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[16H|E EJO|0/QIE{RIE

EIO|H/7IR2E]| 11} 3= 16H|E f:ERA]
OVERFOLW, PWM, Input Capture H|x=sl 7|S=
7HX 22 X012 = H|==3}LC]}.

El0|H/712E 1, 32| 3
16H|E( 0x0000 ~ OXFFFF ) /=
10H|E(0x000 ~ Ox3FF) =2|2 A &2
Overflow, Output Compare Match A/B/C, Input
Capture 2lE{§E
Output Compare Match et I Ef0|H7} 22|01 &l
C}.(CTC BE)



[16H|E EJO|0/QIE{RIE

El0|H/7|2E 1, 32| &}
Li/2|5 28 = SILIE MEHS]0] 7|&E S22 &M=Ll
E}0|04/7}I2E] 1, 32 0x0000~0xFFFF7}X|] Counts}o]
Overflowk|™M OVF ClE{E{E7} ZEILC}.
EIO|0{/7}=2E] 1, 32 0x0000~0xFFFF7}X|] CountsiCi7}
X&EX2E TCNTZ 2 OCRZ2 H|116104 Z22MH COMP
CIE{RIEJ} ZEICL
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BE|0 siile] TCNTne| Zi0| &MU A HX|AE| ICRh2E
MEEIHM IC QIEEET} HEIC].
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[16H|E EJO|0/QIE{RIE

EIO|H/7I2E] 1 2& I X|AE]
Elo|H/7I2E] 12 H|0{
AERIX|AE{(SREG)
El0|0{/7}=2E] 1 22 2| X|2AH

TCCR1A, TCCR1B, TCCR1C, TCNT1H, TCNT1L,
OCR1AH, OCR1AL, OCR1BH, OCR1BL, OCR1CH,

OCR1CL, ICR1H, ICR1L, SFIOR, TIMSK, ETIMSK,
TIFR, ETIFR



[16H|E EJO|0/QIE{RIE

TIMSK(Timer/Counter Interrupt Mask Register)
o  EIO|0{/7}=RE{0~2 0j|A 2AlSt= CIE|EEE J|HAE o= 5|&5l= 7Is2
Tlsl= Y X|AE

Bit i & 5 4 3 2 1 0

OCIE2 TOIE2 TICIE1 | OCIE1A | OGCIE1B TOIE1 OCIED TOIED TIMSK
ReadWrite RAW RAW R RW RW RANY R RW
Initial Value 0 0 0 o o 0 0 o

Bit 5 — TICIE1(Timer/Counter1 Input Capture Interrupt Enable)
o  TICIE1=12 SetA|7{FH Input Capture Interrupt7} SM3}EICE,

o CAPTOIEEEE Al=235I2{M SREG2| 1=121 MEf0{0} BiC}.

Bit 4, 3 - OCIE1x(Timer/Counter1 Output Compare Match A, B
Interrupt Enable)

o  OCIE1x=12 SetA|HAFEM Output Compare Match Interrupt7} A3}EICI.
o COMPLIEBEE AlZ35I2{™ SREG2| 1=121 &FEj0{0} StC}.

Bit 2 - TOIE1(Timer/Counter1 Overflow Interrupt Enable)

o  TOIE1=12 SetA|74F=™ Overflow Interrupt7} EA3}EIC}.

o) OVF2IE{EEE AlZ5I2{H SREG2| I=121 AE{0{0} SIC}.
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ETIMSK(Extended Timer/Counter Interrupt Mask
Register)

EFOICI/7HREN, 3 Ol AsHs QIEHE
IISE $M5H= YK

i
r

NHHo 2 §|&5l=

r

Bit 7 & 5 4 3 2 1 0

= = TICIE2 | OCIE3A | OCIE3B | TOIEZ | OCIE3C | OCIE1C ETIMSK
ReadWrite R R R RW RW R R RAW
Initial Value 0 0 0 0 0 0 0 0

Bit 0 —- OCIE1C(Timer/Counter1 Output Compare Match C
Interrupt Enable)

OCIE1C=12 SetA|7{=™ Output Compare Match C Interrupt?} &M
SEICT.

COMPIEIR EE AlE5I2{M SREGS| 1=121 AEH0{0} SiC}.
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TIFR(Timer/Counter Interrupt Flag Register)

Bit 7 [ b 4 3 2 1 0

I e I N R T (R
ReadWrite RAW R AW R RAW RAY R R
Initial Value Q 8] 0 0 0 8] 0 0

o Bit 5 — ICF1(Timer/Counter1 Input Capture Flag)
EIOI/7I2E] 12| 2|5 IC1EIS| QB AS EE= OI2H|w (2] Al
0] £|™ O] HIE7} 12 SetT|MHA| QUSTUKX °|E1"‘-*E7} I EICE 0] HIE
Zztj} 8bH| 022 ClearEIC}.

o Bit 4, 3 - OCF1x(Timer/Counter1 Output Compare Match A, B Flag)
TCNT1Zi1 OCR1Z}2 H|11510{ 0|2i0]| Z2™M 0| HIEJ} 12 Set|MHA| &S8H|u CIE{EHE
7 HEICE 0] HIEE= CIE{RE X2|2| A|=tD}l 8| 022 ClearEILC}.

o Bit 0 - TOV1(Timer/Counter1 Overflow Flag)

ElO|H/ZI2E{10{|A{ Overflow7} &AM E|M O] HIEJ} 12 Sett|MHA{ &S2id|m 2l
ZICE. 0| HIE= CIE{R’IE X 2|2e| A&t} el 022 ClearEIC}.

IS2 215101 WX SE
= 2EEE HM2|2| Al

m

1EHEI 23
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ETIFR(Extended Timer/Counter Interrupt
Flag Register)

Eit 7 L E 4 3 2 1 0

= & ICF3 OCF3A | OCF3B TOV3 OCF3C | OCFiC ETIFR
ReadWrite R RAW AW R R R R R
Initial Valus 0 0 0 0 0 0 0 0

Bit 0 - OCF1C(Timer/Counter1 Output Compare
Match C Flag)
TCNT1Z}2} OCR1Zt2 H|u510 0|Zi0] Z2M 0] HIEJF 12
Setx|MHA| E8H|u CRIEIEEI} RYPEICL. 0| HEE 2HEE A
2|2| A|Zta} el 022 ClearglCt.
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TCCR1A(Timer/Counter1 Control Register A)

Bit 7 & 5 4 3 2 1 0

COM1A1 COM1AD0 | COM1BA COM1BO COMICH COM1ACO | WGMI11 WGMI0 TCCR1A
ReadWrite RW RW AW RW R R R AW
Initial Value 0 1] 1] 0 0] 0 0] 0]

Bit 1,0 - WGM11, WGM10 (Waveform Generation
Mode) : I}d &8 2=
TCCR1C Y X|2E{e] WGMOO01} Zi¢glsto EI0O|MH/FI2E{12] ==

2ES d¥sirt



[16H|E EJO|0/QIE{RIE

WGMn2 | WGMn1 WGNMnO Timer/Counter Mode of Update of TOVn Flag
Mode | WGMn3 | (CTCn) | (PWMn1) | (PWMnRO) Operation'! TOP OCRnx at Set on
0 0 0 0 0 Normal 0xFFFF | Immediate MAX
1 0 0 0 1 PWM, Phase Correct, 8-bit Ox00FF | TOP BOTTOM
2 0 0 1 0 PWM, Phase Correct, 9-bit 0x01FF | TOP BOTTOM
3 0 0 1 1 PWM, Phase Correct, 10-hit Ox03FF | TOP BOTTOM
4 0 1 0 0 CTC OCRnA | Immediate MAX
5 0 1 0 1 Fast PWM, 8-bit O0x00FF | TOP TOP
6 0 1 1 0 Fast PWM, 9-bit Ox01FF | TOP TOP
7 0 1 1 1 Fast PWM, 10-bit 0x03FF | TOP TOP
8 1 0 0 0 E‘lih:lr\:.cfhase and Frequency ICRA BOTTOM BOTTOM
9 1 0 0 1 CP:\.;'.:I::.C::‘hase and Frequency OCRnA | BOTTOM BOTTOM
10 1 0 1 0 PWM, Phase Correct ICRn TOP BOTTOM
11 1 0 1 1 PWM, Phase Correct COCRnA | TOP BOTTOM
12 1 1 0 0 CTC ICRn Immediate MAX
13 1 1 0 1 (Reserved) - - -
14 1 1 1 0 Fast PWM ICRn TOP TOP
15 1 1 1 1 Fast PWM OCRnA | TOP TOP
Mote: 1. The CTCn and PWMn1:0 bit definition names are obsolete. Use the WGMn2:0 definitions. However, the functionality and

location of these bits are compatible with previous versions of the timer.
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Bit (7,6), (5,4), (3,2) - COM1ix1, COM1x0
(Compare Match Output A, B, C Mode)

(Normal / CTC)

Mode COM1x1 COM1x0 A
0 0 HE UEEE (OC1x 8 L)
PWMEE=7} 0 1 H|ZO§X|>> OC1x Toggle =&
ol A

HIOfX|>> OC1x =0 =

H|Ofx[>> OC1x =1 &

4t |
==
=t |
=




[16H|E EJO|0/QIE{RIE

Mode COM1x1 COM1x0 My
0 0 I o|=BFZE (OC1x &2 X|th)
0 1 BE152| A4 OC1A EZ, LIHX| X}Et
LIHXIS] ZS OC1x &2 xjch
FAST FH X I A £3 X
SHEES>> OC1x =1 %
1 1 H|ZOfX|>> OC1x = 1 %%1
QHES2>> OCix = 0 &
Mode COM1x1 COM1x0 Mo
0 0 HR O|EZ2FZE (OC1x &3 Xl
Phase 229, 112| A H|WOHX|0IM OC1A EZEH,
(and 0 1 LIHX| X}jct
Frequenc LIHZX|e] Z4$ OC1x &3 X|Ett
y) ] 0 AFEEFL2E{ H|OfX]>> OC1x = 0 &8
Cg‘rﬂr,:nct 5t&t712E{ H|ZOX]>> OC1x = 1 &8
1 1 AFSEFI2E] H|ZORX]>> OC1x = 1 =¥
5t&t712E] | OfX|>> OC1x = 0 &%
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TCCR1B(Timer/Counter1 Control Register B)

Bit 7 & b 4 3 2 1 0

ICNCA ICESA - WGM13 | WGM12 cs512 csi1 Cs10 TCCR1B
Head Write RW R R RW RW AW RV RW
Initial Valus 0 0 0 0 o 0 0 0

o Bit 7 -ICNC1(Input Capture Noise Canceler)
0] HIEE 12 Setdl|T=™ Q=AY CHA} IC12E QUBE|= HXHASE 9|8t 0]
= M7{gl27} ==EIC). =0|= M7{227} Z=EE|H QUK AMSE TE|ZISHA|
=0l 0|E 0|251M A|AHIZEI0] 437|012 X|ik|0] ZHSEIC].

o Bit 6 — ICES1(Input Capture Edge Select)
QX CIXl IC122 Q=E|= AS52| oliX|e] HE Y= HAAI=L!.
ICES1=1 0| A& X[ of H=EICE.
ICES1=0 0|™ S}AF CIX| Ul HA==ICT.
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Bit 2,1,0 - CS12,11,10(Clock Select)

C5n2 CSni CSn0 | Description
0 0 0 Mo clock source. (Timer/Counter stopped)
0 0 1 clk;5/1 (No prescaling
0 1 0 clk;/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 Tn pin. Clock on falling edge
1 1 1 External clock source on Tn pin. Clock on rising edge
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TCCR1C(Timer/Counter1 Control Register C)

Bit 7 & g 4 3 2 1 0
FOC1A FOC1B FOC1C - - - - TCCRiC
ReadWrite W w W R A R R R
Initial Yalue 0 0 4] i 0 0 0 0
Bit 7,6,5

FOC1A,B,C(Force Output Compare A, B, C)
ZHN2 OC1A, B, C EiX}0f]| Z&id|2 DiX| MSE ==
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TCNT1H, TCNTI1L (Timer/Counter Register 1)

Bit 7 8 E 4 3 2 1 0

| TCHTA[15:8] | TCHNTIH
TCNTA[7:0] TCHNTAIL

ReadWrite RW RW RW RW RW RW RW RW

Initial Valu= 0 0 0 0 0 0 0 0

ElOIM/7I2E] 12| 16H|E FI2E S Molal U= SIX|L
E
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OCR1xH, OCR1xL (Timer/Counter Output Compare Register 1)

Bit 7 6 5 4 3 2 1 0
I OCR1A[15:8] OCR1AH
I OCRIA[7:0] OCR1AL
Read/Write AW AW AW AW AW AW RV AW
Initial Value 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
I OCR1B[15:8] OCR1BH
| OCR1B[7:0] OCR1BL
Read/Write AW AW AW AW AW AW AW AW
Initial Value 0 0 o] 0 4] 0 0 0
Bit 7 6 5 4 3 2 1 0
I OCR1C[15:8] OCR1CH
| OCRICL7:0] OCRICL
Read/Write AW AW AW AW AW AW AW AW
Initial Value 0 0 0 0 0 0 0 0

E}l0|H/FIRE] 12] 7}2E{Zt°] TCNT11} H|2510{ OC1A, B, C CiX}of] =&
SE 45| 918t 16H|E g2 XMEsH U= YIX|AE



[16H|E EJO|0/QIE{RIE

ICR1

(Timer/Counter Input Compare Register 1)

Bit 7 = = 4 3 2 1 0

ICR1[15:8] ICR1H
ICR1[7:0] ICRIL
HReadWrite AW R R RAW AW RN R R

S M Ll= 1C10]| 2|5101 TCNT12:S A 6t0q
X &sl= 16H|E 2| X|AE{0|LC}.
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SFIOR(Special Function 1/O Register)

Bit 7 5
TSM

ReadWritz RW R

Initial Value 0 0

3 2 1 0
ACME PUD PSRO | PSR31 SFIOR
AW R R RW
0 0 0 0

o O | g
= T | § &

Bit 7
TSM(TimerlCounter Synchronization Mode)
= EI0|H/ZI2EIES S713M71|= 71SS sAseirl.
Bit 0
PSR321(Prescaler Reset Timer/Counter0)

ElO|0{/712E{1~32] Ze|2AHIUS 2| A7 S=F =0 A}
SE2E Fe|0f =}



[16HIE E}0o|0/IE{BE

ElO|0H/712E] 1 | SER2E
o Normal Mode
olH}xO| EJ0|H LHE22 CIE{YE} TQE! j Al
U SE0| Eel O ALE
ateb71=2E
0x0000 ~ OxFFFF A$S=t vi=
IIRE == Clear gi2

LHEES(OVF) 2IE{EE (MAX=0xFFFFZid Ij &)

HIZOHX|(COMP) QIE{BE (TES OlASIA| 2517| 20 5

HSHX| 2F)
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CTC Mode(Clear Timer on Compare Match Mode)
O -r_ T "E'-r 7|<';2§ xE Al‘g
o AEHIR2E

O WGM 7 0'" olol'o:I Mode 4, 12= TCNT1 I:IA-I-I' HI %I'E OI
OCR1x,ICR12& LC|Z2L]}.

o 0x0000 ~ OCR1x(ICR1) A= Sz} Hi5
o OCR1x(ICR1) Z}2l TCNT13Z}0| Z2M F|RE == Clear
o 2HEE(OVF) QEEE

(COMPLIE{BIEQ}l S5t &SE|7| 20| FH5IX| 2S
o H|O§X|(COMP) CIE{E{E

Mode COM1x1 COM1x0 MY
0 0 HR ESTZE (OC1x &8 xjch
PWMEE7} Of:l S 0 1 H|ZOfx|>> OC1x Toggle &
(Normal / CTC) 1 0 H|O§X[>> OC1x = 0 =&
1 1 H|ZO§X[>> OC1x = 1 &8
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OCnA Interrupt Flag Set

[— I | T i | or ICFn Interrupt Flag Set
i i i i i i i L] (Interrupt on TOP)
t & ¥ [i) :
: ! S
| | |
Y r
TCNTn / a4
r 1 1 L i L i L
Period Iﬁ 1 >le SN PEE YIS FE— p—
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@)

FAST PWM

=2 T+ PWM njdgido]| e I A=
ArsEIIR2E] (Single-Slope Operation)

0x00 ~ TOP |+ SZ} =

TOPZI=2 2=0f }2fA{ 0x00FF, 0x01FF 0x03FF, ICR1, OCR1A
o= MH JI1=6IL].

TCNT12} OCR1x2] Compare Matchk|? OC1x0jl LOWSH
(COMO 1:0 = 10)

TOP — 0x0000 2LHEEE|M OC1x0| HIGHZ2(COMO0 1:0 = 10)

Mode COM1x1 COM1x0 o
0 0 HE O|E=FXE (OC1x =2 XIchH)
0 1 BE152| ZA2 OC1A EZ, LIHX| XIct
LIHZX|2| A OC1x &2 x|ct
FAST PWM ] 0 H|ZO§X|>> OC1x =0 =&
PHEER)>> OCi1x =1 &
1 1 H|ZO§X|>> OCix =1 &
PHELS)> OCix =0 &




16H|E E}O|0{/2IE]

TCNTn

OCnx

OCnx

Period

B

QCRnx / TOP Update
and TOVn Interrupt Flag
Set and OCnA Interrupt

]
B
A Avi
//;ﬂ/

Flag Set or ICFn
Interrupt Flag Set
(Interrupt on TOP)

(COMnx1:0 =2)

1 a—gs s oho}

(COMnx1:0 = 3)

.
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Phase Correct PWM ($IAIR A PWM)

©)

=2 2ol=2 PWMEH s
(Dual-Slope Operation)-
stet71=2E{ TOP — 0x0000

=
=
A

F

o

0x0000 ~ TOP ~ 0x0000 H%
TOPZt2 Z=0f akA 0x00FF, 0x01FF 0x03FF, ICR1, OCR1ASE MH

71SSICl.

Allgl.:[_-“ Al.R
8t712E{ 0x0000 — TOP

=X} Hp=
O™l ™

AFSEFI2E{ H|ZORX|>> OC1x = 0 =2(COMO0 1:0 = 10)

otet712E{ H|ojx|>> OC1x = 1 E=(COMO 1:0 = 10)
Mode COM1x1 COM1x0 o
0 0 HI QIESHEE (OC1x &8 xjoh)
B2E9, 112| Zi2 H|OiX|0fIAM] OC1A E2E8, LIHX|
0 1 bals,s
(and Frequency) pyen =
SH7I2E{ H|OX]>> OC1x = 0 &2
Correct PWM 1 0 Stat7H2E] HIBIHI>> OC1x = 1 &2
] ] AFSEFI2E] H|ROfX|>> OC1ix = 1 &
51et712E{ H|OfX|>> OC1ix = 0 =&
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©)

Phase and Frequency Correct PWM

($1&t & Fal+= wd PWM)

0

=2 Bdlsel PWMEH ni S whdst=0 Al
(Dual-Slope Operation)- &&7}2E{ 0x0000 — TOP
slek7I=E{ TOP — 0x0000

0x0000 ~ TOP ~ 0x0000 | S=t HiS

TOP#2 20 }2fA ICR1, OCR1ASE MA J71=561LCt.
ArsEFI2E] H|O§X]>> OC1x = 0 E=(COMO0 1:0 = 10)
SteF71=2E H|Ofx[>> OC1x = 1 ==(COMO 1:0 = 10)

Phase Correct PWMZI}2| C}IE M2 TOPZI0| ICR1, OCR1ASRLI MAJI=
SICH= 241} 11 Zio] ZHAIE O TCNT1=TOPY! j ZHAIE|= 210] OIL|2} TCNT1
Zx0] 0x000022 E|= =7t ZAIEICH= &o|C}.

o|2{st A2 PWMIIS S 25| CHRIS 0|5 A| SiCl.

TOPZ}0| =A|2 HSIA |7 Fui7} 71 El= PWMe| A0 AF=Z5HMH Phase
Correct PWMOj| H|5}0{ 2|5ILC}.
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QCnA Interrupt Flag Set
or [GFn Interrupt Flag Set
(Interrupt on TOP)

QCRnx / TOP Update
and

¥ TOWN Interrupt Flag Set
¥ v (Interrupt on Bottom)

¥ L | L | L Y
TCNTn P

OCnx | | (coMmxi0=2)

OCnx | | | ] \_ (COMMX1:0 = 3)

Period |L 1 e 2 e 3 e 4 .




