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ElO|H 71=2E 2| X|2E

o EIOIM/FI2E] M 0] 2IX|2E{(TCCRn)

o EIOIM/7I2E 2 X|2E{(TCNTn)

o &8 H|u 2|X|2E{(OCRn)

O oI_E.|E-IE .T'.I-E:I
Elo|}/712E] 2IE-E Z2i1 2| X|2E{(TIFR)
El0|H/712E 2UE{§IE D123 gX|2E (TIMSK)
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Zg|AAHIUZ g2 Z Efo|0 2| HEE X|AE{(TCCRN)OIM &F
Z} Ejo|H 2X[AE{(TCNTn)0| Hojoict sHH 4 OIE{REEE ZA| &
Z101X|Q} BB El k2 MFHM F.
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x| 2F7|2l= 22 dYS X st U= 0lAH2 8712 2AH|US 7ix|1 ALCE.
(Al2H 281/4)2 =2|AFAU2I} 2= 6l11 L= S El0|0{ S 2E AlE
st= Z0|LC}.

FHI|7} 1:4 LAHR A|AHIZEE0] 4H S0 S0 22|AH Y2 E Safst E2
tH S8i0| W5t El0|HE= 1L EE{o = 214] 5= A0|LC}.

, A|AEl 2210] 16MHz 0|2} SIC}H Ej0| 2212 4MHz 7} &= Zi0|cC}.

i I: AL

CS02 CS01 csoo | 1] & o o
0 0 0 X, eOIH/2I2H0 Js &X
0 0 1 CLK
0 1 0 CLK/8
0 1 1 CLK/64
1 0 0 CLK/256
1 0 1 CLK/1024
1 1 0 2F g T02 St HX SH
1 1 1 A% B 102 ds WA S5
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El0|H/7H2E{0

El0|H/FH2E{1

El0|H/7H2E{2

ElO|H/72E{3

2= 8bit 16bit 8bit 16bit
S clk 1/0 clk 1/0 clk 1/0 clk 1/0
TOSC12}TOSC2
2B S (32.768kHz) T1 T2 T3
TOSC1
Elojoy 1,8,32,64,
ma| AU 128,256.1024 1,8,64,256,1024 1,8,64,256,1024 1,8,64,256,1024
TCCR1A TCCR3A
TCCR1B TCCR3B
TCCRO TCCR1C TCCR2 TCCR3C
TCNTO TCNT1H, TCNT1L TCNT2 TCNT3H, TCNT3L
OCRO OCR1AH, OCR1AL OCR2 OCR3AH, OCR3AL
eI X[ AE ASSR OCR1BH, OCR1BL SFIOR OCR3BH, OCR3BL
SFIOR OCR1CH, OCR1CL TIMSK OCR3CH, OCR3CL
TIMSK ICR1H, ICR1L TIFR ICR3H, ICR3L
TIFR SFIOR SFIOR
TIMSK, ETIMSK TIMSK, ETIMSK
TIFR, ETIFR TIFR, ETIFR
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El0|H/712E{0

El0|H/7}2E{1

El0|M/712E{2

El0|M/712E{3

Normal, Normal,
CTC, CTC,
Normal Fast PWM, Normal Fast PWM,
cTC Phase Correct CTC Phase Correct
=Exnc Fast PWM PWM, Fast PWM PWM,
Phase Correct PWM Phase and Phase Correct PWM Phase and
Frequency Frequency
Correct PWM Correct PWM
elEiMS TOSC1, TOSC2 T1, IC1 T2 T3, I1C3
OC1A OC3A
SEMS oCo OC1B 0C2 oC3B
oCc1C OC3C
Overflow Overflow
Overflow ’ Overflow ’
’ Output Compare ’ Output Compare
(o] ol E
2lEEE °”tp‘|‘\;‘|a?§|'1“'°are Match A/BJ/C, °”tp‘|‘\;a(t’§;"pare Match A/B/C,
Input Capture Input Capture
RTC7Z|=
7|E} EIO|H7IRE|R 5 Capture Capture

Za[2AILE AL
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E X|
-1 o

= iE 7I2H
Clear Timer on Compare Match 7|
(Auto Reload 7|s)
22|X|7} 9= Phase Correct PWM 7|S
x_u_I_A HI-MI 7|'—
10H|E Z2|2H Y 7S
Timer0 Overflow Interrupt®l Timer0 Compare Match
Interrupt

10 E81l= WEE 32.768kHz & 217} 7ts¢8t ®
(TOSC1, TOSC2 &)
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El0|H 0= A|0{o}7] %let 2 X|2E]
ElO|H/ZI=2E]| 0 X0 |X|AE{ : TCCRO
Timer/Counter0 Control Register : TCCRO
El0|H/712E] 0 B|X|AE{ : TCNTO
Timer/Counter0 Register : TCNTO

Timer/Counter0) Control Register - TCCRO0

Bit 7 6 5 4 3 2 1 0
CS02 CS01 | CS00

Read/Write R R R R R R/'W R/'W R/'W

Initial value 0 0 0 0 0 0 0 0

Timer/Counter() Register - TCNTO
Bit 7 6 5 4 3 2 1 0

MSB LSB

Read/Write R/'W R/W R/'W R/'W R/'W R/W R/W R/'W
Initial value 0 0 0 0 0 0 0 0

TCCRO

TCNTO
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za|AHAHI2L2]| (Prescaler)

ElOIHO| Sadl= &8 S22 SE& Z8ol= 2F71.

— EH/ =2 _— =0

ZOTE AEHS| ME2T| 20 Za|AAUME 25| ¢

O= AIR.
ALE Jtset Ze| &A1
fCLK_IO/8
fCLK_l0/32
fCLK_l0/64
fCLK_lO/128
fCLK_10/256 or fCLK_10/1024
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Bit 7 5] 5 4 3 2 1 0

OCF1A | OCFiB TIFR
Read/Write RW RW R/W RW RW RW RW RW
Initial Value 0 0 0 0 0 0 0 0

Timer/Counter02| 25 AL E MEiSI= HIX|2AH.

ASSR #IX|AE{2] ASO(BIT 3) HIEE “1"2 MFS|H
Timer/Counter02 TOSC1 EISZ ¢|3ik|= H|S7| FI2REIE AIS.
= Timer/Counter02 Real Time Counter(RTC)2 MH

O] I TOSC11} TOSC2= Timer/Counter02| 28 22

SFIOR | X|2E{2] PSRO HIEE “1"E MAsIH Z2|AA|U2{= 2|l



clk,g —»

TOSC1 —

ASO

PSRO

Clkros

Clear

10-BIT T/C PRESCALER

olk /8
clk /32
clk /64

Clkrps/256

clk;os/128

— O
<
<
=k
o

Cs00

CS01

csoz

TIMER/COUNTERO CLOCK SOURCE
clkm

clkoo/1024
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Special Function 10 Register(SFIOR)
Bit 7 6 5 4 3 2 1 4]

T e S N R o ] SriOR
Read/Write RW RW RW RW
Initial Value 0 0 0 0 0 0 0 0

BIT 7 : TSM(Timer/Counter Synchronization Mode)

"1" = Timer/Counter 2| 7| 2=7} EC}. 0] 2=0AM= PSRO
e PSR3210f| £ 4x2 FXIEICE.
“0" = PSRO2} PSR3210]| ££ 72 st=010f| 2lsHA{ S2]0{EILC.

BIT 1 : PSRO(Prescaler Reset Timer/Counter0)

"1" = Timer/Counter02| Prescaler7} 2|AMEICE.
“0" = geko| giLC}.
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Timer/Counter08] 28 &2
ASOZ= 0|2510] 2|F EE= LR 25 448 M3
S5 MEY H|E CS02:08 3510 A= Fu+Z 258
7I1=2E| =A= Timer/counter0 Control Register
TCCRO |X|2E{2] WGMO0112} WGMO00= A XS10{ ZHA.
Timer/Counter02] E}0|H ZH(TCNTO) 2} Output
Compare Register(OCR0)= SH|EER 1M
Timer/Counter02 R EHE= Z2|AH U2 E S56104
AlZe = Q1=

RO == TOSC1, TOSC2 EICE E]E= Al
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Bit 7 (5] 5 4 3 2 1 o

TS50 _] Teca
Read/Write W RW RW RW RW RW RW RW
Initial Value 0 0 0 0 0 0 0 0

Timer/Counter(Q 2| S22 MASIT =Z2|AHUME MASI=

IS o8,

BIT 7 : FOCO (Force Output Compare)
WGM H|E7} non-PWM 2E2 MZEE|0]{ Q= [l FOCO HIEE=
tMSIEICE. 2{L} AVR 2| A9 7|=180 =
stM=2 RXI517] ISHA] PWM REE2 SZH8t = <022 MAE|0]

ofat siC}, HHHO| 1”2 MASIMH Waveform Gerneration Unit
o= Z&}siC}.
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BIT 6, 3 : WGM01:0 (Waveform Generation

Mode)

0| HHEE =&A5}0{ Counter?| 7} 2El

El H}SE

O Oy

Maxium(TOP) 7}2E{ Zte| &4 2 0{td Waveform
Generation

= A EeX| S 23z}

Waveform Generation Mode

Timer/Counter

WGMO01 | WGMOO0 Update of TOVO Flag
Mode Mode of TOP

(CTCO0) (PWMO) Operation OCRO Set-on

0 0 0 Normal OxFF immediate MAX
PWM, Phase

1 0 1 Correct OxFF TOP BOTTOM
2 1 0 CTC OCRO immedate MAX
3 1 1 Fast PWM OxFF TOP MAX
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BIT 5, 4 : COMO01:0 (Compare Match Output Mode)
0| H{IE= X=X310{ OCO Hlo| =2 TABIC}.
I Z2io2 AIR25}7| 215101 DDR Y X|AEIE &eioz
4 X 51040} StC}

Compare Output Mode, non-PWM Mode

COMO1 COMO00 L=

0 0 Normal port operation, OCO disconnected.

Toggle OCO0 on compare Match

0 1
1 0 Clear OC0O on compare match
1 1 Set Oc0 on compare match
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Compare Output Mode, Fast PWM Mode

COMO1 COMO00 LIS
0 0 Normal port operation, OCO disconnected.
0 1 Ol 2
1 0 Clear OCO0 on compare match, set OCO at TOP
1 1 set OCO on compare match, clear OCO at TOP

Compare Output Mode, phase Correct PWM Mode

COMO1 COMO00 LIS
0 0 Normal port operation, OCO disconnected.
0 1 oll2F
1 0 Clear OCO on compare match when up-counting.

Set OCO on compare match when down-counting.

Set OCO0 on compare match when up-counting.
Clear OCO on compare match when down-counting.
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BIT2,1,0
CS02, CS01, CS00 (Clock select 0 bit 2, 1, 0)
SE MEH H|E 2, 1, 02 E}0|H02| free-scaling source

off 32|%l01 21Ct.
CS02 CS01  CS00 &
0 0 0 No clock source (Timer/Counter stopped).
0 0 1 clk,,.(No prescaling)
0 1 0 clk,./8 (From prescaler)
0 1 1 clk,,./32 (From prescaler)
1 0 0 clk,,./64 (From prescaler)
1 0 1 clk,,./128 (From prescaler)
1 1 0 clk,,./256 (From prescaler)
1 1 1 clk,,./1024 (From prescaler)
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Timer/Counter0 Register(TCNTO0)
Bit i B 5 4 3 2 1 0

TCNTO[7:0] TCNTO
Read/Write RW RW RW BRwW RW RW RW RW
Initial Value 0 0 0 0 0 0 0 0

o 522 2| Hsaict 14 FI.

TCNTO HIXI2E{0]]l Overflow 7} &HAE|0H OIE{HE YWiY|=.
Timer/Counter02| 8H|E F}2E #}2 XN&35l1 U= X|AE{0|C}.
o1 M7 S&E= e I 2 7150l
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Timer/Counter0 Output Control Register(OCRO)

Bit 7 6 5 4 3 2 1 0
Read/Write RW R/W R/W RW RW RW RW R/W
Initial Value 0 0 0 0 0 0 0 0

Timer/Counter0 Register TCNTO i1} H|23}01 OCO Zl 0|
SHAMSE wWM517]| st 8HIE t= M Es5t= 2IXIAE{0]|Ct.
TCNTO 2}u} H|25t0{ DfX| S=t0| 45t OCO EI0| S&i 4l
=5 BdslI| ¢et 8HIE 7= X Fsl= I X|AE{0|LC}.



[Counter Unit Block Diagram

DATA BUS

| count

TCNTn

clear i
Control Logic

direction

bottom T Ttop

Prescaler

T/C
Oscillator

TOSC1

TOSC2




[Block Diagram

DATABUS

FI TCCRn
Y
count _ Tovn
clear = (Int.Req.)
Control Logic
direction clky,
- TOSsC
BOTTOM e
Prescaler Oscillator
v Yy | TOSC2
Timet/Counter
TCNTN ‘ |__|
=0
' f ocn clk g
(Int.Req.)
4
= 1 o | Waveform o
— *| Generation B OCn

<->| OCRnN

Synchronized Status flags

Y

Status flags

Synchronization Unit

——— clk

. clk,gy

}

ASSREn

asynchronous mode
select (ASn)
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Timer/Counter02| Output Compare ZHx|

SH|E H|u17] : ©1=56HA{ TCNO Zi2} OCRO Z}= H|uasl LIZHCE.
TCNTO Zi2} OCRO Z}0| Z+= mjojCt H|27|= match AISE gt
MsiCt.

match MSE= E0| 252| CI=2 AI0|20|A Output Compare
Flag(OCFO0)E A&t

OCIEQ H|E2} SREG HIX|AE{C| | HIEJ} “1"2 Ml |0 2
OCFO0= Output Compare InterruptE 2A4sICE.

OCF0 Z2|1& QIE{BET} A3H0| &1 LIH XIS 2 22|0{E
Cl.(OCFO HIEN “1"2 MM &2ZEQ0{E2=2 Z2|0{ 5l0{< E
C}.
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Timer/Counter0 E}0O|2 (f_clk 10/8 Prescaler)

S R A R R R
cli, || ] ] B
(clk,o/8)
Ig.r;.]g; i TOP-1  if TOP 1 BOTTOM i}  BOTTOM + 1
OCRn | TOP

OCFn |
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=X o=
o Normal Mode
lHtE0l El0|H 2HES=EF CIEHEHET 228 I Al
AFSEFL2E]
0x00 ~ OxXFF A==zt His
IIRE == Clear g2
SHEZ2(OVF) 2E{HE (MAX=0xFFZ}! [ BiAd)
H|1O§X| (COMP) CIE{EHE
(LA S of|&stx| 2517 WIEN| F=5IX] 223)
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o CTC Mode(Compare Timer on Compare Match Mode)
Tl EF 7|IS2E FE A=
&2 2E
0x00 ~ OCRO A+ Sz} HiS
OCROZiZl TCNTOZr0| Z2M FIRE == Clear
SHEZ22(OVF) QEHE

(MAX=0OCROzZid [f &4, COMP2IE{E EL}l SUSIAH| HZEl7| UWE

ol =&stX| =

H|:2 0§ X[(COMP) 2IE{RE

Mode COMO1 COMO00 =L
0 0 H QST E (OC0 &2 X|CH
PWMZE7} Ol H 0 1 H|ZO§X|>> OCO Toggle =&
(Normal / CTC) 1 0 H|O§X]>> OCO = 0 =&
1 1 H|OX]>> OCO = 1 &
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CTC Mode

OCAHN Interrupt Flag Set
PHIER
OCHn Update
°._| E.I EI'E e T it and
i i i : i : TOVn Interrupt Flag Set
v Y Y Y Vv ovy Y OOv Y
CB/@/CD/ C @/ CZ/
Y ¥ f Y 1 Ty Y | )
OCn (COMn1:0 = 2)
OCn (COMnN1:0 = 3)

Period je—1 —sf—2 —fe—3—sle—a—sf 5 e 62l 7
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FAST PWM

@)

=
Al

A =X} H}

T o= L—

=
=

2 FI PWM updtio] Eet I Als
AFSEII2E] (Single-Slope Operation)
0x00 ~ OxFF A

TCNTOZ} OCR02] Compare MatchE|/™ OCO00j| LOWE2(COMO

1:0 = 2)

OxFF — 0x00 2HEZEEE|M OC00| HIGH=Z=(COMO 1:0 = 2)

Mode | COMO1 | COMOO o
0 0 HE QIESEHEE (OC0 =2 XIcH)
0 1 (reserved)
FAST ’ 0 HWO§x|>> OC0 =0 =
PWM QHEE2>> 0C0 =15
1 1 HWO§x|>> OC0 =1 =
PHELS>> 0C0 =05
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Fast PWM Mode

[ T S S e OCnh Interrupt Flag Set
. . Z IR v
oo
: v
Yy VY
TCNTn / /1
8’33@9} (COMNn1:0=1)
Period |~‘- 1 bt 22— pt—F—re————4—»
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Phase Correct PWM

@)

=2 2ollso PWMEH! njsis
I2E{ 0x00 — OxFF
oleF7I=2E|1 OxFF — 0x00
0x00 ~ OXFF ~ 0x00 A%
AFSEFI2E{ H|OfX|>> OCO
&712E{ dH|moix|>> OCO

r

ok

dst=0l A=

=X} HIE
o =7

0 =&(COMO0 1:0 = 2)
=1 Z=(COMO0 1:0 = 2)

Mode COMO1 CcCOMO00 o
0 0 HE | E (OCO &= X|ith)
0 1 (reserved)
Phase Correct ’ 0 Arsl7L2E] H|RORX]>> OCO = 0 &2
PWM 5Iet712E] H | OYx|>> OCO = 1 &
1 1 AMSEII2E| H{OX|>> OCO = 1 &
olet712E{ H|mojx|>> OC0 = 0 &
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Phase Correct PWM Mode

OCn Interrupt Flag Set

OCRn Update

J TOVn Interrupt Flag Set

Y l Y Y l Y Y
TCNTn / W v
' ¥

OCn

(COMR1:0 = 2)

L L

OoCn I_‘ |— (COMR1:0 = 3)
| |
I |

Period I- 1
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EIO|0{/7}=2E{ 01} 2
o &E2H
SHIE X
OVERFOLW
PWM H|=8t 7S
Ho{A = H|==8l.
o Xl0o|H
ElO|0{/7}2E] 0 2 32.768kHz2| 3 2|AE!
TOSC1 2 TOSC2 tiXl= 71X|11 S
RTC2| 7|52 X=X &t = US
CI= EFOID1/9}-E12} E2|7 LiF 2 AESIE &
F

B AISSIE I Za|AAYR O] BRIISS AIRE
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Timer/Counter 22| Block Diagram

= > TCCRn
count _ Tovn
clear Gontiol Lo = (Int.Req.)
ontrol Logic
direction S clky, Clock Select

Edge ™
y Y [ : Detector [
BOTTOM TOP
vy V4 AN

( From Prescaler )

a Timer/Counter A A
an} TCNTn
< [=0] [=oxFF| oon
CD( % (Int.Req.)
Waveform
= Generation o ez
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Normal Mode 1
.o Jelk 170
Jocn = 3TNT(1 + OCRn)

PWM Mode

~ Jek 10
fOCﬂPWM N . 256

N==2|2HA2(1, 8,32,64,128, 256 or1024)
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CPU A Abg-3hE CLKo] 4MHz o o) 32 [ms]ult} F7]doz AdHYPES
T 9@ A A E A skt

A 3.2[ms]Ot =D ®IGHAM TCLKOZ TCNTE| &t A5tH S 2L

€5 x TCNTO = o4

32x107°[s] =
5] 4%10° 4%10°

x (256-200)

=, TCLKO = CLK/64 0|1 TCNTO = (OxFF - 200) O[Ct. [M2tAl TCCRO = 0x03,
TCNTO = 0x380| &l L}.
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TCCRO = 0x05, TCNTO = 0x20¢]| A% =

CPUS| A A}-g-8}i= CLKe] 4MHze] 3t
duklzt?

o 1% u sholu/AHeEl0 eMER JEFES Aol Azte

TCCR = 0x05 = 000001010/ & CS02 CSO1 CS00 = 101 O|CH MetAl TCLKO =

CLK /1024 Jt /O 8 22| =22t 1024/4,000,000 [sec]O|LC}.

L8 TCNTO = 0x200 A AIZGHY OxFFILAl JI2E S ot2& AH U= A

af2 0xFF - 0x20 = 0xDF = 223¥ 2JI=2

=

=

L.

o

_J'M_
del2z HA 2128 He Ad2

1038 223 = 0.058426[s]

Interrupt Period =
d 4x10°

[MEhAl, 0.058426 [s]OICH CIE{ R ED} ZRICH
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ICCAVE Application Builder [M128]
CPU | Memory | Ports  TimerD | Timert | Timer2 | Timer3 | UART | SPI | Analog |

Initialization
v Use Timerd T Owerflow interrupt <

Actual value (error¥)

1 mSec - 1.000mSec {0.0%)

Prescale select TCMTO

Waveform mode

B - 0x06 Norma [
COMmpae Asyncronous moade
DCRO
OxEA I™ Enable async mode
OCO output mode External crystal (Hz)
|Di5cnnnected j |
-

™ Compare interrupt

Ok | Options Freview Cancel
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volatile int cnt = 0;

#pragma interrupt_handler timer0O_ovf_isr:17
void timer0_ovf_isr(void)
{
TCNTO = 0x06; //reload counter value
if(lcnt)
EX_LED = ~EX_LED;
cnt++;
cnt %= 100;
}



EIO|HE 0|85}0{ FNDO| 23} =5 LIEILH0{2}.
4702] FND = 21Z 27)= B2 222 2= =E L}

EJLHC}.
H Ol xo| HQ|= 0~59 0|4, 600 E|H == EBo=2
=2 A2 07| EICt.

—
= E5IE S710]| gieE 2 EAISHK| p2=C
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CI= LEDJ| =ALiE HSE|=5 TIEA|L.
EME B - =7 -> DI -> B3l - s

£20]| 823 = =0 =80| 85 = Il B2Z= A= AKX U

== 2Lt 0000000000
IE =M0| E0{2™ 0000000000
wZHS EY CEA| BHC}. 000000000
eeze zuix g O00000000O0
Si=s1 spiolL(Ct O000000000
SS= He s O000000000
delay?} Ol TimerE 0000000000
0|&8tL|C}. 0000000000

O0@0000000

O00000O0O0O0O0



