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ODbjectives

e To be familiar with “AVR studio” IDE

Understand and program the AVR peripherals as DIO, Timer, and
Interrupt circuitry

Know how to download your program on the AVR controller
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Agenda

DIO Module

How to work with the DIO module ?
AVR Studio IDE & WINAVR
Interrupts

Timer Module

How to work with the Timer module ?

Download your program
_ab
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DIO Module
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DIO

« ATmega32 have 32 Programmable I/O Lines.
 These lines are divided into 4 Ports:

— PORT A (PA7..PAO)

— PORT B (PB7..PBO0)

— PORT C (PC7..PCO0)

— PORT D (PD7..PDO)

« Each port consist of 3 registers:
— DDRXx (Data Direction Register)
— PORTX (Output Register)
— PINXx (Input Register)

 Most port pins have alternate functions in addition to being general
digital I/Os
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e Ragister Description for 1/0 Port

Port A Data Register - PORTA

Bit 7 8 5 4 3 2 1 a
PORTAT | PORTAE | PORTAS | PORTAM4 | PORTAI | PORTA2 | PORTA1 | PORTAD | PORTA
Read/Writa RIW RIW RAW RAW RW RN RIW RIW
Initial Value i 1 a 0 1 0 1 0
Port A Data Direction Register
- DDRA Bit 7 i 5 4 3 2 1 0
DDA7 | DDAG | DDAS | DDA4 | DDA3 | DDAZ | DDA1 | DDAO | DDRA
Read/Writa RIW RIW RIW RIW RIW RIW RIW RIW
Initial Valua 1 1 0 0 1 1 1 0
Port A Input Pins Address -
PINA Bit 7 i 5 4 3 2 1 0
PINAT | PINAE | PINAS | PINA4 | PINAZ | PINAZ | PINAT | PINAD | PINA
Read/Writa R R R R R R R R
Initial Valua MIA MIA MIA NIA NIA NIA NIA NIA
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1.
2.
3.
4.

%mm Programming DIO

Decide number of input lines and output lines that will be used
Configure the ports direction in the register DDRXx

Use register PORTX in case of writing (O)

Use register PINXx in case of reading (I)
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AVR Studio IDE
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AVR Studioc AVR -

AVR Studio is an Integrated Development Environment (IDE) for
writing and debugging AVR applications in Windows environment.

AVR Studio 4 includes an assembler and a simulator ONLY
AVR Studio is FREE IDE from atmel

AVR Studio does not contain C compiler

LWIIN/AVR
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AVR Studio

¢ File: Project. Build Mew Tools Bebug Help

ce Disakled =l

e

Welcome to AVR Studio 4

" —
| % Mew Project
s

e

Recent projects | Modified |

| .t‘-\i:ldr_é;s's: Value | _E,itg.' |

er 414589 W Show dislog af startup

e Back ] Hentiy Firth Carcel | Hep
Loaded plugin STKSO0
)| = B 2
s = e ——— | = . s
Slguild | @ ressage ]% Finid in Files | (g Breakpoinis and Tracepaints
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AVR Studio

Welcome to AVR Studio 4

~ Create new project

Froject type: Project nare:
| # Amal 8UR fizzembler iFirstP_r
(R avR GCC _
W Cresteinialile W Createfolder =
ritial file:
!FirstF’l. e
Locatior:
|| |GAAVR Test i
2 | Address Value | Bits

Ver 414589 4
<¢ Back I Finish Cancel ‘Help
Loaded plugin STESO0
£ ; I I &
Elsuild | ﬂ lMessage ’% Find in Files |E3El'reak|:|oihts and Tracepaints
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AVR Studio

: File  Project Build Edit View Tools Debug Window Help

Bcda "Jﬁﬁ !ﬁdﬁ%&ﬂ .

Welcome to AVR Studio 4

~ Select debug platform and device:
D’éhug platfarr: Dewice:
| 2WR Dranon &TmegalB4P -~
| | AVA Simulator 4TmegalBS
AVR Simulatar 2 ATmegalBSP
ICE200 &Tmegal B8
ICE40 ATmegalBaP |
ICESRD ATmegalBd
JTAG ICE ATmegalB9P
JTAGICE mkll ATmegal BHWA
ATmegazbE0
| 4T man=55]
o = | Addess | Value | Bits
[ Eper platfonm ophors

Verd 14589

Loaded plugin 5TKS00

<< Bark | ldekts I Cancel Help

1=l s |
] = =
= Buitd | ﬂ IMessage | % Find irs Files | EETeakpoints and Tracepoints

[ ] CAP NUM OVR



AVR Studio - [G:AAVYR TestAFirstPriFirstPr.c]

AVR Studio

¥ @ File. Project Build Edit i_rew Tools Debug Window Help - 8x
“_I_] E?.: E! [ SRR E S T e E?t_  dh e S T S I N O N o =S 0~ TS O o W =
Trace Disabled “L% B e TG I IR e e B x 3
C |l — a" [Foview - x|
irstPr (default) | % = {gi
423 Source Files | -

£ Header Files + I »raD_CONVERTER

3 {55 External Dependencies & D”""N'&LDG—CDMP&HA“

{25 Other Files = B} BOOT_LOAD
=+ B cru
=+ [E) EEFROM
£ @)EXTEHN.&L_INTEHH...
< =2 PORTA
+ 22 PORTE
+ =2 PORTC
# Z2 PORTD
=32 5P
=l TIMER_COUNTER_DO
# TIMER_COUNTER_1
| TIMER_COUNTER_2
B TW
4 3 USART
=+ e wWATCHDOG

| Mame | Address Walue | Bits
[« | _>_1—! |
G-:\AVRTest\FfrslPr\FirstPr.c 4 B
“Buiid =l
Build ! 6rvTessage |$ Firid i Fites |'_|'_38rea‘l-’_poinis and Tracepaints
ATmegéSZ AN B, i) . Ln I, Coll AP MU OVR




Interrupt
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@f;ilwsmtus Register (SREG)

Bit 7 B

A
11

FRead e Ry P R R RV

= 4 3 2 1 0
T s | v [ Mmoo | z | C ] sReG
j R Ry R

Initial Value 0 O o 0 0 0 0

The status register contains:
— Six bits status indicators ( Z,C,H,V,N,S))
— One bit for global interrupt enable ( 1)
— One bit for bit copy storage ( T)

The status bits reflect the results of CPU operation as it executes
Instructions
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Stack Pointer (S

14

12

12

11

10

P)

5P14

SP13

SP12

sPN

SPD

SPS

5P6

SPs

SP4

SP3

5P2

SP1

Read Write R B R BL R R R
R B R R R R R R
Initial Value a o 0 O a 8] a i
a o 1] O a ] a 1

- The stack is used to save system context during
subroutine calls and interrupts and can also be used for
temporary data storage.

- The stack pointer (SP) holds the 16-bit address of the
last stack location used.

- A Push to the Stack Automatically decrement SP.
- A Pull from the Stack Automatically increment SP.
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ATmega32 Interrupt Vector

Program
Vector Mo. | Address™ Source Interrupt Definition
1 $0000 " RESET External Pin, Power-on Reset, Brown-out
Reset, Watchdog Reset, and JTAG AVR
Reset
2 002 INTO External Interrupt Reguest O
3 5004 INT1 External Interrupt Reguest 1
4 S006 INTZ External Interrupt Reguest 2
5 008 TIMERZ COMP Timer/Counter2 Compare Match
& SO0 TIMERZ OVF Timer/CounterZ Owverflow
T S00C TIMER1 CAPT Timer/Counter1 Capture Event
B S00E TIMERT COMPA | Timer/Countert Compare Match A
q &010 TIMERT COMPEB | Timer/Counter1 Compare Match B
10 5012 TIMERT OVF Timer/Countert Overflow
i iy 2014 TIMERD COMP Timer;Counterl Compare Match
12 8016 TIMERD OVF Timer/CounterD Owerflow
13 &0 18 SRl STC aerial Transfer Complete
14 018 USART, RXC USART, Rx Complete
15 S01C USART, UDRE | USART Data Register Empty
18 ED1E USART, TEC USART, Tx Complete
17 5020 ADC ADGC Conversion Complete
18 8022 EE_RDOY EEPROM Ready
19 8024 ANS_COMP Analog Comparator
20 2026 TWI Two-wire Serial Interface
21 B0Z8 SFM_ROY Store Program Memory Ready
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Global Interrupt

>

.|:-|:| Syrlerrs Commiios

O
~o

Interrupt

Module Interrupt Automatic Flag

o o
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~o
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Interrupt
D >
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Interrupt Action

 What happens when an interrupt occurs?

— The current instruction finishes execution

— The address of the next instruction is calculated and
pushed onto the stack

— All the CPU registers are pushed onto the stack

— The program counter is loaded with the address
pointed to by the interrupt vector and execution
continues
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Timer Module
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Timer ?

% | nterrupt

>

Clock Cycles
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AVR Timers

ATmega32 have 3 Timer/counter
— Two 8-bit Timer/Counters with Separate Prescalers
— One 16-bit Timer/Counter with Separate Prescaler

The 3 timers are divided as:
— 8-bit Timer/Counter0 with PWM
— 16-bit Timer/Counterl
— 8-bit Timer/Counter2 with PWM and Asynchronous Operation

Copyright © 2009 Embedded
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8-bit Timer

« 8-bit timer module contains 5 registers:
— Timer/Counter Register — TCNTO
— Timer/Counter Control Register — TCCRO
— Output Compare Register — OCRO
— Timer/Counter Interrupt Mask Register — TIMSK
— Timer/Counter Interrupt Flag Register — TIFR

e 8-bit timer have 4 modes of operation:
— Normal Mode
— Clear Timer on Compare Match (CTC) Mode
— Fast PWM Mode
— Phase Correct PWM Mode
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%@mﬂm 8-bit Timer/Counter Registers
TCCRO

/ Mode Selection x

7 z z 4 3 2 1 0
W RW R RW RW R R RW

Comp Match Out Mode CLK Selection

=K

Al
i
i
La
d-‘-
in

=
[

-
i
i
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Clock Selection

G302 Cs01 CS00 | Description
0 0 0 Mo clock source (Timer/ Counter stopped).
0 1 clk 5/ No prescaling)
0 1 0 clk ;4/8 (From prescaler)
0 1 1 clk /64 (From prescaler)
1 0 0 clk /256 (From prescaler)
1 0 1 clk /1024 (From prescaler)
1 1 0 External clock source on TO pin. Clock on falling edge.

External clock source on TO pin. Clock on rising edge.
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Prescaler ?

Ko * » 10-BIT T/C PRESCALER
Clear

2 g 8 S

o § 3 g
PSR10 - 2

®
®
L
rg T ' {

R e Dl T Dc
E Synchronization a: l

0
i'#‘r‘r'rvl

0
CSs10 c300
Cs11 C301
Cs12 cs02

' '

TIMER/COUNTER1 CLOCK SOURCE TIMER/COUNTERD CLOCK SOURCE
Clks, Clkey
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%ﬂﬂmwﬁ 8-bit Timer/Counter Registers

TCNTO

=8 7 z = 4 3 2 1 0
TCNTO[7:0] TCNTO
Read/inr ia W R RAW RIW R W RIW W
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OCRO

7 f 5 4 3 Z 1 ¥
RAW RAN RAN RIW RAN RIW RIW RIW
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%ﬂﬂmwﬁ 8-bit Timer/Counter Registers

TIMSK

Bi1 7 i 3 4 3 Z 1 O
QCIE2 TOIE2 TIZIET OCIE1A | OCIE1B TOIE QOCIED TOIED TIMSK
RN RAN RAN R RN RN RN RN

IE
[1E]
[
-'-'I-
1B

=
i

-
i
I

This register is shared between the three timers
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%ﬂﬂwcﬂm 8-bit Timer/Counter Registers

TIFR

B ) i 3 4 3 Z 0
OCF2 TON2 ICFT OCFiA | OCF1B TOW OCFD TOND TIFRE
readrie RO AN RO R AN R A RO

Flle W'Bxia

- -

Li

This register is shared between the three timers
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Timer Module

Initialize timer

Enable global interrupt
Start counting

Define interrupt vector used
Write the ISR

Copyright © 2009 Embedded
Systems Committee

36



How to download your program?
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LAB
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