPU

//// //// //// ////
/0 0 /0 1 1/O 2 /O n
Vee
T
= GND Vee
/n/ > AO-An1
- DO-D7

AVR Microcontroller and Embedded System Using Assembly and C
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Connecting I/Os and memory to CPU using bus

Q 0
> 1
2
. 3
a) T~
5 38
o o w |un
< 0 |§|oo

Address bus =<

©2011 Pearson Higher Education,
Upper Saddle River, NJ 07458. « All Rights Reserved.
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Connecting I/Os and memory to CPU using bus

Q 0
> 1
2
. 3
a) T~
5 38
o o w |un
< 0 |§|oo

Address bus =<
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Connecting I/Os and memory to CPU using bus

i

2
o 3
a) T~
5 38
o o w |un
< 0 |§|oo

Address bus =<
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Connecting I/Os and memory to CPU using bus

i

How could we manage it? 7
a 7o~ |

(ZD 32 Wojw |

B |§ |O O

Address bus <

©2011 Pearson Higher Education,
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Connecting I/Os and Memory to CPU using bus

Peripheral 1/0

3 0
>
1
a) 21\63
5 8
o o w |n
< A |§oo

Address bus <

Data bus |«

Write

Control bus{ Read
IO/ MEM

CPU

©2011 Pearson Higher Education,
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Connecting I/Os and Memory to CPU using bus

g 0 The logic circuit
> 1 enables CS
) - when address is
S £ B between 0 and
°© 28 21818 )
@

| Logic circuit |
|

Address bus <

©2011 Pearson Higher Education,
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Connecting I/Os and Memory to CPU using bus

g 0 The logic circuit
z 1 enables CS
How could we make the logic ) - when address is
circuit? S £ B between 0 and
5 28 21818 .5

\Logic circuit J

Address bus <

Data bus |«

Write
Control bus Read

CPU | | |

©2011 Pearson Higher Education,
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Connecting I/Os and Memory to CPU using bus

g 0 The logic circuit
z 1 enables CS
How could we make the logic ) - when address is
circuit? S £ B between 0 and
5 28 21818 .5

\Logic circuit J

Address bus <

Data bus |«

Write
Control bus Read

CPU | | |
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Connecting I/Os and Memory to CPU using bus

How could we make the logic
circuit?

GND

AO-An1

DO-D7

The logic circuit

enables CS

when address is

between 0 and
8 18 .6

\Logic circuit J

Address bus |—£ :

Co

Solution

1. Write the address range in binary

AVR Microcontroller and Embedded System Using Assembly and C

© 2011 Pearson Higher Education,
Upper Saddle River, NJ 07458. ¢ All Rights Reserved.
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Connecting I/Os and Memory to CPU using bus

From addressO=» 00000000
Toaddress15= 00001111

AVR Microcontroller and Embedded System Using Assembly and C

g 0 The logic circuit
~ 1 enables CS
How could we make the logic ) - when address is
circuit? R between 0 and
°© 28 1818 .5
‘-§"
_Loglc circuit
Address bus (=4 r : :
Solution
Co 1. Write the address range in binary
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Connecting I/Os and Memory to CPU using bus

g 0 The logic circuit
~ ! enables CS
How could we make the logic ) - when address is
circuit? > 45 between 0 and
° 2 8 [z 188 .5
‘.-‘.‘
\Logic circuit |
Address bus =4 r : ;

Co

Solution

1. Write the address range in binary
2. Separate the fixed part of address

a7’ a6 a5 a4 a3 a2 al a0

From addressO =0 000/0000
To address15=>|0000(1111

AVR Microcontroller and Embedded System Using Assembly and C
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Connecting I/Os and Memory to CPU using bus

g 0 The logic circuit
g 1 enables CS
How could we make the logic ) - when address is
circuit? S £ 8 between 0 and
5 28 #1818 .5
(Cogiccireu )
Address bus —4 ] — ’

Co

Solution

1. Write the address range in binary
2. Separate the fixed part of address

3. Using a NAND, design a logic circuit whose output
activates when the fixed address is given to it.

a7’ a6 a5 a4 a3 a2 al a0

From addressO =0 000/0000
To address15=>|0000(1111

AVR Microcontroller and Embedded System Using Assembly and C
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Connecting I/Os and Memory to CPU using bus

g 0 The logic circuit
g 1 enables CS
How could we make the logic ) - when address is
circuit? S £ 8 between 0 and
5 28 21818 .5
(Cogiccireu )
Address bus =4 ) — ;

Co

AVR Microcontroller and Embedded System Using Assembly and C

Solution

1. Write the address range in binary

2. Separate the fixed part of address

3. Using a NAND, design a logic circuit whose output
activates when the fixed address is given to it.

a7’ a6 a5 a4 a3 a2 al a0

From address0=>|0000[0000 25 _
To address15 90000111 1 a6—0 e

© 2011 Pearson Higher Education,
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Another example for address decoder

Design an address decoder for address of 300H
to 3FFH.
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Another example for address decoder

Design an address decoder for address of 300H
to 3FFH.

Solution

1. Write the address range in binary
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Another example for address decoder

to 3FFH.

Design an address decoder for address of 300H

Solution

From address 300H =
To address 3FFH =

allalO a9 a8

0011
0011

1. Write the address range in binary
2. Separate the fixed part of address

a7 a6 a5 a4 a3 a2 al a0

00000000
11111111

AVR Microcontroller and Embedded System Using Assembly and C
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Another example for address decoder

to 3FFH.

Design an address decoder for address of 300H

Solution

From address 300H =
To address 3FFH =

allalO a9 a8

0011
0011

1. Write the address range in binary
2. Separate the fixed part of address

a7 a6 a5 a4 a3 a2 al a0

00000000
11111111
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Another example for address decoder

to 3FFH.

Design an address decoder for address of 300H

Solution

From address 300H =
To address 3FFH =

allalO a9 a8

0011
0011

1. Write the address range in binary
2. Separate the fixed part of address

3. Design the logic circuit.

a7 a6 a5 a4 a3 a2 al a0

00000000
11111111
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Another example for address decoder

to 3FFH.

Design an address decoder for address of 300H

Solution

From address 300H =
To address 3FFH =

allalO a9 a8

0011
0011

1. Write the address range in binary
2. Separate the fixed part of address

3. Design the logic circuit.

a7 a6 a5 a4 a3 a2 al a0

00000000
11111111

ag—
a 1 —
al0—o CS
all—Q
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Another example for address decoder

to 3FFH.

Design an address decoder for address of 300H

Solution

From address 300H =
To address 3FFH =

1. Write the address range in binary
2. Separate the fixed part of address

3. Design the logic circuit.

allal0a9 a8 a7 a6 a5 a4 a3 a2 al a0

001100000000
001111111111

An easy way of >
designing

ag—
a 1 —
al0—o CS
all—Q
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Another example for address decoder

to 3FFH.

Design an address decoder for address of 300H

Solution

From address 300H =
To address 3FFH =

1. Write the address range in binary
2. Separate the fixed part of address

3. Design the logic circuit.

allal0a9 a8 a7 a6 a5 a4 a3 a2 al a0

001100000000
001111111111

An easy way of >
designing

ag—
a 1 —
al0—o CS
all—Q

AVR Microcontroller and Embedded System Using Assembly and C
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Inside the CPU

 PC (Program Counter)

* |nstruction decoder

« ALU (Arithmetic Logic Unit)
* Registers

AVR Microcontroller and Embedded System Using Assembly and C © 2011 Pearson Higher Education,
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How computers work

0
1 [can| M A€ [17]
o > [26n] [T B €A
= 3 el || A € [6]
2+ | Ean AEA+B
[7]€A
5 | oh
a) T~ 6 | 5h E. 7
(ZD < Q Wl (o :
2 B |§ ) |o

| Logic circuit
Address bus L '

Data bus L

Write
Control bus Read

CPU

©2011 Pearson Higher Education,
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How Instruction decoder works

Opcode Operand Opcode Operand
g
_ Y, VT ™
—
Instruction
structio “_ B
—
Instruction
Operation Code | Meaning
: A€

0011 0001 o |31h e 000 X
1100 0100 1 |can| | | A€ [17] 001 A < [X]
0010 0110 2 |2enf || B €A 010 A & A —register (x
1000 0001 s |sin| || A€ [6] g (x)
1110 1010 4 lead | | ASASB 011 A&EA+X
00000000 5 | Oh A 100 A € A + register (x)
0000 0101 6 | 5h &

, 101 A< A-x

110 Register (x,) € Reqister (x,)
111 [X] € A

AVR Microcontroller and Embedded System Using Assembly and C © 2011 Pearson Higher Education,
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Von Neumann vs. Harvard architecture

Harvard architecture has separate data and
instruction busses, allowing transfers to be
performed simultaneously on both busses.

« Harvard architecture

Data bus Data bus
Code Data
Memory <+— Address bus| CPU | Address bus = Memory
I P Control bus Control bus — I |

« VVon Neumann architecture

A von Neumann architecture
has only one bus which is used
for both data transfers and
instruction fetches, and
therefore data transfers and
— e instruction fetches must be
Control bus scheduled

CPU | Address bus

AVR Microcontroller and Embedded System Using Assembly and C © 2011 Pearson Higher Education,
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Introduction to AVR

Chapter 1

The AVR microcontroller
and embedded

SyStemS MUHAMMAD ALl MAZIDI
USing assemb|y and c SARMAD NAIMI

SEPEHR NAIMI
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* Microcontrollers vs. Microprocessors
 Most common microcontrollers
 AVR Features

 AVR members

AVR Microcontroller and Embedded System Using Assembly and C

©2011 Pearson Higher Education,
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General Purpose MICroprocessors Vs.

Microcontrollers

« General Purpose Microprocessors

Data BUS
| | | | |
General Serial 10
Purpose RAM ROM Timer COM Port
Micro Port

Processor| Address BUS

Control BUS

 Microcontrollers

CPU || RAM || ROM

Serial

Port Timer /O

AVR Microcontroller and Embedded System Using Assembly and C © 2011 Pearson Higher Education,
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Most common microcontrollers

* 8-bit microcontrollers
— AVR
— PIC
— HCS12
— 8051

« 32-bit microcontrollers
— ARM
— PIC32

AVR Microcontroller and Embedded System Using Assembly and C © 2011 Pearson Higher Education,
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AVR Internal architecture

RAM EEPROM Timers
PROGRAM
ROM
Program
Bus
Bus
CPU < -
Interrupt Other
OS :
¢ Unit Ports Peripherals
\_‘ |:| }J 10
PINS

AVR Microcontroller and Embedded System Using Assembly and C © 2011 Pearson Higher Education,
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AVR Internal architecture

40 PIN DIP
(XCK/T0) PBO &1 \_/ 40 PAO (ADCO)
(T1) PB1 f2 398 PAl (ADC1) Timers
(INT2/AINO) PB2 f3 38 PA2 (ADC2)
(OCO0/AIN1) PB3 =4 MEGA32 37p PA3(ADC3)
PROGRAM (SS)PB4 5 363 PA4 (ADCA4)
ROM (MOSI) PB5 {6 35k PA5 (ADCS)
(MISO) PB6 7 343 PAG6 (ADC6)
Prog ram (SCK) PB7 =48 33 PA7 (ADC7)
RESET {9 323 AREF
Bus VCC 10 31 AGND
GND 11 30 AvCC -
XTAL2 12 29 PC7(TOSC?2)
XTALL 13 28 PC6 (TOSC1)
(RXD) PDO =414 27 PC5 (TDI)
(TXD) PD1 15 263 PC4 (TDO)
(INTO) PD2 {16 25 PC3 (TMS)
(INT1) PD3 17 24 PC2 (TCK)
(OC1B) PD4 18 23 PC1 (SDA) Other
(OC1A) PD5 19 22 PCO (SCL) .
(ICP) PD6 20 21p PD7 (OC2) Perlpherals
|_| |_| I_l LAY
PINS

©2011 Pearson Higher Education,
Upper Saddle River, NJ 07458. « All Rights Reserved.
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AVR different groups

Classic AVR

— e.g. AT90S52313, AT9054433

Mega

— e.g. ATmega8, ATmega32, ATmegal28
Tiny

— e.g. ATtiny13, ATtiny25

Special Purpose AVR

— e.g. AT90OPWM216,ATO0USB1287

AVR Microcontroller and Embedded System Using Assembly and C © 2011 Pearson Higher Education,
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AVR different groups

Classic AVR
—e.g. AT9052313, AT9054433

* Megs

Tahle 1-3: Some Membhers of the Classic Family
— e ( Part Num Code Data Data I3 pins ADC Timers Pinnumhers
R ROM RAM EEPROM pins & Package
. ATR052313 2K 128 128 15 0 2 S0IC20 PDIP20
o TI ny ATB052323 2K 128 128 3 0 1 SOICE PDIPE
ATB054433 4K 128 256 20 & 2 TQFP32 PDIP2E
_— e_( Motes:
N |1 Al ROM, BEAM, and EEPROM memories are in hytes
2. Data BaM (General-Purpoze BLAT) 15 the amount of BLAN avalable for data manipulation (scratch
L S pec pad) in addition to the Registers space.

— €.0J. ATIUFPVWIVIZIO,ATIUUSB1IZGTY
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AVR different groups

Classic AVR
— e.g. AT90S2313, AT90S4433
* Megs

— e( Part Num Code Data Data I3 pins ADC Timers Pinnumhers
R ROM RAM EEPROM pins & Package

= = T T

Tahle 1-3: Some Membhers of the Classic Family

ArTLE sy

TI ny Tahle 1-4: Some Memhers of the I\a'.[ega Family
Part Num Code Data Data LD pins ADC Timers Pinnumhers

— e.( ROM RAM EEPROM pins & Package

N |ATmegal 8K 1K 0.5E D3 8 3 TQFP32PDIP22

ATmegalé 16K 1K 0.5E 32 g 2 TQFP44 PDIP40

¢ Spec ATmega32 32K CE 1K 32 8 3 TQFP44 PDIP40

ATm egate 64K 4K 2K 54 8 4 TQFP64 MLF64

— e.( ATmegal280 128K SE 4K 86 16 & TQFP100,CBGA
MNotes:

1. All ROM, EAM, and EEPEOM memonies are in hytes,

2. Drata RaAM (General-Purpose BLAR) 15 the amount of BAN avalable for data manipulat on (scratch
pad) in addition to the Registers space.

3. All the above chips have USART for serial data transfer

AVR Microcontroller and Embedded System Using Assembly and C © 2011 Pearson Higher Education,
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AVR different groups

Classic AVR
—e.g. AT9052313, AT9054433

c M
POIP TQFP/MLF
_ gf 5
R 2= E & aH
. (XCHK/TD) PBO O] 1 40 [ paD (ADCO) @228 B804
° TI (T1) PB1 O] 2 39 [ PA1 (ADCH) cEsEE EEes
(INTZ/AIND) PB2 O] 3 38 [0 PA2 (ADC2) PRPRPEOS£EF
I:Cn_.ll.'.ﬁulf':ﬂ: F'EIE I 4 37 O pa3 I:H:::S:l NO0Nn0ononnono
(S5 PBL [ & 36 [ pPag (aDC4) @ 44,42, 40, 3836, 34
— (MOS1) PBS [ & 35 [0 PAS [ADCS) S a3
: i o sl PBS O 1 PA4 (ADC4)
"MIS?: FEED ! ol = PAB (ADCE) (MISO) PEE O 2 32 [0 Pas (ADCH)
(SCK) PBT O 8 33 [ PAT (ADCT) (sCK) PBT O 3 31 [0 PAB (ADCS)
o S RESET O 9 32 O AREF RESET [ 4 30 O PAT (ADCT)
vee O 168 31 O eND vce O 5 29 [ AREF
GMD O 11 0 O AvVCC xf,::_? E? Eg g furfc
_ xTALZ OO 12 29 [1 PC7 (TOSC2) XTAL1 [ 8 26 01 PCT (TOSC2)
ATALY O 13 28 O PCaE (TOSC1) (R¥D) PDD [ 9 25 O PCB (TOSC1)
(RXD) PDO [ 14 27 O PCE (TDI} (T¥Dy PD1 [ 10 24 [ PCE (TDI)
(T#D) PO1 O 15 26 O PC4 (TDO) (INTO) PD2 [ 11 43 =3 Pes (Tho)
(INTD) PD2 ] 16 25 [0 PC3 (TMS) 12"%14" 516" T1a' Y202 22
{(IMT1) PO O 17 24 [ PC2 (TCK) gootuootoootsd
[ Dad i = o WD - 0 — 3
(CC1B) FD= [ 18 24 1 PC1 (SDA) Coooo0020000
(OC1A) PDS ] 19 22 O PCOD (SCL) EETEESH & i
ISPy PDE O 20 21 3 PO7T (GC2) |‘:EE."£?5'; g5 2
28820 eBRE
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Let’s get familiar with the AVR part numbers

ATmegal28

/|

Atmel group

Flash =128K

ATt'”V44 AT9054433

AN 7 TN\

Flash =4K '
Tiny Atmel  Classic Flash =4K
group group
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Mazidi, Naimi, and Naimi Upper Saddle River, NJ 07458. ¢ All Rights Reserved.



Introduction to Assembly

Chapter 2

The AVR microcontroller
and embedded

SyStems MUHAMMAD ALl MAZIDI
LISing assembly and c SARMAD NAIMI

SEPEHR NAIMI
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« AVR’s CPU
— Its architecture
— Some simple programs

 Data Memory access
* Program memory
« RISC architecture R

‘ Program Data i t t
BUS Bus
CPU < I I I -

RAM EEPROM Timers

Interrupt Other
0sC Unit Ports Peripherals
\_‘ |:| }J 110
PINS
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AVR’s CPU

 AVR's CPU
— ALU

— 32 General Purpose
registers (RO to R31)

— PC regqister
— Instruction decoder SREG: [1 [t alslvIN]zlc

Instruction Register

AVR Microcontroller and Embedded System Using Assembly and C © 2011 Pearson Higher Education,
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Some simple instructions

1. Loading values into the general purpose registers

LDI (Load Immediate)

 LDIRd, k
— Its equivalent in high level languages:
Rd =k
« Example:
— LDI R16,53 -
« R16 =53 SREG: [ [T s[v[N[z
— LDIR19,132 CPU
— LDI R23,0x27
« R23 =0x27

'R Microcontroller and Embedded System Using Assembly and C
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Some simple instructions

2. Arithmetic calculation

There are some instructions for doing Arithmetic
and logic operations; such as:

ADD, SUB, MUL, AND, etc.

ADD Rd,Rs

— Rd=Rd+ Rs

— Example: -

— ADD R25, R9 SREG: [ [T S|Vl z

'R Microcontroller and Embedded System Using Assembly and C
aimi, and Naimi

R25 = R25 + R9 CPU

ADD R17,R30
R17 =R17 + R30

Instruction Register

© 2 earso
Upper Saddle River, NJ 07458. ¢

1gher
AllR ghts Res




A simple program

Write a program that calculates 19 + 95

SREG: | 1| 1lHl s]v|N| z

CPU

Instruction Register

AVR Microcontroller and Embedded System Using Assembly and C © 2011 Pearson Higher Education,
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A simple program

Write a program that calculates 19 + 95

LDI R16, 19 ;R16 = 19
LDI R20, 95 ;R20 = 95
ADD R16, R20 ;R16 = R16 + R20

SREG: [ 1| 1] H] s| vIn] Z

CPU

Instruction Register

AVR Microcontroller and Embedded System Using Assembly and C © 2011 Pearson Higher Education,
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A simple program

* Write a program that calculates 19 + 95 + 5
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A simple program

* Write a program that calculates 19 + 95 + 5

LDI R16, 19 ;R16 = 19
LDI R20, 95 ;R20 = 95
LDI R21, 5 ;R21 = 5
ADD R16, R20 ;R16 = R16 + R20
ADD R16, R21 ;R16 = R16 + R21

AVR Microcontroller and Embedded System Using Assembly and C © 2011 Pearson Higher Education,
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A simple program

* Write a program that calculates 19 + 95 + 5

LDI R16, 19 ;R16 = 19
LDI R20, 95 ;R20 = 95
LDI R21, 5 ;R21 = 5
ADD R16, R20 ;R16 = R16 + R20
ADD R16, R21 ;R16 = R16 + R21
LDI R16, 19 ;R16 = 19
LDI R20, 95 ;R20 = 95
ADD R16, R20 ;R16 = R16 + R20
LDI R20, 5 ;R20 = 5
ADD R16, R20 ;R16 = R16 + R20

AVR Microcontroller and Embedded System Using Assembly and C © 2011 Pearson Higher Education,
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Some simple instructions

2. Arithmetic calculation

 SUB Rd,Rs
— Rd=Rd-Rs
« Example:
— SUB R25, R9
« R25=R25-R9
— SUB R17,R30
« R17=R17-R30 SREG: [ [1[H[s[v[Nz

CPU

Instruction Register

AVR Microcontroller and Embedded System Using Assembly and C © 2011 Pearson Higher Education,
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Some simple instructions

2. Arithmetic calculation

* INCRd
— Rd=Rd+1
« Example:
— INC R25
« R25=R25+1
« DECR SREG: [ [T [s|v[Nz
— Rd=Rd-1 CPU
« Example:
— DEC R23
+ R23=R23-1

AVR Microcontroller and Embedded System Using Assembly and C © 2011 Pearson Higher Education,
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Data Address Space

RAM EEPROM Timers
PROGRAM
ROM
Program
Bus
-
8 bit
Data Address
Space I I
$0000 Interrupt Other
$0001 A Unit Ports Peripherals
$001F /O Address \—‘ D }J le}
TWBR $00
$0020 TWSR $01 PINS
Standard 1/0

Registers
soosf| | el o=
$0060

General

purpose

RAM
(SRAM)
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Data Address Space

EEPROM Timers
PROGRAM
ROM
Program
Bus
8 bit
Data Address
Space
$0000
$0001 OSsC Interr_upt Ports cher
Unit Peripherals
$001F /0 Address \—‘ D }J I/0
TWBR $00
$0020 R oL PINS
Standard 1/0
Registers
SPH
soosf| | TG o=
$0060
General
purpose
RAM
(SRAM)

AVR Microcontroller and Embedded System Using Assembly and C © 2011 Pearson Higher Education,
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Address Ve Address Nz Address Ve
1/0 Mem. 1/0 Mem. 1/0 Mem.
$00 | $20 | TWBR $16 | $36 PINB $2B | $4B | OCR1AH
$01 | $21 | TWSR $17 | $37 DDRB $2C | s4ac | TCNTIL
$02 | $22 | TWAR $18 | $38 | PORTB $2D | $4D | TCNT1H
$03 | $23 | TWDR $19 | $39 PINA $2E | $4E | TCCR1B
$04 | $24 ADCL $1A | $3A | DDRA $2F | $4F | TCCR1A
$05 | $25 | ADCH $1B | $3B | PORTA $30 | $50 | SFIOR
$06 | $26 | ADCSRA $1C | $3C EECR OCDR :
S0 b2 I ADMLX $1D | $3D EEDR $31 | $51 OSCCAL RAM EEPROM Timers
$08 | $28 ACSR $1E | $3E | EEARL $32 | $52 | TCNTO
$09 | $29 | UBRRL $1F | $3F | EEARH $33 | $53 | TCCRO
$0A | $2A | UCSRB 520 | sa0 |UBRRC $34 | $54 | MCUCSR
$0B | $2B | UCSRA UBRRH $35 | $55 | MCUCR
$0C | $2C UDR $21 | $41 | WDTCR $36 | $56 | TWCR
$0D | $2D | SPCR $22 | $42 ASSR $37 | $57 | SPMCR
$0E | $2E SPSR $23 | $43 OCR2 $38 | $58 TIFR
$OF | $2F SPDR $24 | $44 | TCNT2 $39 | $59 | TIMSK ta
| $10 | $30 PIND $25 | $45 | TCCR2 $3A | $5A GIFR
$11 | $31 DDRD $26 | $46 ICR1L $3B | $5B GICR S
$12 | $32 | PORTD $27 | $47 | ICR1H $3C | $5C | OCRO
$13 | $33 PINC $28 | $48 | OCR1BL $3D | $5D SPL
$14 | $34 | DDRC $29 | $49 | OCR1BH $3E | $5E SPH Interrupt Ports Other
$15 | $35 | PORTC $2A | $4A | ocriAL $3E | $5E SREG Unit Peripherals
> LLLLLLLL
$001F e /0 Address L‘ :HJ 110
00
.
Standard /0 ; LDS (Load direct from data space)

Registers
goosP) 1 SS;E'_!; igE
oo LDS Rd, addr ;Rd = [addTr]

General

purpose

RAM .
e Example:
] LDS R1, 0x60

AVR Microcontroller and Embedded System Using Assembly and C ©2011 Pearson Higher Education,
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Address N Address Nz Address Ve
1/0 Mem. 1/0 Mem. 1/0 Mem.
$00 | $20 TWBR $16 | $36 PINB $2B | $4B | OCR1AH
$01 | $21 TWSR $17 | $37 DDRB $2C | $4c | TCNTIL
$02 | $22 TWAR $18 | $38 | PORTB $2D | $4D | TCNT1H
$03 | $23 TWDR $19 | $39 PINA $2E | $4E | TCCR1B
$04 | $24 ADCL $1A | $3A DDRA $2F | $4F | TCCR1A
$05 | $25 ADCH $1B | $3B | PORTA $30 | $50 SFIOR
$06 | $26 | ADCSRA $1C | $3C EECR OCDR .
507 | 527 | ADMUX $1D | $3D EEDR $31 | $51 OSCCAL RAM EEPROM Timers
$08 $28 ACSR $1E $3E EEARL $32 $52 TCNTO
$09 | $29 | UBRRL $1F | $3F | EEARH $33 | $53 | TCCRO
$0A | $2A | UCSRB o || o UBRRC $34 | $54 | MCUCSR
$0B | $2B | UCSRA UBRRH $35 | $55 | MCUCR
$0C | $2C UDR $21 | $41 | WDTCR $36 | $56 TWCR
$0D | $2D SPCR $22 | $42 ASSR $37 | $57 | SPMCR
$O0E | $2E SPSR $23 | $43 OCR2 $38 | $58 TIFR
$OF | $2F SPDR $24 | $44 | TCNT2 $39 | $59 TIMSK ta
| $10 | $30 PIND $25 | $45 | TCCR2 $3A | $5A GIFR
$11 | $31 DDRD $26 | $46 ICR1L $3B | $5B GICR S
$12 | $32 | PORTD $27 | $47 ICR1H $3C | $5C OCRO
$13 | $33 PINC $28 | $48 | OCR1BL $3D | $5D SPL
$14 | $34 DDRC $29 | $49 | OCR1BH $3E | $5E SPH Interrupt Port Other
$15 | $35 | PORTC $2A | $4A | OCRI1AL $3E | $5E | SREG Unit ors Peripherals
$001F e /0 Address \—‘ :| }J 110
TWBR $00 PINS
$0020 TWSR $01
Standard 1/0 . i
Registers . STS (Store direct to data space)
$oosF) | SSRPEF!; gE .
0050 STS addr,Rd ;[addr]=Rd
General
purpose
RAM .
(SRAM) Example:
| s STS 0x60,R15 ;[0x60] =R15

AVR Microcontroller and Embedded System Using Assembly and C ©2011 Pearson Higher Education,
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Address N Address Nz Address Ve
1/10 Mem. 1/0 Mem. 1/0 Mem.
$00 | $20 TWBR $16 | $36 PINB $2B | $4B | OCR1AH
$01 | $21 TWSR $17 | $37 DDRB $2C | s4c | TCNTIL
$02 | $22 TWAR $18 | $38 | PORTB $2D | $4D | TCNT1H
$03 | $23 TWDR $19 | $39 PINA $2E | $4E | TCCR1B
$04 | $24 ADCL $1A | $3A DDRA $2F | $4F [ TCCR1A
$05 | $25 ADCH $1B | $3B | PORTA $30 | $50 SFIOR
$06 | $26 | ADCSRA $1C | $3C EECR OCDR .
507 | 527 | ADMUX $1D | $3D EEDR $31 | $51 OSCCAL RAM EEPROM Timers
$08 | $28 ACSR $1E | $3E | EEARL $32 | 52 | TonTo
$09 $29 UBRRL $1F $3F EEARH $33 $53 TCCRO
$0A | $2A | UCSRB o || o UBRRC $34 | $54 | MCUCSR
$0B | $2B | UCSRA UBRRH $35 | $55 | MCUCR
$0C | $2C UDR $21 | $41 | WDTCR $36 | $56 TWCR
$0D | $2D SPCR $22 | $42 ASSR $37 | $57 | SPMCR
$O0E | $2E SPSR $23 | $43 OCR2 $38 | $58 TIFR
$OF | $2F SPDR $24 | $44 | TCNT2 $39 | $59 TIMSK ta
| $10 | $30 PIND $25 | $45 | TCCR2 $3A | $5A GIFR
$11 | $31 DDRD $26 | $46 ICR1L $3B | $5B GICR S
$12 | $32 | PORTD $27 | $47 ICR1H $3C | $5C OCRO
$13 | $33 PINC $28 | $48 | OCRi1BL $3D | $5D SPL
$14 | $34 DDRC $29 | $49 | OCRiBH $3E | $5E SPH Interrupt Ports Other
$15 | $35 | PORTC $2A | $4A | OCRI1AL $3E | $5E | SREG Unit Peripherals
$001F e /0 Address \—‘ :| }J 110
TWBR ] $00 PINS
$0020 TWeR Lo ] .
Standard 1/0 . ] .

Registers Example: Write a program that stores 55 into location 0x80 of RAM.
$005F
$0060

General .

purpose Solution:

RAM
(SRAM) LDI R20, 55 ;R20 = 55
STS 0x80, R20 ;[0x80] = R20 = 55
I ! !

AVR Microcontroller and Embedded System Using Assembly and C ©2011 Pearson Higher Education,
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Address N Address Nz Address Ve
1/10 Mem. 1/0 Mem. 1/10 Mem.
$00 | $20 | TWBR $16 | $36 PINB $2B | $4B | OCR1AH
$01 | $21 | TwWsSR $17 | $37 | DDRB $2C | $4C [ TCNTAIL
$02 | $22 | TwAR $18 | $38 | PORTB $2D | $4D | TCNT1H
$03 | $23 | TWDR $19 | $39 PINA $2E | $4E | TCCR1B
$04 | $24 | ADCL $1A | $3A | DDRA $2F | $4F | TCCR1A
$05 | $25 | ADCH $1B | $3B | PORTA $30 | $50 | SFIOR
$06 | $26 | ADCSRA $1C | $3C | EECR OCDR )
$07 | $27 | ADMUX $1D | $3D | EEDR $31 | $51 I occcAL RAM EEPROM Timers
$08 | $28 | ACSR $1E | $3E | EEARL $32 [ 352 | TenTo
$09 | $29 | UBRRL $1F | $3F | EEARH $33 | $53 | TCCRO
$0A | $2A | UCSRB 520 | a0 | UBRRC $34 | $54 | MCUCSR
$0B | $2B | UCSRA UBRRH $35 | $55 | MCUCR
$0C | $2C UDR $21 | $41 | WDTCR $36 | $56 | TWCR
$0D | $2D | SPCR $22 | $42 | ASSR $37 | $57 | SPMCR
$OE | $2E | SPSR $23 | $43 | OCR2 $38 | $58 TIFR
$OF | $2F SPDR $24 | $44 | TCNT2 $39 | $59 TIMSK ta
| $10 | $30 PIND $25 | $45 | TCCR2 $3A | $5A GIFR
$11 | $31 | DDRD $26 | $46 | ICRIL $3B | $5B GICR S
$12 | $32 | PORTD $27 | $47 | ICRIH $3C | $5C | OCRO
$13 | $33 PINC $28 | $48 | OCR1BL $3D | $5D SPL
$14 | $34 DDRC $29 | $49 | OCRiBH $3E | $5E SPH Interrupt Ports Other
$15 | $35 | PORTC $2A | $4A | OCR1AL $3E | $5E | SREG Unit o Peripherals
$001F e /O Address L‘ :| }J 110
TWBR 1 $00 PINS
$0020 TWSR L sor .. y
Standard 1/0 . . ]
Registers Example: Write a program that copies the contents of location 0x80
$005F . o
o m R of RAM into location 0x81.
General
purpose
RAM )
(SRAM) Solution:
| s LDS R20, 0x80 ;R20 = [0x80]
= =1
r— | STS 0x81, R20 ;[0x81] = R20 = [0x80]

AVR Microcontroller and Embedded System Using Assembly and C ©2011 Pearson Higher Education,
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Address N Address Nz Address Ve
1/0 Mem. 1/0 Mem. 1/0 Mem.
$00 | $20 | TWBR $16 | $36 PINB $2B | $4B | OCR1AH
$01 | $21 | TWSR $17 | $37 | DDRB $2C | $4C [ TCNTIL
$02 | $22 | TWAR $18 | $38 | PORTB $2D | $4D | TCNTIH
$03 | $23 | TWDR $19 | $39 PINA $2E | $4E | TCCR1B
$04 | $24 | ADCL $1A | $3A | DDRA $2F | $4F | TCCR1A
$05 | $25 | ADCH $1B | $3B | PORTA $30 | $50 | SFIOR
$06 | $26 | ADCSRA $1C | $3C | EECR OCDR _
507 | 527 | ADMUX $1D | $3D EEDR $31 | $51 OSCCAL RAM EEPROM Timers
$08 $28 ACSR $1E $3E EEARL $32 $52 TCNTO
$09 | $29 | UBRRL $1F | $3F | EEARH $33 | $53 | TCCRO
$O0A | $2A | UCSRB 520 | a0 | UBRRC $34 | $54 | MCUCSR
$0B | $2B | UCSRA UBRRH $35 | $55 | MCUCR
$0C | $2C UDR $21 | $41 | WDTCR $36 | $56 | TWCR
$0D | $2D | SPCR $22 | $42 | ASSR $37 | $57 | SPMCR T
$OE | $2E | SPSR $23 | $43 | OCR2 $38 | $58 TIFR - V
$OF | $2F | SPDR $24 | $44 | TCNT2 $39 | $59 | TIMSK ta
| $10 | $30 PIND $25 | $45 | TCCR2 $3A | $5A | GIFR
$11 | $31 | DDRD $26 | $46 | ICRLL $3B | $5B | GICR S
$12 | $32 | PORTD $27 | $47 | ICR1H $3C | $5C | OCRO
$13 | $33 PINC $28 | $48 | OCR1BL $3D | $5D SPL
$14 | $34 DDRC $29 | $49 | OCR1BH $3E | $5E SPH Interrupt Port Other
$15 | $35 | PORTC $2A | $4A | OCR1AL $3E | $5E | SREG Unit orts Peripherals
EEEEEEE
wool | Example: Add contents of location 0x90 to contents of location 0x95
Standard 1/0 and store the result in location 0x313.

Registers
soosF| | Solution:
$0060

General LDS R20, 0x90 ;R20 = [0x90]

purpose

RAM . —
(SRAM) LDS R21, 0x95 ;R21 = [0x95]
ADD R20, R21 ;R20 = R20 + R21
I _ -
== STS 0x313, R20 ; [0x313] = R20

AVR Microcontroller and Embedded System Using Assembly and C © 2011 Pearson Higher Education,
Mazidi, Naimi, and Naimi Upper Saddle River, NJ 07458. « All Rights Reserved.




Address N Address Nz Address Ve
1/0 Mem. 1/0 Mem. 1/0 Mem.
$00 | $20 | TWBR $16 | $36 PINB $2B | $4B | OCR1AH
$01 | $21 | TwWsSR $17 | $37 | DDRB $2C | $4C [ TCNTAIL
$02 | $22 | TwAR $18 | $38 | PORTB $2D | $4D | TCNT1H
$03 | $23 | TWDR $19 | $39 PINA $2E | $4E | TCCR1B
$04 | $24 | ADCL $1A | $3A | DDRA $2F | $4F | TCCR1A
$05 | $25 | ADCH $1B | $3B | PORTA $30 | $50 | SFIOR
$06 | $26 | ADCSRA $1C | $3C EECR OCDR :
507 T 527 T ADMUX $1D | $3D EEDR $31 | $51 OSCCAL RAM EEPROM Timers
$08 | $28 | ACSR $1E | $3E | EEARL $32 | $52 | TCNTO
$09 | $29 | UBRRL $1F | $3F | EEARH $33 | $53 | TCCRO
$0A | $2A | UCSRB 520 | a0 | UBRRC $34 | $54 | MCUCSR
$0B | $2B | UCSRA UBRRH $35 | $55 | MCUCR
$0C | $2C UDR $21 | $41 | WDTCR $36 | $56 | TWCR # ?
$0D | $2D | SPCR $22 | $42 | ASSR $37 | $57 | SPMCR T
$OE | $2E | SPSR $23 | $43 | OCR2 $38 | $58 TIFR L V
$OF | $2F | SPDR $24 | $44 | TCNT2 $39 | $59 | TIMSK ta
| $10 | $30 PIND $25 | $45 | TCCR2 $3A | $5A GIFR
$11 | $31 | DDRD $26 | $46 | ICRIL $3B | $5B GICR S
$12 | $32 | PORTD $27 | $47 | ICRIH $3C | $5C | OCRO
$13 | $33 PINC $28 | $48 | OCR1BL $3D | $5D SPL
$14 | $34 | DDRC $29 | $49 | OCR1BH $3E | $5E SPH Interrupt Port Other
$15 | $35 | PORTC $2A | $4A ]| OCR1AL $3E | $5E | SREG Unit ors Peripherals
EEEEEEN
ool | Example: Add contents of location 0x90 to contents of location 0x95
Standard 1/0 Example: What does the following instruction do?

Registers
soosF| | ] LDS R20 ’ 2
$0060

General

purpose o

Aros Answer:
(SRAM) . . .
It copies the contents of R2 into R20; as 2 is the address of R2.
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Address N Address Nz Address Ve
/0 | Mem. 1/0 | Mem. /O | Mem.
$00 | $20 | TwBR $16 | 336 PINB $2B | $4B | OCRI1AH
$01 | $21 | TwsR $17 | $37 | DDRB $2C | $4C | TCNTIL
$02 | $22 | TwAR $18 | $38 | PORTB $2D | $4D | TCNT1H
$03 | $23 | TWDR $19 | $39 PINA $2E | $4E | TCCR1B
$04 | $24 | ADCL $1A | $3A | DDRA $2F | $4F | TCCR1A
$05 | $25 | ADCH $1B | $3B | PORTA $30 | $50 | SFIOR
$06 | $26 | ADCSRA $1C | $3C EECR OCDR ;
507 | 527 | ADMUX $1D | $3D EEDR $31 | $51 OSCCAL RAM EEPROM Timers
$08 | $28 | ACSR $1E | $3E | EEARL $32 | $52 | TCNTO
$09 | $29 | UBRRL $1F | $3F | EEARH $33 | $53 | TCCRO
$0A | $2A | UCSRB 520 | sa0 |_UBRRC $34 | $54 | MCUCSR
$0B | $2B | UCSRA UBRRH $35 | $55 | MCUCR
$0C | $2C UDR $21 | $41 | wDTCR $36 | $56 | TWCR
$0D | $2D | SPCR $22 | $42 | AssR $37 | $57 | SPMCR T
$OE | $2E | SPSR $23 | $43 | OCR2 $38 | $58 TIFR L) V
$OF | $2F | SPDR $24 | $44 | TCNT2 $39 | $59 | TIMsSK ta
| $10 | $30 PIND $25 | $45 | TCCR2 $3A | $5A GIFR
$11 | $31 | DDRD $26 | $46 | ICRIL $3B | $5B GICR S
$12 | $32 | PORTD $27 | $47 | ICR1H $3C | $5C | OCRO
$13 | $33 PINC $28 | $48 | OCR1BL $3D | $5D SPL
$14 | $34 | DDRC $29 | $49 | OCRi1BH $3E | $5E SPH Interrupt Port Other
$15 | $35 | PORTC $2A | $4A | OCRI1AL $3E | $5E | SREG Unit ors Peripherals
T[]
D Example: Add conten] Example: Store 0x53 into the SPH register.
Standard /0 Example: What does { The address of SPH is Ox5E
Registers
$oosF| | ] LDS R20 7 2
$0060 ) L
General Solution:
e Answer:
RAM . —
(SRAM) " _ " , ILDI R20, 0x53 ;R20 = 0x53
copies the conte
P STS  0x5E, R20 ;SPH = R20
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Data Address Space

EEPROM Timers
PROGRAM
ROM
Prog ram
Bus
8 bit
Data Address
Space
$0000 Interrupt Other
$0001 osC Unit Ports Peripherals
$001F /0 Address \—‘ D }J I/0
TWBR $00
$0020 TWSR $01 PINS
Standard 1/0
Registers
SPH
soosf| | TG o=
$0060
General
purpose
RAM
(SRAM)
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Data Address Space

EEPROM Timers
PROGRAM
ROM
Program
Bus
8 bit
Data Address
Space
$0000 e Interrupt N Other
$0001 .
IN (IN from 10 location)
$001F /O Address
T IN Rd,IOaddress ;Rd = [addTr]
Standard 1/0 : ! !
Registers ’
soosf| | el o=
$0060
General Exam ple .
purpose
RAM _
(SRAM) IN R1, Ox3F :R1=SREG
N IN R17,0x3E ;R17 = SPH
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Data Address Space

EEPROM Timers
PROGRAM
ROM
Program
Bus
8 bit
Data Address
Space
:8882 e Interrupt — Other
OUT (OUT to 10 location)
$001F /O Address
$0020 TWhR o . —_
o =+ OUT IOAddr,Rd  ;[addr]=Rd

Registers :
soosf| | el o=
$0060

General Example:

purpose

RAM

(SRAM) OUT O0x3FR12 :SREG=R12

| _ OUT Ox3E,R15 :SPH =R15
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Data Address Space

EEPROM Timers
PROGRAM
ROM
Program
Bus
8 bit
Data Address
Space
$0000 PR Interrupt - Other
$0001 i
OUT (OUT to 10 location)
$001F /O Address
$0020 TWBR $00
TWSR $01 . .
Standard /0 : Using Names of 10 registers
Registers ’
soosf| | el o=
$0060
General Example:
purpose
RAM OUT SPH,R12 ;OUT Ox3E,R12
(SRAM)
| , IN R15,SREG ;IN R15, 0x3F
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Data Address Space

RAM EEPROM Timers
PROGRAM
ROM
Program
Bus
-~ ata bus
E)ata f
8 bit | Bus

Data Address
Space

‘|Example: Write a program that adds the contents of the PINC IO
register to the contents of PIND and stores the result in location 0x90
of the SRAM

$0000
$0001

$001F

0020 Solution:;
Standard 1/0
Registers IN R20,PINC ;R20 = PINC
$005F
smoeo IN R21,PIND ;R21 = PIND
eneral
"B ADD R20,R21  ;R20 = R20 + R21
(SRAM)
STS 0x90,R20 ;[0x90] = R20

|l
r— I I
SFFFFL _ _ _ ]

AVR Microcontroller and Embedded System Using Assembly and C © 2011 Pearson Higher Education,

Mazidi, Naimi, and Naimi Upper Saddle River, NJ 07458. « All Rights Reserved.



Status Register (SREG)

H|S|VIN]Z]|C

Interrupt ‘ oVerflow Zero
Temporary Sign Negative
Data Address
Half carry NEV Space
$0000
$0001)  General
Purpose
Registers
sooaFp 1 IO Address
TWBR $00
$0020 TWSR $01
Standard 10
Registers
SPH $3E
SREG: 1| 7l Hl s|v]nfz[ ] soosFf) | SREG S
$0060
General
: purpose
RAM
PC (SRAM)
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Status Register (SREG)

SREG: [ I | T|H|S|V|IN]Z]|C
J ; L Carrig
Interrupt ‘ oVerflow Zero
Temporary Sign Negative
Data Address
Half carry NBV Space

Example: Show the status of the C, H, and Z flags after the addition

of 0x38 and 0x2F in the following instructions:

ldress

LDI R16, 0x38 ;R16 = 0x38
LDI R17, Ox2F ;R17 = 0x2F
ADD R16, R17 ;add R17 to R16
SREG: [ |
Solution: 1

$38 0011 1000
+ $2F 0010 1111
$67 0110 0111 R16 = Ox67

C =0 because there is no carry beyond the D7 bit.
H =1 because thereis a carry from the D3 to the D4 bit.
"y 7 = 0 because the R16 (the result) has a value other than 0 after the addition.

o A Rive Q
and Na PP add 07458




Status Register (SREG)

C

Half carry NEV

SREG: [ I | T|{H|S|V|N]|Z
= [ LiCaIrr
Interrupt ‘ oVerflow ||
Temporary Sign Negative

Zero

Data Address
Space

Example: Show the status of the C, H, and Z flags after the addition
of Ox9C and 0x64 in the following instructions:

LDI R20, 0x9C
LDI R21, 0x64
ADD R20, R21 ;add R21 to R20
SREG: | |
Solution: 1

$9C 1001 1100
+ $64 0110 0100

$100 1 0000 0000

R20 =00

C =1 because thereis a carry beyond the D7 bit.
H =1 because there is a carry from the D3 to the D4 bit.
in{ Z =1 because the R20 (the result) has a value 0O in it after the addition.

pper Saddle Rive 07458
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Status Register (SREG)

sreg: i lTlHls|vIN]Z]C
= [ §>\___icéiz:

Interrupt ‘ oVerflow Zero
Temporar . i
e Slgn Hegate Data Address
Half carry NPV P

Example: Show the status of the C, H, and Z flags after the
subtraction of 0x23 from 0xA5 in the following instructions:

LDI R20, O0xA5
LDI R21, 0x23 o
SUB R20, R21 ;subtract R21 from R20

SREG: || _
Solution:

$AS5 1010 0101
- $23 0010 0011

$82 1000 0010 R20 = $82
C =0 because R21 is not bigger than R20 and there is no borrow from D8 bit.
Z = 0 because the R20 has a value other than 0 after the subtraction.
i H =0 because there is no borrow from D4 to D3.
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Status Register (SREG)

SREG: | I [ T|H]|S|VI|[N]Z]|C
J ; L Carrig
Interrupt ‘ oVerflow Zero
Temporary Sign Negative Data Address
Half carry NV P

Example: Show the status of the C, H, and Z flags after the
subtraction of Ox73 from 0x52 in the following instructions:

LDI R20, 0x52
LDI  R21, 0x73 [~
SUB R20, R21 ;subtract R21 from R20

SREG: [l 5o|ution:
$52 0101 0010
- $73 0111 0011

$DF 1101 1111 R20 = $DF
C =1 because R21 is bigger than R20 and there is a borrow from D8 bit.
Z =0 because the R20 has a value other than zero after the subtraction.
H =1 because there is a borrow from D4 to D3.
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Status Register (SREG)

sreg: i lTlHls|vIN]Z]C
= [ N iCaIrr

Interrupt ‘ oVerflow Zero
Temporar . i
: ) Slgn Negatlve Data Address
Half carry NEV o

Example: Show the status of the C, H, and Z flags after the
subtraction of 0x9C from 0x9C in the following instructions:

LDI R20, 0x9C
LDI R21, 0x9C o
SUB R20, R21 ;subtract R21 from R20
SREG: ||
Solution:

$9C 1001 1100
- $9C 1001 1100

$00 0000 0000 R20 = $00
C =0 because R21 is not bigger than R20 and there is no borrow from D8 bit.
Z =1 because the R20 is zero after the subtraction.
i) H = 0 because there is no borrow from D4 to D3.
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Status Register (SREG)

SREG: | | TIH|ISI|IVIN|ZI|C Tahle 2—.5: AVR.Bram:h {J.ump}
_; , \_ E Instructions Using Flag Bits
Interrupt ‘ oVerflow Zero Carr Instruction Action
| EELO Branchif C=1
Temporary Sian Negative BESH Branchif C=10
e 9\/ Data Address BEREQ Branchif Z = 1
allcarry . N : BRINE Branch if Z = 0
Example: Show the status of the C, H, and Z flg |EBERM Branch if N =1
: . . EETL Branchif N =10
subtraction of 0x9C from 0x9C in the following| |3 T STRIE
V4
LDI R21, 0x9C
SUB R20, R21 ;subtract R21 from R20
SREG: || _
Solution:

$9C 1001 1100
- $9C 1001 1100

$00 0000 0000 R20 = $00
C =0 because R21 is not bigger than R20 and there is no borrow from D8 bit.
Z =1 because the R20 is zero after the subtraction.
i) H = 0 because there is no borrow from D4 to D3.

AVR Microcontroller and Embedded System Using Assembly and C © 2011 Pearson Higher Education,
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Assembler Directives

.EOQU and .SET

 .EQU name = value

— Example:
.EQU COUNT = 0x25
LDIT R21, COUNT ;R21 = 0x25
IDI R22, COUNT + 3 ;R22 = 0x28

e .SET name = value

— Example:
.SET COUNT = 0x25
LDIT R21, COUNT ;R21 = 0x25
IDI R22, COUNT + 3 ;R22 = 0x28
.SET COUNT = 0x19
IDI R21, COUNT ;R21 = 0x19
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Assembler Directives

INCLUDE
. INCLUDE “filename.ext”

Table 2-6: Some of the common AVERs and their include files

MEGA TINY special Purpose

Idegad mEdef inc Tiny1l tnlldefinc SOCAN3Z can32definc
Megald  mlédefine  Tinyl2 tnlddefinc  S0CATEd  cantddefinc
Mega<y m3Zdefinc Tiny22 tndddefinc  S0PWHE  pwmddefinc
Megatd  mddefinc Tinydd tndddet inc  S0PWHIE  pwmidefinc
Megalzt mlzbdefine Tiny32 tn8ddefinc  S6EF401  at86rfd401definc
Mega256 m256def inc

Iegaldé0 m2560def inc
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Assembler Directives

INCLUDE
. INCLUDE “filename.ext”

Table 2-6: Some of the common AVERs and their include files

MEGA TINY special Purpose

M eoal mAdef ine Tinwll tnlldefine  QOCAREY can92define
M32def.inc

.equ SREG = 0x3f

.equ SPL = 0x3d

.equ SPH = Ox3e

.equ INT VECTORS SIZE = 42 ; size in words
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Assembler Directives

INCLUDE
. INCLUDE “filename.ext”

Table 2-6: Some of the common AVERs and their include files

MEGA TINY special Purpose

M eoal mAdef ine Tinwll tnlldefine  QOCAREY can92define
M32def.inc

.equ SREG = 0x3f

.equ SPL = 0x3d

.equ SPH = Ox3e

.equ INT VECTORS SIZE = 42 ; size in words

Program.asm

.INCLUDE “M32DEF.INC”
LDI R20, 10

OUT SPL, R20
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Assembler Directives

.ORG

e .ORG address

00| E205

01| 0000

Program.asm 02| 0000

"ORG 0 03| 0000
LDI Rle6, 0x25 04| 0000
.ORG 0x7 assembler 05| 0000
ILDI R17, 0x34 06| 0000
LDI R18, 0x31 07| E314
08| E321

09| 0000

0A| 0000
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Assembler

Assembly
EDITOR
PROGRAM assembler
imyfile.asm
ASSEMBLER ]

PROGRAM Machine

Language
! ! ! ! v
myfile.eep myfile.hex myfilemap  myfile.Ist myfile.obj

: :

DOWNLOAD TO DOWNLOAD TO
AVR’s EEPROM AVR'’s FLASH
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Flash memory and PC register

~ 16-bit
RAM EEPROM Timers
PROGRAM
Flash ROM -
PG ] |Data
CPU Bus
¢ >
Program
Bus
Interrupt Other
0SC Unit Ports Peripherals

I IO
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Flash memory and PC register

16-bit

P
<«

RAM EEPROM Timers

PROGRAM
Flash ROM -
“mbit P[] |pata
- CPU Bus
-

Program
Bus

Interrupt Other
0SC Unit Ports Peripherals

I IO

AVR Microcontroller and Embedded System Using Assembly and C © 2011 Pearson Higher Education,

Mazidi, Naimi, and Naimi Upper Saddle River, NJ 07458. ¢ All Rights Reserved.



Flash memory and PC register

00| E205

01| E314

02| E321

03| OFO1

04| OF02

05| EO1B

06| OFO1

07| 9300

08| 0300 RAM EEPROM Timers
09| 940C

OA| 0009 -

[ I
- CPU Bus
¢ >
Program
Bus
Interrupt Other

0SC Unit Ports Peripherals

I IO
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Flash memory and PC register

(@ )
00| E205
LDI R16, 0x25 01| E314
LDI R17, $34 o2l e3o1
LDI R18, 0x31
ADD R16, R17 03f OF01
ADD R16, R18 04| OF02
ILDI R17, 11 05| Eo1B
ADD R16, R17 0s| oro1
STS SUM, R16
HERE : JMP HERE 07] 9300
( Ij Y 08| 0300 RAM EEPROM Timers
09| 940C
0A| 0009 -

Ljit—> - Data t t t
- P Bus

CPU B >
Program

Bus

Interrupt Other
0SC Unit Ports Peripherals
I /0
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Flash memory and PC register

(@ )
00| E205
LDI R16, 0x25 01| E314
LDI R17, $34 02| e321
LDI R18, 0x31
ADD R16, R17 031 OF01
ADD R16, R18 04| OF02
ILDI R17, 11 05| E01B
ADD R16, R17
STS SUM, R16 061 OFO1
HERE : JMP HERE 07| 9300
@ J 08| 0300 RAM EEPROM Timers
09| 940C
0A| 0009 -

Ljit—> - Data t t t
- Bus
CPU B >
Program
Bus

Interrupt Other
0SC Unit Ports Peripherals
I /0
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Flash memory and PC register
@ ) 00| E205

LDI R1l6, 0x25 01| E314
ILDI R17, $34 02| E321
LDI R18, 0x31
ADD R16, R17 03] OFO1
ADD R1l6, R18 04| OF02
ILDI R17, 11 05| EO1B
ADD R1l6, R17 06| oFo1
STS SUM, R16
HERE : JMP HERE 07| 9300
</ J 08| 0300 RAM EEPROM Timers
09| M4OC
oAl oo -
(e o) i
: P Bus
CPU 1 >
Program
Bus
Interrupt Other
0SC Unit Ports Peripherals

I IO
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Fetch and execute

- 00| E205
* Old Architectures || ...
02| E321
03] OF01
04] OF02
06| OFO01
071 9300
Fetch 08] 0300 RAM EEPROM Timers

09] 940C

oAl 0009 -

: e |pata t t t
B
Execute CPU & >
Program

Bus

Interrupt Other
0sC Unit Ports Peripherals

AVR Microcontroller and Embedded System Using Assembly and C ©2011 Pearson Higher Education,
Mazidi, Naimi, and Naimi Upper Saddle River, NJ 07458. « All Rights Reserved.




Pipelining

i _ 0o| E205
* Pipelining 01| cais
02| E321
03| oFo1
04| oFo2
Instruct 2 05| EO01B
Instruct1 o8| oFo1
07| 9300
08| 0300 RAM EEPROM Timers
Fetch 09| 940C
oA| 0009 -

P 1 |pata
CPU EUS >

Execute
Program
Bus
Interrupt Other

0sC Unit Ports Peripherals
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How to speed up the CPU

* |Increase the clock frequency

— More frequency = More power consumption &
more heat

— Limitations

* Change the architecture
— Pipelining
— RISC
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Changing the architecture

RISC vs. CISC

* CISC (Complex Instruction Set Computer)
— Put as many instruction as you can into the CPU
* RISC (Reduced Instruction Set Computer)

— Reduce the number of instructions, and use your
facilities in a more proper way.
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RISC architecture

e Feature 1

— RISC processors have a fixed instruction size. It
makes the task of instruction decoder easier.

* In AVR the instructions are 2 or 4 bytes.
— In CISC processors instructions have different

lengths
* E.9.1n 8051
— CLRC ; a 1-byte instruction
— ADD A, #20H ; a 2-byte instruction
— LIJMP HERE ; a 3-byte instruction
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RISC architecture

 Feature 2: reduce the number of instructions
— Pros: Reduces the number of used transistors

— Cons:
« Can make the assembly programming more difficult
« Can lead to using more memory
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RISC architecture

* Feature 3: limit the addressing mode
— Advantage
 hardwiring
— Disadvantage
« Can make the assembly programming more difficult
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RISC architecture

 Feature 4: Load/Store

LDS R20, 0x200
LDS R21, 0x220
ADD R20, R21

STS 0x230, R20

RAM EEPROM Timers

PROGRAM
Flash ROM -

2 | t t t

CPU Bus
¢ >
Program
Bus
Interrupt Other
0SC Unit Ports Peripherals
\_‘ D }J o
PINS
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RISC architecture

« Feature 5 (Harvard architecture): separate buses for
opcodes and operands

— Advantage: opcodes and operands can go in and out of the CPU
together.

— Disadvantage: leads to more cost in general purpose computers.

Control bus Control bus
Code Data
Memory |[Data bus CPU | Data bus Memory
| Address bus Address bus |
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RISC architecture

LDS R20, 0x100 ; R20 = [0x100]

ADD R20,R21 ; R20 = R20 + R21 LDS R20, 0x100

PU
Fetch IrS.
Execute
Control bus Control bus
Code Data
Memory CPU | Data bus Memory

] Address bus Address bus |
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RISC architecture

 Feature 6: more than 95% of instructions are
executed in 1 machine cycle
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RISC architecture

e Feature 7

— RISC processors have at least 32 registers.
Decreases the need for stack and memory
usages.

* In AVR there are 32 general purpose registers (RO
to R31)
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