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Count ToWx
— .
Clear {Int Reg.)
Birmoton | SO | ek Tiock Seledt
Edge olyg =@med0olad 3
Dietector —|—|_[_ E_Iﬂ_IT1,T
TOP (BOTTOM
Y ¥ | From Prescaler |
Timer/Counter 4
o | TCHTx L =T
‘ & . ocFxA
({intReq.)
[
=l - Waveform
LI W Generation Ln
—  — OCRxA———— ;
: |=e FEF"B .
H (Int.Req.)
- Va]ues Waveform
— o Wavel
- : Generation
u
=
.
u
: OCFxC
|—‘_r = ’—". 1Req)
L]
= = o| Waveformn
- I~ Generation
=
=
————OCRXC ———— Ll | From Analog
: Ccrrp.:mlcr Quput )
= ICFx (int Reg )
F u
u Edge Maise
maatl b = Detector Canceler —
ICPx DHX Oled IC‘I |CB
L amssmnmmnnna® =] = M 5
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TCCR1A, TCCR3A, TCCR18, TCCR3B

(Timer/Counter 1 or 3 Control Reqister AorB) __

« EIOIOI/IH2E | £ 329 SX 252 SH5tD 2HIR SN If
HLU B SHE N

o — O =2
Bit 7 " s 3 2 1 0
[comiaT | ComiAc | COMIBI | COMIBO | COMICI | TCCRIA
ReadWrite  F/W. AW AW RW AW AW AW RW
Initial Value 0 0 0 0 0 0 0 0
Bit 7 8 5 4 3 2 1 0
[ cowsaT T Comano | ComaBt | COMsBa | COMSC1 | COMsCa | WaMal | TCCR3A
ReadWrits AW AW AW AW AW AW AW RW
Initial Value 0 0 0 0 0 0 0 0

s 2 AWM 2HAE ISHE 2] Ze|AAYHe == &8

Bit 7 3 5 4 3 2 1 0
[enCT | ICEsT | = | WGMI3 | WGMIZ | CSiz | CSiT ] Csi0 ] TCcRiB
ReadWiita RW AW R AW RW RW AW RIW
Initial ¥ 0 0 0 0 0 0 0 0
1HiIC1ez g8&e = 201X HA
Bit 7 5 5 4 3 2 1 0
Jicncs [ IcES3 | - | WGM33 | WGM32 | ©S32 | ©s31 | c€S30 | TccmsB
W RW R AW AW RW AW AW
Initial Value 0 0 0 0 0 0 0 0

1/0:1C3 &&/ctd O XA 2™+~ (ICF3=1), & Jt=2H gt ICR30I M &
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WGMn3~n0 (Waveform Generation Mode)

S S 9 5 /5 &S & SO O 00

WGMn2 | WGMn1 | WGMno TimerCounter Mode of Update of | TOVn Flag

Mode | WGMRn3 | (CTCn) | (PWMn1) | (PWMNO) Operation(" TOP OCRnXx at Set on

0 0 0 0 0 Normal OXFFFF | Immediate | MAX

1 0 0 0 1 PWM, Phase Correct, 8-bit OXOOFF | TOP BOTTOM

2 0 0 1 0 PWM, Phase Correct, 9-bit 0xO1FF | TOP BOTTOM

3 0 0 1 1 PWM, Phase Correct, 10-bit | OXO3FF | TOP BOTTOM

4 0 1 0 0 CTC OCRNA | Immediate | MAX

5 0 1 0 1 Fast PWM, 8-bit OXOOFF | TOP ToP

B 0 1 1 0 Fast PWM, 9-bit OxO1FF | TOP TOP

7 0 1 1 1 Fast PWM, 10-bit OXO3FF | TOP ToP

=] 1 0 0 0 g‘;\::\;:ctphaSQ and Frequency ICBn BOTTOM BOTTOM

9 1 0 0 1 E\;.::v;dPhase and Frequency OCRNA BOTTOM BOTTOM

10 1 0 1 0 PWM, Phase Correct ICRn | TOP BOTTOM

11 1 0 1 1 PWM, Phase Correct OCRnA | TOP BOTTOM

12 1 1 0 0 cTC ICRn Immediate | MAX

13 1 1 0 1 {Reserved) S = S

14 1 1 1 0 Fast PWM ICRn | TOP ToP

15 1 1 1 1 Fast PWM OCRnA | TOP ToP
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COMnx1~0 (Compare Match Output Mode)

_ e ey O SS9 S I 00
= OCnA, OCnB, OCnC &2 &= d&8etlt. =& 220 et TS

Table 58. Compare Output Mode, non-PWM

COMnA1/COMRB1/ COMRAO/COMRBO/
COMnC1 COMnCO Description

0 0 MNormal port operation, OCnA/OCRB/OCNC
disconnected.

0 1 Toagle OCnA/OCNB/OCNC on compare
match.

1 0 Clear OCnA/OCNB/OCNG on compare
match (set output to low level)

1 1 Set OCnA/OCNB/OCNC on compare match
(set output to high level).

Table 59. Compare Output Mode, Fast PWM
COMnA1/COMnB1/ | COMNAO/COMNBO/

COMnCO COMRCO Description
0 0 MNormal port operation, OCnA/OCNB/OCNC
disconnacted.
0 1 WGMn3:0 = 15: Toggle OCnA on Compare

Match, OCnB/OCNC disconnected (normal
port operation).
For all other WGMn settings, normal port
operation, OCnA/OCnB/OCNC

disconnected.

1 0 Clear OCnA/QOCnB/OCNnC on compare
match, set OCnA/OCNB/OCNC at TOP

1 1 Set OCnA/OCnB/OCNC on compare match,

clear OCnA/OCnB/OCNC at TOP
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COMnx1~0 (Compare Match Output Mode)

S S 9 5 /5 &S & SO O 00

Table 60. Compare Output Mode, Phase Correct and Phase and Frequency Correct

PWM
COMnA1/COMnB/ COMnAO/COMNBY/
COMNnC1 COMNCO Description
0 0 MNormal port operation, OCnA/QCNB/OCNC
disconnected.
0 1 WGMN3:0 = 9 or 14: Toggle OCNA on

Compare Match, OCnB/OCnC disconnected
(normal port operation).

For all other WGMn settings, normal port
operation, QCnA/QCNB/OCNC
disconnected.

1 0 Clear OCnA/QCNB/OCNC on compare
match when up-counting. Set
OCnA/OCNB/OCNC on compare match
when downcounting.

1 1 Set OCnA/OCNB/OCNC on compare match
when up-counting. Clear
OCnA/QCNnB/OCNC on compare match
when downcounting.
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CSn2~0 (Clock Select)

A ) Y ) ) 9 5 O O J0

= Clocke ==HIE &%

csn2 csni CSn0 | Description

Q 0 0 Mo clock source. (Timer/'Counter stopped)

0 0 1 clkya'1 (No prescaling

Q 1 0 clk,»/8 (From prascaler)

Q 1 1 clkya/64 (From prescaler)

1 0 0 clkyn/256 (From prescaler)

1 0 1 clk /1024 (From prescaler)

1 1 0 External clock source on Tn pin. Glock on falling edge
1 1 1 External clock source on Tn pin. Clock on rising edge
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TCCR1C & TCCR3C
(Timer/Counter 1 or 3 Control Reqister %ﬁﬁgmu

= EIOIH/2I2E 113 32 BlW=EE A 2EE Jls
M
= o
Bit 7 8 5 4 3 2 1 0
[Focia | rocis | Focic | - | - 1 - 1 - | - ] rccric
ReadWiita W W W = = R = =
Initial Value 0 0 0 0 0 0 0 0
Bit 7 8 5 4 3 2 1 0
| Focaa | Focie | Focac - - - - - | TccRac
RegdWiita W W W R R A R R
itial Valua 0 0 ] 0 0 ] 0 0
 Force Output ompare: ZHZ S Al OCnx&H A0 == H| 1 It
O Xl = 2 Pjgééﬂ' HCJLH
°PWMDCDF ot BR0B R=
S8 Z200 OlLI 008 HE
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TCNT1 2 TCNT3 (Timer/Counter Register 1, 3)

A ) Y ) ) 9 5 O O J0

= EIOIOH/2}2EH 12 32 16HIE It2H gt &S] U= dAAH
= SHIEX XdE BAHA
n SIAGIFIBIOIEE I 20, M= 3212 ARHIOEE I &0
= HHE R/W JIsotKCH JIRH s&6tD U= st =AG6HA
b=}
LS
Bit 7 8 5 4 3 2 1 0
TCNT1[15:8] TCNT1H
TCNT1[7:0] TCNTIL
ReadWrits = =h =R = =h =0 = =
Initial Value 0 0 0 0 0 0 0 0
Bit 7 8 5 4 a 2 1 0
TCNT2[15:8] TCNT3H
TCNTA[7:0] TCNTAL
ReadWrits RW AW RAW AW AW AW AW RAW
Initial Value 0 0 0 0 0 0 0 0
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OCR1xH/L & OCR3xH/L (Timer/Counter Output
Compare Register 4.3) _ ___ _ _ _ _ _ ___

= TCNTngtdt Hlwold OCnx &AM SEASE LAH61HD|
st 168 E %S H&ot=e dlAAH

Bit 7 8 5 4 3 2 1 0
OCRIA[15:8] OCR1AH
OCRTA[7:0] OCR1AL
= = = e =
ReadWiits o = = = =0 =] = =
Initial Valus o 0 o 0 o 0 0 0
Bit 7 8 5 4 a 2 1 0
]
OCR1B[15:6] OCR1BH
Ak
OCRIB[7:0] OCR1BL
= = = e =
ReadWiits =] =0 = =] = =] =] B
Initial Value 0 0 0 0 o 0 0 0
Bit 7 8 5 4 3 2 1 0
OCRIC[15:8] OCRICH
OCRI1C[7:0] OCR1CL
ReadWiits AW AW AW RW AW AW AW AW
Initial Valus o 0 o 0 o 0 0 0

OCR3xH/L &= Ot& I

Korea University of Technology and Education

ICRTH/L & ICR3H/L
(nput Capture Register 1, 3) __

= ICRn dIXIABE S2UA &S (£= EHOIH/IHEH |
ol ERU= Ootg=d dlulzl 883 /\P% Hs)
Ol 2150 EFOIH/2H2E I XIAR TCNTn gt 2 ™ot
O X&ot= 16HIE all Xl AH

Bit 7 8 5 4 3 2 1 0
ICRI[158] ICR1H
ICRI[7 0] ICRIL
ReadWiits =T = =T = oW = = =R
Initial Value 0 0 0 0 0 0 0 0
Bit 7 8 5 4 3 2 1 0
ICR3[15:8] ICR3H
ICR2[7:0] ICRaL
ReadWiits AW W AW = oW W = AW
Initial Value 0 0 0 0 0 0 0 0
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TIMSK (Timer/Counter Interrupt Register)

_—— e eI =TI T T 0
= EHOIBY/2t2H 0~20 Y MGt= CIHEEE WEXN2Z 51 &E0t= J

Lo A F
s=

= TICIET1 (Timer/Counter1 Input Capture Interrupt Enable)
= 0/210]1 10112, SREG(I=1)01H, EIOIH/II=2E 19 USHHH CIHEHE

o=
= OCIE1x (Timer/Counter1l Output Compare Match A,B Interrupt
Enable)
= 02101 10122, SREG(I=1)0I™, EIOI0I/II2H 12 &&H| W CIHEE
ABolE

= TOIE1 (Timer/Counter1 Overflow Interrupt Enable)
« 02101 10122, SREG(I=1)0I%, EIOIOI/II2H 12| overflow QIHEE

ols
Bit 7 8 5 4 3 2 1 0
OCIEZ | TOIEZ | TICIET | OCIEIA | OCIEIE | TOIET | OCIE0 | TOIED | TIMSK
ReadWrita AW AW =n =h = = AW AW
Initial Value 0 0 0 0 0 0 0 0
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ETIMSK (Extended Timer/Counter Interrupt

Registerz
A ) (D O O S S 9 00

= EIOIH/2I2H 1,30 2Mot= CAIHEEE NWEXHZ 51&0t= JlsES =
H
= TICIE3 (Timer/Counter3 Input Capture Interrupt Enable)
= 012101 10112, SREG(I=1)01H, EIOIH/II2H 32 WK CIHEE A2
= OCIE3x (Timer/Counter3 Output Compare Match A,B,C Interrupt Enable)
= 020l 10112, SREG(I=1)01™, EIOI0{/It2E 32 =2H| W CIHEE A~C 3l &E
= TOIE3 (Timer/Counter3 Overflow Interrupt Enable)
= 012101 10122, SREG(I=1)01H, EIOIH/II2E 32 overflow PIEHEE o2
= OCIE1C(Timer/Counter1 Output Compare Match C Interrupt Enable)

OOII

Bit 7 6 5 4 3 2 1 0
_ ___
[T - | - | TiCiEs | OCIESA | OCIESB | TOIES | OCIESC | OCIEIC | ETIMSK
ReadWrits = = =H =h = = = =R
Initial Value 0 0 0 0 0 0 0 0

|
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TIFR (Timer/Counter Interrupt Flag Register)
A ) 5 0 9 &S 5 O 0
= EIOIH/II2H 0~20F 24Gt= CIEHEE EsS H&Gt= dlAIAH
= |CF1 (Timer/Counter1 Input Capture Flag)

 YEBXHAS = 0tg28In)|2 ASH 2ot 12 &85 HA &

MU S 4

. QIEHBED} X2l ARSI, 028 22/0f €
= OCF1x (Timer/Counter1 Output Compare A, B Match Flag)

= TCNT1 =0CRix —> OCFix =1 (E2H| L QIHHE 2F)

 CIEHEED} XelE Dl AI&ESHH, 022 22l &
= TOV1 (Timer/Counter1 Overflow Flag)

= Overflow Z2M5tH 12 M E, overflow CIHEHE &

= OIHEED HelZ | AIEGHH, 022 22l &

Bit 7 6 5 4 3 2 1 0
_ ___ __ _ __ __
OCF2 | TOV2 | ICF1 | OCFIA | OCFIB | TOVI | OCFO | TOVD | TIFR
ReadWrite AW AW =p = = = AW AW
Initial Value 0 0 0 0 0 0 0 0
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ETIFR (Extended Timer/Counter Interrupt Flag

Registerz
A ) (D O O S S 9 00

= ELOIO1/II2E 1,30 £4ct= CIHEE SHE MEGt= Al AIAH
= |CF3 (Timer/Counter3 Input Capture Flag)
- YAAHAS T OILZIHIWII A0l 2510 12 SFEBA LHUH
S& 3
« CIEHEED H2lZDl AlEGIH, 022 220 &
= OCF3x (Timer/Counter3 Output Compare A, B Match Flag)
= TCNT3 =0OCR3x -> OCF3x =1 (E8H|n QIEEE @)
« CIEHEEDN H2lZlDl Al&EoIH, 022 220 &
= TOV3 (Timer/Counter3 Overflow Flag)
= Overflow 246tH 12 M E, overflow CIHEE R &
= OIEHEEI Me2l&I| AI&EGHH, 022 22l &
= OCF1C (Timer/Counter1 Output Compare C Match Flag)
= TCNT1 =0CR1C ->0OCF1C =1 (Ed8Hln 9HHE 23F)

Bit 7 G 5 4 3 2 1 0

I - | - [ IcF3 | OCF3A | OCF3B | TOVZ | OCF3C | OCFIC | ETIFR
ReadWrits RW RW RAW RW RAW RW RW RAW
Initial Value 0 0 0 0 0 0 0 0
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S X OC
[T A i —

S S 9 5 /5 &S & SO O 00

TCCRnA 2t TCCRnB 2 WGMn3~00ll 2ol sHE2E Z2&H
= COMnx1~00i 2ot 228822 s& X &, OCnx=H AN (Y I+

E28X 23

_ DATABUS (et -
A A A 1# A ) -
TEMP (8-bit)
—] ¥
[ oCRnxH Buf. (2-bit) | OCRnxL Buf.(a-bit) | [ TCNTnH (8-bit) | TCNTNL (8-bit)
OCRnx Buffer (16-bit Ragister) TCNTR (18-bit Counter)
| OCRnxH (8-bit) | OCRnxL (8-bit) \
OCRnx (16-bit Register)

[ =(16-bit Comparator )

—» OCEnx{Int.Req.)
L

TOP —
Wavsform Generator = OCnx

BOTTOM ——— =

WGMn3:0 COMnx1:0

Korea University of Technology and Education

olH} OC
= — 41—
N N o o N Mo N R
= WGMN3 ~0=0
= TCNTn O] &t&t s JI2HZCH =&
« 2 =20 25t 0x0000 —> OXFFFF A& Bt=, 22|
HS

s OxFFFF —=> 0x0000 =2t

= 1OVn —> 1, overflow OIS E gri
0
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CTC (Clear Timer on Compare Match) 2 &

S S 9 5 /5 &S & SO O 00

s WGM3~0 = 4(OCRnA2 HI1) &= 12(ICRnt HI 1)

= [CNTn = OCRnA

= OIS 2 MOIZ20A TCNTn —> 0

= 22 230 950 TCNTn = 0x0000 ~ OCRnA Hl#=S =t pt=
= COMNnx1:0 = 01

= OCnx Al E€llg s 2

= TCNTn =ICRn

« 2 25 MOIZ20AM TCNTn => 0

= =22 2Z0U 2/6tH TCNTn & 0x0000 ~ ICRn Hle==s4& Bt=
= COMNnx1:0 = 01

= OCnx A 28118 s ©d
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EFOIOI/2t2H 11 32 CTCEE &

A ) Y ) ) 9 5 O O J0

f f f

_ clk_I/0 _ clk_Tn _ clk_I/0 fclk_Tn

f o= = =
™ " 2N(1+OCRnA) 2(1+OCRnA) %™ 2N(L+ICRn) 2(1+ICRn)

N (ZclAdgd 41) =1, 8, 64, 256, 1024

OCnA Interrupt Flag Set

of ICFn Intarrupt Flag Set
* {Imterrupt on TOP)
r —

b

— ¥
TCNTn / /77
QOCnA r ¥ . o
(Toggle) L L] [COMRAT:0 = 1)

iod s Je

Period [* 1 e a 3 4
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= PWM 25

= WGMn3~0 =5,6,7,14,15

n =2 FU2 PWM &4 el S 2Mot=l &8
= TCNTn Hl==2%t, 0x0000 —> OxFFFF Bt=
= [CNTn =0CRnx => OCnx =0

= TCNTn (TOP => 0x0000) —=> OCnx = 1
= TOP2 Z2E0ll et Ox00FF, 0x01FF, 0x03FF, ICRn, OCRNA

S S 9 5 /5 &S & SO O 00

J
1
o2

OCRre / TOP Update
and TOVn Intermupt Flag
Set and OCnA Interupt

| | | | ¥ Flag Set or IGFn
! ! ! ! Int Flag Set
¥ ¥ ¥ ¥ ilme;?t?;t oﬁgToeF"J
f _ fclk_I/O _ fclk_Tn
. P T N(1+TOP)  (1+TOP)
OCn (COM1:0=2)

‘ocnx —|_|_|_|_|_|_|_|_|—|_|— (COMITT:0 =3)
Period |-—1 I 2 I 3 I 4—-|-5|-6|-—?—+—a—-|

Korea University of Technology and Education

= PWM 25

= OCRnx = 0x0000

= TCNTn 2| gf0] 0x00000] &= 1 ELOI0 2 AIOIZ2 st
et &2 AL0l3d= LiEtE

= SEIH 1/(1+TOP)
= OCRnx =TOP
 HSH = AHS
= =4
= 1,8, 64, 256, 1024

A ) Y ) ) 9 5 O O J0
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MDY PWM 2CE

- WGMn3~O =1,2,3,10,11
n =2 =0is2 PWM &2 1IHe 2 2Mot=0 R0t
n Dual—slope operation
= TCNTn: 0x0000 —=> TOP —=> 0x0000 Bt=
m aleF JF2E Al TCNTn = OCRnx => OCnx = 0
= ot2F JI2H Al TCNTn = OCRnx —> OCnx = 1

s TOP2 s&HEZE0 ek, OxO00FF, 0xO01FF, OxO3FF,
ICRn, OCRNA

= OCRNnx=TOP or 0x0000

S S 9 5 /5 &S & SO O 00

f

ck o f

ocn P T SNTOP  2TOP

clk_Tn

f
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Ao d PWM 2E

A ) Y ) ) 9 5 O O J0

OCRnx/ TOP Update

and

OCnA Interrupt Flag Set
or ICFn Interrupt Flag Set
{Irtarmupt on TOP)

TOVn Intarrupt Flag Set

NP7

OCnx

QCnx {COMrz1:0 = 3)
|
]

(COMPX1:0 = 2)

[~
w

Pariod
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Ao & =W dE PWM 25

S S 9 5 /5 &S & SO O 00

TOPSl 242 ICRnZt OCRnAS] 2IXI2HO 2 XIH

= MZ2 2t22 B4l Al, TCNTn = 0x0000(BOTTOM)O 2 &&= 2t
ofl 244!

. SZ3D] 0x0000 —> 0x0000, Ei5t H S

« SIMDE PWMRTUIAS TOP 240l Bats ZII0IME BEXOR
HICHE Sl PWM THE S 250,

pAaY

QCnA Intarmupt Flag Set
or ICFn Interrupt Flag Sef]
{Interrupt on TOP)

QOCRmx / TOP Update
and

TOVn Intarrupt Flag Set
(Interrupt on Bottom

TCNTn /

OCnx (COM:0=2)
QOCnx (COMNX:0 =3)

Period I 1 I 2 } 3 I 4 I
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A ) Y ) ) 9 5 O O J0

o =
= - Ol‘
. Ol A5 FOi4 ZHOIL HS BA 59 )|

> ()
(R o aHT = — §Jct;| % O“ 8%
- DATA BUS (e-bit -
A
| ICRNH (&-bit) | ICRNL (8-bit) | | TCHTRH (2-bit) | TCNTnL (B-bit)
|_, WRITE ICRN (16-bit Registarn) TCHTR {16-bit Countar)
‘|' /C 1 O| 2;' _<|D_ i ACO" AcicT ICNC ICES
ACO AFEIMS | | Lot 4 :
o Moiza Edga
. - Cancaler | Detector P~ ICFn (Int.Req.)
Triggerdl = |een > =
A2 /5H2 (X
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1681 E dlAAE S HAA

S S 9 5 /5 &S & SO O 00

» &2 HIOIEQ ot HIOIEE Al PE G WA S A
L 71 AOIOI GIOIEJF Hotd & == HOIH=Z X2l&
4 UCH,
n 1A B2 sAI0 Hel 3t 0F &f
16-bit Timer/Counter Register File 16-bit Timer/Counter Register File
® ® ) ®
o e O N O) e
6+$‘| DJI'I /\I'O' D—| I1 tempi
Read Write
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OC1C2 OC229| & X

« 178 B2 PB7, OC1C, OC2 3JtAl JIs 88

= OC1C2 0C2 S JIXIE 25 HF 510 AIRSI= B
= PORTB7=1; OC1C OR OC2
= PORTB7=0; OC1C AND OC?2

COMZ
COM20

5

COMIC oottt ﬂ}—d
Towe | ————— ]
| From Wiveioms Gananint) —| 0 Q) D_ 1 b

P \

ociC ) [~ [ [om
{ Fiom Whresfos= Garmimtor ) —=| [0 0 »—|_} ucu:;::.rlgé?

E —

oo [+

oD Q oD o

s [>T b

PORTET DDRET

Korea University of Technology and Education




