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3. Timer/Counter®] 2]%F PWM Al& AA

ATmega328PBoll= 570 9] Efolm/7F2E|7F WA Eo dom Z4zbe] Elolw/7}LE &= PWM A3 E

A= 715E 7ML o

1) Timer/Counter0°] 23+ PWM

* WGM[@2:00]=0b011 or WGM[©2:00]=0b111
* The counter(TCNT®) counts from BOTTOM to TOP, then restarts from BOTTOM.
v BOTTOM is always @.
v TOPis
8xFF when WGM[©2:00]=0b811.
OCR@Awhen WGM[©2:80]=0b111.
* The Timer/Counter Overflow Flag (TOV@) is set each time the counter reaches TOP.

¥ If the interrupt is enabled, the interrupt handler routine(TIMER®_OVF_vect) can be used for updatingthe
compare value.

* Two types of PWM signals can be available
v Invert: COM@A[1:0]=6b11
v Non-invert: COMPA[1:0]=0b1le
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Fast PWM (TOP=0xFF, OCROA=3, Ext. CIk(T0))

1 2 3 4 ... 254 255 256 257 258 259 260 ... 510 511 512 513

TCNTOo ] v [ 2 [ 3] a4 | ~JoxreJoxrF[ o [ 1 T 2 [ 3] 4 [ -~ Joxre[oxrF] o | 1

TOVO I Cleared by writing '1' to this flag |—ﬂ [ Cleared by writing '1' to this flag i‘ﬂ

OCFOA ”' | Cleared by writing '1' to this flag ‘ H‘ Cleared by writing 'L’ to this flag |

0COA | | | -
'OCOA | | |

| TCNT@ TOP == @xFF
! |OCR6A Interrupt Flag Set |

TOve Interrupt Flag is Set.
New OCR@A value can be written.

y
d

'
0CeA COMBA1:e=8bl@
0CeA I_I | | COMPAL:0=0b11

Period ‘ 1 ‘ 2 | 3 4 5 6
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A9 0&

1. (A€ duty cycles 7FA&= PWM Als @A) ofgfo] =] ZEE Timer/Counter0E ©] 83}
PD6(0COA) Ho AZA¥E LEDS H7|E ®H3AZd F A& PWM ASE de Z2IHES
Zdstal 1 A3E oscilloscopes T3l FASHA L.

(1) Alz="l 28 F3: 16 MHz

(2) PWM A% 9] duty cycle: 50%%Z A

(3) PWM 3} (LED refresh rate): 244.14Hz
(4) 8-bit Fast PWM 7]% A&

ATmega328P(B)
PD6
(0CeA)
> LED
1k
TCNTe TOP = ©xFF
PWM frequency = 62.5kHz/256 = 244.14Hz
PWM duty cycle = 58% = OCRBA « 127
1=
OCR@A ‘ % ‘
[recres | 127
AL
il Te el L, Waveforn im ‘
|10 Comparato Generator 0OCBA
L = [
L[> S l&—{ | | (PDE) |
il clkyp/1824 — £ N i |
5 clka/256 I
| Bl clkoles i
16 Hz | s

clkyo/8
clkig
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2. (A HE duty cycles 7FA= PWM A& A ofgfe] 7o 955 Timer/Counter0E ©]-83}¢]
PD6(0COA) ¥ 3} PD5(0COB) Holl Zk2t A4H F 7le LEDY B7]1E WH3lAZd <+ A& PWM
ANsE de 2295 AL 1 ZFAE oscilloscopes 53l 238 2.

() Al=" &8 F3: 16 MHz
(2) PWM 4l& 9] duty cycle: 0COA:40%, OCOB: 70%.
(3) PWM 3}~ (LED refresh rate): 244.14Hz
(4) 8-bit Fast PWM 7] A&
ATmega328P(B)
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PD5(0C@B)
AV S
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1k 1k

PWM Period = TCNT@ TOP = BOxFF g?‘

Pl frequency = 62.5kHz/256 = 244.14Hz 2 8

PM duty cycle OCROA 1|

0C@A(40%): OCROA « 161 101

0CeB(78%): OCR@B <« 178 T L
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3. PB79] 92" ~$AE +E wvlt}d Timer/Counter02] duty cycleS HFo] PD6(0COA) ¥ ol
AZ2¥E LEDS ¥7IE HANZE & = PWM ASE de Z2I8S A48t 1 A5
oscilloscope s &3l &AsHA| 2
(1) A" &9 Z-JJr—r 16 MHz
(2) PWM A& 9] duty cycle: 7.

(7hH %71 duty cycle2 10%% A2
(th PB79 4" 29XE F& wrulth duty cycles 10%% 7}
(th duty cycle©] 100%7} 2™ 10%Z roll over.
(3) PWM 3} (LED refresh rate): 244.14Hz
(4) 8-bit Fast PWM 7|5 Al&
(5) LED9] %7] W3} Aol 8url ot 8% 329 #o] LEDS A¥<s AF EHE
A ste] RE Q] £X7} vy =AE FR

Vop +3V

100k ATmega328P(B)

PD6
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SW =
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|1°0“ 1k (OCOA)

TCNT@ TOP = OxFF
PWM frequency =62.5kHz/256=244.14Hz
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4. ATmega328PBS| ICP1(PBO) O =
T3l AFE S Huld Aol =43
() N8 28 F35: 16 MHz
(2) Timer/Counterl®] Input Capture 715 A&

(3) FolA= USART #¥ gholBelg]E Z2AE LFAIA ARG

(4) PCZol= ZAE3 EHugd =2 7398 AX|3te] AL (d: TeraTerm)

5) 6573 A W€ 29 WHES AHE3tY PBSE 1| Hzo 945 7HAl= 783 A3
=83 F, o] ASE JYOoE AREITH

185 s 22 459 F7]5 743+ USARTO ports
o

i

ATm ega 328PB

1CP1
P (PB®@)

[
[}
@
>
>
()
®

—— SetT/c1 to NORMAL mode |

i {1]1]x|o]e]0]|e 1 —dkjo=16MHz
; - Input Data Bus (8-bit)
Use Noise Canceler Capture /‘_

1 A

| Input Capture on Positive Edge| Interrupt \

Request
| TEMP(8-bit) |
A
[ [ [ zcransbity | 1cras-biv) |
Noise Edge WRITE ICR1(16-bit)
Canceler Detector .
1cP1 -
-' 1
=}
3
P | TCNT1H(8-bit) | TCNT1L(8 bit) |
B | | OVERFLOW  TCNT1(16-bit)
T/C10i1|v 777777 | AC?R| | TCCR1B ‘ 3 Normal Mode: Counts from 0to OxFFFF
Overflow ~ fiowe
InterruptReq_uest_ | CE,BI(WIIQZ —»| Prescaler (1/1)
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usarte.c

#define F_CPU 16000000UL

#include <avr/io.h>
#include <stdio.h>

int uarte_putchar(char ch, FILE *stream);
int uarte_getchar(FILE *stream);

FILE uart@_dev = FDEV_SETUP_STREAM(uart@_putchar, uart@_getchar, _FDEV_SETUP_RW);

void uart@_init(uint32_t baudrate)

{
UCSROA = 0b00000000; // U2X@=0: No double speed
UCSROB = 0b00011000; // Enable Rx and Tx
UCSROC = 0bo0oee110; // Async mode, No Parity,
// 1 Stop bit, 8 Data bits
UBRR® = F_CPU/(baudrate*16UL)-1; // Baud Rate
stdout = &uart@_dev;
stdin = &uart@_dev;
}

int uart@_putchar(char ch, FILE *stream)

{

while (!(UCSROA & (1 << UDRE®))); // Wait for empty transmit buffer

UDRO = ch;

return 0; // sends the data
}

int uarte_getchar(FILE *stream)

{
// Wait until data is received (RXCO bit)
while ((UCSROA & (1 << 7)) == 0);
return UDRO; // Read received data

}
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main.c

#include <avr/io.h>

#include <stdio.h>

void uarto@_init(uint32_t baudrate);
int main(void)

{

uart@_init(9600UL);

printf("frequency=%.4f\n", frequency);
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[setup for printing floating point number in Microchip Studio 7]

- In Project properties
D Toolchain — AVR/GNU Linker — General
Check [Use vprintf library(...)] box.

E timer1_input_capture - Microchip Studic
File Edit View WAssist{ Project Build Debug
fo-o|8-9-98d |2 -

Build -
Configuration: - | Active (Debug)

Build Events

Configuration Manager...

4 [H] AVR/GNU Common
T General
& Output Files
< [H] AVR/GNU C Compiler
T General
A Preprocessor
£ Symbols
T Directories
T Optimization
T Debugging
T Warnings
I Miscellaneous
%

R/GMU Linker
General
ibraries

i Optimization
T Memory Settings
I Miscellaneous

4 [ AVR/GMU Assembler
o General
[ Debugging

4 [ AVR/GMU Archiver
o General

Advanced

@ Toolchain — AVR/GNU Linker — Miscellaneous

Type -lprintf_flt in the Other Linker Flags

Tools  Window Help
-| b Wl |Debug -
R Blad o | Hex 5| B~

timeri_input_capture* & X

v Platform: | Active (AVR) v

| AVR/GNU Linker = General

[_] Do not use standard start files (-nostartfiles}
["] Do not use default libraries (-nodefaultiibs)
[ No startup or default libs (-nostdlib)
[] omit all symbol information {-Wl.-s)
[] Link statically {-wl -static)
[+] Generate MAP file (-l -Map)

|+ Use vprintf library(-Wi.-uvfprint?) |

E timer1_input_capture - Microchip Studio

e~ |H-a-2 M| |

Build
Configuration; | Active (Debug)

Configuration Manager..

Device

File  Edit Wiew VAssist{ Project  Build  Debug

QMR e S | Hex = | @~ od

timer1_input_capture® & X

Tools  Window  Help
- | b Ml Debug -

» Platform: | Active (AVR)

a [H] AvR/GNU Common
= General
Packs [ Output Files
b 4 ;ﬁﬁVR{GNU € Compiler
= General
" Preprocessar
" symbols
" Directories
% Optimization
% Debugging
= Wamings
[ Miscellaneous
a [ AvR/GNU Linker

Tool

a [H] AVR/GNU Assembler
= General
[ Debugging

a [#] AvR/GNU Archiver
= General

AVR/GNU Linker = Miscellaneous

Other Linker Flags:

ClMItHsI 283
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<A
1. PB79] 9948 2=9XE +F wult} Timer/Counterl 2] duty cycleg HFFO] 0C1A(PB1) Aol
AZ2%E LED H7IE ¥HSAZ F S PWM A4S E d& Z209S AAA L.
() N=" F8 F3: 16 MHz
(2) PWM A& 9] duty cycle: 7}H.
hH A&2FA0%) o= A F
(th PB79 44" 29X E FE vl duty cycled 10%% Z7}
(Th duty cycle©] 100%7} E 2™ 10%= roll over.
(3) PWM F3}<: 400Hz
(4) 16-bit Fast PWM 7|5 Al&

2. PWMe| S8HotE ZALSle] A|E3HA L.
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