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- 1K EFH N REKEN AT4REE Flash
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- 64 FHHHF A SRAM
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- FRREIRE 2R
/O MEE
— 8 S|} PDIP/SOIC: 6 AT4RT 1/0 &
o IT{EEfE:
— ATtiny13V : 1.8 - 5.5V
— ATtiny13 : 2.7 - 5.5V
- BEZR
— ATtiny13V: 0 -4 MHz @ 1.8 - 5.5V, 0 - 10 MHz @ 2.7 - 5.5V
— ATtiny13: 0 - 10 MHz @ 2.7 - 5.5V, 0 - 20 MHz @ 4.5 - 5.5V
o TAGBREBE
- {K3hEE
- EFEER:
1 MHz, 1.8V: 240pA
- JEaER
<0.1pA at 1.8V

SIMEE

Figure 1. ATtiny13 /&5 5| B

PDIP/SOIC
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(PCINT5/RESET/ADCO/dW) PB5 [ 1
(PCINT3/CLKI/ADC3) PB3 [ 2
(PCINT4/ADC2) PB4 [|3

GND []4

' 1VCC

8
7 [0 PB2 (SCK/ADC1/TO/PCINT2)

6 [ PB1 (MISO/AIN1/OCOB/INTO/PCINT1)
5 [1 PBO (MOSI/AINO/OCOA/PCINTO)
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BH 1KB R&EK
Al4R#&E Flash 1Y
8L AVR
RIS

ATtiny13

IE

R R FE IR F A9 X
B HENRASETRER
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EBRLENER, RENZ
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HEENER.
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37 ATtiny13 RE F 158 H AVR RISC £ K IH# 8 L CMOS iiZ Hlds. AT HAHMES
£ LR B atsh FHESHMATEIE |, ATting13 WBESEHRSIE 1 MIPS/MHz , Wi Al
BERAZEDENLREEEZ RN FE.

a2l . .
FEH Figure 2. ATtiny13 £#31EHE

I-TTTTTTTTTTTTTTTTTTTTTTTTTTTTT TS TS TS TS T TS TS TS ST T T TS T T T T TS TS T T T T T e T TS 1

1
| 8-BIT DATABUS |
1 1
: AN !
1 1
| STACK  |e—» CALIBRATED |
' POINTER INTERNAL !
' WATCHDOG |
! OSCILLATOR OSCILLATOR !
| } l !
1 1
! < » !
vee | SRAM < J| WATCHDOG »  TIMING AND '
H A bl TIMER »| CONTROL '

1
v A A A AA :
' < MCU CONTROL '
| PROGRAM | PEEN !
i COUNTER % REGISTER !
- ! !
' MCU STATUS |¢ !
GND PROG:RAM “—”| ReGISTER [* :
1 1
| FLASH [ |
! J o TIMER | > !
i y 7| _COUNTERO i
1 |
! INSTRUCTION [ GENERAL :
| REGISTER PURPOSE > 'NTETIT‘TUPT > .
X REGISTERS !
1 y « Ll 1

X
i [ mNsTrRUCTION v PROGRAMMING | ¢ |
[ DECODER Loaic -
1 Z 1
1 1
| l v |
| CONTROL <« DATA :
: LINES ALU EEPROM !
1
1 1
1 : 1
| A |
! STATUS o !
| REGISTER [|< 7| .
| |
1 < > |
1 |
! 1& A A X
! v Y A :
i ADC / DATA REGISTER DATA DIR. |
X ANALOG COMPARATOR PORT B REG.PORT B !
I AAAAAA |
1 |
! YYVVVY YYVYVYY !
X PORT B DRIVERS :
| X A A A A & RESET I
1 I
1 1
| CLKI :
"""""""""""""""""""" VYV Y VY Yy Tttt
PB0-PB5
.
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SIBEEA
vce
GND

#0 B (PB5..PBO)

RESET

56+

2535D-AVR-04/04

AVR AZEBEFENETEN 32 MNEATETEFR. MENSFEFRHERSEEET
(ALU) MiEH |, EE—FESTUE - ABAERBRB ML T FiR. XS
MARREETRBHR , AREFLEBEMN CISC WIZHRHESE 10 BHHEFLE,

ATtiny13 & 1K &% Flash ,64 F3 EEPROM ,64 ¥ SRAM ,6 N&EA /0 O% , 324
BRAIESES, 1 M EAHRERN 8 L ENRRS/ITEEE , AR/ A, 48 10 12
ADC ,EERFRNIRHENAIHES I IMERS , AR = A LUES R4 TIEBRNE BE
Ko THEFZERERST CPUZELL T, M SRAM, T/C. ADC, #EHILREURFHR
SRETHE , FHBEANREFEEEHETE  FLERPHNEHAEMLZAFTEIEEIE ;
ADC S HIHEATLL 1E CPU & ADC BUAAFRE 1/0 R TR ADC HIREFS,

RBARU Atmel BREFZ R MEFHEBRAREFN, B SPI HTEOTNEFFH#
R ITRERNRE.

ATtiny13 AVR EE—BENRRESRATAITE ,3¥E . CiEESHER. k. BFE
R/ B ESR. HERRITMAR.

HF IR ERIR
it

w0 B 6@ /00 ERAwENAI LA EME, HaHEFREaXN MR35
P, AT LU MR KBRS, F N AR | ERE L B AERE | s ORISR’ AL
REFmHeR. AEMERES , MERSRFERENR , WwA B 4T SERS.

im0 B t A LA MEM TR HRIIEE , ES R P48,

EMRASIH, e RAEIHKNIRNEANEEFREIEBREE M. NREBER
P30Table 12, #FEEaT/E /N T 71 BR A BY Bk S BE4RIIE ] SE & AV

ABEFRES T —LEHENABHF B MAERSHE SN TEADREER, XLE
PIFHBREERFZHNCETE T EBHANH. AL C mEREXXHEHREALS
EX , MA&MN C wEHFNHMHLEFECFRNLELR. BEERERBRIEN
REEAHEE,

AIMEL 3
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AVR CPU AI#
g AT MEA LITIE AVR AREEN, CPU T EFSE2RIIBFNEBNT. Blte %
eI FEER. WITIZE, EHEAE AR i,
g B ST Figure 3. AVR &1 5 1ER
‘ Data Bus 8-hit
\
P Stat
Pr':clgf:m < Crggrr]?er? [T and g(;Jrirol D
Memory <
\4 > 32x8
Instruction General
Register Purpose - Interrupt
< Registrers <> Unit
y
Instruction _ Watchdog
Decoder E g A % A - Timer
l g g ALU PN Analog
Control Lines § 2 - 7| Comparator
a g <> |/O Modulel
N Data <« »le>| 110 Module 2
> SRAM
<—>»| |/O Module n
EEPROM <
1/0 Lines <
RNTRBESWHEEARHTHE , AVREAT Harvard &1 , EERIHNBENRERFE
%. EFREHSENESBEL —RRKLKET. CPU ERNIT—RESTWRMNERT —%
BT (EARAXHATE )o IMISEIMTIHETHENNEARET. EFEHH{ETUE
% 4mT2M Flash,
PRRGEBFEFRXHSIE 32N 8 BAIESREFSR , HRINERN — Nt EE, MMk
T BN ALU R4E, EHEEMN ALU BEFR |, ML THESXFFNRELRR
R#IAR , REHITEE , ERBEHERIFERE . BMNIBRNE -4 B,
BERXHES 6 MNEFSTLLAEE 3N 16 UMW RES U S ERBHUAIUIIEZE |
USSR HUEE, HP—MEHE AT UMENBFFHE TR RN U IES, XL M
MIThEES eI R 16 (LM X, Y. ZEE&H.
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ALU - ERBEH T

2535D-AVR-04/04

ALUZ R EER/CAURFESNERCENERNZEZE, ALUBTT R ITERES
BE, BEERZERESTESNARESIETFURBIRELER,

EFARESE / ERUGNREFESMIARESRES  NMEZEFUHEN Ut Z=E, X
ZEESKERN 1611, NS/ EFEHS[HUFTETE - 16 L 32 NWES.
EHRWANAR FREFRE MU T ITERES (PC) RETHIKzH., HERVTERAKRE
SRAM , A ESREXZRTF SRAM K/, EENHRERAF B AEDRILHEKRIEH
SP, XMEHHYTF 1/0 Z= 8 |, ATLL# TR B AR, #E SRAM AILUEE 5 AR F uH&E
XTI E .

AVR TSI H N LN T EE W,

AVRE — N RIEM R WER, 1| FE[ VU TI/OZ R, RESEREE LB P MEREN,
BN EPHOEXRERERINPHERE, SNMNFHHNEERSEEFHOERY
NBAEX , PlEEHmuUHIE  KERBE,

/O FfE3Z=EHEE 64 N LAEES UMt | /ER CPU AMRHVIEHIZF1F8S. SPI UK
Hh 1/0 1hEE, BRETRIHRIFZ R BN 2842 BRIttt 0x20 - 0X5F,

AVRALU S22 NEAITESFSEENE, FESSSTER/CH, FESSLAHZHE
B ALU ZEREE— /9 EAR. ALURES N 3% ER, BEMNVIRE, HILER
HTZRL ERFEHRN D BRENT LS. ERESILESE.
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RAEFEeR RABEELETEEHRTHNERESHEREL, XEEETUARITREREN
LKA RE, MIBSEMR , FIE ALU SEHFEMRASTESENANS, XB , £iF
ZERATRAZELRIINLREST , N\MIEREZTERE , ABREES,
EHRAPHBRSEFITRSTERT2E8RE , PHERENtERSBHRE, XETHE
EERHRLE,

AVR FHfZ 1788 SREG EXMTF :
Bit 7 6 5 4 3 2 1 0
|I|T|H|SVNZC|SREG
®/B R/W R/W R/W R/W R/W R/W R/W R/W
IR E 0 0 0 0 0 0 0 0
e Bit7-1: 23 MERE
| BAIAHFRES B T, BIRM AP EERE R H IR ARG Ees 24, R 1ES T
LREBPMIREBNSSE , BFATEPH, FE—MHHAER | B, MHIT RETI
BSE | REBEMLAERET M, | thATLUES SEI M CLI S REM MBS,
« Bit6 - T: {ui#N =6k
¥ #E5 BLD M BST fIA TEN B ERtbit, BSTIEFFZR/NE—VENB T, M
BLD i T ¥ N 2| FFESMHE — 17,
o Bit5-H: ¥i#fIRE
EMAIRE H R IERBELZET EH 0, WIFENTF BCD 2EEFEEH. FNESE
HIRER
s Bit4-S: B ,S=NDOV
S HABREN 52 NI REFREVHNRR, FRIESENHA,
« Bit3-V:2 NIBEHFE
TE2NNEEE, FAESENREA,
+ Bit2 - N: fa¥ibr
RPERRBEBBELRN A, FAESENHRA,
e Bit1-2: EfE
RPEARZERELRNT, ERESCENIHSA,
e Bit0 - C: H{FEH
RPERFBEIBERE THAL, FRNIBHENHHE,
BERASESRXH BHEETHH AVR #HBH RISC IEAEMTHRIL. RTREZEMNMAENREYE &
EREXHEZEFUTHRA / BHEAR
WH— 8 UIRER , WMA—NSNER
BTN 8 MIIRER , AN S NER
BWHFEAD 8 MIIRESR , MA—D 16 UE
W — 16 AIRIES , A—DN 16 UER
Figure 4 § CPU 32 NERA TEFESBNEM,
Figure 4. AVR CPU BRI TEHE8
7 0 Addr.
RO 0x00
R1 0x01
6 ATtiny1 S
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R2 0x02
R13 0x0D

B R14 0x0E

It R15 O0xOF

TR R16 0x10
R17 0x11
R26 Ox1A X 7, BFW
R27 0x1B X HFH , B&FW
R28 0x1C Y HFs  BFW
R29 0x1D Y HFR , BFW
R30 Ox1E Z &7, BFT
R31 Ox1F Z2E5FHR, BFN

REBREFTESEXHNETHIUERTRMENTFR  MASHIFNESHH
iTESE Y AR R

W Figure 4 FiR , BN FFHREHE - M RIERFBIE MO0 ERRS 2 A - BIEZRE
X 32 Mthit, ERFEBEXMFNWYWEIIATE SRAM , XMRAFAR S RET A FFEE
FHEARANREYE , AN X, Y. ZEFEHFRUNRENEAERFTEHRNIEH

AIMEL 7
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X. Y, ZHEH BF1788 R26.R31 R T FAEBAF RN , SR SMEABIERZET u At 54, X=
MNAEEF UL F 787~ T Figure 5,

Figure 5. X. Y. Z &%=

15 XH XL
X 578 |7 o7 0]
R27 (0x1B) R26 (0x1A)
15 YH YL
Y 5178 |7 o7 0]
R29 (0x1D) R28 (0x1C)
15 ZH zL 0
2578 |7 0 |7 0 |
R31 (0x1F) R30 (0x1E)

EFENFUERF XLt FRRTUAXNEERBE , B M—ME3E —#E.

BEHATESAETE.

Mgt HREH T ERAXRGERNEE. BHTEMNTE / FRFRE I, #EEHE
BRI TRED, B3EE AVR KR SR T A KN | ENFERIEH R | #RIEHME
B

HILEHIEMRIE SRAM #KkX, EURRET FREFMERNBDUEHER, AR FEFNE
BEFP M2 BT AAIUE W HEAR 22 () |, Bt IR Ht AR @ & T 0x60 AYibit 22 H, /A PUSH
B REEOGER RS R — ; T F 2 F S P IR E ik AR IR ETRB =
R POP 55 #0338 Hi stk ad | AR 354t 00— ; A RET & RETI BTN FRFHHIT
R E B HER R =,

AVREVHERIEST /ORI R I N8 U FFER K. KEREAM MBS EMERHEx. &
EEREEAVR BUNBEX KD, ASPLAE®B T, WEFREE SPH HF:H.

Bit 15 14 13 12 1 10 9 8
| sp7 | spe | sps | sp4 | sPp3 | sp2 | sP1 | sPo | sPL
7 6 5 4 3 2 1 0
®I/IB R/W RIW R/W R/W R/W RIW R/W R/W
MHE 1 0 0 1 1 1 1 1

8 ATtiny1 S ——
TEL:15013652265 QQ:38537442  2%0AVRo
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ETHTNF

ENSHMmLE
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K— A IS ST R, AVR CPU BIRE R clkep, Baho LA ER
S Bk RO B4R, 5 BB LI AT 2 4

Figure 6 1% 83 7 BB Harvard &R EM HTEIEME ST , AR AT LU ITRE T B M 3
EHRXHNES, IR—IMERNRKEES , HEESEX 1 MIPS/MHz , EE{E RHHEH
te. Thee/ edébtb. Thee/ hEEL,

Figure 6. H{TEIEMIESHIT
T1 T2 T3 T4

1
_/:’—\_/—\_/—\_/—\_

CIkCPU \
1st Instruction Fetch

1st Instruction Execute
2nd Instruction Fetch
2nd Instruction Execute
3rd Instruction Fetch
3rd Instruction Execute
4th Instruction Fetch

Figure 7 BRI R F R XHREIBIHRIN F. E— N EHEARE  ALU ATLENNFANF
FREFHHRTERE  ANFEREREIENFESRPE

Figure 7. a4 FEHI ALU R/E

T1 T2 T3 T4
1
1
N\
clkepy '
Total Execution Time

Register Operands Fetch

ALU Operation Execute

/

Result Write Back

AVR BT BN P IR, S0P MENERFZEMBEIRLN PO E. FIE0NPITSEHF
HEBCHEREMY. HERLEN  BRSFERNERPUMERL | B , PEFH
R

EFEHEXNRELIRENEVABN DI OE, SENEESIRIES N P40 HHT”
FIRRE T FREIFML LR, MEFFENBIIEE  RERBS, RESET ER&S
BIEER , EB=/NJ INTO — SAERFHTIER 0,

F—FWEENSBEPIEREN | 80EE , NMBILETFAEEMN TR, ARHETE
PR FREN | REIPUTHTRE, L FTENDETER T APl L eI P RS EF.
TRETIESE | BaIEN,

MBRAE EHARFRBEA R, F—MESHMEFEMRIIRE, N TXLEHE  BF
THEER Bk #% B SERRAY AP T [0 B LA AT R IR RR | [B) B AR 40 98 BRAR BL Y P TR & R
MRS A UBE N EE "1 WARKBER, ShiRER , WRENE T EREMLN
"0, MFRMIPRESMEN | F —ERFBRMNIT , AERREER. XUN , nR2H/
FHIRSHET | WA ERENFMBRLEMT , BER | B, RBEEHZA T
BT L SERMORINTT

AIMEL 0
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FoMRANPHURIAZDHZMHRE e —EMR, XEPHFATEPEIRS. &
PHTRMAEPIERCIBMERT , P T RWAR,

AVR BH i f5 B RERERFHEDHIT —FREST A LERITEMHIER N P
EEABNR , BRATHBRSEFPRSFEHFI2E8IRE , PENRE R T2 831K
g, XETHELHEAFELRHERTK.

fEM CLI SETREE L lret , RMTRIE T EIER. RBEPMATUERIT CLIESERE |

BETRENT CLIESHENREN. TENGIFHEA T HAES EEPROM FHE/AX
MBS RES LE R R 4 BUB 3 EEPROM & /Y 7] BE BT

LR IB HIE
in rl6, SREG . RIZSREG B
cli )47
sbi EECR, EEMAE ; &3/ EEPROM GAE/E
shi EECR, EEWE

out SREG, r16 . WESREG (| f7)
C R1BHIE

char cSREG

CSREG = SREG, /* {R#ZSREG &*/

| * 2 x|

__disable_interrupt();

EECR | = (1<<EEMXE); /* /37 EEPROM GAE/E*/
EECR | = (1<<EEVE);

SREG = cSREG /* MESREG (I f£)*/

ATHNY T3 eo———————————————————————————

2535D-AVR-04/04
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o ) R B
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f£F SEI fEE B ERE P IR  RREFNE - FESERTEARH I —ELBE LEER
7o

CYmARD B2

sei . B PHEERE
sleep ; H#AMBEEZ, ZHPHLELE
v OEE . ERTEMSIEREMN P ETZ T MCU & £ AKEER

C RIGHIE

_SEI(); I* E2EHHEEREx]
_SLEEP(); I* #HAMEER K SHLHLEE]

1* GER EHITEMSERN HMZ B MCU B & BH AKIRESR «/

AVR HifIESIES R A 4 NeTEPE . 4 DN et ARRE 1R Bk B SSBRAY AP BT AL 22 5
2o HX 4 Mt HfIE PC B3 Atk, HEEIRRAT , PEOEN —MREES |, LBk
RIFESNNHEH, IRDME SR EARETHITHRNRE NELKSEARES
WATFEESE MCU F 2ITHITERF. & PITRER MCU L& TRIRIER |, e Rrat A
EFREM 4N EH, KAEEZRITENRERXFFEN B TE, XEEAR
BREENHEINREFHE,

HHHREIRE 4 NP, EELHIE PC( AT ) MMtk | #ikigst =  REFF
2% SREG H | Efi.

AIMEL 1
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AVR ATtiny13 BIT7f# A% U58 ATtiny13 07735, AVR SHEERNEENEREZN  BEFHBEZEA

g2 EFEMHEETE. 1A, ATtiny13 358 EEPROM F#SURERE., X=/1FHHEZE
BEBALENTELEM.

RENTRIEN Flash B ATtny13EH1IKEHWELGRE Flash , AFEREFIESRE. BNFENAVRIES %
FrrEfkse 16 U5 32 & , #{f Flash A48 %K 512 x 16 B,

Flash 428 E 2 AT AR E 10,000 )R, ATtiny13 R F 1t #kE8 (PC) R 9 , HUL AT A F 11t
S12FMRFEMEEEE. PI7TFHEEmE" ¥R T MM ASPIEORIX FlashB BITT
o

BHRALUREFETENEFFHSMUZER (SF LPM MBREFFHB[ESHREA ).
BIESHITRFEIESI PO ESHITRE "
Figure 8. T2 774 22M1&

Program Memory

0x0000

O0x01FF

12 ATEiNY13 m—————————————————
TEL:15013652265 00:38537442 "
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SRAM BIE 7l 87

ByE 16 85 15 8] B+t 1]

EEPROM ¥iE 17 1# 25

EEPROM i& / BEifEl

2535D-AVR-04/04

Figure 9 45 7 ATtiny13 SRAM ZE[E] W H LR,

Bl 160 MR FERBIE T FESHF M, 110 FERRAIBEKIE SRAM, BT 32 MMy
HRFFRXMES 64 MRE /0 FHEER | HER 64 TR EEIE SRAM,

BEFERSNVIUAESADN 57 BEEIFu, FTRERBENEET U, AETY, FTHRE
MEZESUHNFEEENEEI I, FERMHTHFFER R26 2 R31 NHEEIUHE
HEER.

EEFUSTE TREMNMEX,
TREENEEIUEXNEBIUIHETFRY M ZLENEUMHIER 63 Mibilt,
EBFTEMGMNRZEI RS | FFER X Y Z BaEmfiEd,
ATtiny13 £ 532N B A F 72, 64 MN/OF 1738 R 64N F 1K M EBEIESRAM AT LUE
B LR FUEXHITIHF, FERXGNHAEN P6 BRAFFHRXM" .
Figure 9. BiEF ks8R

Data Memory

32 Registers 0x0000 - O0x001F
64 1/0 Registers | 0x0020 - 0x005F
0x0060
Internal SRAM
(64 x 8)
0x009F

A N IS S B B, B Figure 10 AR , AZBAKIE SRAM EIETEI N4
clkcpy B

Figure 10. 5 £ SRAM 7ZEUE
T1 T2 T3

ok 0 N/ /O ___

1
1
1
1
cPU X
1
1
1

1
1
1
1
1 1
Address " Compute Address ' X Address valid !
1 1
1 1 [
Data —— AU et
1 1 1 ‘E
1 1
WR | Y e U
1 1 1 -_
1 1 -
Data O —
1 1 T I
1 1 1 &
RD ! 1 /—|\—
T T 1 —
1 1 1
Memory Access Instruction Next Instruction

ATtiny13 ‘2 & 64 1) EEPROM #{iE %85, EREN —NMAIHHEZEMEEN ,
ALEFENIEE, EEPROMWFHZEAH 100,000 *EERER. EEPROM K iF R A i
WEFER, BIEFESNRHFFESERE. i1 P100 - EEPROM B S TEHIETH.

EEPROM Wi R FF2R1L T 1/0 Z=H,

AIMEL 13
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EEPROM 34t 51788 - EEARL

EEPROM ¥#Z%& 8% - EEDR

EEPROMM B [E Af B A Table 145 . B ER ThEE A LALE A P RSN A AT A F B E
T—%%, AFi&4% EEPROM EEIENM TR : FHFERNEER LR AN EHK
B, EB/THER Ve £/ TREEALRE, it CPU ATRETETRTRIRFTER
WEJREBEE, ES N P18 Bhlk EEPROM #iEE% " LUE &% HI EEPROM FIEE K
7] &,

RTHIEEEIRKN EEPROM Bi#E , EERIT—TMEENERF. E4SE P15 BER
FHRE R P16 PEFZTHRRE .

4T EEPROM &E1ER , CPU 21t TH# 4 ANEAHY , AEBRITRELES 1T
EEPROM Bi#4ER} , CPULELTH 2AEH , AEBRITHEEES.

Bit 7 6 5 4 3 2 1 0
| - - EEAR5 | EEAR4 | EEAR3 | EEAR2 | EEAR1 | EEAR0O | EEARL

®/B R R R/W R/W R/W R/W R/W R/W

HE 0 0 X X X X X X

+ Bits 7..6 — Res: &8
REBA , RBREREERE,
* Bits 5..0 - EEARS5..0: EEPROM it 11t

EEPROM #b it 1783 EEARLIEE T 64 =7 #Y EEPROM ZE B, EEPROM ittt 244/ |
M 0 B 63, EEAR IR EIREE L, E17 R EEPROM 2 8 477 HIE F IE B EE,

Bit 7 6 5 4 3 2 1 0

IEEDR7 EEDR6 | EEDR5 | EEDR4 | EEDR3 | EEDR2 | EEDR1 EEDROI EEDR
/B R/W R/W R/IW R/W R/W R/W R/W R/IW
NHE X X X X X X X X

 Bits 7..0 - EEDR7..0: EEPROM #i7

X F EEPROM Ei#{E , EEDR REEEZ| EEAR £t EIE ; W FiL#giE , EEDR 2
Miti3it EEARL 3 EXH $0dE

14 ATEiNY13 m—————————————————

2535D-AVR-04/04
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EEPROM #4288 - EECR

EXFNRE

2535D-AVR-04/04

Bit 7 6 5 4 3 2 1 0
| - - EEPM1 | EEPMO | EERIE | EEMPE | EEPE EERE | EECR

®/B R R R/W R/W R/W R/W R/W R/W

HE 0 0 X X 0 0 X 0

+ Bit7 - Res: ##&

REBN , BHBREREERNE., BEE , BRIZ.

e Bit6 - Res: &

REBH , EBRERERERNSE,

» Bits 5, 4 — EEPM1 5 EEPM0: EEPROM R R

RERBRENNE LY EEPE BAR A Bib4miE 5 N ATRETE — DN ateh B B A 3R
B (EBRBEESAFE) IFERSERES AFS . TREXNHEREA Table 1,

EEPE &7 , Xf EEPMn W ERENZEE, S/, BRIE EEPROM & TR , BN
EEPMn ¥ &7 0b00,

Table 1. EEPROM #&xX {1

EEPM1 | EEPMO Rt R] B
0 0 3.4 ms BRESAREE -t BE PR
0 1 1.8 ms HRER
1 0 1.8 ms REA
1 1 - RE

+ Bit 3 - EERIE: EEPROM A& 17 i {E8E

# SREG # | y "1" , ME{L EERIE F{F42 EEPROM H# & FF i, 5= EERIE N2 1E
LT, X EEWE SEE 8t EEPROM & FHETEI A X &£,

« Bit 2 - EEMPE: EEPROM :#l4RB R

EEMPE fI)RE EEPE BA "1” E5E X,

M EEMPE B "1" &, EEANEHP AN IR E EEPE f$4 % EEPROM i EMN L BERTE ;
# EEMPE 7 "0“ , i% & EEPE &, % EEMPE BB A "17 , ME /N et FE EH
EBHEE,

 Bit1- EEPE: EEPROM &L

EEPE 7 EEPROM MI4RTEfEREES . 4 EEPE 7 "1", B3 EEPMn U MigE , TF4X
EEPROM4%#2. EEEPEE AB % "1"8] ,EEMPEI 4B A"1" ,BNF 4 HIMEEPROM

B, ABHRNELER , EEPEVHBEHBES, & EEPE Ef , CPU ERITIESHE
K IEFHAETEFEHE,

+ Bit 0 — EERE: EEPROM & fHgE

EERE N EEPROMILIREM EREE B, MEEPROMMIHIEBF 2 5 , BB EERELAE
BIEE A EEARL, EEPROM BIEMIEMARAETE—LKIEDS , BEXESHF, £EEEPROM
J& CPU EfELE 4 M AT AT BIT T —RIES. AFEIRE EEPROM B RIiZ48 N
EEPE, MR —NEREEEHIT , MFT LRI EEPROM , th LA NEEFFE EEARL,

ERAEXRFHREREMENEN, 14X EEPROM BEA—NFT |, B AU E A
EEARL H1787 FHIEE A EEDR F1787. & EEPMn U8 F | X EEPE W E#RE (X
EEMPE ERGEH IA A A ) FALRBER / EARE. BREEAREE - HHE
HMATR , BNRENBEL Table 1, EEPE USRIFEN , BERBREEARETN.
SR THREBRSEH , T2#THEM EEPROM BR1F,

AIMEL 18
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DEFHIRE AURBREEARESNAN AR, BEREREXN —LEHRNVNRESEEHENE (LH
FRRBEETE ) ZANEN. EAZAAN , XAEEARERN EHITEREE. BH
TERSEARERIEN  AURIAREAVHTHEIGREEN (LEEESRRF ) #

ITERBRIRE,
BRER BBR—NFT | it SXME A EEARL, & EEPMn 1 0b01 , %} EEPE EA (f£% EEMPE

ExFNOMNHERR )RR EBERIRE (H/EMNER Table 1), EEPE L2 REFE
BRIZMETH. MATHLTRHREBRSH , F2¥#THM EEPROM B1E,

EA EAN AP S5t EA EEARL F#HIEE A EEDR. & EEPMn 5§ 0b10 , X} EEPE
BEA(FEXEEMPE EXEHHO/NEERA ) F R 0K B ARE (YmER BN Table 1),
EEPE N AR IIBBRIZETR. EESARNBRIEIEER , MIAABABEE X, Y&
A TRBIRASE , Tt iTHA EEPROM #g#1E,

EEPROM1A Bl i AR EE #R5% 83 E i o IE5%H 239 W P22“IR>% 23 br E & 1283 — OSCCAL” ,

16 ATEiNY13 m—————————————————
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THNADESS 3 AN C R AMMKI EEPROM KYEER, BARELRE A, Hit
BRIRFH AL ERTXERBNIRIhRE,

Cam BB HIRE

EEPROM wri t e:

EHFL—RTRIEERE

sbi ¢ EECR, EEPE

rinmp EEPROM wite
RERHEELT

Idi r16, (O<<EEPM.)| (O<<EEPM)

out EECR r16
RE M F iR 17

out EEARL, r17
FIRIEGA B & 7747 (1 16)

out EEDR r 16
E EEMNE

sbi EECR, EEMAE
EWEEVE X E5) GHEE

sbi EECR, EEVE

ret

C R#gHIE

voi d EEPROM write(unsi gned char ucAddress, unsigned char ucData)
{

| * SHFL—XGEREZFE*]

whi | e( EECR & (1<<EEPE))

I* REmEL™]

EECR = (0O<<EEPM) | ( 0>>EEPM)
I* REMISHIEGFaE ]

EEARL = ucAddress;

EEDR = ucDat a;

I* ENEEMNE */

EECR | = (1<<EEMVE)

|* EEEVE XE5GHEE*]

EECR | = (1<<EEVE);

ATMEL 1
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Byl EEPROM BiEE %

TEHH FiRBA A AL C HEKiZE EEPROM , EHBRIETFH T SERITIXLERK
B SREYFEE,

SCmaa Bl
EEPROM r ead:

, EHFL-XTRELSR
sbi ¢ EECR, EEPE
rj np EEPROM read
, REMHEFFEr LT
out EEARL, rl17
;B EERE X E )R IE
sbi EECR, EERE
= F & et i ¢
in r16, EEDR
ret

C R#BHI~=
unsi gned char EEPROM read(unsi gned char ucAddress)
{
| * EHL—XGREZE *]
whi | e( EECR & ( 1<<EEPE))

I* REMIEFFRE */
EEARL = ucAddr ess;

| * REEERE UEZREE™]
EECR | = (1<<EERE);

I* BHEZFHEREHE]
return EEDR;

}

HHRRBEIE , CPU M EEPROM B AR THRFIER | &K EEPROM BIEHN KA (&
K)o TFIFREEAMIUAK EEPROM B4 TE LB, AMEEEAHEBNRT SR,

BT HEESKER EEPROM BFEHAEFHT TR | —RBEKT EEPROM BREME
ENHERE ; ZR CPUXRBELTEERETH,
EEPROM ¥ #E 1R A # (8] 8 o] BUBE BA T 75 A R R

HEEIENREF AVR RESET 551K, XA BUBN ERES A K2 40N 38 BOD XK
K, R BOD BETEREERMAIMERNBEM B, EERFEIRITRET
g, REBERES , BREMREESH,

18 ATEiNY13 m—————————————————
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ATtiny13 9 1/0 Z2 A1 E XL P150* 28 80R " .

ATtiny13 FTER 1/0 RAMEEBH R E T 1/0 28, FRER 1/0 fZE#F 7] SU&Eid LD/LDS/LDD
5 ST/STS/STD #£5Ki5E £ 32 NEBAITESHFRM /0 ZREHEIE, #hitH 0x00
-OX1FH /O FF 87 7] I SBIM CBIEE R E#E# T F 4t , M SBISHMSBICU AR ER
—fINE, EERRESNIESE, £/ IN M OUT 5 rt ik MAE 0x00 - Ox3F 2
B, MR ER SRAM — & LD M ST #ESI5R /O FF2R , Atk Z b0 £ 0x20,

NTEREFRFR , RERANKRNE 0", MARE /0 FERN R ITERE,

—RBFREMNERRBEE "1" KXW, BIENR  SEMASH AVR 7@ ,
CBI M SBl ETRENELERENMHRTRE , EMATUATEEXERTHENFF
2%, CBI 5 SBI #5H XX 0x00 Z| Ox1F W HFRE M.

/10 MANREBEHFFRESRAMETRITNE,

AIMEL 19
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RGBT B R B BRI
M RERE S

I/0 K49 - clkyo

Figure 11 FAVRIWEERMHRERE S M, XL HFZTERN TE. 7 THRIEIIZE ,
AUBSERATEMNERERARZLTE T/ENERNESY | 0 P26° BREE RIER
B, R RSEIFEML Figure 11,

Figure 11. B4 %%

General 1/0 Flash and
ADC Modules CPU Core RAM EEPROM
A A J A A
clkyo AVR Clock clkepy
Control Unit
Ko I
Clk FFFFF
Y
Reset Logic Watchdog Timer
Source clock Watchdog clock
Clock Watchdog
Multiplexer Oscillator
L A ? ‘
Calibrated RC

External Clock Oscillator

CPURI# SRFAVRAKK FREME  MBRATEFR M4, RETERRRFHLRIEH
M BIEFM#ERR. 41k CPU RN REARKE L THEMITE,

/O BHeR A T E MY I/O BIR | WITERT BT / TT RS 1/O BHEPE A TANER R iR R . BIE B A
REENMPMBRLEERN , ELEME /0 R E L 7T XERMMR AT RS K,

Flash Bf4h32 4l Flash O M RE,. HET4EBEES CPU R E R EREFRBIE,

ADCEBZRTH R, X#HE T AEADC TER BHE{Z 1L CPUFN /OB ¥ LABR R E F B B 7=
EWRE | MNMIEE ADC HiRBE,

R ATtiny13:58 K B 10T JLR0 B Flash 18 £2 (08 1T % 2 M BT R . BT 5930 A B AVR B b & 4
g5, BomBMEMAER,
Table 2. B4R ERE ()
B4 Bk TN CKSEL1..0
REM KNI RC iK% 01, 10
S\ BB At e 00
128 kHz NP7 25 11
Note: 1. WFAAMBLN , “I" RRARR , 0 RECHE,
20 ATtiny1 S

2535D-AVR-04/04
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& B EOR
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TR RHIETUSE RSO HITN A, Y CPU AEBEERN[EEERXNREZ T , #ik
B RARABIERERN , RIEKZSREFBITIESZ#H ARERS. HCPU
MNEMTFIR TR | EBF/NIIEIR B (B SAMRIEFE MCU FFIRIEE TEZ B 2R ERE
BE, XMNEINENERBEARZETK. B M%EH B RE WDT K% 85
B % F Table 3.

Table 3. & 1MIRZ ALK

SR 5E H st ) AR
4 ms 512
64 ms 8K (8,192)

BEHH At CKSEL =“10”, SUT =“10", B CKDIV8 42, X MREIZ B AR E
9.6MHz WA EB RC #R5% 85 , W1 REI& T MN 8 , BeatiE N KK, XFPigEBERILA
FPRILUEN ISP SHATHRIZEES B RIFTEMN 4R,

AIMEL 21
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REM A RC X% 2%

% IR EFFEF - OSCCAL

REMHE A RC fRHBEMTEEMN 9.6 MHz T 4.8 MHz BIRT4h, XEHFRHI 3V,
25°C TR EE, BME B HB[BHRAE A5 CKDIVS B4 4mTE , AER BB EX
FAEBIE 8 P41 , iF A P24 RERT WD MER " o XML MER RS H , R
ERIR Table 4 X154 {7 CKSEL #HIT{mEEN T, EBIX N2 EMEBABHIMHT -
SNVFESEIREFZT N E OSCCAL FE8 , BRI RC IR EMIRE. 7E 3V,
25°C B, X R E A LUR B AR + 10% WEE. FHE www.atmel.com/avr B AT
WHRERZE , TREKEFMABEEREMEETERERE + 3%, HEAXMRHRERN
RGN, BNRANACERECHE N THERBENREENNKE. EZSHNEXRKRE
BIENERES N PO KEZT 7,

Table 4. S AIREM RC K% 28 TEER

CKSEL1..0 IR
10 9.6 MHz
01 4.8 MHz

Note: 1. HJ BHRE
ERETEXMSHSRCE , B BEIHEELN SUT BXE , &1 Table 5 FiR. .
Table 5. NEPHRE RC #R57BH /B B0 At E]

S ALEER IR

SUT1..0 RSB E R (Ve = 5.0V) ¥ERZ

00 6 CK 14CK BOD &g

01 6 CK 14CK + 4 ms B R £ F

10M 6 CK 14CK + 64 ms HREE A

11 RE

Note: 1. HJ BFHRE.,
Bit 7 6 5 4 3 2 1 0
| - CAL6 CAL5 CAL4 | CAL3 | CAL2 CAL1 CALO | OSCCAL

BI/IE R R/W R/W R/W R/W R/W R/W R/W
WIHE 0 ERE

+ Bit7 - Res: &%
RE , BBREEREENSE,
+ Bits 6..0 — CAL6..0: {5 S84 EE

FHREHRES AX Ntk /] AN AR H TR T SUEBRB TEF T 2w RNIRS
BHRREE, XESNUMABEIPTR. X OSCCAL NEMIKFHBUREHIRIIE, HWH
ENTAZSHHERADBIRZ [N FIERK, BEA OXTF IBIEEME, RENKET
g2k R 15 1A EEPROM # Flash EEff, HE EEPROM A Flash VIR 1ER T E G L 4R
EEBEFFMHIMEN 10% , BNEREETEHAK. EXERSEIRIX 9.6 MHz 1 4.8
MHz X PSR R 1T THRE , HASRERN T ERIE,

22 ATEiNY13 m—————————————————

2535D-AVR-04/04

TEL:15013652265 Q0Q:38537442



e tiiieta AT tihy 13

BB A

2535D-AVR-04/04

ARIE MCU RBETE , HHRERNE RC 5% 25 Bl 5 KR E RIRE. TIEMERE
B 2% HarEREAR. 8RN OSCCAL HFiFaaFEMNHEZFMET 0x20,

Table 6. WP RC 5% 82N ZRTE

OSCCAL #fE BMAE , SAHAENAE S BAHE , SIHAENAES L
0x00 50% 100%
O0x3F 75% 150%
OX7F 100% 200%

BT MAER R SRR SN S A, CLKI #4430 Figure 12 FRREIBHITIERE, BN, B4
CKSEL & 4mfER “00%,

Figure 12. A\ Zfrt&EER

EXTERNAL
CLOCK
SIGNAL

—

CLKI

GND

ERETEXMEHSRCE , BIRBEIHELA SUT BIE , I Table 7 FiR.
Table 7. H\ERet4PHY B ZhatiEl

EaEANEeESN B
SUT1..0 & EURRFNERRE | HERAZE
00 6 CK 14CK BOD {8
01 6 CK 14CK + 4 ms B R IRIE A
10 6 CK 14CK + 64 ms BRESEFH
11 3

A TRIE MCU 8RR E TE , TRERARBT/NIM RV IRH AR, THMRRTBEY
2% FEFEREAR, MXHE MCU REFE MR AT RES AR AT £ B 557 SR
AR RGPS MR AT AREA AR MR ZTHEXZBERIERETE , 0
P24“ REETHF TR 4R 7 o

AIMEL
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128 kHz /F N iE5% 8%

RE o e

AR T 9 5B 787 - CLKPR

128 kHz 5 RIRSH B8 N IR HL a5 5 R 128 kHzM K Th FEHRH BR . MK RN E3V., 25°CT
WIREE, BN CKSEL BLMNUHER “117 , B ERN REmTH,

HIEFZER , B3t E A Table 8 FATRAY SUT BLAIRTE,
Table 8. 128 kHz i M%7/ 3 i i)

FaEX N eEXN B
SUT1..0 &l HUNWEIMERRE | EERAE
00 6 CK 14CK BOD f£&¢
01 6 CK 14CK + 4 ms BRI E A
10 6 CK 14CK + 64 ms BREE LA
1 *E

ATtiny13 RE 8P BT IR ER S0 M EF 788 CLKPR R4, Z451 v AKREEh
o ZOMBNAERSREEYR , BATRE CPU R#MERAERDS MR, clko.
Clkapes  Clkepy B clkpasy A F I Table 9,

Bit 7 6 5 4 3 2 1 0

] cLkpce - - - CLKPS3 | CLKPS2 | CLKPS1 | CLKPSO | CLKPR
®/B R/W R R R R/W R/W R/W R/W
DNaE 0 0 0 0 DAz 35 B3

 Bit 7 - CLKPCE: B4 T4 g8 (L fERE

CLKPCE I %/ E"1"{#8E CLKPSfI, RAHCLKPREEZSHBNEMIFRNE"0"R , CLK-
PCE (U %, CLKPCE EEANMNEAHERY CLKPS N EAFHEHES. £ EE=EH
FE#HES CLKPCE {1 , EFy BE AR , tFE CLKPCE i,

* Bits 6..4 — Res: &%

REBN , EBRERERERNSE,

* Bits 3..0 - CLKPS3..0: B4 9 Mes kT 3-0

XU E X FE R R SN R G T 3E Fo XJLE Az 178 8 3k 238 B 44 40
L ERZTEE, HEHN MCU &M ADzs , FRIHE TN , IERLSINRE
qué—[:lﬁéo ﬁ&ﬁlﬂ%')—i Table 90

A ARNTEHRT | X CLKPS (LB ASTUIL BT ST -

1. ¥ CLKPCE f#E "1” , T CLKPR BFSMWEMNLE "0,

2. EONEHERR  FHEEEA CLKPS , #1 CLKPCE 4B "0,

EREM DR EN AAZ LR | LRIEEBEALRER T BT BET,

CKDIV8 B4 i RE CLKPS{ MR A {E . & CKDIV8&K4mT2 ,CLKPS{Z &I} “0000” ; &
CKDIV8 E4#2 ,CLKPS I EIH “0011” ,AH B 25 E Fh 8, BFTERTRME
RFYHFITERSTHRAHRAMER | NABZEBED M, EE , CLKPSUEAETLE

24 ATEiNY13 m—————————————————
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CKDIV8 A4 (ViIRB XN, EFTERMRMEBEART Y IERS THREREANE  NAR
FRATRIEER—NEB KN MEF. S5 H 8 CKDIVS B4V ERiE.

Table 9. AI4FF0 2 40 25k 1%

CLKPS3 CLKPS2 CLKPS1 CLKPS0 rtEh o E F

0 0 0 0 1

0 0 0 1 2

0 0 1 0 4

0 0 1 1 8

0 1 0 0 16
0 1 0 1 32
0 1 1 0 64
0 1 1 1 128
1 0 0 0 256
1 0 0 1 RE
1 0 1 0 =&
1 0 1 1 =&
1 1 0 0 RE
1 1 0 1 =B
1 1 1 0 =B
1 1 1 1 RE

HREtE ﬁzﬁﬁ;g%ﬁ%iﬁew , RGN MBRIENPREPAHIER , BMRE T HBRE
a HY 33,

Bk3h it 8BS BETR 0 MBS TE R O AT 4P E TIE1T |, X ATgELE CPU B4 4R, HILENE
FAME A , RINEEEZBERLRS |, FTABRIE T E B EBA K EReTE,
CLKPSEEMBARBINTFTI +T25T1 + 2*T2 28, ELEREF , ZE 2 0 4ian, &
TR —ANetsh A, T2 g EEHEAN T .,

AIMEL 25
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B R B R AR AR =

MCU #: 4|18 - MCUCR

AVR iR HIBR M S HERESHN T R A MR B EE RN K FER N RERR,

RERRE X AT LAE N ARF KM MCU IR BHEANER , NEEIIFE. AVR EETAE
HEREN , AFAFREACHNAERIEHR,

HAERERNNEZEEENFFEE MCUCR B SE , REIT SLEEP 5. E4&H—fih
B (ZRER,. ADC BEMGHIEN, EBEX ) B MCUCR #9 SM1 1 SMO R7E , 0
Table 10 FiT 7R o fERERY AR I o] LA 3 A BERR AR SN A9 MCU %2 B2, £33 B ahadiE | 480 4 et
HWREAME , MCU RAILETHEBIERT . AFIREER SLEEP W T —%iET. RENT
L2WEFERHN SRAM AR, MREEESEPFLXETENM N MCU ®EF M
W a2 FF 18I 1T .

P20Figure 11 ST 7 ATtiny13 TRV RERH 2, KEREEFSENERESN
FEEA.

MCU 2 #IFFHREE TR REEMNIZEH L,

Bit 7 6 5 4 3 2 1 0

[ - [ pb | sE | swm | smo — 1SCO01 ISC00 | MCUCR
®/E R R/W R/W R/W R/W R R/W R/W
MHE 0 0 0 0 0 0 0 0

« Bit 5 - SE: {kKEEfE&E

7T MCU 4T SLEEP BT E#AKEREN , SE LAMEM. H THEERAMKEE
AREBFANEETH , BN SLEEP ETHA —KETFEM SE. MCU —EMREEYT
BI7&BR SE,

 Bits 4, 3 - SM1..0: {REEE R &R {7 2..0
i Table 10 FiR , XM FEREANKEER,

Table 10. RERERN &R

SM1 SMO0 REE#ER

ZERER

ADC B = HIR K

EEEX

0 0
0 1
1 0
1 1

RE

+ Bit2 - Res: #&
REBN , EBRERERERNSE,

26 ATEiNY13 m—————————————————
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RN

ADC &= HE =

Lok N

2535D-AVR-04/04

% SM1..0 5 00 B , SLEEP 51 MCU # AZER#ER, FHERXT , CPU ZLLiE
17, MELLLRES, ADC, ENES/ITHEE. BITAMNPIHRERE T, XMEEER
RELET clkepy M clkpagy » E A 84 T 46,

SER 2R HF R ER o] LA EE MCU, WIR AR EMELLREZ P HTREE MCU |,
NTEDIhFE | AT LR AR BIR . 5ERE MR L L RIB[IZEFI MRS F 738 ACSR
#) ACD., #SR ADC {8 , Bt AMEXEF B3B3 — Rk,

% SM1..0 5 01 & , SLEEP 5 MCU Bt ARFEM&EIEN, FHERXT , CPU &
IE5E1T , T ADC., AZBHREAE IRSLETHE, XMERERXIEFELT cko. clkepy M
Clkpasn » ELAth AT I 464E T 46,

WENIEST ADC HRFHIE , EERRBEES. ADC ERENHMR , #HAREKRF
B3B3 —Ik AD ¥, ADC H#MERF U, SNEEM, FE1REM, BOD £1u.
SPM/EEPROM & 7 Fr T, ZAEBH M INTO =i 5| BIZE 1L i A LA MCU M ADC g 75 #1451
BRAREE,

% SM1..0 y 10 Bt , SLEEP $ES 6 MCU A AEBER, AHERXT , ABREEFER ,
TAER R B 11H ( NREEAENTE ) HE T, RENREN, B IMWEM. BOD &
I, SEBERFEFHT INTO S|/ FRT AT LAE MCU BB EBER, XM ERERFLE
TN , RERSER TS T4,

HEANRBE PTG F MCU MR ER | KRB BF —ENEE. &
#ES I P51 AP .

Table 11. ZEFREIREARE X T %30 Y B LA K %R BB

T EpIRt &% 6 R R
&
= i
z H 2 E O &
2 2 . 3 & & 2w s B
| ¥ x| X i EE | ZhE| 8 £ C
FEARE N 5 S 5 o ® Zwv | ow#E < |0 W
ZERER X X X X X X| X| X
ADC 17 |
E X X XM X X X
EEER XM X

Note: 1. INTO REBFHHf

AIMEL 27
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R/MUThFE

BB AR

Bl LR eR

A BOD

FRERBEE

B RENER

¥ O S E

HEREAVR BERENDERNFTEERILNRE, — K  ZER TR AERER |
HEERAEDNERBE T, FTEZHDESAEL, FANEREEBHKERUE
FRTREEM DD,

fERERY , ADC HEERRER THE T, N THREDRE AR ABREXZHTEERL
ADC. BFfEHEMNE —RERAT BHRR, BHHESE PT6 HERRE ",

HEZEAEXN , MRREEABELREE  TUREXMA, £ ADC RENFEXTHE
ik, EEMEREE L RBEEHRAN, MRENLREER T NBaER
R, WA REFAEREATHRERA T, ENRBEEE LR —BEfRE, FZR
P73 BHlLLLRER " LA T BB EAR L LR ER

MRRE &ﬁﬂﬁﬁ?ﬁ%&dﬂ]%ﬁ BOD , XMERB AT LA, MRBL£{ BODLEVEL #
YmTE T fERE T BOD Ihag ,?HE%*‘FWEE*ETT?&%IVE ERBERWKREERT ,
M¢EE.IJIL'I".{‘£& BARANBALE, FS5F P32°EHLN » LA T HINMEE BOD,

£/ BOD, #E#MLLB M ADC I AR FEENMBEREER, EXERRBELT  VE
BRI, EHERERAFSNEFEEFRECRSITUERTE, IREERE
REERRHEMEREN , EMEYEITUER, B3N P34 FAEHFESBRE " LT HELR
BaetE AT,

MRRGEEFEMNAE R, J‘:/Miikﬂz‘n,{%lvﬂ EfERE IJTIJEETJWEEE“ET%M%,*I
ﬂE Mﬁﬁlﬁﬁ%umo T:I_:HRE/AE'JEEEE*EAET EE:)IL'i‘.f‘EﬁEElJILE’J‘ij(ttEo 1ﬁ E
P40 il ” LU T R IMAI B E B ) A E AT BR o

#AKRERE | FAR SO MBAZEEN DERR MR, SESHERSED
BN AR, ERRERT /O B4 clkyo F1 ADC B4 clkape EHIELET |, WAZHE
BEILT | AFIRIER A LB TMREET, ELEER THABERERY , AR
REESRA, ATFHIAENEHIIMESN P45 BT WAAENIKRER " , MEHAE
IR AN | I ATART  EERFUANMIREE Vo2 , BUHAZRE LY
BTN BT

FHFELBMASIH M ABPNAEKRER, IEEIEERXT , B ASIHNERL
Veol2 WIERMESBELTRAESMNER . BHFEWMARATETE DIDRO XEH , 21
P75“ i A %188 0 - DIDRO” ,
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REREMEN

& AVR SENFAAN /0 FERBMRENNEBE  EFNENRABLFHRIT. SEMEELH
B O MIREN B IMP 55, WERFREIEMLEHE. WREFKZTAFAS
WIZhEE , i/ 8 T A — AR F B E S, Figure 13 AEMEZHBAVHEEE, Table

12 MENLTENVBEHBSSH.

SEMRBME /0 w O M SN NHAE. W FAEREME LT EEZTRES.

FENEMNESHERZRE , TR AN —MEE T HERSUH0E |, FRIBE MR EZER,
XA AEEE MCU EF THEZHE —ENNELLEFREIRENBE, ERITEH
2R AV H B E B R L L SUT 5 CKSEL iR, IEREYEMIERIES N P20" BHHIR " o

SR The ATtiny13 5 4 NER :
. LtHEfN, BRBEETLBEMNIIR Veor i, MCU £1i,

AEENM, S5IM RESET EMEBF & E AT &R/BOTIER MCU &1L,

- BIAREN. BMAEEABEE TRENSREHNEMCRE,

FERNEN, EERNEMIhEMER  BREFRBEERTESRNEMIR Veor it

MCU Bl &1z,

Figure 13. E1Z%

DATA BUS
A
MCU Status
Register (MCUSR)
LL| LLf L] W
| x| | o
o| ol | o
VGG Power-on Reset S
i Circuit
> Brown-out
BODLEVEL [1..0] »| Reset Circuit
[l] Pull-up Resistor
SPIKE - \ \
RESET FILTER »| Reset Circuit ’_—L/ s
i —R
%]
w
Watchdog o
Timer %
=
T z
=)
(o]
Watchdog ©
Oscillator
Y
Clock CK . Delay Counters S
Generator ” TIMEOUT
A A
CKSEL[1:0]
SUT[1:0]

AIMEL
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Table 12. Euisn ™

L 3l
s | B3R & BME & BKRE | 2
LEENIIRBE (B
EHEISLEH) 1.2 Y
Vpor T, =-40 - 85°C
LEENIIREE (B 11 v
EBEEEKE )@ T, =-40 - 85°C '
VRsT RESET ["IFR#BE Vo =1.8V-55V | 0.1V 0.9 Ve v
trsT RESET &/MKHREE | Ve =1.8V-5.5V 25 s
Notes: 1. XLEBERXERNSE , EREFUE.
2. BETRN , RAEBEET Veor NENF 2K E,
30 ATtiny1 <3
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LtEgy

2535D-AVR-04/04

LEBEA (POR) BHEH A AN B4, RNBFESA Table 12, TRMET Vo K
TRMLEF POR BIAk4%E, POR BEFALARMARBEHEM , HERARLN BIFHKE,

POR EBESRIE S 4E b 1A B, Voo JAE) L 8 TR B B AR IER 12K 88, T it IER
2 BT — E RSN EARE. % Voo TR , REETRNITR , RESET 55178
£,

Figure 14. MCU E3)3#8 , RESET E#% Vi

1
“ A~ Veor
Vee J
1
I
1
Wy
RESET J RST
1
1
: _
1,
TIME-OUT i trour
1

" Reser |
Figure 15. MCU /531372 , RESET B/ B iz 2 4l

Voo — Vear
I |
| / v
RESET X , RST
1 1
1 1

1
D — trour —>]

TIME-OUT

1

1

|
INTERNAL
RESET

AIMEL 3

[-15013652265 0Q:38537442



SEBEN

e

32

ABEMHANT RESET SIHMEBFF~4£, HEMREFHENBATRNMPEE
i (S0 Table 12) Bl & SR |, BIFENHNHEENMESEET. HAMESIKE
SNUIREBE Vegr( EFR ) B |, troyr ERN AT IR, LERERE MCU BNE30,

Figure 16. TH#ERBHRXENBEN

1
|
| <— trour _’|
TIME-OUT : !
1
1
1
1
1

INTERNAL |
RESET

ATtiny13 &8 K A BOD(Brown-out Detection) 3% , i3 S5 E E MY it & B B XS LSk
MIEIRP Vo BT, iR BFBEIEL BODLEVEL KRigE. BOD WL K B
FEAREHAEERERRIEN TN, XA ERNEETUREN Vaor, = Vaor +
Viyst/2 AK Vior. = Veor - Vhyst/2e

Table 13. BODLEVEL &% f4z% ("

BODLEVEL [1..0] 54 {1 B/D Vgor :: iRV BK Vgor By
11 BOD %
10 1.8
01 27 Y
00 4.3

Note: 1. NELTF Vgor TREETEFEHNRNEE. NXERH  EF R | BHE Ve
=Vgor » ARIEBEERFTER THELE Vo HaBEBEEN,

Table 14. e 4&M4

B | BE | BX
Sikcy 2% = = =] LA
VHYST BOD ig.;% 50 mV
tsop ERENRKE 2 s

% BOD f#48 , —B Voo FREMEDBELT (Vaor. , Figure 17), BOD E1 3 BI4K
%o M Voo EABRE BT LR (Vaor. , Figure 17) , ERHREFBiTE , — BN
AW EHE toyr , MCU BMEE T4,

EBE

ATHNY T3 eo———————————————————————————

2535D-AVR-04/04
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Figure 17. THERBHNEBE N

Vee

VBOT—”’I ******** *o-
RESET ; ;
TIME-OUT I E< tour T
" REseT ;
BENAREN ERENSRE G~ EFENER 1 CK AN ENF. ORI TRE |, T

ER BRI troyr B8 SN P40 LU T RE T REN M EEIRELRE,
Figure 18. THEMBEFREFI TREN

VCC
RESET
—> [«— 1 CK Cycle
WDT
TIME-OUT I'I
o
[N
[N
RESET TouT
TIME-OUT !
1

INTERNAL |
RESET

MCU & &FF8# - MCUSR MCU RAFEFRIEM THAXSIE MCU ENNERNEE.

Bit 7 6 5 4 3 2 1 0
Il - | - | - | - | WDRF | BORF | EXTRF | PORF | MCUSR

®/E R R R R R/W R/W R/W R/W

WRE 0 0 0 0 R vATA

e Bits 7..4 —Res: % &

REBA , ERBREREERE,

» Bit 3- WDRF: B RE s

BlMAENAENENMN, LHEMEFEEES , tAUEIE "0 KER.

+ Bit 2 - BORF: Ba @l EirE

BEEANENAERNEMN. FEEMFEEES , b ERE "0” KEK.
* Bit 1 — EXTRF: A EirE

ABENEERNBEN. LHEMTEEES , b UBEIE 0" KB,
» Bit 0 — PORF: L8 &yir&

tBEEMRENEMN. RgBEE 0" RKER.

AIMEL 3
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FAREEBEE
EfBEEREESNEERE

NTERAXEEMRERRINEMES  AFNZR PRI FRNBE REHEE
. MREHMENVREZHRLEFREN  WEKREMRTUAEIRESVRERT
o

ATtiny13 EEFREREER , ATIEERN , ERFENRLLLLRIRT ADC A,

BEEHENSHRETEEZEMETHESR, BaEST Table 15, 71 7 FBIKIHFE |, 71
EHEERXENTERITH

1. BOD f##E (/5% BODLEVEL [1..0] #4%%2 )

2. BEREMAREZEELLLEES (ACSR F1783# ACBG Ef)

3. ADC f#ge

Hitt , 2 BOD #ZE bRt , Efu ACBG Tiftse ADC FERFE LR, N T HREEBERX
MIZhiE , AP UL ER=FES | AEHARERN AKX AEER,

Table 15. REfeEE#RAV4SME ()

SRy BH BME | BEE | BKE | B2y
Vg BEREERBE 1.0 1.1 1.2 v
tag REFR B R /S 3 B Al 40 70 us
leG BEFRE IR Th5E 15 pA

Note: 1. XEEENSE | KERERFNH,

34 ATEiNY13 m—————————————————

2535D-AVR-04/04
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B RERF

2535D-AVR-04/04

ATtiny13 B —MNEREMNETRENSF (WDT) , EEERMER
o MY M A LIRS ERR AL
o 3FITEER
— il
- REEN
- P ERAEE N
o HEEIM 16ms B 8s T
« BIABLHALTHERRES,

Figure 19. & 1fEN 88

» WATCHDOG
128kHz > PRESCALER
OSCILLATOR e[| < x<] < <] <
N|S| 0|l |O|O| N | <
ololo|228|1SI8IZ|S
8883888888
Y.V V VY w YVYY
1— WDPO
WDP1
WATCHDOG _E WDP2
RESET WDP3
WDE
MCU RESET

WDIF
WDIE INTERRUPT

BNAERSRAMIA 128 kHz FATERHH[ES) . HiTBEREIALERNEHERN , WDT
REPHRREE N, EERTHEEXT , EITHERRE J;ﬁﬂifﬁﬁu CEERGHEAEN
NENSEEMESRER RS, EXAREERITHE , WL EAFHRREEL.

EREERXT , HENERER WDT R — Pl &Pl aRSHE MRERIRAS AR EE |
HEEN — NEA KGR, BN REIBA TN B | 4 T Aerd 2 R R 2% o
Wi, ERGEMERT , YEMELR WDT RHEUES, K2 NI E T £ ABA
BRMRGERNARNGER, BoHER  FIRSREEMES  SARMER | §E4
BN RERRIRGEMER, BAZES  TERGEMNEIRERRSHRE
é*lﬂo

WDTON B4V EEHEEFIHAENRFEARGZEMER, HEEFEEN , REEMERT

(WDE)SHMiEX L (WDTIE)Z 3 N 1810, NMRIERELZ S , LAERBRTEHINFRIEE

[IXigE

1. E—5gkE+D [t WDCE 15 WDEE"1”, it WDE WHItAEE %4 it
PN EEBE "1,

2. EEENIANEARRN £ WDE 5 WDP R EAHEE ,{BEEEKR WDCE

o

AIMEL 3
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THEHNAF5 3 ACHmM CiES KM T XM WDT BiRE, EHBRER A TAFESZ
T (B2 F/HE)  BEMERT THRFNFHAIAS2RE,

SCamra iR ™

WDT_of f:

. RKHIERFHT

cli

;. WOT &1u

wdr

; 7&B} MCUSR #1728 WDRF

in r1l6, MCUSR

andi r16, (Oxff & (0<<WDRF))
out MCUSR, r16

;. EWCES5WE HEBE1

; REIEM MR RES L TEEF
in r16, WDTCR

ori ri6, (1<<WDCE) | (1<<WDE)
out WDTCR, r16

; RHWOT

| di r16, (O0<<WDE)

out WDTCR, r16

; FFRE R

sei

ret
C g™

void WDT_of f (voi d)

{
__disable_interrupt();
__wat chdog_reset();
[ * &R MCUSR ZF 1788 WDRF* /
MCUSR &= ~( 1<<V\DRF) ;
| * £ WDCE 5 WE BB 1*/
I* REFBEMDMBEEHLTEEE */
WDTCR | = (1<<WDCE) | (1<<WDE);
/* R WDT */
WDTCR = 0x00;
__enable_interrupt();

}
Note: 1. REBHIRRIRBIERTRI M

AE  EBIABTHEREHIEERSSEEET TREINBINEE  SHFEENENAE
B RIS FRE, MREBBRERBELEENH , WAKSBEHEMHIERF/R, Nk
SHILXHRR , BIESEFERENR , BARFENRILF R WDRF 5 WDE 24|

g%,

THEHNGF2AACHEN CESKU T BNNRENREHENRE,

36 ATEiNY13 m—————————————————
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SCamkmpIR O
WDT_Pr escal er _Change:
e ik Aokt
cli
; EWUENAENR
wdr
;. BEEF
in r16, WDTCR
ori ri6, (1<<WDCE) | (1<<WDE)
out WDTCR, r16
ML B FE PH AN B B iR T -
; IREHMONERE = 64K AR (~0.5 s)
| di ri6, (1<<WDE) | (1<<WDP2) | (1<<WDPO)
out WDTCR, r16
TRFEIRE , A2 A8 -
; FFRERAH

sel

ret
c fk@pE 0

voi d WDT_Pr escal er _Change(voi d)
{

__disable_interrupt();

__wat chdog_reset();

I* BHNE */

WDOTCR | = (1<<WDCE) | (1<<WDE);

[* REBEHFADINEEE = 64KAEAH (~0.5 s) */
WDTCR = (1<<WDE) | (1<<WDP2) | (1<<WDPO);
__enable_interrupt();

}
Note: 1. REHIRBRBEMTLXH.

AR BINAENSRAE WDOP S RRAER , BN =% WDP ¥R 3 —/Ngig A S
MRS HE =,

EREr R HF7ER -
WDTCR Bit 7 6 5 4 3 2 1 0
I WDTIF WDTIE WDP3 WDCE WDE WDP2 WDP1 WDPO I WDTCR
®/B R/W R/W R/W R/W R/W R/W R/W R/W
WRE 0 0 0 0 X 0 0 0

AIMEL 37
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 Bit 7 - WDTIF: B 1fER 88 MtRE

HEIHENSFHIVEHE BRI AERSE BN P | VB, HHITHEN PR
Fet, WDTIF HE4ER ; EEZNUBEAZLE "1” X5, X SREG HEHEMN 115
WDTIE B , TE IR H AT .

 Bit 6 - WDTIE: &1 %7 i85 P Hi AL

Y&f15 SREG HFiFa=m | (VB , B 1P MMERE, MREN R WDE B, E1H
ERREATMES , —BEERENAENREFLE , WNITHBIA U,

# WDE Efz , WENAENRLETHMEREEVEN, BIIRENFNE —ORHF
RIE WDTIF, $17 48 B1 &9 o it [0] 8 & R A & AB R WDTIE 5 WDTIF( B HHEAR
SGEMER ). EHLFXASRIEEATHEE TRENSFNLZEME, EPHSREEME
AT , WDTIE EEXHIEHMMIRE, AMETREFMBRS FEFHNT , BRHIXT
RAMEFNARGEMEANR M, IRET - REHIWXERF T WHARS
SEuER,

Table 16. & 1fER ZREE

WDTON WDE WDTIE | #= EEED
0 0 0 =1k T
0 0 1 A = R
0 1 0 REEMNER g1
0 1 1 TS REEMER i, REHARSKEN
E
1 X X REEMER g4

« Bit4 - WDCE: | 1fa{s ks

ZILAERE WDE 5o /e 7. WDCE EfIKER WDE i , 5/ HEM S
o

—BE "1, EH4SEN N EEEX WDCE BE,
« Bit3-WDE: B IRREE M

WDE B MCUSR & 12238 WDRF RE, iIXF 2% 2 WDRF & B ,WDE thik B, Ei&kR
WDE , 4 %E B WDRF, X —# M RIPRSHENNZSESN REEENRELE3,
* Bit5,2..0 - WDP3..0: ) ENEEHMoMET3,2,1M0

WDP3..0 REFIMER SN2 MMET. 0 P39Table 17 FiRo

ATHNY T3 eo———————————————————————————

2535D-AVR-04/04
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Table 17. & 1¥E K 257 2 485 5£ 1

Ve = 5.0V R BRI A3 H

WDP3 | WDP2 | WDP1 | WDPO (kA B
0 0 0 0 2K (2048) A 16 ms
0 0 0 1 K (4096) /& 18 32ms
0 0 1 0 K (8192) & 64 ms
0 0 1 1 16K (16384) [E A 0.125s
0 1 0 0 32K (32768) A 0.25s
0 1 0 1 64K (65536) A 05s
0 1 1 0 128K (131072) A 10s
0 1 1 1 256K (262144) A 20s
1 0 0 0 512K (524288) BB 40s
1 0 0 1 1024K (1048576) AHA 80s
1 0 1 0
1 0 1 1
1 1 0 0
1 1 0 1
1 1 1 0

2535D-AVR-04/04

AIMEL

[-15013652265 0Q:38537442
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Fp BT AT R ATting13 HRIFALIE, E—RH AVR REFALBIES I PO* SIS HMLE"
ATtiny13 B9 il o & Table 18. &1+ i &
Y2
EF &7 Hhak TR e X
1 0x0000 RESET NESIMBTS|ANEN , LBEN , 2B
g, HREN
2 0x0001 INTO SERFRTIER O
3 0x0002 | PCINTO SAER AP HRTIER 1
4 0x0003 | TIMO_OVF ERE /T RER Y
5 0x0004 | EE_RDY EEPROM # % 17
6 0x0005 | ANA_COMP BB
7 0x0006 | TIMO_COMPA | NS/ it R ITE A
8 0x0007 | TIMO_COMPB | E /it BB LR TE B
9 0x0008 | WDT B wEE
10 0x0009 | ADC ADC %45
MBRFKETEATE  FHARREEEL. AS THUELBERSEF, ATtny13
SuSHifEEmiBRRER
31t /s KRB piz:
0x0000 rinp RESET . EfNER
0x0001 rjnp  EXT_INTO | RQD i o) &
0x0002 rjnp  PCINTO PCI NTO = &
0x0003 rinp TIM_OWF Ti mer O %t i &
0x0004 rjnp EE_RDY EEPROVIA & i i i it
0x0005 rjnp ANA _COWP 1L LB B8 PR 6 B
0x0006 rinp  TIM)_COMVPA Ti mer 0 i A i &
0x0007 rjnmp  TI M)_COMPB Ti mer 0 ki B iR
0x0008 rjnp  WATCHDOG . B TARMEE
0x0009 rimp ADC ; ADC Hirifim &
Ox000A RESET: Idi  r16, |owRAVMEND); #2f
0x000B out SPL, r16 ; IREBHERIEST N RAMBYTRER
0x000C sei fERE AP B
0x000D <instr> xxx
40 ATEiNY13 m—————————————————
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1/0 ¥m A
43

ERBERET /0 HixO

2535D-AVR-04/04

ERBRAKF IO FERAN , I AVR IO IO MEEEEMNIE - X - BINEE, XEWKE
fl SBI 5 CBl ESRERLEEMN A RN FTELTEMREHMERMN B, @HEFS
BEEWNHHESIEED , TMERRKABTR  BEEEs) LED, FiEMmASIMEBEES
BELRW ERBEE, FERP ZRES Vo MtAEE |, &0 Figure 20 Fi R, HS A P112
BAAE " UTHREENSHIIR.

Figure 20. 1/0 S| EHREHE

pu

Pxn

Logic

Cpin See Figure
"General Digital I/O" for

Details

Py,

- - - - o .

AVENSESNUUBARIRR  NEN ¥ RREANFES  MABW ‘n” KK
NHWFE, ERERFEEERE, it , PORTB3 R THOBMWE I , MATHWE
A% A PORTxn., ¥E 1/0 FE[MAEXFIF P50“/0 i A FFE51HEE " o

BNROFBBE =N /0 FiEastbit : ZIEF 78 — PORTx, HIES @EF 78R — DDRx Fif
% ASIH — PINx. BIESESRNBELSOFERNE/ EFEFS  MxOWASIHAIR
BEEFSE, BREEHITENE , W PINk BEEE—UVEAZE "1“ SEXKIESE
BMENVOBIERAE "0 5 1“ IRXETIL, HFFET MCUCR B EHE HY PUD &1
BtRF A% O S| Ay £ h1 ea PR ER 4 AL Ak,

EREARZIORMNIFEOESA PAM“ERERARFI/IOMNIKO” . ZHIROSIMESSE
“REE AN , W0 P46 SmOMIE ZINEE " FiR. IS NS MERM EMAIHELL T f#F S|
K58 —Thiae,

ERERLSIMNE T 2FMEME TR —mONSIHWATERAKRF /0 BN,

wmAANEARNE LW BEHEIRE /0 W H. Figure 21 J3—AN1/0 3% A 5| BIAY R A,

AIMEL 41
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Bic i 51 B

Fefo| B

L PN E

Figure 21. @A =F /10

A

e ::L PUD
:II 7
2 Dl
DDxn
3. S
= L wox
RESET
F RDx
l/
| [92]
L D
1 o
P; nl—. Q Db
\I PORTxn |§
3.9 <
I [a)
RESET ‘ -
WRx WPXx
SLEEP '\r RRXx
l/
SYNCHRONIZER
|— —_————— ﬁ RPx
[>> D Qf——ID Q |
= | PIN: | L~
- |2 = |
|______| clkyo
- WDx: WRITE DDRx
PUD: PULLUP DISABLE RDX: READ DDRX
SLEEP: SLEEP CONTROL WRx: WRITE PORTX
Clkl/ol 1/0 CLOCK RRX: READ PORTx REGISTER
RPx: READ PORTx PIN
WPX: WRITE PINX REGISTER

Note: 1. WRx, WPx, WDx, RRx, RPx 1 RDx N FR—#OMNFIESIMEBRE —#M. ck,
SLEEP 1 PUD NIX PR K O &R 2 — R,

MR OSIMEBEE=/1%F1F:81L : DDxn. PORTxn # PINxn , #l P50“/O i% M & 1788
BB " Fii’Ro DDxn fuF DDRx & #7388 , PORTxn fiZ F PORTx & #7288 , PINxn fiZ F PINx
FER.

DDxn Aki&FESIBMN A B, DDxn R "1“Bt, PxnBER@H , SNEERNE A

SIMBECENMAR , & PORTxn v "1°, BN EBEPERMER, MRFEXMAXNLABEME ,
AL PORTxn B , ENXSIMEEN M. SMRESIMANSHES , BMEL
FIRBRHEIET,

YoM BN et & PORTxn 3 "1* , SIMBAHSESF ("), BN @ EEEF (109,

£ PINxn BB 58 "1” ¥k PORTxn {€ , 5 DDRxn HE X, X , SBI N AT AXRIKOMN
_1jo

7 (BMEA ) =2 ({DDxn, PORTxn} = 0b00) it B &% ({DDxn, PORTxn} = 0b11) Ffh
RS Z BT | EHEBERE ({DDxn, PORTxn} = 0b01) =i H{EKEBF ({DDxn,
PORTxn} = 0b10) XAMEXBRLXE—INKE, BE , LHNBHEFRERELANES
B, ANEETREFEERESErFmEER Emt, MRFERABERFTRXEF , AT
BEIE{Z MCUCR F1728/ PUD RZ PR O R EHI B,

EEmANBEELEFZRAVRECERENRE, AR XMEFESES ((DDxn,
PORTxn} = 0b00) s S B F ({DDxn, PORTxn} = 0b10) £ F RIS HR,

42 ATEiNY13 m—————————————————
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Table 19 5.4 7 S| EHIE S,

Table 19. iw O 5| IECE

PUD Ehre
DDxn | PORTxn | (in MCUCR) | 1/O i:] W8
0 0 X DN No B (Hi-2)
0 1 0 DN Yes | #4\ER e B HR AT S H BR
0 1 1 DN No B (Hi-2)
1 0 X L] No WHEET (RUEETR)
1 1 X k] No MESET (MEER)

BRES| B E R

it A fi & DDxn , &R AT LUES 32 BX PINXn 1225 KIRBSIBI 5, 1 Figure 21 FiR

PINxn BEEHE M SN SIZEAR T —NEH . R AT LB S 15 A 2RET 46
WA R BTN B EEEN BT 2 e T ERNES FRE. ERAREIAT
SER. Figure 22 HEBEIMEFNRASBHNFE, RAMBNMEBIERS BN Ly 0

*u tpd,min°

Figure 22. EUS| I ZIE R 0V R 5

SYSTEM CLK |' |' |'

INSTRUCTIONS X XXX X XXX X iz e X
SYNC LATCH e '
PINXn '
ri7 OxOOé X OXFE
4 tpd,max o
: tpd, min
:.4—}:

2535D-AVR-04/04

AIMEL
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THZESF— RSN THRAZERANER, Yot ESS N EABIEFEREXA
W M ESHSNESITUEREY , MEH SYNC LATCH E5MREXM R, &
BNENGESEREF  RAREREBENRENS EFRBIFE PINxn FF80 1t a
M tog min FTR . SIH ENESHRRIEBRT 12 ~ 1% MPRENH

o Figure 23 AT~ , AV IR TSI B PR EEERERE S out IREIES in 2EHE
—Neteh EHAR RIRR |, B0 nop EEF. out IEFENHME EFAREN SYNC LATCH 5,
LB ) 5 8RO AE SR B 8] t 9 — N REGEATHR,

Figure 23. B4R FHSIM BTN RS

SYSTEM CLK

r16 OXFF i

INSTRUCTIONS Y out PORTX, r16 >< nop >< inr17, PINx X

SYNC LATCH [

PINxn

r17 P 0x00 : X OxFF

p

A
Y.

a4 ATHNY T3 eo———————————————————————————
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Hrw A EENKEREER

RELSIHNLE

2535D-AVR-04/04

THNFERTOMEMKRO BASIOM 1, 5ESIM 23, ARFEIM 4 518
BARMA  FBENSIM4RELNBE, REFENSIMOKRERER, WETEHIY LR
¥ BRNERENBAAEIZEBEBAT —Mnop T,

SCRRBAERE

y EX EHEBEFRESELH L

s s O S/ HE R 7 e

Idi 116, (1<<PB4)| (1<<PBl1)| (1<<PBO)

Idi r17,(1<<DDB3)| (1<<DDB2)| ( 1<<DDB1) | ( 1<<DDB0)
out PORTB, r16

out DDRB,rl17

y K TEZFAnop #£7

nop

;. BEmO5IH

in r16, Pl NB

C R#GHIE

unsi gned char i;

|* FEXLHEHARESEFHL *1

1% im0 SIEER T * |

PORTB = (1<<PB4)| (1<<PB1l)| (1<<PB0);

DDRB = (1<<DDB3)| ( 1<<DDB2) | (1<<DDB1) | ( 1<<DDBO0) ;
I* K TEFEHEAnop #5751

__no_operation();

I* ZEREOS/IE*]

i = PINB;

Note: 1. EILmEFEERATHANMEFESE. HENENTEENMNEEIRNNERE. BEH
BEIMO0, 154, BEFAMREER , EXf2, 3HE, BEHEXANOS 1A
B,

#0 Figure 21 FRR , MEHAES (HBEBARENHA ) TS, Bl SLEEP
fESH MCU RIERSISEREBER . BBERUR Standby BR TEE | LB L%
WAREREINE A BEEE Vo2 FEEASHER,

SIBMER SN E P T AR SLEEP 55X M. BENAIHREEERE , SLEEP 550K
B, SIMIKY 5 = TheEFAERT SLEEP thib{ T3 = Ih&E 0 P46 i O E = Thae " B
R BB

MRZBEEHEE (1) HRE—MHIRER " £FR. THRASEMZEBFETLERS R
Rl " AR PRSI £ | BMEZ AN ED R TR AERE |, (B ERKERE X KR B2 R | 48
NMEAZHEIREVNEWE "1, XRENSIMEFERREER THHEME "0” BF, B
BESf2iE A 7SI FEM "0” B 717 B EE1L,

MRBESIMABRER  BUARESIHRF-—MNEAERT, BAMEXFTR | ERENRE

BATASHBHAFRARER  EERFTERLASIHRAHEN BT MERZZESH
EHERFEAFRES (4. TEERX. ZREX ) BEER.

AIMEL 4
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REENRIEAASIMERBERFN S EZRMEENT LN BEHE, ERIRNREMA
LA BREFRER, MREVNNDEHEHRERNZNEANR LR T BEME, T
HEEENARASIMS Ve 3 GND E# |, B IXH 7 sE 27 5| BB ARE 0 ot H B
i 8o

WA ME —Thee BRTBABFIOMAEZI , ASHiHNSIMEE S S =48, Figure 24 %83 7 M Figure

21 F{LEHNEOSIHEHESROMAHKE —HRIAN, XERERNESTHN
EFFERASIK  EXRBATUEARES TAVRRIAERFTER O S| —R%A.

PUOEXn A

Figure 24. SmO/ME —Thae M

PUOVxn
PUD
DDOEXxn
L DDOVxn
b3 g
3 o Q Dl
DDxn
E}T_
WDx
PVOExn RESET
RDx
PVOVxn |\[
I/
[%9]
fl 2
Pxn o0
o
PTOExn é
DIEOExn a
o< pIEOVXN WRx
RRx
SLEEP ™~
I/
RPx
I~
-2
clk o
= P DIxn
@ AIOXn
PUOExn: Pxn PULL-UP OVERRIDE ENABLE PUD: PULLUP DISABLE
PUOVxn: Pxn PULL-UP OVERRIDE VALUE WDx: WRITE DDRx
DDOExn: Pxn DATA DIRECTION OVERRIDE ENABLE RDx: READ DDRx
DDOVxn: Pxn DATA DIRECTION OVERRIDE VALUE RRx: READ PORTx REGISTER
PVOExn: Pxn PORT VALUE OVERRIDE ENABLE WRx: WRITE PORTX
PVOVxn: Pxn PORT VALUE OVERRIDE VALUE RPx: READ PORTx PIN
DIEOExn: Pxn DIGITAL INPUT-ENABLE OVERRIDE ENABLE WPX: WRITE PINx
DIEOVxn: Pxn DIGITAL INPUT-ENABLE OVERRIDE VALUE clk, o 1/0 CLOCK
SLEEP: SLEEP CONTROL Dixn: DIGITAL INPUT PIN n ON PORTXx
PTOExn: Pxn, PORT TOGGLE OVERRIDE ENABLE AlOxn: ANALOG INPUT/OUTPUT PIN n ON PORTXx

Note: 1. WPx, WDx, RLx, RPx I RDx X} F & —/Mis A K P A 5| i #8 & — # 89, clk,o, SLEEP A
PUD NI AIAE# R OME -, HMESRINE-ISIHAER.
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Table 20 N EFHEBTHME N . RAPEEAE Figure 24 WSIMAKEOEKS|, XEERES
EHECIhEEERT AN,

Table 20. E_IThaeEHE S —MIEA

B5EH £ % i B
PUOE EHrepR EWRESENM , LR BAFEFZET PUOV ; EILE
B R E7%&S , Il {DDxn, PORTxn, PUD} = 0b010 B} EHi e FH
8,
PUOV Ehreppe £ PUOE &1 , MIFi& DDxn. PORTxn # PUD &178%
BHE BAMIMMEE , PUOV B /BB Ehi s fAFERE / £
1k
DDOE BiERE MRESEN , NIz FEEEH DDOV ## ; it
B R E58% , W FEsEH DDxn F1EESEH,
DDOV BEEG® % DDOE &fY , Ul DDOV B{v / & F At Ik 3 £ AE
BEHE =)l | ARE DDxn H1EEEM01% B a1,
PVOE % O #UE MRXMEFEN , BmHIESNFERE , IWwOHIEH PVOV
B AL 4l ; EPVOEBSE , BRI , wOMIEHRS
1788 PORTxn #24l,
PVOV s O BUE % PVOE Bfu , WwOEIRERN PVOV , MTEFFE
BEHE PORTxn f{Ai& &,
PTOE WORRBEFE | & PTOE &I ,PORTxn HFiFSa{Uitm
e
DIEOE BERA MBEXMEEEN , HFMAFELEH DIEOV 24 ; &
(FEEEE e DIECE &% , BiFM AL MCU FIRAHAE ( EEE
=, BERER ).
DIEOV BFEmA % DIEOE &f{u , DIEQV B / FENKFMAFERE /2
fEREBEE IF, MAE MCU KRS ( EEER | ERER ).
DI BEBA RESHE_NENREZHA. EBP , INMEESE5BE
SMREE , HEERPEZH. RIEHBFHABERS
R, BNE—EEERNFERAECNES S,
AlIO BEMES B/ ml, E5EESSIMESEE  mATUA
WA/ FEXR 8% H o

THHR/LNTREEBEASMNEONE ZDRARBXNES. EEBESERXEC

ThRERI U BA

2535D-AVR-04/04

AIMEL

47

[-15013652265 0Q:38537442



MCU #:4|% %8 - MCUCR

Bit 7 6 5 4 3 2 1 0

I - PUD SE SM1 SMo - ISCo1 | 1SCo0 | MCUCR
®/5 R RIW R/W RIW RIW R RIW R/W
e 0 0 0 0 0 0 0 0

+ Bits 7, 2—- Res: ¥
REBAL, RBREREERE,
» Bit6-PUD: LR EH

Hizfu} 1, BIfE DDxn 5 PORTxn FHiFRBLENERE LB ({DDxn, PORTxn} =
0b01), /O kO LRI EBPEEEA |, ¥ P42“ BLESIK "

IO B ME=3haE %0 B W58 = 3h&E%I T Table 21,
Table 21. %0 B W2 —Ihee
%% 0SB E=Ihee
PB5 RESET/dW/ADCO/PCINT5("
PB4 ADC2/PCINT4®
PB3 ADC3/CLKI/PCINT3®
PB2 SCK/ADC1/TO/PCINT2®
PB1 MISO/AIN1/OCOB/INTO/PCINT1/RXD®)
PBO MOSI/AINO/OCOA/PCINTO/TXD®
Notes: 1. E{u3|H , ik /0 , ADC % AEE = 5| BIZE 1L F .

1

2. ADC i ABE RS HIEE (L R,

3. ADC M A& |, iiifiam ARSI BRI,

4. BIIRMmMA , EREE/ ITHESAMmA , ADC % AJEE 0 = 5| F i

5. BITHEHA BEULREREHEA HEEREERES/ TN PWMHH B |, SE8
AT 0 S8 5| BIZS (L AR

6. BITHEHMA BEULRBERFA RS ERES/ITHESHPWMH H ARSI
pdldeal

Table 22 5 P49Table 23 i 0 B 5 = ZhaEM B {E 5 W P46Figure 24,

48 ATEiNY13 m—————————————————
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Table 22. PB5..PB3 EE 5
g5 PB5/RESET/
&% | ADCO/PCINT5 PB4/ADC2/PCINT4 PB3/ADC3/CLKI/PCINT3
PUOE | RSTDISBL™" «DWEN™ | 0 0
PUOV | 1 0 0
DDOE | RSTDISBL(" « DWEN™ 0 0
DDOV | ik &% 0 0
PVOE | 0 0 0
PVOV | 0 0 0
PTOE | 0 0 0
DIEOE | RSTDISBL" + (PCINT5+ | PCINT4 « PCIE + ADC2D | PCINT3 « PCIE + ADC3D
PCIE + ADCOD)
DIEOV | ADCOD ADC2D ADC3D
DI PCINT5 A PCINT4 %A PCINT3 #i A
AIO RESET # A , ADCO #i A | ADC2 8 A ADC3 @A
Note: 1. 1 HIEFLuA 0" (ERRE)
Table 23. PB2..PB0 EEF
£5 PB2/SCK/ADC1/ PB1/MISO/AINA/ PB0/MOSI/AINO/AREF/
&% TO/PCINT2 OCOB/INTO/PCINT1 OCOA/PCINTO
PUOE | 0 0 0
PUOV | 0 0 0
DDOE | 0 0 0
DDOV | 0 0 0
PVOE | 0 OCOB 8¢ OCOA fE&E
PVOV | 0 OCOB OCOA
PTOE | 0 0 0
DIEOE | PCINT2 « PCIE + ADC1D | PCINT1« PCIE + AIN1D | PCINTO « PCIE + AINOD
DIEOV | ADC1D AINTD AINOD
DI TO/INTO/ PCINT1 # A PCINTO #i A
PCINT2 #i A
AlO ADC1 8 A EHLE B EE R m A B LR BT IE mH A

ATMEL
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Ll
I/O %% A F1F 8514 B
IO B HIEFEER - PORTB
Bit 6 5 4 3 2 1 0
- PORTB5 PORTB4 PORTB3 PORTB2 PORTB1 PORTBO I PORTB
®/B R R/W R/W R/W R/W R/W R/W
1IRE 0 0 0 0 0 0 0
WO B HIE S @EFFER - DDRB
Bit 6 5 4 3 2 1 0
- DDB5 DDB4 DDB3 DDB2 DDB1 DDBO | DDRB
®/B R R/W R/W R/W R/W R/W R/W
1NIRE 0 0 0 0 0 0 0
WA B W AS|Biti - PINB
Bit 6 5 4 3 2 1 0
- PINB5 PINB4 PINB3 PINB2 PINB1 PINBO | PINB
®/B R R/W R/W R/W R/W R/W R/W
B E 0 N/A N/A N/A N/A N/A N/A
50 ATt|ny1 S
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SAEB A B SNEB e M ST 2 B INTO S PCINTS. Ot & . REEALT i | EMEEIBIINTOSR PCINT5..0
BEEN@mH  REBFEXETEENTL , FlftiLft s, XMNMERIATARS= £ 54 F
W, (EBEPCINTS..0 S| Bk St & SIBIZE{L PCl, Wi/ S| YE R S| BIZS{t # A PCMSK
EF1F851% 4, PCINTS..0 WE|IHZ{LH IR RSR NN, thFi 21 |, X 5 e i e LR SRS
R M BERRAE MR B,

BFRE MCU 24578 MCUCR , AT A T &R, EAR , RERBEF AL,
IR EREHF ABB N EF AR , RESIHBERNE , PERET%E, HER INTO
EESTRAR LA RME , /O RESATHE , 0 P20 R RERE S ~ RBAHHP
o INTO BIHMTRARNERLSN . MR , XL I LA R SR 4 MR AR AR R
BB, ERERTRE (BRTZRAER ) B /0 FFRFIER,

FE BIEFARAKTHE , NTF MCU MNisBEXBRER K ERIIBFRE—EN
BfE, EBHEFEBTRATER , MCU #HHEE  BR&~=4£4M, BaetEfl P20° &
SEatsh R AHER IR TN ” PRI SUT 5 CKSEL B4 E X,

MCU ##|%## - MCUCR NIRRT IR BT 7R A 22 PR BURIR BRI S,

Bit 7 6 5 4 3 2 1 0

Il - [ pb | sE | sm1 | smo | - 1SC01 ISC00 | MCUCR
®/E R R/W R/W R/W R/W R R/W R/W
MHE 0 0 0 0 0 0 0 0

* Bits 1, 0 —1SCO01, ISC00: MRS X2 H 0 Bit1 5 Bit0

SAEBFR BT O FASIBD INTO BUR |, fN5R SREG Fi7aRHY | RS L M8 B4 A i Rk (2 B {2 Y
o AR U Table 24 PR, EARMILA BT MCU & SER4F INTO 5|1 LR BT, MR
BETHAMESANBFIRAMET N , BARFSENE AT — ot FH 8 Mo
RHPH, SRR TRERIEALKR DT, MREREEFMEFN , BAMBFELHR
FRHAE T HITEN.

Table 24. i O BURIEH

ISCO1 ISC00 | i%E8
0 0 INTO 9 {K e A 7= 4 R i R
0 1 INTO 3| EEZMB BB F T ER S & il
1 0 INTO B FEERF=E RS HHIER
1 1 INTO By EFHIRTF=EF T HHTER

AIMEL 51
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EAS M RE®HFFS - GIMSK

BATMRETESS - GIFR

Bit 7 6 5 4 3 2 1 0

| - INTO PCIE - - - - - | emmsk
®I/IE R R/W R/W R R R R R
HE 0 0 0 0 0 0 0 0

+ Bits 7,4..0 - Res: & 5

REBAL, ZBREREERE,

« Bit 6 — INTO: S\ EE T iER 0 {FEE

HINTOR ', MBARDSFES SREGH | 5B , NN SIB PR ERE T . &
W B BB F 424 0 £ 1/0 (ISC01 5 ISC00) RESUTREA LR, TR , E2 INTO £
kM, RLEMFRE , BIME INTO SIBMEEE MY L RESIMEBFELXE THENEL ,
FR BT AR A

 Bit 5 - PCIE: 5| B35 (L pifERE

M PCIEfRN "1, MEARSEEES SREG W | FrEEBN , SIMTLPUTERE, HREM

PCINTS5. oalﬁﬂltEaZFIﬂsHﬁﬁkq:&ﬁo WITHER B PCI EPttﬁfs:‘ir“o PCINT5..0 €3|I
PCMSKO & 17858 % Ih AL,

Bit 7 6 5 4 3 2 1 0

| - INTFO PCIF - - - - - | GIFR
®/E R R/W R/W R R R R R
NBE 0 0 0 0 0 0 0 0

+ Bits 7,4..0 - Res: & 5

REBN , ZBRERERERNSE,

» Bit 6 — INTFO: S\ ZBrhHf$r% 0

INTO S| Bifl B8 7 % £ Bh AR B} il &% AR T iE SR |, HE LA R AY A BTFRE INTFO. 1R SREG KL
|LA&G|MSK$T¥%§$EFE’JEPH3&E§E&|NT0j9 1" ,MCU BBk 2 Y RO &, 3 A

MRS EE 2 E RS EHEE, A, FERBETUETEA 17 FES. % INTO
BLEN BT RUES , ZARSIRLET.

 Bit 5 - PCIF: 5|3 {t hMiHRE
Y PCINT5..0 EE= 5| M F T i & hHiER , PCIF B "1”, & SREG W1 | & GIMSK

FEaRM PCIE 8 "1”, MCU BIBb R EIAE MY P T E &, A PRSI BT 2 JFiZiRS
HEEE. WA FELETLETEA 1" FES.

52 ATEiNY13 m—————————————————
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SIMET(L R T E88 - PCMSK

Bit 7 6 5 4 3 2 1 0

| - - PCINT5 | PCINT4 | PCINT3 | PCINT2 | PCINT1 | PCINTO | PCMSK
®/B R R R/W R/W R/W R/W R/W R/W
HE 0 0 1 1 1 1 1 1

+ Bits 7,6 — Res: &%
REBAL , ZBREREERE,
* Bits 5..0 — PCINT5..0: S| 1Z&{LERERR 5..0

£ PCINT5..0 (iR 2 EEREMBM /0 SIBZ{LF T, & PCINT5..0 5 PCIE %1%
B, ARSI L i, & PCINT5S..0 556R , W2 FHAERIRY SIBIZE 1L R i,

AIMEL 53
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B85 PWM IZhEEM 8 1
ERES /188 0

Hires

T/ICORBA S ERMSE/ITTHEEER AR MIVMNHmELERE T  BXEPWMIIEE, ©
REBHENPITHNESRESE, HEERIOT

s AMNd AR E T

s XEHFRELEREFER

« BREREREFNERENSE (H3MR)

« TFHER , HAEFEH PWM

- A% PWM EH

« WRRER

o =N AR (TOVO, OCFOA & OCFOB)

Figure 2579 8u € B 25/ 1T B 2R KV R {LAE B o SKERSIRIBEFIESEP1“ATtiny 135 7 51 M
CPUR LAF EIYI/OF f728 , SEM MM | SUBEE R, /IOFFHRMUMNLESTP658
L ERTER / ITHERTFEHRNEA "

Figure 25. 8 i T/C 51EHE

Count TOVn
Clear (Int.Req.)

Direction clk, Clock Select

Edge
A ' Detector

' v VY ( From Prescaler )
A Timer/Counter 3
<-.>| TCNTn — p—

OCnA

t ¢+ 4 e

*— Valuo ”’(lm.Req.)
— > Waveform
Generation

DATA BUS
o
s}
D
3
®

\ D o

T/C(TCNTO) #l % i tb B ZF 7785 (OCROA 5 OCROB) 71 8 (U & 1285, FHIER (BFEE RN
Int.Req. ) (S5 EER B h MR E 725 TIFRO #ERM, FIA DUTAR o] LUE S E /Y25
W AR F 2T TIMSKO B idi 1T R BA&E%AE TIFRO 1 TIMSKO,

T/C RI AR T 4 471 25 B A BR A $90R3E 30 , & RBI TO 51 A9 A ERRS 80K IR B o A4
EFREZEERZFERAB— DRSS A8 kEM ( HEE )T/IC HBE. MREE
EFREHR T/C A THE. ATH R ERE i i E 0 E RS 23R4 clkrgo

TR i i LR EF 7788 (OCROA 5 OCROB) —E5S T/C WEE# TR, LLBRHER
ATARM4E PWM K |, % H LRSI OCO L= |, 20 P56° fi tH LR
BT HEARYARRE . HER B S AR R BV L BRARE (OCFOA 3 OCFOB), Ith#7& A LA
7= 4 LR R T R

EXHFSHFEFRRASMUBANBART. MEN " BRT T/ICHWFS , FEILED
70, PEN X BATHELRETEE , FHEANEEAR B, BEREEEFNEMRE
ARmE , FlanfEA TCNTO RifR T/CO it#eEEE , 5.

sa ATHNY T3 m——————————————————————
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Table 25 WESEAF £ X,

Table 25. & X

BOTTOM | it#k&8it%I 0x00 BtEPAZE BOTTOM,
MAX THERER 1T 2 OXFF ( +3t IRy 255) BYENIA E MAX.
TOP T ERESIT 2T U 5 & RERTEIIA R TOP, TOP E A LN B E & OxFF
(MAX) , 2 TH 1785 OCROA EMEE , EABHIEERBE
T/C By Bt iR T/C A LA A EBE S it sp SR AN ER AT 4P IR B . AT 4D IR 2 AT SR IR IRIB IR TERY | TR SR ik

BEEMMT T/C 24|27 1785 TCCROB KA i%#R{Z CS02:0 #4IM, P71“T/C MM
22 Wt RS0 5 E 1 R ER,

AL T 8 TICHEELN % H RBHI N AT EE T, Figure 26 BN AT E D BRNER,

Figure 26. itHEE THIER

TOVn

<« DATABUS . (ntReq)
# Clock Select
bl P T oo [ "
direction
B ( From Prescaler )
wion| s
EEUHE (NEES):

count f£ TCNTO hn 1 & 10

direction EFINBESRERE.

clear JBBR TCNTO (HFIEWALBEE ).

clky, TIC #9ad4t | clkr o

top KRR TCNTO ELEE T HAE,

bottom &R TCNTO 24k E 7 &/ME (0)o

2535D-AVR-04/04
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AHLERET

BETENTEERS , ITBBRHXE - cky ZIES. M—=E—8%E. clky, THHA
REBET EP IR R AN SR BT R4, B4R IR CS02:0 BE, %A ER 4R
(CS02:0 = 0) EBTRREMF L, BRFEHEE clkyo ,CPU #HALLiFE TCNT0, CPU Big
LT BER EAIRME (BT, RRE) WIEERS.

IT#FF5IH T/C #5788 (TCCROA) B WGMO01 1 WGMO00 K (TCCROB) ) WGMO02
SRE. THBIHHITHASHELER OCOA HEFEEBHNXR. BXITHFIIMEF
FENFAEEESE P59 THEER ",

T/Ci% i P ETARE TOVORIEWGMO1:0 iR E M THEMENKIZE, TOVOR AAFF=4CPU
BT,

81 LR BRI TCNTO R 4 i L R B 788 OCROA(S OCROB) # 1Tl R, —BETCNT0E
F OCROA =% OCROB , Lt RBRAEHEEES. EEHEAEN T —NENEFA R E R
LR FRE OCFOA( =% OCFOB) By, FULATMEMAPUTFERE , CPU N4 tR+
#ro HITHHTIRS 2 F A OCFOA( = OCFOB) BZ1iEE , REBEIHHE "1” WARFKE
F, RITEH WGM2:0 F1 COMOx1:0 EEMN T RN TEER , BKEAERFNACRES~
£ TFENEF. BT, B ALESEFA max F bottom S5 KA BIRE LY TS HIE
R (P59 THEERK "),

Figure 27 A LR B TR S ER,

Figure 27. WLt RETHIER
DATA BUS

P !

OCRnNX TCNTn

iy iy

| = (8-hit Comparator ) |

OCFnx (Int.Req.)

A

top >

bottom | Waveform Generator

1]

WGMn1:0 COMnNX1:0

1 OCnx

FOCn S

2535D-AVR-04/04
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Bl R

E TCNTO #/EFHE I BRI R

SER LB T

2535D-AVR-04/04

5 PWM #E3NBt OCROX FESB/ANEHEFFES  MAELEE TEEXMTEMESER
WMEHINEEREEIERY . WE A LU E #T OCROX 1785 5 top = bottom BRI EH#2 K |
MBS L= RS FRE PWM Bl | SEBR T TRkt

177 OCROx HEESERRRBRESR , HXT AR, FEEXNE HINEERT ,CPU 17 R AY 2 OCROX
EhEEER  BIEXNE P IEER CPU B RIANIZE OCROX & &,

THETFIE PWM ERXET , AT LUEE XY 58 % B LR FOCOx B "1” AR R=E LR T
fii, BEILLETETSEN OCFOx it& , BFLEH / FEERES , B8R OCOx o|MR
WEH  FREMNAET HLREE —# (COM01:0 RE OCOx 2E&fL., FE , &L "0°-"1”
REZL ).

CPU X TCNTO FZSSMNERIESET — N EN R4 E R L LR ICE A & &£ | BIfEIE
NERSEELXFLET ., XM LIRS OCROX #1A{tAES TCNTO HEIMEBEMT
fih & FR BT

HTFEEEERXTE TCNTO #HHET —/NERSRHEAHER I HRITE | EFEAHH
bR etk ZE TCNTO MAaB XK , Fit T/IC WHNRBHEEITES. WREAKN TCNTO K
BEZT OCROx , HREEMMEKRT , ERTFTEBHN R LA EL R, XLl , FitH
BHTEFITHETESN TCNTO EAZ T BOTTOM iR,

OCOx HiRBNZERERIESOFEFR A TH. ZFEMNIRE OCOXNHEREZE
B TR ARG EHER FOCOx, BMFEEHRTRFEAEENNT OCOx HFES[/LL—ER
BEEeniE.

EE COMOX1:0 MELBRBUEEBTENE HFH ., COMOx1:0 By SR {F I Bl A K.

AIMEL 57
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HEB P far H 2 T

gE RN MBI £

R EEER 2 EL COMOX1:0 EENEINAE, B X EERFA COMOx1:0 REET —
IR LB U ER & A5 B B9 6 EEBOIRAS (OCOx) ; COMOx1:0 iE 4341 OCOx 3| i 1S S K
Ro Figure 28 33 COMOx1:0 i B MM E{LIBEER. 1/O FFER. /0 LM 1/0 3l
BB AER TR, BFRAETE COMOx1:0 EIMAER 1/0 wHOEFZF8E (DDR
PORT). % R OCOXRASAEH RN EBOCOXEFZET , M A ROCOXS| . R EIETOCOxX
HFEEET.

Figure 28. bR ITHEHH ¥ T/ RER

—D

COMnx1
COMnNX0 Waveform D O
FOCn Generator
o 1
> OCn
OCnx o Pin
A
»D Q
% L
m PORT
<
K
DDR
clk,q

R COMOX1:0F 2R F ,BA 1/0 O ThEERFBUK T2 & 4 85 49 fa i LB Zh sE XK., 1B OCOx
SI R AR R 5 DR BIE 5 16 5 785 DDR 2, M OCOx e il & &\
T #HETT @ F 7251 DDR_OCOx (o Ff it SIMiRE N . WA TS KRR ERNTH
BATLX,.

i L BUZ BB YR T SO OCOX RASTER 2 BT B K3t TH A L. X ZR L COMOX1:0
RERBLAT HMBRERE | ¥A P65°8 {1 EBTE / ITHRBHFFH/NHEA ",

BEAESRFA COMOX1:0 WAEEEBEERN, CTCEXMPWMEXTEHEMRMXS, Xt
FrAEWESR ,i&E COMOX1:0 = 0 RIALLRICE X £ KA EBZTLIRIE OCOX HE
82, EPWMERXH LB HiES N P65Table 26 ; tRiE PWM By L84 H 7R T P65Table
27 ; MNE1E PWM B L 7E P65Table 28 Bk,

& COMOx1:0 FEMEAKTEEMNE —RXLRTE. ¥T3F PWM EX , AJUBE6E
A FOCOx 33 BNF= 4 3R o

58 ATEiNY13 m—————————————————
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TR

EEEN

CTC( bR EEmrREEENR )
BX

2535D-AVR-04/04

ITHEER - T/C MEHLERSIBNTR - AEFEAEESR (WGM02:0) &R HER
(COMOX1:0) Wi RE, LRAEEEXNTITHRFIEEEE |, TRE~EERXT 1T
FHNAEENE, COMOx1:0 24 PWM 2B N RFKt. IE PWM #ERX et COMOx1:0
BERHEESNZELRER X ENEN, BFE , AR2EFEUR (P58 LR ICE i H %8 T
e

BN FERESE P63“T/C BfFE " Z Figure 32, Figure 33 . Figure 34 5 Figure
35,

EZBEN (WGM02:0 = 0) A E&EEMNITHEER, EHEXTIHHRE T EwE M, it2 8
e B RERE (TOP = OxFF) , B THEG H T e f £ iR E B &/ME 0x00 EFHFF
o £ TCNTO REME —NERTESATEHE T/C B HFRE TOVO B, AT TOVO ERR
Fo, RRREEEN , T2BEE. EHTENSHIHRSEFEEEZIES TOV0, B
WA BN RESENEN I HER, EEBERATSEALEERKRERN , AP
FERT B AFH T EES BB,

WHLRE T UANRST LR, ERFAEEESBRN TR AR HLRR~ LR B
hixeEAAZH CPU BHE,

#£ CTC #= (WGM02:0 = 2) T OCROA FEEBRA T AT ITMBRN DR, Mt HENK
B TCNTO % T OCROA B} it #2875 F. OCROA EX T it#25#4Y TOP (& , FRENiT KR40
YR, IMEXNESAFTUREZ HIZH LRTER MR | LT ABSH4I
HEvRE,

CTCHERA AT FE A Figure 29, ITHEREETCNTO —EENE TCNT0 5 OCROA TEE |
RIS TCNTOBS,

Figure 29. CTC XX FHE

OCnx Interrupt Flag Set

TCNTn /

OCn
(Toggle)

/

N |

(COMNnx1:0 = 1)

Period I 1 I 2 I 3 I 4 I

FIFA OCFOA ¥R& AT LATE TR ES MEIA T TOP B4 i, EPMBRSEFETLUESR
TOPHIB{E, H FCTCHEIEENE HINEE , FEIT B AL D MR RIKMN T2 MEE T
ERBHRSF TOP B h#EIE BOTTOM BN E D, MREAH OCROA HENT
L TCNTO BOERE |, ITHEFELX—XHERER, T —AERERELAEZH |, TTHES
FTETREITHEIRKE OXFF , AREEM 0x00 FAit#ZE OCFOA,

RTECTCEATHBERFHE  TLLRE OCOAES AL RICE £ £ REBEET,
XA LUBE & E COMOA1:0 =1 REMK. EHILIRE OCOA iz al , BAERHIKO
BB R A SR 0B AR foo, = Ly 0/2 (OCRO A= 0x00). S
MTARAEE - -

foi 1o
5N -(1+OCRnx)

fOCnx -

TENARMADMETF (1. 8. 64, 256 T 1024),

AIMEL 59
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BE PWM #E3

EEBEXT , TOVO fREHNEMREEITHEEMN MAX Z R 0x00 A9 E R 25 Bt EH /A M.

BRiE PWM X (WGM02:0 = 3 5 7) ATARS~E£ S PWM KF. RiE PWM EXS
Hi PWM B AREZAR2EERFTESR. 1THESM BOTTOM itZl TOP , RiF 3L
ENEZ BOTTOM EFHFE. 2 WGM2:0 = 3 8t , TOP {5 OxFF ; ¥ WGM2:0 = 7 &
TOP{EN OCROA, X FE B LB M HEL |t H LB 5| OCOXxE TCNT0 5 OCROx &
EAES , £ BOTTOM R B ; N FrmbtEmEES |, OCoOx WalEEFHENR. BT
FRATERFER | RE PWM R K TR AN EMIEE PWM EXE —
. LEMBESEESIE PWMERX+2EESTHRFT , TR DAC A, &M
ALUR/NAER TS (B, B ) WYBRYT , N ERSGE R A,

THEFRE PWM ERE , ITHREENBE—EENE TOP , RAREEEN — N4 EH
BT, E4KEFESR Figure 30, BAFAIRE TCNTO RRX 22D FIIRE, HERR
REETEZEN PWM B HRREB PWM #HiH, TCNTO fl3% Y EKF L% KR OCROX
F TCNTO B9 LEEBR T o

Figure 30. & PWM &6t 7B

OCRnx Interrupt Flag Set

OCRnx Update and
TOVn Interrupt Flag Set

AN

N\
\\\\\
N
\\

o A,

OoCn (COMNx1:0 = 2)

OCn |_| (COMnNx1:0 = 3)
peiod |~z s s—opi—|

THEBRBUEIR R TOP BY T/C iR Hi#RE TOVO EfL. MRAPMIERE , &P MRS ERF T
EHLRE.

THEFHRZEPWMERE | LB % T A LAFE OCOx 51 M L% PWM K /2, i& & COMOx1:0
N2 AL EEEBN PWMES ; 1 3 MR B=4 &k E PWM KR : & WGMO02 & & ,
®E COMOA1:0 fzR "1” foifF ACOA SIMFRBILERICE, ZETXT OCOB SIHIFC3K (
2, P65Table 27), BEAB7E 5|l LB 2% HE51E S8 OCOx HEIE A EI&E R .
FE PWM RFEHIHLE R OCOx F17887 OCROXx 5 TCNTO EE A& (HEE ) , AR
EiTHESES (M TOP &R BOTTOM) B — N ERT BSR4 AHIES (REIL ).

Wi PWM SR AT B M T AN ITESE

; _ oo
OCnxPWM N - 256

TENARRDHMEF (1. 8. 64, 256 | 1024).

OCROA HFEHENMEAEMNKXRIRE PWM ERXHW —L45%IE R, & OCROA £F
BOTTOM |, %i i HI 7 EMAX+1NE BT 884 B HAM B kT ; OCROAFIMAXET | 1R1E
COMOA1:0 MR E , W EN S EFERIKETF,
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BT % FE OCOX E LL R P At #1712 B B8 T HUR (COMOX1:0 = 1) , AT LAfS B 5 2=t H 50%
MERES. OCROA N 0 BHESBREME f o = foy 1o/2. EMFMRLT CTCEKX
TH OCOA X #B4E , FRIZAE FRE PWM X EBNEH,

AIMEL 61
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IS IE PWM R

MAEE PWMER (WGM02:0 =1 5) AAFRE T — M RESBEMMLIEE PWM K
RS %E. WERXE TR ERE, It EE M BOTTOM it TOP , RJ/E XM TOP
FREZ BOTTOM, 3% WGM2:0 =1 Bt , TOP {5 OxFF ; % WGM2:0 =5 &, TOP
fE57 OCROA , E—MEVLER M HEERT |, Hitat8sE TOP ITHRIELXRLET TCNTO 5
OCROXHY L ,OCOXFEZNEBTF ; MAEITAIEREBOTTOM I HEIE R4 T TCNTO
5 OCROx Wt , OCOX FEBNUNEEEF, TETFROHmHLRENEFHR,. SEH
WIREAELE , MR BIRETTRENHEAMEE)D, ERTERHHEYE , +9ESTFEN
7,

TR M RINE R TOP , RAEFHRMITH. £ —NEN RN EAHE TCNTO HES
F TOP., RFE SN Figure 31, B TCNTO WEREAERERT , UiHBARFHE
B, AEEAHEEATEE PWM Wi HFRE PWM i, TCNTO R L/ MERK
7~ OCROx 5 TCNTO K Lt Pe i

Figure 31. {8 E PWM EXH A FE

OCnx Interrupt Flag Set

OCRnx Update

TOVn Interrupt Flag Set

¢
-t
¢
-
¢
-t
¢

>

w NN

OCn

(COMNX1:0 = 2)

(COMNx1:0 = 3)

L_|
OCn |_|

|

|

~ 1

Period I 1 2

H1tafEAE BOTTOM BY T/C i AR TOVO BALo BLFREN AT AR £ #f

THEFHMIEE PWMERXE | b3R8 5t 7 BAfE OCOx S| Bil™= 4 PWM 5K : i COMOx1:0
RER 2 ~4EL BB PWM ,RE COMOx1:0 7 3 £ K E PWM 58 : & WGM02
fIig & , iREB COMOAO 7 "1” fBiF OCOA S| B4 # B bR ITHEL, ZETXT OCOB 3| i
T (S M P65Table 28), B8 1E 5| i) LB EfM HE S E L TF OCOx WEIE A EZE N
#HH, OCROx # TCNTO LbRICE X AR OCOx HIZR N~ £ NN BEEREMIRE ,
M=% PWM KF. THETHRUEEEREN PWMRZRTHTRARIKE

£ - fclk_I/O
OCnxPCPWM N-510

TENRTMDMAF (1. 8, 64, 256 5 1024),

OCROA BB FMERK THMMBE PWM ERXHW —LEKBER, EZ8BPWMER
T , & OCROA & F BOTTOM , i tH —EREFRNIKEF ; & OCROA EF MAX , #H
RERNESEFE, kB PWM ERXNEFHER.
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£ Figure 31 B9 2 NEAH , BRRBERELREE , OCn tBHHI T —MNE ENEAYBE
., HEHNRRIDKAE BOTTOM MRUEIX o &ﬁttﬁ@ﬁﬂﬁ'}ﬁfﬂiﬁ’ %/RAH:H)”EJEI

# Figure 31 Ff 'R ,OCROA FIE M MAX 27 R H i #h#E. 2 OCROA BN MAX &Y , 3]
B OCn Mt H RIX 5 AHERFIEHRLEREENERER. T RIERFEE
BOTTOM B AIFIF5 | 24 T/C BIERE RN MAX B , SIH OCn W% X 4SS R EH
BRI R 2 R

EREEM—1 Lt OCROA BHETFFRIEH , HEMEXRT —RLRER., RERHLS]
ARE OCn HNABTRENIR,

T/IC RFHE T/IC RES B B EE clky, TR R IS ELEES M TR R, BREHET
PR SIR BRI AT B, Figure 32 £l T EARM T/IC TERF , UK THAEE PWM
R 2 A E R MAX B8RS,

Figure 32. T/C NFE , T2 s

w 0 L7 L1 L

clky,
(clkyo/1)

TCNTn x MAX -1 MAX BOTTOM BOTTOM +1

TOVn

Figure 33 FT R AMERK TIERF , BB 2.

Figure 33. T/C B{FE , M MBRN Ty 0/8

e i s
(c?iﬁl% F r

TCNTn MAX -1 MAX BOTTOM BOTTOM + 1

TOVn

Figure 34 4AH T &M T (B T CTC X )OCFOX # B 18R , & OCROA 3 TOP,

Figure 34. T/C B{FE , OCFOx BfI , MO SABRN fy 0/8

oo ML
(cfiﬁln& F r

TCNTn OCRnx -1 OCRnx OCRnx + 1 OCRnx + 2

OCRNx OCRnNx Value

OCFnx

AIMEL 63
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AIMEL
Figure 35 4511 7 CTC X 5HRZE PWM £ T OCFOA EfIF TCNTO BERHIER , HA
OCROA 3 TOP,

Figure 35. T/C B{/FE , CTC &= , D MERNA fy 10/8

e« [[TUULUUTHUUUUU UL UU U Uy Ut
o F r

TCNTn

(CTC) ] TOP -1 TOP BOTTOM BOTTOM + 1
OCRnNx TOP
OCFnx
64 ATtl ny1 3 |
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8 L TERT 8% / TSR T f7a8
#9154 BA

T/C #4I5F88 A - TCCROA

2535D-AVR-04/04

Bit

®I/IE
WaE

7

I COMOA1 | COMOAO | COMOB1 | COMOBO

R/W
0

R/IW

5 4 3 2 1 0
- - WGMO01 | WGMO00 I TCCROA
R/W R/W R R R/W R/W
0 0 0 0 0 0

 Bits 7:6 —- COMO01A:0: 3@8%IfHLLE A

IX PR 2 6 Hi LU S| B (OCOA) IRZS. 2R COMOAT:0 REDHF - Ef , OCOA fi
HERSHMARN /10 ONE&ERONEE, BEIZHLMIRES OCOA #K#) DDR ¥ ,
SRAEEREH H IS,

% OCOA S 3|HI#EEX , COMOA1:0 fu B ZhAER WGMO02:0 L ViR B RE., Table 26 4
% WGMO02:0 17i& 5 CTC # = ( IE PWM) Bf COMOA1:0 A ThEE,

Table 26. LLRHEEN , 3F PWM EX
COMo1 cCoM00 | itEA
0 0 EXEMIEORE , T5 OCOA HiEE
0 1 R ICH & £/ OCOA B
1 0 H B LR & 4 B OCOA &R
1 1 Ho LR & 4 B OCOA B

Table 27 441 T 24 WGMO01:0 i& & Jy tR3E PWM #E X 5t COMO01:0 KIZhEE,
Table 27. bR HER |, RE PWM 1 (1

Ccomo1

COMo0

L

0

0

EEMRHORE , 75 OCOA HiE#E

0

1

WGMO02 = 0: EEHI%ORE , 5 OCOA HiERE
WGMO02 = 1: tbER Ll % 4 B OCOA Hix

0

HRITE R 8 OCOA EFE , 1T E| TOP &t OCOA Ef

1

R PTEL & 48t OCOA &1 , iH#(Z| TOP Bt OCOA BE

Note: 1.

—MEHERE OCROA £ T TOP , H COMO1 B, M AT ELER P fl 4% Z 86 | itk
2| TOP B} OCO By BhESE B K, ﬁé%. BiES N P60 RiE PWM E 7

Table 28 4 H 7 2 WGMO02:0 & & A IS E PWM #E 6t COMOA1:0 B9 ThAE,
Table 28. LR HER |, B E PWMER ()

COMOA1 COMOAO | 88
0 0 EERRHORE , 5 OCOA HiER
0 1 WGMO02 = 0: EEMIRORE , 75 OCOA MHiEH#
WGMO2 = 1: LbER L & 4 /Y OCOA HUR
1 0 EAFUTHRNEELREERESES OCOA ; BFITHNEELE

PLECF E {1 OCOA

ERFITEAT X ELLREE R E L OCOA ; BFITHN £ LK
CEFEE OCOA

AIMEL
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—MNEHE R E OCROAZ T TOP , B COMOAT B, AT LR ITEF 4 2 RS | itk
Z| TOP Bt OCOA HIBIERE BN, FMELIESN P62 HAIEIE PWMER ” ,

 Bits 5:4 —- COM0B1:0: k&t HiE= B

XEEARE T HRPUE & 4 B4 S| B OCOB MY B, HNR COMOB1:0 iy —{us £ 2f
#EH , OCOB WALk ICEi M HA AR BT I, BRtEA BB EIREN 1 UL
WHIKEES.

4 OCOB E#ZEIYES|IM Lat , COMOB1:0 W IhEEMK I T WGMO01:0 % E. Table 26
LT H WGM02:0 RERE E’fi_tj?, CTC =8t COMOB1:0 By Zh&E.

Note: 1.

Table 29. LRMWHER , Ik PWM ERX
COMO01 CcoMo00 | i%E8
0 0 EEMHOBRE , 5 OCOB HiE#
0 1 KR ITE & 45 OCOB BUR
1 0 8 It E & £ A OCOB BE
1 1 H8 ol & 4B OCOB &k

Table 27 451 7 & WGMO02:0 iR E N RiE PWM it COMOB1:0 K ZhEE,

Table 30. LERHHER , RiEPWM ER (D
COMO1 COMO00 | i%BA
0 0 EERRHORE , T5 OCOB HiEE
0 1 R
1 0 LR ITE R 4 6F OCOA BT , 1T ZE] TOP &t OCOB Efx
1 1 LB P ER & 4Bt OCOA Bz , T8 Z) TOP &t OCOB &&
Note: 1. —MEEIER 2 OCROBEZ T TOP , H COMOB1 B{v, LAt LB G4 20 , itk

Z| TOP B OCOB HIBIEREE M, HMERIES N P60 I PWM ER
Table 28 4 7 % WGMO02:0 & E N #11& E PWM = Bt COMOB1:0 HyZh&E.

Table 31. LbRAHER |, HAUEE PWM ERK ()

COMOA1 COMOAO | %M

0 0 EENRORE , 5 0C0B HiEHE

0 1 RE

1 0 EAFITHR X ELREEFES OCOB ; BEFITHE X £ B
CEFE R OCOB

1 1 EF RIS & £ LR ICEFE L OCOB ; MRFFITERT X4 b
CHFEZS OCOB

Note: 1. —PMEKERE OCROBZ T TOP , B COMOB1 B, AT LI P El IF 4 20 | MitEk

Z| TOP B OCOB HIBIEREB N, FMERES

+ Bits 3,2 — Res: #&

RE

L P62 B {&1E PWM *;‘t o

ZREREENE.

 Bits 1:0 - WGMO01:0: B =&

XF {5 TCCROB & a8 H #Y WGMO2
REEBMRE , I Table 32, T/C EXFMNTHERRE | EFERX (1TH=R),

R, RFE# PWMER (R

—REETT BRI RIRF | i HERHN TOP &
CTC
P59“ THEEX "),
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Table 32. JRFF= 4 1% BH

2535D-AVR-04/04

OCRx E | TOV #5&
Mode | WGM2 | WGM1 | WGMO | T/C TH##= TOP 5 wE ()
0 0 0 0 E¥ OXFF hva:l MAX
1 0 0 1 A IE PWM OxFF TOP BOTTOM
2 0 1 0 CTC OCRA hva:l MAX
3 0 1 1 PR PWM OxFF TOP MAX
4 1 0 0 *E - - -
5 1 0 1 HEE PWM | OCRA TOP BOTTOM
6 1 1 0 *E - - -
7 1 1 1 HiE PWM OCRA TOP TOP
Notes: 1. MAX = OxFF
2. BOTTOM = 0x00
AIMEL 67
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T/C #4158 B - TCCROB

Bit 7 6 5 4 3 2 1 0
| FOCOA FOCOB - - WGM02 CS02 Cso1 CS00 | TCCROB

®/B w W R R R/W R/W R/W R/W

HHE 0 0 0 0 0 0 0 0

» Bit7 - FOCOA: B4l HE A
FOCOA X WGM #5883k PWM #E X Bt F B Ko

BR , ATRIESKRBMANWHREY , £FEH PWM it , E TCCROB EXNEESES, XH
E1fa, BEAEREIEFTHREREE, LETE ML SIH OCOA fFiZ8 COMOA1:0
BB HMENEET, EEE FOCOA XL — M iFES , EEXREFMHE L REER
9 2 COMOA1:0 iR E.

FOCOAT 25| RAEAH I , B F2EFAOCROAENTOPHCTCEN TX ERI 2R 1TE
FHRE,

& FOCOA H9IREEKIZE R 0o
+ Bit6 - FOCOB: ##lmH L& B
FOCOB X £ WGM 1588 JE PWM E X Bt F B,

BR , ATRIESKRRBAHFEYE  E£FER PWM i, E TCCROB EXHEET., WH
B1jE, RERERMIUE#ITHERIRE, LERITH M H 51 OCOB Fi&H COMOB1:0
HIREHR LN BT, BEE FOCOB KL —MBifFES , EIEX 58 Hf H L BEAER
# = COMOB1:0 MiZE.

FOCOBAR &S| R{EAF M , b FRAERAOCROBEANTOPHCTCHER TX EN25#H1TE
EHERE,

¥ FOCOB HYIREEKIZE R 0o

 Bits 5:4 — Res: {#8&

RBH , BEERE,

e Bit3-WGMO02: =& ER

M P65“T/C #4255 1F85 A— TCCROA” Fii A,

* Bits 2:0 — CS02:0: B4pikiF

X={ A FEER T/C WEtHIR,

Table 33. B¥PIEFR{IEEA
CS02 | CS01 | CS00 | 88

0 0 0 Trtsh , T/ICRIE
clkyo/1 (RETS )
clkyo/8 (REM S 4R )
clky /64 (R BTAZ 4HizR )
clk;o/256 ( REF DR )
clk;o/1024 (R E T2 $2] )
B4 TO SIRMAA |, FRERALK
B4 TO SIRMRA , EFRfLR

R T/CO EMASNERRTEY , BIE TO MEEN AL , E LNBET(MAKEN KR
MAX -FHTEI R 2RI

0 0
0 1
0 1
1 0
1 0
1 1
1 1

A O~ | Ol | -
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T/C 4788 - TCNTO

Bit 7 6 5 4 3 2 1 0

| TCNTO[7:0] ] TenTo
®I/IE R/W R/W R/W R/W R/W R/W R/W R/W
HE 0 0 0 0 0 0 0 0

BE T/C et IEEX TR 8 VBIEHRITEREIL A, X TCNTO FFHRNEILH
HET - HELELREER, FIHHRRSTHIRFEHR TCNTO WRERTRELR—
X TCNTO 1 OCROx Yy LB PLEE

AEEBRFEFESR A - OCROA

Bit 7 6 5 4 3 2 1 0

I OCROA[7:0] I OCROA
®/B R/W R/IW R/IW R/W R/W R/W R/W RIW
HHE 0 0 0 0 0 0 0 0

AHERFFRDE - S UNHKIE , TRM ST HREREE TCNTO #THR, TEE
R AT AR SR 7= A it EER P T, S0 R SRAE OCOA 51 B4R .

WHERFEFRB - OCROB

Bit 7 6 5 4 3 2 1 0

I OCRO0BJ[7:0] I OCROB
®/B R/W R/IW R/IW R/W R/W R/W R/W RIW
HHE 0 0 0 0 0 0 0 0

AHERFFRDE A S UNHKIE , TRM ST HREREE TCNTO #THR, TEE
R AT AR SR 7= A it EER P T, S0 R RAE OCOB 51 B4R .

T/IC R R#FE 1787 - TIMSKO

Bit 7 6 5 4 3 2 1 0

I - - - - OCIEOB | OCIEOA TOIEO - I TIMSKO
®/B R R R R R/IW R/W R/W R
HHE 0 0 0 0 0 0 0 0

+ Bits 7..4,0 - Res: & &
REL , BEEERE,
» Bit3 - OCIEOB: T/C i L& TE B FHiERE

¥ OCIEOB FfIRSFFEN LB P MEAN | R "17 8, T/C W H HLRITE B hHiE
BB, M T/C WEELRITHE &4 , B TIFRO ##Y OCFOB E{uRT , FHTRZ B FBURNIT,

+ Bit 2 - OCIEOA: T/CO % tH LL B Pl A B fERE

% OCIEOA MRS B FENL B PMEEES | Z87 "17 8F , T/CO Bk H ELERITEL A H T
fE8E, 3 T/CO M HLRILE &4 | BD TIFRO H#) OCFOA Bt , R RS EF BT,
 Bit1-TOIEO: T/CO &t rhi ke

U TOIEQ MRS B ERN B UTEREA | #7 "1” 5t , T/CO By AL, 2 T/CO
ZERE , BN TIFR Y TOVO VEMLE , FETIRSZEF BT,

T/CO R FrE 4788 - TIFRO

Bit 7 6 5 4 3 2 1 0

| - - - - OCFOB | OCFOA | TOVO - | TIFRo
®/IE R R R R R/W R/W R/W R
HE 0 0 0 0 0 0 0 0

+ Bits 7..4,0 — Res: &5
REN , BEERNSE,

AIMEL 69
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« Bit3 - OCFOB: ik BHR%E 0B

4 T/C 5 OCROB( % i Lt R F 7785 0B) WEELRT , OCFOB Bfl. LL{UEHMIARSE
FEEHET , WA UNEE 1 kKES. ¥ SREG F#I{z |, OCIEOB(T/CO tb#& B ILEL
T ERE ) F1 OCFOB FE LAY , RETIRS R FBEIHIT,.

 Bit2 - OCFOA: SiHLLEIRE 0 A

4 T/CO 5 OCROA( fi B Lt R ZF 1785 0) WETE A , OCFOA B, MWV DM RZSEF
BE4ES WO LUNEE 1 KEE, 4 SREG FM{I I, OCIEOA(T/CO b Fuit 5 i
{F8E ) A1 OCFOA BB At , PHFRZ B F B EHIT,

« Bit1-TOVO: T/CO it irE

LK T/COGRHE , TOVO EfL. MITHREMNFRSEFHMESHES, Ltk , TOVO
A B E 1 REE. 4 SREG 9z |, TOIEQ(T/CO /& H I iEAE ) A1 TOVO #E
fIrt , FETRSEFBEINIT.

ZARERIEERET WGM02:0 I BYiZiE , S Table 32 , P67 R F=4HMi%E ",

ATHNY T3 eo———————————————————————————
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T/C ¥ #iss % CSn2:0 =1 1 , RERZBATSHERER T/C TR | Xt E T/C KEHMRM iR
fok o » SREMBHFAEEE. MOMBTRBE 4 PTFREHRHES fo 10/8-
fCLK_|/O/64‘ fCLK_|/O/256 Ei fCLK_|/O/1024°

o smas E M MER RIMIIEZITH, BRI  HIBEMY T T/C NatER S8, BTHMOMET
2 T/C Rt RHNE Mo HRNRSTELT S M MM A BTLXHNER, —
MNRB Y B F R £ E BT BREREH BT MR BN (6 > CSn2:0 > 1) AYBHR : MITEIBRAE
BERISE —RFT LRI IRATEETE R 1 B N+1 ANRENEHEAM , Hh N ESTHIHEF (8.
64. 256 = 1024).

BRENMDHRREL T/IC SRFETR AR,
S ER IR F TO 5| EMR K9 S-SR A 44 5R AT LARA4E T/C 8444 clkrgo SIME LS B BE SN R 19 A
XI5 TO #ATRE, REFED (X&) FHIETLBKLNEF. Figure 36 44H T TO [

SRESLARNZENNRERGER. FEFHAPRENE ok, B LBERESD.
LRt N EE , BiFER W ABFERN,

CSn2:0 = 7 B a1 248 M B — AN IEBE AR 4 — A clkpy BKOF ; CSn2:0 = 6 B — Bk
TRF=E A clkyo B

Figure 36. TO S|BIR#*

A ,
™ D QP @ D D Q :}» (o
Select Logic)
(=T |
clk

110
Synchronization Edge Detector

M T 5 LRSS0 N BN EE , SIM T1/T0 ENBEFZRFEELR 2.5 3 3.5 4
REat s BB S Re it BRI ITER

bR R ALRE TO REREED — M RGN ARETRHIT , BNE~%
Hix T/C BHERBP R ERE o

ARIEEBHRE , AP TEDRRTF N RENS B, £5Z=HA 50% B
NIRRT IR A TN TF REHIMEH — ¥ (feon < for 10/2)e BATFILRRMIBERANZ
REX—F%E , CRERNBINABNM RS ZEREMEN —¥ (Nyquist REEE ), A
M, BTiER%8 (RAF. BIRES5HE ) AFREFTRNRENGMEREZHNESR
BUSERHNREMEBRIEKRT fy 10/2.5

SAERE R T IE AT 2 S 2R o

AIMEL g
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Figure 37. T/CO % #i&%

clkyq >

10-BIT T/C PRESCALER
Clear

CKI/8

CK/64
CKJ/256
CK/1024

PSR10

TO

l«— o
<
<

Y Y VYV VY VY VY

CS00
CSso1
CS02

TIMER/COUNTERO CLOCK SOURCE

clkyg
Note: 1. HAGSIH (TO) WELIBEN Figure 36,
EA T/IC #FIFFE - GTCCR
Bit 7 6 5 4 3 2 1 0
| Tsm = = = = = = PSR10 | GTCCR
®/B R/W R R R R R R R/W
MHE 0 0 0 0 0 0 0 0

e Bit7-TSM: TIC BF#ER

TSMIE"1"BET/ICRASER . FiZERXT ,REBAPSRI0MHE , \NTRFERAHTR
PMBENES., XRIET/CHER , HEENTLAHIRIBINXK, X4 TSMUE"0”,
PSR10 uHHEHEE , B T/C FFEit¥.

« Bit0 - PSR10: T/CO Ti% fgg & (i
BT T/CO D IMEE . £ TSM REBEMA , BREEXEX—VHEHBEHES,
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Bl RS BB BERT TE AR AINO BB S 5048 AINT B9 /TH B, 34 AINO k98 H 5138 AINT
FHEEEEN | EE R ENEE ACO BNE, iR A RA S 2N / it
I 1 EARRIA, A KREATMEECETAN. MM, B aLUER
HRE RN FFN. THEME RS0 RAL hHf, Figure 38 HHREREA

EEEERNER,
Figure 38. il LLEBRER @
BANDGAP
REFERENCE VCC
ACBG l
ACD —/—>»
ACIE
AINO
+ ANALOG
N INTERRUPT COMPARATOR
e SELECT IRQ
AIN1 —Eﬁ— T T ACI
ACIS1 ACISO
ACME
med ) —
ADC MULTIPLEXER ACO >
OUTPUT® Nl
Pl

Notes: 1. I P75Table 35.
2. BB EESIMEEE N P1Figure 1 5 P49Table 23,

ADC BHIRRETFFH B -
ADCSRB Bit 7 6 5 4 3 2 1 0
| = ACME = = = ADTS2 | ADTS1 | ADTS0 | ADCSRB
®/B R R/W R R R R/W R/W R/W
hE 0 0 0 0 0 0 0 0
 Bit 6 - ACME: i\ Lb e E FARR AL
HiZLE "1” H ADC % (ADCSRA Ff ADEN 5 0), ADC £H B R EL LR T
WA, HiZMNE"0", AIN1 ERELILREBA A A, F0 P75 B LLRBZHEMA " -
BB RREFEFS -
ACSR Bit 7 6 5 4 3 2 1 0
| Aco ACBG ACO ACI ACIE - ACIS1 ACISO | ACSR
®/B R/W R/W R RIW R/W R R/W R/W
NRE 0 0 N/A 0 0 0 0 0

» Bit 7 - ACD: il RERER

ACD Bt , LS80 BRI T o ] ATE (R BHR IR B b R R IR B LR S . X
ALUR SR G THERERNRERER T, % ACD Ikt , #FESE ACSR F1FEEH
ACIE {U3RZ IF SN LL B BE i, B ACD k3Bt Al gE & 7= 4 e ff

» Bit 6 — ACBG: EZFEL L R[N EEBREAR

ACBG & "1” J5 , B H\Lb B8 /Y IE R4 A BB ERERR E AR FTELX . ACBG iEE ,AINO £
AR LR BS B E AR Ao

+ Bit5- ACO: E{lLLBEaHH

BELLRBENAEAIELSES , BEEES ACO, BFMA 1-2 mHhEHIMNIER,

» Bit4 — ACI: EEl LR P MIRE

AIMEL 3
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MRS mEESA L TH ACIST R ACISO EX N HHERET , ACI HE4HE A, [
B ACIE §1 SREG BFS8EMNLBPMicE | LB , FAEBLLREFMRSEFEEB
1T , E ACI HEHEE, ACI BAILLEEE 1 kEFS,

» Bit3 - ACIE: il L BB P i fERE

HACIENMHE 1 BRESFESPNERFMIRE | b BN BN L& 28 P M BURE.
BN PR EE I,

+ Bit2 - Res: £

REN , BEEERNE,

» Bits 1, 0 — ACIS1, ACISO: 1\ L8R8 Fh e =\ ik ¢
XFALEEBNS4 AL EL LR B PR, Table 34 A T FRIMIRE,

Table 34. ACIS1/ACISO iZE

ACIS1 ACISO Gt BN
0 0 teBER S HH AL BN AT b & FP
0 1 RE
1 0 EEBRBR A Y T BROR = A R T
1 1 bR A LR = T
Lok ACIST/ACISO fuRt , HJEIE BBk ACSR B 1788 P AL AR LR T, BNH
AL T RS & I,
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B REEZHEMA A3%$% ADC3..0 TSI MER BB LR BN AMBA . ADC S FASaRMm AL |
ZIKERT , ADC S, Bl kee s ARy (ADCSRB Z178F ACME i )
i%EH ADC < (ADCSRA & 1788 ADEN H=E ) , ADMUX B MUX1..0 B2 E L
EE iR ASIHD , &0 Table 35 Fi/R. & ACME ;5= ADEN &1z , AIN1 4E7 L EE /Y

AR Ao
Table 35. Bl L& A %R
ACME ADEN MUX1..0 Hl kR AaREmA
0 X XX AIN1
1 1 XX AIN1
1 0 00 ADCO
1 0 01 ADC1
1 0 10 ADC2
1 0 11 ADC3
BFmAEHFFERO0 - DIDRO
Bit 7 6 5 4 3 2 1 0
- - ADCOD ADC2D ADC3D ADC1D AIN1D AINOD I DIDRO
®/B R R R/W R/W R/W R/W R/W R/W
IR E 0 0 0 0 0 0 0 0

» Bits 1, 0 — AIN1D, AINOD: AIN1, AINO i@ AZH

HZME "1, AIN1/0 SINBFRMAZFER, ANNSIHEFFRMCNTE. = AIN1/0
SImARNEUES AERERRFRA |, ZUE "1” UREHRFEAZHNIE,
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- 10 (UEE

e 0.5LSB WL ME

« +2LSB MMAFIEE

* 13 - 260 ps KYF:HRAFE]

o BABEEARZ 15 kSPS

- MBREALmEAEE

- MWEMEALZIEE ADC EHK

* 0-Vec B ADC S A BB FESTE

- %M 1.1V ADC B EBE
o ESFERRAREHRER

* EX MR BB MA KN ADC FREE)

+ ADC i R b
- ETEERER KR 4|88

ATtiny13 5 — 10 (I ZFREILE ADC, ADC 5— /N4 BEMEL 2 E ARIERE 8
KB O B KOS iRE A BER TR, RiRBERAL OV (GND) fERE#,

ADC B — M RERIFEE  UBRERRIEPHAZ ADC WEERIFIEE. ADCH

HEE N Figure 39 Fi7Ro

FREMEN 1.1V WEESESR Vo, KT EHZA.

Figure 39. REFMEEHER

ADC CONVERSION
COMPLETE IRQ

INTERRUPT
FLAGS

ADTS[2:0]

i
<

{

u|w
22 15

»
'
T 0

ADC MULTIPLEXER |

ADC CTRL. & STATUS | |

ADC DATA REGISTER

(ADCH/ADCL) |

ADC3

ADC1

ADCO

MUX DECODER

SELECT (ADMUX) REGISTER (ADCSRA)
A SA A
L 9943 ¢ g

»| TRIGGER LDT
»| SELECT <
Y Y
Y_Y

PRESCALER [¢——
START
Y Y

CONVERSION LOGIC

Y SAMPLE & HOLD

COMPARATOR
10-BIT DAC

ADC MULTIPLEXER

Di
ADC2 Di
Di
Di
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R

B o
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ADC EEZEEN S E R ANENEE#RR— 10 HHBTR, BIMERE
GND , BABRE Voo : 1.1V SEBE,

Bl ABE R LUEE B ADMUX FE8H MUX fIRkiERE, £ ADC S ASIH , #RA
LAES ADC B 2wt Ao

ADC B ADCSR 17281 ADEN {{#fE, £ ADENZ Bl , SEZHEESHMABEL . X
ADEN jEER , ADC&EIE , BB EHR AE BEKX XA ADC,

ADCHIE RN 100 , FHTADCEIEFFEEADCHRADCLA, RIAMBER THBLLER R
AX3F , B A@T % E ADMUX 17286 ADLAR 25 X1 5%,

MBERFRERENT ERERESMNNERREE HLAREEIADCHREE T,
ANFES5%E ADCL , Bit ADCH , MRIEBRESFFHRPINANBIRE —RERNER, — B
4 ADCL , ADC NHIEFFHRNITURMMBELT, b2 , EEADCL 2/5 , BIfE
£ ADCH 2B X BE— X ADC B &R , BRSFESNBRBLTFLEN , NARIET &
BRERTE%R, ADCH #igH 5 , ADC Bl E)XifE ADCH & ADCL H178.

ADC R 45 3R] LAt R Fhiff o BIAEFR T H#MR R £ EREADCHSADCLZ A &R ADCTE
ELRBETERS  HELEXRTHRREE |, FlRAR.

B E ADSC LB AR 1 REF KR, ZUEKRSBEPHBREN 1, SHRRTREZM
B0, AERREBPEEZHHIERE , ADC FENITEELIR AL REMR,

BB BHTENRAZ A, i&E ADCSRA 1738/ ADATE UfEREAZIMA. AR
R ADCSRB ZFZ83#9 ADTS fIHVIRERRE ( WAX ADTS LM BLER ), HikFAIAL
RESEDRHI , ADC MDMEREN , BB, XHFBMNATUXIE E KRS 38
FER, BRREREMEESNREL , BB ER, IRERRIEHMER
FEEHARMEDR  WARHEZE, X5, BIEMNMNFIHEASE SREG F I UEF ,
FUIFRENRRE, XHAEXEHMBER TARER, AMSTUERPMIREAET
— R R AT SRR BT RY B4

Figure 40. ADC B3It K218

ADTS[2:0]
—— P PRESCALER
START CLK ioe

ADIF — ADATE
SOURCE1 — L

***** 5 } CONVERSION

,,,,, LOGIC
S T EDGE
SOURCE n DETECTOR
ADSC

fFH ADC FliIFREEN AR I ERSE — R ERERBIEFFRIFHELR, ADC#
AEEZEHES  THRHESEHR ADC BIRFER. F—XNHRS4IESE ADCSRA F
FHMW ADSCUE "1”" KB, HIZERXT B SEEURT ADC HlfFrES ADIF

= =55
=EEF.

MRBEEREEHAAK , B ADCSRA F1788#) ADSC 5 "1" BH£RHER, ADSC ET
ARBUREEERTHR, BLRRBBIARHRNES  EHRHTN , ADSC B
B
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Figure 41. ADC % #i25

ADEN
START Reset
7-BIT ADC PRESCALER

CK — P

CK/2
CK/4
CK/8
CK/16
CK/32
CK/64
CK/128

-

Y V.V Y

.
.
-

ADPSO
ADPS1
ADPS2

ADC CLOCK SOURCE

RINMERT , BREEBEREE—M 50 kHz T 200 kHz W AR IR BB ABE.
EZERT 10NN BE , ADC S ARHIMEESFTF 200 kHz , BUEB S REE,

ADCHERBE—NM DR , CALTE I ADCH 1, ADCSREF2:# ADPS1\
BTMRAFE—NEE 100 kHz HE S K ADC B s AE S, 2 5sR M ADCSR &F
T72RH ADEN L Ef1/53) ADC #FF #it#. ADEN B TR S sz RIFIZH , & ADEN
N 4 B8 Ao

HHIE ADCSR #9 ADSC ViR ERH EAMTTIE. MRERAZDEE , ¥IRFE ADEN &
BENE-NLEARED,

EEHHREE 13 ADC 4 AH, ADC {£#E (ADCSRA F 1783 ADEN B ) FHIEE
—REMREE 25 N ADC B4+ EH,

HEBEN ADC IR H , REREFERRBIZ/EM 1.5 ADC BT ; ME—IK
ADC MR RFMNREERREN 2 FH 145 M ADC R th. HIRERF ,ADCER
WiEA ADC BIEEF 785 , B ADIF /5B, ADSC ERNEE (R REHKRER ). 2FH
H AT ABIRE L ADSC #7& , MTITE ADC 95— EHR B3 — X iR

YEA MR  HAMREFHIAN  MoMBEM. IREMMEIERREHE -
LEMNERN, FZERT  MARES EARBEEMN ADC B8 FHH X SREFRE
NEZEFBE=FINE CPU Bt FH,

EEEEBERT Y ADSC B 18, REHEHR—ER | T—REKRD EFH, ik
{8 L Table 36,
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Figure 42. ADC B1FE , 5 —IRER (RREBREN )

| ‘ ‘ | | |
Cycle Number ! 1] o2 ‘12‘13‘1‘4‘15‘15‘17‘18‘19‘20‘21‘22‘23‘24‘25! !1 | 2|3
wocoos A LT LMY ML LML LML L L LT LT LM LA LA LU
| ‘ 1 | | |
moEN ] : | | : : :
ADSC ' ‘ I ' V7
| ‘ ‘ | | |
ADIF ! L ! | !
woon  TIITIIIITIIT (LTI T T TIITTTITITEDK S s of mesi
apcL / /J‘ ! / /)1( LS5 of Resut
e O VAN
Figure 43. ADC RIFHE , Xk
One Conversion Next Conversion
Cycle Number i 1| :2 | 3| 4| 5| &| 7| 8] o] 10 12] 12| 13i i 1] 2] 3

presintyiizininginininiginininininlslylinlin
ADSC W [ W‘

ADIF i i I
won T T T T T T T T T T T 7T 7777 K Sqran wss ot mesu

woct 7777 T T T T T T T T 77777 Pk s ormesu

(—\ I
Sample & Hold Conversion / K MUX and REFS

MUX and REFS Complete

Update Update
Figure 44. ADC RFE , Bahfll & i
One Conversion Next Conversion
[ 1 1 1
Cycle Number . 1] 2| 3| 4| s| 6| 7| 8] of ] 1] 12| 13| o] o2

ADC Clock :ZZZZZZZZZZZZ $ 1 gzzzzzzzzz
Trigger 7 1
Source 4/

[ I I I
ADATE J ol !
[ 1
ADIF L ) .

ADCH /111111 T />:< Sign and MSB of Resut

noce /11T T T LT T T T DK LB ot Resue
_/> 4\ <—\Samp|e& / <\Prescaler

P ! Conversion
rescaler Hold Complete Reset
Reset

MUX and REFS
Update
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Figure 45. ADC 7@ , EL& iR

One Conversion Next Conversion

<

1 1
Cycle Number lll 12| l3| ll |2| 3| 4|

ADC Clock $ t

ADSC ! !
| |
ADIF [

|

|
ADCH L177777777 DK sign gnd MsB of Resuit

ADCL 77777777777 LSB of Result
I T
Conversion /> <\ \ Sample & Hold
Complete MUX and REFS

Update
Table 36. ADC #:iaF (A
Xt &R (BIERE
Stk R ateh A RI%R ) ¥aptiE ()
£ —IR iR 13.5 25
EEHR 1.5 13
H 3 il & iR 2 13.5
80 ATtiny1 3 ]

2535D-AVR-04/04

TEL:15013652265 Q0Q:38537442



e tiiieta AT tihy 13

TLBEERE LR

ADC A E#E

2535D-AVR-04/04

ADMUXZEFEHMUXn S REFS1:0 Y &£ 4 )45 CPU AT BEYL G | BV I Bt B 1785, X AR
BEREHERAREHRREN T HT. BESEEEREXRBII—EEH. —B
BT BEREMAERME , RIE ADC BRERERE, ERQRERITNEE—
ADCHI AHFIIREEH, T2 ,EADSCEAFGHNE—NADCHS LRz, &2
WA F 1 ADSC EA— ADC i EAHIEBEX ADMUX E A EE SR EHIERE,

MRFERABEFMAES K TEHEEMEASHNEBERE, HEH ADMUX FiZ8 B4 5
L0, LAER I TR IR B AT S B i,
% ADATE 5 ADEN I RE | Ui SRERt X £, Bibatth3E ADMUX F1288E , NFTE
BEFRIETHHRE, EUTERT TR ADMUX ZEFH :

1. 4 ADATE = ADEN &Z&

2. HiRet  MAEREL— ADC R ERE

3. HMERE , EHREFREER L RBUERE,

Y ADMUX EA EE—MIER THEF G , FREFET —X ADC HRFE M.

HUTBEEEER , AFREENATERL , RIEEREBHNBEE

BRERERT  ERRRINEREE, BEEEHE ADSC EA "1 jF—4 ADC B4
BHERANE. REMENAEREINRRERFATEERE.

ESERRERXT R KRINEREE, BEXEHE ADSC EA "1 J—4 ADC Bt
BAHETRANE. RMENFERSIHRNEREATRBERE, AT T REREL
Ba31E3 , HERtRRATANBELRRE, HENERERRETHEELE,

AIMEL 81
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ADC BEE#

ADC & 7 5l 2%

ADC ZZ B[E (Vrer) 44 HADCHIRSEE . B iRBEET Vegr B4 REFILOX3FF, Vigr A
A Vee , BASEABE 1.1V , 8 AREF S|SB E, HEE#EBERSZHE—IXADC
HRRERTRETAR , BUAFEE,

ADCHYIZ N HIBSEE T LAEREIRE R T T  MMEBESR T CPURARIIOREE
FOIAWE I, REIFISETHE ADC BRBREXREREXNTER, HTEAX—#H4
NEBUTSE
1. TE ADC BL## , AR L4 THEERS., TEEIANZN B XK | #A
ADC ¥ &5 R h WAL,
2. HAADC BRIEER (RZEWER ) —B CPU #i#ERe , ADC EFF i,

3. MREADCHMRGE R AHMP M™%  BRLADC H HRF¥%EE CPU A
1T ADC HRERHUMRSFEF, B1E ADC BRI HibF U CPU B
B, MHATHET , 2 ADC HRiRERE74% ADC HIRERPHiER, CPU
T —MREESHITRERFEERN,

AR, HHAKBEEXN (BRZERERXS ADC BFEHIHEIEN )ADC T2 BEZIXH. B
AFE# AKREERX I ADEN 50", LR EIIFE,
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Bl A B BmBE R EL R A BRI Figure 46.. NERE M ADC W ABE , f AZ ADCn
MEMESHIZIEIHERRHAEENTE, A ADC HEABER , EUESRELY
AT —/NEREREME (M ABEBENAS B ) W XERE (SH) B85,

ADC £ 34 BR L4 HHPEHUEEIE T 10 KQREPHIRIBES M T L. N TXENE SR
B A LRI, EESEFESHEN , BARFERBEMEURTX S/H BRFTBAIA
o XAEYEARERLRA. BAFEARHEAREER{CEEBHRINES  BAXT
BUR A3 S/H B R K BB it i

MRS T REHBIR (fapc/2) NESRICERTEM—MNEE , XA A SU# %A A Al
MESBRERNAE, HIEESHMAZ ADC 2Bl & A — MEBIR KR KiBiE S5

5.

Figure 46. &1l A B3%

1..100 kQ

ADCn W\/
I

Cgqy= 14 pF

AIMEL 83
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BRI B AR

ADC BETE N

RENBRABHORF LML BT (EM) , NTTRWEDNENEE. WRE
MEEERRS , BATUBIY AT HERBDEFS
1. RElBRBEHT. RIERMESEKUTEM M £ HEECNSEETRE
BFESLDTT.
2. £/ ADC BFHHIZRREFERE CPU B TIHRFE,

3. MRE ADC mOBAERFHE , BAKARIIEERRFTIRPENTS
BETHR,

—N n (LM R IH ADC ¥ GND 5 Vi ZRIMNE B ERIRRK 2" 4 (LSBs) TRNEHTF
B, J/NNERBER 0, RANEIRIBA 21,
LTFNASHERT SBEBRZENRE :
"% 58— IR ¥ (0x000 F 0x001) SEA#iRk (0.5 LSB) 2HIMRE=. BEER: 0
LSB,

Figure 47. RBIRE

Output Codeh

————— Ideal ADC

Actual ADC

Offset.
< Error”

Vger Input Voltage

BRiRE  BEREZG , &E—IXF% (OX3FE Z| Ox3FF) SBEER (ZRAEBEALT
1.5LSB) 2 AINREEI N EmIRE, BEEN 0LSB,
Figure 48. B&Rix=E

Output Code A Gain
Error

————— Ideal ADC

Actual ADC

.

Vree Input Voltage
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BAAJELME (INL) . RERBRERRECRE , MASGRERSERRRZENEXR
RZHH INL, ¥EFE{E : 0LSB,

Figure 49. E{kKIEL M (INL)

Output Code &

NI

----- Ideal ADC

Actual ADC

.

Vgreg Input Voltage

E 75 IEL M (DNL): SZBRIB T (R MBIL $5# 2 (B MRS [E] BE ) S IR 10R8 5T (1 LSB) Z B /Y
m=, Hit{E : 0LSB,

Figure 50. =4 JE4 1 (DNL)

Output Code A
Ox3FF

[ ’—|
_yitsBl
| o™
0X000

0 Vger Input Voltage

BUIRE  HTRABERE(LRERUNEE K EMNCENBARE (1LSB) i
BANMEEHHE, BLIREERN +0.5LSB,

BXNRE  ERGRER (RERRE ) SERLRRCENEARE. HRE. BRI
= EPRE, FEMREMIREMR. BREN +0.5LSB,

ADC #igER B RS (ADIF 78 ), B4 R1F A ADC 4R %1758 (ADCL, ADCH).
BREMWNERNT
e < V- 1024
VREF
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ADC ZTi&iR2E 78 - ADMUX

XA, Vy AEEFSIMB M ABE , Veee NSEBE (SR P86Table 37 5 P86Table
38), 0x000 XFTAEL BT , Ox3FF REKFTIESE BENHER = 1LSB,

Bit 7 6 5 4 3 2 1 0

| - REFS0 | ADLAR - - - MUX1 mMuxo | ADMUX
®I/IE R R/W R/W R R R R/W R/W
HE 0 0 0 0 0 0 0 0

+ Bit7 - Res: 8
BB, BEEERNE,
» Bit6 - REFS0: 3£ B Ei%#F

W Table 37 Fi R , BEX/LUALLUERSERE, IREXRIBHUXR T EMNNIRE ,
RESIHRHMER (ADCSRA Fi73H ADIF B ) 2 FHEF SEER.

Table 37. ADC ZEBEEEF

REFS0 SEBEREF
0 Voo ERE#ISESBE
1 BRELESEE

* Bit5—- ADLAR: ADC ®#¥4 8 AXF
ADLARZIMADCH: & RIEADCHIBEFTES PN ERR . ADLAREHEIRERNE
FF, BMAEFF. ADLAR WA ADC HIEFTEENHNE , TiEREA
BREAEHRT,. XRTX—UTEFIRENL P87°ADC $hiEZ 1785 — ADCL & ADCH” ,

* Bits 4:2 —Res: & &

REM , BEEERE,

 Bits 1:0 — MUX1:0: #£UEE %24

B IX LI AIRIE |, AT EE S ADC BRI A B 1TIER | i£ 0 Table 38, MR EH

MEBHHREXUVAE , BARB R HIRLE R (ADCSRA F 172547 ADIF B ) FHH
REFT BN

Table 38. W ABE %R

MUX1..0 BiR@A
00 ADCO (PB5)
01 ADC1 (PB2)
10 ADC2 (PB4)
1 ADC3 (PB3)
ADC #HIMRSFTERA -
ADCSRA Bit 7 6 5 4 3 2 1 0
| ADEN ADSC ADATE ADIF ADIE ADPS2 ADPS1 ADPSO0 | ADCSRA
®/B R/W R/W R/W R/W R/W R/W R/W R/W
WIBE 0 0 0 0 0 0 0 0
« Bit 7 — ADEN: ADC &k
ADENENENEZIADC , ENADCINAER F, TEEIRT R R AADCHK S BN A 1E IEfE# 1T
Ry,
+ Bit 6 — ADSC: ADC FF 4%
86 ATt|ny1 S
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ADC BiE& 1788 - ADCL &
ADCH

ADLAR =0

ADLAR =1

2535D-AVR-04/04

EyREmER T | ADSC BSF/E31—k ADC i, miELERERT , ADSC &L
NEshERER, £—RE#R (£ ADC B3Iz /FE ADSC , EEMHAE ADC HERE

f ADSC) FE 25 I ADC B89 @H , MAREERR TH 13 . 5 —IREBRHIT ADC

DRI T,

ERGHITIRPIRE ADSC BREER "17 , ERI#RE R, ADSC BESF=LEEMF
1E,

e Bit5—- ADATE: ADC BHaifill & f58E

ADATE B /231 ADC B3I itk ThEE, MAE S M LR B3 ADC i, ik E5RE
¥ ADCSRB ZF1Z23H) ADC fit % 5 5 RIE B ADTS RiE,

+ Bit 4 — ADIF: ADC Hlfi{5%

£ ADC B4R , ERIESESR/EENS , ADIF EfZ. IR ADIE & SREG ¥M£F
FRRTEERENL | thiEf , ADC BIRLERPMTRSEF BB UINIT , At ADIF BHES, It
S, BB EEREE 1 RE ADIF, EXEMNR , MEX ADCSRA #1Tik - 5K
- BiRE , BALASL BN RIS EIE, XtBERTF SBI X CBI R,

 Bit 3 - ADIE: ADC HlififEgs

% ADIE K SREG WI{i | B , ADC 4k 5 b i BN 080T

 Bits 2:0 — ADPS2:0: ADC T4 S B8k 4% 41

HIXJLAREERSER S ADC AR 2B 5 HEF.

Table 39. ADC i 5 $iik %

ADPS2 ADPS1 ADPS0 PHEF
0 0 0 2
0 0 1 2
0 1 0 4
0 1 1 8
1 0 0 16
1 0 1 32
1 1 0 64
1 1 1 128
Bit 15 14 13 12 1 10 9 8

- - - - - - ADC9 ADC8 ADCH
ADC7 ADC6 ADC5 ADC4 ADC3 ADC2 ADC1 ADCO ADCL

7 6 5 4 3 2 1 0
/B R R R R R R R R
R R R R R R R R
NHE 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
Bit 15 14 13 12 1" 10 9 8

| Apce | ADC8 | ADC7 | ADC6 ADC5 ADC4 ADC3 ADC2 | ADCH

AIMEL 7
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ADC B #I5IREFFEHEB -
ADCSRB

BFWm AZEHFFERO0 - DIDRO

| Apct ADCO - - - - - - ]| apcL
7 6 5 4 3 2 1 0
/B R R R R R R R R
R R R R R R R R
MEE 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

ADC R G RjG , RREARFTIHANFERZH

BEHUADCL 2 J5 , ADC ##2% f78s —EE S ADCH th 1% i o A LURTRIRE R
b, MREMERNEXTT , BERWBETST 8 45 , MAXFRE ADCH 52
7. BMHH S E ADCL Bk ADCH.

ADMUX ZF1E25H ADLAR & MUXn ¥ MERERERRBETESTINRTIAR. IR
ADLAR A 1, BBALERRNEXNTF , RZ (REHRERE ) , ERNEXTF.
« ADC9:0: ADC ¥t 8

ADC ¥R | ¥ P85ADC HIRER "

Bit 7 6 5 4 3 2 1 0

| - ACME - - - ADTS2 | ADTS1 | ADTSO | ADCSRB
®/E R R/W R R R R/W R/W R/W
MEE 0 0 0 0 0 0 0 0

» Bits 7, 5..3 - Res: &* &

REM , BEEERE,

 Bits 2:0 — ADTS2:0: ADC Hzfil &R

% ADCSRA F 1785 ADATE 1B A "1” ,ADTS2:0 %1% ADC ¥yt & R . & ADATE
SEE | ADTS2:0 WiRE LT M. BUEPUIIREN EFARARE IR, T2 A—MERHN
BERIE - M ARENRBIRS , AL —MNTHR., —BiRE ADCSRA FESHEM
ADEN 1% , H&E3h—R#i#%, BIE ADC FHitrEiRE B EIELER (ADTS[2:0]=0)
TR Al & 5540 o

Table 40. ADC Bzt R FIERF

ADTS2 ADTS1 ADTSO0 il & IR

0 0 0 PSRN

0 0 1 Eil b es

0 1 0 ALTHPETIER 0

0 1 1 T/C LERIEE A

1 0 0 T/IC & H

1 0 1 T/C Lb Bt B

1 1 0 S| BIAE (L P RS KR
Bit 7 6 5 4 3 2 1 0

| - - ADCOD ADC2D ADC3D ADC1D AIN1D AINOD I DIDRO

®/B R R R/W R/W R/W R/W R/W R/W
BE 0 0 0 0 0 0 0 0

» Bits 5..2— ADC3D..ADCOD: ADC3..0 i\ AEH

88 ATEiNY13 m—————————————————
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HzE"1"  ZERMNKN ADC S| Fm A SN, TRy S| 7B L RN "0
Y ADC3.0 ANKIES K BEFAFERFESH , RUNEN , AEREHFRAZT
ERAYThHE

AIMEL 89
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R ERRERE
BR

£

WEEEO

REHR

- EENEEFRES

o (FEEH LFAERERAMKFIIRE , BT RESET SIH
o SERHRE

s ¥RF/FERE (C S5LEE , REE HLL)

o BRERGINEFIT R (ERARANR)

- EEARBRIE

- SXERBAERNBSEE

. BEERES

. EERME

s MBS K ES

debugWIRE f5 b 83 K44 F A X e 8 R IRHIARIF 7 L 12 CPU T AVR IS5 X1
TR B KM TR,

X debugWIRE ff#E/B 4 v DWEN #4mT2 B 8iEM R mi2AT , B FR25 4 P #Y debugWIRE
REWHME, RESET mOSIMEE N ERFERENLS (7R ) X@ 1/0 , RINBHRSHE
2R E B RIBEE

Figure 51. The debugWIRE &i&

1.8-5.5V

VCC

dw

dW(RESET)

fGND

Figure 51 44 debugWIRE fFsEfIBFr MCU RIZTEEESBNRER, REARNYFZ
debugWIRE #9808 , R B CKSEL /B4 (R E,
% it £ debugWIRE W RGiRT , AT THNRE !
«  dW/(RESET) 89 L BBfAFB/NTF 10kQ. debugWIRE HFEE EH HEH
¥ RESET 5IM1 5 V. BEREENEETE
« {£/ debugWIRE B AJMiFF 5 RESET 5| HiEZNBER
QAT T NS E AR

debugWIRE J&id AVR B S5 5 RIR B F #2311 Ko 1 AVR Studio® iR B — N 5
ERFEF#ESRTEAABREAKET, W BREAK ETHIEANESTHRRE. BF45SE

90 ATEiNY13 m—————————————————
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debugWIRE Ky R IR

/0 FiESR+Hh 5
debugWIRE #xH &FF88

debugWire BiESH1F88 -
DWDR

2535D-AVR-04/04

T RENESBSINT , ARHERNTEMAE S, Mot TUEIERFPEA
BREAK IETHITFITIRE.

M SN JE Flash BB EH IR, X H AVR Studio® &t debugWIRE #0 B34k
B, WaNERAARE Flash HIBi2ZetE,. BiRANSETRRLAEARETF,

debugWIRE &ifl 2| B (dW) 54\ i (RESET) 3£ FiE — 31 B, Bt 4545 debugWIRE 2
B, REFTZHEABENR,

UTRFE CPU A2 Eiz1TH , debugWIRE RERBWHNMBEFTAR I/O OheEE ; % CPU
FIE TR, B RIREF AR EL /0O FESEMNEETE., ¥ debugWIRE X4,

DWEN B4 mEES D N RAEFMENKEER TEHRFET. XLEMEFHK
REXMIIFE. BT ER debugWire B R i%ZZEF DWEN B4 1,

T HEi%87E debugWire I B|H FF85.

Bit 7 6 5 4 3 2 1 0

| DWDR[7:0] ] pwor
®/B R/W R/W R/W R/W R/W R/W R/W R/W
HE 0 0 0 0 0 0 0 0

DWDRH&F#NEMCUHETHRFSHHRREMR T BEER. 25788 R#EH debug-
WIRE AR EF e E BB RN ENBRAFFRER.

AIMEL o1
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Flash B4

EiE SPM SR IR Bk

Bimet S X (TR )

WTRERE

SBHNET MCU RERTHMN L RRBFABERT — N EREIE, BHRBTUERT
fABR4F A AR IR O AR NI ECRIRBRBHERRB (BF ) BARF MR,

EFEMESNEFUTIN AT, EARN RSB EENHREN —RE#853#1T5%H
B2l £ENX -8R, SPM ERFU—X—1MFHANEHRES A RN TETER.
G TTRABRN AU ETEBRGTZATR , BT UETRBRANTSREZ BT K.
FR1, ERBRIERE e

1B 7% i B DT R P BF

HATTURBRIRE

BITE#RE
FR2, ENBBRzFEREE

HAT TURBRIR1E

18 75 i B DT R P BF

PITIERE
MERAFERERHN -7 , BRIMXARFEAPNEECIS (HNFERETIE TR+
B2H), BEFHBEA, FABFR 18, Boot Loader #ETHEMMNIE - Z-BRE , 1
TAFEER , U ENRT , BERBRENEE  EFEAFR 2, BTREHIER,
H It R AT sefE nEk S iE e iR BN IR AV 3038 . MBS A B es aT AT REAIA |, B ITHIBRS
NERENERAFBIZMEEN.

RITBRIREEATERE Z B HiutER , REHF “00000011” EA SPMCSR , &
BEHEEHEANEEARIT SPM. R1 # RO AHHBIEH LK, Wit BAEA Z &
172889 PCPAGE, Z fe4tHIH b1t BB,

EERIREIES CPU £1E

E-NMETFEAEFTERE Z BEHHuERE , UARFESFEA RIIR0, REF
“00000001” EA SPMCSR , & EHEHNHEN I AHANIT SPM. Z FEFHRF
PCWORD WABAXRF T E P X, RERIETHK , HE L SPMCSR FFHH
RWWSRE it &h X B3 8k, REEN th2BRIGNETX, BRNRTHERIG
B 8 XL R AEXY B e b 17 — IR BIR1E,

WRE SPM FUMBHRES E Xt EEPROM AT T B1R4E , MIFT A IS M BIEHH E K.

RITRERFEEFERE Z BHHNUES , RS “00000101” EA SPMCSR , &
BRHEEENEANNHEHANIT SPM. R1 M RO PRBEHBE, TUBISBAEA Z F
172309 PCPAGE. Z f54TAH A4 Z 0,

REFER CPU FLE

92 ATEiNY13 m—————————————————
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EARBIRDFU Flash z g4 BkS 4t SPM &4,

Bit 15 14 13 12 1" 10 9 8
ZH (R31) Z15 Z14 Z13 Z12 11 Z10 Z9 Z8
ZL (R30) z7 Z6 z5 Z4 Z3 z2 Z1 Z0

7 6 5 4 3 2 1 0

M T Flash Z SR UATHERNAL (P99Table 46) KM , BFIT BB TEERTANS
PR E—ARARATUNELES ; EXAEARIF NS ME S , 0 Figure 52
FiTe HFBBRANNBERENT U RMEEIMIA , BIRIE Boot Loader ¥ 72 TR
MNERENIUHERNTEREEN,

LPMIET tfEAZIEH RAF i, ATXMETHTURFIHAT , FTAZIEHIILSB
i (I Z0) B EARIT

Figure 52. SPM(") {93 41t

WITHIN THE FLASH

PROGRAM MEMORY

BIT 15 ZPCMSB ZPAGEMSB 1 0
Z - REGISTER | 0
PCMSB PAGEMSB
PROGRAM
COUNTER PCPAGE PCWORD
PAGE ADDRESS WORD ADDRESS

WITHIN A PAGE

PAGE

PCWORD[PAGEMSB:Q]:

PAGE INSTRUCTION WORD 00

\ 01

\ 02

A

\ PAGEEND

Note: 1. Figure 52 FFTAMTEIMIZEETE PI99Table 46 5l i,

ATMEL %3

L - 15013652265 00:38537442
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ELRBFFM#88 (SPM) #4E)F4R SPMCSR 23 7 14l Boot Loader 12 /EFT E/Y &I,
%188 - SPMCSR

Bit 7 6 5 4 3 2 1 0

| - | - | - | CTPB | RFLB | PGWRT | PGERS | SELFPRGEN | SPMCSR
®/B R R R R/W R/W R/W R/W R/W
HHE 0 0 0 0 0 0 0 0

+ Bits 7..5 - Res: # &

REN , BEEERNE,

+ Bit4 - CTPB: FKIGeT T E

MIBR IS RE et , EEA CTPB i , IR A EHFHIER , BIBEBFLEK,

» Bit 3 - RFLB: B4 58EN

£ SPMCSR & 1288H ) RFLB 5 SELFPRGEN & B/GH = atsh BAEIR , LPM 581
EMSRBLA (BURT Z #8458 20) I A B W EREES ,# PO5“EEPROM B2 4EE 1L 3¢
SPMCSR SN EBIRHE",

s Bit2-PGWRT: @EA

MRIX—{U M SELFPRGEN EftEf , A& FEEZENE N EAEBERH SPM IE5H
TREWRE , NBEEAREPesHh, TS Z BHNSNEHS. R1 # RO B
N2, MBRETK , REANHHEHRSEE SPM ESHNITE , PGWRT B
HEE, EEINNERELEH CPU =1k,

+ Bit1- PGERS: W&k

WMERX—{IF SELFPRGEN BRtEN , K ETFTEESNWENTEAHTERN SPM FESi
THREKRINEE, Wit EE Z EBEHNEE2. R1 M RO WHIENHZRE, TWERIRE
SR, REEMEHEAEREE SPM IES#ITE , PGERS BaIigE. HEMNRER
BR{ETREH CPU =1L,

+ Bit 0 - SELFPRGEN: BB

X— U SEENN/ ARG SPM ES., WRSX—{ M CTPB. RFLB.
PGWRT = PGERS 2 —EIRt&{z , M EFmrk B TR SPMEESHARKNE Y, m
B A4 SELFPRGEN &1 , BFAE T XM SPM iS4 R1:R0 H N HIBF® IR Z 18
HBEN IR TTEPEE, Z B4 M LSB # 2., SPMESTER , REWLMEHFER K%

B SPM {83 1THt , SELFPRGEN Bz/BE, ERERFMN M ENEF SELFPRGEN
RENSETIRIETR.

EREMZHE AR “10001”, “01001", “00101”, “00011” = “00001" Z FNKI{EATLH & P
T o

94 ATEiNY13 m—————————————————
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EEPROM Eig 4P IE 3¢
SPMCSR FE80WER#E

BN RFRBUSL NV MBE N

2535D-AVR-04/04

EEPROM BESHEX Flash 4w TE , b & HEXN B LU MBIEMAYILEE, BUA,
EX SPMCSR ZHZe3#TER/EZHIE £ ZE EECR BESEMIRASA EEWE , BRI
BB

18 24 A R B VAT LU BRI B, B E AT , BB 0x0001 B F44 Z IB4t H BB
SPMCSR £ 1785#9 RFLB #1 SELFPRGEN, 7£ RFLB##{EZ EH =/ CPU A AR ITH
LPM S FESEMNNERNMED B N FFSR. ENEMRELER . HEFEHE=/CPUB
HM%&AE 1T LPM 5, REDNA CPU AHR&EAEHIT SPM 5, RFLB M
SELFPRGEN U Bz 45 S, RFLB # SELFPRGEN ;&85 , LPM iR BiE S F i
FR P HE IR B9 BRAE T 4ES

Bit 7 6 5 4 3 2 1 0

Rd . - - - - [ - | - [ 2 | LB1 |
EMBLNEFZTHEEN LRSI EMNEEEL, BEMBLUERT  EEY
0x0000JE F 45 7264t H HE (L SPMCSRZFZ2#IRFLB #1 SELFPRGEN, £ SPMCSRi#%
EZEH =4 CPU BHIAHITH LPM 5 SR B LM RN F T HE (FLB) MK B MW E
73, FEHFANEARBLVEMNFZTHRANATIES N PI8Table 45

Bit 7 6 5 4 3 2 1 0
Rd | FLB? | FLB6 | FLB5 | FLB4 | FLB3 | FLB2 | FLB1 | FLBO |

LW, BEBLUESNFETE , EEN 0x0003 B F4 Z 54t H HE (L SPMCSR H17
8589 RFLB #1 SELFPRGEN, £ SPMCSR 2= CPU AHAKITH LPM 5§
SHEBLNSNFTHE(FHB) MK T BN FES. FiIFANHEARBLUBNFTTR
ST iES A P98Table 44 .

Bit 7 6 5 4 3 2 1 0
Rd | FHB7 | FHB6 | FHB5 | FHB4 | FHB3 | FHB2 | FHB1 | FHBO |

WURTZR IS 224v / B E M IRIREEN "07 AWM B LA/ BIEMHIRIEEEN "17,

AIMEL 9
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Bb It Flash 1 8%

£/ SPM BBy Flash 42t E

Ve BT TERER ,CPU M Flash IE® TETERIE |, Flash B9 A A AT 88 32 AR, XA
FIBERRRGEHINI Flash F—HFE, PRAtLERARENERS R,

B E AR AT E R 0] LU EE Flash W8, %£— , Flash ESRBREE— P RIEEE. 5

=, BEXKE CPU A F LB IRNITES.

BYEFEUTRITEIN AR Flash R (RAERZ—REBT ) :

1. BFBEERZHE , 733 AVRRESET WK : RANARN : IR I ESK
M EBFHEICE |, ATLAERE BOD That ; NI AERAANASBEM R B, MRE
BREHTHIEAETEN , REHSREEEY  BRELELTK.

2. EBEEHRERE AVR AL THERERR, XH#EAURLE CPU f#18H T
T, BRI SPMCSR F1E88 , MR Flash L E IR S5 %=,

FRRERN RC #5585 A T Flash Sutedt R34, Table 41 444 7 CPU 59 Flash #y 82
B YmTRRT A,

Table 41. SPM 42 8]

&5 BRI BASRENE

Flash BiR4E (&Y SPM LI TT#2ER,
nE, RESIENM)

3.7ms 4.5 ms

96 ATEiNY13 m—————————————————
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FHERRmE
B 17 # ss M B IE A 2R B

Ef

2535D-AVR-04/04

ARFTiH B ATtiny13 FE 8N T REE S %,
The ATtiny13 £ 7 2 MUEN , REHEHRE (‘0") EEKREE (‘17) HIERTLIRE
Table 43 5 HEVK INtERE, BIEMREBLSHBROTERENR “17,

% DWEN B4 fuimiEfe  BMFIREMEN  BFFEHSE B ET debugWIRE #EOEE
BUBENERZSERN , ¥ DWEN BL4M7EBRUEZER debugWIRE,

Table 42. #iEuFH )

AP Ay %EA MINE
7 - 1 ( RERTE )
6 - 1 (Rémi2 )
5 - 1(KRémi2 )
4 - 1 ( R4RiE )
3 - 1 (KRimR2 )
2 - 1 ( RmiE )
LB2 1 BiEN 1 (KRR )
LB1 0 BiENL 1 (Kmig)

Note: 1. “1” RRKGRE , ‘0" KRB,
Table 43. SiEuFRFER @

FAEEREIEN HRipEH
LB 1= LB2 LB1
1 1 1 REFRETFMER RSN

EHTRTREER D Flash ;1 EEPROM H3# — 4w

2 ! O | muwsmit | mummBiE. O debugWire 2
EHITHRITREEZER D Flash F1 EEPROM WY # — 54
3 0 0 BREIEHEZIL , SUEMMBRLEEBIE 1) debugWire 2

A

Notes: 1. 7E4mT2 LB1 # LB2 Hi £4miZ B L
2. ‘1" RRKBE, ‘0" REHRE,

AIMEL o7
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ATtiny13 B MNBLFT, Table 44 5 Table 45 B2 3R T B LM HITHEELA R
MR MAMSEIBLZTHN, MREBLUERENIZEEER “0%

Table 44. BN SNFT
Ry RYFH ©s | e MINE
_ 7 - 1( RFE)
- 6 - 1 ( RYpi2)
- 5 - 1 ( Rymi2)
SELFPRGEN 4 B4R fERE 1 ( RE4RiE )
DWEN® 3 debugWire 88 1 ( RmiE )
BODLEVEL1(" 2 BOD itk BB F 1 ( RmiE )
BODLEVEL0®" 1 BOD ik B8 F 1 ( RERTE )
RSTDISBL® 0 AT S 1 ( RERTE )
Notes: 1. BODLEVEL /A£{f#%S , M. P32Table 13

. RSTDISBL 5 DWEN &4 {uKyi%83 |, 15R P48“ix O B (IS —Zhee " .

1
2
3. HHMENBERELERN ,DWENFIFRE , A PO7T BFF BB FHENENL .
4

. Z3Xf RSTDISBL A4 imTE , MAFEASHERTHRERATBLNURITEREN

1
2. ¥ P37 Bl AERSFEFHFESS - WDTCR” 6

3. NFEIARHIERE , SUT1..0 WERRIAMEL R ARNESIRTE. FHARN P22Table 5,
4

w2,
Table 45. B4RV FT
Ry R FH (VASH e RiIAE
SPIEN(™ 7 FRERITHESHETHE | 0(CHE , SPIwmEMFRE)
EESAVE 6 Efééé(ﬁﬁ;}‘ggﬁ J(; ()*zﬁf.é: , EEPROM T~ 1%
WDTON® 5 & ER SR 1(KRmE)
CKDIV8® 4 Bt 8 438 0(EHmE)
SUT1 3 ER R EE 1 (Kemiz )@
SUTO 2 %1% 3 B B[R] 0 (EmRE )
CKSEL1 1 MR R 1 (Kmig )@
CKSELO 0 MR R 0 ( B4z )@
Notes: 1. 1 SPIRBEXT , SPIEN BLUFAGHF,

. CKSEL1..0 WEAINRESH T A A RC K817 T 9.6 MHz, iF4A AN P22Table

4,

5. H P24 RETATH TR D IR " o

BLVHREFZCHBERGTHEE, MRMEM 1(LB1) WRBUELVEBE, &
YmTE B E AL B B MR B Lo

ATHNY T3 eo———————————————————————————
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ByY N

FRIRF

BEFT

"R~

SRR AR B L VN ERSF. HRABLUNRIEF2EN  EXRFRERE
B, FHXTERT EESAVE B4y, ©E—BEREEVARER. EERTHEEXF
Bt L a2 R BITE

FIEK Atmel IEHIBRHEE —N=FTWHRIRRBARE I EHES, XMUBTLBE
Eiﬁg#ﬁﬁiﬁﬂi , AT BATE RS S B E R R B, X=ANFEH 2 3 E#E T =R IK
ATtiny13 IR RFT A -

1. 0x000: OX1E ( FTRH Atmel A T4F= )

2. 0x001: 0x90 ( "R /SH 2 E 1KB Flash 7 f#3% )

3. 0x002: 0x07 ( & 0x001 FIHHAEH 0x90 Bt T RIX=Z ATtiny13)

ATtiny13 B RC X% SN BREERTFTRAF T . XANFT L FHRIR #th 1k Z2 B 0x000 #Y

BuFT, EEVHE , ZFTHBEIEA OSCCAL FiFaa UBARBIER RC &% 350
RPWIEHEM.

Table 46. Flash FBNTIERAHFNFES

2535D-AVR-04/04

Flash R MR~ PCWORD mnE PCPAGE | PCMSB
512 F (1K &%) 16 F PC[3:0] 32 PC[8:4] 8
Table 47. EEPROM HHIRERNHHNFES
EEPROM Rt WR PCWORD ns PCPAGE | EEAMSB
64 F1 4 2% EEA[1:0] 16 EEA[5:2] 5
AIMEL 99
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BITTHR Y RESET MK 6t , ATLUET BT SPI K43 Flash & EEPROM #1T4R18, HB1T#
O23%E SCK, MOSI( %A ) & MISO( #itl )o RESET hEZ/E , NENITHRE / B
BEZHIITHREAFIES, P100Table 48 5IH T SPI GRiZFAESIMIMIM ST, REFAE
HESHER(E R SPI SIEI% AT A SPI#0,

Figure 53. BR{THERKRK ("
+1.8 - 5.5V

RESET ——»| PB5 VCC J

PB2 [«—— SCK
PB1 | —» MISO

GND PBO [«——— MOSI

Notes: 1. MEBBFEHANIFHIREMNS , MARFRATE CLKI 51k EE LR 9IR,
Table 48. S|HIBRSY B 1T4mE

SRy Sk o] 1]

MOSI PBO I BRITHRERA
MISO PB1 0 BRITHER
SCK PB2 I BITR &

{®TE EEPROM R , MCU EBEENMNEBRIEFLBA—NEHERAEAY (NERTE
T ), NTTETERTSHERGS. SHERBRENREFFM#ESKR EEPROM KK EER
EBR A OXFF,

A48 CKSEL B4 E., B1TH 4 (SCK) W&R/MEE TR RIS/ S BF ot E EH
BEUTEK :

& > fy <12 MHz 8439 2 4> CPU B4 A58 |, fy >= 12 MHz B39 3 4~ CPU B4 F 1
& >fy <12 MHz BY 8 2 4> CPU B B |, f, >= 12 MHz B33 3 4> CPU B4 A HA

100 ATHINY13 m—
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RITRENE [ ATtiny13 SRITEARIER , HIFE SCK W EFARFUUBE.
MATLiny13 BREREIERT  BIEE SCKI TR . B4 I Figure 54 5 Figure 55,

ERTHREENTX ATtiny13 #ITRERREN , NERFUTHLSER (N Table 50 FH
4 FHIESER) !

1.

2535D-AVR-04/04

LFEJRF :

£ RESET & SCK 1 "0” Bt , [ Voo & GND {8, E—XREF , fwESR TR
RIFE LA SCK REFERK, EXFERT , SCK B 25 M E RESET in—1F
B, mMAXMNEOFRELEL4RE 2 N CPU B4 A,

LBEZEEFED20ms , RFM MOSI 5| A B TRZERERE T A ERHITHR

o

BEFARASHERBITHREESTIE, SR , EEAEREFRIETHNE=
NFEHH , BZNETHRE (0x53) FHERIFER, FIERBHANBEBSSE ,
EEMNANTH SAMLEER ., R 0x53 A E , MEE[E RESET £#—1
EROR AT R FT VR TE B REIE B o

Flash 4w —IR—TUN AR #H1T. ERITIMHREFFHIIESH , Bid 5LSB
Wit ER , HEUF T RAEMMBBEFET. AFRIEMBWERYE , NEES
EiitEEBERFT  2EREFT. EFEHEBES NS 8 MUKRER
FEESNESRERE. NRAEARENAR , BLERET —TABEZH
BIEZED typ rasy BETE (I Table 49.), £ Flash B4 K Z Bl ihH &7
IREEOSSHRERIR.

A RBETHUHRBEEEZE EENEETHUFEH LMK EEPROM HRE.
EEPROM BT ERESAFREZH B ER. METRERLEANSR , B
AEBRET—TREBEZHRESFED typ eeprov FATE (AL Table 49) o ¥ F 2
FERZENSR , BIEN OXFF WA EERRE.

B: EEPROM RIZ2LATT N B MY, 785BI H A EEPROM FHBENIESE
RHE3] 2 LSB Wttt SHIFEFH A —1NFET . EEPROM ESEARELSESFHA
E EEPROM Zf483 ¥ 8H K% 4 MSB #1 1t 5R5H, 2FH EEPROM R iAE) At
REMTHA EEPROM TUHETAHNFNHE., HRBAPTE, MRFEHEHRHN
FRVBAERET —RBEZINESFED twp eeprov FIETE (I Table 47.) o
HFEFBEBRZENSE , BIEHR OXFF N R EERE,
AESRETRREEM—NMEEETHAS, BHEMNETHE O MISO Hi .
YRR R G AT LU RESET R E Rk,

THEFI (MREE):

¥ RESET & “17,

AIMEL 101
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Table 49. 5T — Flash 5 EEPROM # Jt 2 B f) /N & 1365 (8]

/s BN EFRE
tWD_FLASH 4.5ms
two_EePrROM 4.0 ms
two_ErAsE 4.0 ms
twp_Fuse 4.5 ms

Figure 54. RITREBREE

SERIAL DATA INPUT / MSB
(MOSI)

LSB

.X XX X X A X2\
SERIAL DATA OUTPUT / M%B >< X X X X X X LSB \

(MISO)

SRR Eres IE\ISF&UKK i_i |_| |_| |_| |_| |_| |_| |_|
J N N N N N N B

102 ATHINY13 m————
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Table 50. E{THRERS

EERR

BE FHA F¥H2 FH3 F¥4 B’E

YmIEERE 1010 1100 | 0101 0011 | XXXX XXXX | Xxxx xxxx | RESET h{E/G{EaER TR

= FER 1010 1100 | 100X XXXX | XXXX XXXX | XXXX XXxX | #B& EEPROM K Flash

BRREFEMES 0010 HOOO | 0000 000a | bbbb bbbb | cooo cooo | MFHHEF a:bWEFFHESEREH(S
REFT ) BIEMN o

MEBEFFHEERR 0100 HOOO | 000x XxxXX | xxxx bbbb | iiii iiii | FAFi#itH b WEFEERT H SHE
FH)BAHEI. NEERFTEE
5FN

ERFFHER 0100 1100 | 0000 000a | bbbb xxxx | xxxx xxxx | fEi#bit a:b MMEHBRFEHE T

i EEPROM 12 8% 1010 0000 | 000x xxxx | xxbb bbbb | cooo oooo | M EEPROM Byttt b 4bik H 3R

E EEPROM 2155 1100 0000 | 000x xxxx | xxbb bbbb | iiii iiii | [(1 EEPROM tbit b Ath B AHIE i

fngk EEPROM 7245857 (3 | 1100 0001 | 0000 0000 | 0000 OObb | iiii iiii | FFHIE iM% R EEPROM FHEEETE

Fit) HX, BIEMFETEEF EEPROM |
HITIRTE

BEEEPROM7FMEETT (IS4 | 1100 0010 | 00xx XXXX | XXbb bb00 | xxxx xxxx

) i3k b B9 EEPROM #4T T B4k

BREUEN 0101 1000 | 0000 0000 | XXXX XXXX | XX00 0000 | EBIEM. "0 HERE , "1” WK
2, 4TI P97Table 42

BEHiEN 1010 1100 | 111X XXXX | XXxX Xxxx | 11lii iiii | BBEMN. B0 RTFEHEN. 4
M P97Table 42

BIRIRFET 0011 0000 | 000x xxxx | xxxx xxbb | cooo ocooo | Mibit b iEEFRRZET o

Bisgily 1010 1100 | 1010 0000 | xXXX XXXX | iiii iiii | ‘0" RRCHE , “1” RRKHE

=70 1010 1100 | 1010 1000 | xxxx Xxxx | iiii iiii | ‘0 RRBHRE , “I”" RTIAEE. 1L
P80Table 36

iEd¥7203 0101 0000 | 0000 0000 | XXXX XXXX | 0000 o0ooo0 | B4, “0" RRECEHE, “1"KRR
RmT2

BB 0101 1000 | 0000 1000 | XXXX XXXX | 0000 0000 | EE#4Ef., ‘0" RRCHE, “1I”&K
RARRE. 457 P80Table 36

BREFT 0011 1000 | 000x xxxx | 0000 0000 | oooo oooo | EKAEFT

%19 RDY/BSY 1111 0000 | 0000 0000 | xxxx Xxxx | xxxx xxxo | 0=“1" RRREBEELEEHIT,. Z2E

70" BRAIBRITHEAM SR S,

Note:

2535D-AVR-04/04

a=#HtEN , b= R,

H=0-EFT , 1-§FT , o=®FEHE , i=HEAA x=E5E

ATMEL

L - 15013652265 00:38537442

103



ATMEL

BITRERESH Figure 55. SR{T4mIERFF
MOSI
lovsH > sltsox | lsts
NN
lsHsL
MISO HK
tsiiv
Table 51. BITRESE , T, = -40°C-85°C, Ve = 1.8 - 5.5V ( MNFT4E BRI )
Bl | FX
/s | BE BME | (E ' | B
Mool | IRHBEHE (ATting13V) 0 1 | MHz
tolol | ®HERABH (ATtiny13V) 1,000 ns
oo | fRHB/IE (ATtiny13L, VCC = 2.7 - 5.5V) 0 96 | MHz
tooL | FHEAE (ATting13L, VCC = 2.7 - 5.5V) 104 ns
Mool | IHBEIME (ATtiny13, Ve = 4.5V - 5.5V) 0 16 | MHz
toiol | IHEBEE (ATtiny13, Ve = 4.5V - 5.5V) 67 ns
tsys. | SCK BT & 2tocl” ns
tsisn | SCK BkTEIR 2too” ns
tovsn | 3 SCK X& MOSI 231 toLoL ns
tshox | SCK h&/E MOS| R¥% 2teol ns
tqy | MISO % SCK H1& TBD | TBD  TBD | ns
Note: 1. fu <12MHz H 2tg o . fo>= 12 MHZ 39 3 tg o
SEBEERTHRE AT ATting13 538 Flash TR 174485, EEPROM MIB M BB M RIS LM%
BE5RE,
104 ATHINY13 m——
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Figure 56. =B EBITHE

+11.5-12.5V +1.8 - 5.5V

PB5 (RESET) Velo

SERIAL CLOCK INPUT — | PB3 (CLKI) PB2 [¢«—— SCK

PB1L —» MISO

GND PBO j«— MOSI
Table 52. X1 Ri5|#E
EERERTREEITHE
SER SIfE#R | 1O Ihie
SDI PBO I BITHIERA
Sl PB1 | BITESAA
SDO PB2 0 BTHREE
SCI PB3 I BITH SR A (/AR 220ns)

ESBRERITREMBBTHEHA (SCI) &/ERHA 220 ns.

Table 53. 3t A4mFEH&E At AR SIBME

SIE ns &
SDI Prog_enable[0] 0
Sl Prog_enable[1] 0
SDO Prog_enable[2] 0

AIMEL 105

[-15013652265 0Q:38537442
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EHEERTHREEE ESBERTHEEXT ATINY13 WHEESRE  HERFNT (5% A Table 55):
HABEERTESESR BREBOTEEZ  SAHEASEERTHREER :

1. Vec 5 GND HBER 4.5 - 5.5V

2. ¥ RESET 5|H#li& “0", SCI ZAHUx 6 X

3. ¥ Table 53 % H#Y Prog_enable SIRi& 7 “000” , BEZEES 100 ns
4

. RESET BEX Vyyrer-5.5V  EREEBER ,Prog_enable SIMIBEE DR
tuvrst » ARIE Prog_enable 5587,

5. #i#FProg_enablefE&5& , & MProg_enable[2/SDOS| i HEIE , ME LS
BNEFAFXEMIFE. AENMEHIER, & tyyrst ERK
Prog_enable[2] .

6. ELES0pus i, BE SDISI LEARTES.
Table 54. SEHEEMFME

817 Prog_enable B /MEEE
BithE RESET 5| S8 ERE A
VCC VHVRST tHVRST
4.5V 11.5V 100 ns
5.5V 11.5V 100 ns
EMRENILRER EREIRED  SANT IS EREESHS , IEREER , NREUTILA :
o YUXNERAFMSEUE ARIEEER , T REHFA—K,

UBMBENOXFFRTFRSAEBEA ,ENEMNEEPROM (BRIEEESAVEB LN ERRE) 5
Flash /& BEREHESR OxFF,

HRETEFlash H¥ 256 & O, EEPROM B 256 ZH R F BEHF AU S FT . WES
FEHIEIRbB—#,

SRR WA BRI EE Flash 5 EEPROMY) I RBIENMN. BEERFEHESTSEREHEN
FTEEN, BLNTFERE., SHEBRUMIE Flash 5/ EEPROM EFmERIHIT.
Note: 1. % EESAVE B4 E4wTE , EEPROM 174485155 R HAEMR 7o
1. BAWS “BHEBR” (R Table 55),
2. Instr. 3/5%1%F , EXISDOEF.,
3. BAWT “TRE",

106 ATHINY13 ——
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Flash 412

Figure 58.

SDI

Flash#z WAL , W P103Table 50, %3t Flash 4RT2 , tRIEHRBEARE P, X

—HERNRRE, TESHXEA Flash HEHSE ;
HA®S “ B Flash” (L Table 55),

A Flash W& WE5,

#H A Flash Sttt SR M. Instr. 3 5%%F , BEF/SDOES
EESR2E 3 BEEXE Flash iﬁ&ﬁ?ﬁﬁ?&ﬁaéﬁ&o
BEZADGS « TRE ERARE.

ATtiny13 ¢$?T§&EEO%A:E1&H§ , RTEBRTRMH EHRBT
59 K Table 56,

o s w N

Figure 57. X#&E ALK Flash F ik

PCMSB PAGEMSB

PROGRAM

COUNTER PCPAGE PCWORD
PAGE ADDRESS WORD ADDRESS
WITHIN THE FLASH WITHIN A PAGE
PROGRAM MEMORY PAGE
PAGE I INSTRUCTION WORD
\
\
\
\
< !
\ Ly

= BERTRERE

X X X X XX X LsB

B AT SR

I Figure 58, Figure

PCWORD[PAGEMSB:0]:
00

01

02
'

PAGEEND

PBO

Sl

mMsB XX

PB1

SDO

M;ss>< X X X X X iss

PB2

SCI
PB3

2535D-AVR-04/04

D D D D "G "Gl ‘G "

ATMEL
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EEPROM 412

i%H Flash

2 H EEPROM

HNBLEBE MRE SR

BREWRRFH SIREFH
¥ B R

EEPROM #ZTTAL , M. P104Table 51, ZXf EEPROM 4R | mIERFEFEAREFEH, X
HARN—NHERMRE. THAEXNEAN EEPROM HRENFER (SN Table 55) :
1. BAGH “5 EEPROM”

# A EEPROM 1148488

A EEPROM St SRR, Instr. 2 5%, BRI SDOEE,

ESSR 233, BTN EAN EEPROM mREHFAEREC HE,

BEEAGS « TBREERXRAERE,

o~ wbd

HEY Flash 7783 Z AT (S Table 55) :
1. HA®T "IELH Flash",
2. #EFlash . B%¥, kbt ABESRTHE SDO HX¥.

% E EEPROM 285 T (S A Table 55) :
1. HAHS "iHE EEPROM",
2. i EEPROM F#, Friktitit HAEERITHH SDO B,

WBLMR /| SURBIEMRIwESREUL Table 55,
FPRIRF T SAREF T HIREUL Table 55,

%18 SCI % 0" %8 RESET 0 “1"s M Vg o

108 ATHINY13 e————
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Table 55. ATtiny13 SEBEERTHEED

BEHX
BT Instr.1/5 Instr.2/6 Instr.3 Instr.4 R 4F 5 B
SDI | 0_1000_0000 00 | 0_0000_0000 00 | 0_0000_0000_00
Chip Erase sli 0_0100_1100_00 | 0_.0110_0100_00 | 0_0110_1100_00 Instr. 3 5% 4% , B3 SDOE®
SDO X_XXXX_XXXX_XX X_XXXX_XXXX_XX X_XXXX_XXXX_XX
Load “Write SDI | 0_0001_0000_00
Flash” Sl 0_0100_1100_00 # A Flash 4mf25
Command SDO|  X_XXXX_XXXX_XX
SDI | 0_bbbb_bbbb 00| 0 eeee eeee 00 | 0 dddd dddd_00 | 0 0000 0000 00 R
nstr. 1 - 5 [EE|1E] i
sl 0_0000_1100_00 | 0_0010_1100_00 0_0011_1100_00 0_011_110100 | o pheice Zmie 1 Noto 1.
Load Flash SDO | X_XXXX_XXXX_XX X_XXXX_XXXX_XX X_XXXX_XXXX_XX X_XXXX_XXXX_XX
Page Buffer SDI | 0_0000_0000_00
sl 0_0111_1100_00 Instr 5.
SDO X_XXXX_XXXX_XX
Instr. 3 5% %F , EEISDO @&, &
Load Flash High | SDI 0_0000_000a_00 0_0000_0000_00 0_0000_0000_00 £ A Flash TR EE Instr. 2-3 , B
Addressand | SII 0_0001_1100_00 | 0_.0110_0100 00 | 0_0110_1100_00 BI®A Flash RATEHEEHE.
Program Page | SDO|  x_xxxx_Xxxx_xx X_XXXX_XXXX_XX X_XXXX_XXXX_XX JHHY 256 FF , EE Instr. 1,
Note 1,
Load “Read SDI | 0_0000_0010_00
Flash” sli 0_0100_1100_00 # A Flash iREUER
Command SDO | X_XXXX_XXXX_XX
SDI | 0_bbbb_bbbb_00 | 0_0000.000a 00 | 000000000 00 | 00000000000 | ..o .
i nstr.1,3-6, X
Sli 0_0000_1100_00 | 0_0001_1100_00 | 0_0110_1000_00 | 0_0110_1100_00 | gpbecwos™ g )"
Read Flash Low | SDO | X_XXXX_XXXX_Xx X_XXXX_XXXX_XX X_XXXX_XXXX_XX q_9999_gqqgx_xx
and High Bytes | gpy | 0 0000 0000 00 | 0_0000_0000_00
sl 0_0111_1000_00 | 0_0111_1100_00 Instr 5 - 6.
SDO X_XXXX_XXXX_XX P_PPPP_PPPX_XX
Load “Write SDI | 0_0001_0001_00
EEPROM” sl 0_0100_1100_00 ¥ A EEPROM Hi2fE =
Command SDO X_XXXX_XXXX_XX
L ood EEpRON | SD! | 0-00bb_bbbb 00 | 0_eeee eeee 00 | 00000 0000 00 | 0_0000_0000_00 B st 14 BEEHEATE
oa nstr. 1 -4 [E22E//E :
Page Buffer sli 0_0000_1100_00 | 0_.0010_1100_00 | 0_0110_1101_00 0_0110_1100_00 | oee e et 10 Noto 2.
SDO | X_XXXX_XXXX_XX X_XXXX_XXXX_XX X_XXXX_XXXX_XX X_XXXX_XXXX_XX
o SDI | 0.0000_0000 00 | 0_0000_0000_00 '\j‘%‘g-}f EEE%;fo’Mﬁégé? Eﬁ "f
rogram N T nstr. 1 -
EEPROM Page S 0_0110_0100_00 0_0110_1100_00 EZ&/ EEPROM ST A #IER
SDO X_XXXX_XXXX_XX X_XXXX_XXXX_ XX 2,
SDI | 0_00bb_bbbb_00 | 0_eeee_eeee 00 | 0_0000_0000_00 | 0_0000_0000_00 | 344g/N$fihttE & Instr. 1-5,
sl 0_0000_1100_00 | 0_0010_1100_00 0_0110_1101_00 0_0110_0100_00 | Instr. 5 /5% , B2 SDO && , L
Write EEPROM | SDO | X_XXXX_XXXX_XX X_XXXX_XXXX_XX X_XXXX_XXXX_XX X_xxxx_xxxx_xx | Note 3o
Byte SDI | 0_0000_0000_00
sli 0_0110_1100_00 Instr. 5
SDO X_XXXX_XXXX_XX
Load “Read SDI | 0_0000_0011_00
EEPROM” Sl 0_0100_1100_00 # A EEPROM EEUE R
Command SDO X_XXXX_XXXX_XX

2535D-AVR-04/04

ATMEL
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Table 55. ATtiny13 & ®BEHRTREETE (Continued)

BT

Instr.1/5

Instr.2/6

Instr.3

Instr.4

R4 B

0_bbbb_bbbb_00
0_0000_1100_00
X_XXXX_XXXX_ XX

0_aaaa_aaaa_00
0_0001_1100_00
X_XXXX_XXXX_XX

0_0000_0000_00
0_0110_1000_00
X_XXXX_XXXX_ XX

0_0000_0000_00
0_0110_1100_00
d_4999_9qq0_00

NENHFUEE Instr. 1,3-4,
X 256 FTRES Instr. 2,

0_0100_0100_00
0_0100_1100_00
X_XXXX_XXXX_ XX

0_A987_6543_00
0_0010_1100_00
X_XXXX_XXXX_ XX

0_0000_0000_00
0_0110_0100_00
X_XXXX_XXXX_ XX

0_0000_0000_00
0_0110_1100_00
X_XXXX_XXXX_ XX

Instr. 4 5% ,EF SDOXEE. B
A-3=0" WBRLURRE,

0_0100_0000_00
0_0100_1100_00
X_XXXX_XXXX_XX

0_000F_EDCB_00
0_0010_1100_00
X_XXXX_XXXX_XX

0_0000_0000_00
0_0111_0100_00
X_XXXX_XXXX_XX

0_0000_0000_00
0_0111_1100_00
X_XXXX_XXXX_XX

Instr. 4 5% BRI SDOEE. B
F -B =“0" J B4 4mTE,

0_0010_0000_00
0_0100_1100_00
X_XXXX_XXXX_ XX

0_0000_0021_00
0_0010_1100_00
X_XXXX_XXXX_ XX

0_0000_0000_00
0_0110_0100_00
X_XXXX_XXXX_ XX

0_0000_0000_00
0_0110_1100_00
X_XXXX_XXXX_ XX

Instr. 4 5% ,BEISDOEF/, B
2-1="0" WEENmE

0_0000_0100_00
0_0100_1100_00
X_XXXX_XXXX_ XX

0_0000_0000_00
0_0110_1000_00
X_XXXX_XXXX_ XX

0_0000_0000_00
0_0110_1100_00
A_9876_543x_xx

BRELA-3="0" RNBLMUCHE

0_0000_0100_00
0_0100_1100_00
X_XXXX_XXXX_XX

0_0000_0000_00
0_0111_1010_00
X_XXXX_XXXX_XX

0_0000_0000_00
0_0111_1110_00
x_xxFE_DCBXx_xx

FHF-B="0 XRRBLNUCHE

0_0000_0100_00
0_0100_1100_00
X_XXXX_XXXX_XX

0_0000_0000_00
0_0111_1000_00
X_XXXX_XXXX_XX

0_0000_0000_00
0_0111_1100_00
X_XXXX_X21X_XX

BRE 2, 1="0" RTEBIENEHRE

0_0000_1000_00
0_0100_1100_00
X_XXXX_XXXX_ XX

0_0000_00bb_00
0_0000_1100_00
X_XXXX_XXXX_ XX

0_0000_0000_00
0_0110_1000_00
X_XXXX_XXXX_ XX

0_0000_0000_00
0_0110_1100_00
q_d999_qqgx_xx

FONRRET U, EE Instr2 4

0_0000_1000_00
0_0100_1100_00
X_XXXX_XXXX_XX

0_0000_0000_00
0_0000_1100_00
X_XXXX_XXXX_XX

0_0000_0000_00
0_0111_1000_00
X_XXXX_XXXX_XX

0_0000_0000_00
0_0111_1100_00

P_PPPP_PPPX_XX

0_0000_0000_00
0_0100_1100_00
X_XXXX_XXXX_XX

Be
SDI
Read EEPROM
Sl
Byte
SDO
SDI
Write Fuse Low
. Sl
Bits
SDO
SDI
Write Fuse High
. Sl
Bits
SDO
SDI
Write Lock Bits | SlI
SDO
SDI
Read Fuse Low
. Sl
Bits
SDO
SDI
Read Fuse High
. Sl
Bits
SDO
SDI
Read Lock Bits | SlI
SDO
SDI
Read Signature
Sl
Bytes
SDO
SDI
Read si
Calibration Byte
SDO
Load “No SDI
Operation” Sl
Command SDO
Note: a= it

= =

BFED

b=#itRFH 6 d=HBESKL, e=RERL A p=HFEHHSNL , q=BEHHEL

x=fEEE, 1= 1, 2=8{EL 2, 3 =CKSELO &1L , 4 = CKSEL1 B« , 5=SUTO )B4 , 6 = SUT1 J&«fL, 7
= CKDIV8 &£ 4 , 8 = WDTON J&£1y , 9 = EESAVE B£{y , A= SPIEN 41 , B = RSTDISBL /&1y , C = BODLEVELO
J&¢247 , D= BODLEVEL1 &%y , E = MONEN #&#11 , F = SELFPRGEN /&1y ,

Notes: 1.

TMRETF 256 = , 284 #bik (bbbb_bbbb) 4R R it .

2. WRET 256 F35 , #B% #1t (bbbb_bbbb) 4 T it .
3. EEPROM BLWARE A, ERERNEFTHEAR , FTeEEEA EEPROM, ¥ZFZFEAR—K , WA EEPROM 783K
£FE ., XEEEPROM HEDBRESBERTHEP LN

110
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B ERERTRERE

2535D-AVR-04/04

Figure 59. =8 ERITRENF

VCC

RESET

— ! l«—1CKCycle
wDT
TIME-OUT ﬂ

' ie— t ——‘
RESET : TouT

TIME-OUT

'
INTERNAL
RESET

Table 56. SEERITREBRFME Voo =5.0V £ 10% ( TT4FFRIEA )

AIMEL

[-15013652265 0Q:38537442

B B

Y - %N
"5 B8 7 | E | H | By
tsusL SCI (PB3) k% & 110 ns
tqsy | SCI(PB3)BKFIE 110 ns
tysh SDI (PBO). Sl (PB1) H#ZI SCI (PB3) & 50 ns
teux | SCI(PB3) &S5 SDI (PBO). SII (PB1) R#F 50 ns
tsnoy | SCI (PB3) B3I SDO (PB2) B 16 ns

twown prs | Instr. 3 BEFERLAL 25 ms
111



B
4% R PR1E *
THEBEE e -55°C F| +125°C *NOTICE: MRBHEHEEL " BRRRE" RPAHIN
KM Z T TETIREE R K AR, X2
TEROREE oo -65°C %l +150°C THENDWRR. AFRRBATUIETRS
FSI&HZT  AIRBLEELTETEABRAE
ENSIMXI A EE , BRT RESET........... -0.5V B V¢ +0.5V HEAMRIFZ T, KA THETENRRETRE
BN F,
RESET S| #BIEBEE ..., -0.5V #| +13.0V
BARIHEEIE oo 6.0V
BN /O SIFIMI DC EBFR .o 40.0 mA
Ve 5 GND SIBIE DC BT ... 200.0 mA
B
T, = -40°C -85°C, V¢ = 1.8V -5.5V ( 10 T4 515 88 )
ns 28 e B/ME BAE BAE By
Vi WAKEE -0.5 0.2V %
\ WMASBE B% RESET 5|k 0.6V Ve +0.5 Y
Vino MASBE RESET 5|H 0.9Vc® Ve +0.5 Y
v WHERE @ lo =20 mA, V¢ = 5V 0.7 %
oL (PB5, PB1 5 PBO) lo. = 10 MA, Vg = 3V 0.5 %
v RSB E @ lo. =10 MA, Ve = 5V 0.7 %
oLt (PB4, PB3 5 PB2) loL =5 MA, Vg =3V 0.5 %
v WMEERE® lon = -20 MA, Vg = 5V 4.2 %
OH (PB5. PB1 5 PBO) lon =-10 MA, Vg = 3V 25 Y
Y WMHERE® lon =-10 MA, Ve = 5V 4.2 %
OH1 (PB4, PB3 5 PB2) loy = -5 MA, Ve = 3V 25 %
= s Vee = 5.5V, S| #ME
I WARET . 1/0 3IM (ch:équﬁ) 1 uA
Vee = 5.5V, SIH&E
" WARER , 1/0 3IH (gﬂﬁ) = 1 uA
RrsT Reset 5|l Ehr 8Pl 30 80 kQ
Rou /O 5l EHIEBPE 20 50 kQ
EE®E 4MHz, Ve = 3V 35 mA
E® 8MHz, Vg =5V 12 mA
BRI —
| ZER 1MHz, Ve = 2V 0.08 0.25 mA
ce 22 4MHz, Vg = 3V 0.41 15 mA
ZEPR 8MHz, V¢ = 5V 1.6 5.5 mA
‘ WDT f8E , Ve = 3V <5 16 A
maE
WDT &€ , Ve = 3V <05 1 A

12 ATHINY13 m—————————————
TEL:15013652265 00:38537442 "



e tiiieta AT tihy 13

Notes: 1. AFMPAMENERBFUERBSHT AVR RIZEHISZFM—#&  YRETHEN , XEENRRITERF , RREENSERSH
W ESERH,
2. ¢ BRE RTRIESIHERKENBRNNESE
3. ¢ B/ME RTRIESIBERBENSHNREE
4. BARERERSEZM (ERES) TEN /0 5O ER A LUR MK LR &4 TE S ETR (X PB5. PB1:0:20 mA ,Vsc =5V ; 10
mA , Ve =3Ve JFPB4:2:10mA |, Ve =5V ; 5mA, Voo =3V) , ERMEZTEFEUTER :
1] FFE R O /9 IOL B A TAEREE 60 mA,
MR IOL B TMREKM , VOL AR MRIENR. TRIESI BT AR UL L5 T bt 4b B 4 KRV 5%
5 BAERERDEH (RS ) TEN /0 wmOF AT AR ENIRZHTESHBR (X PB5. PB1:0:20 mA V=5V ; 10
mMA , Voe=3Vo X PB4:2:10mA , V=5V ; 5mA, Vc=3V) , BEEMEEEFEUATER : :
1] FREw O/ I0L EFFEEEE 60 mA,
R IOL B TR &4, VOL AT MERIEIR. FRIE S| B AT AR UK Hb 51 T b 2b 49 32 5 44 B8 KAV EB. 35
S EBE P IR B R
Figure 60. ZA&BET &M IR 3K 2
tCHCX
I terex d teren — *— teneL
ViH1
Vi N 7 N
[ tolex —
< tereL >
S EBeteh IR h
Table 57. S\ &Fad&h Iz
Vc=1.8-5.5V Vc=2.7-5.5V Vc=4.5-5.5V
%/J\ %/J\ %/J\
®5 B8 & BXE & BAE & BAE | ${
Mool | SRR 0 1 0 9.6 0 16 MHz
teLoL At AR 1000 104 62.5 ns
tcHex = B A E 400 50 25 ns
toLex KB At i 400 50 25 ns
toLcH EFetiE 2.0 1.6 0.5 Hs
toHeL T B B[R] 2.0 1.6 0.5 us
AteioL AR AR 2 2 2 %

2535D-AVR-04/04
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BRERES Ve xR BEMERRT Voo WA Figure 61 5 Figure 62 iR , 1.8V < Ve <27V R 2.7V <

114

Voo <45V B, BREMES Voo NEMXR

Figure 61. ATtiny13V H&EMES VX R

10 MHz

Safe Operating Area
4 MHz

v

1.8V 2.7V 5.5V

Figure 62. ATtiny13 AR &MES Vc XK

N

20 MHz

10 MHz

Safe Operating Area

v

2.7V 4.5V 5.5V

ATHNY T3 eo———————————————————————————
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ADC ¥t - ¥1taS
Table 58. ADC %M 5% , £IHBIE, -40°C - 85°C

S e & B2MEO sRE O BREO By
o PR B im iR 10 Bits
B iRt
Vrer =4V, Ve = 4V 2 LSB
ADC Bt = 200 kHz
B iRtk
Vier =4V, Ve =4V 3 LSB
ADC Bt = 1 MHz
“XFEE (BFE INL, DNL, Bt
BLiRE, BERFRERE) Vrer =4V, Vg = 4V
ADC B4 = 200 kHz 1.5 LSB
IR HHIER
B iRk
Vrer =4V, Vo = 4V
ADG E4h = 1 MHz 2.5 LSB
R IHIER
BiRetin
BARIEL M (INL) Vger =4V, Ve = 4V 1 LSB
ADC Bt = 200 kHz
B Rtk
=43k (DNL) Vier =4V, Vee =4V 0.5 LSB
ADC Bt = 200 kHz
BiRetin
BIIRE Vier =4V, Vge =4V 2.5 LSB
ADC Bt = 200 kHz
B iRt
RBIRE Vrer =4V, Ve =4V 1.5 LSB
ADC Bt = 200 kHz
ARt TELE iR 13 260 us
gD 50 1000 kHz
Vin WA BE GND VRer Y
AT 385 kHz
Vint KRASEHRE 1.0 1.1 1.2 \Y;
RAIN R AR 100 MQ
Notes: 1. ER¥KE
AIMEL 115
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HREPE /0 SIHBECE N A BN ER LR EBFEERRNRA TNEN. HHRANAIE
SRIB R A 2R T A R IR 1 IE O
FEEX THHESERNNHTX.

RERSSNMERAX : THEBE. THEHME, /O WA, /0 SIMIFFRER, HTH
RERFREE, KREBNEARE THEBENTHEHE,

FHRE IO WK BFABIAR C Vo T BITEE , C = ARBE , Voo = TS
[, f=1/0 BIBE ST XL,

SRENBECRELNARBARESHMERHRTH. ERTRIEFRMHEBEEEST
TS5 B RGA HE TR,

BN EEEXNE TRAZ LN EBEX Z AN EREERN AT XE I RENSS
FRERM R,
Figure 63. T/ RA TE=R (0.1 - 1.0 MHz) X R

ACTIVE SUPPLY CURRENT vs. LOW FREQUENCY
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Figure 64. THEBRFR TESE (1 - 24 MHz) %%

ACTIVE SUPPLY CURRENT vs. FREQUENCY

1-24 MHZ
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Frequency (MHz)
Figure 65. TYEERM Vo BIXR (HNE RC #R% 28 , 9.6MHz)
ACTIVE SUPPLY CURRENT vs. V¢
INTERNAL RC OSCILLATOR, 9.6 MHZ
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74 85°C
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Figure 66. T/EERM Vo X R (NEF RC #K%88 , 4.8 MHz)

ACTIVE SUPPLY CURRENT vs. Ve

INTERNAL RC OSCILLATOR, 4.8 MHZ
457 25°C
-40°C
85°C

35 /

< 25
E
8 2
15 -
1 =
0.5
0 T T T T T 1
15 2 25 3 35 4 45 5 55

Vee (V)

Figure 67. THERM Ve AR (RS WDT #&5%28 , 128 kHz)

ACTIVE SUPPLY CURRENT vs. V¢
INTERNAL WD OSCILLATOR, 128 KHz
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~ 25°C
85°C
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Figure 68. T/EERM Voo KR (32 kHz A EBEtH )

ACTIVE SUPPLY CURRENT vs. V¢
32 kHz EXTERNAL CLOCK
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Figure 69. ZERE X B TEME (0.1 - 1.0 MHz) X R
IDLE SUPPLY CURRENT vs. LOW FREQUENCY
(0.1 - 1.0 MHz)
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Figure 70. ZZRE N B TEMZE (1 - 24 MHz) BIX R

IDLE SUPPLY CURRENT vs. FREQUENCY

12

10

lcc (MA)

1-24 MHZ
//
/// 4.0v
] 3.3V
= ?fzjv
1
//’
T = 1.8V
0 2 4 6 8 10 12 14 16 18 20 22 24
Frequency (MHz)

Figure 71. X ERA Voo %K (W# RC HEHE | 9.6 MHz)

IDLE SUPPLY CURRENT vs. V¢
INTERNAL RC OSCILLATOR, 9.6 MHZ
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2 /
2 15 %
I
0 T
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Vee (V)
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Figure 72. ZZRBERN BRI Vo XK ( WEB RC fR5%88 , 4.8 MHz)
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Figure 73. ZZER B Voo B9 F (ME8RC FBFE | 128 kHz)
IDLE SUPPLY CURRENT vs. V¢
INTERNAL WD OSCILLATOR, 128 KHZ
-40 °C
25°C
85 °C
=
//
/
1.5 2 2.5 3 3.5 4 4.5 5 55

2535D-AVR-04/04
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Figure 74. ZZRERN BT Voo BIXR (32 kHz SAEBAtE )

IDLE SUPPLY CURRENT vs. V¢
32kHz EXTERNAL CLOCK
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8 25°C
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LR Figure 75. HBERERH Voo WER (BIHENERA )
POWER-DOWN SUPPLY CURRENT vs. Vcc
WATCHDOG TIMER DISABLED
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Figure 76. RBEX BTN Vo WXR (BIHMEN SRR )

POWER-DOWN SUPPLY CURRENT vs. V¢
WATCHDOG TIMER ENABLED
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Bl L5 Figure 77. /O 3|8t 3l 8 fA B8 M A ERFE RO K (Vg = 5V)
1/0 PIN PULL-UP RESISTOR CURRENT vs. INPUT VOLTAGE
Vee =5V
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Figure 78. 1/0 S|} LN BFHEBERAMBMABENRR (Vo =2.7V)

1/0 PIN PULL-UP RESISTOR CURRENT vs. INPUT VOLTAGE
Vee = 2.7

80
85°C 25°C
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-40°C

50
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N \
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Figure 79. &£ (Reset) 5| L1/ B PA B R Reset SIMEBERKXR (Vo = 5V)

RESET PULL-UP RESISTOR CURRENT vs. RESET PIN VOLTAGE
Vee = 5V
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Figure 80. &1V (Reset) 5| L EBPA B R Reset SIMBEMNXR (Ve =2.7V)

RESET PULL-UP RESISTOR CURRENT vs. RESET PIN VOLTAGE
Vee = 2.7V

60
-40°C 25 ¢
50

85°C
40

: N
’ \\
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0 T T T
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0 0.5 1 15 2 25 3
VRESET (V)
RahRED Figure 81. 1/0 SIMIRERMME HEBERNXR (KA , Voo =5V)

I/0 PIN SOURCE CURRENT vs. OUTPUT VOLTAGE
LOW POWER PORTS, V¢c = 5V

70
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25°C \
50
85 °C \\
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l° \
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lon (MA)
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Figure 82. 1/0 SIMRBRMMEHBENRXR (KwO , Voo =2.7V)

I/0 PIN SOURCE CURRENT vs. OUTPUT VOLTAGE
LOW POWER PORTS, Vcc = 2.7V

25
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20 1
25°C —_—
85°C E—
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<
E
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Figure 83. /O SIRIRERMMAHBEMNXR (KIIKO , Voo =1.8V)

1/0 PIN SOURCE CURRENT vs. OUTPUT VOLTAGE
LOW POWER PORTS, V¢ = 1.8V
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0 0.2 0.4 0.6 0.8 1 12 14 16 18 2
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Figure 84. 1/0 S|H/RU B RA M HEBENXR (KIKE , Voo =5V)
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I/0 PIN SINK CURRENT vs. OUTPUT VOLTAGE

LOW POWER PORTS, V¢ =5V
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Figure 85. 1/0 S|BIR UK B FR M HEBENXR (EIIHO , Voo =2.7V)
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Figure 86. 1/0 S|/ IRUKEBRA M HEBENXR (EIIHD , Voo =1.8V)

I/0 PIN SINK CURRENT vs. OUTPUT VOLTAGE
LOW POWER PORTS, 1.8V

//ﬁ 85°C
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1 /
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Figure 87. 1/0 SIHIRERMMA HEBERNXR (Ve =5V)

I/0O PIN SOURCE CURRENT vs. OUTPUT VOLTAGE
Vee =5V
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Figure 88. 1/0 S|BIRERAM HBENRXR (Voo = 2.7V)

I/0 PIN SOURCE CURRENT vs. OUTPUT VOLTAGE
Vee = 2.7V
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Figure 89. 1/0 S|HIRERMAHBENRR (Vo =1.8V)

I/0 PIN SOURCE CURRENT vs. OUTPUT VOLTAGE

Vee = 1.8V
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Figure 90. 1/0 S|HIR WK B RMH HBENXR (Ve =5V)

I/0 PIN SINK CURRENT vs. OUTPUT VOLTAGE

Vee = 5V
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Figure 91. 1/O S| MR KRR HEBEM KR (Ve = 2.7V)

1/0 PIN SINK CURRENT vs. OUTPUT VOLTAGE
Vee = 2.7V
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Figure 92. 1/0 S|HIRWK B RMMH HBENRXR (Ve = 1.8V)

I/0 PIN SINK CURRENT vs. OUTPUT VOLTAGE

Vee = 1.8V
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Figure 93. Reset 5|H{ER 1/0 - RERMMEBENXR (Voo =5V)

RESET PIN AS 1/O - SOURCE CURRENT vs. OUTPUT VOLTAGE
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Figure 94. Reset 5|fI#ER /0 — IRERMMHBEMNRR (Voo = 2.7V)

RESET PIN AS I/0O - SOURCE CURRENT vs. OUTPUT VOLTAGE

Vee = 2.7V
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Figure 95. Reset 5|BI{ER 1/0 — JREBRMH HEBEMNXR (Ve = 1.8V)

RESET PIN AS 1/0 - SOURCE CURRENT vs. OUTPUT VOLTAGE
Vee = 1.8V
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Figure 96. Reset 5|HER 1/0 - RUKEB R EBENKXR (Ve = 5V)

loL (MA)

Figure 97. Reset 5|#¥EXH 1/0 — RULERMBEBEN KR (Ve = 2.7V)

lou (MA)

RESET PIN AS 1/O - SINK CURRENT vs. OUTPUT VOLTAGE

Vee = 5V
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Figure 98. Reset S|HIER 1/0 — IRUEBRA M HBERRXR (Ve = 1.8V)

RESET PIN AS I/O - SINK CURRENT vs. OUTPUT VOLTAGE
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SIMIIBRE# Figure 99. I/0 SR AIPREER Ve KR (V) 1O SIBIERHER 1)

I/0 PIN INPUT THRESHOLD VOLTAGE vs. V¢
VIH, IO PIN READ AS '1'
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Figure 100. I/O S|4 A IBREBER Voo IR (V,, 110 SIBIEHEER '0)

I/0 PIN INPUT THRESHOLD VOLTAGE vs. V¢
VIL, 10 PIN READ AS ‘0’
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Figure 101. /O S| AR Voo FIXER

I/0 PIN INPUT HYSTERESIS vs. V¢
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Figure 102. Reset fEAE & /0O S AIPREER Voo XK (V,y,Reset SRl HER '1')

RESET PIN AS I/O - THRESHOLD VOLTAGE vs. V.
VIH, 10 PIN READ AS '1'
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Figure 103. Reset fENEE /0 M AIBRBER Voo KRR (V, ,Reset SIBIERHER '0")

RESET PIN AS I/O - THRESHOLD VOLTAGE vs. V.

VIL, 10 PIN READ AS '0'
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Figure 104. Reset %l AIBJHH Voo XK

RESET PIN AS |0 - PIN HYSTERESIS vs. V¢c
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Figure 105. Reset 5 AITBREBEH Ve BIX R (Vy,Reset Sl HER 1)

RESET INPUT THRESHOLD VOLTAGE vs. V¢
VIH, 10 PIN READ AS '1'
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Figure 106. Reset $ii A TREBEM Vo B9XFK (V,,Reset SIHIEHENR '0)

RESET INPUT THRESHOLD VOLTAGE vs. V¢
VIL, 10 PIN READ AS '0"
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Figure 107. Reset i AIBHH Ve IR R

RESET INPUT THRESHOLD VOLTAGE vs. Vcc
VIL, 10 PIN READ AS '0"
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BOD [ IRESHELILLEEEMME  Figure 108. BOD ['MREFEEN XX (BOD BF R 4.3V)
=

BOD THRESHOLDS vs. TEMPERATURE
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Figure 109. BOD [JREEFMEERXR (BOD BF K 2.7V)

BOD THRESHOLDS vs. TEMPERATURE
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Figure 110. BOD [JRREFREHXR (BOD £FH 1.8V)

BOD THRESHOLDS vs. TEMPERATURE
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Figure 111. BEFREBEM V- BIXR
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Figure 112. EEI L RBEREBBEMBEEBENXR (Voo =5V)

ANALOG COMPARATOR OFFSET vs. COMMON MODE VOLTAGE
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Figure 113. LR EFRELEMLEBENER (Voo= 2.7V)

ANALOG COMPARATOR OFFSET vs. COMMON MODE VOLTAGE
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Figure 114. ¥53E 9.6MHz RC K% 8 MESREN X R

CALIBRATED 9.6 MHz RC OSCILLATOR FREQUENCY vs. TEMPERATURE
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Figure 115. #5E 9.6MHz RC iK% 8L 5 V. KR

CALIBRATED 9.6 MHz RC OSCILLATOR FREQUENCY vs. Vcc
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Figure 116. ¥33E 9.6MHz RC #&% 881 % 5 Osccal HIIX R

CALIBRATED 9.6MHz RC OSCILLATOR FREQUENCY vs. OSCCAL VALUE
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: d
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w
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Figure 117. #53E 4.8 MHz RC %28 ML SBEN X R
CALIBRATED 4.8 MHz RC OSCILLATOR FREQUENCY vs. TEMPERATURE
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5 .
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g
S 48 //
(6]
4.7 : 1
55V y
46 40V
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Temperature (C)
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Figure 118. #5/E 4.8 MHz RC {RF28ME S Vo IR FR

CALIBRATED 4.8 MHz RC OSCILLATOR FREQUENCY vs. V.

52
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e — 25°C
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N
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Figure 119. ¥57E 4.8 MHz RC &% 8381% 5 Osccal X R

CALIBRATED 4.8 MHz RC OSCILLATOR FREQUENCY vs. OSCCAL VALUE
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1 T T T T T
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Figure 120. 128 kHz B HARHEMES Vo X R

128 kHz WATCHDOG OSCILLATOR FREQUENCY vs. Vcc
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15 2 2.5 3 35 4 45 5 55
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Figure 121. 128 kHz B TMRZB/MESRENXR

128 kHz WATCHDOG OSCILLATOR FREQUENCY vs. TEMPERATURE

118

114

1o | \\\

~N
¥ 110
= \\ 18V
x 108 A
£ \\ 2.7V
106 40V
55V
104
102
100 T
-60 -40 -20 0 20 40 60 80 100

Temperature (C)

ATMEL 145

2030D-AVR-04/04 L - 15013652265 00:38537442



SRR Figure 122. BOD B M Voo XK

BROWNOUT DETECTOR CURRENT vs. V¢c
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30 // 25°C
// ___— 85°C
* /
’__/
< 20
2
Q
_LJ 15 .
10 4
5
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Figure 123. ADC B Vo BIXR
ADC CURRENT vs. V.
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Figure 124. R LLRBRBRN Voo BIXR

ANALOG COMPARATOR CURRENT vs. V¢
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Figure 125. yRZBRS Ve BIXR

PROGRAMMING CURRENT vs. Vcc

3.5 1

2.5

Icc (MA)
N

1.5 A

|0cc /\
L

05 Tg5°C

1.5 2 25 3 3.5 4 4.5
Vee (V)

ATMEL

2535D-AVR-04/04

5.

L - 15013652265 00:38537442

-40°C
25°C

85°C

5

147



SUBREEREMR Figure 126. S EBHM Ve BIXFK (0.1-1.0 MHz , BERLE M LR BEM B )

RESET SUPPLY CURRENT vs. V¢
0.1 - 1.0 MHz, EXCLUDING CURRENT THROUGH THE RESET PULL-UP

0.14
55V
0.12 /
// 50V
0.1 / 45V
~ 40V
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S 0.06 33V
//// 27V
0.04 —— =
18V
0.02 — |
O T T T T
0 01 02 03 04 05 06 07 08 09 1

Frequency (MHz)

Figure 127. S ERM Vo KR (1-24MHz , BERLEN L BHEMNBETR)

RESET SUPPLY CURRENT vs. V¢
1-24 MHz, EXCLUDING CURRENT THROUGH THE RESET PULL-UP

35
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25 5.0V
T 2 4.5V
815 /éﬁj/
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Frequency (MHz)

148 ATHINY13 m————————————
TEL:15013652265 00:38537442 "



2535D-AVR-04/04

Figure 128. SRk Voo IR R

Pulsewidth (ns)

RESET PULSE WIDTH vs. VCC
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AL EZ3 Bit7 | Bite | Bits | Bitd | Bits | Bit2 | Bit1 Bit 0 =
0x3F SREG | T H s v N z c P6
Ox3E RE = = = = = = = =

0x3D SPL SP[7:0] P8
0x3C RE =

0x3B GIMSK = INTO PCIE - - = = = P52
0x3A GIFR = INTFO PCIF = = = = = P52
0x39 TIMSKO = = = = OCIE0B OCIE0A TOIEQ = P69
0x38 TIFRO = = = = OCFO0B OCF0A TOVO = P69
0x37 SPMCSR = = = CTPB RFLB PGWRT PGERS | SELFPRGEN P94
0x36 OCROA TIC - W LREFR A P69
0x35 MCUCR = PUD SE SM1 SMo = IsCo1 ISC00 P48
0x34 MCUSR = = = = WDRF BORF EXTRF PORF P33
0x33 TCCROB FOC0A FOC0B = = WGMO2 cs02 Ccso1 €s00 P65
0x32 TCNTO TICO (8 fiL) P69
0x31 OSCCAL H AR E B 17 7R P22
0x30 RE -

0x2F TCCROA COMOA1 COMOAQ comoBi | COMOBO | - [ = WGMO1 WGMO0 P68
0x2E DWDR DWDR[7:0] P91
0x2D RE -

0x2C RE =

0x2B RE =

0x2A RE =

0x29 OCROB TIC- Wit RE 78 B P69
0x28 GTCCR TSM__ | = | = | = [ = [ = | = | Psr10 P72
0x27 RE =

0x26 CLKPR CLKPCE | - | - | - | cikpss | cikps2 | CLKPs1 | CLKPSO P24
0x25 RE =

0x24 # -

0x23 & -

0x22 RE =

0x21 WDTCR woTIF_ [ woTIE [ wDP3 WDCE WDE | wop2 [ wDP1 WDPO P37
0x20 RE =

ox1F # -

Ox1E EEARL = | = | EEPROM #5178 P14
0x1D EEDR EEPROM MBS 75 P14
0x1C EECR - | - | EEPMI EEPMO | EERE | EEMWE | EEWE EERE P15
0x1B RE =

0x1A & =

0x19 RE =

0x18 PORTB = = PORTB5 PORTB4 PORTB3 PORTB2 PORTB1 PORTBO P50
0x17 DDRB = = DDB5 DDB4 DDB3 DDB2 DDB1 DDBO P50
0x16 PINB = = PINB5 PINB4 PINB3 PINB2 PINB1 PINBO P50
0x15 PCMSK = = PCINT5 PCINT4 PCINT3 PCINT2 PCINT1 PCINTO P53
0x14 DIDRO = = ADCOD ADC2D ADC3D ADC1D EINTD AINOD P75, P88
0x13 & =

0x12 RE =

0x11 RE =

0x10 wRE -

OXOF RE =

Ox0E RE =

0x0D RE =

0x0C RE =

0x0B RE =

0x0A RE =

0x09 RE -

0x08 ACSR ACD ACBG ACO AC ACIE = ACIST ACISO P73
0x07 ADMUX = REFS0 ADLAR = = = MUX1 MUX0 P86
0x06 ADCSRA ADEN ADSC ADATE ADIF ADIE ADPS2 ADPS1 ADPS0 P86
0x05 ADCH ADC BREERETH P87
0x04 ADCL ADC BREFRIEFT P87
0x03 ADCSRB = ACME = | = = | aDTs2 ADTS1 ADTS0 P88
0x02 RE -

0x01 RE =

0x00 RE -
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Note: 1. A THIEREBEHRE , WERBMUNMIEZE 0, REW /0 it N LM ITERE,

CBI #1 SBI S A/ E AR E Ree 2t it 5y 0x00 - Ox1F BB FEes. EXLFEEEF |, BI{I{EH SBIS 5 SBIC TR E,

3. —LRABHREATUBIEANZBE 1 KBk, EEITENE  TRETAZSHEMMN AVR ,CBI 1 SBI SR — L4 HKRMNEK ,
EI AT A B B S PR N FEE5 8 TIR1E, CBI # SBI IS0 FEARSEE REER i 0x00 - Ox1F HFEES.

N
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EEEER

BT BESR B B Loy # P
NBEANSRED
ADD Rd, Rr Tt sk Rd < Rd + Rr Z,CNVH 1
ADC Rd, Rr AR Rd <« Rd+Rr+C Z,CN\VH 1
ADIW Rdl,K MBS FAEM Rdh:Rdl « Rdh:Rdl + K Z,CNV,S 2
SUB Rd, Rr FTRARE Rd < Rd - Rr Z,CNVH 1
SuBI Rd, K BT BN Rd « Rd-K Z,CNVH 1
SBC Rd, Rr HHHDRE Rd < Rd-Rr-C Z,CNVH 1
SBCI Rd, K LR L BB Rd«<Rd-K-C Z,CNVH 1
SBIW Rdl,K NFHRE I Rdh:Rdl < Rdh:Rdl - K ZCNV,S 2
AND Rd, Rr BHRS Rd < Rd ¢ Rr ZNV 1
ANDI Rd, K SUBNBESRE Rd <~ Rd e K ZNV 1
OR Rd, Rr BHER Rd < Rd v Rr ZNV 1
ORI Rd, K SUBBHBERRE Rd « Rd vK Z NV 1
EOR Rd, Rr FH Rd < Rd @ Rr ZNV 1
COM Rd 1 BT Rd < OxFF - Rd ZCNV 1
NEG Rd 2 fANB Rd « 0x00 — Rd Z,CN,VH 1
SBR Rd,K REHEFROMN Rd < RdvK ZNV 1
CBR Rd,K FHEENES Rd < Rd e (OXFF - K) ZNV 1
INC Rd n—RE Rd < Rd + 1 ZNV 1
DEC Rd H—RE Rd < Rd -1 ZNV 1
TST Rd MXREHERA Rd < Rd ¢ Rd ZNV 1
CLR Rd SEREE Rd < Rd® Rd ZNV 1
|_SER Rd §f—?~§§_§1ﬁ Rd < OxFF None 1
BERES
RJMP k X B PC«PC+k+1 None 2
1JMP BEBEER (2) PC«Z None 2
RCALL k A FRFRA PC <« PC+k+1 None 3
ICALL BERA (2) PC«Z None 3
RET FRFERE PC « STACK None 4
RETI R E PC « STACK | 4
CPSE Rd,Rr BB, MEURS T —RES if (Rd=Rr)PC« PC+2o0r3 None 1/2/3
CP Rd,Rr BB Rd - Rr Z,N,V,CH 1
CPC Rd,Rr fpiqvdia:y Rd-Rr-C Z,N,V,.CH 1
CPI Rd,K Sy EHER Rd - K Z,N,V,.CH 1
SBRC Rr, b HEFHEMF "0 MBE T —KiES if (Rr(b)=0) PC <~ PC +20or 3 None 1/2/3
SBRS Rr, b BN "1 UL T —&iES if (Rr(b)=1) PC « PC + 2 0r 3 None 1/2/3
SBIC P, b I/0 BFERfN "0" MBS T —%iED if (P(b)=0) PC « PC +20r3 None 1/2/3
SBIS P, b /O BHFHEMN "I MBS TS if (P(b)=1)PC < PC+20r3 None 1/2/3
BRBS s, k REFERLN "1 WIS T—RED if (SREG(s) = 1) then PC<PC+k + 1 None 12
BRBC s, k REFERNVR "0 MBI T —RES if (SREG(s) = 0) then PC«PC+k + 1 None 12
BREQ k LR if (Z=1) then PC « PC +k + 1 None 12
BRNE k EENES if (Z = 0) then PC «— PC +k + 1 None 1/2
BRCS k AR "1 N PkEE if (C=1) then PC < PC +k + 1 None 12
BRCC k B R "0” MIBkEE if (C =0) then PC « PC +k + 1 None 12
BRSH k AFHETF MBS if (C = 0) then PC «— PC + k + 1 None 12
BRLO k NF I BkEE if (C=1) then PC « PC +k + 1 None 12
BRMI k Sl Bk EE if (N = 1) then PC < PC + k + 1 None 1/2
BRPL k N B if (N = 0) then PC « PC +k + 1 None 12
BRGE k BRSBATRE TN if (N ® V=0) then PC < PC +k + 1 None 12
BRLT k BRSHRAN B if (N® V=1)then PC « PC +k + 1 None 1/2
BRHS k AR "1 NIBkE if (H=1) then PC « PC +k + 1 None 12
BRHC k IR "0” MIBkEE if (H = 0) then PC «— PC + k + 1 None 1/2
BRTS Kk T "1 Mgk if (T=1)then PC « PC+k +1 None 12
BRTC k T35 "0" NIk if (T = 0) then PC « PC +k + 1 None 1/2
BRVS k BEFRE R "1 W Bk if (V= 1) then PC <~ PC +k + 1 None 12
BRVC k aBERE R 0" NIBkE if (V = 0) then PC <~ PC + k + 1 None 12
BRIE k o A5 B U Bk if (1= 1) then PC «— PC +k + 1 None 12
|_BRID [ o R U Bk if (1 =0)then PC < PC +k + 1 None 1/2
MAVNAES
SBI P,b 1/0 BFiFR LB 1/0(P,b) « 1 None 2
CBI P,b /0 BB ES I/O(P,b) < 0 None 2
LSL Rd BEEB Rd(n+1) < Rd(n), Rd(0) « 0 Z,CNV 1
LSR Rd BRER Rd(n) < Rd(n+1), Rd(7) « 0 ZCNV 1
ROL Rd HHEBERER Rd(0)CRd(n+1)c Rd(n).CRd(7) ZCONV 1
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Bs BAER He B & #
ROR Rd FHABAREE Rd(7)«<-C,Rd(n)« Rd(n+1),C<Rd(0) Z,C NV 1
ASR Rd BEREB Rd(n) < Rd(n+1), n=0..6 Z,CNV 1
SWAP Rd BEEFHRR Rd(3..0)«Rd(7..4),Rd(7..4)«Rd(3..0) None 1
BSET s REBA SREG(s) « 1 SREG(s) 1
BCLR s BEEE SREG(s) < 0 SREG(s) 1
BST Rr, b NEERTURAT T < Rr(b) T 1
BLD Rd, b BT RATFEN Rd(b) « T None 1
SEC A i B A C1 ] 1
CLC HULES C«0 c 1
SEN SRR B L N« 1 N 1
CLN SHENES N«0 N 1
SEZ BB Z«1 z 1
CcLz ERENES Z<0 z 1
SEI £ R PHERE 1«1 | 1
CLI 2RTHEA 1«0 | 1
SES BESNRFEN BN S 1 S 1
CLS HENRGFENEE S« 0 S 1
SEV 2 HAMD G HR S B Vet \ 1
CLV 2 ANBREFEEER V<0 \ 1
SET SREG i T By T 1 T 1
CLT SREGHW TES T«0 T 1
SEH SREG ¥R & 1 He1 H 1
| CLH SREG W ¥#URRES H«0 H 1
BE&£EES
MOV Rd, Rr FiEREEH Rd « Rr None 1
MOVW Rd, Rr SHEFEHRT Rd+1:Rd < Rr+1:Rr None 1
LDI Rd, K gk 3z Bk Rd « K None 1
LD Rd, X MREEIUHE Rd « (X) None 2
LD Rd, X+ MEEEIUTE , REun— Rd « (X), X « X + 1 None 2
LD Rd, - X SAER — S INER BT kg X X-1,Rd « (X) None 2
LD Rd, Y MRAEITUHE Rd « (Y) None 2
LD Rd, Y+ R EIUKE , REun— Rd < (Y),Y < Y+1 None 2
LD Rd, -Y b R P EA LI 6 ] Y« Y-1,Rd«(Y) None 2
LDD Rd,Y+q MEH R RN EES 0 R Rd « (Y +q) None 2
LD Rd, Z MREEI U HE Rd « (2) None 2
LD Rd, Z+ MREEITUHE , REtbutin— Rd < (2),Z « Z+1 None 2
LD Rd, -Z bR — S INER B T kiR Z«<Z-1,Rd«(2) None 2
LDD Rd, Z+q EERERNEES U RE Rd « (Z+q) None 2
LDS Rd, k M SRAM Ik #iiE Rd « (k) None 2
ST X, Rr AT u A RFERE (X) < Rr None 2
ST X+, Rr DRES AN FRKE , REtun— (X) < Rr, X« X+1 None 2
ST - X, Rr bRl —EAEET S X EREE X X-1,(X)«<Rr None 2
ST Y, Rr gk e S BiE (Y) < Rr None 2
ST Y+, Rr EEESUTIE , RSt n— (Y)«<Rr,Y«<Y+1 None 2
ST -Y,Rr bR — SN E S u iR YeY-1,(Y)<Rr None 2
STD Y+q,Rr PEGREES TRRkEe e (Y +q) «Rr None 2
ST Z, Rr IOERIE S A E (Z) < Rr None 2
ST Z+, Rr nEREES U ERIE , RSt — (Z)«<Rr,Z«<Z+1 None 2
ST -Z,Rr bR — 5 MR R S u R Z<Z-1,(Z)«<Rr None 2
STD Z+q,Rr MEFREENRES U BE (Z+q) <« Rr None 2
STS k, Rr M SRAM Ik #iiE (k) « Rr None 2
LPM IERFZENBE RO « (2) None 3
LPM Rd, Z IREFEENHE Rd « (2) None 3
LPM Rd, Z+ MERBFZEEHEE , KR — Rd « (2),Z « Z+1 None 3
SPM RERFZRANEE (z) « R1:RO None
IN Rd, P M /O B O EdE Rd « P None 1
ouT P, Rr #81/0 I O BaR P < Rr None 1
PUSH Rr [FEHFRREASR STACK « Rr None 2
POP Rd EFaRE R Rd < STACK None 2
MCU #HiES
NOP =IRE None 1
SLEEP REE (see specific descr. for Sleep function) None 1
WDR SNEIR (see specific descr. for WDR/Timer) None 1
BREAK I For On-chip Debug Only None N/A
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O /=
FmiER
EEE (MHz) PR iR Fms HE I45EE

ATtiny13V-10PI 8P3
ATtiny13V-10PJ®@ 8P3

100 18.55 ATt?ny13V—1OSI ] 8S2 OIM& ]
ATtiny13V-10SJ®@ 852 (-40°C - 85°C)
ATtiny13V-10SSI S8s1
ATtiny13V-10SSJ®@ S8S1
ATtiny13-20PI 8P3
ATtiny13-20PJ®? 8P3
ATtiny13-20SI 8S2 Tl

200 2.7-5.

0 55 ATtiny13-20SJ®@ 8S2 (-40°C - 85°C)
ATtiny13-20SSI S8S1
ATtiny13-20SSJ®@ S8S1

Notes: 1. Pt AJ LA wafer WIERIEM , THRESATURK/NEREIFS Atmel Hib AR R,
2. WLFHELE,
3. EES Vo HHER , P14 BAEES Vo XK.

HExA
8P3 8- 514 , 0.300" 3 , PDIP
8s2 8- 514 , 0.209" 3 , EIAJ SOIC
s8s1 8-5l% , 0.150" 3T , JEDEC SOIC
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HHER

8P3

1

W=
&7 T
N
Top View C— ol .
B
End View

COMMON DIMENSIONS
(Unit of Measure = inches)

e
- A2 A SYMBOL| MIN | NOM | MAX | NOTE
A 0210 | 2
/! ﬂ [N} A2 0115 | 0.130 | 0.195
i :L I | Y b 0014 | 0.018| 0.022
“ ‘ ally — b2 0.045 | 0.060 | 0.070
b3 0030 | 0.039| 0045| 6
c 0008 | 0.010| 0.014
D 0355 | 0.365| 0.400| 3
— || ~=—D2 L D1 0.005 3
b3 1 r=— E 0.300 | 0.310| 0.325| 4
4PLCS —=i=—b E1 0240 | 0250 | 0280 3
Side View e 0.100 BSC
eA 0.300 BSC 4
L 0115 | 0130 | 0.150

Notes: 1. This drawing is for general information only; refer to JEDEC Drawing MS-001, Variation BA for additional information.
2. Dimensions A and L are measured with the package seated in JEDEC seating plane Gauge GS-3.
3. D, D1 and E1 dimensions do not include mold Flash or protrusions. Mold Flash or protrusions shall not exceed 0.010 inch.
4. E and eA measured with the leads constrained to be perpendicular to datum.
5. Pointed or rounded lead tips are preferred to ease insertion.
6. b2 and b3 maximum dimensions do not include Dambar protrusions. Dambar protrusions shall not exceed 0.010 (0.25 mm).

01/09/02
TITLE DRAWING NO. [REW.
‘I_ 2325 Orchard Parkway 8P3, 8-lead, 0.300" Wide Body, Plastic Dual
&El@ San Jose, CA 95131 In-line Package (PDIP) 8P3 B

ATMEL 155
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8S2
C\/ /
\
Y 1
E [E1]
N~ | |
doda_ | N
Top View r=st||+~
End View
(e] b COMMON DIMENSIONS
A (Unit of Measure = mm)
1 SYMBOL| MIN NOM MAX | NOTE
/ \ Al A 1.70 2.16
Y R 7 l Al 0.05 0.25
T — 17 b 0.35 0.48
T C 0.15 0.35
) D 5.13 5.35
L]
El 5.18 5.40 2,3
Side Vi E 7.70 8.26
ae view
L 0.51 0.85
—1 0 8°
e 1.27 BSC 4
Notes: 1. This drawing is for general information only; refer to EIAJ Drawing EDR-7320 for additional information.
2. Mismatch of the upper and lower dies and resin burrs are not included.
3. Itis recommended that upper and lower cavities be equal. If they are different, the larger dimension shall be regarded.
4. Determines the true geometric position.
5. Values b and C apply to pb/Sn solder plated terminal. The standard thickness of the solder layer shall be 0.010 +0.010/-0.005 mm.
10/7/03
TITLE DRAWING NO. |REV.
AIMEL 2325 Orchard Parkway 852, 8-lead, 0.209" Body, Plastic Small 852 c
5 San Jose, CA 95131 Outline Package (EIAJ)
156 ATtl ny1 3 |
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S8S1

HHHH
O

E1] [E]

afliz s N - DY

Top View

[
\ A COMMON DIMENSIONS
:j:L:j:l:j:l:lj J_ (Unit of Measure = mm)

—— 1

‘ 1 SYMBOL| MIN | NOM | MAX | NOTE
. (D} | Al E 5.79 6.20
El 3.81 3.99
Side View A 1.35 1.75
Al 0.1 0.25
C [—\ D 4.80 4.98
l J f f C 0.17 0.25
F L k‘ﬁ\'s b 0.31 051
T _ L 0.4 1.27
End View R 1.27 BSC
9 0° | | 8°

Notes: 1. This drawing is for general information only; refer to JEDEC Drawing MS-012 for proper dimensions, tolerances, datums,etc.

2535D-AVR-04/04

L - 15013652265 00:38537442

7/28/03
TITLE DRAWING NO. |REW.
‘I_ 2325 Orchard Parkway S8S1, 8-lead, 0.150" Wide Body, Plastic Gull Wing Small
&El@ San Jose, CA 95131 Outline (JEDEC SOIC) S8S1 A
AIMEL 157



RIR &

ATtiny13 Rev. B

AFEITH RN ATtiny13 B H .

ERREBEESREEESIR

* X Flash, EEPROM , B4 S#EMNN S BESRTRETHEEAK
. AM—FHHRE , SHTREME

* debugWIRE BEEF£# 8 EMHE L

- B IENEEPIEA

. EERBMERREEERER

YMEFRBEERT 2.7V i, B EEPROM H#ritiEIREERIAERN 0x00 , M2
OxFF,

BRARBE -

MRBERBRBEZFEHTIREE  BERAELREERE , HIERN OxXFF, XEHTTI
REEBRHNEN. EEABRTERIERREREN,

. Xt Flash, EEPROM, B4 S8 EMN S BERTRETELN

FHEEATRESHE,
BARFE -

ESAYRILE , ALK N RDY/BSY £5. EEAHE REHEA , EEF
RDY/BSY EE5RMBEBNE A, XEZITR D FEE K.

RiE—HmE , SR TREBE

BHRONBLMASRYEDSS  FHEGRR OTP BH. BL4NERTENRENES

BEXFPRRE

— 128 kHz B HIRSEE (CKSEL[1..0] = 11) , REME3E E (SUT[1..0] = 00) ,
Debugwire f&4¢ (DWEN = 0) 2 &% fi RSTDISBL = 0,

_ 9.6 MHz A HIFHE (CKSEL[1..0] = 10) , &M B30 &t (SUT[1..0] = 00) ,
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