7 mis

- EtEse, {KI03EM 8 fiz AVR® fHALIERS
o &M RISC &4
- 130 &HEF - KSBBEFRTHER 2 4 A
- 2N NEATIEE RS
- 2BAIE
— T4EF 16 MHz FIHERER X 16 MIPS
- AERAINH BN EATELER
s ERAUBRFANHIBEEMER
- 8K FH W RKEATRME Flash
BE&EH 10,000 X
- EEMVIBIENMMN Ti% Boot RBKX
EEH E Boot BFEXHREN R
HFWRNEBIRE
- 512 3571 EEPROM
EBEHd: 100,000 X
- 512 A A SRAM
— WUARSIEAHTREBUHAFBEN INH
s AiRER
- FANEEMMY TS AR LB ARSI eER 8 fERER / 1T INER
- —NEEWMSHER. LREEFIMILIIEEN 16 AIERER / THEER
- BRI ER1THEE RTC
- MWiEE PWM
- 8310 £z ADC
8 MR REE
TQFP %M 7 N ESEE
24 TQFP HENEESTHEMEE (1x, 10x, B 200x ) WESEE
- EREFHHELED
- B4R BT USART
- AW IEFEHN/ MLERE SPI BT8O0
- BN AR 2SN TR EETHNENES
- FRE LSS
. BHRALERER
- FBENUE THEENE BRI
- FRZ53#REMN RC %87
- R/ 5 iR
- 6 MEERE : ZZHEX, ADC BFEHIHI#EN, ¥HEX, EBEX, Standby HXUR
¥ R Standby #5
« 1/0 W%
- 2 \AEER IO O
— 40 S|} PDIP % , 44 S| TQFP £3% ,44 S| PLCC £%5 44 5| MLF £33
o I{EHE
— ATmega8535L : 2.7 - 5.5V
— ATmega8535 : 4.5 - 5.5V
- EEER
— ATmega8535L : 0 - 8 MHz
— ATmega8535 : 0 - 16 MHz

ATMEL

AIMEL

Y (F)

BH 8KB &N
Al4R7E Flash 1Y
8y AVR
R HIES

ATmega8535
ATmega8535L

IEE

AN REXBFEFMO X
R, HEEMWRLSERER
PR, ©EXEB3RE
FERNEN , Bt seF
EBELNER, RENZ
URNXERASEUREE
HEBNER.
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Figure 1.

AIMEL

ATmega8535 #4935 il

PDIP
]
(XCK/TO) PBO ] 1 40 [0 PAO (ADCO)
(T1) PB1 ] 2 39 3 PA1 (ADC1)
(INT2/AINO) PB2 ] 3 38 [ PA2 (ADC2)
(OCO/AINT) PB3 | 4 37 1 PA3 (ADC3)
(55) PB4 ] 5 36 [1 PA4 (ADC4)
(MOsI) PB5 ] 6 35 [1 PA5 (ADC5)
(MIsO) PB6 ] 7 34 [7 PA6 (ADCS)
(SCK) PB7 [ 8 33 [J PA7 (ADC7)
RESET ] 9 32 [0 AREF
vee o 10 31 3 GND
GND [ 11 30 [0 Avce
XTAL2 ] 12 29 [J PC7 (TOSC2)
XTAL1 ] 13 28 [3 PC6 (TOSC1)
(RXD) PDO ] 14 27 B PC5
(TXD) PD1 | 15 26 [0 PC4
(INTO) PD2 | 16 25 [ PC3
(INT1) PD3 f 17 24 [ PC2
(0C1B) PD4 ] 18 23 [0 PC1 (SDA)
(OC1A) PD5 ] 19 22 1 PCO (SCL)
(ICP1) PD6 ] 20 21 [0 PD7 (0C2)

TQFP/MLF
S
S = —_
9 B ssaa
~$ S % [SITRORS]
0w < £ =0 [alyalyalya)
BIIER <2<z
T285R828g2x=z9¢9
iminininininEninEnEnNn
R EEE R
T T T T T OOOMOO OO
(MosI) PB5 1 @ “““““ @33]PA4 (ADC4)
(Miso) Pee ]2 | 32 [1PA5 (ADC5)
(sck) PB7C{3 1 ' 311PA6 (ADCE)
RESETC{4 1| ' 30 PA7 (ADC?)
veeds | I 201 AREF
GNDO6 | I 28pGND
XTAL2O]7 | I 27pAvce
XTAL1C]8 | I 26[PC7 (TOSC2)
(RXD) PDOC]9 | I 25[PC6 (TOSC1)
(TXD) PD1[]10 | 24pPCs5
(INTO) PD2 ] 11@ _________ 23[QPca
N M < WO~ O N
YIVEEZZILIIN
L I o
PTROERO00S =N ®
000000 =z0000
D.D_lﬂ.ﬂ.>o&ﬂ.ﬂ.l
E2583 83
Scg=e =2
NOTE

PLCC
s
O E —_
o9 B scaa
P X
BZZ8 8888
e<IER <<
$R3p828g58¢
mmaum@>§§§§
OO0 mAa
T EEEEEELE
(Mosly PB5]7 [e] 39 [1PA4 (ADC4)
(MIsO) PB6C]8 38[1PA5 (ADC5)
(SCK) PB7] 9 37 [ PA6 (ADC6)
RESET [ 10 36 [ PA7 (ADC7)
vcc 11 35 [ AREF
GND [} 12 34 1 GND
XTAL2 ] 13 33[JAvVCC
XTAL1 O] 14 32[1PC7 (TOSC2)
(RXD) PDO[] 15 31[PC6 (TOSC1)
(TXD) PD1] 16 30 PC5
(INTO) PD2 ] 1700 > O d N M © I~ 0‘:'29:”"04
222338388k ¢Y
L I o
CTReR0O R - R
00000 =z0000
&&Q&&>@&&ELQ
E55588 83
Sco=%" =

MLF Bottom pad should be soldered to ground.

ABEFHNVARERRTHNEFNEE , AREMETHREFEIZH AVR izt

HIRER S, ARELTRMENLZEREA HRFRHRAENR/IME,
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&Rk ATmega8535 & T 1858 # AVR RISC £ 19K T 8 L CMOS iR #lgs. T HEHM
ESEUAR B APESHITRIE , ATmega8535 HERIERFM R FiX 1 MIPS/MHz , A
MALERRGEEDENLERE ZEBTE,

FEE Figure 2. &H1EH

PAO - PA7 PCO - PC7
VCC A A A A A A A 2 A 4 A A A A A A
v
PORTA DRIVERS/BUFFERS PORTC DRIVERS/BUFFERS
G?\lD PORTA DIGITAL INTERFACE PORTC DIGITAL INTERFACE

( i i

Avce ‘
MUX & ADC
* INTERFACE [ [ ™wi
ADC
AREF —
* TIMERS/ —
le—s| le—»{ OSCILLATOR
PROGRAM |, stack | il COUNTERS
COUNTER POINTER
I [
PROGRAM | ¥ INTERNAL
FLASH | SRAM e OSCILLATOR
‘ XTALL
: P
INSTRUCTION GENERAL WATCHDOG
REGISTER | |1yl pURPOSE " TIMER OSCILLATOR (—
REGISTERS I
i l XTAL2
- X
INSTRUCTION MCU CTRL. —
DECODER 1 Y 7 aTIMING RESET
l e z e
INTERNAL
COL'I\‘NTSSO L le—s| 'NTE?"TTUPT CALIBRATED
OSCILLATOR
STATUS
AVR CPU REGISTER [€F* [ EEPROM
PROGRAMMING
SPI le—» e UsART
LoGIC ,
h COMP.
- INTERFACE [© ”
PORTB DIGITAL INTERFACE PORTD DIGITAL INTERFACE
PORTB DRIVERS/BUFFERS PORTD DRIVERS/BUFFERS
v A A v v v v v v ¥y v v v v v
PBO - PB7 PDO - PD7

— AIMNEL
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AT90S8535 F#&A M

AT90S8535 #REER

AIMEL

AVR AZEBEFENETEN 32 MNEAIETEFR. MENSFEFRHERSEEET
(ALU) MBiEH |, EE—FESTUE - EABARRBRBMNLLN T FiR. XS
MARREETREBHER , A REFLEZBEMN CISC WIZHRHESE 10 BHHEFLER,

ATmega8535 B T4 R 8K ZTWRAN A Flash( EFRENIREMNEES , A
RWW) , 512 =45 EEPROM , 512 =% SRAM , 32 NEA /0 O% , 32 MNERA IEHE
FLSNEBEBRERN RENENER/THER (T/IC), AN/ SRR |, ATYRTE 1T USART ,
HAEFHTHHERTED 10VEFEES MARTHERLR (TQFP £% ) # ADC ,
BERERARH RN TRETTRMERSS , — 4 SPI £BTHO , ARANAILUEI FRH#1T
EFEHNEEEN, TETFZRERY CPU FLIHE , M SRAM, T/C. SPIixORKRH
WMREHE T, FEEXNRBIRZR/ELIRT , FTEThEERT P AEGEL 2
HELTHE, ZEBERXT , REENSBHEET , AFAFPRE-IHEELE , MER
ThEEIE R AL T IRERIRZS ; ADC REHIHIE R L LE CPU RBR T BB ERTEES ADC B4
PR 10 #RM T4 |, LUIRRIK ADC BRI FFXIRF ; Standby X T RERAREIR
H|Z1T , HRYBEERAE TR |, 8R4 UEERONER B EFRER
ZHEEN ; ¥R Standby R TN AU RSH 88 M 725 E B B4R T 45,

TR R Atmel EZEEZ AMFREB[EARESN, M ISP Flash AFRFFHERE
ISP BiTHO , AEBARERAITHRE , BTIETZETT AVR IERZHH 5| §1E
FHITRE. SISEFRUUERATEZEONNARF T E N A Flash 774 X (Application
Flash Memory). 1 5 % B fi Flash 77 1# X B 5| § Flash X (Boot Flash Memory)#) 72 7 4 £2
BT, KT RWW B4, B 8 1 RISC CPU 5SRZEXN AI4RIER Flash SEKTE—1
BFRA, ATmega8535 A — MR ANERH , NiFSMAXN R NARMK T RE
MR A RIR G =

ATmega8535 EE—EBENRERSREAFRIE  BFE CEESHFSE. Dk, BFE
HEE/ R ESR. HERRITMAR.

ATmega8535 Bk AT90S8535 MBI i — L 451%. ATmega8535 EA £
X AT90S8535 M T #%B. ERMERELFEEFTHKRENFEIE, AIEEX AT90S8535 Y
S8535C BuURE , EREFRBAEXNRMARZFE, ATmegad535 S5 H 5
AT90S8535100% % & , th AT £ IR FNRI4AR £ B4R ATI0S8535 (B —HEMBLNMNERSE
SHHERTFEER.

%t S8535C B4 RIELNE T FIhAE
REENMEEEHRNNFEER ¥ P43 T B I RERSEENRRES .
USART #ZIWFFEHNEHPEEHEEA £ P135“AVR USART # AVR UART #&
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51 i BA

VCC
GND

% 0O A(PA7..PAO)

1% 0 B(PB7..PB0)

%0 C(PC7..PCO)

% 0O D(PD7..PDO)

RESET

XTAL1
XTAL2

AVCC

AREF

K55I+

AVR CPU H#
43

2502E-AVR-12/03

HFEER BIR
iy

O A YER AD B 2R R E U At

WO ATER AD BiesERR | RAER 8N E /0 O , EEAwEN RSB EH Bk,
His PS8 8N MRS TR EFNRKKER. EARASERN , ERBL
FIERPHABERE | W OSBRI EM A EER, EEMESES , IFERERHERE
&, %0 ALTFEERS,

WO BN 8UMNME /OO, EEWHENANIB LA B, HihE R REXN K=
TR E AR KER, EREAERRN  HAR L EBHEMER , i ORINP R
BB ER,. £EMIRT , ERSRPERER , WO B AL THERS.

w0 B WEMIhEEN P58,
WO CH8MNE /OO, EEURENNZ LB, HaHE s EEXNHNIERsE

TR E AR AKER. EREAERRN  HEAR L BHEMERE , i ORINP R
B b ER. £EVIRG , ERSRFERER , WO C 4 THRRES.

WO D 8 @ I/O A , EEAmENNES LA B, HihE R RAX IR &

TR E MR AKER, ERRAERRN  HEAR L BEMERE , Wik ORI EBER
AERPEREER. EECYES , MERSNHERER , w0 D& THERS.

WO D MEAMINEEN P62,

EmASIH,. FENABEIKENIIRNENEERFFSIBREEN, MNRFER
P35Table 15 o $r£EaT[E] /N T T1BR A ) B9 Bk o A BE AR IIE A S & 2o

R #R5% B K 2% 5 PR A IR A BB ER B A U
f= a1 4fR5% PR K 25 B Fi H U o

AVCCRIKEOASADH RN ®EIR, FEAADCH ,ZalIMNEESV EE. EHADC
B B8 — MEBIRIRER S Vo EE.

AID BYEHLEL A A SR

APFEFMIE T - LR BENREH FURBMNAERASH EN TR EER, Xk
PIFBMBREERZECHCLIE T EBIANH. ALY C mEREANMHEFZFES
UEX , MAEN C WEHENTHLERTESTRNLELR. HERERMBRIE
REEMAHER,

AFTMES £IFIE AVR AN, CPUMTEASRRIEBRFHNEBRIT. BT
MeEB I REHERR. WITEE. BHITARLE DU,

ATMEL ;



AIMEL
VAP Figure 3. AVR &4t 5 1ER

8-bit Data Bus

Y
Program Status
Flash < € <
Program Counter and Control
Memory <
Interrupt
— > 32x8 «> Unit
Instruction General P
Register Purpose SPI
< Registrers > Unit
Yy
Instruction Watchdog
Decoder y y < Timer
> £ N
£ ‘»
(2] (%]
l @ g ALU - Analog
Control Lines = 2 Comparator
<
- °©
8] (0]
(0] =
= e] PN
e £ <> /0 Module1
. Data «>l«>| 1/0Module 2
> SRAM
<«—>»| |/O Module n
EEPROM <
I/O Lines <

v

RNTREEENMREUAEHITHE , AVREXAT Harvard &8 , EAMINBENRERFE
%, BEFEHSENESES —RRKLE1T,. CPU BERIT—RIESTHWEMIEERT —%
ED (EARAXHATE ) XMEISZUTESHEMNTARZT. BFEMSETLUE
L YRTEM Flash o

PR R FER G SIE 32N 8 L BATHESFS , BRINERN DA, WMk

T AR AR ALU B1E, TEHEM ALU BED ML T FERXAFHRERE
NWIHR , RAERTEE , SRBPEIE I FIFHXMF. BIAIRNE -t EAR,

BFEHRXMHER 6 NEFFERTUAE 3N 16 UM RET U FEREH AT UBERZE |
KUK EE, Hh—MEHE A MENBFFRREW RN U, XL
HIThEEEFFaREl N 16 UMY X, Y. Z FF=H.

ALUX BB ESRZAURTEFRENERCANERNEZEZEE, ALUB A LUNT RS 7R
B, BERRZERSETFFENAREIETUARRRELR,

BRFABBLSR / EXRANBREESMARESKES , NMEEI B it Z2E, K
SHETKEN 16, TSI EFFRSFEUAMIE -5 16 U 32 LHES,

ATmega8535(L) m——
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ALU - ERBEH T
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BFE#FZEHI2 AR 5| FBFKX (Boot X ) MINARFX, XHMXEBEEIH
BEMUZIEMNE / BRI, ATENARFXH SPM ESLHNTSISERFX.

EHRWANAR FREFRE MU WEFITERES (PC) RETHIRcH., HEKVTERAKRE
SRAM , At ESREXZRTF SRAM K/, EENVHRERAFE LEDBRILHEKRIEH
SP, XMEHHTF 1/0 Z= 8 |, ATLL# TR B AR, 3E SRAM AILUEE 5 AR/ F uHE
XTI E .

AVR IR A LN T EEW.

AVRE — M RENFUMIER, BHFERUTIOZE, REFFHRERERPMERENL,
BAOPMETFHOERERARINPHEOE, SNPHNLERSEEFHOERMN
NEBX , P mEuBE  LERES,

/O FfERZ=HEE 64 NI LAEES UMt | 4ER CPU JMREVIEHIZF1F8S. SPI UK
HAh 1/0 ThAE, BRET R ERIFZE R BN FE88 42 ERibik 0x20 - 0x5F,

AVRALU S22 NEATESEFSEENE, FESSSTER/CH, FESSALAHZHE
B ALU ZEREE— /N9 EAR. ALUREDS N 3K ER, BEMNVIRE, HILER
HTZEL ERFEHRN BT ENTE LS. EAESILESE.

ATMEL 7



REFFe

BREFRXHG

AIMEL

REFERCETRENITHNERETHNEREE, XEEEUUAXRSEREFREN
SUEHRE, MEBERERR , FTE ALU BEHFEIMRSTEFESNNE, X, 7£F
ZRRATHRAZEELTIINEREST . N\MIERZZTERE , KBREES,
EHAPHBRSEFNTRSTERZTL2EIRE , PHRENEFRSBIRE, XETHE
FERMRLE,
AVR & 7¥88 SREG EXMTF :

Bit 7 6 5 4 3 2 1 0

|I|T|H|SVNZC|SREG

®/E R/W R/W RIW R/W R/W R/W RIW R/W

WEhE 0 0 0 0 0 0 0 0

e Bit7-1: £33 MfERE

| B ERES R P MT, BIRK P ITERE M HMIh T iR FEaREs. MR 1EE  UE
REMPMIRSEVNSE , BFa-EHl, FE-INFHRESE | BF , MHIT RETI
ERE I MEEMAEEPH. | BALEE SEI M CLI ESTREMLNEE.

o Bit 6 — T: {0 176

UENIESBLD MBSTHA THENEMSFEit, BSTIEFFSMNE—VENLA T, M
BLD i T # N 2| FFESMHE — 1L,

* Bit5- H: ¥i#{IRE

MR E H R NERBELZET EH N, WIFENTF BCD 2EEFERH. #NIESE
HIRER

s Bit4-S: FHMN,S=NDV

S HABIREN 52 NI EBREFREVHWRR, FRIESENHA,

« Bit3-V:2 NIEEHFE

TE2HPNBEE, FAESENIRA,

o Bit2 - N: fa¥ifr

RPERFLBEREERN A, FNESTENIHA,

e Bit1-2Z: BixE

RPEARZBEBELRNT, ERESENIHSA,

e Bit0 - C: H{FEH

RPERFBEIBELRE THAL, FRIBHENHHA,

B XHFHN AVR #5388 RISC &M THIL. N TREGEENMHENREYE , F
FRRXHIFUTHRA / HEAR

MWH— 8 BRER, MA—NBUER
WMHRD 8 UBRER , AN B UER
MHBHD 8 R ER , WA 1614
W — 16 UARER A - 16 LER
Figure 4 3 CPU 32 NMBRA THEFEFRNEN,
Figure 4. AVR CPU B T#EF 1785
7 0 Addr.

RO 0x00
R1 0x01

8 ATmega8535(L) m——
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R2 0x02
R13 0x0D

B R14 0x0E

I R15 O0xOF

FEeR R16 0x10
R17 0x11
R26 Ox1A X HFFs: , BFW
R27 0x1B X BFH , &FW
R28 0x1C Y FF  BFW
R29 0x1D Y 7R, BFW
R30 Ox1E Z&5FeHR, BFT
R31 Ox1F Z2E5#FHR, BFN

REBREFESEXHNETHIUERTRMENTFR  MASHIFNESHHRH
1TESE Y AR R R

W Figure 4 Fi R , BN FFREHE - M RIERFBIE RO EERS 2 A - BIEZE
K 32 Nthit, ERFEBEXMFNWYWEXIATE SRAM , XMRAFAR L RET A FFEE
FHEARANREE , AN X, Y. ZHFEHFRUNRENEAEERFEHRNIEH

ATMEL ;
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X, Y, ZHF=E8H F1F8E R26.R31 BT AEERTEEN , B MERNBFEEZEIT U AN miutiEs. X=
MNAE#EF U F 787~ T Figure 5,
Figure 5. X. Y. Z &%=
15 XH XL
X 5788 | 7 0 | 7 0 |
R27 (0x1B) R26 (0x1A)
15 YH YL
Y H1758 | 7 0 | 7 0 |
R29 (0x1D) R28 (0x1C)
15 ZH ZL 0
2578 | 7 0 | 7 0 |
R31 (0x1F) R30 (0X1E)
ETHE’J—AM;‘W Xt FEFERTUXNEEREE , BN —F B3R —IhEE,
BEATESAES %

MR HRBH T ERRREFRNKE, BHEEMNTY/ FEFORE b, #iRIEHERE
EHERNTE,. EXE AVR MUt 20 T K |, EIETHUEH AR | HRIBHE
=T
i’é’fﬂ%?a%ﬂaﬂ?&éﬁ SRAM ##%[X, HLRET TREFMERMPRTHER, BAFREFMNME

BERR T 2 BT AR E W HEHR ZE ) | BB X EE T 0x60 Ayt Z=E, EH PUSH
?E H%&E?&Aiﬁﬁzﬂﬂaﬁm— TR 2R A BTR [B) it ik #E A AR B IR R =, &
7 POP 5 & S4B WHEE Y | SEERIRET N — | T/ RET S RET IS M FRF U
B EI R R IR £ =
AVRHEVHRIBEST HIOZE B AFH AN SN FFEER. RRFEANNKSEASTHER. B
EEEL AVR SS4HBIEX AN , ASPLAEB T, EDEFFRELH SPH F1788.

Bit 15 14 13 12 11 10 9 8
SP15 SP14 SP13 SP12 SP11 SP10 SP9 SP8 SPH
SP7 SP6 SP5 SP4 SP3 SP2 SP1 SPO SPL
7 6 5 4 3 2 1 0
®/B R/W R/W R/W R/W R/W R/W R/W R/W
R/W R/W R/W R/W R/W R/W R/W R/W
1IRE 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
ERHITHF E—BNBESHITIRPHIFEEE. AVR CPU RSN & clkep, T MR B

KBEENR SR, S F RS RXT At bt
RENFTEENES

Figure 6 %83 7 B Harvard &

T?%%Iﬁ:ﬂ’m&z o X2

. Thee/ H'J‘%‘FJ:I:

AEZIKE’J,,,J}dfﬂA

BE / ThFELL,

[/ —VAN

1T

3

o

Ab—'—
Ebl—J

AT AR AT BAREAT IR IR 5 R B9 57

% 1 MIPS/IMHz , EBF L RHIMEHN

10 ATmega8535(L) m——

2502E-AVR-12/03



| ATmega8535(L)

EuSPHLE
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Figure 6. F{TEIEMIETHIT

T1 T2 T3 T4
I
I
I
I

ok — A4 N N/ S

CPU

1st Instruction Fetch

|

1

1st Instruction Execute 1
2nd Instruction Fetch |
2nd Instruction Execute |
T

|

|

|

|

3rd Instruction Fetch
3rd Instruction Execute
4th Instruction Fetch

| |
! !
| |
! !
| |
[ |
L !
| |
| |
| |
| |
!

T |
| |
! !
! !
! !

|
!
|
!
|
|
!
|
|
|
!
T
|
!
!
!

Figure 7 BRI R T Faa XHRBILANF. E—THHEARE  ALU TURNNRNF
FRREBETRE  ARFERAFIENTERT =

Figure 7. SHaf$hEHI ALU R4E

T1 T2 T3 T4

clk I o N e N S N S

CPU
Total Execution Time

Register Operands Fetch

ALU Operation Execute

Result Write Back

| |
! !
| |
! !
| |
| |
! !
| |
| |
[ [
| |
! !
T T
| |
! !
! !
! !

|
|
!
|
|
[
|
!
T
|
!
!
!

AVRETEHNHEIR. BN NPHANENERFZEAERINPIEE., FTEN PS4
MEBCHEREN., HMEMNEN , BRAFEHRNERBPEELEN | B , FlTH
D%, BERFITEE PCHWTE , £35S 8{E M BLB02 =% BLB12 *&éﬁ&E’JF/RT

RHTRTRE BB 2 Lk, *Aﬁﬁknﬁuﬂ’méﬁo ¥ P225" 126k 2S4mTE E’J}’"Lo

EFEHEENSEEIRENENRENPIEOE, TENOEY|IRES I P44 Flf”,
FIRLRET FEF ML LR, QEFFENBIBIE  KXRBS. RESET EEHS
WEER , B=/R INTO - AZFHETER 0, BN ENERAPHIEFIFFSS (GICR) HY
IVSEL , P i@ 2] A E S| S Flash BV IR4L , SN P44l ” . wIBIB LA BOOTRST
AN EMNEMEBES|S Flash i, BE4SN P212° XHSISEARF - EE
9 [E B AT BAE (RWW, Read-While-Write) B9 B B 4RTEEED 7 6

E—hf R LB PUTEFEREN | MBS NMEBELTHREEMBHN TN, APRRETURE
FHRRFREN | KRR P UTHRE, tETFﬁ*ﬁ‘E’Jqﬂ&ﬁﬁﬁ‘IuﬂP&ﬁé BN IRSIERF. ]
TRETIHSE | BFIEN.

MR LHARPREN DN, F—MESAHMEFENTIIRS. ¥ TXERE , BF
T B4 2R Bl 3% B SKRRAY i [0 B LARAT R ITALIRARFF | BB R AR R R BRAE LAY R T AR S, R
lztﬁ*T A LEEXNEE "1 WARRER. HAhMRER , RN PET LR

0", M MPRS BN , 5 —ERGFERMNIT , WEWRMFRR. XUN , WAL/
EFI&HT?E*&IE = FEERENTIRBTAMNT  B5 | B, RRERNENT
$2 R M 41 SR ORI AT o

FoMRBENPHIRIAZDMEZARE e —EfR, XEPHFATEPEHIRS. &
PR PHIE R A 2 BT R T | IR RAR.

ATMEL ?
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AIMEL

AVR BH I fE S RERERFHEDHIT —FEST A ERITEMHRIER N P
EABNR , BRATHBRSEFHRSFEHFI2EIRE , PERE R T2 831K
8, XETHELFHEAFELRERTK.

fEM CLI iETREE L Alret |, RMTRIE T EIER. SREPMATUERIT CLIESERE |

BIETRENT CLIESHENREN. TENGIFHEA T WAES EEPROM FHE/AX
ANE TR LE A TR £ BB 52 3 EEPROM A& B9 ERIR,

LR HIRE
in ri6, SREG ;  R#7 SREG
cli o B AR
sbi EECR, EEMAE ;. /B3 EEPROM B#E/E
sbi EECR, EEWE
out SREG r16 . ESREG (| f7)
C RIEBHIE
char cSREG
CSREG = SREG, /* R#ZSREG */
[* BRI */
_CLI();
EECR | = (1<<EEMAE); /* /&3 EEPROM B#R/E*/|
EECR | = (1<<EEVE);
SREG = cSREG, /* MESREG (I ) */

ATmega8535(L) m——



------------------/¥nnega853504

o ) R B

2502E-AVR-12/03

f£F SEI fEE S ERE PR  RREFNE - FESERTEATH I —ELBE LEEIR
7o

Cam R HIRE

sei . B
sleep ; H#AMBEEZ, ZHPHELE
;o OEE . ERTEMSIEREMN P ETZ T MCU & £ AKEER

C R1BHIE
_SEI(); |* E2EFEEEERRE]
_SLEEP(); [* HAMEER, SHFMLLE]
[* SER . ERITEASERN PR B MCU & £t AKIEE */

AVR HifIE SRS RIS A 4 NETEPE . 4 Nt ARARE 1R Bk B SSRRAY AP BT AL 22 5
Bo HX 4 Mt HfIE PC Ba Atk. EEERAT , PEOEN —MBREIES |, LBk
RIFES/NNHEH. IRPME SR EABETHITERNRE NELSEARES
WATFEESE MCU F 2ITHITRERF. & PITRER MCU A TRERIEN |, A Rret E
EFREM 4N A, WALERERITRNKIREXFEREZNEEE

PHHREIRE 4 NP EELHIE PC(AANFT ) MM ik | #ikigst =  REFE
2% SREG #Y | Bfi,

ATMEL s
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AVR ATmega8535 &  ##iik ATmega8535 7M. AVR EHIEAFHN IR FHBEEN  MEFHSES
fse HARFFHEENE. o, ATmegass35 iE8 EEPROM B BIREHIE, x=4
FREBEEEBH RN FEEN,

REANTYRIEN Flash BF ATmega8535 B A 8K EL MR Flash , A F EHEFESRB. BERNFENAVREE
e TR 16 sk 32 1 , # M Flash ALARK 4K x 16 UM R AFRFN L L HEERE Flash
BFFMHBENAINEX : 5|5 (Boot) BFXMNARFX , 2FRER,

FlashfZf& 25 2 D A LA E 10,000,% . ATmega8535 T2 FF 1T 8885 (PC) R 124 , H b AT LA
Fit AK FHREFEMEEEE, S| SEFRURMEXNBRERSMENES A P212" X5
SIS EARF - EEMNRER TE (RWW, Read-While-Write) B B RmIEEED ” , ™
P225“ 17k 254mTE ” ¥R 7 A SPI R FET4REE XN LI Flash 4Rig.

ERALURETEANEFFMEBRBUZE (S LPM MREFFHESESHERA ).
HIESHTRFEESL P10 ETHITRF .

Figure 8. 2742214

$000

Application Flash Section

e

Boot Flash Section

$FFF

12 ATmega8535(L) m——
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SRAM BiE 7l 87

2502E-AVR-12/03

Figure 9 44 T ATmega8535 SRAM ZE[RIfYLH 4R 4549,

Bl 608 MABFHERTIE T FEHE M. /0 ISR AT SRAM. I 96 Mt
HRNFEBRXMHS /0 7R |, EER 512 TR IHHKLE SRAM.

BEFERSNIUAESADN 57 BEEIFu, FTRERBENFEEIT U, AETY, FTHRE
MEZESUHNFEEENEEI I, FERMHTHFFER R26 2 R31 NHEEIUHE
HEER.

BHEFUSEE TRBENMBEX,

HREENEETURAEBITUIATERY N ZHENEUMITH 63 MNbil,
EEDMBEMEMNEETUEXT , FEHEX. YA Z BFENIED.
ATmega8535Hy £ & 32 NBAFEFER. 64 M/OFFR K 512N FHH N EPEHE SRAM A
LBERE LR FUEXRITIER, FEBRXENERL P BAFESRXME "

Figure 9. ¥iE7435M&

Register File Data Address Space
RO $0000
R1 $0001
R2 $0002
R29 $001D
R30 $001E
rR32 4 $001F
I/O Registers
$00 $0020
$01 $0021
$02 $0022
$3D $005D
$3E $005E
$3F Vo ___ $005F
Internal SRAM
$0060
$0061
$025E
$025F

ATMEL i



BR 1= R 7 8] B |

EEPROM ¥ iE =175

EEPROM i& / Bl

AIMEL

ZF5 15 B i 8] N SR B MV BY . 40 Figure 10 PR , MERERIE SRAM 1A 1B iE] A A4
clkepy B EH,

Figure 10. /7 £ SRAM ZEUEHA

Tl T2 T3

ok /N N/

CPU

I
Address Compute Address | X__ Address valid

Write

WR \

|
]
]
:
Data :
]
]
]
]
]

Data f . |

Read

I I
I I
RD 1 1 / |\
T T
I I
Memory Access Instruction Next Instruction

ATmega8535 ‘@& 512 ZF # EEPROM i IEEM RS, EREN — MR WBIEZ A mME
W, AIEFETIEE, EEPROMBFEHZEDH 100,000 XEERER, EEPROM Kk
B HtUFERS. BEFESNEHFESRRE,

P225“ 1Zf4854R 12 " B A SPI HHTHREE XX EEPROM %RiE,

EEPROM B i5 R & F& LT 1/0 Z2iHl,

EEPROMM B i E &t B Table 144 . B ERTHAEAT LALE A P B4 At AT A FF A B
T—=%., AF#{E EEPROM EEXEMTEE ; 7 BRIERE A FH R KM B
H, LB/ TFEN Vo LA/ TREESLRE, A CPU gt THETE T RIRFTER
HEJRBE, H5 M P20 B5lk EEPROM #iEE % » LUE & HI EEPROM #3EE k1Y 4]
o

R THIEEEIRKN EEPROM BigE , EERIT—MEENENF. E43F EEPROM
BEFERNAR,

1T EEPROM &R, CPU 21T # 4 NAH , AEBRITBEEIES 1T
EEPROM BEi#{ERt , CPU &EIL T 2 ANEH , RAEBIITELIES,

16 ATmega8535(L) m——
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EEPROM i1t 478§ - EEARH

*u EEARL Bit 15 14 13 12 1 10 9 8
- - - - - - - EEAR8 EEARH

EEAR7 EEAR6 | EEAR5 | EEAR4 | EEAR3 | EEAR2 | EEAR1 EEARO EEARL

7 6 5 4 3 2 1 0
®/B R R R R R R R R/W
R/W R/W R/W R/W R/W R/W R/W R/W

HE 0 0 0 0 0 0 0 X

X X X X X X X X

 Bits 15..9 — Res: & ¥
REBA, RBREREERE,
+ Bits 8..0 - EEARS..0: EEPROM i1t

EEPROM itz 1t 27785 — EEARHFEEARLIEE T 512 F 17 i EEPROM ZE[8] , EEPROM it
HREMHN , A0 E 511, EEAR HHIBEREEN ., iR EEPROM 2 8] 2470 7 H IR

FIEBRBEE,
EEPROM $##E & 1F8% - EEDR
Bit 7 6 5 4 3 2 1 0
| MSB LSB | EEDR
®/B R/W R/W R/W R/W R/W R/W R/W R/W
WhE 0 0 0 0 0 0 0 0

» Bits 7..0 - EEDR7..0: EEPROM #i&
X F EEPROM Ei#E , EEDR REEEZ| EEAR £ T EIE ; W FiL#g{E , EEDR 2

Misit EEAR 2 ERHI 53R
EEPROM #2158 - EECR
Bit 7 6 5 4 3 2 1 0
| - EERIE | EEMWE | EEWE EERE | EECR
®/B R R R R R/W R/W R/W R/W
RE 0 0 0 0 0 0 X 0

e Bits 7..4 — Res: & &

REB, BBREREENS,

 Bit 3 - EERIE: EEPROM #%& {F i &

% SREG # 1 3 "1" , MIE {7 EERIE f${#8E EEPROM HE&Z F i, FE EERIE MZ 1
bR, X EEWE J&Z 8 EEPROM H&ZIFHRTEN A & &£,

 Bit 2 - EEMWE: EEPROM #Ef##E

EEMWE RE T EEWE B 2B TS HEEPROME R4, BEEMWE R "1"8Y , E 4 6t
shEHRNE L EEWE FiLk#EE A EEPROM MIEE#UE ; & EEMWE 7 "0“ , MiR/E
EEWE F#EH., EEMWE Biujg 4 MNAH , BHEXNHEBES, I EEPROM Bt
EEWE BV,

» Bit1- EEWE: EEPROM BE{#k

EEWE 1 EEPROM Bi#ENFERIES., & EEPROM HiEMMIRBIF 25 , EEM
EEWE L@ $IEE A EEPROM, &t EEMWE #ME( ,EN EEPROM B2EF TS
RE, ERNFNT (F3LMNEL4SHRFHTEE) :

1. Z{FEEWE ITHE

2. %15 SPMCSR #1#y SPMEN U HE

3. [#HH EEPROM #tit E A EEAR( Ak )

ATMEL y
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AIMEL

4. J9F#9 EEPROM B#EE A EEDR( ik )

5. ¥ EECR &2 EEMWE B "1" , B&ESE EEWE

6. 1EE{L EEMWE 94 NEHIK , B EEWE

f£ CPU E Flash WFHE R BEXT EEPROM # T4m#2. f£/83) EEPROM BEZ I 4
PR E FlashERERBELR TR SRQ)NERHZTESIFEFH AT CPUXS Flash
BITREN T EA. R CPU KEHMFALE Flash , T (2) J& kK, BESN P212“ X#F
SIS EARF - EEMNRR TR (RWW, Read-While-Write) # B Z4RFZHED -

AE NMRESESH6 ZEEET T, BIREFAK. BNILE EEPROM EffgEiR
e, N8R —NMEIE EEPROM B BTITHT T 3 — /N EEPROM #4E ,EEAR 5, EEDR
FEE RIS TR |, Sli2 EEPROM LM, BV <2 B P IIRE I,

AW BN EZE , EEWE B4HES. AP AUEEAX—VHMBENFREREL T K.
EEWE B{uff , CPU EELHEAIRHEARF 2ETT—%ES

+ Bit 0 — EERE: EEPROM &AL

EERE N EEPROMILIREM EREE S, HMEEPROMM IR BF 2 5 , EEB M EERELAE
¥iE®Z A EEAR, EEPROM BEMNEMRAFTE—XKIES , EXESHS, 2H EEPROM
J& CPU E=IE 4 M ABF AT BT T —RES,

AP TRl EEPROM IR iZ#& N EEWE, MR —AEBREEEHIT, ML EIRI
EEPROM , th & T F1F25 EEAR,

SRR 7 AIR% R A T EEPROM ERY, Table 13 CPU i [F] EEPROM K B2 B4R B,
Table 1. EEPROM 4R 20 [H]

s B RC %2R AMH BB RENE

EEPROM Bi£4F (CPU) 8448 8.5 ms

Note: 1. ERABHHIFERN 1 MHz , T&E#H CKSEL B4 NHNIBE.,

ATmega8535(L) m——
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TEMNRE S B ALY C HIKiHE B MMASSH EEPROM M ERE, FHBRIZFMTLE
HITIXERBW SR YF XL, AR RIZEH%E Boot Loader, & Boot Loader F£7E ,
M| EEPROM EERHEFEESHFIEEEZITH SPM LR,

SCimREBHIRR

EEPROM wri te:
. EFL-ABGRELR
sbi ¢ EECR, EEVEE
rinp EEPROM write

REMH 7SS (r18:117)

out EEARH, r18
out EEARL, rl7
. FBIEBAHIEEFEEE (1 16)
out EEDR r16
; E{/EEMAE
sbi EECR, EEM\E
. EEEVE XU SERIF
shi EECR, EEVE
ret

C R#gHIE

voi d EEPROM wri t e(unsi gned int ui Address, unsigned char ucData)

{
| * FEFF—KERELEFE *]
whi | e( EECR & ( 1<<EEVE))

1> REMHFBIE TS
EEAR = ui Addr ess;

EEDR = ucDat a;

I* E{ZEEMAE */

EECR | = (1<<EEM/E) ;

1+ EEEVE UEZIGERIE*]
EECR | = (1<<EEVE);

ATMEL 1
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R B HKEE#E R T EEPROM
B

P51k EEPROM BUE X %

/O ki85

AIMEL

TEHE FiRBA A AL C HEKiZE EEPROM , EHBRIEFH T SERITIXLERK
BHSREYFEE,

SCimREBHIRR
EEPROM r ead:
. EFL-ABGRELR
sbi ¢ EECR, EEVEE
rj mp EEPROM r ead
. REMEFFAE (r18:117)
out EEARH, r18
out EEARL, rl7
;. IREEERE KSR IE
sbi EECR, EERE
. AHEG AR
in r16, EEDR
ret

C Ru3pIRE
unsi gned char EEPROM read(unsi gned int ui Address)
{
|* ZFFLE—XBRIFFR *|
whi | e( EECR & (1<<EEVE))

1> REMHFFE*]
EEAR = ui Addr ess;
1+ REEERE KSR IE* ]
EECR | = (1<<EERE);
|* BHEEFHEEREHIE *|
return EEDR;

}

BREFNITEBRESH EEPROM WEREERERHTT , EEPROM MERERM4E | HE
EENBIBANEZTER. BERELSRE , KIREFBRZET , SHAHELTER
HEERN, BRERTERIET ZHIMNSE R EEPROM BE#EE,

EHFRBESE , CPU F1 EEPROM ERRETHETREE |, &K EEPROM HIEH KR (=
K)o XHEREMEAIN A EEPROM B4t th 21BE|, AMEEFHMERNFRIP F R,

HFBEESKER EEPROM BN EHM I EE . —RHEERT EEPROM BIg2EME
EWNREBE ; R CPUKXRBELTEEE I,
EEPROM B HRIAR R E AT LUB AT iR R
Y B EISEARIF AVR RESET 5 R 1K, X AJ LUBEE FAES M E B8N B BOD K

K. MR BOD BFLEBEERVAAEANBEM B, EEREIRYPRET
g, AEREEBE , BREMFEES R,

ATmega8535 kY I/0 Z2 B E LI P285,

ATmega8535FT A i 1/0 R SN & &4 BB T 1/O ZE i8], FRAE /I I/OfZE &R AT LU IN S 0UT
ENRIGE L E 32 MNEAIESESEM IO ZEEHEIE, ik 0x00 - Ox1F B9 /0 F
1783571 SBI 1 CBI {8 S E#E#H T T 1k , ™ SBIS M SBIC N AR ERE —HE.

20  ATmega8535(L) m————
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EZHBRBESNIETE, FH IN F OUT STtk A4J7E 0x00 - Ox3F Z 8, MEER
SRAM —#:@3d LD # ST 5151 /0 F1788 , AN A at E 0 E 0x20,

NTEREFRHFE , REKRKANRNE "0", MHREW /0 FERMTFRHITERE,

—ERBSIHFEVABEREETE "1" RN, BIENR , SHMKSZH AVR TF ,
CBI 1 SBI S RAENELEREN LR TIRE , AMTUATEEXLERSIRENFE
83, CBI 5 SBI #5895 2%t 0x00 2l Ox1F B HFEE8HE Ko

/10 MMRRFFERESEAMETRITNE,

ATMEL 2



RGBT B R B BRI
M RERE S

CPU B4 - clkgpy

/0 K% - clkyo

Flash BY$¥ - clkgagy

R ENBRANE - clkagy

ADC BH4# - clkapg

AIMEL

Figure 11 FAVRIWNEERMHRERE S M, XL HFAZTERN TE. I THRIEKIIZE
ALBESFERTENERERRZILTETENEROR | F0 P30 £ FREERIER
X", R RSEIFEL Figure 11,

Figure 11. B4 %%

Asynchronous General /0 Flash and
Timer/Counter Modules ADC CPU Core RAM EEPROM
Y Y A A 4 Y A

clk,pe
clkyo AVR Clock Clkepy
Control Unit
c”(ASY ClkFLASH
4 /
Reset Logic Watchdog Timer
F 1 ,
Source clock Watchdog clock
Clock Watchdog
Multiplexer Oscillator
L A A A A
Timer/Counter External RC Crystal Low-frequency Calibrated RC

Oscillator Oscillator External Clock

Oscillator Crystal Oscillator Oscillator

CPURI# SIREAVRAKK FREMIE  MBATEFR M. RETERRRFHREH
M BIEFERR. L1k CPU R RERNKE L THEMITE,

VO B A F X EM VO MIR | MFERIES/ 1HKES. SPIF USART. 1/O B 4h3% 3 F /&5 o i
B, EIEMNEALABTUERSBEEN | FEE 1O R ELE T X LI 54
TMLE R, Bk, US| BRMEBHARARNIERE ko HERTEERSTIAN
(E1BX A Th A 1E A MR AR A =X T 48 ) BAIE 2 T4,

Flash Bt5#2 %l Flash # OMERE, LWEBES CPU BRI EESHBIE,

FLEMNBRN AT RS ENER / ITREREEANER 32 kHz P &4 Kz), EHILER
27 / 1T B ER ANETE RERRAE X T AR AT LAY R R — SRRt Bt

ADCEB LM R, iX#¥ AJ BAFEADC TAERY BHR F L CPU M /O B 4 SA R R 3 7 B8 7=
EHRE , NTiRES ADC BB E.

22 ATmega8535(L) m———

2502E-AVR-12/03



| ATmega8535(L)

AR ATmega85357% K5 1 T JLib &I Flash & 44 (0 T R 1 B4R . BT 4% A BIAVR B 4
REE  BEHERIEMNER,

Table 2. B4piRERE (1)

B BT CKSEL3..0
AIRE  BEIRTG S 1111 - 1010
SAEBE SR & IR 1001
5B RC iE% 28 1000 - 0101
HEMNRE RC %88 0100 - 0001
H\EB AT e 0000

Note: 1. WFREMBLA , “1” RRKRER , ‘0" RECHEE.

TR HETREEEMOHRTNE, = CPU BEBEAREBEARELF , Hk
BEHHRARN B EREN  RIEIESB|[ETBIITIET ZBH ARERS, ZHCPU
MERITF i TR |, B A FINIER B [H AMRIEE MCU FFIRIER T Bl BIRIA R E
B, XMNEFNENENBEENRRHIRTK. BTGB RE WDT #5% 25
BT Table 3, BINAIKHR/AFRE TEBERE , I P252°ATmega8535 &

Table 3. & 1HK% ALK
AR HEdE (Ve = 5.0V) AR HEE (Ve = 3.0V) B R
4.1 ms 43 ms 4K (4,096)
65 ms 69 ms 64K (65,536)
& R S W B CKSEL = “0001” , SUT = “10%, XAMNRERBEHEEERANE RC IR5E

BHNBEANRRK, XMRERIERFTLBEE ISP 3 H T4RERS 2 FTE BT8R,

i iIR7 £8 XTAL1 5 XTAL2 % 313 B4R RIRS 2809 & 0 AR S2i0 A F% & | 30 Figure 12 FfR R |
EXMEZEULUERARSEE B ERABEIEIRS, B2 CKOPT AR FBIX M fh
HAREBEEXWEF 2 —, & CKOPT #mEMR IR G EM HSI B =EFHIEENIRS, X
BERXEETRENE | URFEEE T XTAL2 B FE NS esmiEn. mAEXiE
RHIMEBE LR R, HRE CKOPT AXREBRIRASH | IRZSNHHESIEELR D,
HESRAKBET HFE , ERNERTELRE , METFRER) HrtihE e,

X FifiRas , CKOPT KRB FZASMEN 8 MHz , CKOPT 4riZ8YH 16 MHz, C1
MC2HWBEE—# , TEERANERRBEREIRSE. KENRESERNRAERE RS
BX  ESEHERNMRNBHEFER, Table4 HH THNREEREERN L5
M. X THERRS  MiZEA MRHNKE. BEGIESHAERTAERFERTUR
s A TENES | B2 EZARKSRNAFMR.

ATMEL 2
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Figure 12. &% R/EZER

C2
— }—17 XTAL2
C1 =
) XTAL1

GND

i

EHRAUTET=HTRANEN , 8 —HEF —MULHHRETE, THEEXBIRL
iz CKSEL3..1 3Ri&#% , 10 Table 4 Fi Ko

Table 4. & {k4R57 28 T/RER

SRR EER C1 Fl C2 WitEER
CKOPT | CKSEL3..1 HEBE () (MHz) (pF)
1 101 04-09 -
1 110 0.9-3.0 12-22
1 111 3.0-8.0 12-22
0 101, 110, 111 1.0 - 16.0 12-22

Notes: 1. EBERNABE,
2. WA ERAT&E , REATHEEEIR:S.

24 ATmega8535(L) m——
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B0 Table 5 AR , 18247 CKSELO AR SUT1..0 B F&ZE B 38 HE.
Table 5. F{kiRSS 38T 4P LR R AV S5 Bh At [A)

HEETHENTHN | SUREARNIER
CKSELO | SUT1..0 ashetiE BHE (Ve = 5.0V) | ¥ERZE

0 00 258 CK" 41ms PRI IRES , BIRIREL
F

0 01 258 CK™M 65 ms MELIRES , BRESE L
F

0 10 1K CK® - P& IRES , BOD fFaE

0 11 1K CK®@ 4.1 ms PEIEIRES , BRREL
F

1 00 1K CK®@ 65 ms PRI IRES , BREE L
FH

1 01 16K CK - ARIEHES , BOD fF&E

1 10 16K CK 41ms AEEHES , BRIEL
F

1 11 16K CK 65 ms AEfRHER , BREEL
F

)=

Notes: 1. iX

AR BER T THEMRFABETRASER , MASHNHNARRESEN T LA
mEFEENER. TEAT R

2. XERMENMEERRBF R , TUARIESHFAREBRE, & TERRFTAE
EFTHRAME  MASHNNWRARBEMXN THAMS TEENBERT &

2502E-AVR-12/03
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R R GRS

S\EB RC #X5% 8%

AIMEL

B TR 32.768 kHz 4 R B EIEN SFH M RTEPIR | HTUFHEL L CKSEL i%E&F “1001”
LURIREA REIRH RS, REMIEREA R Figure 12 AR, BRI B4 CKOPT #4%
2, AP LUERE XTALT F XTAL2 FIAEBER , NI EBRAZEBEE, AEBERHIRIE
Eﬁ‘] 36 pFo

BEBTEIMREHEECE , B EHBELAM SUT BBE |, 2 Table 6 FiR.
Table 6. {47 & 4 #R5% 25 69 /3 3h A 8]

FEEAMEERN | SEUNHHEMER
SUT1..0 # 33t Rl KA (Ve = 5.0V) | #EERAZE

00 1K CK() 41ms BIRHOE EH |, 22 BOD fE#E
01 1K CK() 65 ms HREE LA

10 32K CK 65 ms BHNMEELRE

1 *E

Note: 1. XERMABLATRINNMRBEENNAMS FEZNER,

33 F a8 R EURA M A AT EAER Figure 13 BI5LE8 RC #5785, MEMLLBEN SR f=
1/(3RC) B {THEEE B fh 1T, BA C ELE 22 pF, BERBRB L CKOPT AP A LA
B XTAL1 #1 GND Z BBV F A 36 pF B8R , N EFABRR. ERRIMEXRITR SN
TR IMEIER R M C WEKEER | F5E/E RC %585 N A F M.

Figure 13. #\&f RC B &

NC XTAL2

XTAL1

GND

CJi
i
L

R AU TETONTEANKRS  SMXFECHRILAREE, THERINEIHL
i CKSEL3..0 #&HX , 40 Table 7 Ff/Ro

26 ATmega8535(L) m———
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REMN R A RC #©5% 8%

2502E-AVR-12/03

Table 7. #\%f RC &% 58 TE#E X

CKSEL3..0 $ELE (MHz)
0101 -0.9
0110 0.9-3.0
0111 3.0-8.0
1000 8.0-12.0

ERETEXMEHSRCE , BRBEIHEL{A SUT BBXE , I Table 8 Fi R,
Table 8. #\#f RC #5525/ /S BBt H]

RFEEANERES | SUNOENER
SUT1..0 B9 /5 3 B 8] KA (Voo = 5.0V) | #EERZE
00 18 CK - BOD {8k
01 18 CK 41ms BRIRIE £ FH
10 18 CK 65 ms BREE LA
1 6 CKM 41ms BIRHOE EH |, 22 BOD fE#E

Note: 1. XUEETRBEAT THEMBR KL TRAFRANERL.

HREMNS AN RC HIHBIEHTEEMN 1.0, 2.0, 4.0 5 8.0 MHz MyBt4th, iXLEIREE
5V, 25°C THIRRMEE. XM BUER RER4T , REIRR Table 9 X4
CKSEL#1T4mZEN 7T, 1E 421X /Nt 8 (BLBS T BEXT CKOPT # 1T4mi2 ) 2 E R E BN SRS
T, ENNRBEHNREZT T OSCCAL 728 , BTN RC IRFB/NIRE. &
5V, 25°C M$MER 1.0 MHz &, XFFRE T AR HIRFIME £ 3% WEE ; £H
www.atmel.com/avr FFFA NG ZE A EEAEE, FAEET FREELE +1% . Y
FERAXMEZRENREREN , BERANACERABECHE I THERSZERREENMN
KiE, EZWNERGRERBENERBESL P27 HREFEZT 7,

Table 9. S AFREM RC #R5FH 28 TEER

CKSEL3..0 RESIE (MHz)
0001™M 1.0
0010 2.0
0011 4.0
0100 8.0

Note: 1. HiJ BHRE.

ERETXMSHERZE , BEtERELA SUT BE , 10 Table 10 Fi/R. XTAL1 H
XTAL2 EREFRZ (NC)o

ATMEL 2
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Table 10. HEZHRE RC HRSHEEM B o at A

HoEEXSEEENE £ U S ER A
SUT1..0 Bt E (Ve = 5.0V) HERXE
00 6 CK - BOD f##&E
01 6 CK 41ms B R AR £
10t 6 CK 65 ms BREEEFH
11 RE
Note: 1. HJ BHRE.
% BRI E T 788 - OSCCAL
Bit 7 6 5 4 3 2 1 0
| CAL7 CAL6 CAL5 | CAL4 | CAL3 | CAL2 CAL1 CALO | OSCCAL
®/B R/W R/W R/W R/W R/W R/W R/W R/W
WHE RELHE

 Bits 7..0 — CAL7..0: #E% B4R EHIE

MHRERFES XM ik 7] S N EB RS 253 TR T LUBBRE T A= T Z s RN IRS
BERE, SN 1 MHz HRERE (FORBIENSFET , ik’ 0x00) B MERE
OSCCAL FEZ85. MREFERNPRC I IETHMRR HERFELTAINE : 5
BN wESREEURIAHKE , RABNREHRERTFE Flash 3 EEPROM 2/, XL E
AILUEE H 4R E , RIEMEE OSCCAL FEFEER.

Y OSCCAL N EMIRHR/AREMB I, X EBMARNFHHRIE A ERHRSS 25 8955
RFFEK, BEA OxFF BIBEBREHME. HRENIRS:RANKNIEE EEPROM M Flash E
if. HE EEPROM M Flash B B AN ERARIREZBIFRAEN 10% , BUE
BEETREAM, ZXERFHI|RF 1.0, 2.0, 4.0 M 8.0 MHz XML 1T THFE ,
HAG RN FERIE , W0 Table 11 FiRo

Table 11. H3P RC #R5% 235N LB E

OSCCALBE W B/MAR , FHARNEI L (%) BAMR , RRARN A DK (%)
0x00 50 100
Ox7F 75 150
OxFF 100 200
22 ATmega8535(L) m———
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BT MR ERRIRBN S A, XTAL1 4080 Figure 14 P RMIBITERE, BN, B4
CKSEL 474mT2 7 “0000”, BB 4 A CKOPT 4RI , AP B AT LA A A ERAY XTALT
GND 2 [B#Y 36 pF &,

Figure 14. /\&Bat4p Iz EL 2 E

NC ———————————+ XTAL2
EXTERNAL
cLock ———————— XTAL1
SIGNAL

GND

-

ERTENMRHEEZE , BaEBBELA SUT BBXE |, 20 Table 12 FiRo
Table 12. S\EBat4h B9 /3 30 A 1E)

EEEXSEBEXN H VN FAER B E
SUT1..0 ashetiE (Vee = 5.0V) HERE
00 6 CK - BOD {8
01 6 CK 4.1ms BRBRE LA
10 6 CK 65 ms BIREE LA
1 RE

N TRIE MCU BB RE T , TRERANT/AIM RN IRHINE, THRFERTET
2% FEFEREAR, NZHE MCU RIFE MR E RZ S AR A0 B R SR

NTHREERSR/ #5%275IM) (TOSC1 M TOSC2) B AVR 4L E2R , RATUERSX
MASIERE , TREABER. WIRHERHXT 32.768 kHz BV RBEET L. TRIL
¥ TOSC1 5| AfRH1ES.

ATMEL 2
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MCU #:4|2% %8 - MCUCR

AIMEL

RERRAR S T AER AR AR MCU R BAEANERER , NTEEDE. AVR EETE
HERERX , AFAFREACHNAERIEHR,

HABREXNWERARENFEE MCUCR B SE , REHIT SLEEP 55, E4H—F
B ((ZRER, ADCEFEMFHIER, HBEX, F8EX, Standby XY R Standby
= ) H MCUCR #9 SM2, SM1 Hl SMO (R , &0 Table 13 Fi7R. fERERY AP M AT LURF I
ARERERNH MCU ¥EE, Z23E3ETE , S04 NetseEHE , MCU B AT BUZ4T P BT
BIRT, AREREE SLEEP T —&RES. RENTRREHFFHRXM4H SRAM MR
B, MREEESEBHRET SN, I MCU %R EEE M 6 EFF 1A 1T.

P22Figure 11 48 7 ATmega8535 TR RERE S H., WEEERZE A ENIERE
XEEEFA,

MCU 245 FR2 2 7T BREENIZHL,

Bit 7 6 5 4 3 2 1 0
| sm2 | sE | sm1 | smo | IscC11 1SC10 1SCO01 ISC00 | MCUCR

®/B R/W R/W R/W R/W R/W R/W R/W R/W

MHE 0 0 0 0 0 0 0 0

» Bits 7, 5,4 — SM2..0: {REE#ERERZ 2, 1F0
B0 Table 13 FFR , XL TR EAMNRIEER,

Table 13. RERER %L

SM2 SM1 SMO HRIEE
ZZRE
ADC 127 #I1& =X,
R

RE
RE
Standby!" &=

0 0 0

0 0 1

0 1 0

0 1 1 HHEER
1 0 0

1 0 1

1 1 0

1 1 1 ¥ & Standby™" &=

Note: 1. RIEFEAINZBRANREIRESHT Standby BR 5 B Standby B33 T,

« Bit 6 — SE: {kKEE{F#E

T MCU £/ 1T SLEEP {5 E#H AKIEER | SE BN, H T BRI AKEE
RAERFANEETH , BiUE SLEEP EESHEI —&i8H B SE. MCU —B%EEY
ENy&EBR SE.

30  ATmega8535(L) m——
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RN

ADC &= HHE =

Lok N

=t N

Standby &=

2502E-AVR-12/03

% SM2..0 3 000 Bt , SLEEP #55# MCU #AZHER ., EHERXT , CPU FLLIE
1T, ™ SPI, USART, #illt&28, ADC, Wik STHEA, mﬁ%ﬁ/ﬁ%&%ﬁ AmECE
SRS T, X ANBERAE S RS L T Clkepy M Clke gy , EL At B £ I 4642 T 4,

KIENEREHNS USART kR SERE AR M &R 7] A EE MCU, MRTFEBEMELLLE
REFPHIREE MCU , N TR , TSI LRV IR, HARBEMELLREEE
AR EF 738 ACSR Y ACD, #3R ADC fiEgE , AKX E R B3B3 — IR,

% SM2..0 ;3 001 &} , SLEEP S # MCU # AREM&HER, EHEXT , CPUE
LIEiE4T , ™ ADC., AR, FLIEOUEE, EATE5/ 1158 2 MBI ML TE,
XANERERNRFIET clkyo. Clkepy M clkp agy , ELAATER I 4648 T 45,

BWENRIEST ADC HIRFHIE , EERRBEES. ADC ERENIHMR , #ALEF
BEEE— % AD #i, ADC RN, SEEf. BIIAEM, BOD Eh. MLk
O PCE P MT, ERTER / TTERER 2 P HT. SPM/EEPROM & 7T, S\ERERF it
INTO 2 INT1 , SIMERAP BT INT2 AT LA MCU M ADC 175 1 iR X R BE

% SM2..0 7y 010 Bt , SLEEP £ HF MCU # AmEER, FHERT , ASBREE
IR, MAZBHRE, MEEOMUHTHREEER (NRFEENIE ) 8T, REATE
I, BEIEM. BOD £, MLEOMUITE PN, ASFEFHUT INTO = INT1, |
SAEBERMT INT2 ATBAE MCU i EEER, XMEREXNFELTHRENNY , RERS
FER AT DAgREE T 4E,

HEANRRF RIS IF MCU MR ER |, KRB BF —ENEE. &
EES N P66" SMEBFRET 7 o

MEENE B R R Y- B E F MR EE S —MNER AT E |, teatE ATt EFH B HIRE T K.
WEEFHHSHBL{ CKSEL EXNENEAR R —#K |, 10 P23“ B4R ” FiRo

% SM2..0 ¥ 011 B}, SLEEP {558 MCU #AZHER, X—EBX5HEHEERR
—RAF[E :

MBERES / 1ITEES 2 W RSP W) | BIEF1FE5 ASSR 9 AS2 B ,MERES/it#hes 2 &
RN MEZETT, RTEBERXNNGRESX |, EEF/ TTEET 2 058 P ET R L& T
Bt AT LASF MCU MAREE 5 KR EE | R E TIMSK fHRE Tixerdhily , A SREG W&/
W fERE( | B AL,

NMRRSERNBIRERSEN  BNERAERERX K MAREBRER. BENEEBER
T,H5AS280, MIMCUREBERSENSZNFFRBERIBENLHN,

EANEEER L T B clkagy MRS  RARSERTUMSE T,

% SM2..0 F 110 &t , SLEEP 54 MCU # A Standby #x, X—EXSHEHER
HE— E’JTHZ&LET?&%%&%&IVEO Huaf2nt g REE 6 M efer A H,

ATMEL s
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% SM2..0 F 111 &} , SLEEP #8546 MCU # A B Standby X, X—EX5H
FEEXE-NWARZLETIRZSSETHE, HRENEREE 6 Mt EAR,

Table 14. ERERERER T E30#Y 8T AR K 2R

TERyntss E%es BT
. fERERY | INT2 Ert SPM / A
clkep | ClKeas clkap fERERY | EREE | INT1T | TWIHE 2= EEPROM | D | Hfth
HEEE u H clkio c Clkagy | EATEH B 4 INTO | 3EPCE 2 HEEZIF | ¢ | 0
ZERER X X X X X@ X X X X X X
ADC &7 @ ®)
0 X X X X X X X X X
EeEN X® X
HHER X@ X@ X® X X@
Standby ®)
BRO X x X
V' EH
Standby X@ X X@ X® X X@
HR O
Notes: 1. BHRNAZ REHEIRES

2. ASSRHJAS2 Efu

3.

32

INT2 SREBF AT INT1 5 INTO

ATmega8535(L) m——

2502E-AVR-12/03



--------------------Aﬂ?nega853504

R/MUThFE

BB ER

Bl L BeR

=8 BOD

FARHBE

BHER B

WA S|
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HEREAVR BERENDERNTEERILNRE, — K  ER TR AERER |
HEERAEDNERBE T, FTEZHNESARL, FANEREEBHKERUE
FIRTREEH DD

fEgERT , ADC HEEREATAE T, NTHREDE , ERAEREA T ELL
ADC, EMEZEMNE—RERAT ROEGR, BFESR P195" EHERE "

EZEMEXN , MRREEABELREE  TUREXMA, £ ADC RENFEATHE
ik, 1EEMEREEN L RBEEHRAN, NRENLREER T NBaERL
R, WA REGAEREXATHRERAEC, ENRBEEE LR —BEfE, FZR
P192" BRI LL B3R ~ LA T AR ANl G B R4 LL RS o

W%%Q&ﬁ@ﬁﬁ%kM$Bm)L%ﬁﬂ&?%%ﬁ W%EﬁuBMENW%&
MmfERET BOD e , ©FESMAEER THETHE, ERBRNVARERERXT
%mHEﬁ%MMEkkEO%%EP&”E%&M”RT%W@EEBO&

£/ BOD., EELLREEH ADC N AAEEENZEEE MR, BEXEERFELT  NE
ARB A EIL, EFFREEAFMASGEERRECEIUUERE. MREERE
RERS P EMEEEN , HAHIEILUER. ES3 A P39 FAEHABE " L THREER
BRI M,

MRERELEFERAE IR X MERB ALK, BFERE , WEETAKREEX THEFET
'f’lE }‘Aﬁﬁ/ﬁﬁ%muo E/KE/}\E’JE&EE*%%T L/I\EE./JM,HIEE:'EE.MLE’Jfﬂj(ttEo 'ua E
P39* B TAENEE " LT MUARE B 1R S,

#AKIRERE | FA RS 0 S MBAZEEN VSRS N E. SESHERAED
BN AR, ERRERT O M4 clk,o F ADC B4 clkape BHIELE T |, WAZHE
BEILT | NFIRIER A LB TMREET, ELEER THABERERN , AR
RIS, ATFHIAENEHIIMESN P53 REMAFENBRES ", NEHAE
MR AN | I ATART  EERFOAMZEE Vo2 , BUHAZRESY
FEFMAN BT

ATMEL 53



RERHSEN
S AVR

AIMEL

ENRFIAEN /0 FERBEEBERNNARE  EFNEMNOELF BT, SMNEELD
ERMMBLI Bk IMP 54 , WEERFIEISMLEHRE, WREFKERHAFR
WiThae , PHTRI BT H —RNEFRBAES. XMEBESZREERATYENREN
FRARKFKX , AR EWTF Boot K — F/RIIFK — MR, Figure 15 HENIZ%E
HEEE, Table 15 MEN T EMNEBEHWBESISH,

SEMRBME /0w O M ENNIAE. WRFEREME LT EESITRES.

FIENEMNESHERZRE , TR AN —MEE T HERSU0E |, FRBE ML EZER,
XL E A XEF/E MCU ER TR —ENNELLBRARRBENBF ., EEIHE
SREVR H A EES B LA SUT 5 CKSEL RTE. BN HKEREFS N P23" B4R " o

SR ATmega8535 & 4 NENIR
. reEf, SEEEETFLSEMITR Voo M, MCU Efl,
« HEBE{L. SIM) RESET LMK FHFEEatE KT &/ MoP R ER MCU 1L,
- BIMEN. BERFEABEE TRHENSGHNEVALE,
s EBERNEN., EERNENMIheEFEsE , BRRBEEETESRNENIR Vaor B
MCU Bl &1,
Figure 15. £{i2%8
DATA BUS
X
MCU Control and Status
Register (MCUCSR)
wer-on o) mf X
vee RepgeteCiE)cuit e
o BCPEN Reset Girui
[‘] Pull-up Resistor %
RESET Sl Reset Circuit \ s Qf :
LT ki
@ g
Watchdog o -
Timer o
T z
3
Watchdog o
Oscillator
L, :
Clock CK | Delay Counters |
Generator 4 TIMEOUT
CKSEL[3:0]
SUT[L:0]
34 ATmega8535(L) m———
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Table 15. {434

B/ | BE
/s | 3% &4t & =1 BAE | #
EeEMIREE (EER
KIS LFH) 14 ) 23 |V
VPOT L &
EoBEMIREE (EER 13 23 Vv
BIERE @ : :
VRsT RESET [MRREE 0.1 0.9 \Y;
trsT RESET &/MkH R E 15 s
v EELNEMIREE® BODLEVEL = 1 2.5 2.7 3.2 v
BoT BODLEVEL =0 | 3.7 4.0 4.2
. A EELNSMHNEKETF | BODLEVEL =1 2 us
BOD B B/ MEFLERT A BODLEVEL = 0 5 us
Viyst | HERNZNER 130 mv
Notes: 1. WENESE,
2. BETERN , SEBERT Veor NENT LR E,
3. — LB Vgor AR R/ THEBERER, XESFFEE= NS R F#IT
T Voo = Vgor BIR |, RIEE Voo TRELGESELZEEIEZ=EEERNE
I, ATmega8535L HYli% %4 BODLEVEL=1, ATmega8535 KM% &4 h
BODLEVEL=0, BODLEVEL=1 Fi&M T ATmega8535.
=k -Livd L8 (POR) BB AN BE =%, RUBFESN Table 15, TR Vo 1K

THRMET POR BIA%, POR BIRALAARMARHER , ERARLN BIFHBE,

POR BRRRIEZR M LB SN, Voo B ERIREEGAA IR TR, iR
Bzt —ERFNEMRS. & Ve TREN , AZETRNIIR , RESET 5 3E]

= 8

Figure 16. MCU B33 , RESET E#3 V¢

Vee

RESET

TIME-OUT

INTERNAL
RESET

2502E-AVR-12/03

|
-~ Veor

o VRST

¢ tTOUT >

|

ATMEL
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AIMEL

Figure 17. MCU 831372 , RESET B/ B iz 2 4l

RESET

TIME-OUT

INTERNAL
RESET
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SEBEN

e

2502E-AVR-12/03

ABEMHANT RESET SIHMEBF~4£, HEMREFHENBATRNMOPEE
i (S0 Table 15) Bl & S8R |, BIFENHNFEENMESEET. HAMESIKE
SNUIREBE Vegr( £FR ) B, troyr ERN AT IR, LERERE MCU BNE30,

Figure 18. TH#ERBHRXENBEN

|
:
| <— trour 4#
TIME-OUT : !
|
|
|
|
|

INTERNAL ‘
RESET

ATmega8535 £48 /I BOD(Brown-out Detection) 3% , B SEEMN LA BT
RKEMIELRD Voo T, it ZBTFEL B4 BODLEVEL XRi&E , 2.7V
(BODLEVEL *4%f2 ), 4.0V (BODLEVEL E4%% ). BOD Hifid % B BHIR M IhRELUY
BRERRIEMEIE, XMNEFBEATUBEBR Veors = Veor + Vivst/2 AR Vgor. = Veor
- Viyst/20

BOD K FF X HIEL (L BODEN# %], HBODAEAL/S(BODEN#H ) ,— HV FRE

SR BFLT (Voor . Figure 19) , BOD BT EBBER. % Voo LA BMERBETL L
& (Vor. ., Figure 19) ZERT T 2REEFF 241K , — ELARIT ¥a HBd Mty o , MCUEPIRE T .

WR Voo —ERTAA BT HREFN Table 15 FIRAAE tgop , BOD BEF RN B
Eﬁ%o

Figure 19. TR REEBRNEN

VCC
| |
| |
| |
RESET ; ;
| |
| |
| |
| |
TIME-OUT ! « trout |
| |
| |
| |
INTERNAL ‘ |
RESET ‘ |

ATMEL 37
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BMRhEN EITHENS SR AL ERN 1 4 CK BN ST, EROPHN TEAR | Eat
ERBSFEX troyr B8 BES N P39 LT MBI AER M EFIRELRE,
Figure 20. THERBHREFI RSN
VCC
RESET
—» «— 1 CK Cycle
WDT
TIME-OUT H
RESET | frour 4%
TIME-OUT |
N TRESET |
MCU #&#MRAEFFES - MCU #HFIRASFFSHRERE T EXSIE MCU ENHNEMNERENER.
MCUCSR Bit 7 6 5 4 3 2 1 0
| = | I1SC2 | = | = | WDRF | BORF | EXTRF | PORF | MCUCSR
®/B R/W R/W R R/W R/W R/W R/W R/W
HE 0 0 0 A B
+ Bit 3 - WDRF: B 1EfirE
BlITRHENEAENEN, LHEMEFEREE , tAUEBESE 0" KEKR.
» Bit2 - BORF: HB®MEVIiFE
EERNENAENEN. LHEMGEEREEFS , I UBEEE 0" KB,
+ Bit1 - EXTRF: AASEiRE
ABEMNERENEN, LEHEMEEREE , T UBEE 0" KERR,
+ Bit0 - PORF: L& {ufrE
EBENAERBN., REBIE 0" KER.
RNTEAXEEMHRERRNEMNRYS  APNZRRREUTFRNKE REREE
. MREHMENAECHFLFESREN  WEEEMNRITUELIRESEMNIRERT
fi#,
33 ATmega8535(L) m——
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FAEEBEE

HABEFERESNERE

BrRErR

2502E-AVR-12/03

ATmega8535 EE K AEBREME , ATEERN , SERENELNLKREES ADC Wi
Ao ADC Ky 2.56V E/HEBERILLF NEEREER™ 4,

BEEENEINETREEMETHESR, BaIEEST Table 16, 7 7 REIIFE | AT
EREERXENTRRITI

1. BOD f#E ( /A% BODEN #4%#2 )
2. BEREMAREZEELLLEES (ACSR &8 ACBG EfI)
3. ADC f##E

Bt , & BOD ## L8 , E{v ACBG HifsE ADC FEEEFE KR, N THREREBER
B9ZhEE , AP AR ER=F&4 | FERAREBEX 2 HIXAEER,

Table 16. R3feEE R4S (D

B | HE | BX
Ciiac) B8 ! ! & By
Vs BEREEREE 115 | 1.23 | 1.35 %
tag BERRELEIR S B B[R] 40 70 us
lga REBRELHERTh#E 10 HA

Note: 1. BEMESE,

EAERSRAMIA 1 Mhz FAIRHEBRESN . XR Voo =5V RVHEEE, ESRE T
BRUTHEMV cEF THHREE BIRES NREN RN D MR TURTE R
SMpetEER , 20 P41Table 18 Fi R, BIWEMIET WDR AREN B THER 2.
A B BTAEMN SRR ES VA ENREEEN. EMFEE 8 MNET. WRXE
KetENERNS , — ENEAEIENMER , ATmegad535 FEM , HiTENEERED
MEF. BEANEIIREMRFE P38 BHHA,

RATBHIETEZAZIEFAERSFRRE T EME BIFEL{S8535C F1 WDTON
BEEHT SNMNTENRFRS , 20 Table 17. FiR. B2 %5 0 #A8T AT90S8535 #Y
RiE., FRERIAERRNRERE,

ATMEL 5
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Table 17. WDT i@ %

Z42% | WDT W% nmaREE
S$8535C WDTON 3 b7 mAEIE WDT | {uEFREeE
Kimia Kimid 1 =)k &t [ 7 5 B [ 7 B
RIRi2 SRz 2 fiE8E BRERE B 18] 5l
Bz Kimi2 0 E=31a A 18] 5 SRR
ERiE B4R 2 Ed-1 HEEse A 18] 5
Figure 21. &' 1MER 2
WATCHDOG = WATCHDOG
OSCILLATOR > PRESCALER
YVYVYVYVYYVYYVYY
WDPO »\
o A\
PN
WDE
MCU RESET
e EISERS -
WDTCR Bit 7 6 5 4 3 2 1 0
| - - - WDCE WDE WDP2 WDP1 WDPO0 | WDTCR
®/B R R R R/W R/W R/W R/W R/W
WIE 0 0 0 0 0 0 0 0
+ Bits 7..5 - Res: #&
REBAL, RBREREERE,
» Bit4 - WDCE: B[] ¥{5 3 {#aE
BZE WDE R 4MEEN WDCE , BMNARREREILF IR, —BEN , EHNEZEN 4
AR EREBES, §5EHEX WDE WiHERZLE IR, TETEZLRIN 12
A th A B WDCE LME TR 2 MBSV BUE | 20 P43 &1 fE T 858 & K B 8 F 51
" PR
 Bit3 - WDE: &1k
WDER"1“8t , B AERE , SNETMEHEZILE, REEWDCER"1“FNWDEF 8BS,
LUTRAXAEBENRANSER :
1. ER—MESAX WDCE M WDE B "1¢, Bl WDE E£& 5 "1%
2. HEZEEN4IMHHEBRZRAX WDE B "0%,
THEFRER 2 R KT EZIEENHAEREN, SN P43 XX ENAERFEE
HetEFS " .
* Bits 2..0 - WDP2, WDP1, WDPO: B 1fErR 88T g% 2,1, M 0
40 ATmega8535(L) m———
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WDP2, WDP1 1 WDPO IREE 1 MER 85T 0 Mas , 2 508 KA MR E B BAH a0
Table 18 Fi Ro

Table 18. & 1¥ERT 220 2 M 281w (1

Voo =3.0VETEAE | V.. =50V ERHEA
WDP2 | WDP1 | WDP0 | WDT iE%2 /A1 Y% H Y% R

0 0 0 16K (16,384) 17.1 ms 16.3 ms
0 0 1 32K (32,768) 34.3ms 32.5ms
0 1 0 64K (65,536) 68.5 ms 65 ms
0 1 1 128K (131,072) 0.14s 0.13s
1 0 0 256K (262,144) 0.27s 0.26s
1 0 1 512K (524,288) 0.55s 0.52s
1 1 0 1,024K (1,048,576) 11s 10s

1 1 1 2,048K (2,097,152) 22s 21s

Note: 1. BEMXESE,

2502E-AVR-12/03
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THEHNAF5 3 FCmMCKI T X AWDTHIRE, ELUBREFMLTRAFESCT (K
mEL2FHH )  BMERT TEEFNRHA2KE,

SCimREBHIRR

WDT_off:
; EWWDT
wdr
; B VWCE #7 V\DE
in r16, WOTCR
ori r16, (1<<WDCE)|(1<<WDE)
out WDTCR, r16
; X WDT
Idi r16, (0<<WDE)
out WDTCR, r16
ret

C R#BHI~=

void WDT_off(void)

{
/* EZ WDT ¥/
_VDR()
I* B WDCE # WDE */
WDTCR |= (1<<WDCE) | (1<<WDE);
I* %A WDT */
WDTCR = 0x00;

ATmega8535(L) m——
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HEFITHEFNSREENF XTRBOFIBEFENRSRIIBETRE, FESE—HH,

8] /7 51
REWB 0

R2L 5 1

R2L 7 2

2502E-AVR-12/03

XMER 5 ATI0S8535 HWE MR EERE. BITANABRSERZILEN | TLUEER
#3833 B WDE RERET , AR ERSAEEAR., ZBILtEHENSENNERE
SFUTEER -

1. EE-—NMESAX WDCE # WDE B "1, Bl WDE E£ 5 "1

2. EEEN4INRMERZARENX WDE X WDP EASENEIE , M WDCE N|E
"0”,

EXNMERT |, BITAERBSNIBRSE2E LR | TLUR AR B & WDE R46E

BT, XTEMNFEHEARREIL (CLHEEN ) B AERSFNEERT—MEERN

B -

1. EE-—MESAX WDCE 1 WDE B "1, Bl WDE E£ 57 "1

2. EEEN4ANRMERZARENX WDE X WDP EASENIHIE , M WDCE B
"0”,

EXMERT , HERENESERFEREN , WDE WiREER "7, XX ENSSEHAE

HEERT—NEENRBFS

1. EE—MESAFWDCEMWDEE"1“, RARAWDE BEHNEMRS , B4 HNE"1"
LEantF.

2. EEEN 4 Mt EEzZAERY WDCE B "0” , AR WDP BEASENHIE,
WDE HWE{E T LEE,

ATMEL i
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AT5 1B ATmega8535 Hy AL, E—MRM AVR L EiES N P11° B 5 H kb

B,

Table 19. S PHfEE

BF
RS yyt @ o iR T RE
1 0x000" | RESET ﬁ%ﬁ%lﬂfﬂ , LBEN  EBERNEN , BIINE
VA
2 0x001 INTO SAERRRTIER O
3 0x002 INT1 SAERRRTIE R 1
4 0x003 TIMER2 COMP | ZEB{ES / iT#488 2 bR ITh
5 0x004 TIMER2 OVF EBTEE / ITEER 2R H
6 0x005 TIMER1 CAPT EBTER / iHEER 1 R B
7 0x006 TIMER1 COMPA | E&{88 / iT2k88 1 LR ITh A
8 0x007 TIMER1 COMPB | EAI2S/ i %188 1 LR ITE B
9 0x008 TIMER1 OVF ERTER /TR 1 Rd
10 0x009 TIMERO OVF ERER / ITHER 0 R
1 0x00A SPI, STC SPI BTRALER
12 0x00B USART, RXC USART, Rx &%
13 0x00C USART, UDRE USART i 178875
14 0x00D USART, TXC USART, Tx &%
15 0x00E ADC ADC #iR4E R
16 0x00F EE_RDY EEPROM 4
17 0x010 ANA_COMP e
18 0x011 TWI ML BITIED
19 0x012 INT2 SNERFRMRTIER 2
20 0x013 TIMERO COMP | ERrI88/ it#e8 0 LR ITE
21 0x014 SPM_RDY REEFFHBNEHRE
Notes: 1. J&#{uBOOTRST#4mEAT ,MCU E /572 B4 | Boot Loader, ES M P212“ X #F

SIS EARF - EEMNER T LE (RWW, Read-While-Write) B9 B FR4RIZEED ” o
2. HEFFRCICRIIVSELENAT , PHim 25 % E Boot XMV IR, BB BN PETE
E R SEER LY R P i S Boot X iR tth ik 2 F,

Table 2044 H 7 FRIFBOOTRST/IVSELIRE FTHEMN MM R ENNVE, MEREF KT
TEERERRHT , FITAIERREEN, AFRPUELEEERF, BH  RENEOENT
NMAX K mEMAFHEEMNT Boot X , NENEEZFAINEEERF. RIUKSRENM

1388
Table 20. S MO EMNENHAE
BOOTRST" | IVSEL | &{iibt o P [ A 2 A
1 0 0x0000 0x0001
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Table 20. EfuFMHPMEENENFHEE

BOOTRST(" | IVSEL | &{uithit P i e R 2 3t
1 1 0x0000 Boot X & fu#th ik + 0x0001
0 0 Boot X & {u 11t 0x0001
0 1 Boot X & {u i1t Boot X & fu#th ik + 0x0001
Note: 1. Boot X& it 5 F P223Table 93 o X F LI BOOTRST ,“1" RRALRWE , 0" &K
TEHE,
ATmega8535 HE WS MFAMIREMNT :

3k w5 R\ e

0x000 rimp RESET ; BT E &

0x001 rimp EXT_INTO ; IRQO HEEE

0x002 fjmp EXT_INT1 S IRQ1 FifE &

0x003 rjimp TIM2_COMP ; Timer2 LB A i &

0x004 rjmp TIM2_OVF ; Timer2 s&H P iiE &

0x005 rjmp TIM1_CAPT ; Timer1 iR A i &

0x006 rjmp TIM1_COMPA ; Timer1 k&R A i@ &

0x007 rjimp TIM1_COMPB ; Timer1 tt#& B Filia &

0x008 rjmp TIM1_OVF ; Timer1 & i A i) &

0x009 rjimp TIMO_OVF ; TimerO & A i ) &

0x00A rimp SPI_STC ; SPI R4t R &

0x00B rimp USART_RXC ; USART RX &R ifim &

0x00C rjmp USART UDRE ; UDR Zrfif &

0x00D rjmp USART_TXC ; USART TX &R eifia 2

0x00E rjmp ADC ; ADC B RPHim &

OX00F rjmp EE_RDY : EEPROM 4 s o &

0x010 rjmp ANA_COMP ; ML RSEP T E

0x011 rimp TWSI ; AL BRTEOTHOE

0x012 fjmp EXT_INT2 | IRQ2 il &

0x013 rjmp TIMO_COMP ; Timer0 bR i £

0x014 rimp SPM_RDY ; SPMiLE i [0 &

0x015 RESET:  Idi

0x016
0x017
0x018
0x019
0x020

r16,high(RAMEND) ; £72F

; IREHEARIES N RAMBTRER

; BEREFR R

out SPH,r16

Idi r16,low(RAMEND)
out SPL,r16

sei

<instr> xxx

L8227 BOOTRST K4mfE , Boot X7 2K F¥7 , H&F 788 GICR #Y IVSEL E{unt , 8
BEMMPHigENT

ATMEL
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o ak (S KRB i B3
0x000 RESET:  Idi r16,high(RAMEND) ; =&
0x001 out SPH,r16 ; REHEHKET N RAMBITITER
0x002 Idi r16,low(RAMEND)
0x003 out SPL,r16
0x004 sei ; BEREH T
0x005 <instr> xxx
.org 0xCO01
0xCO01 rjmp EXT_INTO ; IRQO HifrmE &
0xC02 rjmp EXT_INT1 ; IRQ1 @ &
0xC14 rimp SPM_RDY ; SPMRRLE H T 61 &
S 18447 BOOTRST 242 , B Boot X 2K Fiiat , HEM BV MPUREMNT :
o hk (S KRB i B3
.org 0x001
0x001 rjmp EXT_INTO ; IRQO Hifm &
0x002 rjmp EXT_INTA1 ; IRQ1 FifE &
0x014 rimp SPM_RDY ; SPMEREE F i [6 B
.org 0xC00
OXCOORESET:  Idi r16,high(RAMEND) ; £&F
0xCO01 out SPH,r16 ; REHERER N RAMBYTIER
0xC02 Idi r16,low(RAMEND)
0xC03 out SPL,r16
0xC04 sei ; FERE AT
0xCO05 <instr> xxx

M2 BOOTRST E4%%2 , Boot Ky 2K 2¥ |, HZ 1788 GICR #Y IVSEL & {uhft , 82

B SVAMPIRENT :
3t ESas) R B EA
.org 0xCO00
0xC00 rjmp RESET ; Reset fifim &
0xCO1 rjmp EXT_INTO - IRQO i &
0xC02 rjmp EXT_INTA1 ; IRQ1 FiE &
0xC14 fjmp SPM_RDY ; SPMBR 4 e i 6] &t

OxC15RESET: Idi r16,high(RAMEND) ; £#&/F

0xC16 out SPH,r16 ;

0xC17 Idi r16,low(RAMEND)

0xC18 out SPL,r16

0xC19 sei ; FERE AP
0xC20 <instr> xxx

HENARXH Boot KzABaIH  BERAPMERGFFRRE PO ERNKE I,

by

46
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Bit 7 6 5 4 3 2 1 0

| NT1 INTO INT2 - - - IVSEL IVCE | GICR
®/E R/W R/W R/W R R R R/W R/W
HE 0 0 0 0 0 0 0 0

o Bit1-IVSEL: Fjifo Bi%EF

% IVSEL R "0“ B} , FETEEN T Flash FE 2500tk ; 2 IVSEL 8 "1 &, F [
B3 Boot KA At , SEFRAY Boot X tathit 1S4 {7 BOOTSZ BE. BEiKkiE
2% P212 X H5|ISRARRF - EEMER AL (RWW, Read-While-Write) B B B4
BEEN . ATHHILELTERATFRHEER , SR IVSEL NFEEERMTIE :

1. BFHEEEHEREN IVCE

2. ERENANNSEHESEENHIEEA IVSEL , BN IVCE B "0

PAT LRSI P BahiREE 1L, HE , HEf IVCE A ERMEELT , H—BERFE

E IVSEL #E2EH T —%iE4. WRXE IVSEL B , NIPMEE[N IVCE 2FEH

AN EARREFRZL, FEIENRE  ERAPHEEHEL BRSEFESOMIBEH

FZURENTM,

Note: ZEHMimEE{ T BootX , B Boot#iE{z BLBO2#4mHE , AT R A X A T2 /5 Bt AP T4 25 1
B ENTRAKX , B Boot 81 E{Y BLB12 #4412 , W1T Boot X HYFR TR U
Wk, BX Boot BIEMMWATIESN P212° XHSISEARF - EENRER AT LIE
(RWW, Read-While-Write) 89 Bl B 4mIRAED ~ o

* Bit 0 — IVCE: #iifio B {5k {Fae

3 IVSEL B IVCE #4iEf., £ IVCE = IVSEL B2 fg 4 MNt¥ AR , IVCE
BUHEE, REAR , B IVCE F& -, BT :

ATMEL a
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CmREBHIRE

Move_i nterrupts:
; fEREP T BN
Idi ri16, (1<<IVCE)
out G CR rl6
; FHETEEHBE boot Fl ash X
Idi ri16, (1<<IVSEL)
out G CR rl6
ret

C RuBfI=E

voi d Move_int errupts(void)
{
1> fEREPETE BAE ~/
G CR = (1<<IVCE);
[* G 2% E boot Fl ash X */
G CR = (1<<IVSEL);

ATmega8535(L) m——
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ERBRAKF IO FEAR , FIE AVR IO ImOMEEEENIE - 5K - BIEE, XEWKRE
FASBIH CBIETHRERLEEMN O (HERKWOBEF, Hib /L ®BHE ) T2
EEMATEHMERMNSE (RERKOBTF, b/ FrEEHBMHE ), MHEHPREEX
MEIRBNEE D | AT SR U R BB | B 30K 3) LED, FREM I OSIMEEESBETL
K EREBME, AERFP ZIRES Voo MHARE |, W0 Figure 22 FiR. HS M P242° 85
B T BEENSHBIIR.

Figure 22. 1/0 S|HEHREHE

pu

Pxn

. Logic

See Figure
"General Digital I/O" for
Details

|

= - - .

ATMENSESNUYLBRAKRARE  MEW ¥ RRFBONES , MPEW ‘n” REK
NHWFE, ERERFEEERE, flf , PORTB3 RO BMWE 3 , MATHE
A#ERX N PORTxn., ¥E /0 FESEFMMAUE XLFITF P64“1/0 ix O F1Fa3HI %8 7 ,

BNHOEE = 110 FiEesti - BIEFFET — PORTx, HIEH 1785 — DDRx M
wOMASIE — PINX. BIEFEHRAHRE LA OSTESNE/ BFES , MmOMASIBA
RipHEs, EREEERIIENRE , ¥ PIN SEBE—UEAZE "1“ NERHES
FESMNVHBELE "0 5 1“NREBEIL, HZF1FET SFIOR B LHE {7 PUD &
Bt A % O S| B §9 £ hr B R AR L Uk

FERNBRKF /0 IR OES A P4 ENBRAKRF /IO WA~ . SWIRASIMESSE
ZIhEEE MY , W P55 IR OMSE ZIhEE " FiR. RSB MERM EAHEALL T #E 5|
Y58 —IhEE.

FRELSIHNFE-_DRT2wNEME TR - mANSIHMATERKF /0 BH,

iwmORNEFE LR EBEINE /0 wH. Figure 23 33— I/0 % O SIBIAY % 8.
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Figure 23. @A =F /10

L o -4

MV
;U
O
x

n
@
A1
il ~ PgRTan < <
5 d |<T:
I - WPx (@)
RESET

SLEEP : RRXx

SYNCHRONIZER

.
[ e el

clkyo
- WDx: WRITE DDRx
PUD: PULLUP DISABLE RDx: READ DDRX
SLEEP:  SLEEP CONTROL WPX: WRITE PORTX
clk, /0 CLOCK RRX: READ PORTx REGISTER

RPx: READ PORTx PIN

Note: 1. WPx, WDx, RRx, RPx #l RDx X F R —i#% O M FT A 5| i #k = — B M. clk,o, SLEEP Al
PUD MIXFrE Y im Q&R = —# 8,

FMNmOSIEEEE =/ 31F25{Z : DDxn. PORTxn # PINxn , # P64“l/O % O 21788
Ki%BA ” TR, DDxn LT DDRx & 128 , PORTxn X F PORTx &F1F8% , PINxn ¥ F
PINx 1785,

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

SIMBECENMAR , & PORTxn 3 "1°, ENEBEPERMERE, MRFEXMAXNLABEMAE ,
AL PORTxn B , ENXSIMEENAH. SMRESIMANSHAS , BMEL
FIRBRHEIET,

HolMEE N m et , & PORTxn 8 "1, SIMBHS BT ("1, B HEEF (0%,

7 (BMEA ) =2 ({DDxn, PORTxn} = 0b00) it & &% ({DDxn, PORTxn} = 0b11) Ffh
RS Z BB TR | EHEBFERE ((DDxn, PORTxn} = 0b01) =i H{EKEBF ({DDxn,
PORTxn} = 0b10) XFAMERXNSARLBE—NMNRE, BFE , LHBHEFRERETE2TUES
B, BENEEFETEERRS R AR Emt, WRFEABRFTRXEF , T
BEIE{Z SFIOR F 17858 PUD RE LA IR O/ EhI kA,

EtimANGHEESFzEYREERENBE, AP XJEFESHES (DDxn,
PORTxn} = 0b00) S BB ({DDxn, PORTxn} = 0b10) £ shiEI S K.,

ATmega8535(L) m——
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Table 21 B4 7 SIHINEEHIES .

Table 21. U AS|HE &

PUD aki'd-]
DDxn | PORTxn | (in SFIOR) | 1O FR UL
0 0 X WA No B (Hi-2)
0 1 0 WA Yes | #4\EPeEEEHR AT S H BR
0 1 1 WA No B (Hi-2)
1 0 X L] No WHEBET ORER)
1 1 X k] No WESHRF (RER)

it A fi & DDxn , &R AT LUES 32 BX PINxn 125 KIRBSIBI 25, W Figure 23 Fi 7R
PINxn FESNEMISETIEMNUESREAR T — MRS XHEF AT OB & 15 A 206 44
RBRERENENEEENHTEIMBEFTEMERNESTFTRE. HRRIEZSIAT
JEIR, Figure 24 NG| M BRI RS RN FE. RAMRKIMERIER D BN thg max
*u tpd,min°

Figure 24. EUS|HIZIE R Y R 5

systemek [ | [ [ L[

INSTRUCTIONS Xxx XXX in r17, PINx
SYNC LATCH U A |
PINxn |
r17 0x00§ OxFF

tpd, max
t—— >

tpd, min
e >

THZESE - IMRENYTERAZERENRER, Yt ESHERBIEFESRRXH
§ ; M ESIESRESTULBEHEN , B+ SYNC LATCH 55 XFiR, Bt
BN ERESEHSIE , REEREEN RGN EFARHER PINn FE88. 10ty max
M tog min IR, SIM EMESHRIEERT 12~ 172 D REMH,

W Figure 25 AT /R , BBV FRYSIMEF R EEREE S out MIEEIEST in 2HA
— et EHIRER , 2 nop BT, out IETEREE EFREM SYNC LATCH 55,
LEAS R 25 2RV EIR BT [R] to N — D RERT
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Figure 25. B4R FHISIM BTN E L

systTeMclk [ | [ 1 [ 1 [ 1

r16 OxFF
INSTRUCTIONS TS TN G TATT
SYNC LATCH | |
PINXn |
r17 0x00 OXFF
52 ATmega8535(L) m——
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THEHG FERT AE i OB SIBI0R1 EZS|IH2F813 , U RIESIM4ZI7RE RN B
A, HBASIH 6 # 7 RELNBEHE, AEEE/NSIBNBIREIRER, WamEiTieH iR
B, BIMNEEENEABIZEBAT —D nop BS.

SCRRBHIE ("

; EX ENEBEMRESETHH

; NIRASIEEN S @

| di r16, (1<<PB7)| (1<<PBS6) | ( 1<<PBl) | ( 1<<PBO0)

| di r17, (1<<DDB3) | (1<<DDB2) | ( 1<<DDB1) | ( 1<<DDBO0)
out PORTB, r 16

out DDRB, r 17

i ATEAZEA nop S

nop

; RERR O S|

in r16, PI NB

Cc R@pIE ™

unsi gned char i;

I* BEX EHBEMRESEFHE */

I* REHOSIMEXF@E */

PORTB = (1<<PB7)| (1<<PB6)| (1<<PB1) | ( 1<<PB0);
DDRB = (1<<DDB3) | ( 1<<DDB2) | ( 1<<DDB1) | ( 1<<DDBO)
I* RTEALEA nop i85 */

_NOP() ;

I+ REUR OISR~/

i = PINB;

Note: 1. HELHREFEXATHNEEFSR. HENEN THEENMEEIBHNERE. BEHN
S5O0, 1, 657, BEEFEAMREER , EXML 2, 3HE, BEEHRELNOS
1 RERE,

#0 Figure 23 PR , MW AES (HBEBARENH A ) T, Bl SLEEP
ESH MCU RIERHISER DB, BBERUR Standby BR TEE | LB L%
WAREREINE A BEEE Vo2 FEEASHER,

SIBMER SN E P T AR SLEEP 5 XM, BENAIHREEERE , SLEEP 550K
B, SIMIKY5E = ThaEFAERT SLEEP thib{ TS = Ih&E , 0 P55 i O E =Thae " B
R BB

MRZBEEET (17) HRE-MIIRER " LR, TERASEZEEFTLEE
M " AR RS L | BMEZ AN T R aERE | BN R RERE A R ERRT | 45
RIS ER R BT AR S D SWE 17 XRE N SIMBEFERRER THRMME "0" BF, B
EYRER T SIETFM "0” 2 1" EA(L.

MERSIMARBER  ZBUAXLESIMWE T - MNEERT, BRMEXFRR , ERERE
BATASHAFRARER  EERFTERLASIMRAHEN BT MERAZESH
EHeEHFEAERES (4. THEEX, ZRERX) BEER.

REENRIERASIHMEEBERTN S ERERNT LVEHE, EEITNREMN
LHEBEFRER, MREVHNDFEEERERNEZNEANB LR THNEE, T

ATMEL 2
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HEEEFNARASIMS Ve 3 GND E# |, B IXH A sE 27 5| BB ARE 0 i ot H Bk
TR
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BRTERABFIORE 2N , KSHim O SIME R B E —IhEE, Figure 26 Bi#8 7 B Figure
23 E{LEHNR OGS HREES RMMAEE —HRIRAN. XEREINESTLHN
EFFEMmASIK  ERERATUEAERES TAVRRIAERFAL O SIMH —iR A,

Figure 26. #HO/E —2hAe ™M

PUOEXxn

PUOVxXn

VWV

A

PUOEXxn:
PUOVxn:
DDOEXxn:
DDOVxn:
PVOExn:
PVOVxn:

DIEOEXxn:
DIEOVxn:

SLEEP:

DDOExn
DDOVxn
S 1
P
p:
of
PVOExn
PVOVxn
’J 1’1

~
DIEOExn
DIEOVxn
SLEEP

o
>
_gl

Pxn PULL-UP OVERRIDE ENABLE

Pxn PULL-UP OVERRIDE VALUE

Pxn DATA DIRECTION OVERRIDE ENABLE

Pxn DATA DIRECTION OVERRIDE VALUE

Pxn PORT VALUE OVERRIDE ENABLE

Pxn PORT VALUE OVERRIDE VALUE

Pxn DIGITAL INPUT-ENABLE OVERRIDE ENABLE
Pxn DIGITAL INPUT-ENABLE OVERRIDE VALUE
SLEEP CONTROL

PUD
[0}
)
m
<
'_
<
o
: RRx
SYNCHRONIZER
—————— RPx
I —
| PINxn |
l_ _____ } clk o
P DIxn
@ AlOxn
PUD: PULLUP DISABLE
WDx: WRITE DDRx
RDx: READ DDRx
RRx: READ PORTx REGISTER
WPx: WRITE PORTX
RPx: READ PORTx PIN
clk,o: 1/0 CLOCK
Dixn: DIGITAL INPUT PIN n ON PORTx
AlOxn: ANALOG INPUT/OUTPUT PIN n ON PORTX

Note: 1. WPx, WDx, RRx, RPxFIRDx3 T [& — N O WA 5| MR 2 —# 89, clk,o, SLEEPAH
PUD UIXPIE R O &2 — R K, HMEESIANE -1 SIMER.

AIMEL
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Table 22 R EHESHE N . KFEEHAH Figure 26 WSIHIME DR, XEERES

RSB IhREERT LW,

Table 22. E_-EEEHEFTH — 1%

B8

- £ % i A

PUOE | tHresf EWESEN , LRBEFNSET PUOV ; EHESE

B R = |, M) {DDxn, PORTxn, PUD} = 0b010 B L safE AL,

PUOV | EhisEfE # PUOE &1 , MFit DDxn, PORTxn # PUD F#EFHEN

BHE S AAEE , PUOV B / BEER E R PR AL / 21t
DDOE | HEAE MRESEN , MK FEEHE DDOV #F ; ZEREFE
B R T HmHIKFERER DDxn FFERE4),
DDOV | BiEHFME # DDOE &1{u , W DDOV &fx / ;FErt 4 HIE S AL / 2 ik
EHE MAE DDxn F1EESH& B 21,
PVOE | i Oz MRXMESEN , BRHIEIEEE , i OHIEH PVOV #H|
B R . & PVOEBE , BBz AL , wORFEH TS
PORTxn 4l
PVOV | i O%H%KiE £ PVOE &1y , i OEIRE RN PVOV , MR EZF 185 PORTxn
BEHE AR E,
DIEOE | #=# AfEHE MBXMEBEN , RFMAFEFH DIEOV 24l ; & DIEOE
BEfEEE BE  MEWAMLREHA MCU fURSHEE ( EEER | ERER
Yo
DIEOV | =28 AfEkE Z DIEOE &fu , DIEQV B / FEHFm AFERE / 21t |
ExE MAE MCU FRANM ( EFER |, BERER ),

DI BFEBmA WESHE_NENRFHEA. ERP , XMES SRR
KiEE , HEERSR . BRIEHFMARERER , BN
FE_DEERREEABECHNESES.

AlO EEMES BilmA /W, E5EESSIHESMEE , MERTLAENR

LN Bi%Ho

THHRJLNTREEGEAS M ONE —DREARBXNES, BEEESERXEC
ThRERY I ER
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Y% INEE 1/0 TF1E88 - SFIOR

WO AMSE_TheE

PSR10 | SFIOR

Bit 7 6 5 4 3 2 1 0
| ApTs2 ADTS1 ADTS0 - ACME PUD PSR2

®/B R/W R/W R/W R/W R/W R/W R/W

HE 0 0 0 0 0 0 0

« Bit2-PUD: #£f tH @[

EEY , BIfEFE 728 DDxn M PORTxn Bt & F 85 L B FH ({DDxn, PORTxn} =
0b01) , VO W OM L eapA i EE I, ES N P50 ELESIM ~ o

WA A4ER ADC R AR SE =8 R T Table 23, RO AL SIME RN A HE |
YEBITREDGR  FUNSEMERER,

Table 23. 0O A IS —Thhs

¥ O 5| B - famb? [
PA7 ADC7 (ADC # A& 7)
PAG ADC6 (ADC % AJBiH 6)
PA5 ADC5 (ADC #i AJBE 5)
PA4 ADC4 (ADC i AJB3E 4)
PA3 ADC3 (ADC % AJB3E 3)
PA2 ADC2 (ADC i AJBiE 2)
PA1 ADC1 (ADC % AJBiE 1)
PAO ADCO (ADC % AJ&iH 0)

Table 24 # Table 25 44 Tiw O A 58 ZIheES P55Figure 26 EFRE T RX R,

Table 24. PA7.PA4 IE—HREEHES

EE5EH

PA7/ADC7

PA6/ADC6

PA5/ADC5

PA4/ADC4

PUOE

PUOV

DDOE

DDOV

PVOE

PVOV

DIEOE

DIEOV

Ol ojlojlo|lo|o|o | o

oO|lojlo/lo|jo|o|o o

O o/lojlo|lo|o|o | o

oO|lojlo/lo|lo|o|o|o

DI

AIO

ADC7 A

ADC6 % A

ADCS5 %A

ADC4 % A

2502E-AVR-12/03
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Table 25. PA3..PAO NE_REERES

ESER PA3/ADC3 PA2/ADC2 PA1/ADC1 PAO/ADCO
PUOE 0 0 0 0
PUOV 0 0 0 0
DDOE 0 0 0 0
DDOV 0 0 0 0
PVOE 0 0 0 0
PVOV 0 0 0 0
DIEOE 0 0 0 0
DIEOV 0 0 0 0
DI - - - -
AlO ADC3 f A ADC2 # A ADC1 5 A ADCO %A
w0 B K =Thee w0 B KY€ = Ih&ESITF Table 26,
Table 26. i% 0 B HI5 —Ihae
¥ O 51 B by [
PB7 SCK (SPI B4y R 1TRT4T )
PB6 MISO (SPI By EHMmA / ML HES )
PB5 MOSI (SPI B& M ENMmE / MLRAEBS )
PB4 SS (SPI MHLi%E3IH )
B3 AINT (EEELLLRABA )
OCO (T/CO % i LR Pefi i i )
B2 AINO (L LLRIERA )
INT2 (A EBR BT 2 A )
PB1 T1 (T/C1 SAEBITERERHA )
PBO TO (T/CO AEBitEEHMA )
XCK (USART SAERETEhim A / fi )
SIMBEEWT :
« SCK-#0B,Bit7
SCK: SPIEEM ENat st MM ARD. THEFMIERXE , Fi& DDB7 &
B IMA XS E IR B R A . TETENEX |, XA SIHHIES @B DDB7 13
Hlo RBRWMAS , LIHEEH PORTB7 #H#l,
e MISO - %[O B, Bit 6
MISO: SPI BEH EHMEHEFEHmA , MNBERHIK O, THETEHNEXT , F1& DDB6 1%
BWE XS HERER WA, THETMIERXS | X5 E#ES @B DDB6 2
Flo RBRWMAS , LIHEFEH PORTB6 ##l,
53 ATmega8535(L) m——
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+ MOSI-i®0O B, Bit5

MOSI: SPI BEMNEHHEERE  MIBEHARKO, TEFMIERS , Fit DDB5 i%
B | XA SIHEBFIRERAA. ITHETENERS , XA SIHAEIES @ H DDBS
%ﬂ RENWMAR , P HEEH PORTBS 4,

+ SS-#MB,Bit4

SS: MHLIEERHA. THEFMIERE |, Fit DDB4 & B[ , XN S|IHEBEB R @
Ao HULSIBINKRT SPI #U5E. THEFEVNERXR |, XANSIEHNEIES BB DDB4 #73
H, RERNWMARS , Lh B PORTBS #4l,

* AIN1/OCO - #% 1 B, Bit 3
AINT , BELER G A, BEEZSIMAMAR , IR LA Rl , BB FiROEE
SRR R REAR P R

OCO , WLt IEE ML : PB3 SIRIAI4ESR T/CO LbRIEE A SNSRI H o RFIXINBERT |
PB3 S| A MBELE N tH (1R DDB3 /1) o E PWM R ERZIEER , OCO 5| BIER
o

+ AINO/INT2 - %M B, Bit 2

AINO , BB RIER A, BEZSIMN @A , YIMAE LB | BB Fi%OIhEE
SEMLLRER AR,

INT2 , SAEBHMTIR 2 : PB2 SIB{ER MCU A SRR IR
+ T1-i%0O B, Bit1

T1, T/IC1 it EER.

« TO/XCK - %0 B, Bit 0

TO, T/CO it#hesR.

XCK ,USART s\&Batid, #1385 B 1785 (DDBO) $2 &iad 4+ i i (DDBO &1 ) E R A
(DDBO BT )o REY USART ITEHERS#ENE , XCK SIBIEE.

Table 27 5 Table 28 44 7 3% 0 B 5 —Ih#ES P55Figure 26 EFHE S MM KR, SPI
MSTR INPUT #ISPI SLAVE OUTPUT #8 T MISOE & , TiIMOSIAJ L% f#% 5 SPI MSTR
OUTPUT # SPI SLAVE INPUT,
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Table 27. PB7..PB4 NE_EEEHRES

g% PB7/SCK PB6/MISO PB5/MOSI PB4/SS
PUOE | SPE+MSTR SPE « MSTR SPE « MSTR SPE « MSTR
PUOV | PORTB7+PUD | PORTB6 « PUD PORTBS5 « PUD PORTB4 « PUD
DDOE | SPE «MSTR SPE « MSTR SPE « MSTR SPE « MSTR
DDOV | 0 0 0 0
PVOE | SPE+MSTR SPE « MSTR SPE « MSTR 0
PVOV | SCK #it SPI M#L% SPI E#% 0
DIECE | 0 0 0 0
DIEQV | 0 0 0 0
DI SCK %A SPI E#l5 A SPI MAL# A SPISS
AIO - - - -
Table 28. PB3..PB0 WEE —HALERES
w5
&% PB3/OCO/AIN1 | PB2/INT2/AINO PB1/T1 PBO/TO/XCK
PUOE | 0 0 0 0
PUOV | 0 0 0 0
DDOE | 0 0 0 0
DDOV | 0 0 0 0
PVOE | OCO f£&¢ 0 0 UMSEL
PVOV | OCO 0 0 XCK %
DIECE | 0 INT2 8¢ 0 0
DIEQV | 0 1 0 0
DI - INT2 % A T1RA XCK # A /T0 i
A
AlO AIN1T A AINO # A - -
IR0 C ME=TheE w0 C HE=ZEERT Table 29,
Table 29. %O C KI5 —Ih&E
b Jul] E=1hak
PC7 TOSC2 ( ER#RHER 5| 2)
PC6 TOSC1 ( Em#RHBRSIH 1)
PC1 SDA (&L BITERLBERA /L)
PCO SCL ( Pk BT B4k at4hsk )
FoNREBRENT ¢
« TOSC2-#x0O C, Bit7
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TOSC2 , ERRHESSIH 2: 24251785 ASSR MY AS2 U & 1 ,fFRE T/C2 ML ats | SR
PC7 5O A, MAIRHESHASRZNREME, EXHERXT , BEIRSE551% 5|48
BX | iZSIBIAEEMER 1/0 IR,

+ TOSC1-#M0C,Bit6

TOSC1 ,ER#RHEESIH 1: ¥ 1728 ASSRIAS2 U E 1, f8E T/IC2 W FLate | SIH
PC6 SimOMiFT , RANIERHBRAABRNRAA L. EXMEXT , SEiR%53R5%5HHE
Bk , &SI EELES /O 51k,

» SDA-iw0O C, Bit1

SDA W& HRTEORE YT FETWCRI TWENLE 1 FrEMLFR1TED ,5IH PC1
TSmO , BERAMKBRTEONSRTHRIE O SIM. BZEXT , EoIMLERE
HIRESEIHIET 50 ns W AES , BZSIHBARRRHNTIRENBER3. x5/
ERAMLBETERD , fI7IH PORTCT {6 L,

. SCL-#HA C,Bit0

SCL ,Fi%& BTEORY Y TWCR EHE5M TWEN{LE 1 FaEFML 21T D , 5| PCO
KEROERE , RAFLBTEONSTRE /O S, £iZEXT , EoIHLERAET
R MEET 50 ns Wi AES , BZSIMERERFNF REBNEZES . HiZ5|HE
AM&&ETiED | B H PORTCO =4l £,

Table 30 M Table 31 44 T #w 0O C 35 =IheE5 P55Figure 26 EEES MM RX R,
Table 30. PC7.PC6 WS _EEEHES

BEEER PC7/TOSC2 PC6/TOSC1
PUOE AS2 AS2

PUOV 0 0

DDOE AS2 AS2

DDOV 0 0

PVOE 0 0

PVOV 0 0

DIEOE AS2 AS2

DIEOV 0 0

DI - -

AlIO T/C2 OSC % it} T/C2 OSC A

ATMEL o
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Table 31. PC1..PCO IE—ThaeEHES (D

EEEH PC1/SDA PCO/SCL
PUOE TWEN TWEN
PUOV PORTC1 « PUD PORTCO « PUD
DDOE TWEN TWEN
DDOV SDA _OUT SCL_ouT
PVOE TWEN TWEN
PVOV 0 0

DIEOE 0 0

DIEOV 0 0

DI - -

AlO SDA #i A SCL #i A

Note: 1. fEEE/E , L BTIEOMFREMHHIIHE PCO 5 PC1 BRI Ri4|, XERPHRRH. B
AN, BEIEEESEEEPALN A0 MHKOS TWI B EERZE,

%A D WS =Thae%|F Table 32,

Table 32. i 0 D KYSE =ThkE

WOSIM | S=Ihie

PD7 OC2 (T/C2 % HH LR U Fe 46 M )

PD6 ICP1 (T/C1 % AFEHESI B )

PD5 OC1A (T/C1 i LER A ITEL T )

PD4 OC1B (T/C1 s tb% B B )

PD3 INT1 ( AEZBHMT 1 A )
PD2 INTO ( AEBHMT O FIHA )
PD1 TXD (USART %5 3150 )
PDO RXD (USART % ASIR )

FREEEWMT :

« OC2-#0D,Bit7

OC2 , T/C2 mH LR ITE 4 - PD7 SIBMER T/C2 fH LEBRANER S A . EiZIhEET S| R
ERHH (DDD7 B 1) . £ PWM BB EREFIhEEF , OC2 SIBMER .

e ICP1-#0 D, Bit6

ICP1 — % AE$2SIHI : PD6 4EN T/C1 B9% AR SIHD,

« OC1A-#HA D, Bit5

OC1A , Wit LR ITE A% :PD5 SIBIMER T/C1 i EE B A SR EB% A o EIZIAET Sl R
fERME (DDD5 & 1) . £ PWM XN ERB5IhEER , OC1A SIBMER M,

- OC1B -0 D, Bit 4

OC1B ,f# i Lb R Pt B % i :PD4 SIHIER T/C1 % H Eb 3 B A2 A o TEIZIIAET S| R
ERM L (DDD4 & 1) . £ PWM X ERTEFThEER , OC1B SIfMER M,

« INT1 -0 D, Bit3

62 ATmega8535(L) m———
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INT1 , S\EBRIlT 1, PD3 SlBI¥ER MCU BI S ZB A BTIR
« INTO - # M D, Bit 2
INTO , S\EBeh iy 0, PD2 SIEIERN MCU BISZBHBTIR
o TXD-i%0O D, Bit1

TXD R USARTHIERIB RIXSIHI, 2{ERE T USARTHRESRE X oI M#E 4R E N &
H |, kBt DDD1 F#EE4EA .
« RXD -0 D, Bit0

RXD R USARTHY $#E = SI f, HfERE T USARTHYEINERTE | X5l BI4E58 B IR E Jy i

H , bt DDDO F24ER . B2 PORTDO {i#&f=H| L8 FE,

Table 33 1 Table 34§ O D KI5 = Ih&ES P55Figure 26 WEHESXIKE T — &,

Table 33. PD7..PD4 Y% —Thfe

E5E8H PD7/0C2 PD6/ICP1 PD5/0OC1A PD4/0C1B
PUOE 0 0 0 0

PUOV 0 0 0 0

DDOE 0 0 0 0

DDOV 0 0 0 0

PVOE OC2 {8 0 OC1A fE&E OC1B fE#E
PVOV 0C2 0 OC1A 0oC1B
DIEOE 0 0 0 0

DIEOV 0 0 0 0

DI - ICP1 A - -

AIO - - - -

ATMEL
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Table 34. PD3..PDO Y% —Thhe

ESEH PD3/INT1 PD2/INTO PD1/TXD PDO/RXD
PUOE 0 0 TXEN RXEN
PUOV 0 0 0 PORTDO « PUD
DDOE 0 0 TXEN RXEN
DDOV 0 0 1 0
PVOE 0 0 TXEN 0
PVOV 0 0 TXD 0
DIEOCE INT1 88 INTO f5E 0 0
DIEOV 1 1 0 0
DI INT1 f A INTO % A - RXD
AIO - - - -
/0 ¥ O & 17 a9 1% BA
IO A BiEEF 788 - PORTA
Bit 7 6 5 4 2 0
I PORTA7 PORTA6 | PORTA5 | PORTA4 PORTA2 | PORTA1 PORTA0 I PORTA
®/B R/W R/W R/W R/W R/W R/W
WRE 0 0 0 0 0 0
w0 ABIES A EF 7R - DDRA
Bit 7 6 5 4 2 0
I DDA7 DDA6 DDA5 DDA4 DDA2 DDA1 DDAO I DDRA
®/B R/W R/W R/W R/W R/W R/W
WRE 0 0 0 0 0 0
B0 A SASIBE - PINA
Bit 7 6 5 4 2 0
I PINA7 PINA6 PINAS PINA4 PINA2 PINA1 PINAO I PINA
®/B R R R R R R
RE N/A N/A N/A N/A N/A N/A
0 B KIEF/7E - PORTB
Bit 7 6 5 4 2 0
I PORTB7 PORTB6 PORTB5 PORTB4 PORTB2 PORTB1 PORTBO I PORTB
®/B R/W R/W R/W R/W R/W R/W
#HARE 0 0 0 0 0 0
%0 B BB 7 H & 4788 - DDRB
Bit 7 6 5 4 2 0
I DDB7 DDB6 DDB5 DDB4 DDB2 DDB1 DDBO0 I DDRB
BB R/W R/W RIW R/W R/W R/W
%kE 0 0 0 0 0 0
64 ATmega8535(L) m———
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WO B #WASIBt4 - PINB

WO C HIEFFES - PORTC

WA C #HIT\H E=FEES - DDRC

iwA C WAL ML - PINC

WA D BIEFFER - PORTD

0O D #HI\S EFEER - DDRD

WA D®WASIEME - PIND

2502E-AVR-12/03

Bit

B/IE

HE

Bit

®/E
NaE

Bit

®/E
NaE

Bit

®B/B
aE

Bit

®I/IE
WaE

Bit

®/B

WaE

Bit

®/E
WaE

7 6 5 4 3 2 1 0

I PINB7 PINB6 PINB5 PINB4 PINB3 PINB2 PINB1 PINBO I PINB
R R R R R R R R
N/A N/A N/A N/A N/A N/A N/A N/A
7 6 5 4 3 2 1 0

I PORTC7 | PORTC6 | PORTC5 | PORTC4 | PORTC3 | PORTC2 | PORTC1 PORTCO I PORTC
R/W RIW R/IW R/W R/W R/IW R/IW R/W
0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0

I DDC7 DDC6 DDC5 DDC4 DDC3 DDC2 DDC1 DDCO I DDRC
R/W R/W RIW R/W R/W R/W R/IW R/W
0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0

I PINC7 PINC6 PINC5 PINC4 PINC3 PINC2 PINC1 PINCO I PINC
R R R R R R R R
N/A N/A N/A N/A N/A N/A N/A N/A
7 6 5 4 3 2 1 0

I PORTD7 | PORTD6 | PORTD5 | PORTD4 | PORTD3 | PORTD2 | PORTD1 | PORTDO I PORTD
R/W RIW RIW R/W R/W R/W R/W R/W
0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0

I DDD7 DDD6 DDD5 DDD4 DDD3 DDD2 DDD1 DDDO I DDRD
R/W RIW RIW R/W R/W R/W R/W R/W
0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0

I PIND7 PIND6 PIND5 PIND4 PIND3 PIND2 PIND1 PINDO I PIND
R R R R R R R R
N/A N/A N/A N/A N/A N/A N/A N/A

ATMEL e
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MCU #:4|2% %88 - MCUCR
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NERRUTEE SIHE INTO, INT1 5 INT2 fitk, REMFERE T Al , BIMESIH INTO.2 BLE
R, REBFEETEENTL , Pttt g, XMNMERATLLARS EREHE,
BHi%E MCU ##|21F2F MCUCR 5 MCU 4|5 A F 85 MCUCSR , FlTAT LA
THA, EAR , REREBEFME (INT2 RLAME TR )o HABPHFEEHEEE
NEFAR (INTO/INTY) , RESIHBEFAE , PR AET%, EEXR INTO 5 INT1 &5
STERRREARAER , /O REMSMIE , 0 P22 R RERESH " AN AHE,
INTO/INT1 B9 TR AR INT2 N 2R, R | X L i 7T LA RN 85 4 M EE AR
EXGEE, FERSE (BRTZERAER) H /0 2 FLEN,

BEEFAFAMERDE , MAF MCU NEBEXKREN K ERIEEFRE—EMNE ,
BR{E MCU MIRFEHNBRBREE, BFUABNRNMERLMAIR. £ 5.0V, 25°C BFKHF
T, BIANGHESERN 1us. BEIANGZEENEE , B4IFSE p242° &85
B 7, REEXBHERTHIATSENET , AIRGESHEISHILRHKE , MCU
MEMREE, B IRABLN SUT RE |, I P22 REN# REHIED " AR, BESH
ATAARELRE  BEBHTRERZHHMHEKRT , MCU IHRE , EFRBL5IRH
Wi T, BRNBFLFARTEB KAV ELE MCU ERQRELRE , REAA BT R,

MCU #2#|F 7R 22 PR 25 5BA MCU Zhge

Bit 7 6 5 4 3 2 1 0

| sm2 | sE | sm1 | smo | Isc11 | Isc1o 1SC01 Isco0 | Mcucr
®/B R/W R/W R/W R/W R/W R/W R/W R/W
MHE 0 0 0 0 0 0 0 0

« Bit 3,2 -1SC11, ISC10: i & 5 X4l 1 Bit1 5 Bit0

MR SREG FFaaMY | FRAEAL A RIK P T BRI BRI RY1E , SAERAR T 1 B SR INT1 3
Ko MR AU Table 35 Fir/Ro EARM LA BT MCU B JERH¥ INT1 5|l LR EBEF, MR
BETORMEAARBIRAMR AN | AR E AT — et 3 5 80 Bod FF At
RHPH, SRR T RERIEALKR P, MREFREEFMEFN |, BAMBFMLHR
FRHRESHITE R,

Table 35. i 1 filk 75 X425l

ISC11 ISC10 | i%HA
0 0 INT1 A{REBFE = £ R EER
0 1 INT1 SIH) EEEH BB BF T EIF S| K il
1 0 INT1 T RSB P= £ R 5 FRTER
1 1 INT1 B EARF=ERE HHER

« Bit1,0-1SC01, ISC00: H}f 0 fit & 512 H Bit 1 5 Bit 0

IR SREG FFaRAY | AR M4 RLAY h i R AL B RV 15 AR 75 40 Table 36 FT 7R
S\ERER T O FA S| INTO BUR . AR ML A BT MCU B JER4¥ INTO 5| M L BT, 2Rk
BT0amMERAARBFEZMAMEFN | ALK E AT —Awtth B3 HE bR~ bR
TR, IR A BROR U R RERIE AL R P BT. MRIEREEFAMAAN , MABBF LAREE
FHAE ST,

Table 36. F i 0 ik H 4l

ISC01 ISC00 | i%HA

0 0 INTO 1 8.7 B 7= 4 R BT 7 R
66 ATmega8535(L) m———
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Table 36. A7 0 ik H izl

ISCo1 IScCoo | i%H
0 1 INTO S| EEZEHB B EHF T &R S| & I
1 0 INTO B9 T RRF= 4 25 R HTIE R
1 1 INTO B9 EFRF= £ R D HRTIER
MCU 4l SR FFES -
MCUCSR Bit 7 6 5 4 3 2 1 0
| = ISC2 = = WDRF | BORF | EXTRF PORF | MCUCSR
®/B R/W R/W R R/W R/W R/W R/W R/W
WIE 0 0 0 WAL A

« Bit 6 —1SC2: HHif 2 iR H 14l

R SREG HZ85M | #rEM GICR FEH[MENN P AEBRMEMNIE , RSP 2 H
S\ERSIHED INT2 BUE, £I1SC2E 0, INT2 W TNERBUEHR, &1SC2E5 1, INT2H E
FRBERE, INT2 B EARNEFSN. REINT2 5| L=4£TE KT Table 37
FIRBIENP RS Z M, BEFRTERBFFPE , BEFEXARSELFEITK ,
REFELFEFH. MEREFNIIMIE , MASIXFPHIER. XZE ISC2HEARELE
P, HLEINEEESEES GICR BERMEMNPITFEREN INT2 , REBHE ISC2,
BE , TESICEEFFRETHZANEEN GIFR FESEMNHAMN P MRS INTF2 B '’
FHAES,

Table 37. &5 (/&) HHT4SH

B | BB | BX
/s | 3% %4 1=} 1=} = By
tnt | T (SNED ) RUREY B/ NP R E TBD | 50 | TBD | ns
EASMEHIFFS - GICR

Bit 7 6 5 4 3 2 1 0
| Tt INTO INT2 = = = IVSEL IVCE | GICR

®R/B R/W R/W R/W R R R R/W R/W

IRE 0 0 0 0 0 0 0 0

+ Bit 7 — INT1: S\ZBehBTiER 1 6ERE

L INT1 A1, MERBEHES SREG 9 | HrEEBM , MK SIBIP MR T,
MCU & Al 2 HR A B 1788 — MCUCSRHRY F i /R B R 426 14 1/0 (ISC1151SC10) IRE
RETRA LR, TR, E2 INT1 BFAAN, REMEE , B INT1 SIMEEE N
W, RESIMBFEETHNMAEL , PECESEE,

* Bit 6 — INTO: #\ZBH M &R 0 fERE

HINTO K "1, MERASEESE SREG Y | #REBENL , ISP SI B TR EBE T o
MCU & A2 HIRASF 1785 - MCUCSR Y AR T BUS B R #2504 1/0 (ISC0151SC00)RE
RETEE LR, TERA , B2 INTO EFfAR. REMAE , BIfE INTO SIHHEE N
W, RESIHEFE L4 THNMNEL , PN~ 4,

+ Bit5—INT2: \Z0hPTiER 2 fERE

L INT2 8 "1, MBRASZEEE SREG 1 | FREREBN , HBIAIAEBSIBIP BT R ERE T o
MCU B AZHIRAE 788 — MCUCSRHY F T BUR B F 2% 24 1/0 (ISC25ISC2) REH
WrRE LR, TR, &2 INT2 BFAAN, REFLE , B INT2 SIMEEEN B
H, RESIMEFRE THRENEL , PR~ E,

ATMEL o

2502E-AVR-12/03



BATMRETESS - GIFR

AIMEL

Bit 7 6 5 4 3 2 1 0

| INTF1 INTFO INTF2 - - - - - |eIFr
®/IE R/W R/W R/W R R R R R
HE 0 0 0 0 0 0 0 0

o Bit7 - INTF1: S ZBh iR 1

INT1 S| B F & 4 Bk AR AT AR & R ITE SR |, HE N AR P ETFRE INTF1, 205 SREG HI{
| LA GICRF 1228 Y R BT AEREAZINT1 9 71” ,MCU BBk BIM R F T E £, 3 AP
MRS EFZEZREENEES, A, REMNETUBEEA "7 KEE,

» Bit 6 — INTFO: SAZEffér& 0

INTO S| B F & 4 Bh A i Al & R ITIE SR |, H B I AB BIAY P HTARE INTFO, 213R SREG HIf
LA K GICRZ 1785 R Y R T BEREAZ INTO 8”17 ,MCU BN Bk #: BB R fY R T B B, 3 A P
RS RBF 2 BIZREEFES, A, REVBTUEREA "1” RKES, 4 INTO &
ERNBEFE |, ZFESHES,

+ Bit 5— INTF2: A\ ZBh Wi#R& 2

INT2 S|l 8 F & £ Bk AT AR PRTER | HE AR PEFREINTF2, 21532 SREG 1L
| LAK GICRZ 1785 tH R MY R T BEREAZ INT2 9 717 ,MCU BN B ¥ BUAB R A9 R B B o 3 A P
WRSEBF2BIZNEENES, i, FEMNETUBEIEA "1” XKES, T8, Y
INT2 PR 2 At AR ERERE R | ZEIHNAmAZHEEA, X2SBINTF2HREIRE
EBMZEETL , ¥ P53 B AFRENEREER "
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BB PWM IIEER 8 L T/co 2— @A aEE 8 EmsE / iHREEn, EXTHANT
- sy o . BEEIHE
ErRR / 1HRER O - KRR E L FERENE (IR )
o TFHBH , HALEBN PWM
- WEEEE
. SEBEAITHE
o 10 {URYET4RTR 2 IR ER
o A EEE PR A IR (TOVO Al OCFO)

Rk Figure 27 N 8L ERT 25/ IT B BRI B{LAER . SEBRSIRIHES]ES & P2“ATmega8535kY 5| )
" o CPU AT LAIAEIEY 1/0 B 1FEes , B A S| , AEEE R /10 FEH[ANMHMLES T
P798 U TERT 2R / THERES R MV%EA ~

Figure 27. 8 {Z T/C K 1EH

<< > TCCRn
count w 1OVN
clear " (Int.Req.)
Control Logic
direction 9 clkrp Clock Select

Edge >
y A Detector i
BOTTOM TOP
A £ A ( From Prescaler)
Timer/Counter A A
TCNTn | —) | |_ |
_f - O;FF p OCn

DATA BUS

Waveform
Generation

(Int.Req.)
P OCn

OCRnN

578 T/C(TCNTO) F%i i LB B #7858 (OCRO) 7 8 U B F 88, PHIER (B EE A Int.Req. ) &
SEER PR EST TS TIFR BB R M, FrERETER T LAUE S Er 8Pl RR T 788
TIMSK #3437 BMk. BT TIFR M TIMSK H 7SR SHMERSFE A HE HItAP&
B4AH,

T/C A LGB Tl 0 7 25 A N BR A 0 R IR 30, & REE TO 5| IR S SR #IRR I Bh o BS 49
R BRI W — DN et R S A RE M ( HEE )T/IC WBE. WRRE
EFRETEIR T/IC B TR, ATEPRBFREIRE f i E SN TE RS B2 B8 clkrgo

NEHWHH LR EFES OCRO —ES T/IC WHEHITHR., LBNERTRARS4
PWMIE , S fE5 B LR SIHI OCO L= A MENmE  MP71“MHEE 2T HAN
BiE, HRCEEGHTNFEMLLBIRE OCF0, MARE AL R £ 5 H LB R HiE R,
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EX AXNWEFLZHFERIREZEMIUBEBANERNRT. NEW " BRT TICHFS |, FELLED
R0, NERM X BRTHELEERETEE , FUHEIHEE A, ERESEFHNEMSARS
BRI, FIINGEER TCNTO RiAE T/CO iT#EsE , &5,

Table 38 HESGER T £ 3o
Table 38. EX
BOTTOM | it#k231t% 0x00 KfEIEZI BOTTOM,
MAX TTEER 1T 2 OXFF (T3 HIRY 255) BB E MAX.
TOP THERES T BT BUF P & K ERTBIIA E] TOP, TOP E R BN EEE OxFF
(MAX) , 271 TH 185 OCROA ENHE , E4ABIEERNBE

T/C Ky rtEhiR T/C AT NSRS NS RA L F ST 4p IR, B4hR 2 AT 4% 2B ERER | et
EEBEERMT T/C 124551788 TCCRO HIBT4P%#E {7 CS02:0 #4I8, P83“T/CO0 &
T/IC1 HITAS $AES " a4 R M2 5 ERIHER,

AL T 8 TICHEELN % H RBHI N AT EE T, Figure 28 BN AT E D BRNER,
Figure 28. it 8 T HIEE

TOVn

(Int.Req.)
DATA BUS >

t Clock Select

count Edge ™
T lear clk Detector [
TCNTn - Control Logic |a—=
direction
-

( From Prescaler)
bottom T Ttop

-

EBHBE (HNHBET) :
count f£ TCNTO 40 1 ZE 1,
direction EFHNRERBIRE,

clear SEBR TCNTO (CNFFEALES ).
clky, T/C BB |, clkrg o
top R TCNTO ERIXE T HRKAE,

bottom F/R TCNTO EZ3XE 7 &/ME (0)

BETENTEERS , THEHXE - cky ZIES. M—=E—8%E. clky, THHA
REBET SRR AN SR BT R, BB HIERN CS02:0 BE, &BER N 4R
(CS02:0 = 0) EBTZREMF LE, BRFEHEE clkyo ,CPU #HALLiFE TCNT0, CPU Big
eI BER EAIRME (BT, RRE ) WIRERS.

ITBUFHIEH T/C #4|2F 1785 (TCCRO) 8 WGMO1 1 WGMO00 RE. IR HRITH S
HEER OCO KB EZRMNKX R, BXRITHFINBRE-~ENFMAEEESE P73“ ITE
B,

T/ICRH A RIFRETOVORIEWGMO1:0 iR EH TEERFKIZRE, TOVORLLAHF~=4£CPU
el
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BHEERE T

B Bl R

E TCNTO #/ESH L LR TR

fEF% LB T

2502E-AVR-12/03

87 LE B BRI EE XS TCNTO F% H Lt R F 288 OCRO# TR, —B TCNTOZ FOCRO |, tt
BRERAHTEEES, EEELXENT — N EN S A A H L BRARE OCF0 B, &
LB OCIEO =1 H SREG W2 B HMitRE | B , CPU F~= £ H LB M, HITHlR
REEFET OCFO BoES , IEBEHMA4E "1” WARKES. BIEH WGM01:0
COMO1:0 iIRENFAEN ITHEER , REALERIACREESSEFTRANER. Bt , K
F & E£2EF A max H bottom 5 5RABRBLZH THESKIER (P73* THEER ).

Figure 29 i bR #E T HEE.
Figure 29. it RE T HER

- t DATA BUS i .
OCRn TCNTn
| = (8-bit Comparator ) |
OCFn (Int.Req.)

A

top ]
bottom __ ) \Waveform Generator | o ocn
FOCn —p]

WGMn1:0 COMn1:0

£/ PWM Xt OCRO HFEBRANE &7 ; MAELER THEEAMTEMFEEN
MERTHEERZE LAY, NEH A LAFEH OCRO FiFER5 top T bottom FIZIELZERK |
MBS LEF= £ T X FRE PWM REoF |, SEBR T T B+,

i7E OCRO HFsRBRRMRESR , X R, ERENEPIhseRt , CPU 7B Z OCRO
ZHEESR ; RUEREAThEER CPU HREIFINZ OCRO A&,

THAETIE PWM EXEt | AJSUEE XY 58 %)% H EEB L FOCO B "1 Y75 K=& LLR It
B, BHELBREREF2EM OCFO 7 , B F2ER / BFEENSR , B2 OCO 5| HIRF#H
BH, FREMNRET LLRIEE —# (COM01:0 RE OCOA BREfL, BE , E& "0“-"1”
REBEEAL ).

CPU Xt TCNTO HFSHENERESHE T —NEN BRI EAMA L LR ICERN R4  BIEL
FNENRELFELT . XM LA RS OCRO #18{L A5 TCNTO 18 [E #Y BB M it
il

HTEESEEXTE TCNTO HRHE T — M EN RN ARER L LRTE |, EEA@M L
LERES 3 TCNTO MEBRE , Fig T/C R REEEITSE. WREAMN TCNTO &Y
BEST OCRO , LRICEHMEEKRT , ERF EBWIRTEREL R, XM |, EIHEER
HATRRFITHE T EX TCNTO EAZ T BOTTOM K #E.
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OCO iR ENIZHEIREMIE A M EF 7R BT . REILHIRE OCO A EREEEE
X TR A58 S5 H LB FOC0, EMEERTRFLAEEAR OCO FHRFHL—ERRFT
BB,

SEE COMO1:0 MEBREBIRERTENE K, COMO1:0 Bk B4 K,
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e B ER 2 COM01:0 EEXNEMRE, KX ESRFIA COMO1:0 KEET —X
OB PR R & AE B Y H HE EEBOIRAS (OCO0) ;. COMO1:0 &34 OCO SIi% HE S8 KR,
Figure 30 3% COMO01:01i& B &MY 1 ﬁ’ﬂsl_#'gaﬁl /O 1285, /O FN1/O S AR E R
o BEHRRLAHTZ COMO1:0 IIREA 1/0 w02 4#IZF1E8 (DDR # PORT), %K
OCO RAHEHEANEE OCO FHiFEes , MA R OCO 3|, REEMA OCO FEH/ES.

Figure 30. Lt RICE i HE T/RER

—

COMn1
COMNO Waveform D Q
EOCn Generator
1
[ ocCn
OCn 0 I/ Pin
A
3
m PORT
<
i
 / DDR
clk,q

R COMO1:0 A2 ANFE , B /0 AR K £ 2560 f i ELBRZhBEER4K. {B OCO
SIE A AL R HNARBBIES @& 788 DDR 24|, £6£A OCO i E A ER
BHIES EEFFRM DDR_OCO (FfitSIMREN M. mOEES KRR ERNTHE
BRTLX.

i iE LGB AV OCO ISR iz ol B S T# I, RIEFRLE COMO1:0
RERBL T HMRERE | ¥R P79°8 (U ERR / ITHRFFFIRMEA "

i e Tz COMO1:0 HARZEZEZEEN, CTC #XFM PWM BXTEMX A, X4
FRREWESR , 88 COM01:0 =0 XALREE X EMBFEXERTLRE OCO FE
85, IEPWM *ﬁfﬂ’]ttﬁiﬂu HiES W P79Table 40 ; RIEPWM B LB 4 H /R F P80Table
41 ; MNIEIE PWM BYLE &% H £ P80Table 42 ﬁ}ﬂ-l_o

W3 COMO1:0 HEMEARBEENE—XLRITHE, FFIEPWMESR | aJLUEEER
FOCO kM B4+ MR,

IHEER -T/C MmELRSIBMNTR - HEFEEXERERX (WGM01:0) Rt HHER
(COMO1:0) B HIIRE, LR EEXNITBFIEEEW  WEE~ &R T F
5l )“'Jﬁﬂ’ﬂl']o COMO01:0 4] PWM 'f‘*tH BRAREM, E PWM EXE COMO1:0 24l
AERBNIZELRTEEAENEN, FE  S2EFHMK (P73 LREEHHET "),

Eﬁkﬂ’\]ﬂ‘lfﬁﬁ%ﬁ%&% P77“T/C Bt FFB ” 2 Figure 34, Figure 35, Figure 36, 5 Figure
37,
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EEEX

CTC( b RIE A EFERI AR )
- E:N

BE PWM =

AIMEL

EiEEX (WGM01:0 = 0) "B EN ITEEN. ERHEXTIHHRBIFAEE M, it3 8
LB KRER (TOP = OxFF) , HTFHERH TSR L bIRE R &/ME 0x00 EFHFF
o £ TCNTO REMNRE —MNE ST E T/C R HARE TOVO Bz, it TOVO AR &
Fou, RARREEN , T2FE, EHTENSHHRSEFEBB3ES TOVO ,
WAIBN GRS ENEN SRR, EEBERATSEALEESKRERN AP
BERT B AFTH T BT EE,

RS TR AR R £ i, ERTFHEEETBERNTRARHLBRSERF
NXEERAZH CPU BHE,

£ CTC 3\ (WGMO01:0=2) X OCRO FFEs A T AT ITHEM 2 PR, it HEENHE
TCNTOEF OCROATIT#287ET . OCROEN T I TOPE |, RENITHE N D R,
XNMERFESAFITURES RS LR T E R EOME | BEM T ABEFITEER
£,

CTCEXA R FE A Figure 31, THEEHETCNTO—E R MBI TCNTOSOCRO L |, &
J& TCNTO 5=,

Figure 31. CTC #XH i FHE

OCn Interrupt Flag Set

4

OCn L L (COMN1:0 = 1)
(Toggle) I
Period ‘ 1;%2;»‘&3%4;%

FIF OCFO #REMUEITHEHRELT TOP WL dil, EFMBRSEFEAUEHR
TOPHIEE, HTFCTCHEIZENE HINEE , I BB ULT 2 MR RNV A0 M T
ERBHRSF TOP BN #EIE BOTTOM M EER E/ D MREAH OCRO H{E/NTH
B TCNTO B , ITBEIE A —XRHEREE, £ T XL REEBEAEZE |, THREF
BREIT BB R AE OXFF , RFEM 0x00 Fri41t#F OCFO,

ATECTCEXTR/ERFHE , TLUEE OCO EBALRER A ENHAEBHET,
XA LB % & COMO01:0 = 1 RFEM . EHALIRE OCO iz Al , EAEEFHRKORE
N, BEKESEBTENRKIMERN focy = fy 10/2 (OCRO = 0x00), SMEHIMT
NREE - -

P foi_ 1o

OCn — 2.N.(1+OCRn)

TENKEXRMDHEF (1. 8, 64, 256 = 1024),
EZEEXT , TOVO frEMN BN A ETEITEREIM MAX ZEH 0x00 B E R B AT4H B 8o

HIE PWM =X (WGMO01:0 = 3) AR~ ESHHN PWM K. RE PWM #EX5HAb
PWMERWFTEZAR2EERIETESR, itHEMNBOTTOMITEIMAX , ARG ENEZ
BOTTOME#FH . M FEEM LR HEN | H LR SIB OCOZE TCNT0 5 OCRO It
ERES |, £ BOTTOM & ; ¥ FREtEHHES | OCO WHEEFHEKR. BT
FRATEREER , REPWM EX A TEMFE HERANFENWMEMIEE PWMERE—
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. LLEMBESEESIE PWM EX+2EETHRFT , BHRH DAC BH. &M
ALUR/NAER TR (B, B ) WYBRYT , N ERSZE R A,

THEFIRE PWM ERXE , ITHENBE—BEENE MAX , REEEEN — 4 EH
BT, E4KFER Figure 32, BRI TCNTO R RX 22D FIRE, HEERR
MEs7TEEMN PWMEHUAKR KRB PWM i, TCNTO #3# EMEKF LK OCRO
1 TCNTO Y EE R T ER

Figure 32. i PWM bt F E

OCRn Interrupt Flag Set

OCRnN Update and
i | TOVn Interrupt Flag Set

v v YY Y vy \ vy
TCNTn ///

Y . A . Y A\

oCn [ | (COMN1:0 = 2)

OCn W m (COMnN1:0 = 3)
perion o1 —e—z s —oh b5k

it SR BUEIR B MAX B T/C i@ Hi#r& TOVO B, fRAPMTAERE , £ MRS AT 2L
EHLRE.

TEFHRE PWM XA |, LB T AT BAfE OCO SIf L3 PWM K, i& & COMO1:0
A2 ALFELZEN PWMES ; B3N =£RE PWM KR (S0 P80Table 41 ),
EEE S| L BEHHESEMSAE OCO WEIEFEIEE I M. ™4£ PWM BEH
B R OC0 FF831E OCRO 5 TCNTO LEREN (RET ) , AREITHEEET (M MAX
25 BOTTOM) 89 BR — N ERT S R4 B HAE R (B )o

A PWM SR AT BUBZ T 2T EBE

, _ fak o
OoCnPWM N - 256

TENAKKRDMEF (1. 8. 64, 256 % 1024).

OCRO HEF&SH N MR EN R RIEPWMER ) — 45 2%1ER. & OCROZE T BOTTOM
o HIE S MAX+1 NERTESATE B HIR E Bk ; OCRO I MAX B , B3 COMO01:0
HIRE , WmEENSEFREBRTF,

BFI&E OCO LR TE AT T B BEFHUR (COMO01:0 = 1) , AIABE HZ=EEH 50%
MAHES. OCRON O HEBEBREME f, = jo/2. XMEFERLTF CTCERT
9 OCO BN IB1E , FRZAE FIRE PWM EX EBFME A,

ATMEL 7
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MAEE PWM X (WGM01:0 = 1) RAFRM T —MNREBESBEMMLIEE PWM K
Bk, WEXNEFNRIFIRE, ITERESE M BOTTOM itE MAX , RE XM MAX
fIRE 2/ BOTTOM, £ — MM LR HHERN T |, Hited23F MAX TS E X 4£E T TCNTO
S50OCROMWIEE ,OCOFBEENRET ; MAEITTITEREBOTTOMITEEE K4 T TCNTO
5 OCROWIEE , OCONBNUNESHE, ITETREMHLRSNEFHER, SEHK
BEML  NABRIBETRENEAMEE/)D, BEHATEXNHNEY  +oES TR
#lo

MAIBE PWM EXH PWM BEBEERN 8 thiF, iHaiss ot RMEE MAX , RET
BRI, E—NERSSIHEHE TCNTO WEZT MAX. HFEBRTS N Figure 33,
F TCNTO BWHERAERERT , URERNP R ERE, XERMRE T ZE PWM B
HAM&E PWM B% . TCNTO #i3 LAY /MER KRR OCRO 5 TCNTO Ky EL B PTit,

Figure 33. M{EE PWM EX B FE

OCn Interrupt Flag Set

OCRnN Update

l TOVnN Interrupt Flag Set

Yy vy Yv

Y

OCn u ‘ ‘ L (COMN1:0 = 2)
OCn ’j ﬁ F (COMN1:0 = 3)

HitadEAE BOTTOM BY T/C i ARG TOVO BAfLo MEFREA AT AR £ o

THEFHRMIEE PWM ERE | LR E TR LA OCO S~ 4 PWM K H : 3 COMO01:0
RER 2FEZEHVLH PWM ,i&E COM01:0 A 374 K[ PWM{ES (3 P80Table
42), BRES|IH EBEHEESELTFOCOMEIE S EIRE N H, OCROF TCNTO
bR B & £/ OCO HFEERHF~EMNAESREMRE , NTF~£ PWM EF. T
FHRMAEEERS PWMSRERTH TR ARIKE :

; _ fak o
OoCnPCPWM — N-510

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

OCROFH#F&RA THRENRK 7T HABEPWMERH —LRHER. EEEPWMERT ,
# OCRO %¥T BOTTOM , fith —ERFNEBTF ; H OCRO FT MAX , Nt HEREFH
SBF, k@ PWMEXMIEHFHER,

£ Figure 33 M5 2 MNARH , RERRBERELRIE , OCn B T — M B FMERHY BE
T, HEMNRRIDKIE BOTTOM MUK, %A LR EENEFHPER S HIBE:
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T/C B FFHE

2502E-AVR-12/03

i Figure 33 FT '~ , OCROA FY M MAX 20ZE I 5k #E . 2 OCROA BN MAX B , 5
B OCn MmN iZS e mMEFICHLERERNERER. NRIEEFE BOTTOM
PR |, 2 T/C EERN MAX & , S| OCn W% H X AARFA RE A FiB K

ERIEERBN SR,

ERfERM— I OCROA BREFTHRIZH , HEMERT —REEREE. REE LS

ARE OCn HIARABARENIAR,

TIC BESEE | ELENS ok, TURRN N ERES  NTEFR, BRERHT

RS IR ERETE, Figure 34 4AH T EARH
B Z AR AERZILE MAX B2 80T 51,

Figure 34. T/C BNfFHE , T2 MR

clk

110

T/IC THemF , AKRBR T HAEE PWM

clky,

(clk,o/1)

TCNTn MAX -1 MAX

BOTTOM BOTTOM + 1

TOVn

Figure 35 FT R AMERH T/ER 5 , (B ETR S 4.

Figure 35. T/C BYFE , M MBRN fy 10/8

oo [T

clkq,
(clk,/8)

] ]

TCNTn MAX -1 MAX

BOTTOM BOTTOM + 1

TOVn

Figure 36 A T HfERX T (BRT CTC &= )OCFO WE 1B -
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7



AIMEL

Figure 36. T/C B{/FE , OCFO BfL , T2 $MBRNA fy 10/8

o AU TVATAL
ey T T F T

TCNTn OCRn -1 OCRnN OCRn +1 OCRnN + 2
OCRnN OCRn Value
OCFn

Figure 37 44 7 CTC XX T OCFO0 B TCNTO EBRIIE RN

Figure 37. T/C B{/FE , CTC X , MOMERN f, 10/8

o T AT AR ATA,
o T T F T

TCNTn

TOP -1 TOP BOTTOM BOTTOM + 1
(CTC)

OCRnN TOP

OCFn
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8 L TER 8% / TSR T f7a

Ay 1% BH
T/C # 4|78 - TCCRO

2502E-AVR-12/03

Bit 7 6 5 4 3 2 1 0

I FOCo WGMO00 | COMO1 | COMO0 | WGMO1 CS02 CS01 CS00 I TCCRO
/B W R/W R/W R/W RIW R/W RIW R/W
WNHE 0 0 0 0 0 0 0 0

« Bit7 - FOCO: 38 &l H &

FOCO X WGMOO 5 BAIEPWMBE RIS F BR. BR , A TRIESKARB[HNREMY &
/8 PWM B} , B TCCRO EXNHBESE, WHE 1 /5, BEX LML AI#THRIRE,
EE B PE il i SR OCO fF1% B8 COMO1:0 ViR B HABR B, E3XE FOCO ZK4l—
MNFEES , EENESHEEREERANE COM01:0 BiRE.

FOCOFRLB| £EMM , b FALEFAOCROEHNTOPHCTCHER TX EREHITESE
B iR4E,

iE FOCO iR EEKIER 0,

o Bit6,3 - WGMO01:0: =4 ERX

XU EE RIS, TSR XE TOP , URFEMMKET, T/C XiHH
BRE  TEER , LR A ErERITHREEES (CTC) , ARFH PWM #EX | ¥R
Table 39 5 P73“ TR ",

Table 39. BFE~ZE£ERNUEL D

WGMO01 | WGMO00 OCROM | TOVO WE
#X | (CTCO) | (PWMO) | T/C BT {EIER TOoP | EFmtA | {ustz
0 0 0 Z8E OxFF | M BIESH | MAX
1 0 1 PWM , #{ZEE OxFF | TOP BOTTOM
2 1 0 CTC OCRO | MEIE#H | MAX
3 1 1 R PWM OxFF | TOP MAX

Note: 1. (NVEMX CTCOFMPWMOBZKFABFERT ,EMFH WGM01:0, E2Ihae U ESLLFTR
EHRE

 Bit 5:4 — COM01:0: LT HiE =

XFARE T LRI E R £ Rt SI M) OCO MEF, MR COM01:0 A — v s EF#&
Bz, OCO LALLRIEE M HA T AT TE, FNES ARG SFFRUEREN 1 UE
A KB 2R

% OCO EETWIES|IE Eat , COMO1:0 FIThEEM T T WGMO01:0 BYiRiE. Table 40 44
H7T % WGMO1:0 RENZEENH CTC XAt COMO1:0 I ThEE

Table 40. Lt&EH HES | 3E PWM &

COMo1 COMO00 Bigg
0 0 ERENRmORE , T5 OC0 HiE#E
0 1 HRIEH & £/ OCO BUx
1 0 LR T & 4 Bt OCO SFE
1 1 R PTE & 4 6 OCO B

ATMEL 7
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Table 41 441 7 2 WGMO01:0 iR &} HRiE PWM #& =X B+ COMO1:0 B Zh8E,
Table 41. LLR&HHESR | RiE PWM R ()

COMo01 | COMO00 | B8
0 0 EENRORE , 5 0OC0 HiERE
0 1 R
1 0 EERITE & 48 OCOA BE |, 1HEF TOP Bt OCO Efu
1 1 B PEER & 4B OCOA B , 118k % TOP Bt OCO BE

Note: 1. —MEH%ERE OCROZT TOP , H COMO1 &, ¢ta¢tmmmm?grﬂ% , T it Z
TOP B} OCO MIEhEREE R, IFAEEFES A P74 IE PWM ER

Table 42 41 7 24 WGMO1:0 & & A MM EE PWM X8t COM01:0 E’JIJJEbo
Table 42. LtRMwHER |, VB E PWM #ERK ()

COMO01 | COMO00 | i%Bd
0 0 EEMNEORE , T50C0 HERE
0 1 #RE
1 0 EAFIT B R ELREE/REE OCO ; BFITHN A £ LRITENE
{2 OCO
1 1 Tﬁf%@%ﬁ%&ﬂﬂ“ﬁitbﬁl&ﬁﬂﬁﬁ& OCO ; BFitHnt R £ L RTEEE
Z 0CO

Note: 1. —PMEHKERE OCROZ T TOP , H COMO1 &1, that LB PB4 Z0E | it 2k 3
TOP B OCO HEh{EHEE . FMEEFES N P76 HILIEE PWMER ",
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o Bit 2:0 — CS02:0: Af4hiki%
AFi%E T/C BatehiE,

Table 43. B§hik iR {15 BF

CS02 | CS01 | CS00 | A
0 0 0 Trtsh , T/IC RIE
0 0 1 clkyo/1 (GBS )
0 1 0 clkyo/8 (KRBT S SEE )
0 1 1 clkyo/64 (KRBT 2 iR )
1 0 0 clk,o/256 (R EH 55T )
1 0 1 clk; /1024 (R BT S $i8s )
1 1 0 BH4PER TO SIRMRA |, TRERALE
1 1 1 BHEhE TO SIRMMA , EFRALR

MR T/CO EMASNERRTE , BIE TO WEEN AL , E LNBFTLMARAREICSHKR,
FMAX - MBI R ZEHIEH

T/C %% - TCNTO

Bit 7 6 5 4 3 2 1 0
| TCNTO[7:0] ] TcnTo

®/E R/W R/W R/W R/W R/W R/W R/W R/W

MEE 0 0 0 0 0 0 0 0

BE T/IC FEa T UERNITHERN 8 MHREHTRER. X TCNTO FFRNEHE
RET -t fEIE L REE, EIHHRBRESTHEEFEH TCNTO WRERTRELR—
X TCNTO 1 OCRO Ky LR ITEL .

WHEBRFFER - OCRO

Bit 7 6 5 4 3 2 1 0
| OCRO[7:0] ] ocro

®/E R/W R/W R/W R/W R/W R/W R/W R/W

MEE 0 0 0 0 0 0 0 0

MHLERFFRLE - 8 UHNHKE , TRMIESITHRERKE TCNTO #THR, EEE
FHRTBAR SR 7= £ HH EL R P T, SE FISRAE OCO IR £ 4R

T/C PR FEER - TIMSK

Bit 7 6 5 4 3 2 1 0

I OCIE2 TOIE2 TICIE1 OCIE1A | OCIE1B TOIE1 OCIEO TOIEO I TIMSK
B/B R/W R/W R/W R/W R/W R/IW R/W R/W
NHE 0 0 0 0 0 0 0 0

« Bit1- OCIEO: T/CO %t LB PTilig b i i sk

Y OCIE0 MRS FEeRNE R UMTEES | #89 "1” /Y, T/CO #9 % H L8R PT B i 2 BE.
L T/ICOMEERIEE &4 | BI TIFR H#y OCFO BN , MRS F 18 AT,

 Bit 0 — TOIEO: T/CO & rh i fE &k

4 TOIEQ MRAFERMNE R/ PUTCEEN | #R "1” &, T/CO Wi H P HifERE, = T/CO
REGE , Bl TIFR E TOVO (v B{uRY , PETARSEFEUMIT,

T/C iR E&F 78R - TIFR

Bit 7 6 5 4 3 2 1 0

ATMEL o
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| OCF2 | TOV2 | ICF1 |OCF1A OCF1B | TOV1 OCFO0 TOVO | TIFR
®/B R/W R/W R/W R/W R/W R/W R/W R/W
WhE 0 0 0 0 0 0 0 0

« Bit1- OCFO: BB L BHRE 0

4 T/CO 5 OCRO( f i Lt R & 1787 0) WIEILELEY , OCFO Efu, WNEFMRSEFE
BHES , b UNEE 1 kBB, 3 SREG H#9{z |, OCIEQ(T/CO b2 ITi b i i AE
) ¥1 OCFO #RE At , FHTRSEFBEHIT,

» Bit 0 — TOVO: T/CO R HIFE

% T/CO BT , TOVO B, HITHRNMWFERSEFNLMEFES. I, TOVO
A LERE 1 RESE, 4 SREG 9z |, TOIEO(T/CO /& H i AL ) F TOVO #iE
Bt , PEIRSEFEESIMT. EHRMLEE PWM EXH | 24 T/CO 7 0x00 T iEH A
mef , TOVO B,
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T/ICO ET/IC1 WITADH Tic1 5T/IcC0 RB—ATs s EENTUEFRN2MEE. TRAZERT T/C1

R
PSR4

SEERE A

SAERETERIR

2502E-AVR-12/03

5 T/CO,

% CSn2:0 = 1 B, REM BN T/C AR , X e T/C RBMEN R
fok o, SREMBAERE. MO MBTURE 4 M TENFEES T 08
fCLK_I/O/64‘ fC,_K_|,O/256 £ fCLK_I/O/ 1024,

DM RIMIIZTH, B2 , HBEMY T T/C eitEZ8  BedHTC1 &5
TICORE, AFMO MR Z T/ICHRFERNEN , M MESNRBZTEST ST ST 4
BRHEMLXHENERE, MNHAENGFREEENSZFERHABMIMEITES 6>
CSn2:0 > 1)K BH&E : MITATBREBERISE — IR FF RIT R T RETE 2R 1 EINH1 DN RERTEPEHE
Hh N ZFRAMETF (8, 64, 256 5 1024),

BEEMMSHRKREL TIC SRFEITRAEN, ERLFUIES -1 T/IC REHRE
EAX—MoMeE , BERMo MRS ume 5 EEREN T/C.

B T1/TO 21 B2 B #0 SMERaS 38 AT L AE T/C B4 clkp/clkrgo SRS B BEGN RS
a4 AR BIB T1/TO ATRAE, REGRS (RH ) ESRIDNRNE. Figure 38
BT TITO BSRRESOARNBEN SRS ER. SEEHNBRENH ok,
B EBEATRZY, M ERETEh N S | B ATUE AERTIER Y,

CSN2:0 = 7 B AR K US54 M B — AN EBEE = 2 — A clky B ; CSn2:0 = 6 B — A1 Bk
TERF A — A clkyy BT

Figure 38. T1/TO S|H %4

m o oo o [ N D Q }»a—zﬁ;
Select Logic)
| =L ]
clk

110
Synchronization Edge Detector

BT 5 LRSS0 N BN FE | I T1/T0 LB FR{LFERLER 2.5 8 3.5 4
REnt s A S ReE it MEBRHITERN.

BIFREAE M AMSTE TUTORBREZ D —MNREMNHARE T RERT , BNEF
EHIR T/C IR BT B RS

RNRIEEWHREE | ABEHOPEEMRAARTF — N RGN AR, ELZEHN 50% &
NIRRT EP MR LGN F RGBT IR — ¥ (feon < fon 10/2)e BT LRRMBEANZ
REIX—7E , CRERNEIN/AEN 52 REREMEN — ¥ (Nyquist REEE ), R
M, BFiE%E (@E, BIRR528 ) AFREFRNRENHMEREZLHNESR
RIS ERHNREMEBREKRT fy 10/2.5

SAER B R T IE AT 2 5 2R
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Figure 39. T/CO 5 T/C1 Hip sizs

Clkllo — 10-BIT T/C PRESCALER
Clear
2 g 3 3
o X S e
(&} X >
o
PSR10 (@]
To  PTTTTTTTTA

E Synchronization ; @
T1 -'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-':- 7Y
1 Synchronization (l) |> 0
Y V VYV VY VY l YV VY VVYY
Cs10 ;k CS00
cs11 rk Cso01
Cs12 r\ CS02

! !

TIMER/COUNTER1 CLOCK SOURCE TIMER/COUNTERO CLOCK SOURCE
clkyy clkyg

Note: 1. HASIHE (T1/T0) WEZZB M Figure 38,

1S HRINAE 10 F1E8% - SFIOR

Bit 7 6 5 4 3 2 1 0

I ADTS2 ADTS1 ADTSO - ACME PUD PSR2 PSR10 I SFIOR
B/E R/IW R/W R/W R R/W R/IW R/W R/W
NBE 0 0 0 0 0 0 0 0

» Bit 0 - PSR10: T/C1 5 T/CO Hi % #ABR &1

BfIA T/IC1 5 T/CO WD MREN, BRETHEX —NEBEHBNEE. EATHRE
S5 REMIE, T/C1 5 T/CO HAR Moz , EMo MRS M N ERFITE

i, ZUERENR 0.

g4  ATmega8535(L) m———
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16 fE BT 2R / 125 1
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161&&’9T/CEﬂi%ﬂﬂ%ﬁ@ﬂ’ﬂﬁf#fﬁﬁ#(%#%ﬁ)\ BEFENESNE, HEERIWT:
« RIEM 16 {uigit (ENAYF 16 LA PWM)

c 2NV A MHEERE T
o MEAHHHERTER

s —MNEARRET

o MRS HGIE

- HREE A ENHRTERR (B3ER)

o TFHEHR , HLEWE PWM

« WEK PWM B

s MIRRER

o SAEPEHITHER

o 4RI HTIR (TOV1., OCF1A. OCF1B 5 ICF1)

AFAZHNEESMNVELUBANSRERT. MNE N XRRTICFF , NE X X
WHLEREES, EREEEFNERATEN. BRNEF. WA TCNT1 R/R1GE T/C1
ITHEBRES,

16 £ T/C W & {L A2 B R T Figure 40, 1/0 S| EFRLEES N P2“ATmega8535 Y 5| il
"o CPUTIIERIMIOE1ES , BIEIONFMI/OSI MUK R R, s EEI/0FFRSNE
I P103“16 (L ERTER / TR HF 7R HA ",
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Figure 40. 16 I T/C 2@ (")

Count TOVn
R
Clear (Int.Req.)
— Control Logic
Direction clk Clock Select

. Tn

Edge
Y Y Detector | ™
TOP BOTTOM

p— A A ( From Prescaler )
A Timer/Counter
TCNTn | - | | — |
* A * OCnA
+ (Int.Req.)
I
= ‘ Waveform OChA
T ! | Generation lat
OCRNA g ;
Il
: Fixed OCnB
(2] | TOP (Int.Req.)
2 | Values e
= ! - aveform o
< T [ Generation OCnB
E |
< I
- oerne : ( From Analog
Rig ! Comparator Ouput )
I ICFn (Int.Req.)
I
‘ .
_ Edge Noise
s \ Detector [ Canceler
‘ ! ICPn
| Ttccroa || TCCRnB |

Note: 1. iEZ% P2Figure 1, P58Table 26 1 P62Table 32 B3k 18 T/C1 M S| HIE L.

TERTES / iTEhE8 TCNT1, MRS 1788 OCR1A/B S AR EF 788 ICR1 ¥R 16 11
BEFSR. hH 16 NEFES[LTBEIBHRNLSE |, 0 P87 5[ 16 N FFEE ", T/IC
#|251788 TCCR1A/B N 8 {uZH#EFs , ’%E CPU HRIMRE, HHfiER ( APEER
Int.Req.) EEEHMIREZTERS TIFR1 #ERB, FIETRM ST LARTHERSTES
TIMSK1 g3di#2 %], BFREAEH TIFR1 5 TIMSK1,

T/C =] A A BF A £ B S T 20 431 2 ST F T1 51 B A B9 SN ERRS £ 3R 3 . 51 T/CEUEHE hn(
R ) BETERIR K BB W00 B et e a2 B RIR S, SR FEE IR T/C & TFLE
RS FHEFIEFRBEEROB BTN clkeyo

ME R EF 728 OCR1A/B —ES T/C NEMER, RERXERALRERSE
PWM {75 HH LL R SI I OC1A/B i i A RS ER M E S, SMPI3 B HLLRE T . LLRIT
BEREAENMLRICERE OCF1A/B , AR~ LM K LR PITIER,

S ARSI ICP1 SRR B ASI M (I P192° IRILLRER ") B AR EH~
& (LR ) B, SR T/IC BERERIMARRSEFSRERERER. AARRETSRE
—MNRFIRR BT (RFEHBRES ) UBRRRSE T,

ERLEREERXT , TOP B T/C WEAERH OCR1A FF8F. ICR1 FEFs , &—
EEEHRFERENL. £ PWMEXT A OCR1A £ TOP {ERY , OCR1A FiF2aT8E
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EX

REMK

WE) 16 (V& 788
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£ PWM %, LR OCR1A RN EEHK , TOP BEAEETIRFBIHE, HE
E—EEW TOP ER A LA ICR1 F&Z28 , AR OCR1A RFAE PWM B # H .

RTEERTAT .
Table 44. EX
BOTTOM | i+#881t%I 0x0000 &EN%E BOTTOM
MAX #4881t 3 OXFFFF ( +3# 489 65535) At ENAE] MAX
TOP TR BT BUF SN R A ER EDEE TOP, TOP {E A L% B E & 0x00FF,
(*)ﬁxgg FF =% Ox03FF ,R2F# TH 8 OCRIASICR1 EMBE  EFEHR T I#E

16 L T/C RMELBTAR AT 16 L AVRT/C B M A KEFRM, ©HEM T HAES BT RAT
2RE

BREENBTMEFRENNATE 16 £ T/C XK /0 FERM it
© SEENSFTESFEIREANAE 16 {2 T/C XN FFERMAEN
o b B B
ThEEEHE R , EEEHERNNESSTEFRET
«  PWM10 & WGM10
PWM11 28 WGM11
«  CTC1 %A WGM12

16 {2 T/C R FFERFARMT THML
TCCR1A H1IA FOC1A 5 FOC1B
+  TCCR1B # A WGM13

16 T/C B — Lo £ R EE KB R T HE I HRE ML,

TCNT1, OCR1A/BSICR12AVR CPU &3 8 u hiE B & rJ AT RIAY 16 fu & 1788, B
16 HFERHE BMARME. BMLITHEREE — MU 788 AREFHES 812
#. 81 16 (LERNERFEA 16 (U HFERLAMERAMN NI FFER. WRAEFT MK 16
RN ERE. % CPUEAKEE 16 NFFHRNEF T , EAN 8 NHESERE
GRS FIFERFAY S 8 (UBIBAK— D 16 (U , AP E AR 16 (L HFF8F. = CPU R
B 16 uFFERNEFTN , SFTAREREFVRAENBEHRE T G HEFEER
q:O

FIEFEM 16 LI REHF RIGRFF3R. Xt OCRI1AB FEHFNBERERT I RIGHRF
7R,

E 16 U FESR/N , NABAZTESRNSNFET, Mk 16 LFESMNNAREZEE
BHERNET,
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TEMGIFRIRE T WmMGE 16 L EMNRFESR. REBRRTFCLEET RN FESRN
BB, EENENHEERTS OCR1AB 5 ICR1 BF8E/MiAE, £H “CiESH,
YRIZEIL BB TE 16 1R 1E.

SCRRBHIE ("

; ®ETCNT1 % 0x01FF
Idi r17,0x01

I di r16, OXFF

out TCNT1H, r17

out TCNT1L, r16

. f TONT1i£Ar17:r16
in rl16, TCNT1L

in rl7, TCNT1H

C REGHIEM

unsigned int i;

[* ZETCNT1 7 0x01FF */
TCNT1 = Ox1FF;

I* JFTCNTT A0 */

i = TCNTZ1,;

Note: 1. ARBRECLER T SENLXXH

Cm B AIRRH TCNT1 WIREETE r17:r16 FiFEsa H.

EEE 16 UHFFRNARR-—NELRERFEEEN. £X 16 UFFRBEN &
HEEARBPHEN , HLEEETRFIRE 16 UTFRNPRIET ZE K EXER PH
Tt ihREFNTFFRIEAM 16 VFFR , NMEXT BN FFR. URXIMERE
£ BATHRERENSFFRFHARCEAR  BRERFN 16 LFFHENRER

Ro
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THEHFIRESLH TIRE TCNT1 FEEBRNBNWERIEHE, X OCR1A/B = ICR1 ByiEig#E

A LAE AR .

SCimAIRO

TI ML6_ReadTCNT1:

RIFE/E P

in r18, SREG

. BT

cli

; FFTCNTT EArl17:r16

in ri6, TCNT1L

in rl7, TCNT1H
WE LG PHFrE

out SREG, r18

ret

Cc K@pIE™

unsi gned int TIML6_ReadTCNT1( void )
{
unsi gned char sreg;
unsigned int i;
1% REFZEFHFE]
sreg = SREG
1= B/
_CQ;
[* JFTCNTT1 #AiQ */
i = TCNTZ,
1* BEZEGHHFE]
SREG = sreg;
return i;

Note: 1. ARBBRECLEE T EEHKH.
CmRBAIRRH TCNT1 WIREMETE r17:r16 FiEsrd H.
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TEMNHIRSAETE TCNT1 FESNERREE, X OCR1AB = ICR1 WERMETLEE
BB S *.

SCamEa iR ™
TIML6_WiteTCNT1:

; RELBHRE
in r18, SREG
. BT
cli
; WETCNTT #/r17:r16
out TCNT1H, r17
out TCNT1L,r16
. WEZEGPHEE
out SREG, r18
ret

Cc R@\pEo
void TIML6_WiteTCNT1 ( unsigned int i )
{

unsi gned char sreg;

unsigned int i;
| * REFEEHHERE |
sreg = SREG
1> BHH ]
_QQ;
[* ZETCNTT #i */
TCNT1 = i;
1 * BELEHH R
SREG = sreg;

}

Note: 1. ZBBRECLER T SEN KX
LA BIREP r17:r16 FEBRXNAREFH R TCNT1 WEARIE.

e FERNER WRNAR-NM6 UFFREABEMEMANTERSFTHHER , WURFE-XSEF
o BEHINERREEIMER TRFER.
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T/C B4R T/ICEH4RET LR B RS L AIR B AED | i F T/C #2415 1788 B(TCCR1B) Wy BT 4hik 1%
1 (CS12:0) RE, BRSO MEBMERA P83“T/CO 5 T/C1 WAL ML "

TH¥ERE T 16 L T/IC I EE L5 2 AHRH 16 SN EITHHE % T, Figure 41 A TIHHBESHAE
BERAER.

Figure 41. it E T HIEHR
DATA BUS (s-bit)

- -
TOVn
(Int.Req.)
TEMP (8-bit)
Clock Select
Count
_ _ - Edge | 4 ™
[ TCNTnH 8-biy [ TCNTRL (8-bit) Clear clk,, Detector
‘D' - Control Logic |
TCNTh (16-bit Counter) 2 rection
( From Prescaler )
TTOP TBOTTOM

EEHER (HNHBET):
Count TCNT1 f0 1 s 1
Direction TE 2 MRIEXL 2 BIRIE

Clear TCNT1 BE
clky, ERES / Tt ES
TOP R TCNT1 it BB EIR R KE

BOTTOM %R TCNT1 i+EREE ik H /M (0)

16 it BRI TN 8 L 1/O 1M BB : TCNT1H R & 84z , TCNT1L H1K 8 {1, CPU
HEEREHE TCNT1H ZF1FES. CPU 5@ TCNT1H B, KRG R MY 2 If if F 1285
(TEMP), &EXTCNTILEY | GBS 728N B EF H TCNTIHREE ; MX TCNTILIAIT
B, TCNTTH I FER[NNBFMEH . XHE CPU IRE— M EAHESE
o 8 UEHIERLTRIT 16 (LITHEENIE, BiRE, MAREEIZITRBEETHN—
WHEBRIER, EXEEERERL T TCNT1 EARBEATRARINER, £AENET 2
FIX L 45 BRI 1T B4R

BREIEEIXNTRE , 8- ckyy FHEIRE , ITHRESEHTES. 01308 1 845,
clkr, AT E R CS12:0i8 Eo ¥ CS12:0= 08 , I KB Z 1L it %R, 733 CPU X TCNT1
MIEES clkr, RBEFEELX. CPUBRELITHREESNEMRENKE RS,
ITEHREM T FFIEUR T & 1788 TCCR1A f TCCR1B Hir&EA WGM13:0 ik &, itk
BWET () X558 OCIx MR AE SR EREFNXR, THFISK
Er=EmiFmAERiES N Po5 THEER ",

BN WCGM13:0 BE TItHBEN ITEERNZE , TOVI HEN S RtBMBET. TOV1 A
LLRSR™ 4% CPU H#f,

WAL T TIC WIS ATEIRE T FSRIBRAEM | 0 H IR F ot E AR IS LU B ik Bt 18] 49 % £ i
7, ABBHRENREESHIIMICPI BA , BABIEMLRES TREI, HE
MICTARITERE, STHRESWETET  URIEHOZAL.

MARBRETHERNL Figure 42, BFFEERETHABREANE S ARERT. &F
FRSNVPNNE 0" RNENER / ITHRBRS.
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Figure 42. i AR 2 T HER
DATA BUS (s-bit)

| TEMP @by |
| ICRNH (8-bit) | ICRNL (8-bit) | | TCNTRH (8-bit) | TCNTNL (8-bit) |
»| WRITE ICRn (16-bit Register) TCNTn (16-bit Counter)

| ™ |

+ ACO* ACIC* ICNC ICES
_ Analog ¢ ¢
Comparator o i
Noise Edge _
Canceler | Detector » ICFn (Int.Req.)
ICPn >

LHSIH ICP1 EMBEET (B4 ) RETERL , RELLLREBHEE ACO BFELXETE
it , FEXANEFERRIBARMEFATESE | WA REBORE : 16 (VA TCNT1 EiEH
L2 AT TR ICRT , FT i ABRIREN ICF1 B, WRILE ICIE1 =1,
ARSI AW AR DN, PHHITE ICF1 B3EE , E L ITEIHREEER
NE /IO NBEAZE "1”ES,

EH ICR1 RELIREFT ICRIL , RAEBIRSFET ICR1H, BEZTE , 5ZTHHEF
I EFi et EFEE TEMP, CPU iEX ICR1H B iA B TEMP 1788,

X ICR1 HESNEIHHREEFRE~EER, et ICR1 HAEITHSN TOP E. B
ICR1 2Bl B £ Ei&E WGM13:0 A A F X MRIE, X ICR1 FFe5# TBIRIER LI AT
BSFTEAICRIHI/OE , ARBREZFEA ICR1L,

ES N P87 7R 16 N EFRR " U THEZHXTWAIEE 16 (L FFERNES.

WMARFRRE TN EEMARITR ICP1, T/C1 & 7] AR LB i 4yt A FB 4R 2 TR AR
Ro B AUER R EEL L RIZHI SRS T 788 ACSR HVR I LB A HH 3R 2 ACIC K
MIEX-—R. BEXENR , ATMERETERER — K ARFR, HiERTsRES
Ol A ERAR ST — IR TR E LU S BB IR S R

ICP1 5 ACOM R 5 R 5 T1 5| 246 E#Y (P83Figure 38), 5 A RYIZ R M B th —4F, B
REERRFIHERRE TR NEBFITIMATIAGZEEIKHFEIA 4 N RGNS EFHR
IR, BAEMR , REMA ICR1 EX TOP KR~ KNI, T/IC hHREMHIZR
5i0nKNeRE R ERN.

AR B B SR E S ICP1 WA R,
BRENHEREL —MIENBFRRARRESRENRE. ENAAMKESHIT4RR
B, AEH4ARRFEMESNERES QEALBRNR,

E{Z TCCR1B BY ICNC1 [ fEaE2 = HIHIES . FRERF MGG  ERMAKEZETILE ICR1
BRIEHFZANLETNAN 4 NREFEAPNER, REMNFHIFREANR RS,
MAZ SRS &M,
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FRARARREINEARTEREIEEBNLERERRLEBRASH. SHHNHE
BfRRXE, MELERET —XEHHEIZTN&ERE ICR1 BHIE , ICR1 FiamE
BEE M\NMETEBIEHNERER,

ERMARRPEE , PHEFNRTRENIREICRT FF8. REBWARBRETHMLL
FAENRE , BHAAMIENNESHE EEIZ{TH MR FPIENNREEX.

EE A ABRTEEX TR HEEEREIEF XL TOP H,

MNEABESHEZLENERBRBREHERT ML, IR ICR1 FLARMREK
THBNESUR. ATLRE , ICF1 BHAEARHEEBT (AN /0 LEE "17), &HIX
FENEME  AFERTHHRE , WAREX ICF1 #ITREES,

16 L LEREBSFLE LR TCNT1 EOCRIXHAR ,—BERXNeIINEE kRS~ 4—1
EEES. ARE OCFIx E F—NERN S4B, MRLLE OCIE1Ix=1, OCF1x BfI
Mol kLR TR, FHHRTE OCFix frEBEZEE , EBELRHGEEMENE 110
VEBAZE"1” BALUEE, 181 WGM13:0 5 COM1x1:0 WAEIRE |, RE A E3=H
EEESERTENEF. BFEAXERFAA TOP M BOTTOM EE4ABERELEERX T
WMENERE (P95 THEER 7).

MHLEBRAET AN —NMIRREN T/ICH TOP E (BIIT BB D PR ), I, TOP &
T RRE BT R R 4 2R £ RRIER A .

Figure 43 AL RE TN HFER, FFR/SNL LN/ NE n" RREBHES (n=1KT
TIC1), X" R HERE T (AB), EE IR ELERETHS ARYET.
Figure 43. Wit RE T HER

DATA BUS (s-bit)

“I1T1 1 >
TEMP (8-bit)
—] ¥ ¥
[ ocRnxH Buf. (8-bit) | OCRnxL But. (8-bit) | [ TonTnH @by | TONTNL (8-bin
OCRnx Buffer (16-bit Register) TCNTn (16-bit Counter)
‘
—¥
[ ocrnxH @bi) | ocRnxL @-bity |
OCRnNXx (16-bit Register)

J L

| = (16-bit Comparator )

—— OCFnx (Int.Req.)

y

TOP  ——
BOTTOM ———p»|

Waveform Generator » OCnx

1

WGMn3:0 COMnx1:0

Y T/IC THEE 12 7 PWM EXNFWEE—Fat , OCRIX BFEB/AINEHFFEE  ME
EEIEEXMITEMESER (CTC) WEHPINAERZ LN, WEHF T LLEH OCRIX F
1F85% TOP = BOTTOM MEIZEH , BHLEF=E AT FRE PWM R | EHERER,
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E TCNT1 ##/EFE L LE B T E

ERAmLERET
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B OCRIXx BFHREFRERBESR  HET A, FRENE A INEER ,CPU iFRIAY R OCR1x
FEIFER  EIENEPIhEER CPU iFRINNZE OCRIX &X&, OCRIx( AR )
EEHNABRREERESIFERE (TIC T2 B3 FHFFREH N TCNT1 = ICR1
MAZA ), ATl OCRIx THBEN TEMP %£E, BERSHMM 16 NEFFSHR —HE LAREE
FHE—IFIR, ATLRBELEHTH , HEES OCRIx RATUEN TEMP F1FE:5
REMW, BAFEEEAWNREET OCRIxH, ¥ CPU NHBIBEBEASZET M /0 #thutat |
TEMP HFSHNWANBEBEEH, EFTREEFT OCRIxL, FLER T TEMP &FF
BHNEFTHIEWHENZ OCRIx %88 , HE OCRIX LKRFES,

ES N P87 17IR 16 MRS " U THESHXTUMIGN 16 N FFESNER,

THETFIE PWM ERXE , AT LUEE XY 58 % H LR FOC1x B 1" AR R=ELRT
fii, sBELLEREHEALEN OCFIx ir& , AL EH / FEERES , B2 OC1x S
WEH A HFRENEETHREE —# (COMx1:0 RE OC1x 2B, FE , ERXEX
1t)s

CPUN TCNT1 73N EREQM I L RICE R & . X5 A LA RF OCRIx# A
{35 TCNT1 MEBE T FARK I

BATFEEZEEXTE TCNT1 SFET — M ENSR S A ERIELLRITE | EEHH S
R BETCNTIHRSBRR  FET/ICRBEET. EEATCNTIHEHESZ FOCR1X,
LB EEREZET | ERTFERNEERAEER, £ PWMERT |, X TOP I AZTH
Ert , FERF TCNT1 1 TOP HENHE. BNSEXR—IRLLRER , TSt
BIOXFFFF, 25Uty |, It BB TR FITHRTENR TCNT1 EAS FBOTTOMK EiE,

OCIx MREBENZERERFEAOFTEFR TR, XELMRE OCIXNAEREETR
BT R A5 S5 LR FOC1x, BIfEERTRFERERNKEN OCIx HFEHFEL—ER
BFENRE,

COM1x1:0 ML RBIBEH TR NEFM, COM1x1:0 HY 3R R=F 31 BN A o
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HEB P far H 2 T

ERHLEX MBI~

THERK
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R EERER EE COM1Ix1:0 EENEINEE. B X LEERFA COM1x1:0 REET —
IR EEB T & A B Y BB OC1x IRZS ; COM1x1:0 B2 %] OC1x S| M H B kIR
Figure 44 3% COM1x1:0 & B &0 H B 1 E{LREE, /0 FFE5. /0 1 1/0 S| #IL
HEERTR. AP RAEH T COMIx1:0 EIEAEA 1/0 ik O 24| Z 1285 (DDR # PORT),
R OCIx RAMIENRMNE OC1x FFEE , MR OC1x SIHKRS. REEMA
COM1x HFEFERENMNRN "0

Figure 44. LLRICHEMHE T/RER

—D

COMnx1
COMnNXO0 Waveform D Q
Focnx | Generator
1
| OCnx
N OCnx 0 I/ Pin
»D Q
2
m PORT
<
<
a »D O
 J DDR
clk,q

HE COM1Ix1:0 T2 RE , RERESNHELERINERSER OC1x WEA /0 OIh
B, {82 OC1Ix SIMM A ENIBZEFHRIESEZEEFE (DDR). M OC1x 3|t HE K
EES 2R A TBRIIEH B FFSM DDR_OCIx FILSIMREB A, —#x1E R TIhas
BEHSHEAESNIEERNTx  BEthB—LHI5 ¥ N Table 45, Table 46 5 Table
47 ,

i EERIBEAVIRIT AV OCIx HRH <A B THTHHIL. EEZFEL COM1x1:0 &
BEERLBENITHEEXTRREN , 0 P10316 (L ER 2R/ T BT EFRNEA ",

COM1x1:0 A& Mm% AR % 7T,

BREEBRFAH COMIXI0 NEEEZEEER, CTCEXHMPWMERXTEMXS, X4
FRENESR iRE COM1x1:0 =0 XRALREE X EMNEFEXERTRERE OCIXx FF
25, IEPWME XA LB Hi5S M P103Table 45 ; 1RiE PWM B LR i T P104Table
46 ; H{IEIE PWM #9 LbER % F P104Table 47

& COM1Ix1:0 FEMEABBEENE —RALRTE, XTI PWM EX | AlBEE
A FOC1x RIBIF= £ R,

IHEER - T/C MimHLERSIBNTR - BEFEAEER (WGM13:0) R &R HHER
(COM1x1:0) B FIMRE, ERAEERANITHFIEEEE , MEFE~EEXIT 1T
FHNAEFEE, COM1x1:0 24 PWM mHEE N KM, IE PWM #ERXEF COM1x1:0
BHHERENZELRERE A EMNEN, BFE , SREFHR (P95 bR ITH i &% T
e
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CTC( b RIE i EFERI 2R )
- E:N

AIMEL

BN FERESE P101° B / T RSENFE"

EEERX (WGM13:0 = 0) I&M AN THEERX, EHEX TITHRBETFEM, iHE&
KIEJG (TOP = OxFFFF) BT #{Ei% H i+ 235 141 & #h IR (B 2 & /)ME 0x0000 EFH F 1R, &
TCNT1IASZHE—NEN BN ET/CRERETOVIEN, RNTOVIERKRE17H , R
RRBEEN , T2EE, BEHTENSTHRSEFEBENES TOV1 , B aIsi@Ed
HURSENBNIHER, EEBEEXATREALAZTERKERN , A AR E AR
M it BB BB

EZEBEXTHABREAREZFER. BXENENBBHH KA EE R EEES
BN HE, MREHEBAK  XOERAENSRH PR METRYT B AR
RETHDHE,

MR B TR A ARTE T, ERTEEEEEEN TR A SRR~ ERE
NeERAAXZH CPU BE,

£ CTC # 3 (WGM13:0 =4 = 12) 2 OCR1A = ICR1 HEes A T AT it s 2 =,
LT HEE M BE TCNT1 EF OCR1A(WGM13:0 = 4) HZTF ICR1 (WGM13:0 = 12) &tit
WEESE, OCR1A = ICR1 EX TITHEH TOP & , ENITEEMN 2 ¥R, XMER
FEEAFAURAEZ IR LR ITE B AR | LT ASBE4IT A IRE,

CTC#E AV 7B Figure 45, it BZRBETCNT1 —ERMETCNT150CR1A HICR1
TE , A5 TCNT1EE,

Figure 45. CTC X H I FHE

OCnA Interrupt Flag Set
' or ICFn Interrupt Flag Set
\ ] (Interrupt on TOP)

OCnA
(Toggle)

FIF OCF1A = ICF1 #rE T LA T ES BEIL R TOP R4 Hilf, EHMRSEFER
LAUEHT TOP BB, BT CTC BR BB INEE  EITREEULT 2 M RRIEH TR
D88 TERM BHE S TOP B 12 BOTTOM WEERNE/N . MERE AH OCR1A 5
ICR1 FYER{E/N T X8 TCNT1 EE It BENEXR —RERER., £ —XRERER X
£ 28, BB BTEITHRIIR KE OXFFFF |, RA/FEBM 0x0000 FF#4it# 2 OCR1A
=® ICR1, HEFZBRT , X—EBHEHERIAFLEN, BERNSERERARE PWM &
X , ZEXFEA OCRIA E X TOP & (WGM13:0 = 15) , E LA OCR1A F B,

ATECTCERNTHBEEFME , TLLUEB OCIAER AR EE X £ HEBEETF,
XATLAE IR E COM1A1:0 = 1 RTEK. EHLIRE OCIA i zdl , EEAEFHRKO
wEAHE (DDR_OCIA=1), BEAEBEBFTENTRMERN focia = fux 10/2
(OCR1A = 0x0000), #FEHMTARNEIE -

(COMnAL:0=1)

) _ faik_ 1o
0CnA = 3TN (1 + OCRnA
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TENAKKRMAMEF (1. 8. 64, 256 =K 1024),
EEBEEXT , TOV1 AiREMN BN K EEITHERMN MAX ZH 0x0000 K E BT 78T A HA,

BE PWM E X PIE PWM X (WGM13:0 =5, 6, 7. 14 5 15) ATARZE S PWM B, HRIE
PWMERSHMPWMERN TR ZAR2EEDRE THERR. TN BOTTOMi+Z!
TOP ,ARRIEIEZEI BOTTOM EFF R, N THEMN R H HESR | LRSI # OC1x
£ TCNT1 5 OCR1x EERI B , £ TOP BHES ; W TR EttBRHAHER , OCRIx K
MEEFHER. BTFERT2BREER | R PWM E3X A TERE H 6 AR A
fIIEE PWM XS — 5. LLEMREFSEESREPWMER+2EETHERAY &
FRAMDAC R A, BT LR/ NMAZB TR M (BRE  BER )NWYWERYT MMBERSERA,

THETFHRE PWM EXE ,PWM SR AEENR 8. 95 10 £ , 8 AJH ICR1 = OCR1A
EX. BNDYERRA 2 thiF (ICR1 5 OCR1A i®F 0x0003) , ZRA D YER 16 {1 (ICR1
= OCR1A i&H MAX), PWM ¥R HEATATRITE :

R _ log(TOP+1)
FPWM Iog(2)

THEFIRE PWM ERAT | iHHREENEHE—BERNEIEELE 0xO0FF, 0x01FF, 0x03FF
(WGM13:0 =5, 6 & 7). ICR1 (WGM13:0 = 14) 8 OCR1A (WGM13:0 = 15) , REHEF
HHW— e EAEES. 240N FR A Figure 46, BHAH 7 2EH OCR1A = ICR1
RENX TOP EREIRE PWM X, BHRERHN TCNT1 RRX2EDRBIRME, HE
AEREETEZEN PWM mHUARRE PWM f#it. TCNT1 #3 EHNEXKFLERR
OCR1x M TCNT1 W IEE LK. HLRIE /G OC1x FEIFREE o

Figure 46. & PWM #E X it FH

OCRnx / TOP Update
and TOVn Interrupt Flag
. Set and OCnA Interrupt
v Flag Set or ICFn
Interrupt Flag Set

(Interrupt on TOP)
vy
TCNTn ‘
| | | | | |
v v y
OCnx (COMNX1:0 = 2)

oCnx 1T UL || (COMNX1:0 = 3)
Period Pl—»{«—z%%3%4a‘<5}<e+—7—+—s—>‘

BT S BEIA ] TOP B T/C @ H#FRE TOV1 B, B4 & TOP EEH OCR1A = ICR1
EXH , N OC1A = ICF1 #7E S5 TOVI ERE— M B E N, MR , ALl
EHH RS ERFEXREH TOP U R EBRHIE,

FTOPERARRIEFHTOPERNFRIELRFEH[NHKE, BNTCNT150CR1xX
TEHIHREE, FRABEEN TOP EN , @FE OCRIX BEEFSEEAKERKERN
SRR 07,

EX TOP {EAE#T ICR1 5 OCR1A HNE I TEM, ICR1 FFERFRMEHFFR.
XEWRE ST HER AT AR R BARM T2 0 TR MR | 45 ICR1 BT — NI BE
NEFEEHFEAN ICR1 HEL TCNT1 HaiEPHER, FRRTBBFER-—ALR
eE, £ T —RHREEAEZH , ITHRBABTT IR HZKE OXFFFF , REBMN
0x0000 FF#Ait# , EFILLRICE HE, M OCRIA FEHBMERNEH FTFR. X —HFMHR

ATMEL o
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E OCR1A WIBABERI B A BEAKBIEHMA OCRIA EH & 1FaR. £ TCNT1 5 TOP [T
BENT - ER , OCRIA WREFFSHRNNBRE TS FERNRBREMN. EE—
NI AR TCNT1 #5F , T TOV1 FEHIRE.

FERAEE TOP B &RIFMHEA ICR1 FER[MEN TOP, X## OCR1A AL LA F1E OC1A
W PWMIRE. B2 , R PWM BRI (B KZE TOP fH ), OCR1A HIXNE)
BUEEFESTXMNNA,

THEFREPWMERE |, tb3 28 T Al LAFE OC1x 5|1 L3 H PWME . i%& & COM1x1:0
N2 AUFEEEZEN PWMES ; 7 3 UA =4 KRE PWM KR (24 P104Table 46
)o BESN | EEIF YR S| B L3 1 5 3E 490 OC1x M % #E5 @ DDR_OC1x & & 1 i
Ho P4 PWM EFHHER OC1x FEFEE OCRIXx 5 TCNT1 EMEN (REE ),
RIEIHERESES (M TOP %5 BOTTOM) KB — N ERT 2504+ AHIES (REAL )o

AN PWMSMIRTES T AR ITESEE

: _ fakwo
OCnxPWM N-(1+TOP)

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

OCR1x BB NMEBEMEETHRE PWM EXH — KB R, & OCRIx £F
BOTTOM(0x0000) , #ai i 79 HIVE SETOP+1 AN ERT 2R BT ¢ A HA E Bk ; OCR1x A TOP
i, B3 COM1x1:0 WiRE , MHENSBRFREBTF,

BiEiRE OCIA ELRIER#HTEHEBFEKR (COM1A1:0=1), AIRER SR
50% WAHES. XREA T OCR1A AXE X TOP EMER (WGM13:0 = 15), OCR1A
7 0(0x0000) BFHE BB REIME focia = fuk 10/20 X MEHERLITF CTC X TH OC1A
BRBE , FTRZAEFHRE PWM ERXEENE A,

MAEE PWMERX (WGM13:0=1, 2, 3. 10 M) RAFPRH T - REBSBEM.
FADEBEE PWM RN S . SHEAFTMBEERRNEL , HEXE TR ERE, i+
RTESE S M BOTTOM itZEl TOP , ARE XM TOP #REE BOTTOM, £ —f&HY LL & 4
HERXT |, Hitets54E TOP it#Et%E TCNT1 5 OCR1x ITE , OCIX S EZEHKBTF ;
MAEITETE5E BOTTOM it#Et%E TCNT1 5 OCR1x LB , OCIx FEMASEF, T
EFREERAENNEFER. SERERERL , NFRRETRENREAMERE
No BEHNHZMET9ES TFBRIES,

MAZIEE PWM EXH PWM 2 #REERN 8, 9 R 10, S H ICR1 I OCR1A E Lo
B/ PHER 2 45 (ICR1OCR1AR 7 0x0003) , H\ A7 #HE N 16 (ICR15H OCR1A
®HA MAX)e PWM Z#RGBAATXITE :

_ log(TOP+1)

RJPCPWM Iog(2)

THETFHEMEE PWM ERXE , ITHRENHE—BERMEIEEE 0xO0FF, 0x01FF,
0x03FF (WGM13:0 =1, 2 3), ICR1 (WGM13:0 = 10) &k OCR1A (WGM13:0 = 11) , &
EREiITHAE, £—NENES4E TCNT1 EZT TOP E, E4MFEER Figure
47, BHFAHE T HEA OCRIARICRT RE X TOPER MMM IEIEPWMER , BHAER
B TCNT1 R RIXEXIRIKIRE. FERBREETZEN PWM MR KRE PWM
W, TCNT1 f3E EMEKEL KRR OCRIx # TCNT1 BIEE L, LR ITEfE OC1x
PR SR B Ao

¢ ATmega8535(L) m———

2502E-AVR-12/03



| ATmega8535(L)

AU SHEEIE PWM EX

2502E-AVR-12/03

Figure 47. M{EE PWM EX 5 FE

OCRNx/TOP Update and
OCnA Interrupt Flag Set
or ICFn Interrupt Flag Set
(Interrupt on TOP)

TOVn Interrupt Flag Set
|| (Interrupt on Bottom)

I | \
\ 4l \/
TCNTn /

(COMNx1:0 = 2)

OCnx
ook [ 1 1T 1 [coumo=y

BT S HEA T BOTTOM Bt T/C & HH#r&E TOV1 EfiZ, & TOP HH OCR1A 5 ICR1 &
X, EOCRIX HFEHBINEH ARSI EHFHE — Mt BAHE OC1A & ICF1 F7E
B, FR&E NN R A i,

HETOPEN AMRIEHO TOPER M FIELRFFH/NHE, BNTCNT150CR1xX
FEHAMLERTE, FAEERN TOP EE , BEE OCRIX FEH[SEARENKREAN
S ERN "0’ T Figure 47 AHME =AY+ , & T/C BT THMBERK R
TOPESH TAXNMHH. HFEEE T OCRIXFEEMNEHMATE. BT OCR1x K E At
ZIRERTES / ITERERIEE TOP 26 , Bt PWM WA ERRE T , & 1IETFik,
2, TERENKERRTLE—TOPE , MEAMNBEHEKEERTHN TOP E. &
XEMETRE , —MNEAHABENMRNEKERE , MHERAIRRT

BEET/ICETIHE TOP H , RFRABMLSHEEEEXRBEMVBERN, & TOP
REFE , BAXHH THEEXKFREEX 5,

THETFTHEMEE PWM BXE , ERETALE OCix S| E PWM EF, RiE
COM1x1:0 73 2 AILAF= £ EI@BH PWM , i&E COM1x1:0 7 3 AT =4 &k E PWM (S
P104Table 47 ), ZEEIF \YIE S| E i H{E S E L TUF OC1Ix K B#E 5 @ DDR_OC1x 1%
BERHH. OCRIx # TCNT1 LR CHE X £t OCIx HEBNTLEHENNBEERE LR
£, N~ 4% PWM B, TETHEMEEREREN PWMMEBETHMN T AXRE !

; __fako
OCnxPCPWM = 5N -TOP

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

OCR1IX 1R TARER KRA THMEEPWMERH — LK IBE R, £ZEPWMER
T, & OCRIx &F BOTTOM , il —ERFHAEBF ; & OCRIx EF TOP , HHM
RENSEFE, kE PWM ERXEFHER, 18 OCR1A AXRENX TOP {# (WGM13:0 =
11) E COM1A1:0=1, OC1A#H 5Z=H 50% WAERES.

M SMEEE PWMER (WGM13:0 = 8 = 9) - A FEI#ESRIE E PWM = - AT L=
EEREN. HUSHMESFEBN PWMEE. SHAEEEREL , HIEE PWM E
XEFTNRIEIRE, iTTSEEE M BOTTOM itE TOP , RF XM TOP FIEEZ
BOTTOM, £ — MM Lt R HER T |, Hitad854F TOP I BiAt & TCNT1 5 OCRIX TR

ATMEL =



AIMEL

OCIXIHBEENEBTF ; MEITATEEEBOTTOMITEEI TCNT1 50CRIXEE ,OC1xFE
NABESF, TETFREHELERNNEFHER, SERFREMRL  MPBIRETIRSE
HERAXMEE N, BENHESE+DEESTENES,

MHHEEZE PWM BEXSHAEE PWM ERXHEERXFET OCRIx FiFRWEHAT
i8] , ¥ Figure 47 5 Figure 48,

IS EMEE PWM EXAY PWM 2 ##RATH ICR1 5 OCR1AE N, mINDHPERF 2
% (ICR1 2t OCR1A &} 0x0003) , & AZ ##E) 16 { (ICR1 5 OCR1A i&7 MAX).
PWM Z#RuHAATXITE :

_ log(TOP+1)

l:\)PFCPWM log(2)

TETFTHEMBEPWMERE  ITHENHE—ERMNE ICR1 (WGM13:0 = 8) 5, OCR1A
(WGM13:0=9) , REREITH S E. E— PN ENSENHETCNT1EE T TOPHE., 24K
BTFFEA Figure 48, BH4AH T 4 A OCRIA = ICR1 RENX TOP ERHIFEMISE
PWMIER , BRI TCNTI R RXENARBRE, FERARNEZE T ZBHPWME
HUARKRE PWM itH, TCNT1 &3 ERRKFLFTRR OCRIx M TCNT1 By CE LK
LEE B R £ R, OC1x FHIFREFHEB Lo

Figure 48. MU SHMEEE PWM EXH B FE

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

1 OCRnx/TOP Update and
\ ; TOVnN Interrupt Flag Set
i | (Interrupt on Bottom)

v v
TCNTn

ocCnx \_u (COMNXL:0 = 2)
oCnx 'l [ ] (comxo=3

% OCRIx HFHRmBEYRNE P AABIHEFNE - EARE T/C EE/IrE TOV1 B
I, & TOP B OCR1A 5 ICR1 EX , =4 TCNT1 15 %] TOP {E8t OC1A = CF1 EfiL,
X L8 A T AR S A BT R SRAE BRI EERIA E] TOP 5 BOTTOM B ™= A il

ZTOPERNMKARIEFVTOPER N TABELRFFRNBE, BUTCNT150CR1X
FaFELRIEE,

I Figure 48 Fi7R , S EERNERITBHE , HIRIEE PWM B4R E 6 B IEFT
ENEASPYANIES., XEHT OCR1Ix £ BOTTOM BEE#H , L ASTHEARKK
EHA&HESE, BitmHBoP AXNTY  BRTMEEEAEN,

FERAEE TOP BN HIFFER ICR1 FEESEN TOP, X#& OCR1A B ALLAF#E OC1A
W PWM IR, B2 , 1R PWM EMTHEL (B HE TOPE ), OCR1A HIXNE)
BMEEFESTFXMNNA,
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THEFHEMEE PWM XA, LERETALE OCIx SIMEHE PWM K., &E
COM1x1:0 73 2 AJ A4 EBH PWM E5 ; 73 3 WA ~4£ KM@ PWM K. (SR
P104Table 47 )o EREFHHESEXIF OCIxMEIEA BEE RN M H, FEPWMIE
FEHIHLER OC1x FEETE OCRIX SHFIZHM TCNT1 BN BN (HET ) . 5BF
ICEAY TCNT1 EECREE (REL ). HHA PWMMRALBI N T ARNITERFE

" _ fakwo
OCnxPFCPWM ~ 5 N. TOP

FTENRKRIWMAF (1. 8, 64, 256 = 1024),

OCR1x 122840 FARERT A T HME E PWM RN — L% E R, EZBPWMER
T, & OCRIx £F BOTTOM , i —ERFAKBF ; & OCRIx EF TOP , Nt
REFASEF, RE PWM ERXNEFHER. 2R OCRIA AXREN TOP & (WGM13:0
=9) BE COM1A1:.0=1, OC1A#H 5ZtH 50% HAEHES.

ERER / TBEANRAL B , Bttt cky RTANEESES. BHRAE T AEE
AR S RAAE 2 OCRIX EAERPRIBIZERT OCRIX FER ( TETREFHERX
Bt ) Figure 49 44 7T & OCF1x TR E,

Figure 49. T/C BY/=& , OCF1ix &fy , T 7 Hizs

clk

lfe}

—

clk;,

(clkyo/1)

TCNTn OCRnx - 1 OCRnNx OCRnx + 1 OCRNX + 2

OCRnNx OCRnx Value

OCFnx

Figure 50 44 i AH E A RTEPERIE | BT 2 SR RE

A IIIEI% 101
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Figure 50. T/C Bt/FE , EfZ OCF1x , T MR N fyy 0/8

e [N
:

clk;,
(clk,/8)

JULAERRRE
:

JUTRTRRER

TCNTn OCRnx - 1 OCRnNx OCRnx + 1 OCRnNX + 2
OCRnNx OCRnNXx Value
OCFnx

Figure 51 A THEETRER T#EE TOP ERWITHFS. TETFHEMRISE PWM EX
Bt , OCR1x Z17251 BOTTOM #E#1, BFE4HE , /8 TOP EEH BOTTOM K& |
BOTTOM+1 X & TOP-1 , &%, E#HM & H NI thiE A F ARLEE BOTTOM B TOV1 xR

HHTHERN,

Figure 51. T/IC B{FE , T 5 #izR

clk

110

clk;,
(clk,o/1)

TCNTn

(CTC and FPWM) | TOP -1

TOP

BOTTOM

BOTTOM + 1

TCNTn

(PC and PFC PWM) | TOP-1

TOP

TOP -1

TOP -2

TOVn (FPWM)
and ICFn (if used
as TOP)

OCRnNXx

(Update at TOP) Old OCRnx Value

New OCRnx Value

Figure 52 44 i HEI VBT ERIE |, B D HifE

1]
BEo
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Figure 52. T/C BtFE , M MBRN Ty 10/8

wo  |WIJUUUUULUUUUUUUUUUULULULUEDUL
clky,
(clk,/8)
(CTCT;ZIESWM) TOP -1 TOP BOTTOM BOTTOM + 1
(PC a;rdc F”\IIZEnPWM) TOP -1 ToP TOP -1 TOP -2
TOVNn (FPWM)
and ICFn (if used
as TOP)
(Upggi?;‘op) Old OCRnx Value New OCRx Value
16 L ERRR / T BIERFE
RV
T/C1 #5|F 785 A - TCCR1A
Bit 7 6 5 4 3 2 1 0
I COM1A1 COM1A0 | COM1B1 COM1BO FOC1A FOC1B WGM11 WGM10 I TCCR1A
/5 RIW RIW RIW RIW W W RIW R
M 0 0 0 0 0 0 0 0

+ Bit7:6 —- COM1A1:0: Ei& A WL HER
 Bit 5:4 — COM1B1:0: i&)& B Lt B HE

COM1A1:0 5COM1B1:0 7 532 #H OC1A 5 0C1BIRZS, 215 COM1A1:0(COM1B1:0)HY
—UEFAENUHEEA "1” , OC1A(OC1B) % i ThAERFERX 1/0 ¥ O Zh&E, LBt OC1A(OC1B)
FE R A H S| RV ERAE 5 m R I AR B 7 LA RE A IR B 2R o

OC1A(OC1B) S¥1E S| B4R ERT ,COM1x1:0 BIZhEEEH WGM13:0 HIiREBIRE. Table 45
LHHE WCGM13:0 RENEZBERNS CTC R ( 3F PWM) Bf COM1x1:0 BYZhEEE Lo

Table 45. tEBR#mHER |, IF PWM

COM1A1/ | COM1A0/
COM1B1 | COM1B0 | i%EA
0 0 L@ OEIE , OC1A/OC1B KRiEE
0 1 LB B R OC1A/OC1B BB EUR
1 0 e T fi BB E OC1A/OC1B( B HIKEBE T )
1 1 e fig BB OC1A/OC1B (HHEBF )

A IIIEI% 103
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Table 46 441 WGM13:0 & & H RIE PWM #E X Bt COM1x1:0 BZhEEE Yo
Table 46. Lt HH#ES | RiE PWMOD

COM1A1/
COoM1B1

COM1A0/
COM1BO

L

0

0

ZiBimO%E , OC1A/OC1B KRiE#E

0

1

WGM13:0 = 15: LR L& R OC1A BUR
OC1B A5 AYWESIM, WGM13:0 hEEE
AR EEis OR4E |, OC1A/OC1B KRiE#

H& TR RHES OC1A/OC1B , OC1A/OC1B
£ TOP RH&

e EL et B2 OC1A/OC1B , OC1A/OC1B
£ TOP BHEE

Note: 1.

4 OCR1A/OCR1B %F TOP B COM1A1/COM1B1 BIuAt , LM 7ZR , B
OC1A/OC1B WENL / BT RERAR. # PO7* E PWM ER " ,

Table 47 45 1 24 WGM13:01& & 7 #1118 [E PWM R =X S A8 45 IE PWM A2 X B COM1x1:0
HIThEETE Mo

Table 47. kR HER | HBASERMBFHEE PWM ER D

COM1A1/ | COM1A0/
COM1B1 | COM1B0 | i8]
0 0 L@l O#84E , OC1A/OC1B KRiEE
0 1 WGM13:0 = 9 = 14: LR ITHE A+ OC1A BUR ,
OC1B A5 AYES|IH, WGM13:0 W EE &R
FE @R ORIE , OC1A/OCIB KRiERE
1 0 HF IR AT LE R T B ES OC1A/OC1B , B
Fie#iat tE R TELFiE 2 OC1A/OC1B
1 1 FFic gt bR B fFE 2 OC1A/OC1B , B&
Fie#iet tE R B EE OC1A/0C1B
Note: 1. OCR1A/OCR1B Z%JF TOP B COM1A1/COM1B1 Bfu 2 — MIHER. #FMEEFES

R P98 HAIIEIE PWM = ",
« Bit3 - FOC1A: EE A Bl
» Bit2-FOC1B: #i& B A#aHHER
FOC1A/FOC1BRAEYHWGCM13:0iEE N IEPWMER B HIBE. NSARBUHERS , Tk
£ PWM X TX TCCR1A BAR , XANUMLIES, 2 FOCIAFOCIBLE 1 , M AP
BEEFE AR THTHERER, COM1x1:0 HigE X OC1A/OC1B HWHHiH., =
FOC1A/FOC1B I #ERIEEE T, COM1x1:0 {ZHIERE R HI LRI KR o
E CTCEX T A OCR1A 45 TOP & , FOC1A/FOC1B it EEN R &= £ F it T4
TERRERT RS,
FOC1A/FOC1B i ¥ 2iEH 0,
e Bit1:0 - WGM11:0: B X &E#ER
XFM 54T TCCR1B HF8EM WGM13:2 4 S , BT 4t HENitHE5I—it
BEITHHN LREMNBERE X ESN ITEENN Table 48, T/IC XEFHNITEERE  H
BERX (TR  HRTEMEEERSS (CTC) B |, R=FfKRAH PWM) EX 0
P95 T4 ",
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Table 48. K= E£E XM R M

WGM12 | WGM11 | WGM10 OCR1x TOV1 Efu

#xX | WGM13 | (CTC1) | (PWM11) | (PWM10) | TEBIES/ itHEETHEER TOP Bzl N2
0 0 0 0 0 EEER OXFFFF | MENE#H MAX
1 0 0 0 1 8 (IS E PWM O0x00FF | TOP BOTTOM
2 0 0 1 0 9 B & E PWM 0x01FF | TOP BOTTOM
3 0 0 1 1 10 LA L& IE PWM 0x03FF | TOP BOTTOM
4 0 1 0 0 CTC OCR1A | MEIE#H | MAX
5 0 1 0 1 8 U HIE PWM Ox00FF | TOP TOP
6 0 1 1 0 9 fuiRiE PWM 0x01FF | TOP TOP
7 0 1 1 1 10 fZ1RIE PWM 0x03FF | TOP TOP
8 1 0 0 0 B SHEEE PWM ICR1 BOTTOM | BOTTOM
9 1 0 0 1 L SRS E PWM OCR1A | BOTTOM | BOTTOM
10 1 0 1 0 I8 E PWM ICR1 TOP BOTTOM
1 1 0 1 1 {8 1E PWM OCR1A | TOP BOTTOM
12 1 1 0 0 CTC ICR1 MEEH | MAX
13 1 1 0 1 R - - -
14 1 1 1 0 RIE PWM ICR1 TOP TOP
15 1 1 1 1 PR PWM OCR1A | TOP TOP

Note: 1. CTC1 F PWM11:0 WENEZXFTBFEAT , EEA WGM12:0, BEFHNMRANIIEENLER RN,
105
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T/C1 ##F=8& B - TCCR1B

T/C1 - TCNT1H &5 TCNT1L

AIMEL

Bit 7 6 5 4 3 2 1 0
| 1cnct | icEst - WGM13 | WGM12 | CS12 | CS11 cs10 | TccriB

®/5 RIW RIW R RIW R/W R/W R/W RIW

e 0 0 0 0 0 0 0 0

« Bit 7 - ICNC1: ARSI HIZF

B ICNC1 [ fEREM AR MG ThEE, HLat/AEZBSIR) ICP1 W AMER. HER
ZM ICP1 SIBIELEH T 4 RFH, MR 4 NMREEHHEE , BAETEALARNES,
H b FEREiZIhREFE B M AR IRMIEIR T 4 Natef A,

+ Bit 6 — ICES1: #i AJHiRfl & nEZE

ZALERER ICP1 ERBANGA AL HIREH, ICES F "0” ERNE THRAMEAE A
W ; ICES1T R "1 ERNEZEBFMN EFAB ML E AR,

B ICEST1 MIREMHRE —NEHE | ITBENREHRSSH T ICR1 FE8E. BHREH4TE
£EN ICF1, WRILAPUTFERE |, M ABIREHESAL,

% |CR1 F4E TOP f& ( L TCCR1A 5 TCCR1B &1725% WGM13:0 {u 93k ) B¢ ,ICP1
S AR IhAERTT , N AR AR ER,

« Bit5-{RE{

ZURE. ARIIESHRBHENREYE , ETCCRIB |, ZUSMEA "0

e Bit4:3-WGM13:2: B R &E#ER

N TCCR1A HF1FE5h MR,

o Bit2:0 — CS12:0: Bt4pikiF

X 3 U TIEE T/C WIEtHR , I Figure 49 5 Figure 50,

Table 49. AP EFRV IR

Cs12 Cs11 cs10 | A

0 0 0 Fort4R (T/C 21k )

clkyo/1 ( THZ 47 )

clk,o/8 (R BT 4iies )

clk,o/64 (KRBTSR )

clk, /256 ( 3k B2 558 )

clky/1024 ( RETASIE )

SERT15IM , TEBIRS

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

Al o|lalo|la|lo|~

S\ERT1 S|, EFRIES)

RERERERR RS , BE T1 SIMBE AR |, SIM ENBBESEFR(LNRS
W) T/IC1IHE , XAV R 7B B RIZH T,

Bit 7 6 5 4 3 2 1 0
TCNT1[15:8] TCNT1H
TCNT1[7:0] TCNTIL
/B R/W R/W R/IW R/W R/W R/W R/W R/IW
NHE 0 0 0 0 0 0 0 0

TCNTIHSTCNTILARK T T/C1 W EBIEFFEE TCNT1, B AT B #X it 85 /1 2K
BRH TH 16 (LiTERESHTIEB AR, HRIE CPU NEFTSEEZTHEMIEE , BM
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W B FERE 1A - OCR1AH
5 OCR1AL

W B FERE 1B - OCR1BH
5 OCR1BL

BMAHRTEFER1 - ICRIHE
ICR1L

T/IC1 Pl RRB T 78R -
TIMSK™"

2502E-AVR-12/03

FHA— 8 InEt S FTH 578 TEMP, TEMP 21 16 (U S1Fe8 L H/Y ¥ L P87*
HiE 16 U EES 7 .

EITHBRZTHRERTCNTIHABRE EEE LR —IRTCNT150CRIxH LE R B #8216,
E TCNT1 HFEH/EET —NENSEBHEELRICE,

Bit 7 6 5 4 3 2 1 0
OCR1A[15:8] OCR1AH
OCR1A[7:0] OCR1AL
®/B R/W R/W R/W RIW R/W R/W R/W R/W
HE 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
OCR1B[15:8] OCR1BH
OCR1B[7:0] OCR1BL
®/B R/W R/W R/W R/W R/W R/W R/W R/W
NaE 0 0 0 0 0 0 0 0

ZEFERTHN 16 U BIES TONT1 FESTHITRERTERNLER , —BHETE &
FE-MRHEBRSE , S OCIx WH HEBES,

MHLEREFFRKEN 16 L. FRFRIE CPUNSFNTSEFZTHNEMNRE , BHAEH—
A 8 fulfiet & F T & 728 TEMP, TEMP 2FrER 16 L FFRH MM , 1¥ P87 1517
16 U FFR "o

Bit 7 6 5 4 3 2 1 0
ICR1[15:8] ICR1H
ICR1[7:0] ICR1IL
®/B RIW RIW RIW RIW RIW RIW RIW RIW
HaE 0 0 0 0 0 0 0 0

HAERSIBD ICP1( = T/C1 WERILLER S ) B ARRALES~ErR | 1T8ES TCNT1 &
KEBA ICR1 1, ICR1MREETIENITEEEHN TOP E,

MABRSFFRRKEN 16 L. ARIE CPUNSFHERFHHENE , KHEHR—18
fLIGEY & 7T &F 788 TEMP, TEMP BFTAH 16 U FFRHL AR , ¥ P87 15 16

Bit 7 6 5 4 3 2 1 0
[ ociE2 T ToiE2 T TiCIE1 | OCIE1A [ OCIE1B | TOIE1 | OCIE0 | TOIEO | TimMsk
®/5 RIW RIW RIW RIW RIW RIW RIW RIW
WkE 0 0 0 0 0 0 0 0
Note: 1. ZFFREE/LNT/CHHPMIZHEIM  ERTHIANTILH#THA HRFETEHN
NI A

 Bit5— TICIE1: T/C1 ¥ AJH#R P Hf{ESE

MZMHIER "1, BRASEFEDHN | LHIERN 17 8, T/IC1 B AR DM FEsE, —
B TIFR 89 ICF1 B , CPU BIFFLAH4T T/C1 W AR FHTBRS 125 (L P44 FHlf 7 ),
» Bit4 - OCIE1A: T/C1 L A Puifid b RE

MZMHWIBER "7, BRSEFEPM 8RR "17 85, T/C1 % H &R A ITE i E
. —B TIFR LA OCF1A EfZ , CPU BIFF A 1T T/C1 LR A IEE RS2
(W P44“ ")
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« Bit3 - OCIE1B: T/C1 # b8 B PUifi i RE

MZMWIER "1, BRAFESETH | HIER "17 6, 8 T/C1 M E R B ThH
WrfERE, — B TIFR £# OCF1B &£ , CPU BIFF A 4T T/C1 # HH L3 B PRt A i AR SS
BFE (R P44  Fitf )

o Bit2 - TOIE1: T/C1 & H hpifEEE

HIZUEIRA "7, BREFTESRFH | RN 17 i, T/IC1 KR s, —B
TIFR LK TOV1 Efz , CPU EDFFIRIAT T/IC1 SR P HTARSEF (N P44“ FlF ),

108 ATmega8535(L) m——
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T/C Hhiitr &S5 1E8 - TIFRM

Bit 7 6 5 4 3 2 1 0
| ocr2 | ToOV2 ICF1 | OCF1A | OCF1B | TOovi | OCF0 | TOovo | TIFR

®/5 R/W RIW RIW R/W R/W RIW R/W RIW

e 0 0 0 0 0 0 0 0

Note: 1. EFFMRIBZ/LNT/CHAREL  BATRIANTIURITHE  ARMUFES BN
RN ER

o Bit5—ICF1: T/C1 Wi AHHiRfR&

SNERSIHD ICP1 HIMEIR B4 AT ICF1 B, AL, 4 ICR1 ERNITERESH TOP ERY , —
Bit#EEEAE TOP , ICF1 th B,

WITHRARBRDPMRSEFN ICF1 BE1ES, U EE A B "1 KFRIZIRENM .
« Bit4 - OCF1A: T/IC1 S i L A TEHRE

% TCNT1 5 OCR1A IEE K IhAT |, ZAVHKIRR "17,

78 % H L8 (FOC1A) T4 &L OCF1A,

HITER &% LR ITE A RHTIRS R FE OCF1A BE1EE, AU EEABE "1” K
BEBRIZAREN

« Bit3 - OCF1B: T/C1 #i it B [TE#R&

% TCNT1 5 OCR1B EE AL INAT |, ZALHIRA "17,

58 4 H EE B (FOC1B) R4 Ef OCF1B,

HATeR &% LR ITEE B MRS T2 FEt OCF1B HaiEE, U EBE ABHE "1” K
BEBRIZIREANL

» Bit2-TOV1: T/IC1 B HIEE

ZURES TICI W IESREX. TETEEERXFM CTCEXE ,T/C1 B H TOV
B, WIEHETERXTH TOV1 FREMES , N P105Table 48

WATRH P MRS EFN TOV1 B3)EE, A UNEBEAZE 1" RKERIZIREAL.

A IIIEI% 109
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SNE PWMERSIE 1o 1Epe@Es e/ itHE EXEHAMT
- ; . BEEITHE
fERENER [ iTHAR 2 | HRTEN AR (EHES)
- TFREOT , H ERNKEASIE (PWM)
- WERLES
o 10 {URHER TS BT
s BHELERICE SR (TOV2 5 OCF2)
- AV AN 32 kKHz FRBFAEN I 10 W

Rk Figure 53 81 T/CHI S HEE . SERREY SIHIEES L P2“ATmega8535 I 21" . CPU A4
B[R 1/0 BF1ER , 8% /0 F /0 SIMLUEAERTR. SSHEH 110 EERSNVENA
P1198 1 T/IC BFEH®E .

Figure 53. 8 i T/C K51EHE

<3 > TCCRn
count > TOVn
clear (Int.Req.)
Control Logic
direction clk,
-t TOSC1
BOTTOM TIC
Prescaler Oscillator
Yvy »| TOSC2
Timer/Counter
TCNTn |—
% ﬁ ocn clkyo
(Int.Req.)
/
— Waveform ocn
— 1 Generation o
A
<->| OCRn
n
-]
o0
<
l_
<
(@)
' l— clk,,
Synchronized Status Flags o .
Synchronization Unit
% [ —clk,q,
Status Flags 4
[ ASSRN
Asynchronous Mode
Select (ASn)
v< -
110 ATmega8535(L) m———
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Hiree

EX

T/C BB EPIR

2502E-AVR-12/03

ERTES / THERES TCNT2, MR FFES OCR2 K 8 (U FEE, FHER (AHPEENR
Int.Req.)o EHIEERSEPHIIRETFES TIFR #BE KM, FIAPUTER AT LUES E R 25
W ERR T TIMSK I ITEMR. BHPAREAEE TIFR 5 TIMSK,

T/C By RHp B LAR @S 71 20 47 8BS A9 N 2BAT 4P =) @IS I TOSC1/2 SIMZE AN TS ad4t | iF
NAEAF REHRD ., L RIEARSIRATELS ASSR 24|, BtEpiER B EERREIC| 2
T/CitHEE MR )BT R, & ERBR RN T/CA FEILIRES, i ERIBEE
KAV HFRA clkoyo

WE R H H B F 178 OCR2 —E S TCNT2 EEHR TR, B A ESEBFBALRE
BiEE PWMRESELLREHSIE OC2 mHAIEMENES, S0 P12 mHEES
T BRIEERERELBMLEREEIRS OCF2 |, AR~ £ H LR PUTIER,

AXNFZHEFERRESMIBRANERERR. NEN 1" RRENEE/ITRENFS |
FERER2, BERESEFNEFABEAERN (HI06EHATCNT2RAE T/C2itEkEEE).
Table 50 FE SGERA F A,
Table 50. %87

BOTTOM | it#k#81t% 0x00 BfEIE 2] BOTTOM

MAX TTEER 1T 2 OxFF (T &Ry 255) BTENIAE MAX

TOP T ERESIT T EUF 5 S R EETENIA R TOP, TOP E A LN EE & OxFF
(MAX) , iR EF# THEE OCR2 2MEE , E4ABHITEENEE

T/C AL AR L A BRS S RBD, clky, WEREIRE R MCU B clkgo
ASSR HFZE5HAS2 BT | B4 JRRE F TOSC1 MTOSC2 iE N IR 2R, IFHN 7L
BEFASZE P122° L IRDEFFEE -ASSR” ; AN RSOSSN ABESE
P125“ FERTES / TTERES TR 0 0lES ~ -

A mEl% 111



AIMEL

HEERE T SR T/ICHIEE RS AR NI % T, Figure 54 Bl it BT AL BKH 5 HE

.
Figure 54. it ERE T HIEHE
DATA BUS (ntfea)
P Cj:: ik, e
TCNTn Bl Control Logic [ Prescaler Oscillator
direction | »| Tosc2
bottom T Ttop C”ﬂ/o

ES5HE (REPES) :

count fi£ TCNT2 b0 1 =R 1

direction EFINRESFEIRE

clear BE TCNT2 (HFEMAES )

clky, T/C By E54

top RRTCNT2 ELEE T HRAE

bottom FN TCNT2 ERIXE T &/ME (0)
RETRANIEER | ITHREHXNE — 1 ok, RIVET., —RE —181E. clky, ATLAA
AR R AT R £, EARMNMIREREN CS22:0 BE, &EERNHRNR
(CS22:0 = 0) EREEE L, BREFEAERHE clk, ,CPU A LLiFE TCNT2, CPU BigfE
bt B ES EAIRE (B, MRIRE ) WEERS,
T FFIE T/C #4125 1F288 (TCCR2) By WGM21 1 WGM20 RE, IHHBITHITHIER
HEER OC2 IR B RN KRR, BXITBFIFBEE=ENFEMAERIESE P14 T
EER ",
T/ICRHE FHIPRETOV2BTBWGCM21:0 IR EMN TEEXRKIRE, TOV2H LA F=4£CPU
I,

M EE B T 8 fULLIRERIEEEN TCNT2 M LR IEH 21788 OCR2 #THL®, —H TCNT2 £F
OCR2 , bt RBHMAHEEET, EEBEAENT —NMNENSENHEAHER B EERIRE
OCF2 E&f¥., & OCIE2 = 1 ‘&5l K H LB F W, ITHERSEFHT OCF2 HE3E
T O BAUBEIRGE "1 HAERHITES, BE WGM21:0 1 COM21:0 iREMWAR[E T
HEER | BERALESRUTUANACREESFETRNER. B, BEAXESRERA max
F bottom E 5 RABRERH THEFHIER (I P114° THEER "),

Figure 55 N bR E T HEE.
112 ATmega8535(L) m————
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ATmega8535(L)

Figure 55. fiti b RE T HER
DATA BUS

OCRn TCNTn

Il 1l

| = (8-bit Comparator ) |

OCFn (Int.Req.)
A
top __,
bottom
—» Waveform Generator »| OCxy
FOCn __,

P

WGMnN1:0 COMN1:0

£/ PWM #EXft OCR2 HEH/AMEPFFaE ; MEEE TERANMTESEEREN
MEHRIHEEREEILAY, NEH A AFEH OCR2 FHiFER5 top = bottom FZIE LK |
MTBE = E RN FRE PWM BOF |, SEERER

i OCR2 FfFes B RRMRES , HXTR, MAENEFIAERS , CPU i HIAYE OCR2
ZEFER  BIENEHEEN CPU BRI MR OCR2 A&,

THETIEPWM HESET , BT LAY 58 Hl %0 HH LR FOC2 B "1” R £ L RIEE . &/ LR
EEFEM OCF2 f7& , A2 EH / FEENSR , R OC2 S|MIFHEH , FRE
MRE T WRIEE —# (COM21:0 RTE OC2 BREfu, BFE , ERXXEBXIL ).

CPUXI TCNT2 HEBNBRIESE T — N ER SR H EARME L LRICE KN R £ | BIEL
NENRELFELT . XM LLARS OCR2 #1111t N5 TCNT2 M E AV EIE T it
KM,

BATFEEZEEXTE TCNT2 SFET — M EMNSRS A EEIELLRITE | EEHAH S
bR A TCNT2 iaBXE , 78 T/IC REEET. MREAK TCNT2 HBESZT
OCR2 , kBRICE MM ZRE T , &R ERIRFERELER, KLU , EiTHRESHTHRSE
T FEX TCNT2 EA BOTTOM,

OC2 iR BN ZEREBHREF OFFR A TH. REALHNIRE OC2 WHEZRERER
X TRIAES M HLE FOC2, AMEERTRFAEEAN OC2 FHRHFHLE—ERRFT
BB

SEE COM21:0 MEBREBIFEERBTENE K, COM21:0 Bk B4 K,

EEREEERZESH COM21:0 EBENEINEE, BRIEAEREFA COM21:0 kKBEET —IX
LB PR R & AE B A9 B HE EEBOIRAS (OC2) ; COM21:0 &4 OC2 Sl i H 1S58 KiK.
Figure 56 3 % COM21:0i1& B MA B BM HLRER. /O F 728, /O I/0 SIH A
&R~ BHRRAE T COM21:0 FIMyiEA 1/0 i D12 HZ %85 (DDR # PORT), i#%
% OC2 RSB R AE OC2 F1788 , MA = OC2 3|,
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Figure 56. LbERPCHt# H ¥ T/REH

—

COMn1
COMRO Waveform D O
FOCn Generator
1
[ ocn
OCn 0 = Pin
A
»D Q
3
m PORT
<
=
() » D Q
 J DDR
clk,q

HECOM21:0 I —MNEFEMNEN , B A LN AR INAE OC2 MAERER 110 O
jJabo B2 OC2 S| FaNAZIETHIESmZF 7S (DDR). EM£EMH OC2 hEEz &l
BAEBEIHRIEAOSESEN DDR_OC2 NIt IIM&EB M H, wAMES KR AL
B ITHEEREX,

B EAIRIT A OC2 MAEM B 28l 8 E#1THHIL. EXERL COM21:0
BRERBL T HMIRMERR | F1 P119“8 L T/IC FFF WA ",

B EEBRFA COM21:0 WARNEZE, CTC M1 PWM =HEXTHEMX S, XFFF
BWER COM21:0 =0 RPALREE R EMNBFERXEBRTLBEOC2 FEEE. IEPWM
*;‘taﬁttmﬁﬁﬂjﬁ Il P120Table 52 ; #RIE PWM B Lt &% HF P120Table 53 ; #8{u
{&1E PWM By LB 5 T P121Table 54 o

WA COM21:0 HEMEAKRFEENE — X LREE, XTFIEPWMESR , JABEIFEH
FOC2 k&I Bl = £ MR,

TIEER -T/C MAmELRSIBMNTR - HREEAEERX (WGM21:0) REEBRHHER
(COM21:0) N FINDRE, bR HEEX ITHFIEEEN , MR~ EE XX T HF
FINAEEm, COM21:0 #4] PWM rtumaﬁwm Ik PWM =K Bt COM21:0 =415
HEANZELBREREAERENM, B, I2EFHK (P13 LRIEEHHET " ),

BN FESIESE P18 T/ICHFR " .

HBEEX (WGM21:0 = 0) AEMEN THEER, FUEXTITRBETFHRM, i3 8
LRI BR KBS (TOP = OxFF) , B T#{ER H 1T HER M £ iR B B & /ME 0x00 EFFT
%, 7 TCNTO HEHE —MNERBRETEPE T/C RHARE TOV2 B, E TOV2 BERR
Bow , RERREEN , F2EE. ERATENSZPHRSEFEBBEFEETOV2 , B
RAEL SR REEN SN I HE, EREEATREHABBRKERN A A5
BERf B ARTRY T H R E.

14  ATmega8535(L) m——
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WELERBETALAR=ERR, ERTHECEEEX TAARELEE=EEE Bl
S5 BAAKZH CPU KE,

CTC( Lk RICEL B BRERT Y ) £ CTC 3\ (WGM21:0=2) 2 OCR2 FFEs A T AT ITHEM 2 PR, it HENHE

B TCNT2EF OCR2EF 1T #287ET . OCR2EMN T I TOPE |, RENIT N D R,
XNMERFESAFITURE S R LR T E R EOME | BEM T ABEHITEER
£,

CTCHEX MR FE R Figure 57, ITBEHETCNT2 —EEMEI TCNT250CR2 EH |, &
J& TCNT2 5=,

Figure 57. CTC XK FHE

OCn Interrupt Flag Set

OCn

(Toggle) (COMn1:0 =1)

S

FIF OCF2 fREMMUEITHEEHRELT TOP BIFL£dil, EFMBRSEFEAUEHR
TOPHIEE, HTFCTCHEIZENE HITEE , EIT BB UL 2 MR RNV A D IMET T
ER BHRSF TOP BN #EIE BOTTOM MEER E/ D MREA OCR2 WHENTH
B TCNT2 OB , ITBESFE A —RHEREE., £ T —XREREEBEAEZE |, THREF
BREITBBHZAE OXFF , RFEM 0x00 FF 81T #F OCR2,

NTHECTCEXATHERF MY , THIRE OC2 AR LLRILE X £ AEBIEET,
XA LGB IRE COM21:0 = 1 REK. EHLRE OC2 Rk zr , BEAERHKOKRE
ﬁgiﬁﬂjo ﬁﬁgﬁiﬁﬁgi@iﬁzimﬂ%jﬁﬁi$ﬁ focz = fClk |/O/2 (OCR2 = OXOO)o 5ﬁi$ﬂ3§u—|:
NRIE B

Period ‘

P foi_ 1o
OCn —~ 2.N.(1+OCRn)

TENRKRMIMEAF (1. 8. 32. 64, 128, 256 = 1024),
EEBEEAT , TOV2 RENBNLREEITTHREEM MAX R 0x00 B ZE B 2563 &0 B i,

BRE PWM = HIE PWM X (WGM21:0 = 3) AR~ ESHHN PWM K. RE PWM #EX5Hb

PWMERW AR A RE LD R THERR ITHEMBOTTOMITEIMAX , R ENE
FBOTTOMEFH 1. W T Z B LR M HER | LRSI OC27E TCNT2 5 OCR2
CERES , £ BOTTOM & ; ¥ FrBELERHHER |, OC2 WaHEEHFHER., A
FHERTREDHFER | BIE PWM E XA TEM R AN NS E PWM E
B—fE. LSMRESEESIE PWM BERX T84 TFIHERAT , BRM DAC RA,
ST LR NAZB TR (BB, BE ) WYERY , NTBRERSERA,
THEFHRZE PWM ERXE , ITHENBE—BEENE MAX , RAEEEEN — N4 EH
BT, BT FE R Figure 58, B HFEIREI TCNTO RRXR2EDFWEE, HERE
NEgT7TEEN PWMBENURAE PWMHiH,. TCNT2 #3f EMEKELR R OCR2
A TCNT2 W LEBR TR,

A IIIEI% 115
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Figure 58. i PWM bt =

OCRn Interrupt Flag Set

| OCRn Update and
] TOVn Interrupt Flag Set

v v YY OV vy \ vy
TCNTn ///
Y A, . \ .
oCn || ] || (COMN1:0 = 2)
OCn m m (COMN1:0 = 3)

S S R TSNP

it SR BUEIR B MAX B T/C i@ Hifn& TOV2 B, fRAPMTAERE , £ MRS M
AR5 72 /7 AT LA BE #T EE R (B

THEFHRZE PWM ERE | LR T AT LAE OC2 S L& PWM B 2. iRE COM21:0
N2 AUFEEZBEN PWM S ; 7 3 WAL 4£ K E PWM KEF (£ P120Table 53
Yo BREESIM LB M EBESELTNFOC2HBMBEARIRE MM H, 7= 4E PWMIEFHH
ERE OC2 #7887 OCR2 5 TCNT2 BN BN (REFE ) , AREITHEEFSE (M MAX
355 BOTTOM) 8 BR — N ERT S R4 B HAE R (B )o

A PWM SR A SUBZ T 2T EBE

, _ fak o
OoCnPWM N - 256

TENAKRKRIMET (1. 8. 32, 64, 128, 256 = 1024).

OCR2ZFEHR N IREN R RNREPWMIEN A — LB ER . ZOCR2AZFBOTTOM ,
W HILESE MAX+1 NER SRS BRI EROF ; OCR2 A MAX B | #8#& COM21:0
HiRE , WHENSEFREREE,

IR E OC2 7 LR LR 3 /T2 58 R FEUR (COM21:0 = 1) , ATLLBE) 522t 50%
WAM{ES. OCR2 H 0 HESARBIMET, = £, ,o/2. KMEMELT CTC HRAT
B OC2 BUR B 1E , 2 4L T B PWM 8 B A RE M,

16  ATmega8535(L) m——
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IS IE PWM R

2502E-AVR-12/03

MAEE PWM EX (WGM21:0 = 1) RAFPRM T —NREBSBEMMLIEE PWM KFE
Bk, WEXNEFNRIFIRE, ITERESE M BOTTOM itE MAX , RE XM MAX
fIRE 2/ BOTTOM, £ — MM LM HHERN T |, Hitad23F MAX TR E X E T TCNT2
T OCR2HYILE ,OC2FHEZTNEBF ; MAEITAIEREBOTTOMITEAIE X4 T TCNT2
F OCR2 WtE , OC2 BN ANEEF, ITETROMELBRHMNEFHR. SERK
BAEMLE  MRFIRETRENEAFARE N, ERTERNHHNEY  +o0ESTHEIIEZE
#lo

MAIBE PWM EXH PWM BEBEERN 8 thiF, iHaiss ot RMEE MAX , RET
BRI, E—NEMSIHEAHE TCNT2 WEZET MAX. HEFEBRTS N Figure 59,
A TCNT2 EEARERERT , LEEXNRIFIRE, XERREE T ZE PWM B
HAM&E PWM B%H. TCNT2 #3% LAY /MESZ KRR OCR2 M TCNT2 ML T,

Figure 59. M{EE PWM X e FE

OCn Interrupt Flag Set

OCRnN Update

Yy vy \Aj

RN

\

OCn ‘u' ‘ ‘ L (COMN1:0 =2)
OCn ’j ﬁ F (COMN1:0 = 3)

HitaEAE BOTTOM BY T/C i ARG TOV2 BAfLo MEFREAN AT AR £ o

THEFHRMIEE PWMERE | (LR E TAILLE OC2 SIHI~= 4 PWM EH : 3 COM21:0
RER 2= EZEMRMAPWM ,RE COM21:0 8 3= £ R B PWM{ES (2 M P121Table
54), BRESIM EEBIREESELTNFOC2HEIE R BIRE N H. OCR2H TCNT2
ER B & £/ OC2 FERHF~ MMM ESREMRE , NTF~£ PWM EF. T4
FHRMAEEERS PWMSRETH TR ARIKE :

; _ fak o
OoCnPCPWM — N-510

TOVn Interrupt Flag Set

TENRTMDHMEAF (1. 8. 32, 64, 128, 256 F 1024).

OCR2EHFEATMERKR THMBEPWMERMN —LEKIER. EEEPWMERT ,
% OCR2 £ T BOTTOM , il —EBERFHEKES ; & OCR2 &F MAX , N HAREFR
S8FE, k[ PWMERNEFER.

£ Figure 59 95 2 MNARK , ERRERELRIE , OCn BHI T — M B FMEHY BE
T, HEMRRIDKE BOTTOM MUK, %A LR EENEFHPHER S HIBE
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M Figure 59 FT R , OCR2A BB M MAX 23 73 H A #k#E. 2 OCR2A I MAXBY , Bl
P OCn Wy i R iZ S AT E B FIE LR IEENE REE, HRIDEAE BOTTOM
P FFR , & T/C WEER MAX B , SIH OCn W% H R XMFEFEFAFIZHK
HREERALER, ENRERT BAZEHRERLE OCn HNAERTENRR,

ERNZEM—NL OCR2A AWEF R , HEMEXRT —RLELRETE, ELsIAT

RBLRERRE OCn A NARBHRENAR,

T/C K E TEEHALEN T/C HESEH | BILENS cky, TURRANSEEES, ER5E
RXF , ok M T/C IRHBIMADRE, FREHE T RUFRAEEONE. Figure 60
BET TIC WEXNF, BA4HTREMEE PWMEREEE MAX B RS,

Figure 60. T/C BfFE , T2 M

clk

110

clk;,

(clk,o/1)

TCNTn MAX -1 MAX BOTTOM

BOTTOM + 1

TOVn

Figure 61 44 i M RIH E R SR 3R |, (BT D MR RE,

Figure 61. T/C BYFE , M MBRN fy 0/8

o [JUUUUDUOUUUIUUTTGUUUUUTLL

clk;,
(clk,/8)

-

ULLLL

TCNTn MAX -1 MAX BOTTOM

BOTTOM + 1

TOVn

Figure 62 44 7 &f#EXX T (BR T CTC #x )OCF2 BWEMER

18 ATmega8535(L) m——
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Figure 62. T/C B{/FE , OCF2 Bfy , A $MBRNA fyy 10/8

o AT AT AT
(cflil.7578) T T F T

TCNTn OCRn -1 OCRnN OCRn + 1 OCRnN + 2

OCRnN OCRn Value

OCFn

Figure 63 44 7 CTC XX T OCF2 B TCNT2 BEBRIIE RN

Figure 63. T/C B{/FHE , CTC &= , MOMERN f, 10/8

o ||| [UUUUUULUUUUUUULUUUUUUULUUUuuoL
<cflfif”s> F T F F

TCNTn |
(CTC) TOP -1 TOP BOTTOM BOTTOM + 1
OCRnN TOP
OCFn
8 ¥ T/C & {E83iiiEA
T/C #4%1F 1788 - TCCR2
Bit 7 6 5 4 3 2 1 0
| FOC2 WGM20 COoM21 COM20 WGM21 CS22 CS21 CS20 | TCCR2
®/B w R/W R/W R/W R/W R/W R/W R/W
B E 0 0 0 0 0 0 0 0

» Bit7 - FOC2: @#$lt L&

FOC2{X#E WGM fEBAE PWM EX B F B BR , I TRIESARB[HNREN £
PWM Bt ,E TCCR2 ENHEE. B 1/5 , RERERNIUEH#T RS, LLRTER
HSIH) OC2 fF &5 COM21:0 MR B M N BT, BXE FOC2 XU—IMIEFES |
B IE X 58 il H EEBGE AR R Y 2 COM21:0 iR B

FOC2 A5 REAHM , b F2EMREA OCR24EHN TOP Y CTC RX TX ER 2R 1TE
=

T30

A mEl% 119
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iE FOC2 WiREEKIZER 0,
« Bit6, 3— WGM21:0: HE=4#ER
XUz T eI RES | iTRES R AME TOP BISKIR |, ARZE MR, T/ICX

FHERE  EERER  LREEZEMERITHSRER (CTC) , UEFR PWM #EX |
¥ Table 51 5 P114“ TE#EX ",

Table 51. B EERHUEL D

WGM21 | WGM20 OCR2# | TOV2 i@
B’ | (CTC2) | (PWM2) | T/C B9 T{EE= TOP | &t | szl
0 0 0 Z8& OxFF | MEIEF | MAX
1 0 1 A IE PWM OxFF | TOP BOTTOM
2 1 0 CTC OCR2 | M EVEH | MAX
3 1 1 fRIE PWM OxFF | TOP MAX
Note: 1. %g& CTC2MPWM2ELFBFERT ,EEA WGM21:0, B RIIEEM L E 5 L AT
&o

+ Bit 5:4 — COM21:0: L3 PCid i HiE =

XERE T LRI E R £ Rt SI M) OCO MEF, MR COM01:0 H# — vk s Ef#
Bz, OCO LALLBRICE A7 N 1T T, RERNEAEERMEREN 1 UERAH
&3,

L OCO E#EFIYE S| Lrt , COMO1:0 W ZhBEMH T WGMO1:0 KYiRE. Table 52 45
HT 2 WGMO01:0 iR BN EBEEAF CTC HX A COMO1:0 K ZhEE.

Table 52. Lt&EH HES |, 3E PWM &

COoM21 COM20 Bigg
0 0 EENmOBRE, OC2 RiEH
0 1 R TE &4 OC2 Bk
1 0 LR T & £ Bt OC2 5EFE
1 1 BRI ER & £ Bt OC2 B

Table 53 4 7 & WGM21:0 i&E 1 RIE PWM & iF COM21:0 BIZhEE,

Table 53. bR HER , REPWM R (1

COM21 | COM20 | i%Ed
0 0 EERIRORAE , OC2 RiEHE
0 1 RE
1 0 R IEL & 48t OC2 BE |, iT#EI TOP 8f OCO &L
1 1 e e & 4 at OC2 Bz |, 1TEkE TOP & OCO EE

Note: 1. —PMEHKBERE OCR2%Z%F TOP , H COM21 Efi, that b PB4 ZBE | it 2k 3
TOP BHIZHEMEE . IFAEEFESNA P115* RIE PWM X 7,
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ENER / T EEFF 78R - TCNT2

2502E-AVR-12/03

Table 54 44 7 % WGM21:0 & E N EE PWM #EXET COM21:0 BYIhEE,

Table 54. L& H#ER | BB E PWMERK D

COM21 | COM20 | B3
0 0 EENRORE , 5 0C2 HiERE
0 1 R
1 0 EAFITHRNZELRTETES OC2 ; BFITHRN &£ HLRTEYE
i OC2
1 1 E%@*mwim CEFFEN OC2 ; BB IHEET K £ LR B FE
Note: 1. —MMFEKIENE OCR2ZE T TOP , H COM21 B, AT LB ITE 45 2B , it 2R 3

TOP RHIEEMEE K. FMERFESN P17 HAIEE PWM ER "

o Bit2:0 — CS22:0: Bt4pi%kiF

X =fUat RV A TEE T/C BetehiR , A Table 55,

Table 55. B §dik ¥ 1% BF

Cs22 cs21 CS20 | i%Ed

0 0 0 ThH4d , T/IC FIE

0 0 1 Clkros/(RETADH )

0 1 0 clkros/8 (REFZ #1ES )

0 1 1 clkrog/32 (KRB 2R )

1 0 0 Clky,s/64 ( RE TS )

1 0 1 clkyps/128 (RE TS 428 )

1 1 0 clkr,g/256 (R B2 HES )

1 1 1 clkyp5/1024 ( R BT 57125 )
Bit 7 6 5 4 3 2 1 0

| TCNT2[7:0] | Tont2

®’/IB R/W R/W R/W R/W R/W R/W R/W R/W
WHE 0 0 0 0 0 0 0 0

BE T/C e UERNITHERN 8 MHREHTREF. X TCNT2 FERN B
FHET - EIEREE, FIHHRSTHEIRFER TCNT2 WREFTTREL—
X TCNT2 Ml OCR2 Ky EE R LT,

ATMEL
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AHLEBREER - OCR2

ENER /T RBENRIBRE
FHREZFFSHE - ASSR

AIMEL

Bit 7 6 5 4 3 2 1 0

| OCR2[7:0] ] ocr2
®/5 RIW RIW RIW R/W R/W R/W RIW RIW
e 0 0 0 0 0 0 0 0

AHERFFRDE - SUNHKE , TRMGSITHRESRHRE TCNT2 #THR, TEE
AT BAR SR 7= A HH EL IR P T, SE FISRAE OC2 5| E7™= 4R,

Bit 7 6 5 4 3 2 1 0

| - = = = AS2 TCN2UB | OCR2UB | TCR2UB | ASSR
®/E R R R R R/W R R R
DEE 0 0 0 0 0 0 0 0

» Bit3-AS2: % T/IC2

AS27"0”Bt T/C2H1/ORT #hclk, o 3B Eh ; AS2 " 178 T/C2FHIE#EEI TOSC1 S MMy &4 ik%
B3ORZh, XZ AS2 HHREHIR TCNT2, OCR2 5 TCCR2 WAZA.

+ Bit2 - TCN2UB: T/C2 E#h

TIC2THETRLSERE , ETCNT2FHSIE TCN2UBE I, HTCNT2 N EEFHFHREH T
EEf5 TCN2UB HTEEHEE, TCN2UB 1 0 RBA TCNT2 AL BEAHET .

» Bit1- OCR2UB: Wil BRFFER 2 EH

TIC2THETRESERE , EOCR2IF 5|28 OCR2UBE I, HOCR2NE FE R EH T
J& OCR2UB HEEH4EE, OCR2UB 1 0 &B OCR2 AILABAHE T

+ Bit 0 - TCR2UB: T/C2 #4IFFEEH+

TIC2THETRFERAT , ETCCR2IF S| TCR2UBE I, HTCCR2ZI\E FHFHREH
EEf5 TCR2UB HTEHEE, TCR2UB 1 0 XRBI TCCR2 AJLABAET

MREEHICHREENMHEHMRE LR E[— N FEHFHSIBBEORR , F5IRFL
EH M,

EHL TCNT2, OCR2 # TCCR2 HHlLHIRTEHY, EEL TCNT2 SEIM2EFRWE , M
OCR2 #1 TCCR2 N 2 \NE FEFFE5 i EA,
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ERER /T EEE 2 WRPRE TIC2 TTRSEANEZRNTI/LA ;

s BE ERSNRSEXNCEMNERETEEER TCNT2, OCR2 1 TCCR2 HiEHIH

&, ZENSBNIZR :

EZE OCIE2 1 TOIE2 LAXFA T/C2 Yk
RIE AS2 LLUE R A EH BT 4R
%t TCNT2. OCR2 #1 TCCR2 B A #iHI#4iE
I FHER - 544 TCN2UB. OCR2UB 1 TCR2UB BE
BB T/IC2 KR HFFRE
6. EEMEMFREDHT
H B P 32.768 kHz F R R #R. 44 TOSC1 IRE /IS |, ATBESER T/C2 T
EEIR, RETRPAMLEREIRS 4 50 E.
ETCNT2 ,OCR2M TCCR2 I IEH KIEAEFSR , BN TOSC B4 1E Bk 3L /5 = 8
FENNBNEES. EREMNEEREABNTER I TERTHINRIEEA
B, SNEFHREESEMUNERFS , ELE TCNT2 HF2TFH OCR2HE
BE, RERESFEHRASSR ARREHRERAECKXEATBENFES.
WMREMA T/C2 ERN MCU BHEERHY E Standby X MR EES 4 |, M7E TCNT2 ,
OCR2AFITCCR2AEH 4 R 2 B FREHE A X LEKEREE R , BNIMCU R BELET/C21i%
BEMZa# AREER, XX TFH T/C2 IR CE A HHE MCU REEE |
REFEH OCR2 = TCNT2 LR ICE 2L, MREEF TR ZH (OCR2UB
H OMCU ®HA THREEER , BALELRLEE P KEFSEKE , MCU thXKiZTE
WEET
MBEBEAT/IC2ENEEERXNRY B Standby BXHNMELR 4 | MICTEEHRE AL
HKEERXNITR., PHBHEEE—/ TOSC1 AHHTEM, MBEMNRERFHIA
REERV BB /N F —AN TOSC1 B , PR TEB A% |, SSHt T EAKRE, WRAFPK
RECEFREAFREX—&H , UUREMTAEE
1. ¥ TCCR2, TCNT2 5 OCR2 EA&EMHIE
2. 1% ASSR MM EIHICHREBSE
3. #ABEEXHY B Standby ER
EEBTRSIERS , TIC2H 32.768 kHz IKHB T —E T/ , BRIEHABHER
5 Standby X, AFNIZEE , IRHHNREN A TEKIE 1 B, Eit , 2
WAPESHLEEN , FMNESR /Standby EXRERELZEF 1 DHEEFER
T/IC2, BN, BT BRI BNSNTREY , MERFIEN T/C2 FE[NRNEEHT
BEREH T EANREREERNASRHES, AFSNENRAXEFTFERE,
FARS T B EERNRY E Standby EXHWRELRE : PHEHEFRERE BT —
ANENSBNHREBESEES, MR | EAESETLUSEIT RSN REZ BT
BELXEMT —MNetst, BEEfF MCU Z1E 4 Natsd |, EBBERITHFHBRSEFE, +
MRS TR F 4 R 2 5T 14T SLEEP iBa 2 G,
MNEBEE X EE 2 FRYE R EI RIEE TCNT2 TaEiRE A ERAEHKIE. BN TCNT2
HRSH TOSC BT4hIRZIH |, MIZEL TCNT2 HFVET —NESHER 1/0 BRSNS
FHKRETHK. AFRXETFEN TOSC1 W EHAR. NEBEXGREET /0 (T B
&, MIREM TCNT2 BENHAKEEXHNE , BB T—1 TOSC1 EHRKE
Ko MNEBEXKER TOSC1 WHNREEFAFNE , MES®EREAEX,
I, BRELTCNT2 OEEFSR -
1. BE—MEEHYEEI OCR2 5% TCCR2
2. EEFHMENEFIREES
3. i& TCNT2

ok 0N~
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ERSEAT , PR SHELSTE 3 NMERARN—NERREAH, ELER
BARER S| AR S B A I BB B E BT B ED N RN T — e, Mk
REIMNZLSERRNHEL , MARLERR .

ERES /TR TS
_ T|MSK Bit 7 6 5 4 3 2 1 0
| OCIE2 TOIE2 TICIE1 OCIE1A | OCIE1B TOIE1 OCIEO TOIEO | TIMSK
®/B R/W R/W R/W R/W R/W R/W R/W R/W
WIE 0 0 0 0 0 0 0 0
 Bit 7 — OCIE2: T/C2 % Hb B Prifid = iy s B
Y OCIE2 MRS FERN LB PUFEREN | Fh "17 8t , T/C2 Wi H LR ITHE A FHE
fE, M T/C2WLLRITE &4 |, Bl TIFR # Y OCF2 BT , HH RS EF BT,
 Bit 6 — TOIE2: T/C2 & H = iffERE
Y TOIE2 MRBSERN RPN | #83 "17 &F , T/C2 KR H H M FARE, % T/C2
KRERH , BITIFR i TOV2 BRI , PRSI F BT,
124 ATmega8535(L) m———
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ERNER / TTHER PHIIRETER
- TIFR Bit 7 6 5 4 3 2

1 0

| ocrk2 TOV2 ICF1 OCF1A | OCF1B | TOV1 OCF0 Tovo | TIFR
B/IB R/W R/W RIW R/W R/W R/W R/W R/W
IRE 0 0 0 0 0 0 0 0

« Bit 7 - OCF2: HiH LB #RE 2

H T/C2 5 OCR2( i Lt R&F 1785 2) WEILELEY , OCF2 Efu, WNEFMRSEFE

BEHES O UBEEIXNHEE 1kES. ¥ SREG FF'EI’J{J_ I. OCIE2 1 OCF2 #E I} ,
EF&J?EE“&F?E' B AT

+ Bit 6 — TOV2: T/C2 BHfrE

Y T/IC2 @RS , TOV2 Bff. HITHNNPIRSEFNEMEFET, L, TOV2
LALEEE 1 %8S, 4 SREG H#f 1. TOIE2 F TOV2 HEMNE , FHRSERF
BEIMIT, £ PWMERXH , 5 T/C2 1 0x00 HEZIEH A @A , TOV2 B,

ERES / THEsm o e Figure 64. T/C2 W% 3788

clk

o Clkyps
’—>P Clear 10-BIT T/C PRESCALER
TOSC1

| L]

AS2

clky,g/32

Clkyp/64
clkppe/128
Clkyp/256

clkr,o/8

clk;,g/1024

PSR2

CS20
Cs21
Cs22

$ gl i

TIMER/COUNTER2 CLOCK SOURCE
clky,

T/C2 M SARRHI 4 AR RN Clkypgo HTRE M c|kTZS SRE XM clk o EFE. BEN
ASSRHJAS2 , T/C2 S| TOSC1 RE I3 |, #£48 T/C2 A LAMER — N SRETBT4% RTC,
J£AF TOSC1 #1 TOSC2 MO C B |, I8 L AToME —ath & iR ( IEBIRSTH Bt
32.768 kHz Hyth KRBT TR1L )o FHET TOSC1 LEEEMABEHES,

T/C2 B ATRET D LT : Clkyog/8. Clkyog/32, Clkyog/64. Clkyos/128.  cClky,/256 Hl
Clkrog/1024 0 BEFNE AT BUE R clk1,s FO (B LE T4E). B{2 SFIOREF 1787 H PSR2F E (7l
DA , AT AVE A P MRN8 T3 20 3 3R FF 1R T4

¥ BRIDEE 10 18R - SFIOR

Bit 7 6 5

4 3 2 1 0
I ADTS2 ADTS1 ADTSO - ACME PUD PSR2 PSR10 I SFIOR
/B R/IW R/IW R/W R R/W R/IW R/W R/IW
NHE 0 0 0 0 0 0 0 0

» Bit1-PSR2: Mo ME{ T/C2

LZMNE 1, TIC2 DS, BEXKE , ZNHBEHES. ZUE 0 TR, R
8 CPU BH444ER T/C2 B4 | Z{iE N 0, H T/C2 THEERSERE , EFMDMEEE
NZNMREFRN 1,

AIMEL 125
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BITHN&ED - SPI

AIMEL

R 1THMZE O SPI A1 ATmega8535 MAME S E A AVR e85 F# TR RN B S HIES .
ATmega8535 SPI B4 T -

« NI, IKASKRELE

o EHRMIRME

« LSB B KXAR MSB BELE

© 7 HARERN SR

o ERERPWIRE

- BREERSAN

o ATUMAREXGE

« ERENFNEFEEER (CK2)

Figure 65. SPI 54EE ()

T [ led
MISO
y =
M MOSI
XTAL MSB LSB o -
e <«--le@ s O
l 8 BIT SHIFT REGISTER S
READ DATA BUFFER 61
DIVIDER &
121418/16/32/64/128 . . E
Y [e)
o
A A A A CLOCK Z
SPI CLOCK (MASTER | o
SELECT CLOCK S SCK
LOGIC > M
A
e —
Sl o
o a
= ow| &
2% 8
1 MSTR
SPI CONTROL SPE
f o @ < - o
o)
2 3 S o Bl 85 §EEE
ol = ‘ ‘ ‘ ‘ ‘% 0| o A = O O un o
A
|SPISTATUS REGISTER | | SPI CONTROL REGISTER
R 8 8,
1
v v

SPI INTERRUPT INTERNAL
REQUEST DATA BUS

Note: 1. SPI M SIHI#ESIES M. P2Figure 1 5 P58Table 26 -

EHMMALZEIH SPI EHEIN Figure 66 FTRo REDERM MM FF2RM — N E A&
RAER. BIFRENMIN SS SIMAHE , ENE —RBRSRE. ETNAMIEEER
RENBFERAMBNBUFFIR, THE SCK 5l L= ErtBoh AR EIE. M
B BFEMENE MOSI BH , AMHLE MOSI B A ; ML BIRERMHLEY MISO BH M
EHH MISO B A, EVEIFMIN SS HEXRASMINE S,

BB R SPI EHAt , SPIE#EOTR B3NS SS SIM |, SHH AP HHARLE, X SPI #
FEHEESEARENFZS SPI ii4 |, FF 8 LIS HEB AN, FiERE SPI B4 E
I, G RARE SPIF B, R ILE SPCR 317839 SPI M fE4E(L SPIE B{y ,
WK E. ENATLAKLEE SPDR EAKBEUBMEIMNNAE |, RE ML SS I
SUARAHRESRETR. REHRNBEN—BEREFTEAFFERE,

BERIMHE , RESS H& , SPI EOF—EFRIFERRS , HRIEMSO =S, £
EMNARSTEG AU ES SPI #IEZH 1738 SPDR N ZA., EMMELET SCK SIBEIAH ARt

126  ATmega8535(L) m———
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t  SPDRWHIEtLFRABE  BEZE SS#HHEK. —NFVRL2BHIE , HE RS
SPIF &I, MR AT SPCREFEH SPIRMIEREM SPIEE N , AT~ FMER, EiE
I ARKIFEZBIMHL AT U EE SPDR BAHIE, REHRNKBEN—EREFETE)
BFHRE,

Figure 66. SPI 4l - \HLHY EiE

MSB MASTER LSB ' MSB SLAVE LSB
' MISO MISO|

T 8 BIT SHIFT REGISTER |—<«€— <« 8 BIT SHIFT REGISTER T

A 1 1 A
> : MOSI MOSI: >
SHIFT
| | ENABLE
SPI | SCK SCK !
CLOCK GENERATOR [ %> s ss‘

SPIREMREFARAB-—NMENER , MEBRAS QAR NETR, HHRRHR  ERIEAN
—EESFIBATRLBLRET N SPI BIEFERIITERE. MERKHEN ,F
EET—INFHBUNRERZIEIL L F SPI REFEHFEMA A EHBIINFF. BN
B-ITFTRER.

THETF SPI MHUERET , #41B B3 SCK SIMMAMAGSHITRE, N T RIENEE
BWIEWFXR , SPI R TaEE f, /4

SPI f##E/E ,MOSI, MISO, SCK 1 SS 3| ¢ Bz 5 54F 32 B Table 56 FT R B3 # T8
B, FZENEREEESE PS5 ImOME_INEE ",

Table 56. SPI S|fE# ()

SIEp B@E, SPIEH BE , SPIM#L
MOSI AREMX LN

MISO BWA AFEN

SCK AREX TP

S APREX DN

Note: 1. {ESZ& P58“ U0 B WS =Ihae " LT M WMAIE LA P E XK SPI 58,

TEN IR A MEF SPI MR EN , AR WAI#HTHE 2N BELE, 6l F+
DDR_SPI /MM LERHYEHE 5 M & 725 & ; DD_MOSI, DD_MISO I DD_SCK 44 H

A IIIEI% 127

2502E-AVR-12/03



128

AIMEL

SR BIEAEARE, bk , MOSI v PB5 SIH , W) DD_MOSI /A DDB5 Hi
DDR_SPI /A DDRB HfX,

SCRRBpIE ("

SPI _Masterlnit:
; RE MOSI M SCK i , EfmA
| di r17, (1<<DD_MOSI )| (1<<DD_SCK)
out DDR_SPI, r 17
;. fHBE SPI EHMER |, RBEIEIREN fck/ 16
| di r17, (1<<SPE) | (1<<MSTR) | ( 1<<SPR0)
out SPCR, r 17
ret

SPlI _MasterTransmit:
. BEHBIEARE (r16)
out SPDR, r 16
Wait_Transmit:
; EERERER
shis SPSR, SPI F
rinp Wait_Transmt
ret

Cc R@pIE™

void SPI _Masterlnit(void)

{
[+ g8 MOSI M SCK Rt , Hf A */
DDR_SPI = (1<<DD_MOSI) | (1<<DD_SCK);
/* fERE SPI EHES | igEREERN fck/ 16 */
SPCR = (1<<SPE) | (1<<MSTR) | ( 1<<SPR0);

voi d SPI _MasterTransm t(char cData)
{

I* BEhBEEE </

SPDR = cDat a;

1> ZEfFEMER </

whil e(! (SPSR & (1<<SPI F)))

Note: 1. BFBRECZ8E 7T EBWHILH,

ATmega8535(L) m——
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TER B F 5B T SPI DAL A ML, BUR I3 1T 18] S B B3R 42 UK

SCmimARO

SPI _Sl avel nit:
; REMSONRME , Ht A
| di r17, (1<<DD_M SO
out DDR_SPI, r 17
; fEEE SPI
| di r17, (1<<SPE)
out SPCR, r 17
ret

SPI _Sl aveRecei ve:
; EEERER
shis SPSR, SPI F
rinp SPI_Sl aveReceive
; BREEREINSE  AERE
in r16, SPDR
ret

Cc R@pIE™

voi d SPI _Sl avel nit(void)
{
[* REMSORME , it @A */
DDR SPI = (1<<DD M SO);
|+ fEEE SPI */
SPCR = (1<<SPE);

char SPI _Sl aveRecei ve(voi d)
{

I+ FEFERER «/

whi | e(! (SPSR & (1<<SPI F)))

[* REHE */
return SPDR;

Note: 1. BIRBRECLIE T EBWAIL M,

ATMEL
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SS SIMEThEE
ML

EHER

SPI ##|%F %78 - SPCR

AIMEL

% SP| BB N MIES , MALIEZESIR SS BRNMA. SS HEFHE SPI#ED, MISO
BAmn (AFSARTHENNGOERE ) SIM , EMasIMRAmASIE. =SS hEn
FRIEMSIMA @A , SPIBEEN , FTHEEREKE.

SSEIMM FHER/FHHWEASEEEA , TUMEMNB T BB ENMNNH K EBRE
&, HSS MBI SPIMHLI BN E B MEIZZE HAEFABUTERETTENRIE.

% SP| & EHLE (MSTR # SPCR &AL ) , AP AILURE SS SIS 5 .

# SSEERWE , WHEI M AEZEN /0 OMFEM SPI Kb, MANAZMAR
RHMHLEY SS 318

ME SSEERBA , BDIAGEE NS LRIE SPINERE T, EREHEBNEN , SSH
WA, BHEIARHIK , W SPI RELSFHEEFEBRAG—INBENFESERZ AN
WMo ATHHIEELPZR | SPI REFSSIMM T EH4E :

1. &= SPCR K MSTR 1 , {# SPI B ML , AT MOSI 1 SCK 2R #i A

2. SPSR# SPIF B, & SPI FifIe /K , MRS EFEEINT.
Bt | AP R SPI EHBIBIEE S , H EFE SS WAKH TTRL T | FHTR
SEFNZRE MSTR 22BN "7, EHET , ARSI HEN , LEHFsE SPI 41
ER,

Bit 7 6 5 4 3 2 1 0

I SPIE SPE DORD MSTR CPOL CPHA SPR1 SPRO I SPCR
B/B R/W R/IW R/IW R/W R/W R/W R/W R/IW
NBE 0 0 0 0 0 0 0 0

 Bit 7 — SPIE: SPI Hh AL

;ﬁg;ﬁfﬂ_ﬁ HE SPSR &1785M SPIF Ml SREG SN RP WM EN , M5k
+ Bit 6 — SPE: SPI ffig

SPE B #E4E SPI, 3 1TE{A SPI R¥EZ I AME L SPE,

+ Bit 5- DORD: HiEXF

DORD BT #EH LSB B KX ; BUEKIEN MSB B LK%

+ Bit4 - MSTR: £/ \i&#

MSTR BUA &R EHER BN HMHL. MREMSTRA "1 ,SSEBREA , BHAIK ,
N MSTR #7E % , & 1785 SPSR i SPIF Bfi. A A MEFIZE MSTR i#t A EHER,
 Bit3 - CPOL: B4Rtk

CPOL BURTRZEWA SCK AGHET ; BNZEFET SCK HEETF, iHSE Figure 67 5
Figure 68, CPOL hEERE&MT -

Table 57. CPOL Ih&g

CPOL B#RA &Rk
0 EFHA TR
1 TR EFHn

 Bit 2 — CPHA: Bt4p4E 4L

130, ATmega8535(L) m——
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CPHA REFHIERE SCK M2 188 Kk 2 E SCK & RB X, 5% Figure 67 5

Figure 68 .
Table 58. CPHA Zh&E
CPHA R g£3xh
0 ¥ ®RE
1 ®iE Py

» Bits 1, 0 — SPR1, SPRO: SPI ii4iER%E 150
HWEEHE SCKEE, SPR1 M SPRO XMMHK BRI, SCK MIERHIRMI BT EMERK f

RREMTRMAT :
Table 59. SCK MiE% 2RMEBRI X R
SPI2X SPR1 SPRO SCK

0 0 0 foo/4
0 0 1 fooc/16
0 1 0 f.oc/64
0 1 1 fosc/128
1 0 0 fos/2
1 0 1 fosc/8
1 1 0 fos/32
1 1 1 f.oc/64

A IIIEI% 131
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SPI RAE 178 - SPSR

SPI B#E&F 78 - SPDR

AIMEL

Bit 7 6 5 4 3 2 1 0
| spF | wcoL - - - - - sPi2x | sPsR

®/5 R R R R R R R RIW

e 0 0 0 0 0 0 0 0

* Bit 7 — SPIF: SPI Fjifir&

BITRIZERG , SPIF BfL, &L 727 SPCR 89 SPIE M2 B M EEEVEN |, SPI
RETEI=E, MR SPIREHN , SSEEANMA , BRAIE , SPIF FEM. #H AR
RSRFESPIFBES, RET BT £RSPSR , K& SPDRFX SPIF &S,

+ Bit 6 - WCOL: B4 ZiRE

FERIEL PN SPI HIE S 738 SPDR BEIEFE L WCOL, WCOL AJ L& %1% SPSR
g%#lﬁlﬂ SPDR ;E/ﬁ TS o

+ Bit5..1 —Res: &5
REBA, RBREREERE,
» Bit 0 — SPI2X: SPI {&3£

ENE SPI fREMME. BEREN (A Table 59) , M| SCK $MZE A3k CPU SMEM — 2,
%ﬁ‘]}‘A*ﬂa -~ EEA%&E fosc /4,

ATmega8535KI SP1#% O [F B ik A kSR H 2 F MIEEPROMMY T8 f L&k, S M P238 #Y
SPI &1T4mEM R

Bit 7 6 5 4 3 2 1 0
| wss LsB | SPDR

®/E R/W R/W R/W R/W R/W R/W R/W R/W

MEE X X X X X X X X Undefined

SPIRESFFRNR/ EFESR ARESFTEEXMHNSPIBUTFRZAEHAKE. BF
FRNRIBRERE  REFRFRIFERNERE DR,

132 ATmega8535(L) m——
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HEES X FRITHIE , SCK WM AMIES 4 7944, CPHA F CPOL #24IEAEH AR,
SPI B & & W Figure 67 5 Figure 68, B — U HIENBHMBAKE T SCKREH
EEHTR , MRIEE 2B EEHIERE, XNMIFEE Table 57 #l Table 58 BF %

HYIR e
Table 60. CPOL Ih&E
Ehn gxn SPI #=
CPOL=0, CPHA=0 FHRE(LEFR) RE (TER) 0
CPOL=0, CPHA=1 RE (LEFR) EEE (TR 1
CPOL=1, CPHA=0 R (TRR) RE (LEFR) 2
CPOL=1, CPHA=1 BE (TER) K (LEFR) 3

Figure 67. CPHA =0 it SPI & #IE =X

o N N R
ez ) L L LD L L

| mode 2

[ SAMPLE |
| MOSI/MISO

wemen U OO
wseen OO OO0
1 1 1 1 1 1 1 /

[ s 0\

MSB first (DORD =0) MSB Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 LSB
LSB first (DORD =1) LSB Bit 1 Bit 2 Bit 3 Bit 4 Bit5 Bit 6 MSB

Figure 68. CPHA =1 it SPI H& g =X

oo I U I O I R O
s L L) L LD L) L L L

[ SAMPLE |
| MOSIMISO

e O O OC KO K K
Lwsoen A A K KA
[ = X i i i i i i | i /

MSB first (DORD = 0) MSB Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 LSB
LSB first (DORD = 1) LSB Bit 1 Bit 2 Bit 3 Bit 4 Bit5 Bit 6 MSB
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USART BRARS RS BTERENERSE (USART) BE— I BERENRTEREE, TS
_A
o EWMTHRE (MINBTERNZESES)
- RERESRE

o EH MRG0 E S R4

- BEERNRERRLER

* X$#5,6,7,8 I MREAM 1R 2 ML

s BHAXFNFRRBERE

o B EAN

o DA IRA A

« RFEER , GRERNOBRCLN , URKFEER RS

o SRR REGRPN, REABFEFERZTN , ARBERS RN
« SAEREWER

- EERSERER

&k Figure 69 33 USART HIf8{LAEE., CPU TLAiGEMY 1/0 Z47EE A 1/0 3IMLUEAE .

Figure 69. USART H1EER "

f

*********** ¥ T T T T T T T T Ciock Generator|

UBRR[H:L]

v

osc

BAUD RATE GENERATOR -

Y

L DATA PIN
;:D_> RECEIVE SHIFT REGISTER RECOVERY [ conTROL [

PARITY
CHECKER

UDR (Receive)

|
|
|
|
|
|
|
I | sYNC LoGIC PIN
| v »| CconTROL [*T7™] XCK
|
-++FH——-——3---— — = —— — —
| Transmitter |
| ' T
| UDR (Transmit) CONTROL |
7 PARITY I
ol ! GENERATOR I
=) I PIN |
a| | TRANSMIT SHIFT REGISTER CONTROL | TxD
< =
oo T ___ ]
al ! Receiver |
| CLOCK RX |
| RECOVERY CONTROL |
| |
| |
| t RxD
| |
| |
| |
| |

UCSRA UCSRB UCSRC

¥

v

Note: 1. iEZ%# P2Figure 1, P64Table 34 5 P60Table 28 7T f## USART K5I % # o

134 ATmega8535(L) m———



| ATmega8535(L)

AVR USART #l AVR UART #
B

R =4

2502E-AVR-12/03

RLAER USART 21 T =AM EERD : (P RER , RIERMEWEE, EHFEHRE=
NETHE, MR ERETERLSEE  BYCTHRERRERRNIMIESEREFRER
M SANER I ABRTEP RS HER, XCK (RERNH ) SIMRAATRSHHEN, KXFIE—
NEEAER  BITBUSFR  FEREF[URLETHNMEXAMENZHEE, BE
HBRAURFEZREBEM A 2EREVZE S ALER, BT EKREGH S NHE
MELST , ER USART ERHPKRERN, MELTATRIHRENZR, RTIRER
T, BERSEEEETEARE 2528  BuFFEEN - MR RIBRE TR UDR. EIK
BRXFSRERMARNMEX , AR MER  BEIENFERKLE R,

USART £ T 5 HES AVR UART T2 # A :
FiE USART HFEERMIE X
RIS RRERR
RIEBRBRIE
RIEE R RE
B ERRE
AW, BRSBEEHRERNAENLOE , ERERKERTEAXBRAY

BT —NEHEE, ANEAHBNREFRE —NERN FIFO, HitX FEMNEW
BB REEIR—R | EEENRHIRIFE FE M1 DOR |, LARE 9 MIEHL RXBS
SRE-EBERTEKREPE. ttaz,ﬁﬁlxﬁyum%ﬁ%ﬁiww@hxh Ao
BNFEKERRS

BUWBNFEFESRTUMEAE=ZREH, ERNEARWIEZHRR | BIETLUR
ETRIBNSESRZF (3L Flgure 69) , BEEIRNEIFMELMN, NTERET
USART i #E2 & (DOR) K8

THEAEEVH BT X3, @EIJJ?J‘E%DE%??%%EF MBEHZERE :
CHR9 & UCSZ2
OR &y DOR

AT =B BN KX RSB~ A ERAt#h, USART X 4 HEXWEY : EENT
SER  FENFIER  EVNEISEX | URMNELSERX, USART #H|47 UMSEL
MRS EF 78 C (UCSRC) ATERRTEANETEN, FEEN (REATRISER
) B F UCSRA B1F8H U2X, BARSER (UMSEL = 1) Bt | XCK HEKIB 5 M 51758
(DDR_XCQ)JEEETI%‘F?J?\%EE A= £ (EVER)ERBAABLE= MNVER), RERSE
T XCK B

Figure 70 Jy Bt =B BERVAER
Figure 70. 4= 42 EER

UBRR
u2x
fosc

Prescaling UBRR+1
Down-Counter > 2 ot > /2 0

A

OsC — txclk
DDR_XCK
Y }

Sync Edge

xcki Register | Detector o
XCK 7'y ; UMSEL

Pin | xcko y

DDR_XCK UCPOL
rxclk
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E558A :
txclk KEEFETEF (REBEF )
rxclk EUWREEEMETH (RIHFES)
xcki XCK5Ifi@mA (RNEES ), ATRIZMHRE
xcko HiHE| XCK sIMEtsh (REES ), ATRDSENBRE
fosc XTAL #i% ( REad4t )

FARMTE - REGRRER NEHATRIEXERS ENERX , SR Figure 70,

USART KR 4FR & 1788 UBRR MBIt EESMHESR: , — B R ATREN T2 MRS
RERER, BEHTHRSEXNREN 1T, HHITHEIER UBRRL FiFHREEN , 283
%A UBRR FFHMNE. HiITHREBNFE— P , SR ENERSELESNA Y
EEd , WS RIBRER R f/(UBRR+1), RAEZBEXIRIFRKESNE HATE#T 2, 8
16 WM , BEABRERT ITHEER., RERREFNHEHRERER TERSISHE
MER T, BFEMELTFERT —NE2, 8RI6MRBHRSH , EERSHBHUMSEL,
U2X 5 DDR_XCK {8 EH TEE RN RE,

Table 61 44 Tt EIRRGR (f/¥) AR ITES — M6 AR IR R THEKR XL UBRRE
/N WS
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BEITFER (U2X)

SAEBEt 4

2502E-AVR-12/03

Table 61. RFEITE LR

fERAES BERNITELARXO UBRR ERitH AR
RISEEER (U2X=0) f f
BAUD = ——23C___ | UBRR = —23C __ 1
16(UBRR+ 1) 16BAUD
FEHEEER (U2X =1) f f
BAUD = —25¢ | yBRR = -23¢__
8(UBRR+ 1) 8BAUD
B EHNER f f
BAUD = —9SC UBRR = -925¢__
2(UBRR+1) 2BAUD

Note: 1. RASERTE W HEWIIMERIERE (bps)o
BAUD K4 ( bps)
fosc REETHME
UBRR UBRRH 5 UBRRL HY#{& (0-4095)
Table 69 4 T E XL RZRT#H R TX R A UBRR HE.
BIIRE UCSRA F178aH U2X AIBAMEMEMEE MG, RURANFLS THEEXER, H
IHEERSERN | RBIZULA "0

REZVIERIFRDHERN D IEM 16 FE 8, RS BREMNLRERMME, HAHEK
FRRAEA-—FHREHENBERTRERNHRE AL EZEXA TEEERBH RS
N SERBINRERRE. RERIWEAXNMER,

B MHLIREEX BSR4 IR |, 0 Figure 70 FiiRo

WAE XCK SN Rt HEIS SFERETERE  AUREREY. BFSFESENE
HET— MRz K RENATAERSERSE., X—IRZ3IATHE/ CPU KA
HAMVEERT | b SAEE XCK B KRBTSR =R LT AR RS -

fosc

fxck <

T f, BRARNBHREMAE W THLEAREEHEARE  BURERBH

HE,

A IIIEI% 137



E R E

i g

AIMEL

FERARPERN (UMSEL = 1)XCK S| B# A Taterim A (MYER ) Satepimd ( EVE
X )o FHEFRDR. BRENRESHENTLCENRZNELHNER . ERTRERTH
% TxD B9 XCK B4 B9 48 i in 33 B 3B 50 A 3% RxD #1TR 8,

Figure 71. FEZEXEHY XCK B F

UCPOL = 1 XCK \—/—®—/—\—/—\

RxD / TxD }i \>< >< ><

L S Sample

RxD / TXD }z k>< >< ><

Sample

UCRSC F 7259 UCPOL {7 TE 2 A XCK Bt 5 B9 TN 32 0 3o 4 3 17 SRASE 0 i 2 i HH 280
#&. B0 Figure 71 Fi/R , 2 UCPOL=0 BY , 7 XCK #y L0 iR H ¥ , £ XCKHWT
PR BEATEHIERAF ; & UCPOL=1 Bt ,7E XCK By T F#in i tH 8iE , £ XCK W EFin
HATHIERH .

BTHREMHBEFZEMNERSN ( FBRUSFELEN ) ARATUENFTERBMERK,.
USART #Z LU T 30 #A S HIFEMER :

1 NMEIRL

5. 6, 7, 8T 9 NKIEN

TREN, FTREBERE N

18 2 MELE{T
BIREMARRMTSG , REERBEFNREN , BJIEFRZSTUE 9 NREN , UEE
MWEREMER, MRFEEETREMN , REMFEEEREMN  RERERMN., H—ITE
WEENERE , T EEE T — N BEN , EEEEL TZRRS. Figure
72 AR A ATREM BRIBME A S, FES PN ETEN,
Figure 72. Mg =

le FRAVE N
[ |

mm)\&/0X1X2X3X4XmeXmeXm/wuwﬂ(wmm

St B, BENERTF

(n) BB (0 ~ 8)

P REA , TR FTRERBRE

Sp Zif , ERAEHETF

IDLE @ik EREH%EEH (RxD 5 TxD) , LBERNSLTNFEF

HEMH S E UCSRB M UCSRC FfFaaH#Y UCSZ2:0, UPM1:0. USBS i&E. %
WEREERERNIRE, RENFEMRTHTRRAEERTHREERESEY,
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By it

USART HI#I3R1L

2502E-AVR-12/03

USART Y ZE& M UCSZ2:0 HaE 7 BRIEMI MY BB ; REEN{Z UPM1:0 A FERES R
ERBAEA . USBS IREME — UL RNV, BWS[ZHEE-_NMEIEN , BHik
Mi4EIR (FE) REE —NERM A "0” RHERME,

REMHITEENBENEMBTRIZE, IREFTHRE  MRHEREFEN
ko REBMSHBMHXRMOT

d, 1®..0d,®d,®d; ®dy®0
d, 1©..0d,®d,®d,;®dye 1

D
even
Podd

Peven MBREER
Posag BRENLE
d, % n MNRIENL
REVATEE-—MBELSE—MFLEMZE,
HITERFE 2B EEEN USART #HTHMR{L. MRIELTBERESIERIFEMNZE , NN

BIRE , AR RIEFEEREBRBERRIEET . X THEIRZIA USART #4E , £4HLA
BAERE2RTPMIREM (£ RPIBEER ).

EMWE USART BIRENIZERBREEBNIBTRL THIT. TXC RS A SAARLKE
—MEEMNRERBCELTR , RXC RS AL ARG BRBEFSEFREEFHRE
R, ERRREREZH (EERERIESF 788 UDR 81 )TXC FREMLLTEE,
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AT R USART #M11L iR FRbl. BIRRATRE (PHEER ) WRLSRE , mMEME
HMEEEN. EBERENERSHRAL. ELAEFERBESBRETFRESE 17116,
HE A UCSRC #1858t , B F UBRRH 5 UCSRC # I/0 #hiit , URSEL i (MSB) 44
B,

SCRRBHIE ("

USART_I nit:
. RERFE
out UBRRH, r17
out UBRRL, r16
. B SRIEE R
| di r16, (1<<RXEN)| (1<<TXEN)
out UCSRB, r 16
. REME: 8 NEW, 2 MEUL
| di r16, (1<<URSEL) | (1<<USBS) | (3<<UCSZ0)
out UCSRC, r 16
ret
C RuapiR "
voi d USART_I nit( unsigned int baud )
{
1* RERFE*]
UBRRH = (unsi gned char) (baud>>8);
UBRRL = (unsigned char) baud;
|* BBRESKEFERE ]
UCSRB = (1<<RXEN)| (1<<TXEN);
1> REMBE: 8 NI, 2 ML
UCSRC = (1<<URSEL) | ( 1<<USBS) | ( 3<<UCSZ0) ;

Note: 1. ARBBREELEE T SEHXH.

EESMNBLCEFTRNENENSH, BIEPMESE, AMTFSHAREFEREEN
RERSRHGER, LNDKRCRBANERREEIERFT  R5ET /10 BRONH
{LRIBASE -k,
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MIEXRIZ - USART KIXBE ={I UCSRB B1782M &% A iF 1 TXEN SSE4E USART MIBIE %1%, EAE/S TxD SIH

R3E 5 3 8 U BIB Ay I

2502E-AVR-12/03

9B A 1/0 ThAERN4K USART ZHEERFELA , BN RIXERM BT HSIM,. REREE
REFRIFER, TEEASHEHE. NMREARS REER , BT XCK 5| LAY A&
E 5 BN BIE R IE A BT H

FHEERENBENRIZEZFRFEHBIERIE. MFIEEH CPU X UDR FEF
RN ERE, UBNUFFHRETUREN —MRER , EPNBESEBIBUTFSR. 4
BUSERATZRARS ORBFEERTHRERSR ), R —MBENSKE - MM
BEER , CRMBFTNKE, —BEBUFTERME THHOEE  oBRRIREN KSR
SEREIEAY R

UTRFSH - UDRE IREXRAREHF RN REHRENG 7. HRENBEDT 8 fu
Bf, EA UDR #NMENS/LVFHZHK. SR HTEARABZEEENHRIL
USART, #HLmABHELRENBEFRT R16,

SCamkmpIR O
USART_Transmi t:
. BERRENENE

shis UCSRA, UDRE

rinmp USART_Transmt

. FHEHAE R | REHAE
out UDR, r 16

ret

C RE@HIE "

voi d USART_Transmit( unsigned char data )
{

1% SHRFEWERLE *|

while ( !'( UCSRA & (1<<UDRE)) )

1% (FBIEHAENEE , REBIE *|
UDR = data;

}

Note: 1. ZABEBRECLER T SEN KX

BIMEFRAREFAMNELENEIEN , BERN UDRE ISEFREEFHENE,
MRERTHRESFRZPH , WREBAZRHRNREETTHEFPHT,
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MBLE 9 MHIBHBEN (UCSZ=7), NATFHRIENSE 9 WEAEEEE UCSRB
TXB8 ,AAEBRESMNHBEEARERIEFTFERUDR, LA TRFA H XXM EIENHE
Wil ¥, ELRARBFELENBEERIE R17:R16 FEHRT,

SCamra IR ™
USART_Transmi t:
. ERREENERNTE

sbis UCSRA, UDRE

rjinmp USART_Transmit

. FEIMLMr 1T HEHF/TXBS

chi UCSRB, TXB8

sbrc r17,0

sbi UCSRB, TXB8

i T 8 UM IEHALE PR, REHAE
out UDR, r 16

ret

Cc R@\pEo
voi d USART_Transmit( unsigned int data )
{
|* SFREEFERZE *|
while ( !'( UCSRA & (1<<UDRE))) )

|* FE9WEFHFTXBE */
UCSRB &= ~(1<<TXB8);
if ( data & 0x0100 )
UCSRB | = (1<<TXB8);
1* FHBEHALEEE , REHE ]
UDR = dat a;
}

Note: 1. XERHINBRAEH., R UCSRB WARBRENATREEEN , MEATLU# —F1{E
1. flan , Mk{t/a REHR UCSRB 178589 TXBS i,

FINBBFEESVNBEPATRR UM , ERSBES ATUATHIULE,

USART XA BB M IMMFIEN : USART BIEF FES =45 % UDRE REERE RIZE TXC ,H
ANFRELLER BT L= 4 A,

HIEFFRT UDRE HRENRTRRIEEZNFEE TES —MINHRE, ZUEREE
HEREMNRE " HERREAREERFBRENBRERES. NSRRNBM4RE B
UCSRA HFE&ZVEE "07

% UCSRB HFFS#RPHWHIETFHRZPHFsE{z UDRIE 1 "1” it , RE UDRE #E (
BB ) , B =% USART BIEEFFRZEPHIER. W EH1788 UDR HITERME
$75% UDRE, HXAPKMARNERAKREN  ERESESEIMBRSEFDS4AE—
NEHEHEEI UDR BUEE UDRE ; SiERZE L BESFEFRZFM, SN —BZHHER
SR, — NPT ER &,

HEMNREMBHREBNTES  ANREEARPOXEFNREN , RIELERIRE
TXC B, TXC EERELERPHHTHENES , BAEZMNE "1" KEE, TXC IREML
NFRAWRS-485 FRAEMNENTEEEO+27EH. EXENAR , —BARETE , N
ARFSIRBOEES B & H I ABBCRA,
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M UCSRB LW R ELE R PMERE(L TXCIE 52 BRI E R "1” 6, BE& TXC
FREMHWEN , USART KELRPUDTFHEINT. —BEHABMRESRERF , TXC &M
BN B3ET , P ERF T 4MIT TXC B BRE,

TR 4 ik FARE T £ BN BTHREMAERAMAN KRR, REMEE (UPM1 = 1) 8, RixE
HEEERSERENRE LSS —MFILAUZEEAFTBERREN,
1o, §03 TXENBERE  RASIMANBERAETRERERTRBEERLIL  BREBUEF

BEREEHFERTREEEAENEIE. RIERBILEF  TxD5IMREEER /08,

A IIIEI% 143
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WMIFEW - USART ZEUNET =1 UCSRB HERMEW AT (RXEN) BIT B3 USART HIKEE, SRR HALE RxD
KB S| ThBE4E USART DHAEFREVE | VBN RITHM A D, BHITRIEE K2 Y
SESBEHLSE, BESIRMER, NREARSERE , XCK 3B Laatit AR

B 5 B 8 MEHRALAY 5 B
Ei0

i lE

—BEBERNE - MNERRRRAN , I REREE. BRAUENE —(IREERF AR
REMNRAFRY XCK rtep T, EEWE — BB S —MFIEf, RRIHRIE
BOEANBRBNFFR. F-NMELEASWIRKERLZHE, BRIFE-—MELNE  BRE
NEESRRES T N ZEOHREMN. INBUFFRPHANDRREBIRBE TR

o BT EE UDR R Al R B ZRE R R B/,

UTRFSA H - RXC iR KRR A NEBHBENS 7. SBHEMDT 8 et , N
UDR REXARIBI S LN 0. LR, BITARRB AT B EEHEL USART,

SCRRBHF

USART_Recei ve:
. FEHEREE
shis UCSRA, RXC
rjinmp USART_Receive
. MBI PR AR B
in rl6, UDR
ret

C Rm@sl+ O

unsi gned char USART_Recei ve( void )

{
| * EFRERERE]
while ( ! (UCSRA & (1<<RXQ)) )

1% MEHEEPIREFHIR BB |
return UDR;
}

Note: 1. ZRBEBRECLEE T HNK KM,

ERENRIHRE A , BHBEIKE RXC iREREFHRFEEABERENER.

124 ATmega8535(L) m———
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L 9 MR ALY 75 3K 2 g MBIRET 9 MNEHEHBIEM (UCSZ=7) , FEM UDR EREVK 8 (U 2RI A E KRB E
£% UCSRB K RXB8 LAIRBEE 9 uBiE. X MHNIEHAER FIRSHREN FE, DOR K&
UPE, IRAE T iENUCSRAKE | HE BT UDRIKE, ELUDR 71 8 T & T R E
HEE FIFO BIRAS |, M EHEME FIFO fY TXB8, FE. DOR & UPE fi,

BETRNRBROABRT — MR USART R EEK | 1% 87 20414 22 O 7 21 48 RORAS AL

SCamra iR ™

USART_Recei ve:
. FEHERBE
shis UCSRA, RXC
rjinmp USART_Recei ve
. MEMERRERT. FILRHKHE
in r18, UCSRA
in r17, UCSRB
in r16, UDR
. HRHLE, RE -1
andi r18, (1<<FE)| (1<<DOR)| ( 1<<PE)
breq USART_Recei veNoError
| di rl7, H GH(-1)
| di rl6, LON-1)

USART_Recei veNoEr r or:
. WIEE 9 B, AERE

| sr rl7
andi r17, 0x01
ret

C R@\pE"
unsi gned i nt USART_Recei ve( void )
{

unsi gned char status, resh, resl;
1% EFERHE
while ( ! (UCSRA & (1<<RXC)) )

1% MEHEPRERT., FILRHKHE]

/* frombuffer */

status = UCSRA,

resh = UCSRB;

resl = UDR;

1% ZORHE, &E-1 %]

if ( status & (1<<FE)|(1<<DOR)| (1<<PE) )
return -1,

1> TIEE 9 WHHE , AFRE ]

resh = (resh >> 1) & 0x01;

return ((resh << 8) | resl);

Note: 1. ZRBEBRECLEE T MM KM,

LRl FHE#TEMTEZIRAEN /0O FFERNABRRINF R4+, XMFER
LT HEBEFBENFA. ERATRPHBRRT ZPas UIRUGIHHRIE
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BPEBRERIRE

TRRWEE

FibEWE

AIMEL

USART U85 E —Mr& B RIEBEINEAIRES.

BRLRIZE (RXC) AXRRAZEREFHEPERERZHOHE, HBREFSEHRER
BHAOBER , R 1, YBREPRERN O ITEERIEHOKIE ). WREWES
WEIE (RXEN = 0) , EWE 2B RE , M6 RXCES,

B {7 UCSRB Ky Z U & R AU {ERENL (RXCIE) J§ , RE RXC iR EN (B2 Bl RaE
) MAF4 USART ZIRLERAPMT, 8/ MA R THRIBERE |, BIEERLE R PR
SEFEFLTM UDR EEBELE RXC iFE , BN RAEFHLBREF—EFR , -1
PR %,

USART U85 E =/ MEIRIRE - W4SIR (FE), BB & H (DOR) RFBRE L (UPE). ©
NE T HFFEE UCSRA, BIRFESHEN —EBRFEZKEDEEP. HTIEE UDR
2WEZHPEE , UCSRA N A XLMEIRBZWEFE (UDR) ZHIIEA, HBIRFENS —
MR —MRENBTEELSRHESRERENR, ERANTRISHRTRNREZYE , X
FATBIRER AT X EEIRFERENMLEES "0, AN IRIRSE B £ i,

MEEIRARE (FE) REA T R ERBREFSEHRHT N IIEmMe £ — M ENVHRS, £
L IE® (R 1) W FE #5&R 0, BN FE /RERN 1, XMRETARENES EX, &
WM A A T4 E, UCSRC 1 USBS (UHIiRBEF5ME FE #r&f , BAKRTE
— 1 BRESZAIEHMNELN., A TEUEHNEGHERE , B UCSRA FHX —{u
ME 0

BERHTE (DOR) RPAMTEHWENRRER T HEER, HEREFREB (ST
AR ), BRBUFERXEHRE N —NMRNERE  BEEHMTE
T o DOR #R&V B BIRAE R —RIEE UDR AT —RREW UDR 2BEXRT —1IE
EZHHEM. N TSUEHNEEHERE , B UCSRA BiIX — U A4ME 0, ZEIEMR D
WwMBHFFREAERETIRE , DORIREHREE.

FERBERS (PE) B, BRESHEFH T —MBEETERNEFEEIR. MRTE
BT BRE , A UPE IREE. N T SEHNHRMEMERE , B UCSRA BHX — 45
B0, AITIFSR P139 REBMUMITE " 5 P146* FERK:ER " .

FEREEN L UPMI BB FERKER. RENER (BREERET AL )H UPMO
BE. FRRKRERE  REFFITERARENFTEHILERSHRENN T BARTLE
B, RELRNSHENFE LU -BF#EZRERSET. IXERTUBTRRFER
BHEIRINEAL (UPE) REEZKHIMFRERTB/ER.

METFT—MMEBEREPSEFEHABEETBER , HEFBRREMELE (UPM1=1), 1
UPE By, BF#EWEHES (UDR) #ULE , X—N—EBEEX.

SRiERML , BIEERERDZIEER, EERRNBEFER, Z1EEKER (RXENFE
F)E  BURERFTESR RD I/ ; EWE TR FIFO b2 WRIH . ZrrashBIEN
=Ko
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BT 2 R R

R BIEEEW

&5 a4

REFSBE

2502E-AVR-12/03

BIFRRERRT SRR FIFO BRI , BHREER. SBRERHNBEERELR. WRHTH
HMAMEEFRETRIFE HE , WEE—ERE UDR EZ RXC HR&FE. THH
RBETR T WARIFERE PR,

SCREBpIE ("

USART_Fl ush:
shis UCSRA, RXC
ret
in rl6, UDR
rjinp USART_FI ush

C kIR ™

voi d USART_Fl ush( void )
{
unsi gned char dumy;
while ( UCSRA & (1<<RXC) ) dummy = UDR;

}

Note: 1. ZBEBRECLEE T HNKKHF,

USART A— Mt REZ T MBFERE L TARLEZRSHRERR, SHHRESERT
EZM RxD S ANRS STHENNBERS RN, BIFRESERERSE , H
BY—EERKFETEAAANS —VHE MMRESZRENHRTHIERE, SRR
TEEEMETREDRSRNHHNEE. WA ARNRRR — WA eS8 M8,

B 490k 62 52 BB R AR SR AT IR LS I ERRY 4P R DB SR . Figure 73 BR 7 X il A ZRHE 10T
BIGUHRFETRE, ERTHEEXTRERIRERN 16 & , FERTHEEX TN RE
R 8 M, KFFIARTHTREMERNESHZ, EAMGERES (U2X =1) @S
TALREER. RxD %&ZM (BN BEMBIRESD ) B, REEN 0,

Figure 73. BRI X

S AR RENRREERNEERN
o Db L DT

Heti IR E BN R RxD & E—1 A& (2R ) 21K (748 ) WEFBEEZR |, IR
NFSIEHRES . MER , BIONARE 1 RRE—N0 X, RE HHRESBAX
¥ 8., 9, 10(EBER ), HXMH 4, 5. 6(FEER ), KHMEEEWE —MEBH
BIAfV, MRX=AREFNRNIRESIREESEE (SHRR) , BBRUKKAN
ERRFEMBIELER  FRBSET T HSIENBFERR, MRLNE—NERH
By, R IREZBKELS HITRZREE. 8- EBEUB2SIXEAENEST

o

BN SERRURSZE  BREMRETETFBAT. HFEMRELTER —MRENXK
B s - I HEL. SMMBSHIEZBERXATES 16 MRS, #EERXTER 8 MR
Ao, Figure 74 R T BB\ MFBULHRE . BIMREIBEET T -1 8F , X4
BFETHREREL THMHRSFS.
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Figure 74. ¥z R F B R

RxD BITn

SRR EERRRE

(U2X =0) 12 7 [8]9J1w0]11 12 13 14 15 16 1

i p— IS R

(U2x =1) 1
BERBINBFEALNEZEBFIN G ENSHRRE, RRNKEA=ZAERECZHO
REHRE, ATHERAXERE  BPXEFSHISNFEF. SHRRBXHEIHE
0 WMRE 2HNHAME SN REEHRSESF , MABRKRURNEE 1. MR 2DHAE
INMNKEERREEF  BABBMUBRENEE0, NMRXDSIHEANES KR | SHEK
RVEABRKRR—MEBIRK. BENEIRESHIT , EFEKI — M TEHHIEM.
Hptag7E— M. BRERNZREMNELE.

Figure 75 B8 T F LUK RHF | LR T —MESEA MK TRRHANER.

Figure 75. {F1E{U & T — MR RAE

RxD STOP 1 (A) (8) (©)
Sample |<i>| T T T T
(U2X = 0) 1 2 4

5 6 7 [ 8] 910]o1 o1 o
3

hdb

SRRANELUEHEER, BELUNEE O, BANFIRIRE FE BN,

WRBFF-RXHATNSEMEVBEE |, WA REE E—PBEWR T HOBEM. &
EEERF , F-MEERFHRERTURET Figure 75 5 A Ko EFERIHFERATE
—MEBERERILFIEEE B ], C AUNZBFLMNERNVE. BB NVHRE
R R ERN TEEE

r

(U2x = 1) 1

BEURNTETERRTEZRINBERRENBRER BN T TIRRE, MRS
SR RIS LA REmEREm |, REBRBAT=ENRBIRZEEENHE (R
Table 62) , AW BR L ESRIGNES.

THHNLAXTARITERERARRSNEHERRRERNLEE,

(D+1)S (D+2)S

Yslow = §T7+D. 575, Srast = D+ 1S+ 3,

D FHKERTFBUKENSM D=5 101)

S BUNRHFHR, BEBEXT S=16, BEREATS=8

S ATZBRRNE-NREFS. BEERAT S =8 , FEREXT S =4
Sy ATEZBRRNFEARFEFS, EBEAT Sy=9 , FERKKXT S, =5

sow EAEXN, RENBFEMARRSERB/REFRNLE ; Ry RUTEXN, &R
BB R AR R SRR B EN L E.
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Table 62 #l Table 63 5| T R F R AIBZREFEBFRIRE, FEEIENE ZBEEXTHK
BEAFEEANTILERE,
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Table 62. ZEER THENRAXBZWHBRIFRIRETLHE (U2X=0)

D BANERE
#(BE+FTBR) | Ryow% | Rpg % (%) KEENRAERERRE (%)

5 93.20 106.67 +6.67/-6.8 +3.0
6 94.12 105.79 +5.79/-5.88 +25
7 94.81 105.11 +5.11-5.19 +2.0
8 95.36 104.58 +4.58/-4.54 +2.0
9 95.81 104.14 +4.14/-4.19 +15
10 96.17 103.78 +3.78/-3.83 +15

Table 63. EXERX THENRAXBWBRIFRIRETH (U2X=1)

D BANERE
BT+ FM/OAE | Roow (%) | Reast (%) (%) EENBABERBIRE (%)

5 94.12 105.66 +5.66/-5.88 +25
6 94.92 104.92 +4.92/-5.08 +20
7 95.52 104.35 +4.35/-4.48 +15
8 96.00 103.90 +3.90/-4.00 +15
9 96.39 103.53 +3.53/-3.61 +15
10 96.70 103.23 +3.23/-3.30 +1.0

LREENRABZRREFRREREREZRFINREBNRALREETRASETEN
IR TEHM,

FAERBSRRERRENTERREERN . B , BRSKSRGNH (XTAL) BWRRESE TS
ESERIFRERX. FRARERRTERGNMR —RAISBLWRB  BX T &R
5, BREERSTEANRERR , REMFAREEY 2% WRE. E-NMRENFEER
HEEZT, RERRERT —ERBEIN RGN 2GR FHIRER, et
ALAHE UBRR B , EBIREEETRER,

ATmega8535(L) m——
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ZAEERE R E & {7 UCSRA fy ZAL RSB A (MPCM) AT AR USART $2UK 28 42 Uk B H9 SR IR 033 1T
TiE, L&A ESNNFHAR RS FEABKRESESE, E—IZLERRE
F,AERESEFENBRTELHTEE , XPTEERNEL TEE CPU LEHNEIE
MR ERE, MPCMUMIREFRTMAEZRBNIHE BEFASLERESERNNRSES
CHERFELEMTE,

MRBKEEFFIERNBEMKERNS B SN , BLE—PMELEURTX—MITEN2HIE
EEHER ., MBRFWESFTEZVRMBRENKER O , BAHSE 9 {7 (RXB8) RBER
BIFERMUER, WRBEMREMNN (F—MEIEMIHE 9 NREM ) 1, BBLIX
b, AN ERAE ML,

EZNERBEEXT  SMIMLERATUM - ELERHWHRE. ELEBTFEBiE
UMK ERTF UEAY R — ML IRRR . MRFUTE - MCER | EREFRBEENK
&, MEMHMNGERSZHIXENERERE S —Mbikb,

£ MPCM FHF—MERNENLIEEERIE , SUER 9 MEEWHKR (UCSZ=7), NREHHN

2 bithi (TXB8 = 1) FRIFEE 9 7 (TXB8) B 1, IR R —MERIEMN (TXB = 0) BT

BE, EXTMERT , NMCESSATET 9 M HIEMER.

THERESAERSEEEX THITHRESRNSE

1. FIEMAGERETEEZSLERBEE (UCSRA FFHEMN MPCM &1L ).

2. EREBREEMUME  FIEMNCESESSER A IZELM. MAEES UCSRA
FFEMN RXC EEB L

3. B MMLERHFLEMUDR FEBENNEBCHEBCREMIEFR, MREEF
FEE UCSRA Y MPCM i , BN EFEFT — Mt FHWEIK |, HREF
MPCM H 1,

4. WIUHMNLESFERFAEHNEHREN  ERKRE —NFRbat i, mikLREE
MPCM 77 1 B MAL B 25 72 BE X Le B4

5. HIUNLEBERBERIZE—IEENSE , ©FENM MPCM , ASEFELEHRAX
BET— N tithi, REE 252N RESHTT,

£/ 5 £ 8 MmN B AL , BREFKER , BN ZREMSTELR n M n+1 WA
A2 BT BTREFNROE[EAEBNFHRERE  IMREEFSENTR
ERBREME, MREM 5 = 8 LLFMMEN  RIXBRMZIREMMF L (USBS = 1),
HAME —MELILRA TR,

FEFERAE - X - BES (SBI M CBI) ki&4F MPCM £, MPCM M TXC #R& A
BE& /0 &t , A SBI = CBI S TEELT NMNEES.,
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58 UBRRH/ UCSRC 3  UBRRH 537125 UCSRC £/ /0 #bait, B iR bt AT TS E = L TR,
178

Ei5mE HEZUHITEIHRIE , USART HE851E# WV (URSEL) BH#HBEANSTER. &
URSEL 3 0, ¥ UBRRH{EE#T ; & URSEL 8 1, Xf UCSRC iR BE #1.

TEABLS HNFEHRXRANFER.

SComieapie (O

. IZEUBRRH 2
I di ri16,0x02
out UBRRH, r16

;. WEUSBS 5UCSZ1 k1 , ARERIVHO
I di r16, (1<<URSEL) | (1<<USBS) | (1<<UCSZ1)
out UCSRC, r 16

C RumpiE "

/* ZEUBRRH J2*/
UBRRH = 0x02;

I* REUSBS 5UCSZ1 K1 , AERITH 0%/
UCSRC = (1<<URSEL)| (1<<USBS)| (1<<UCsZ1);

Note: 1. ZARBRBRECLKXDE THMMLH,
WMBIFRFFR , NAFERNBIHFRIAE WA /0 it
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EiGE ¥ UBRRH 2 UCSRC FHFesMiipmNENESR, BEEXRZHNAF  ERXTEERIX
HEER,

RiGF A FEG, —BiRE UBRRH FF3 AN /0 ik, =& Fasibut e —4
RO ERPEA, AR TN FFHENRANIRE UCSRC AEH, 5, %
UCSRC B89 750 B3) THE. FIRIRED AT (HIINFE L2 /P ) BRANZH,

THEHABLSE H MR UCSRC FEHFAR

SCamra iR ™
USART_ReadUCSRC:
;  BEUCSRC
in ril6, UBRRH
in rl16, UCSRC
ret

C kIR ™

unsi gned char USART_ReadUCSRC( void )
{

unsi gned char ucsrc;
/* BEUCSRC */
ucsrc = UBRRH,
ucsrc = UCSRC,
return ucsrc;

}

Note: 1. ZXREBBECLEE THMAYLH,

SCYmIRFBFE r16 FIR[E UCSRC B,

¥ UBRRH ABRMIRREFTR B TR , BY —RIEEEH R ZFESR U | ZF

FRENEBTFRER.
USART & Faaiid
USART I/O ##251788 - UDR
Bit 7 6 5 4 3 2 1 0
RXB[7:0] UDR (Read)
TXBI7:0] UDR (Write)
/5 RW __RW __RW __RW __RW __RW _RW _ RW
NeE 0 0 0 0 0 0 0 0

USART XEHIBEE M EFEE M USART BWMIES PSS HLZHEM 1/0 it , #iA
USART #IEFFHH UDR, HHIEE A UDR KIEFRIBENERIEKRIBE DEE1ES
(TXB) , i UDR B}3RBrIR B MY 2BV HIEE HF 785 (RXB) AR,

5. 6. 7THERFREXT , REANS MR LEHFLE , MRWB[URFEIREN 0.

REYH UCSRA F1F25H UDRE Fr&B MG F AT AN KA E s #t (T B4, IR UDRE
REBNA , BABEA UDR HNIHIEAH USART RIEBZAK, YMBEAREETER ,
EBNSESRNE RSN ERENSILAEBNSES, RAEHERTHEM TXD 5]
Bi%

BRERSHFISE—IFR FIFO , —BEREFBRT U FIFO RERTEHRS., Bit
TENX—FHETERR - BH-BEET (SBI M CBI), EALEMES (SBIC M SBIS)
RtEND , BAXBEARHIE FIFO BPRE.
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USART #HFIRASTEES A -
UCSRA

USART E2HFIREFEEEB -
UCSRB

AIMEL

Bit 7 6 5 4 3 2 1 0
| Rrxc TXC UDRE FE DOR PE u2x mMPCM | UCSRA

®/E R R/W R R R R R/W R/W

HE 0 0 1 0 0 0 0 0

 Bit 7 — RXC: USART 4 %

BWE PSP ERIZHENOBIER RXC B , BENES, BWESEIER |, BREHSEER
T, BB RXCES, RXCHEAARSEREKE RPN (WX RXCIE KR ),

e Bit6—TXC: USART &R3ZE4L %R

REBMEPBEDHNBEREY  BYNEXEFES (UDR) HZEA TXC B, ITERREE
RAPUTET TXC HREBEZBEE , haBEE 1 #1TEREBE. TXC HREAARZERZE
LR (XY TXCIE (AR )o

» Bit5— UDRE: USART ¥iE5 18820

UDRE#REIE H ZIEEHEF(UDR) BB ER IF I IR, UDREN1IREARFPEINZE
HZFHITHIEE R, UDRERE AT AR EHRIFESEES =P (WX UDRIEM AR ),
£1{U/5 UDRE By , XRBLEBCELFE.

» Bit 4 — FE: iii4si®

MBEWEFZBERINVNT —NEFEMNER , MEREFEFNT—INEFNE -
ZIEI A 0, BBA FE By, X—{V—EANE R W EHES (UDR) HiLE, LHEWIHN
ZIEfI R 1 8%, FE #5&R 0, X UCSRA #TBEARN , X—UEE 0,

+ Bit3-DOR: HiERH

HIFER A DOR BV, HFRETBFH (LS THEIRE)  BUBLNTESEXEHRE ,
RN —NFRREBNY , BIEEHERMTET. X—U—EARE D ZUWE P
(UDR) #i2Hl, ¥ UCSRA #{TEAR , X—UEE 0,

+ Bit2 - PE: Z{BREEIR

LUFBRIMERE (UPM1 =1), BEKREFSB[HAERINT — N EZFETEREEIRN
UPE B{y, X— U —BEAEREZEWEFET (UDR) #iEL, X UCSRA #HTE AR ,iX—
NEE 0,

o Bit1 - U2X: {5 &%

X—UNNRLSREELE, FRARSBREMTFHMES,

BB RS ESHE TN 16 RE 8 NMERN SRS EEERNNEHWEZNZ,
+ Bit0 - MPCM: Z4EREBEEFER

BERASEZAEEEEER, MPCM BALE , USART EKEZKIINIBLETRS
b hHE B A EDFE Z R, RIEBTZMPCMiIgBHEE, #MERiESE P151¢
ZAERETER

Bit 7 6 5 4 3 2 1 0

I RXCIE TXCIE UDRIE RXEN TXEN ucsz2 RXB8 TXB8 I UCSRB
/B R/W R/W R/IW R/W R/W R/W R R/IW
NHE 0 0 0 0 0 0 0 0

* Bit 7 — RXCIE: k4 R P i RE

B 5fERE RXC Flff, ¥ RXCIE A 1, £B P iir&{L SREG &z , UCSRA 1785
B RXC 78R 1 B AT LA 4 USART 2R R 7,

« Bit 6 — TXCIE: XL RPMifEaE
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USART #HFIIRASTEEE C -
UCSRc™

2502E-AVR-12/03

BENLEERE TXC Flti. & TXCIE I 1, £ FFEIFREN SREG EfZ , UCSRA FEMH
TXC 78R 1 BRI LA 4 USART K% 45 R A,

+ Bit 5 - UDRIE: USART HiEF 78 hiffEsE

B /5 ffE UDRE F#, % UDRIE R 1, 2R HIrEN SREG &1 , UCSRA 1785
# UDRE 788 1 Bt AT LA £ USART HiEF 128 = P i,

+ Bit4 - RXEN: W ERE

B AME3 USART #1kE5. RxD S|RIAYE Ak O ThAe# USART ZhAREFTEMR, 21
BB RIFT W EHES , HE FE. DOR K PE #r&ELM,

o Bit3 - TXEN: RiX{FERE

B EREE USART £3%85, TxD SIHIAYE M i O A USART ZhAEFTE/R. TXEN
BERE  RESIMENBBEAERTEREAERSNTHEBELRIL AXEBNTERSA
EENSESTEEERENRIE. XABFEZILE , TxD SIBREEER /0 Thae,

o Bit2-UCSZ2: 2 kKE

UCSZ25UCSRCE 78 UCSZ1:04 6 E—E A LU BREMMI SN BREMLR(FHF
KE).

+ Bit1 - RXBS8: I HIEHL 8

3t 9 (L BITWIHITIRMERT , RXB8 25 9 MNRIE., BN UDR BEMERNBIFECRIE L
Ei£H RXB8,

« Bit 0 — TXB8: X% iF{I 8

X4 O (U EBRATHUEATIRMERT , TXB8 B 5 9 MxHE{L. B UDR 28I B EEX ERITERF,

Bit 7 6 5 4 3 2 1 0
| ursEL | UMSEL | uPm1 UPMO USBS | uCsz1 | ucszo | UCPOL | UCSRC

®/EB R/W R/W R/W R/W R/W R/W R/W R/W

HE 1 0 0 0 0 1 1 0

Note: 1. UCSRC ZE7#855 UBRRH ZHEs£ AMEERM /0 tbit, XN ZFEBNIGR , B
P152“ i8] UBRRH/ UCSRC &8 ",

* Bit 7 — URSEL: 788k

B iZf%FR G B UCSRC 855 UBRRH F15788, ik UCSRC B, Zfuh 1 ; 4
B UCSRC B , URSEL ¥ 1,

» Bit 6 —- UMSEL: USART # %1%
BEX—(REFRLHERL TEER,

Table 64. UMSEL iZ&

UMSEL #HX
0 FHBRIE
1 EEZ:X(3

A mEl% 155
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e Bit5:4 - UPM1:0: FERBER

XRUREFERENEXAFERTERE. MREETTERE , BLAERERE &
ERBLEITEHREFBREM, NE-MERIVHE  BURFBLFE-FE
WMRAICE , BBARRF UCSRA HHY PE Bfv,

& , 3}5 UPMO Fri% &M E 3 1T L,

Table 65. UPM % &

UPM1 UPMO TEER
0 0 =31
0 1 R
1 0 BRE
1 1 FRE

» Bit 3 - USBS: #1t{yi%i%
BEX — A LR EE I3, R ESAMIX — (U RRE.

Table 66. USBS iz&

USBS

fFEfr {7 3

0

1

1

2

e Bit2:1-UCSZ1:0: & KE

UCSZ1:05UCSRBE 7 &) UCSZ24 & — B AT MRERREM T EN BB K (FRK
E).
Table 67. UCSZ i&&
ucsz2 ucsz1 ucszo FHKE

0 0 0 5 fu

0 0 1 6 fu

0 1 0 71

0 1 1 8 fu

1 0 0 =B

1 0 1 =B

1 1 0 =B

1 1 1 9y

» Bit 0 — UCPOL: Bt it

X—UATESITHEEN, EARSENN  FX—AEE. UCPOLIRE T % tH &R
R M ABERSE | URESE XCK 2B XK,

Table 68. UCPOL iZ&

UCPOL | RABEHIHRE (TxD SIRPMELL ) BWHIRHI KA (RxD SIEIN@WA )
0 XCK EFin XCK T
1 XCK TE&n XCK EFin
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USART H4$# %5 1F85 - UBRRL
1 UBRRH™"

2502E-AVR-12/03

Bit 15 14 13 12 11 10 9 8
URSEL - - - | UBRR[11:8] UBRRH
UBRR[7:0] UBRRL
7 6 5 4 3 2 1 0
®/B R/W R R R R/W R/W R/W R/W
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
0 0 0 0 0 0 0 0

Note: 1. UCSRC &7F£55 UBRRH EEsS£AMERM /O tbit, XNZFFEWIHER , B
P152“ i8] UBRRH/ UCSRC &8 ",

* Bit 15— URSEL: 88k

B iZf%FR 5B UCSRC 855 UBRRH F15788, ik UBRRH B , U 0 ; 4
E UBRRH B , URSEL # 0,

e Bit14:12 - {F 81

XENERNUEHEAMREN. A TESUENHRHRE , B UBRRH X EMNES,
+ Bit 11:0 - UBRR11:0: USART HisXR 51588

XN 12 (I EFEEREE T USART HESSRELE . HB UBRRH @& 7 USART RiF=E
S 417, UBRRLBETIK 8 i, BEERNRTFEREERTHERELZHZIRHR, B
UBRRL Iy ENE RSB RS IR
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i RIERERSNERE  FEPEXATREANKSEENY Table 69 H UBRR #Y
REXR=4, RPNWEABERTHAEFENREXRSERREENRETET 0.5%.
FENREHELESH  BAESNRBELRE  SIRETECRAEBEEN (5
B P48 RETHEBE" ), REAUESHNTARNITE :

Error[%] = (BaUdEaatf;;’;fj Vatch _1) « 100%
Table 69. BRAKHARME TR E UBRR W HIF
f,sc = 1.0000 MHz fosc = 1.8432 MHz fosc = 2.0000 MHz

N~ U2x=0 U2X =1 U2X=0 u2x =1 U2X=0 U2x =1
(bps) UBRR | iRZE UBRR | iRZE UBRR | iRE UBRR | iRE UBRR | iRE UBRR | iRE
2400 25 0.2% 51 0.2% 47 0.0% 95 0.0% 51 0.2% 103 0.2%
4800 12 0.2% 25 0.2% 23 0.0% 47 0.0% 25 0.2% 51 0.2%
9600 6 -7.0% 12 0.2% 11 0.0% 23 0.0% 12 0.2% 25 0.2%
14.4k 3 8.5% 8 -3.5% 7 0.0% 15 0.0% 8 -3.5% 16 2.1%
19.2k 2 8.5% 6 -7.0% 5 0.0% 1 0.0% 6 -7.0% 12 0.2%
28.8k 1 8.5% 3 8.5% 3 0.0% 7 0.0% 3 8.5% 8 -3.5%
38.4k 1 -18.6% 2 8.5% 2 0.0% 5 0.0% 2 8.5% 6 -7.0%
57.6k 0 8.5% 1 8.5% 1 0.0% 3 0.0% 1 8.5% 3 8.5%
76.8k - - 1 -18.6% 1 -25.0% 2 0.0% 1 -18.6% 2 8.5%
115.2k - - 0 8.5% 0 0.0% 1 0.0% 0 8.5% 1 8.5%
230.4k - - - - - - 0 0.0% - - - -
250k - - - - - - -~ -~ - - 0 0.0%
gAM 62.5 kbps 125 kbps 115.2 kbps 230.4 kbps 125 kbps 250 kbps

1.

158
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Table 70. BAIRH [ ME TIRE UBRR M| F (£)

f,. = 3.6864 MHz f... = 4.0000 MHz f.o. = 7.3728 MHz
-~ U2x=0 U2X =1 U2x=0 u2x =1 U2Xx=0 U2Xx =1
(bps) UBRR | RZE UBRR | RZE UBRR | iRZE UBRR | iRE UBRR | iRE UBRR | iRE
2400 95 0.0% 191 0.0% 103 0.2% 207 0.2% 191 0.0% 383 0.0%
4800 47 0.0% 95 0.0% 51 0.2% 103 0.2% 95 0.0% 191 0.0%
9600 23 0.0% 47 0.0% 25 0.2% 51 0.2% 47 0.0% 95 0.0%
14.4k 15 0.0% 31 0.0% 16 2.1% 34 -0.8% 31 0.0% 63 0.0%
19.2k 1 0.0% 23 0.0% 12 0.2% 25 0.2% 23 0.0% 47 0.0%
28.8k 7 0.0% 15 0.0% 8 -3.5% 16 2.1% 15 0.0% 31 0.0%
38.4k 5 0.0% 1 0.0% 6 -7.0% 12 0.2% 11 0.0% 23 0.0%
57.6k 3 0.0% 7 0.0% 3 8.5% 8 -3.5% 7 0.0% 15 0.0%
76.8k 2 0.0% 5 0.0% 2 8.5% 6 -7.0% 5 0.0% 1 0.0%
115.2k 1 0.0% 3 0.0% 1 8.5% 3 8.5% 3 0.0% 7 0.0%
230.4k 0 0.0% 1 0.0% 0 8.5% 1 8.5% 1 0.0% 3 0.0%
250k 0 -7.8% 1 -7.8% 0 0.0% 1 0.0% 1 -7.8% 3 -7.8%
0.5M - - 0 -7.8% - - 0 0.0% 0 -7.8% 1 -7.8%
1M - - - - - - - - - - 0 -7.8%
gXRM 230.4 kbps 460.8 kbps 250k bps 0.5 Mbps 460.8 kbps 921.6 kbps
1. UBRR =0, i%2 =0.0%
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Table 71. BRAIRH [ ME TIRE UBRR W] F (£)

f,. = 8.0000 MHz f... = 11.0592 MHz fo. = 14.7456 MHz
-~ U2x=0 U2X =1 U2x=0 u2x =1 U2Xx=0 U2Xx =1
(bps) UBRR | RZE UBRR | RZE UBRR | iRZE UBRR | iRE UBRR | iRE UBRR | iRE
2400 207 0.2% 416 -0.1% 287 0.0% 575 0.0% 383 0.0% 767 0.0%
4800 103 0.2% 207 0.2% 143 0.0% 287 0.0% 191 0.0% 383 0.0%
9600 51 0.2% 103 0.2% 71 0.0% 143 0.0% 95 0.0% 191 0.0%
14.4k 34 -0.8% 68 0.6% 47 0.0% 95 0.0% 63 0.0% 127 0.0%
19.2k 25 0.2% 51 0.2% 35 0.0% 71 0.0% 47 0.0% 95 0.0%
28.8k 16 2.1% 34 -0.8% 23 0.0% 47 0.0% 31 0.0% 63 0.0%
38.4k 12 0.2% 25 0.2% 17 0.0% 35 0.0% 23 0.0% 47 0.0%
57.6k 8 -3.5% 16 2.1% 1 0.0% 23 0.0% 15 0.0% 31 0.0%
76.8k 6 -7.0% 12 0.2% 8 0.0% 17 0.0% 11 0.0% 23 0.0%
115.2k 3 8.5% 8 -3.5% 5 0.0% 1 0.0% 7 0.0% 15 0.0%
230.4k 1 8.5% 3 8.5% 2 0.0% 5 0.0% 3 0.0% 7 0.0%
250k 1 0.0% 3 0.0% 2 -7.8% 5 -7.8% 3 -7.8% 6 5.3%
0.5M 0 0.0% 1 0.0% - - 2 -7.8% 1 -7.8% 3 -7.8%
1M - - 0 0.0% - - - - 0 -7.8% 1 -7.8%
&A™ | 0.5Mbps 1 Mbps 691.2 kbps 1.3824 Mbps 921.6 kbps 1.8432 Mbps
1. UBRR =0, i%2 =0.0%
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Table 72. BRAIRH [ ME TIRE UBRR M| F (£)

f... = 16.0000 MHz fo. = 18.4320 MHz f.oc = 20.0000 MHz
- U2xX =10 u2x =1 U2x=0 u2x=1 U2x=0 u2x=1
(bps) UBRR | RZE UBRR | RZE UBRR | iRZE UBRR | iRE UBRR | iRE UBRR | iRE
2400 416 0.1% 832 0.0% 479 0.0% 959 0.0% 520 0.0% 1041 0.0%
4800 207 0.2% 416 -0.1% 239 0.0% 479 0.0% 259 0.2% 520 0.0%
9600 103 0.2% 207 0.2% 19 0.0% 239 0.0% 129 0.2% 259 0.2%
14.4k 68 0.6% 138 -0.1% 79 0.0% 159 0.0% 86 -0.2% 173 -0.2%
19.2k 51 0.2% 103 0.2% 59 0.0% 19 0.0% 64 0.2% 129 0.2%
28.8k 34 -0.8% 68 0.6% 39 0.0% 79 0.0% 42 0.9% 86 -0.2%
38.4k 25 0.2% 51 0.2% 29 0.0% 59 0.0% 32 -1.4% 64 0.2%
57.6k 16 2.1% 34 -0.8% 19 0.0% 39 0.0% 21 -1.4% 42 0.9%
76.8k 12 0.2% 25 0.2% 14 0.0% 29 0.0% 15 1.7% 32 -1.4%
115.2k 8 -3.5% 16 2.1% 9 0.0% 19 0.0% 10 -1.4% 21 -1.4%
230.4k 3 8.5% 8 -3.5% 4 0.0% 9 0.0% 4 8.5% 10 -1.4%
250k 3 0.0% 7 0.0% 4 -7.8% 8 2.4% 4 0.0% 9 0.0%
0.5M 1 0.0% 3 0.0% - - 4 -7.8% - - 4 0.0%
1M 0 0.0% 1 0.0% - - - - - - - -
gXRM 1 Mbps 2 Mbps 1.152 Mbps 2.304 Mbps 1.25 Mbps 2.5 Mbps

1. UBRR =0, i = 0.0%
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L ETEAQ TWI
B

P& BRTEAOLLKENX

TWI A5C

AIMEL

- B BRBAMRFHNEREQ , AIFERIBL
o XEZHAMMILIERE
s BUTUTHETEABRENRZRERESR
o 7 {uiiutZ=iE RVFE 128 P
s XRZFNHE
o B3k 400 kHz BB MR
s RIRZITHWHIRZNER
o WIAHIBLRIEHRFEER
o 2 THEBHMYL N SR 23 it
o FEARET#hht Prig o] LAKLEE AVR

P&ED TWI RES THENLERNA. TWI B ATFRSERITTERBHRNEEE
SRR 128 NMENREEES -8, XMBL— Rt SCL, —RHHE SDA. 5t
BEARAFERNLNBE , SRE L1, AAERIEL LVREBE AL,
TWI T UEIR T B AP R’

Figure 76. TWI B4 HEE

cC

Device 1 Device 2 Device3 | ........ Device n R1 R2

SDA

A
\/

SCL -

\/

RTFESCHEARTHELI,

Table 73. TWI &L

£ L
EH BHNELERERE. EVEMESL SCL i
ML WENTUMIRE

%03 FHERBSL LR

iR MELIEIBIENRZ
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BARER

HREARMER
RMBEE ()

START/STOP R7Z&

Mot BB EN

2502E-AVR-12/03

M Figure 76 AT AE H , HREHEN LN BEESERRER. FiE TWI RENSZ40E
ZEHHBRRBNITRRNELRITRN. XEMRII THBOREEERENE S IR,
TWISSHRER "0, TWIREZAFERKEF, HFAENTWISHRE A =AM B4
WHESHEF AT LNBESEENS, T2, IRIIMANELEE , ARS TWI A
SEEM AVR B84SR L,

SREEENSERESMTRERS : SLBERERT 400 pF , METUA 7 LML
HHbH TSI H, TWI FARNBESSMHIRAEN P245° MLRTEOSME ", XILLHT
FANTENNSTE , —HEELEEET 100 kHz , MBI —FE B LEE 5% 400 kHz,

TWI B4 EBRBENNZESHMEARS. LA , JELBEXTRBFRE | BR
FERHEFLENRET,

Figure 77. ZIEE M

SDA

SCL

Data Stable Data Stable

Data Change

FWNEDISELEEEESH. ENESLLEAE START EE5UBHEELH ; ER&LEE
i STOP S5 LUEILHIEEH. £ START 5 STOP RAZH , EEBRELRLN , TR
HHEENZEE%, 30127 START 5 STOP RAZ AKX H—NEHH START KA
X## A REPEATED START IRA , AT EVNETFTHFLRLEHNER T B EFH%E
i%. £ REPEATED START 2/g , EE|T—/ STOP , EERBRELLL FILHRS, X
S START 2 —#M , B EARFME , R &EEHKIEA , START 5 REPEATED
START ¥ START &R, I TFFR ,STARTSSTOPIRARESCLL W EAt |, B K
SDA BB FERRIMM,

Figure 78. START. REPEATED START 5 STOP R#&

START STOP START REPEATED START STOP

FRATE TWI B4 EEEbuta9% o 17 |, aiF 7 {utbutfz. 1 12 READ/WRITE 24
N5 1 UME. IR READ/WRITE A 1, M{TiREE ; BNHITERE. MIES
g , BMIEE N SCL (ACK) BHIEE K SDA EHNZ., ZEZMItREEECERER
TEMBEN , MRNiZE ACK BHREE SDA AE. REZH ALY STOP RAR
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HEIER

it aNBEIL AR —1 5

ENANR

AIMEL

REPEATED START RAEH A B A%, it 88FEMNMU S 2 BFH SLA+R =
SLA+W ) READ & WRITE i,

A FTH MSB BB KRE. MHlibitRigitEERIE , EFEER/RE#3E 0000 000
ERT it

YHRIET BT | IR MYLNE ACK BB AK SDA fEHNZ, HEHEERIX
EM1E B4 S M MALE TTSUER ETh8E. X Write U7/ B2 5 R0% , FFEHIM
LB 1E ACK BB HK SDA EHMEA, PRERMMALERE ZRHBFES, TEEE
15 P &% Read (R BEEN , BEAMRIL MM EETREHNBIELHREL AR,

FRIEFM 1111 xxx XAt BEERSE |, SUEFRER,
Figure 79. bt @K

Addr MSB Addr LSB

X
WAVAVANE

START

FREE TWI B4 EAEXHNEIEEN ok , S 8 UEE VR 1 MNEM., EHEEE
B, EVFERY R START 5 STOP IRAS |, MBZKEMAER, NERBAMIESE I
SCL FAHAHI{K SDA LY, I R#EUESE SDA RS A H NACK (55, IR TR
W, SERTREERREEZZRESHEE , NZERIZGENETEAH NACK X&
MRS, BIFEH MSB B EKZ.

Figure 80. HiEa®E=X

Data MSB DataLSB  ACK

Aggregate  \
\

. I
Transmitter N\ |

§
SDA
SDA From % .
j

SDA From
Receiver  /

SCL From
Master SS B
STOP, REPEATED

SLA+R/W Data Byte START or Next
Data Byte

RIEEEH START R, SLA+R/W, ED— M HKIES K STOP RESHEK. RE START
5 STOP RAMZEEERIEEN, WUFIA SCL ML SIIRERZMENSMINETF,
MALATEE HI{K SCL RIE& SCL 1EEEEZFE’JH‘J‘IEL Y ENREN I EERRT FMIA
R, IMVNEEFTNNREROEBEHER | X—S$HRFEEEAN. MILEK SCL KB
ZFE’JETIEﬂTéE’"F] SCL & HRtAE , ljJ SCL SHEPRERBAENREN., BLRT
A, B3 A SCL Y Bt AT R AR T™WI BEEEEE,

Figure 81 B3 T A B iR & %X SEESLA+R/W SSTOPZ AIE 2N FH BN ARF
A TSR TE
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Figure 81. BRI IIEELIX
Addr MSB Addr LSB R/W ACK Data MSB DataLSB ACK

A G §0 G G G DCOC N
S AVAVANVAVAVANE EIVAVANVAVAVANI I

1 2 7 8 9

START SLA+R/W Data Byte STOP

ZEVNEBLRE , HBNE TW i AEEE LRSI EN. BAEIENENFEES N INENTFREERE ¢
% BERIEEEEERT. SENREPERNAE

%:,fz MRABRAW —PNENTEAEIE, HEHRENRIACNKREEENENFLLE
¥, IMERIBMAMER, ARFHOENRAEMFERRY , MILEIFERE M
ET#&J"J;‘?—: SRR B R BB S 4, BRE 2 AR AR TR L
ML NE EIJTILFE&%%&EE,E\&J:E’J%%O
TR EN ATREER TR SCL ML, NRIEAEN—BM , BPRIT—HESE
PN E R, X2ELHARERE,
EENE SR ARER LR B, AN ENNHHITSRE , SERASHRY
HEBFNESTHAEENTREN - REFHBUNETREENRRKE -
FRAEMNENEER SCL , FHITAEMMITELASGS /EBFSHESCLESS /REF

HY B[R] 2= 5%,
Figure 82. %X #l SCL HEZH
[ TA L } \ TAhigh [
l——» l———»
| | | |
| | | |
| | - ] |
SCL From \ L,/ \ |
Master A ‘ l/ | |
| |
| |
,,,,,, | -
SCL From | \ L/ ! N
Master B | \ & | B
[ 1 I
\ \ } } \
\ I | \
SCL Bus | L/ ] |
Line \ | } } !
| || {
[ TByoy } } TBhigh \
\ Masters Start \ Masters Start
Counting Low Period Counting High Period

W HBE 2 EFRE R BRI YT SDA KEIHE . R SDA ERENBESENE
HOBRERCEER , ZENMAREFR, EIEREFY - MIHNAES BTN SDA, MHE
CENBERE  ZENTLEEHR  ATNENMIES | RUEFREHOENT
ik, REMEEYEALME SDA BS , BEY ﬁuE’J’ﬁ*ﬂEjﬂbﬂt@ & SR B ] AP A B
HEE, FRNLBEIRARE— NN, XTELEAES LS, MR EHAE
BERMHT U, FRFSBEIIBES.
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Figure 83. WXz AN HE

START Master A Loses

itrati =
SDA From I \ Arbitration, SDA,# SDA

Master A

|
\
\
SDA From ‘
Master B A\

\

\
SDA Line N\

I

\

Synchronized
SCL tine W

AEFAATFEUTERHRITHE
— REPEATED START &S5 — /N kiE{
—N STOP REE5— M EIEN
—/N REPEATED START R&A 55—/ STOP A%
NMAHHNERE ERER  RIEFSHIXEIEEHBRES, XEREEZSEINRES

FRIENHFEARLNEAARN SLA+RW SHESASHR. RIYEFEYR : IENEZELMR
BEHEERENKES  BNARERTEE .

TWI &R &GRR TWIHE SR B LN FAESRA R | HFigure 8477 R, FREN FHZ 2 HHHFE T LUETAVR
WOIE BT IH A,
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SCL # SDA 5|B

2502E-AVR-12/03

Figure 84. TWI &R #R

SCL SDA
Slew-rate Spike Slew-rate Spike
Control Filter Control Filter
A A
y y
Bus Interface Unit Bit Rate Generator
START / STOP . .
Control Spike Suppression Prescaler
- »
Address/Data Shift Bit Rate Register
Arbitration detection Register (TWDR) Ack (TWER)
4 4 4
y y y
Address Match Unit Control Unit
Address Register Status Register Control Register
(TWAR) i (TWSR) (TWCR)

Address Comparator

TWI Unit

State Machine and
Status control

SCL 5SDAJYMCUHY TWIHZEO S| M, 5| HIR R BE — MR RRRFIZFLH R
TWI HSB. SIRPE 4 A BB B4 R I H) 8 ST A EBR/NT 50 ns BRI, HAERIAYIK DR
B} SCL 5 SDA 5|t , AT LAFERE /O DN ERAY LBl | IXFF Al & SN E0RY L HI B/,

ATMEL
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LR RERET

BEEN&ET

byt DTS T

#HR T

AIMEL

TWITHETFENERE | LSRR A BEEMES SCLN AR, B4R TWIRSFFEE
TWSRHTI S MR BUAR LR FFHTWBRIZRE. YTWITHEEMEREN  FAEER
LE4S R R MBTIRE |, EMHLE CPU B3R MK TF TWI BHsh4k SCL SR 16
&, EE , MILTTRELIEK SCL KEFRNTE , ANMRE TWI BLNFHeter @,
SCL HEBEUTH AR~ 4% -

CPU Clock frequency

SCL frequency =
16 + 2(TWBR) - 4" WPS

TWBR = TWI b3S R FEFENEE
«  TWPS = TWI RS EFFERM 2 MEKE
Note:  TWI T/EEENERA , TWBR EMIZT/NF 10, BN EH.LTE SDA 5 SCL =R
HERBETRES., RBHIAT TWI TEEENEXT , @MYLKIE Start + SLA+ RIW #
RHE (FEEENBEMNNS ELERE),

ZETAERES U B FFSE TWDR , START/STOP 4|88 M &MY EEH4 S5
¥, TWDR FESRATFEMLERZWEIEStut, BRT 8 4 TWDR , B&ENE
TTEE—1NEEFES , 887 ATEAESBERBZR (N)ACK, XA (N)ACK FEEETHE
BRFEEAE, YERHEEN , BB TWI 24|25 1788 TWCR XBUHEE ; £X
EEAER , (N)ACKEH TWCR HiRERE.

START/STOP 2485w 4A MM TWI H4k E# START. REPEATED START &
STOP RS, BIMELE MCU &b FARERIRAES , START/STOP #4853 ARAEH A M TWI B4k
LB START/STOP &4 , YN B TWI B EEH I UET |, 5 MCU MKREEIR
SRR,

MR TWI UENEXE T HEER , ARQNBRFFRETEE |, UEERE WL

BEHHREELEHN, MRELAHABEARMNIECESLHAREPERT BLEH
R, MBI TWIHEHI B THAT EBBNEIE | F-E S ERRE,

31k PUFR B ST MM Bk EIER BN BB S TWAR FE85HM 7 (it 45 PCE,
R TWAR FEEH TWI T BRZIR B8 TWGCE 7 "17 , NEB&IZWEIH bt th
S5 HBi Ut # TR, — Bibut CTE A Th |, 2% 8 5T 18 B8 F LA 1T IE 78 3 i 57,
TWIRT LA R |, th Al SAR I B E ALK F i, XBURF TWCREFEZESHIRE, EIEMCUL T
RERIRZAS S , etk Pef 8 T A 4E T4E, — B EH T U BIXNEEH |, A LUE MCU M
RERIRAS KR EE,

RHI B TR TWI B |, FARHE TWI 25257788 TWCR KRB A8 R IE AL, = TWI
BEFFEEENARFTMAENSEH4R , TWI REPREA TWINT B, £ —/N8t
AR, TWI RAFEFESE TWSR XTSI NEHNRABEREFH. FHEHAR ,
TWSR AR N —NMNERREEHEENBHRRSE, — B TWINT FREME "17, Bk
SCL BN , 5 TWI B ENHRELEH | LAFRFELESH,

ETHRREIET , TWINT $rELBA

«  fE TWI 4£3%5 START/REPEATED START 82/

. £ TWI %5 SLA+R/W B2 B

.« ETWI EERitFH 2E

- ETWI B&MBEAMZE

« ETWIHENTHUZE (B A XMt FTE )

o ETWIEBKRE-IMNEFTZE

o {ERMHLITER , TWIZUE STOP 5 REPEATED START 5825

«  HTIEER START = STOP E5 &K B & iR At
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TWI F7851% 8
TWI LE4$ %788 - TWBR

Bit 7 6 5 4 3 2 1 0

I TWBR7 | TWBR6 | TWBR5 | TWBR4 | TWBR3 | TWBR2 | TWBR1 | TWBRO I TWBR
®B/B R/W R/IW R/W R/W R/W R/W R/W R/IW
BE 0 0 0 0 0 0 0 0

* Bits 7..0 - TWI LSRR T8

TWBR ALLBREAERDHFRE T, LLBFRRERE - DR  EENERX T~ ESCLE
MR, HRRITEANFENL P168° LLFRREFET .

TWI #4185 F88 - TWCR

Bit 7 6 5 4 3 2 1 0

I TWINT TWEA TWSTA | TWSTO | TWWC TWEN - TWIE I TWCR
®B/B R/W R/W R/W R/W R R/W R R/IW
NBE 0 0 0 0 0 0 0 0

TWCR FIRIZHITWIIRE, SRRERETWI , EXEINSTARTR B & EXRBEENFR
FHEBRENE , 4% STOP RS , UARESABIES TWDR FESTEH ELNEE
E, INFESREATLAHE TWDR TEiFRHE | XRNHIESAZ TWDR malE2H
EARRELR,

o Bit 7 — TWINT: TWI I lfi#R&

MTWI RN I  FENARFEN AR TWINT Bz, & SREG #Y | FrEUR TWCR
FFEMN TWIE FREBEN , W MCU $4T TWI REFHIRR, % TWINT E{uat , SCL S
ENEBFHIERK, TWINT FFENBEXTNBIHRES "1” KEK. HITHMNEET
L2HIPTHRERN "0, BFENR , REX—UBBESE , TWI MEFHBIE, Bt , £
BEETWINT 28I —EEE A TR it FEF 88 TWAR IRAEFEE TWSR , UIRHKIES
1788 TWDR #Yif 1,

o Bit 6 - TWEA:TWI fFRERIZE

TWEA RS2 SINZOPH =4, & TWEA B , HMWM T & A0 % ACK bk :
1. SHEHMu SEN R H b EZFS

2. TWAR B TWGCE E B2 2 1B meny

3. EEH/ MNBRERX TEZRE - NEHHNERE

o TWEA BEUUFSAENBEEEL, BEMNERHFEMRE iR,

+ Bit 5 - TWSTA: TWI START IR&#rE

% CPURZEBHCR AN AL LN EVNEEEMN TWSTA, TWI BHARNELZRETH,
EREZTW  BOMELL EF4E START RS, BEALIC , #EOR—EBESE , EFLN
F—STOPIRZA ,REF4E START LUEBH B HEM N V. 51X START 2 FHH
HAEE TWSTA,

+ Bit4 - TWSTO: TWI STOP R&#RE

EXHERT  MEBL TWSTO , TWI B FEEL ER=4 STOP IRA |, AR/F TWSTO
BEEZE, EMERT | B TWSTO LA O ME IRRSIRE B RE T RS,
Wt R EFR4E STOP AL |, B TWIRE —NE N FHRFEIHMMIERX AR
M SCL 5 SDA I EEA,

» Bit 3- TWWC: TWI BEZeir&

% TWINT REREHEFFEE TWDR FEMN TWWC, H TWINT AEN , 8—XX
TWDR W B if 8] #45 E #HbLhrE,
« Bit2 - TWEN: TWI {E#g

A IIIEI% 169
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TWEN 2 A FESETWHRESBUETWIZ O, M TWEN#EE R 178t , TWI S| BI¥F1/0 3|
%] SCL 5 SDA SIHl , FEERERRRFIZRSRNIEEREE. MRZAES , TWI
BEOESSERA | A TWIERSFHL L,

e Bit1-Res: {#&

RE | EEREER 0%

 Bit 0 — TWIE: TWI S fERE

X SREGH | AR TWIE BfEt , RE TWINT J "1, TWI HERRE0E,
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| ATmega8535(L)

TWIRSHFERR - TWSR

TWI $¥EFFE - TWDR

TWI( MHL ) i1k 5 1785 -
TWAR

2502E-AVR-12/03

Bit 7 6 5 4 3 2 1 0

| Tws? TWS6 TWS5 TWS4 TWS3 - TWPS1 | TWPS0 | TWSR
®/E R R R R R R R/W R/W
HE 1 1 1 1 1 0 0 0

* Bits 7..3 — TWS: TWI'R7&

X 5 ARRER TWI BEBMELPRS. TRMNRSKREFAEEEANBD ER, T2
M TWSR i HWEETE 5 MRAES 2 NS ME. BNRSMEIRITE N RS0
IR "0 XERBSEMNIRY FROMBIRE. ELBHRFHANERT , EFMPERZ
FiEo

e Bit2-Res: %8

RE | =IEEER "0

 Bits 1..0 - TWPS: TWI TR {1

XHuAEE /B, ATFEHLESERM oA F.

Table 74. TWI 4R 5 5%

TWPS1 TWPSO0 Mo msRE
0 0 1

0 1 4

1 0 16

1 1 64

M E S RIEN P168“ LEF R L ER[ET ", TWPST.0 BEZLARFFER,

Bit 7 6 5 4 3 2 1 0

I TWD7 TWD6 TWD5 TWD4 TWD3 TWD2 TWD1 TWDO I TWDR
®/B R/W R/W R/W R/W R/W R/W R/W R/W
#EE 1 1 1 1 1 1 1 1

ERFER , TWDRBETERENTET ; HEVER , TWDR @& 7 BV EINHKE.
LHTWIHEDRE#TBMI/E (TWINT B ) HXNSEEETEN, EF— XL E
ZH AP TEEBANRICRIESFSE. RE TWINT Bz , TWDR WHERERREN, B
B B EWBERNBASES. TWDR AREETEAL LHINBE—1NF
T, BRIEMCU EMEBHEBERNE TWI HETHREE, thet TWDR MATEEEL. &
AR RMET |, EVVFTRAMN , BEL EHIIWBBETRASAEKR. ACK WALIER TWI
BIEEEE | CPU TREE#EHE ACK,

* Bits 7..0 - TWD: TWI ZiE 5788

RIEFRSHAE , HRBENEREN T -MFT |, IRBRIIOHE,

Bit 7 6 5 4 3 2 1 0

I TWA6 TWAS5 TWA4 TWA3 TWA2 TWA1 TWAO0 TWGCE I TWAR
®B/B R/W R/W R/IW R/W R/W R/W R/W R/W
NHE 1 1 1 1 1 1 1 0

TWAR & 7 (L WMLttt . THETFMERE | TWHRREX AN bk 3 TR, EHE
RFAEE i, EZENREF , TWAR EEHTEEUEEMENHRES,

TWAR #9 LSB A FiR B #h ik (0x00). S AE— Nttt b es, — BZFWFA it
AN MU —B , DS BB RPH,
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 Bits 7..1 — TWA: TWI M\Hlitb it 27588
HE N M,

» Bit 0 - TWGCE: TWI /" #&iR Bl gE
B{IfF MCU TT LRSI TWI Bk 1%,
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58 TWI

AVRH) TWIHEORAMFHTNETHEN. FIENELENH  NERE —NEFHELET
—ANSTART E5% , HAEFE—1N TWI B, AT TWIEORET U , Bit Twi
BOEFTRENBERIEZS , FEENARFNTM. TWCR FEEMH TWI FlT il
TWIEVMISREGEHEEFHMNERTM AT N —RBRET NARFEEMA TWINTIREL =
EMPRER, MR TWIE BES , NARFREXARLE TWINT FREMH B ERSN
TWI BZARA

U TWINT $REAE "1” B, RR TWIEOSER T HaIiRE  SENARFNEN, £
XERT , TWIHRASF 7S TWSR @8 7T RELHE TWI BLRBNE. SMARF T
EE TWCR FVRAST [ HB R RAREEY , #EBTRE TWCR 5 TWDR &H1%8 |
REET—N TWI BL&LEE TWI 0 M iZ e T4,

Figure 85 44 M AEF S5 TWIHER OIEEN P T, ZHIF , TNLE—MREFTHEML,
XERARME , ATNERLAESHHER  CERENABHE.

Figure 85. HAIRIFEAHPRARRFS TWI O

1. Application writes
to TWCR to initiate
transmission of
START

Application
Action

3. Check TWSR to see if START was
sent. Application loads SLA+W into
TWDR, and loads appropriate control
signals into TWCR, making sure that
TWINT is written to one, and TWSTA is
written to zero.

5. Check TWSR to see if SLA+W was
sent and ACK received. Application
loads data into TWDR, and loads
appropriate control signals into TWCR,
making sure that TWINT is
wwritten to one.

7. Check TWSR to see if data was sent
and ACK received. Application loads
appropriate control signals to send
STOP into TWCR, making sure that
TWINT is written to one.

TWI bus START SLA+W ‘ A Data ‘ A STOP ‘
Indicates
2. TWINT set. 4. TWINT set. 6. TWINT set. . TWINT set
Status code indicates

Status code indicates
START condition sent

TWI
Hardware
Action

2502E-AVR-12/03

Status code indicates

SLA+W sent, ACK data sent, ACK received

received

1. TWIHHERRIHNE—FRRESTARTES., BIX TWCREALSEE IBRTWIEH
XA START 55, EANEBESEEHIRHE. ESAERN TWINT NEEN , X3E
BEE, 4 TWINTE"1” FRILHRE, TWCR FFEEH TWINT B H3E TWI
TLBERE, —BE TWINTBEE , TWI B START S5 B s HELH.

2. STARTEESHWARZEE , TWCRFFEM TWINTHREER , TWCREH H #H AR
A1 , ®F START EERWKRZE,

3. NARFNRK TWSR ,BE STARTEEERIIAE. MR TWSRERAETE
NMARFAURT—EEERE , LNARERCERF, NMRRSBESHH—
¥, NARFEXIG SLA+W A TWDR, TWDR AJEmE# it SEFERER,
TWDRZASLA+W/E ,TWCRAMEABFEBE RTWIEBHKIESLAIWES, B
ANESEEEIRE, EEAEN TWINT LEEWY , XEEEE, 4 TWINTE
"1” FRILARE, TWCR FE888) TWINT EfZ#E TWI T2 Bz E[iEE, — B
TWINTEE , TWI Baibit SmEE,

4. MHBEREE  TWCRFFEH TWINT FREMEN , TWDR EFH R H VRSB |
KRR ERINEE, RERBELRBMIEETWANE,

5. NARFNRK TWSR ,AEMIUEEMINEAIE, ACK HHEE, R TWSR &
TREE , NARFTAERNT - EIEEERE  LNARBRLERF. URERS
BEMH -3, NARFLTNBESRA TWDR, FEjfE , TWCR AABEAKE
EigR TWI BH%E TWDR FRHES. SANEBESESEIEB. EEAERN
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TWINTNEEN ,XEFEFEE, TWCREFEZSJFMWTWINTEMHAE TWIRLE3
FUgE, —BETWINTBEE , TWI B3 HESINEHE.

HIFEARIER , TWCR FEFERM TWINT SRS EL , TWSR EH N HAVIRER |
RRRBEARDEE. RERBILRBMIEBNLS.

NARFMNKE TWSR BEMIU T ERINELIE, ACK AHIEE, MR TWSR &
THAET  NARFARRT-LEEERE , LNARSERLCERF, MERS
BEWMEB—3, TWCR XMEAFEEETR TWI BH KL STOP 5. BAN
ENERHEEA, EEAER TWINT NEEN , XIEEEE, 4 TWINT B "1”
BERERE, TWCR FESHH TWINT EHE TWI A& Bz{E[RE. —8B
TWINTESE ,TWIS3I STOPE 5%, EE TWINTESTOPRBLXERFT 2
B,

RERHILRESE  BEEET TWI HEABSBPNAMAERN ., SLEMT !

ETWI B —XIREHZSSEREE , TWINTAREE . BEE TWINT BZ |, itépsk
SCL F & HIK,

TWINTHREBMNE  APXTAST—NTWI AL BEEMAHNEEHR TWISEFESE, 4
o, TWDR%T?%%M\;E%&AT N AP ERIENE,

LA TWI FESBEIEN  MEHCERBHNNARFHEZ4% , TWCR#EE
A#iIE, BE TWCR B, TWINT IR B, X TWINT B "1” ,ali%ltth\m TWI
FA#ITH TWCR &EE’JH’EO

LETILRE CIESHIR. FERETERBYIELHE .

CmAB IR C R\BHIR L
1 Idi  r16, (1<<TWINT)|(1<<TWSTA)| TWCR = (1<<TWINT)|(1<<TWSTA)| %4 START 2
(1<<TWEN) (1<<TWEN)

out TWCR, r16

2 wait1: while ({(TWCR & (1<<TWINT))) ZHTWINT B, TWINT Bk
in r16,TWCR ; T~ START EHEXH
sbrs r16, TWINT
rjimp wait1

3 in  r16,TWSR if (TWSR & 0xF8) != START) B TWI RSSHE  BRMSH
andi r16, OxF8 ERROR(); fi , MPRSFFR START &
cpi 16, START ples
brne ERROR
Idi  r16, SLA_W TWDR = SLA_W; ¥ SLA_W A TWDR &% ,
out TWDR,r16 TWCR = (1<<TWINT) | (1<<TWEN); TWINT (BT , BaiRKiE it
Idi  r16, (1<<TWINT) | (1<<TWEN)
out TWCR, r16

4 wait2: while ({(TWCR & (1<<TWINT))) Z# TWINT BN, TWINT Bz
in  r16,TWCR ; RELGD SLAHWEREH , RIK
sbrs 16, TWINT FNZE S ACK/NACK
rjimp wait2
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TRARBHIE C REHIR L

5 in  r16,TWSR if (TWSR & 0xF8) 1= MT_SLA_ACK) BRI TWIRASER | BEFSH
andi r16, OxF8 ERROR(); i, MERBSFFR
cpi 16, MT_SLA ACK MT_SLA_ACK # 4842
brne ERROR
Idi  r16, DATA TWDR = DATA; FEIER A TWDR B2E |
out TWDR,r16 TWCR = (1<<TWINT) | (1<<TWEN); TWINT BE , BEIREHIE
Idi  r16, (1<<TWINT) | (1<<TWEN)
out TWCR, r16

6 wait3: while ((TWCR & (1<<TWINT))) 4 TWINT B, TWINT BrE
in  r16,TWCR ; TELEBEE DATA BRI , RIKE
sbrs 16, TWINT R&{ES ACK/NACK
rjimp wait3

7 in  r16,TWSR if (TWSR & 0xF8) I= MT_DATA_ACK) |6 TWI RSSEE | BRMSM
andi r16, OxF8 ERROR(); B, MERBEFR
cpi  r16, MT_DATA_ACK MT_DATA_ACK #& 44032
brne ERROR
Idi 16, (1<<TWINT)|(1<<TWEN)| TWCR = (1<<TWINT)|(1<<TWEN)| %3% STOP (8

(1<<TWSTO) (1<<TWSTO);

out TWCR, r16

2502E-AVR-12/03
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TWI AT THETF 4 MFEWESR - ENEIESE (MT), EVEWREE (MR). MHLKIESR (ST)
RMHLEKES (SR), B—RARFALAERALIMER, Fl0, TWI A MTERXE TWI
EEPROM EAIE , A MR X )\ EEPROM I iE. MRRXEFHEHECENERE ,©
fITATRELE TWI ZEEIE , WL SR EX., NARFREXAMHER,

TEXSHEXRTEFRA, SHEXNRSBEFAHARERENEFBHITHER.
XEREBSTUTHEES

S : START IR%&

Rs : REPEATED START R%&
R:E—t4 (SDANSHETF)
W : E—/ b4 (SDA RIEEBEF )
A : RIZ (SDA RIKETF)

A: TTRZ (SDAREBETF)
Data : 8 V(17

P : STOP IR#&

SLA : M#Lithsit

£ Figure 87 2| Figure 93 1 | BB AXi%EB TWINT IS B R B, RETHRFZAREK
AT TWSR MIBUE , Hb 9 ERRN 0, EXEF NARFSIINITEEN IT/EL
P /TR TWI MRS, TWI A ARER | — B2 TWINT i8S 4EE.

TWINT FrERENME , TWSR FVRZSEB AR R EE LN HRIE, Table 75 Z| Table 78 44
HTE—MABMENRGIENEEBTEANAT., IEEXERDTASANVE
M 0,
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ENREER

2502E-AVR-12/03

EEAKERK , ENTUBMILKIERIE , 0 Figure 86 AR it AWK , 477
K% START {55, REEHMILARXREREA MT 5 MR M, MBKE SLALW
AMT 5% MBKIE SLAR MHA MR B, ATFREORSTHRR LTS R

Figure 86. =W RKFEEX THHELR

VCC
Device 1 Device 2 Device 3 Device n
MASTER stave || | e, R1 R2
TRANSMITTER RECEIVER
A A
spa —Y
scL Y
BE%E TWCR =P BEATIHELAE START 5 :
TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN - TWIE
=} 1 X 1 0 X 1 0 X
TWENARE M AEEEMLED  TWSTAKME"1"R A HSTART 5 H TWINTAME
"1 KX TWINTHREEE, TWHIEBFHRRNBTEL , —BELZERR KL START, #

BEHPMERE TWINT EfZ , TWSR BIRZASE R 0x08 (L Table 75). A#A MT X | &
MRIE SLA+W, X AT X TWDR B A SLA+W REH, SERELREGRHEE TWINT
&, TWIERBEHT, XBEE TWCR FERHTEATRETA !

TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN = TWIE
& 1 X 0 0 X 1 0 X

HSLA+W KA TEHBWEBWIAMES , TN TWINTHREBREN. LA EHH TWSR
RS ATEER 0x18. 0x20 = 0x38, I EZIRASHIAYEFENE R 5T Table 75,

SLA+W RZER IR UAFF B R EHIBEE, XEIX TWDR EAIHIESRH, TWDR RETE
TWINT AGREAEA, &N |, HHEE 2 , 51785 TWCR HWERENMN TWWC Efi,
TWDR E#/g , TWINT L REERHL/L X, XBEIE TWCR FEHFFEATRETR

TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN = TWIE
=] 1 X 0 0 X 1 0 X

XERE—BEEETE, ERGRENFH RETHRIESR™% STOP 5 REPEATED
START 5% . STOP 5B % TWCR HEATRERXN :

TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN = TWIE
=] 1 X 0 1 X 1 0 X

REPEATED START 5@ % TWCR #EA TR{ERN :

TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN = TWIE
=] 1 X 1 0 X 1 0 X
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£ REPEATED START ( R7 0x10) f& , M&EOTUBXRIAEMERBMI , RFKIE
STOP 55 3KiF R HIMHL. REPEATED START B EH I LLERE KRB LBEINEGE
THEM., ENRESFREVZRBFEX @ H# TR,

Table 75. =V A EEXAIRSH

7R 489 1 R
WA 3 TWCR #yigfE
(TWSR) 1% | 24 BITHREN 2% RITEMY TWIN | TWE
SR 0" | RS ¥ /B TWDR STA | STO T A 2 RBITEHMT — X NXENZIE
0x08 START EX 3% ink SLA+W 0 0 1 X | &% SLA+W
B ACK 5 NOT ACK
0x10 EE START EXR 3% fnEk SLA+W 0 0 1 X | @A SLA+W
B 0 0 1 x | 39K E ACK 5 NOT ACK
g SLA+R &% SLA+R
PR E) ENZURER
0x18 SLA+W B K3 ; IEBIE (FF) 0 0 1 X AT, 8k ACK 3 NOT ACK
HIF ACK = ] 1 X | WEEEE START
Fi#24E TWDR = 0 1 1 X | Jg&%* STOP, TWSTO &1y
Fi#24E TWDR = 1 1 1 X | WK STOP, R/FK¥E START , TWSTO F&
L2
Fi#24E TWDR
0x20 SLA+W B %&3% gHE (F7) 0 0 1 X fgREHEE , #UK ACK & NOT ACK
UK E NOT ACK ® 1 0 1 X | BRHEEE START
T4 TWDR = 0 1 1 X | &% STOP , TWSTO &
Fi24E TWDR = 1 1 1 X gﬂiﬁ STOP , A5 &% START , TWSTO §&
Fi#24E TWDR
0x28 WiEE &% MERBEE (FV) 0 0 1 X mAEHKIE , #U ACK 3 NOT ACK
U E ACK = 1 1 X | WRHEEE START
Fi24E TWDR = 0 1 1 X | g% STOP, TWSTO &
Fig#E TWDR = 1 1 1 x | WK STOP , RE K% START , TWSTO &
1z
T4 TWDR
0x30 IR K% MEBIE (FFH) 0 0 1 X ERERIE | #UK ACK 3 NOT ACK
BHEI NOT ACK = 1 0 1 X FERIXEE START
Fi24E TWDR 5 0 1 1 X | &% STOP, TWSTO HE1y
Fi24E TWDR 5 1 1 1 X ﬁ#zﬁ STOP , RS %% START , TWSTO §&
[\
Fi24E TWDR
0x38 SLA+W BB B A | TEME TWDR = 0 0 1 X 2 BT EEHHMBN , HHARIS U MYER
1 0 1 X B Z=REFEAZE START
Fi#24E TWDR
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Figure 87. EHRKFEEXMWEXFRES

ATmega8535(L)

Successfull
transmission

S|

| SLA LW

A DATA

to a slave
receiver

$08

Next transfer
started with a
repeated start
condition

Not acknowledge
received after the
slave address

Not acknowledge
received after a data
byte

Arbitration lost in slave
address or data byte

Arbitration lost and
addressed as slave

$18

$28

>|
o

Other master

continues

AorA | continues
$38
A | Other master

x P |
N Other master
AorA | continues

$38

To corresponding
states in slave mode

MR

[ ]
[ ]

From master to slave

From slave to master

ATMEL

T Any number of data bytes
DATA A and their associated acknowledge bits

This number (contained in TWSR) corresponds
to a defined state of the Two-wire Serial Bus. The

prescaler bits are zero or masked to zero
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EEAERER , TH TSR | 10 Figure 88 AR, H# ATHER | 477
K% START {55, REEHMILRXREREA MT 5 MR M, MBKE SLALW
AMT 5% MBKIE SLAR MHA MR B, ATFREORSTHRR LTS R

Figure 88. HIZEWEX THIHIEER

VCC
Device 1 Device 2 Device 3 Device n
MASTER stave || | e, R1 R2
RECEIVER TRANSMITTER
A A
SDA Y
scL Y
BE%E TWCR =P BEATIHELAE START 5 :
TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN - TWIE
=} 1 X 1 0 X 1 0 X
TWENARE M AEEEMLED  TWSTAKME"1"R A HSTART 5 H TWINTAME
"1 KX TWINTHREEE, TWHIEBFHRRNBTEL , —BELZERR KL START, #

BEHPMERE TWINT EfZ , TWSR BIRZRE3 79 0x08 ( I Table 75), A#EA MR X |, &
MARIE SLA+R, X AEEX TWDR B A SLA+R KX, ERMLBRERKRHEES TWINT
&, TWIERBEHT, XBEE TWCR FERHTEATRETA !

TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN = TWIE
& 1 X 0 0 X 1 0 X

L SLA+R ZIETEHBFWBTINES , TN TWINT FREBREN. BLREHH TWSR
RSB ATAER 0x38, 0x40 = 0x48, X HFRABHEWMAN S| F Table 76, TWDR RE
ETWINT ISR FEERKEINHE. SIBA—BEETE  BEIRENFTERER,
BRERE , MR NBNEZERIIRENFTEELIE NACK E5, KIAEST=4% STOP &
REPEATED START S84 &%, STOP 5 @I TWCR FEATRESE :

TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN = TWIE
=] 1 X 0 1 X 1 0 X
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REPEATED START 5 &7 TWCR A EA TREXR :

TWCR
&

TWINT

TWEA

TWSTA

TWSTO

TWWC TWEN - TWIE

1

X

1

0

X 1 0 X

£ REPEATED START ( R7 0x10) f& , M&EOTUBXRIAEMERBMI , RFEKIE
STOP 55 3KiF R HIMHL. REPEATED START B EH AT ERE KRB LBEINEGE
THEM., ENRESFRENZRBFIEX @ TR,

Table 76. E#lEWE X WIRETD

L P B 44 9
WA 3 TWCR #yigfE
(TWSR) 1% | 24 BITHREN 2% RITEMY TWIN | TWE
SR 0" | RS ¥ /B TWDR STA | STO T A 2 RBITEHMT — X NXENZIE
0x08 START EX3% Nk SLA+R 0 0 1 X | J¥%&3#% SLA+R
SRR ACK B NOT ACK
0x10 E45 START EXi% tn& SLA+R = 0 0 1 X | &% SLA+R
0 0 1 X JHEWE ACK 3 NOT ACK
gk SLA+W FF&IE SLA+W
BENBREENLEER
0x38 SLA+R 3 NOT ACK By % | 7#4E TWDR = 0 0 1 X | 2 BB EEFHBHR , HH#ARTUMIER
e 1 0 1 X | BEERESA% START
Fi#24E TWDR
0x40 SLA+R BEX % T4 TWDR = 0 0 1 0 | #WHdE , 3RE NOT ACK
IR ACK O ; ]
T#84E TWDR BEWEE | IRE ACK
0x48 SLA+R B3 Fi24E TWDR = (1) (1) 1 ; FRIXEEE START
B NOT ACK T2 TWDR & 9 %&3% STOP , TWSTO &z
1 1 1 X
Fig# TWDR WRFE STOP , RIEK 3 START , TWSTO &
1z
0x50 BB BEER 0 0 1 0 | f=usdE |, RE NOT ACK
ACK BiRE 0 0 ) 1
EHE EWEHIE | IRE ACK
0x58 BB 5 EHER (1) (1’ 1 ; FAIXEE START
NOT ACK ERE EHIER 19%3% STOP , TWSTO F&fr
1 1 1 X
BHE ﬁtﬁ STOP , RIS &% START , TWSTO H&
i
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Figure 89. T HlIEWEXWRXARES

MR

Successfull

reception | S | SLA

'R A | DATA

A | DATA | A

from a slave
receiver

Next transfer
started with a
repeated start
condition

Not acknowledge
received after the
slave address

Arbitration lost in slave
address or data byte

Arbitration lost and
addressed as slave

$40

® @

A P |

$48

Other master
AorA | continues

= Other master
continues

Other master
continues

$38

To corresponding
states in slave mode

MT

I:I From master to slave
I:I From slave to master

[ om

O,

Any number of data bytes

and their associated acknowledge bits

This number (contained in TWSR) corresponds
to a defined state of the Two-wire Serial Bus. The

prescaler bits are zero or masked to zero

EMNZBUES | MHLB EHEWEEE | W Figure 90 AT R, ATIAIRBIFVIREZFHRIR

HI o n "0%

Figure 90. MHlIEBERX THHFE LR

182

Device 2
MASTER
TRANSMITTER

Device 3

CcC

Device n

R1

R2

Device 1
SLAVE
RECEIVER
A A
SDA
SCL
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REIMIZRES, , TWAR S TWCRZEBWNT :

TWAR TWAG | TWAS5 \ TWA4 \ TWA3 | TWA2 | TWA1 \ TWAO TWGCE
& BH AR & ML 3k

B 7 L2ENISuaT AAIERIE TWI Ok, 2 LSB & , W TWI 00 R 1%tk
0x00, &N Z0E bk,

TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN = TWIE
& 0 1 0 0 0 1 0 X

TWENARBMLAERETWIHEOD, TWEALEB NS I UHE B S (M Hlibib sk 1)
FHRE#IAE S ACK, TWSTA fl TWSTO %FUEE,

#tsit TWAR F TWCR 2/5 , TWI OB HRES , BB HMIbaE ( =/ it
ik, R TWAR B TWGCE B Mg ) HREEHFuttbit Hrp | HFEBE S @ALR 0 (
BE). AR TWINT FFEEN , TWSR MEE THNIRSE. X ZIRZSE Y 1E 5@ K 5
F Table 77 o & TWI EOLFEHER (RZS 0x68 = 0x78) H K £ ME KWK AT CPU F
AMAERER,

MREEHEIER TWEA £, TWI EOEEKE T —NETE RO SDARE “ T
Z” ., TWEA S48 TWI #EO0FXBEN BN  BERSHEMEMEL, — B
TWEA B # A AR E stk iR BUFNNG R, bR 21K ATSARIA TWEAZ R TWIEZOMNE
KRB LR,

ERZAEXNANECHRIRERS , TWI ZOSHEXA, BS6E8E T AIBZKES |
FEOEFR AR S 5 7 #E bt / ML ot ot PCEl R B CPU, EMREEHAE |
TWHEOfHRIESCLAKESR  EETWCINTHRERE, YAVRAHIREEEZTHETWI
ALEREZHNEHE, SAUE AVRIEE RN KB E | I8k SCL AJREA KA HREE
K , EEECHENEE,

Y MCU MXERIERNER K MEEIEREITENR , HIEFEE TWDR HEE
HARMEL FHINGERE—1NET,
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Table 77. MR AVIRZHD

AIMEL

31 A R A4 B9 WL S

- 7 TWCR By
(TWSR) M4 | 24k BT RL& M 24 BITRELH TWIN | TWE
FuR "0 | RE ¥ /B TWDR STA | STO T A 2 RBITEHT — 5 MR 1E
0x60 B SLA+W B2 Fi#24E TWDR & X 0 1 0 | #dE , IRE NOT ACK
ACK B3RE X 0 ] ]
T4 TWDR BEWREHE | IRE ACK
0x68 SLA+R/W #ER EHMHE K | T4 TWDR H X 0 1 0 | fEushi® , JRE NOT ACK
M ; B K SLA+W B 242 X 0 1 1
g s X
ACK IR 24 TWDR BEWHE |, iRE ACK
0x70 U B i e ht Fi24E TWDR & X 0 1 0 | f=ukdE | 3RE NOT ACK
ACK BiR[E X 0 1 ]
T4 TWDR WM | IRE ACK
0x78 SLA+R/W ER EHMFE K | T#RE TWDR 5 X 0 1 0 | #dE , RE NOT ACK
W EREI T Rt X 0 1 1
ACK BiEE Fi#4E TWDR BIREIR | BB ACK
0x80 LB B T8 SLA+W #F 4 | F#4% TWDR = X 0 1 0 | fushd® , JRE NOT ACK
B BRER < | o . .
ACK EiEE Fi24E TWDR IR | BB ACK
0x88 LUBTL B T SLA+W 34t | imsiER 0 0 1 0 %%gﬁi%ﬂt}%m*ﬁﬁ  FHIRFIECSH SLA
| BER S HE o | o . 1| OBk S AR ; SEBIRSIE A SLA
NOT ACK BiRE EHER ; # TWGCE = “1”, GCA t A BLRS!
THREIRFUMNER ; FTEIREIEZH SLA
1 0 1 0 | 5 GCA ; K7W %% START
BEHER
PIRERISUMNER ; 8EBIRFIEDH SLA
1 0 1 1 ; & TWGCE =“1”, GCA tmJLLiR% ; BLkzE
B &% START
EHE
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Table 77. MHlEWERX IR

0x90 BB B AR WS B | RRER X 0 1 0 | fEuhd® , JRE NOT ACK
T 2EW X 0 1 1
ACK EiRE R BWIIE | EE ACK
0x98 DRI B R I 4 ; BIE | miKER 0 0 1 0 | yMRBIARFTUMIER ; FHIRGIECH SLA
E2WEW 0 0 1 1 =; GCA
NOT ACK Ei&E EHESr TR A I UMIER ; sEBIRFIBESH SLA
; & TWGCE = “1”, GCA A LR Bl
1 0 1 0
BHIER PRBARFUMNER ; THIRFIESH SLA
1 0 1 1 = GCA ; ML TR X% START
i TR ASUMNER ; 8EBIRFIESH SLA
= . # TWGCE = “1” , GCA A LIRS ; Mk
PRAt &% START
0xA0 EUM TEREWE STOP | ZigfE 0 0 1 0 = T —_— ;
X &8 START ’;JJE%?J:ETJ-MLMW;EE ; THIRZIECH SLA
0 0 1 1
TR AIFUMNER ; BRI B S H SLA
] 0 ] 0 ; & TWGCE =“1”, GCA 1 aJLLiR 5l

WRBIR T U MR ; THIRFIBSH SLA
= GCA ; B ZERET K% START

PRBRFUMIER ; sEBIRBI B2/ SLA
;& TWGCE =“1”, GCA taJLLiR%l ; Bz
PR BT & 3% START

A IIIEI% 185
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Figure 91. MHLEEKRE XK EXFIRES

Reception of the own
slave address and one or S

more data bytes. All are
acknowledged

Last data byte received
is not acknowledged

Arbitration lost as master
and addressed as slave

Reception of the general call
address and one or more data
bytes

Last data byte received is
not acknowledged

Arbitration lost as master and
addressed as slave by general call

$78

SLA E w A :D:A'EA: | A | DATA A | PorS |
$60 $80
=
A
$68
General Call A _D_A'FA_ | A | DATA A | PorS |

$90 $90 $A0
"
$98

From master to slave

From slave to master

[ ]
[ ]

[ =
@

Any number of data bytes
and their associated acknowledge bits

This number (contained in TWSR) corresponds
to a defined state of the Two-wire Serial Bus. The
prescaler bits are zero or masked to zero
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ML EER EMILEEER , ML T E EHRIEEEE , W Figure 92 FiR. ATATIREIBVRSF1Y

BRIRET SR "0

Figure 92. MHLREEX THHELR

VCC

Device 1 Device 2 Device 3 Device n

SLAVE mMasTER || ] s R1 R2

TRANSMITTER RECEIVER

A A

spA —Y
scL y
RNEIMNEEES | TWAR S TWCRIREW T :
TWAR TWAG | TWAS5 \ TWA4 \ TWA3 | TWA2 | TWA1 \ TWAO TWGCE
& AR & ML aE

Bl 7 2N uat AALIBRIES TWI Ok, 2 LSB & , W TWI 30O %ttt
0x00, &N Z0E bt

TWCR
&

TWINT

TWEA

TWSTA

TWSTO

TWWC

TWEN

TWIE

0

1

0

0

0

1

0

X

TWENARBMNMAFERETWIED, TWEA L EENAEENFUHEI B S (MRS 1%)
AHRE#IAS B ACK, TWSTA fl TWSTO %FEE,

%A1 TWAR f1 TWCR 2ja , TWI EZEOEFHRES , EFECSHMHLE ( %
i, R TWAR B TWGCE BufiF ) HIEEN S urseut M  HEABESEMNMR "17
(1), RE TWI FFREEN , TWSR NEE 7 HMARAD, 3 BN/ E 55
F Table 78, & TWI #O4 FEHER (RS 0xBO) H KX E MR KXMET CPU [t A MM
KIEER .

MBEZEIERESD TWEA E4 , TWIH ED X ETHIE 2 BEH ANIRA 0xCO = 0xC8, #N
HWHRBIAIUHMNESR , ZREMEEELERH, ANTTEVBRIINBIESR 17, W
RENTEMMBEN (BI %KX ACK) , BMENNELRERELR |, thit AIRE 0xC8.

TWEASMNR TWIHEOFRBRMN BNt ERAMREUMEL, —B TWEAEN
AT UK E kIR B, BRI , AR TWEA B8P TWIH E#EOMNERLFIEE
3k,

ERZAEXNANECHRIRERS , TWI ZORSHEXA, BS6E8E T AIBKES |
BN AR LT P RS T Bt / MWLM HE, shht TR EE CPU, EXEEHAA |
TWIHZ DR ESCLAKBETF | BEETWCINTHREEE, HAVRITIRE EEZEITETN
REEZHHEE, TAURE AVRIZEERNKBIATE |, iT4h4k SCL AJRES KA ERIFE |
FEHTCHEMNZIE,
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Y MCU MXERIERGER  MEEIEREITENRE , BIEFEE TWDR HEE

HATPRBEL FHANRE—NFT,

Table 78. MHLXEERX KRS
JoRz k=R ol o
KT 3t TWCR #yigfe
(TWSR) Tl | 24k BT R& M 24 BITEAMN TWIN | TWE
FIR "0 | RE ¥ /B TWDR STA | STO T A 2 RBITEHT — SRR 1E
$A8 BT K SLA+R B2 4K g —F W X 0 1 0 | RPE—FHHHIE | UK NOT ACK
ACK BiEE] E x | o ; :
;{Eﬂ%‘i—?ﬁﬂ’m KRR | B ACK
$80 SLA+R/W ER EHMHE K | MEB—FHHHK X 0 1 0 | RE—FHHIE , K NOT ACK
W ; BEW SLAR EZHWE | B x | o ; ;
4 M —FH W s
ACK EIEE = KEHRE , EWACK
$B8 TWDR EHIEC R K% g —FHa K X 0 1 0 | RE—FHHIE , K NOT ACK
#HE ACK E x | o ; :
;{Eﬂ%‘i—?ﬁﬂ’m KRR | B ACK
$Co TWDR BEHIEEZ %% Fi24E TWDR & 0 0 1 0 | BRI UMIER ; FHIRBIECSH SLA
#IKZ NOT ACK 0 0 1 4 | ®GCA
T#4E TWDR = PRE AT HMNAES ; seBIRFI B2 H SLA
. % TWGCE = “1”, GCA 8 aJLUR Bl
1 0 1 0
T TWDR 5 IRBKR I UMNER ; FHIRZIESH SLA
1 0 1 ;| RGCA ; BEZERE KR START
= TR RFUMNESR ; BEBIRBIBESH SLA
TH#4E TWDR : & TWGCE = “1”, GCA thaJLUR B ; Bz
BT &% START
$Cs TWDR I —FHHIBEL K% | Figfe TWDR 5 0 0 1 0 | BRI UMIER ; FHIRBIECSH SLA
(TWAE = “0”); 0 0 1 4 | ®GCA
I ACK T4R4E TWDR IRBIFR I HMAER ; 825IR%I H 2 M SLA
. % TWGCE = “1”, GCA B aJLUR Zl
1 0 1 0
T TWDR 5 N|IFIUHMNER ; FEIRZEZH SLA
1 0 1 ;| RGCA ; BEZERE KR START
o TR RFUMNESR ; BEBIRBIBSH SLA
TH#fE TWDR : & TWGCE =“1”, GCA tia[LLiR Bl ; Hikze
Bt &% START

188
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Figure 93. MHLZZ#E X X FRZS

Reception of the own i
slave address and one or S SLA i R A DATA A DATA A PorS

more data bytes
$A8 $B8

Arbitration lost as master
and addressed as slave A

Last data byte transmitted.
Switched to not addressed All 1's PorS
slave (TWEA ='0) I

$C8
o7 Any number of data bytes
From master to slave DATA A and their associated acknowledge bits
I:l From slave to master This number (contained in TWSR) corresponds
to a defined state of the Two-wire Serial Bus. The

prescaler bits are zero or masked to zero

HiRAs ARMNRSEREMEBME TWHRSEN , I Table 79,
RS OxF8 RFH ALK BEHXELR , BRFEIRE TWINT 1 "0", XHRSAELAELER
2/ TWI &uiﬁﬁ%ﬁ%ﬁ%mmﬂ@o
IR Ox00 RRERTERAIRPRET BLIEIR, 4 START = STOP HIMELH IRV
B BLERMAKE, LbMEELU FEIE, it MACKZ B HIM T STARTH STOP,
BEBIRESH TWINT Ef. I TMNERPIIMELRK , BAENMIRE TWSTO , HET
E "1” LUEE TWINT, X532 TwWI #%D;&)\ﬂi—rﬂtmmi“t & TWSTO BESE
(TWCR HWE M AZ &0 ) , LUK SDA Hl SCL #B K , BRF AL~ 4 STOP,
Table 79. EEIRA
L PR 5 44 B O
- 5t TWCR #1824
(TWSR) fil5 | 2 BITR &M 2 & BRITHEMY TWIN | TWE
IR 70" HRAS % /B TWDR STA | STO T A 2 RBTEHT - NEENBE
$F8 SREHXHNRSER ; F#4E TWDR THRAF TWCR EEMHTYTER
TWINT = “0"
$00 B FIEEM START 5 Fi24E TWDR 0 1 1 X | AEmABEL  FARESTOP FEL L, &
STOP 3|2 B4R KRB HEE TWSTO

2502E-AVR-12/03
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EREBERT  ATRPENITE  XFF/ LR TWIERNEAEER, fl20ME1TEEPROM
EEHIE. ;‘ﬂ?‘éE’J ﬁ%’fﬁf@?ﬁu"l_ﬁﬂ”

1. RS

2. @MEiF EEPROM itV E

3. ISERIRIBHE

4., FEEMMER

ABBETNENEIIM , Rztbr, BRENLAEIHFMIIEIXEGNNCE , BibHE
TEA MT R RESEAMBMILIRY  BEEA MR ER | B2 5 EAAKE,
ELRSBA | ENATRE BENES | B LR SREZEDHET MBES N
REFERX—AN , BEF-LE5E=F2BAHEEENHE EEPROM HHKIEELH |
MENRBMHHFEVERE RN, FEFORIXREIERES U FT SEKRHIEZHE
&3% REPEATED START E5REIM, £ K% REPEATED START F5/5 , =ML

RIEFELHNERN, THRSAHEAZNRESR.
Figure 94. JL# TW| # X Bk &8 81T EEPROM
Master Transmitter Master Receiver
— —
S SLA+W A ADDRESS A | Rs SLA+R A DATA K P
S = START Rs = REPEATED START P = STOP
Transmitted from master to slave Transmitted from slave to master

MREBESANENERER-S& L, EMNPHN-—IPHS ML ENIT R - N RIEEIE.
TWI P BREXHERLT , B - MPELSRE  ATEPN N ENRTEEATFSE
RBE. BLMHBOHFUOTAR , 2P AR ENNIEEEMERSRZERE,

Figure 95. {h& Rl

Vee
Device 1 Device 2 Device 3 )
MASTER MASTER SLAVE | veeeenns Device n R1 R2
TRANSMITTER TRANSMITTER RECEIVER
A A
SDA<«—Y \ >
SCL= L L >

BT EMNBERAFTEREHRTRE :
FAARESHWENBNS—PNNETES. EXMERT , TIEEVNHIMIETR
HEEELENES,

s FAANREZHENRBNNE—MMIBHTTIENBERSENIGE, EXMERLT ,
&1 READ/WRITE NS BER X EME. EVIRAEE SDAL L — 1P E8BEF
B, MRHMAENEKRHE "07, WZENELELPRP RN, KM EV TR

ATmega8535(L) m——
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AFEIFUPMNER | FEFELEZRFEIE—NHHN START 55 , XHNARRF
RE o

o FNREZHENFRFTEOM EXTERT , BLMBRTE SLA KE. £
B SDA L& L — 1M EEFN , MEETCENELHE "0”, MZEVFELL
HEF KB, 7£ SLA BEMPBEBMNEVFRIMNER , HREB S REHR
BELEHNOENI U, WRFEI U, ©F#HA SR STER |, XEURTF SLA
#) READ/WRITE B, MRERHEI iU , FHEBRFEIUOMNNEIIESFE
KIBHR , RE—NHH START 55 , SHNARFERE.

Figure 96 iR 7 B & MBHTR , BHRHEKFR TWI RS E,
Figure 96. E4fhES=E

START SLA Data STOP

Arbitration lost in Data

Arbitration lost in SLA

Own
Address / General Call

TWI bus will be released and not addressed slave mode will be entered
received

A START condition will be transmitted when the bus becomes free

Write 68/78 Jﬁa byte will be received and NOT ACK will be returned

Direction v | Data byte will be received and ACK will be returned

Read _ [Last data byte will be transmitted and NOT ACK should be received
@'@a byte will be transmitted and ACK should be received

A IIIEI% 191

2502E-AVR-12/03



Bl R ae

¥ BRIDEE 10 18R - SFIOR

AIMEL

BRI LE AR XS IEAR AINO FYES ARk AINT ER TR, = AINO LR BEL AR AIN1
LHBEEESH , ELLRSFNRHE ACO BB, HWERIRMNT W ANRMAERSR / it
e 1 A ARBRYEE. A LRFAETHMEBCSTHN., MU FH. AP TLLER
EBBRRALAR, THRAERXBZ(LALARARPH. Figure 97 NEERRRESN
B2 8 BRI ER,

Figure 97. #EHLLREFER @

BANDGAP
REFERENCE Vi

C
ACBG ACD l

—>

C

ACIE

+ L] ANALOG
- INTERRUPT _>—> COMPARATOR
/ SELECT IRQ
T T ——————— > ACI

ACIS1 ACISO ACIC

AINO

>
TO T/C1 CAPTURE

TRIGGER MUX

»
>

ACO

ADC MULTIPLEXER
OUTPUT®

Notes: 1. W P194Table 81 ,
2. HEILLBREIME R 9% I P2Figure 1 & P58Table 26 o

Bit 7 6 5 4 3 2 1 0

I ADTS2 ADTS1 ADTSO - ACME PUD PSR2 PSR10 I SFIOR
/B R/IW R/IW R/W R R/W RIW R/W R/IW
NHE 0 0 0 0 0 0 0 0

+ Bit3 - ACME: B\ BRI E ARRERE

HwniB%E "1”, B ADC & FXIRFA (ADCSRA 1725/ ADEN X "0") BY , ADC %
BREARNRLLRBRERARA A, SR "0” i, AINT EZRIILLRBF[AARBA
. BEHAMRNIESN P194“ B LLBRB|/ETHA "

Bl ReEeHAMRESTERS -
ACSR Bit 7 6 5 4 3 2 1 0
| ACD ACBG ACO ACI ACIE ACIC ACIS1 ACISO I ACSR
®/B R/W R/W R R/W R/W R/W R/W R/W
NIRE 0 0 N/A 0 0 0 0 0
» Bit 7 - ACD: Lt REREA
ACD EBAuAt , LN LS BRI T . T AFE (R BHR IR B b R IR L LR S . X
ALUR DG THEERNRERER T, % ACD IRt , HFESE ACSR F1FEH
ACIE M RE IFERILL B 2SR HT. BN ACD ZE R Al BER = 4 .
» Bit 6 — ACBG: &ZF#E L LRV EREAR
ACBG BfIff , Al LR B IER M A RAEREMRATEMR . BN , AINO ERZELI L
REBWERBA. P39 FREHABE",
» Bit5- ACO: E{lLL R
192 ATmega8535(L) [
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B RENREE2EESEERES ACO., BEHEISIAT 1-2 Metsh B EIM TR,

» Bit4 - ACI: EELLL B ERPMIIRE

M RENmHE4M A T H ACIST & ACISO EX MNP HrERXet ,ACI BfL. 218 ACIE
M SREG FEHBNLR/FMIRE | LB  BLAEULRBAMBESEFEESLURIT B
Bt ACI HEHEE, ACI LA LUEBEE "1” KEKR.

* Bit 3 — ACIE: =\ b 888 Fh i fEAE

U ACIE UIEE "1” BRAFTERDIN B HWIRE | b BT |, BELLLRES P M
Eo BN FRETHEELL,

» Bit2 - ACIC: Ll LL B E M A IR FRE

ACIC B/ A B EHl L RES KAt R T/C1 W AR ThAE, BT RS A E
EETMABRNIRZE , NMESLLESTURA T/C1 @ AR EHZ B RS
HIBS R AR &R IERINEE, ACIC 7 "0” RHERILL RS R AR IIAE 2 & B EMB R,
RNTELLRIBBAI AR T/C1 R AR ET , ESESPHTRRBEESS TIMSK B9 TICIE1
AIRBA o

 Bits 1, 0 — ACIS1, ACISO: &\ lb 588 i i Kk 3%

XA EAREN LR ER PSS, Table 80 A T FREIMIRE.,
Table 80. ACIS1/ACISO i&&

ACIS1 ACISO Ll
0 0 bR Es i H AL BN AT AR & R
0 1 R
1 0 EEB B 4 B T B IR = A
1 1 teER BRI A £ TR £ R

ZEENET ACIS1/ACISO B , HIUEE ACSR F1FEeMY P FAE AR E LR LB B8
Wro 7 N7 AT REAE SU3E IX AN B 7= A R T,
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BELLBRBEZIMA AL ADC7..0 2 I E — M RABEB LR B ARE Ak, ADC ERETAX
ERIXANAE. YR, N TEAXAN AL ESJI%E ADC, MBENLREE AR
BEQI (SFIOR ##9 ACME) #{E1v , H ADC thE 25X (ADCSRA & 78319 ADEN 7 0) ,
AT LUER ADMUX BE8EM MUX2.0 KGR ERELLREARBANSHE | 0
Table 81, R ACME j/EZ = ADEN E1v , MIE L LLERBFH Al A 7 AIN1,

Table 81. R LLRZFRERB A

ACME ADEN MUX2..0 EEBRFRARRA

0 X XXX AIN1

1 1 XXX AIN1

1 0 000 ADCO
1 0 001 ADC1
1 0 010 ADC2
1 0 011 ADC3
1 0 100 ADC4
1 0 101 ADC5
1 0 110 ADC6
1 0 1M1 ADC7

194  ATmega8535(L) m——
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s 10 BE

e 0.5LSB WL ME

c +2LSB MENBE

* 65 - 260 ps KYFHRATE]

o BEIHEINEHERSTIA 15 kKSPS

- 8 E AN IR ARE

c THRESMAEE

2 RATEMEER 10x 5 200x HE9w A EE

Ak M A FF ADC &K

* 0-Vcc B ADC A B ESEE

« T%M 2.56V ADC BEHBE

o EZFHRNE RFRER

- JEX B3tk PR3 ADC ik

o ADC HigE Reh i

- ETERERWRFNHER

Note: 1. ZEPDIPSPLCCHETHEZSMABERHFRELNR . LRIESFGETQFP SMLFEH
BETEEIE,

ATmega8535%8 — M0 HIZE KEILEADC, ADCE— 1 8BEMEL 2K S ARRIER ,
BEXIRBIRO A K 8 BR B IR A B EH TR, BiRBEEMALL OV (GND) HEA,

SHEXE 16 REPBHERALAS, AERESWA (ADC1, ADCO 5 ADC3, ADC2)
BrREEER , £ AID HREIAED WM ABERME 0dB (1x). 20 dB (10x) = 46 dB
(200x) IR R tRESELMABERZ—MNEA R (ADC1) , M EAE{T ADC 5
AT R E AR, RMEH 1x 3 10x @i |, /53 8 U PR, MRFEH 200x #
AI8E 7 Lo PR,

ADC @FE— I RERFHE  UBREZRKRIESH AT ADC WBEERRFEE. ADCH
HEE N Figure 98 Fi’Ro

ADC H AVCC S| H#BR, AVCC 5 Vo 2 ANRETEREE £ 0.3V, ESE
P201“ADC Mg #IHIZS » R T R aAIE X AN S| |,

FRFAMER 2.56V EEHE , AR AVCC , B T4 2R, EEBETTLUBNE AREF
S EMM—NEBAHITHRE  UEFHNFIRS,

A IIIEI% 195



B

196

AIMEL

Figure 98. #EHHRBRHIER

ADC CONVERSION
COMPLETE IRQ

INTERRUPT
FLAGS

ADTS[2:0]
<« 8-BIT DATA BUS -
< L
wiw
¢ ¢ EIE 15 ﬁ 0
ADC MULTIPLEXER ADC CTRL. & STATUS ADC DATA REGISTER
SELECT (ADMUX) REGISTER (ADCSRA) (ADCH/ADCL)
g2 % 55583 Addd St o gz LA A
5 &3 2222z I - - (- <
g2 g 9228 982 5
»| TRIGGER g
»| SELECT <
Y A, Y
| MUX DECODER | YyYvyvy
PRESCALER |[€¢———
START
Y A, Y

GAIN SELECTION

CONVERSION LOGIC

CHANNEL SELECTION

Avce N |

INTERNAL 2.56V
REFERENCE y SAMPLE & HOLD

COMPARATOR

AREF . 10-BIT DAC

GND . F/

BANDGAP

REFERENCE
ADC7 I:'i
ADC6 M\
POS ADC MULTIPLEXER
ADCS INPUT » » ouTPUT
MUX i
ADC4 I:li
ADC3 GAIN
gQMPLlF\ER

ADC2
ADC1
ADCO |

Y

NEG.
INPUT
MUX

/

SINGLE ENDED / DIFFERENTIAL SELECTION

ADC BEBXEEN A ENMANENBEEZRE—N 10 VHNHFE, KRDMEREK
GND , & AERZXAREF S|} LM BEBR A1 LSB, B3 B ADMUX &858 REFSn i
AT LR AVCC A EB 2.56V S E B EEZE] AREF 5|, £ AREF L/ N & ° LARY
FASZHE#THRBIURES RS HHIERE,

Bl ABESEZ7EE T B E ADMUX 17351 MUX fIRi%EF. £ ADC @A
S|, & GND REIERERSERE , #ATLMEN ADC B R imH A, ADC % A S| A] ik
WESBHEBARNESAB A

MBEBREZESDEE  BIEBRBERASENNEERFESIBEEED AR, REHRK
B R ADC MiERII A, MREALIHKEE , NS @B M AR,
BEHi% & ADCSRA F 17838 ADEN BIW /531 ADC, RE ¥ ADEN BfuRSZBE KA

ABBRFESEM. ADENBEFER ADC FFEHE , At BIER AT REERE N 28X
1 ADC,

ADCHRER N0 , FHTADCEIEZFFEFADCHRADCLA, RIAMBER THBRLER RN
AXSF , B AETIRE ADMUX Z 178589 ADLAR % EXF5Fo

ATmega8535(L) m——
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MRERFQERENT AERSRAESNNEREE  BARERINADCHHREB T,
AMESKEE ADCL , B ADCH , MRIEBESFSEHRFHNARTRE —RERNER, —8
B ADCL , ADC N EFFEENTUMBELT, BRI , REVADCL 25 , BIfE
£1£ ADCH 28I X BE— X ADC BB &R , BRFESNRBECTLEN , NTIRIET &
MERTE%R, ADCH#iEH 5 , ADC ENA[EXi5E ADCH & ADCL 178,

ADC## g5 SR ] LU & HP T, BNME A T & £ EIRENADCHSADCL Z [BiE R ADC T
EHRBIESESS  HEBELRTEREE |, PiNML,

B ADC Bai3#{ ADSC (VB "1” AJLAEs B X iR, EHRASEPLNVRERNS B
BRMER  RAEWEHES, NRERBYBEPERTE —NEE , 84 ADC 2 X
BB A ST ARIX — R EE R

ADCH#H I ETE KK R, iR EADCSRAZ 783 ADC B3 it X S F L ADATE A LAfiE BE
B3t %, 1RiE ADCSRB Z 1785 ADC il X% ADTS A LLUERALKR ( WAL IR
FIFRAFT ADTS iR ). HFMEMALKES 4% LB , ADC i SMes S H 1A
B, XREHT -/ EEENBERET BN G L, H#RERGEAEMELESNHAE
£, R AR —RFNELR, REHRIBPFAEESTFXXTET —NLERR , XN
EBn w2, BEESENDIEREZILHEBHMELENRN 0, PR STINEN, X
BHOUERFERMPER TAA —XER, BRENTETRFMEH L EREFTN
B | MTEHEREES.

Figure 99. ADC Bzt KB4

ADTS[2:0]
—— P PRESCALER
START CLK e

ADIF — ADATE

SOURCE1 —— L
***** 5 } CONVERSION
,,,,, LOGIC
***** EDGE

SOURCE n DETECTOR

ADSC

£ ADC FIFREEN AR , AT E EE#THERBREREEFF R T —IX ADC i,
2J/a ADC BT HEAEESERER S8R TRERY ADC ESFESHTET. £
—RE:ES [ ADCSRA F17838 ADSC E 1 X3, EHERT |, FLEH ADC it
T T ADC FifiirE& ADIF 2B BN

MR T AR , B ADCSRA HF1735H ADSC Rz #£R¥#., ADSC #R&E
TRARENEREBERT 2P, TRERRMOMBIIH , FRRH#TIEHS ADSC —
ER 1,

A IIIEI% 197



53 &% ADC ¥t P
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Figure 100. ADC % #7185

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

ERANRGT \ BRELBEREE— M50 kHz E| 200 kHz H95 AR SR BHRABE.
MRFIRNERRBERT 10 toiF , BABMARNPMRALS T 200 kHz , BUXBIESH
KR,

ADC #ERBIE— N2 , © A LAHEMETE 100 kHz B9 CPU B4 R= £ aJ#EZH
ADC R4, Mo 40288 d ADCSRA E1E25H ADPS #1TiRE. &1L ADCSRA F1E8H
ADEN f${F8E ADC , i SMEsF AT . READEN /1 1, MOMBRMBFEITH , B
ADEN B E,

ADCSRAF72RHIADSCEL/G , RimRE T — NADCEHHEHMN LT iBE3. =
DEREFR P200“ ZEHEBEEE" .

EEHBREE 13/ ADC 4 EH. 7 THHRICELIBE , ADC £4% (ADCSRA FFe
/) ADEN E{ ) FHE —IXFHIREZE 25 /> ADC w4 EHA,

HEEN ADC RSB H , REFERFERRBHZ/EM 1.5 ADC BT ; ME—IK
ADC M RERFMN R EERRE 2GR 13.5 M ADC R, HIERE ,ADCER
WiEA ADC BIEF 785 , B ADIF /& E L. ADSC ERNESE (R REHRER ). 2FH
B AT ABIRE L ADSC #7& , MTITE ADC 95— EHR B3 — X iR,

EABMMAR  MREHREREMTDHER XRIETMREHMNEHRE 2 EIE
MEEEN. EFREXT , REREFEMRES LARZEN 2 MADC Bt RE, N T
KRS EEFEZRHMING 31 CPU BHHHFH,

EEEEBERT | Y ADSC hEn , REFER—ER | T—RKRE EFH, iR
[BliE W Table 82,
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Figure 101. ADC B FE , £ —R&ER (2 REBRER )

. : Next
First Conversion

A, Conversion
I I I o
Cycle Number | 1] 2 12| 13 i | 15| 16| 17| 18| 19| 20| 22| 22| 23| 24| 25 | | 1]2]s
AN ] | i I [ 1 1

ADSC J | | I W
ADIF : | ! :

I | I
T[] I// [ 777777777 77T T T T 7 T T DK wse of Resuit

ADCH

' |
wo  ZTITITTITT; ///////%///////////////////////////////>:< s o

[ [
\ MUX and REFS \ Conversion /> 4\ MUX and REFS
Sample & Hold

Update Complete Update

Figure 102. ADC BFHE , ¥ Xk

One Conversion . Next Conversion
)

|
Cycle Number |1|2|3|4|5|6|7|8|9|10|11|12|13|
| | | |

ADSC —WI | IWI
ADIF I I I
aocH [/ IV 7/ K M$B of Result

wct /LTI 7 T T 77T T T T T 7T DX 1 sBof Resuit
<_\Sample&H"'d Conversion / \Muxand REFS

MUX and REFS Complete Update
Update

1|2|3

Figure 103. ADC I{FE , Baifit R iR

One Conversion _, Next Conversion
<

| |
Cycle Number | 1] 2| 3| 4| 5] 6] 7| 8| 9| 10 11] 12| 13| | 1] 2|
|| | | |

soccoo J7A 4 LT Y LI LT LML WL LT UL U L 47 T 01
e \my

ADATE _/ [ | | |

ADIF 1 | II—
woch L[V T T T T T T L DK vss dResuit

st 7T 7Y 777777 777777777777 777777 777777 7K beciresun
/N l\sampm& Conversion f)I K\ Prescaler

Prescaler Hold Complete Reset
Reset

MUX and REFS
Update

A mEl% 199
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RTBEERE AR
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Figure 104. ADC BFHE |, EL& ik

One Conversion Next Conversion

1 [
Cycle Number 11| 12| 13| ll |2| 3| 4|

ADC Clock ; *
1 1

ADSC

ADIF |

ADCH ’/////////////):( MSB t:)f Result

ADCL /111771111 /PKLSB of Result

: \ Sample & Hold
comn /" O\
Update
Table 82. ADC #:iaH]
¥ & RE (BHEREN

&4 NI CE ) BHnt| (BAR)
E— IR 14.5 25
EEHIR , Big 15 13
B3 AR F ik 2 13.5
ERER £ 1.5/2.5(" 13/14M

Note: 1. BURT CKupe, HIRFS

LEAZDEHEEE  FEERRRNBERL,

ENERESRIBITH CKype, BFETF ADC M —%, FISREY ADC EOTE CKypeo
BREARESREFNBIENN. L CKype, NEN , BIAF B3GR (B, FIEW
BREREE-ELRR ) N5 RREREANNE (EENTMDHEH 13 ADC &t
AR ), H CKypc, NEE , BTFELSHE , FEER 14 4 ADC B AR, BELRK
BENE , —RBERERTUBBIIFOEIR , MHET CKype, KTAS , FIENEZNE
) (BIBREE—IRSN ) FHER 14 N ADC B8 AR,

EFFERNERIZED , YHRN 4kHz HERSRKEML. ESHMEBETRESERIEL MR
Ko UM AESEEs THERFERNMEN | NEHRABMAKERKSE. X5, ADC
REMERZEBRTRMRE. ki, FEBETRREZYL , ADC H#ABHNN 6 s, &
FBERERN 12 kSPS,

MRFEAESERZBERBEN B LBk |, R ADC 40xH, HEABE
% e, ADC Mo EBREHTEN. ATHEERITNESZRKEREN ADC B
O ZERER. B8R (E51F85 ADCSRA B ADEN fudh B “0" &R “17) , B
SEARBEMFE ADC , AT RER, TERREREN. HFEEA P198“ o R
& ADC BE#F 7 o

ADMUX & #7288 FHIMUXn R REFS1:0i@81S IR B F 78K 7 £ &%, CPU AIXY b Im Bt &
R ATRENIA M. XRIETHRRYBPBENEERNIRERETREHNNZ, £
MEFZABEREAREETEAET. —BRRFABRTATFELERBEMNEL
BT, MmRIE ADC A7 2K KA E . FEFIRTK (ADCSRA & 78589 ADIF Bz ) 2
BN E— AR  BEMEERNER X TUERTTIE. HRATHITZIHN ADSC
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ADC fil A JBiE

ADC E s KR

ADC & 753 il 2%

2502E-AVR-12/03

EMEN TN LR, Bt , BiVAFEENMN ADSC 2 51— ADC i+ A H
B  TE#R/E ADMUX LUEERFHNEEBE REER.

FRESMEN  MEASHAENRRRTEEN. A TEEFIEN KRN  £F
T ADMUX FE —EEHS 5 /DD

ZADATER ADENEEN N M SEH ] UEEE A L £, R E B %3 ADMUX
FESNASR  BLAFRRETEHI T —XAEREETIHNRBEERRFTWIRE. EUT
BT ZI AT AR 2 i X ADMUX BHTE# :

1. ADATE 5 ADEN 1 0

2. EHHBEREY  EREMABSHEAEREL —/ ADC Bt EH

3. BMERCE , BREENMERNPIIREES 28

MRE FERINE—TER TEH ADMUX , BRAFRERE T —)X ADC BH4ER,
URTEZ/BENBERIEE, —BRAEEZS,EE , HBEREA 125 s KREZE,
W EFEEGHN 125 ys AFRNB R, SSHFZMNBBRANERER,

YHH%ZE ADC Z2EEF (BT HE ADMUX FEFERFH REFS1:0 fi ) WE — XKL EE
ST AT E B 15 8

ERELBENEEIENATIESHH

THETERERERR , SRESHHRANEERE, £ ADSC EN/EH— ADC Y
HERRTNUERFNELMABRET, EREMENDEREFERNEREBAXE
=

HESFREAT , SRES —RERT R ZIEEEE, £ ADSC BEf1/5H —1 ADC
AR TR ENRABRET, EREMENDEREFEREREBAR
BE, R, LR RERELBNTRT |, T IREVFRREE RRIRAY R LA RTEE AR
MR ABE, UEHNHRGRST RN TBEN.

LYMBESRFBBE BT ANIRBIEEEEFTERNREAE , F-REREREHERR
€. AFREFEFERERER,

ADCHIS % 8 R (Vrer) KB T ADCHI S RSEE . BB BB BTN T Veer , HERT
T OX3FFo Vegr MELE AVCC, MEB 2,56V B IMET AREF SIMKBE.

AVCCEX —MNERIF < S5ADCHIE, K NK2.56VSE B ERREREER (V) BRI
BAREE=4, TICRWHIER , AREF #E#ES ADC #iE , B3 AREF Stz B4 N
BATURESZEENREMS, Vi TEISHANPENRISKTE AREF SIHIME,
BT Viee WEREBE , Bt REEEZIERAR,

MR —EEBRER AREF SIH , LA R ERHMNEART BRAXL2S
BARNEERSNESERNERE, 1R AREF S|BS AR EZEMASESER , AR TM
#EE AVCC = 2.56V EREHER, SERUTENE— X ADC iR Ruge R HE 2
WHAPRPAEFAX—XNERER,

NMREAZDEE , RFESEEETNIEEIN P249Table 114 & P250Table 115 AR
# AVCC,

ADC 9 75 5 B i EL 7] AR REER R X AT 364 WM BR{E A T CPU KRR I/0IR & 18
FELIAMEE, REMEZRATE ADC RREAREZRAETEA. I TEAX -5,
BIRAWMTHER

1. TBE ADC B&FrE , AR BATHLRS, TEEXNZN R REGR  HA
ADC i gt R {F 8L,

2. #AADC BERER (RERAER ), —B CPUHKERE , ADC EFF R,
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3. MREADCEMRLERzENEBEHMAPM™4% , FBA ADC R RTFHREECPU M
1T ADC HIRERFMRSEF. WRE ADC HiRERZ B H M P RTIR
WEET CPU , MM AFMRSEFBEINIT. ADC BBLREF4% ADC ¥
BRERBUTIER, CPURNIETFHNKREESBEMIT.

HABRZRERENK ADC BEEREN AN EMKIREXES , ADC F2BXMA, EHA
XERIREET |, ZUCRF ADEN FEUREIIFE. MR ADC HiZREREX T8 , BA
FETREDHR , BiUKH ADC BERERREASZREBIETRE.

B iR E R 5 A BBER L Figure 105. . A2 & AME ADC B9 AEE |, % AE ADCn
HEDESEZRSIMBER R AMENE N, FHE ADC HWim AEEN , BIMES RS
BT — BB (AABENASHEE ) B3 RERE (SH) 25,

ADC#t 33 BRLe 4 HFE 1 32IE T 10 kKQRENERE S M T 1. W FiXENES R
BAUZERT, EESEEESNMEN , BARENBEREURTX S/H ER X B/
B, XNETEAREECEAR. BWAFFEAREEREKETCEENELES K BRXT
LB At SIH B BRH BEEH .

MBRFERAESEZEE , WABKERTE , BiFERA/LE kQ KIREBEME,

MBS TREMBME (f\po/2) WESBETEER TEM—NEE |, X487 LU & 7 7] Al
NESBHNERNELE, FIRESH AT ADC 2RI iFERA —MEE RS RiEE M

5.

Figure 105. &1l A #.8%

1..100 kQ

ADCn ~ M L

Cgp= 14 pF

BEAFIRABORZERBL=EBE TR EM) , N IOELNENEE, R
BREEERRS , BLATUBE AT AERRDERS
1. BRlERUENF, RIIEMESEZNTEL e L HECNSEERTKR
NBFEESL DT,
2. %0 Figure 106 PR , AVCC NBX —1 LC MESHFBRER Vo Ei.
3. ffH ADC g5 HI#|2SRE1KRE CPU N TILRFE,
4. WRE ADCHOWAERFTEE K FLAXTMRIEEERITIRFENTS
BHEPFHE#H,

22 ATmega8535(L) m———
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Figure 106. ADC BJRIE#H

——_—— e e — o —— —

CcC

>

Analog Ground Plane .

o
=z
]

j PA4 (ADC4)
|| Pas (aDcS)
j PAG6 (ADC6)
j PA7 (ADC7)
| ] AReF

10pH

100nF

REAMZ SR HEFAEENRENMZRE RURREEIEERE, BN ERPNARRETERE
HEFENHNZSMANARNBEENS. ZETHRENNELERDE L. £AXRE
TREMSENRE , BENRETEE 1LSB LT,

ADC BEE N —N n IR IE ADC ¥ GND 5 Vi ZRIMNE B ERIRRK 2" 4 (LSBs) TRNHF
B, B/PHERERN O, RANERERN 2"1,
LUTRNASHERT EBERBR 2 ANRE :

"% 58 — IR #x#% (0x000 E 0x001) SEA#iRk (0.5 LSB) 2 HIMRE=. BEER: 0
LSB,
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Figure 107. ®BIRZE

Output Codeh

————— Ideal ADC
Actual ADC

-Offset.
< Error>

[

Vgree Input Voltage

- BRREFARREZRE  &FE—IXER (0x3FE 2| 0X3FF) SEAER (RKEUT
1.5LSB) AN RER N ERIRE, EEEN OLSB,
Figure 108. E#iR=E

Output Code A <gain
Errot-

————— Ideal ADC
Actual ADC

.

Vger Input Voltage

o BAFLM (NL)  BERBRERIRECE , MESGRERSERAERZ ANEK
RZHH INL, ¥EF8{E : 0 LSB,

ATmega8535(L) m——
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Figure 109. E{kIEL M (INL)

Output Code A

INT

----- Ideal ADC

Actual ADC

.y

VREFVInput Voltage

ZE 7 IEL M (DNL): SRBRIB T (R MNBIL $5# 2 (B MRS (8] B8 ) SR ILH8 T (1 LSB) Z B fY
m=, Hit{E : 0LSB,

Figure 110. =7 JE& % (DNL)

Output Code A
Ox3FF

.

0 Vger Input Voltage

BUIRE  ITHWAREREBCRBRUNEE , B CENMARE (1LSB) #ik
BRAMEENHIL, BLIRESRN £0.5LSB,

« BUWBE  IEXEER (RELER ) SERERCENEARE, HRE. #H1R
= EPRE. FEMREMIREMR. BREN +0.5LSB,
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HRERIG (ADIF IE ) , BRIRERBTF A ADC £ R %1785 (ADCL, ADCH),
BOREBNERNT
V- 1024

VREF

XAV  IBEP S EABE  Veee NS EBE (S A P207Table 84 5 P208Table
85 ). 0x000 X FAEB BT , Ox3FF K&XFTiES EBENERE 1LSB.

MREAEDEE K ERR .

VREF

ADC =

ADC

KA, Vpos NEASIMIERE , Vygg NHASIMABE , GAIN HEENEHEEF , B
Veer ASEBE, ERA 2 BERRT , M 0x200 (-512d) Bl Ox1FF (+511d). TR A
FPHREXNLERRITIRIERMERN , ©HR 214 R MSB( ADCH 1 ADC9 ), TNRiZMH
1,870, ZMR0, ERNIE, Figure 111 AHESD WA ERD,

Table 83 44 H HitEREEH N GAIN ESEBENR Vi HEDHAXT (ADCn - ADCm) HY
WMABER.

Figure 111. Z5 N E5EHE
A

Output Code
Ox1FF—

) S
V__JGAIN Differential Input

-V
REF Voltage (Volts)

wer/GAIN

0x200

206 ATmega8535(L) m——————————
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ADC ZTiEiRFFR - ADMUX

2502E-AVR-12/03

Table 83. W ABEHHHEBWHEEXR

Vaocn ®HE MR SIE

Vaocm + Vree/GAIN Ox1FF 511
Vapcm T (511/512) Vgee/GAIN Ox1FF 511
Vapcm t+ (510/512) Vgee/GAIN Ox1FE 510
Vapem T (1/512) Vree/GAIN 0x001 1
Vaocm 0x000 0
Vapem - (1/512) Vgee/GAIN Ox3FF -1
Vapcm - (611/512) Vgee/GAIN 0x201 -511
Vapem - Veee/GAIN 0x200 -512

B

ADMUX = OxED (ADC3 - ADC2 , 10x % , 2.56V SEBE , £XI7F ).
ADC3 LEB K} 300 mV, ADC2 B 500 mV,
ADCR =512 *10 * (300 - 500) / 2560 = -400 = 0x270 o

ADCL 1% 0x00 , B ADCH &3 0x9C. 4 ADLAR E 0 AX13F:ADCL = 0x70 , ADCH
= 0x02,

Bit 7 6 5 4 3 2 1 0

I REFS1 REFS0 | ADLAR MUX4 MUX3 MUX2 MUX1 MUXo0 I ADMUX
B/B R/W R/W R/IW R/W R/W R/W R/W R/IW
NBE 0 0 0 0 0 0 0 0

» Bit 7:6 —- REFS1:0: 38 Ei%F

W Table 84 Fi R, BRXJ/LATNERSEBE, MREZFEIBPRTT ENIWIRE ,
REZFNLHFIHKIRE R (ADCSRA FFEHM ADIF By ) 2ERET2EEA. MEE
AREF S| L T ABSEBE , NESEBERTREBERT .

Table 84. ADC ZEBEEF

REFS1 | REFS0 | & B EikiF
0 0 AREF , A3 Vref <
0 1 AVCC , AREF S| IERBE
1 0 RE
1 1 2.56V WA REEBER , AREF SIS IEREBER

e Bit5— ADLAR: ADC ## 4B EHFF

ADLAREMADCH & READCHEFER TN ERFE R . ADLARENRERERNE
¥, BMREFTF. ADLAR WG ENEIM ADC BIESHFBNHNE , TIEREA
B FERHT, XTiX— W ZTEHRIENL P210“ADC $HiEH 1788 ~ADCL & ADCH” ,
* Bits 4:0 - MUX4:0: #1188 58 28i% B

A mEl% 207
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BEXJUVEIRE , JAXIEEZS ADC WERIMMARTIER, HANESBERRHT
. AT N Table 85, MRAEKRIBHIRBX/LUNE , BARBIKRRER

(ADCSRA & 1783 ADIF B ) FHFHRET B
Table 85. M ABESgRIER

MUX4..0 | HigA EEZ5@A HETRA W
00000 ADCO

00001 ADC1

00010 ADC2

00011 ADC3 N/A

00100 ADC4

00101 ADC5

00110 ADC6

00111 ADC7

01000 ADCO ADCO 10x
01001 ADC1 ADCO 10x
01010 ADCO ADCO 200x
01011 ADC1 ADCO 200x
01100 ADC2 ADC2 10x
01101 ADC3 ADC2 10x
01110 ADC2 ADC2 200x
01111 ADC3 ADC2 200x
10000 ADCO ADC1 1x
10001 ADC1 ADC1 1x
10010 N/A ADC2 ADC1 1x
10011 ADC3 ADC1 1x
10100 ADC4 ADC1 1x
10101 ADC5 ADC1 1x
10110 ADC6 ADC1 1x
10111 ADC7 ADC1 1x
11000 ADCO ADC2 1x
11001 ADC1 ADC2 1x
11010 ADC2 ADC2 1x
11011 ADC3 ADC2 1x
11100 ADC4 ADC2 1x
11101 ADC5 ADC2 1x
11110 1.22V (Vgg) N/A

11111 0V (GND)

ATmega8535(L) m——
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ADC #HMREFEFRA -

ADCSRA

2502E-AVR-12/03

Bit 7 6 5 4 3 2 1 0

| ADEN ADSC | ADATE | ADIF ADIE ADPS2 | ADPS1 | ADPS0 | ADCSRA
®/E 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

+ Bit 7 — ADEN: ADC {##E

ADENEEIE3IADC , ENMADCINRER Hl . FE RSB X AADCH LB A Ik IEFE#EAT
R,

+ Bit 6 — ADSC: ADC FF 4%

ERERERERT , ADSC BB 3I—X ADC i, miELEHRIERT , ADSC B
TR E R, F— X% (£ ADC B3 2 /GBI ADSC , & EFRE ADC HWER B
{2 ADSC) EE 25 N ADC I+ AH , MAREEBR T 13 1N, F—IRE#EHIT ADC
DR T,

ERRHTIRDIERE ADSC HIREEN "1” , BEIHRLE R, ADSCIEEFR=4F @3
£,

« Bit5—- ADATE: ADC B3ifil & 58k

ADATE B /231 ADC B3I i & ThAE, MAES M EBA B3 ADCi#R, iRk EESRE
I SFIOR 178589 ADC fi % S5 Ri%#R L ADTS Ri&.

+ Bit4 — ADIF: ADC HHftRE

£ ADC B4R , ERESEREEHG , ADIF EfZ., IR ADIE & SREG FH12F
AT EERELL | BB , ADC B R RSEFEBLINIT , Bt ADIF BHES, It
S, BB EEREE 1 kE ADIF, EXEMNE , MMEREX ADCSRA #1Tik - &
- BRE , AL ENPISWEIE, XBERT SBI & CBlI BT,

 Bit 3 - ADIE: ADC "hiffEEE

# ADIE & SREG M | E{Z , ADC ¥ 4E R A B4R {F AL,
 Bits 2:0 - ADPS2:0: ADC T4 5 S8k R4

Hix JLALSk#E XTAL 5 ADC # ARt Z B 285 E F.

A IIIEI% 209



ADC ¥ #2558 - ADCLRE
ADCH

ADLAR =0

ADLAR =1

AIMEL

Table 86. ADC % ik %

ADPS2 ADPS1 ADPS0 AHETF
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 ADCS5 ADC4 ADC3 ADC2 ADC1 ADCO ADCL

7 6 5 4 3 2 1 0
®/EB R R R R R R R R
R R R R R R R R
NkE 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
ADC9 ADCS8 ADC7 ADC6 ADC5 ADC4 ADC3 ADC2 ADCH
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
HE 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

ADC RGERje HKRERFTIRNFEHRZT. URRAZSEE ,5RH 2 WG
EART.

BEHADCL 2 J5 , ADC #i#E% f78s —EE S ADCH th ik i o A URTRIRE R
b, MREMERNEXTT , BERWBETST 8 45, MAXFRE ADCH 52
To BN &M FERE ADCL Bk ADCH,

ADMUX ZF1E25H ADLAR & MUXn 2¥MERERERRBETESTIHNRTIAFR. IR
ADLAR A 1, BBALERNEXNTF , RZ (REHRERE ) , ERNEXTF.
« ADC9:0: ADC it 8

ADC ¥R | 75 P206“ADC &R "

20 ATmega8535(L) m——
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Y% IhEE 10 185 - SFIOR

2502E-AVR-12/03

PSR10 | SFIOR

Bit 7 6 5 4 3 2 1 0
| AbTs2 | ADTs1 | ADTS0 - ACME PUD PSR2

®/B R/W R/W R/W R R/W R/W R/W R/W

HE 0 0 0 0 0 0 0 0

« Bit7:5- ADTS2:0: ADC Bzt &R

# ADCSRA #1283 ADATE B1{ , ADTS WEFHEM A ADC WML R ; &N |
ADTS B BEE L. HEF N PMIREEHE E AR A ADC #i. N—NFIIREE
ENMARIBRIFHFREEVHNMEARAEMAESES~SE—NLEHR, RN
ADCSRA 178589 ADEN 5 1 ,ADC #3EN#S 30, 1 EELZITER (ADTS[2:0]=0)
Bt , BfF ADC HHIIRSEL BN L RS E A B4,

Table 87. ADC H3h it ZiRiE#F

ADTS2 ADTS1 ADTSO &R
0 0 0 ELHERER
0 0 1 Bl b Eg
0 1 0 SNEBHRETIER O
0 1 1 TEBTER / TTEKER 0 LERITRL
1 0 0 ERTER /T ER 0 R
1 0 1 ENER/ THHBLR TR B
1 1 0 TERTER / ITHER 1 R
1 1 1 TERTRR / THIER 1 IR S

e Bit4-RES: &I
X—URE. BERERMX—UMNE 0,

ATMEL
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XECIGRARE - &
=z VISR TN E
(RWW, Read-While-
Write) ¥ B BR4mTE8E D

B ARRK Flash KA Kk S| &
BF Flash X

MARFKX

SIS &F KX (Boot Loader
Section) - BLS

RWW Flash X} 3JE RWW
Flash X

RWW X

AIMEL

Boot Loader N IBIE MCU AR &k T M LHEBEFRBRM T —MEENFE R -E (Read-
While-Write , AT &8 RWW) BRENLHl, X— I EBRE R LE MCU BWEHIT &
W& FRF Flash B Boot Loader , R E# TR AR HHA %K. Boot Loader ATLAEA
ARG EANBEZEDO MBI IMGRBRIEHIENREE (BF ) BA Flash , EMNE
FE 851 VX8, Boot Loader XV F A LB Flash , 2#& Boot Loader XA &,
H M Boot Loader AJ AN H B H# T8N , EE [ EH 2 #BR, Boot Loader 1£fi# 25 %8 8] #Y
KANALUBE 22 #TEE, Boot Loader EEMERFMEN , FEHAUMTIZE
SAFRMTERRPROREM,

* RWW B2

+ REM Boot Loader FiXEE

s EENRSM (AR Boot BN R ENRAERT)

s BRUMNBLNATREEMHDR

o SRALMT D K

o KBUAILHEE

- BE¥H RWW i

Note: 1. W2 Flash §—E%  ABANEHAHRK (N P229Table 104) , fE4wBNL P EH, T
R4 4R S5 T S0 IE & W9 IR 1K,

Flash BB ANXHEK , B A X Boot Loader X (. Figure 113), MANX K 776& 226 X/
BOOTSZ B4V EE , & P223Table 93 # Figure 113 FiR. B FAANMNXEATENEIE
i, AT EERENMEZER S,

NAKXRZ Flash FRFM B A RBA X, 5AXRP SR BEN SR Boot 8ixE{L (Boot
BiEN 0) E , i P215Table 89 . AT SPM S ENMAXMITRREMM |, AT
B XA R X F 1% Boot Loader 18,

MARXAFRZ#MAR , M Boot Loader B HMR1EE BLS, X2ENREE BLS
Z1TE SPMESFEM. SPM IES LA RIZEA Flash , @3& BLS A&, Boot Loader
X KR K 58T Boot Loader iE I (Boot BiENL 1) WE , ¥ M P215Table 90

CPUREBXIFRWW , 5% CPU &R A Boot Loader B3 TR B EH A= 1E | BUR
TR W N b, BT BIEAMRAIET BOOTSZ B4 UEBNHMNX 2 |, Flash
WAL RN EE R X ERE - B (RWW) XFFERATE - B (NRWW) X, RWW-
M NRWW B9 57 P223Table 94 Hl P214Figure 113 A, AR ETERX I :
 RWW X A 89 T 1T B BR R B VERT 7] LA NRWW X
X NRWW XA T TR B R ER , CPU =1k

EE |, Boot Loader 81 T1ERt , AP BHFF LRI T RWW KR EFARB. "RWW
X “IENREURE (BRIAE ) BN EEEX , M A 2F A Boot Loader BiF# 1TRBE
S 72 B SEBRAK 2 BN AR SR 0 o

N5 Boot Loader B 23 RWW XK E —TT# 174w , M AT LM Flash ARIREURE |
BRRTF NRWW XAK KR, £ Flash fmiZHE , AR RGSTRIEEEXN RWW XH
EipE, MRAFRFEFEIEPRERERMT RWW XA (@& call/jmp/lpm
BESFE ), RETESKKILETF—APRARS, ATHRXMERNEE , FEZ LH
WS H 3% 2 Boot Loader X, Boot Loader B 24 F NRWW FiEX, RE RWW X
2 FFEERFRIMRS , BEREFEMESIZEHIRSFES (SPMCSR) 1 RWW XItHR
FL RWWSB By, REBERE , EEEIR VT RWW XHARB 2 a0iEi3 54 ER
RWWSB, B #{a;&ER RWWSBES I P215 R 1712 7 1764 851 4| & 1F88 —SPMCR” ,

22 ATmega8535(L) m——
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JE RWW X - NRWW £ Boot Loader B -E#H RWW X E — T 6t , T LUE B T NRWW X8, 2 Boot
Loader RIZEH NRWW Xi} , EEANTTERBRBEREIEF CPU IR,

Table 88. RWW %5 =

IRENBFTLUEHE | CPUER | XEBERWWIG?
HREZEP Z BT B ? MK ? g ?
RWW [X NRWW X S =
NRWW X ¥ 8 F
Figure 112. RWW 5 NRWW
Read-While-Write
(RWW) Section
________ Z-pointer
Addr_esses NRWW
Z-pointer Section
Addresses RWW No Read-While-Write
Section (NRWW) Section
CPU is Halted
j? During the Operation
Code Located in

NRWW Section
can be Read During
the Operation

A mEl% 213
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Figure 113. Zf#88X (1

Program Memory Program Memory
BOOTSZ ='11' BOOTSZ ='10"
B $0000 [ $0000

=4 c

S i=]

k3] 5]

@ Q

%} n

% Application Flash Section % Application Flash Section

= =

2 <

= =

E =

E 3

j5} Q

4 o

E R End RWW s - - - _ _ _ _ End RWW

S Start NRWW s Start NRWW

%} n

2 Application Flash Section £ Application Flash Section

= =

% k) End Application
. N <

= End Application = ) - Start Boot Loader

c - Boot Loader Flash Section

E Boot Loader Flash Section Start Boot Loader E

x L— Flashend o L— Flashend

o (=}

z z

Program Memory Program Memory
BOOTSZ ='01' BOOTSZ ='00'
— $0000 — $0000

c c

=] 2

k3] k3]

@ Q

%] n

% Application Flash Section % Application Flash Section

= =

Q@ K

= £

5 2

el o

@ @

[} Q

o / o« /

c / . i / End RWW, End Application

s — — — — T = = Start NRWW s— [ — — — - = = = Start NRWW, Start Boot Loader

2 Application Flash Section ﬁ

§ End Application § X

] ] Boot L Flash t

% Start Boot Loader % oot Loader Flash Section

= Boot Loader Flash Section =

=l k]

3 g

o L— Flashend o L— Flashend

o o

=4 z

Note: 1. EEFHSEIE P223Table 93 F4AH,

WMRFEE Boot Loader EE , MEA Flash Z AT AN R AKBFTA. Boot Loader EH
AEALAMIIEERN Boot $iEMN. AP ANURFEEFFDHRBERFFX.

AP LUERE -

«  RFEA Flash X , ik MCU #THHF K

s TR MCU #4 Boot Loader Flash X

«  TAYF MCU HLRA Flash X

« AW MCU AHEN Flash X

FMABES N Table 89 5 Table 90, Boot BiEM T LB E 4, RITHRHITHREHRIT
RE , BREETCHBRETER. BANSHEN (MIEMER 2) FRHEST SPM
FESX Flash #1T4HIE. SHEL , EAMNE / BHEM (BIEMER 1) b RREES
LPM/SPM $E &3 Flash #1Ti& / i,

214 ATmega8535(L) m——
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HEASISERF

RERFEFHBEHTTES -
SPMCR

2502E-AVR-12/03

Table 89. Boot {E 1 0 RPN (MAKX )

BLBO #= | BLB02 | BLB01 | ##"

1 1 1 A SPM/LPM #8514 B A X
2 1 0 TR SPM EESXRMA X ITERE

THRF SPM ESHMAXBTERE , BFAAFETT
Boot Loader X§J LPM 55 MR A X B IE. EFMEE

3 0 O | F Boot Loader X , BR4 47 K1 X A F A ch B 28 1t
B,
T ARFIZITT Boot Loader XK LPM 355 MBI A XiEEUEK
4 0 1 2, EHhMEENT Boot Loader X , BRAMITR AR
BT R E LN,

Note: 1. “1”" RRKRHEmE , ‘0" RREMmE.

Table 90. Boot 8{Efz 1 R #& = (Boot Loader X )V
BLB1 #xX | BLB12 | BLB11 | &
1 1 1 AP SPM/LPM #5178 Boot Loader X
2 1 0 TR SPM #5534 Boot Loader X3t {TE#R{E

TR SPM $#55% Boot Loader K#t1TER/E , B R RIF
BT TRARXE LPM £ M Boot Loader XiEEI#iE, &

3 0 O | ;@B FAAK , BARIT Boot Loader KA
S glul: 0
TRFZITTHNAXE LPM 35 M Boot Loader XiEUEK
4 0 1 . ZPimENTRARX , AT Boot Loader X4
Bl REIEN,

Note: 1. “1”" RIRAKRHmE , ‘0" RRERmE.

B Bk MR A XA A B9 5 = AT LA A Boot Loader, iXLEiRMERLAH — Lt & {5
5B, ki@ USART = SPI #OEKE THXNTT. B4, ATLUEN ST Boot
ENB4NFEBENHEIER Boot KMiEAbir, X , §{I/5 Boot Loader M EIFLS
BT, METRARBE , EFABRITNARBE, MCU ABTRERTBLMVIZE,
2 , —B Boot EN AL NMNBRE K ENREN —EIEM Boot XM AbuE, B
NREBYBETHHTREN S ERHE,
Table 91. Boot E{uA% 4 ()
BOOTRST | &{uihit

1 ENEE = MAXEN (#ik 0x0000)

0 £ {IMmE =Boot Loader 1 ( . P223Table 93)

Note: 1. “1” RRKERRE , ‘0" RREFHE.

FIRFFERHSRNRS T 7R T 2% Boot Loader B AEFTFE IR HIL,

Bit 7 6 5 4 3 2 1 0

| SPMIE | RWWSB | - | RWWSRE | BLBSET | PGWRT | PGERS | SPMEN | SPMCR
®/B R/W R R R/W R/W R/W R/W R/W
NaE 0 0 0 0 0 0 0 0

o Bit 7 — SPMIE: SPM Hjfi KL
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SPMIE BfI/E , N RRASERMN ML tLBM ,SPM P UTENHFERE, R ESPMCSRF 1788
# SPMEN FZ= , SPM F K F 1T
» Bit 6 —- RWWSB: RWW Xit#r&

BEx RWW XK BERRE ( TEREABA ) BER , RWWSB #HBEHE 1. RWWSB
B FREEHR RWW X, BRERETRE , 1R RWWSRE 8 1, RWWSB i
BER. B9, B RMBRMENE RWWSB L BZES,

» Bit5- Res: {RE{I

£ ATmega8535 R RRE L , ®RIREER "07

+ Bit4 - RWWSRE: RWW XigfE#E

RWW XA FLRi2 (BRI B A)VRAR , RWW X B2 R ERWWSBHIEHE"1") 4
FHE, AP#SHSMERREL R (SPMENBES ) FREEFH FERWW X, 1R RWWSRE
S FSPMEN B A B A ", MITE E$27E 19 9N 50 B HA N B9 SPM B 9 BIR FBERWW
X, 218 Flash ITCFREBRHAB A (SPMEN &1 ),RWW X FREM FRE, TR Flash 0
5 RWWSRE B#2#ERR R4 , N Flash tNEkRAELLE |, BN BEREE X,

* Bit 3 - BLBSET: Boot #i E{/iRE

MRIX—{f SPMEN BB , K& TEEENENMTHEAHRNA SPMEET2ERERO
P EIR & Boot BiEI, R1 FHIIEM Z B4t E B HAK, BIEMBBTK ,
HAEE M EAEAREE SPM IES#ITE , BLBSET B3IiES.

£ SPMCSR % 122549 BLBSET # SPMEN B EHN =N EAHNZTH LPM 551512 H
BiEMRBLN (BURT Z 184589 20) H A B NFER. i 0 P220 LA R EUE
Y NBERN .

e Bit2-PGWRT: IEA

WMRX—{F SPMEN BB , KETFEEENO N EAHAN SPM ESHITRE
Thee | SFIRET E R FENIEEB A Flash, TibitENE Z #E4MWSULE5. R1 F RO
HRIBN 2R, WERETE , RELN T4 BEREE SPM EESHMITE ,PGWRT
BHESE, MEREXNSRHN NRWW X , EEIMNRERETES CPU ELE,

+ Bit1- PGERS: W%

MEX—{F SPMEN REHEN , KEFEEENONRSEAHAN SPM ETHITIER
RINAE, TUHbHENE Z EHMNEMEY. R1 M RO WEIEN 42K, TEBRIBIETRK ,
HE MDA EAR & A SPMIE S #HIITE ,PGERSEEIESE . RN EX R AINRWW
X , EENEERIZIESEF CPU =1k,

+ Bit 0 - SPMEN: R F e 58

X—uEZSEENONTsEAHEAFERE SPM 5, RN X—HM RWWSRE,
BLBSET. PGWRT = PGERS 2z —E&E&f , M EFmk | 8T RH SPM 585K
&L, MRIEF SPMEN B , BBAETRH SPM ESFIE R1:R0 PR HBIEF# 2 H
ZIBHBENISI REFES, Z 1841 LSB # A, SPMESTER , ENM R EHRN
% SPM BT ITR , SPMEN B3I/ES., EREBRINNENREF SPMEN R#EFH 1
BB ETR.

EREMZHE AR “10001”, “01001", “00101", “00011” = “00001" Z FNKY{EAILE & P
T

Z iE# AT SPM s SIS k.

Bit 15 14 13 12 1" 10 9 8
ZH (R31) Z15 Z14 Z13 Z12 Z11 Z10 29 Z8
ZL (R30) z7 Z6 z5 Z4 Z3 z2 1 Z0

7 6 5 4 3 2 1 0
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Flash B9 B4RT8

2502E-AVR-12/03

BT Flash 625 2 AR AR ( P229Table 104 ) 23R , BFITHREE U EEHRH
MBI H—ARIATAHNI RS ; EAAZIARI UM SIS , 10 Figure
M4 R, HTFREBRANTERENFURMBEIRIA |, B L RIEBoot Loader #4412 71 2
BRAMEBERENIFUMHENRARREEN ., —BREREFHRED , HiutBEdiE RS
ZIEHAILLAERMAET.

ME—FEH Z 1851 SPM &/ER1& E Boot Loader 81E I, Z B HWABTEZKE, LPM
EPER Z B RKARFiL, ATFTXMESHIUZFFT T , FTEL Z 18489 LSB
I ({2 Z20) thfEARI T

Figure 114. SPM #9341t ()

BIT 15 ZPCMSB ZPAGEMSB 1 0
Z-REGISTER | 0
PCMSB PAGEMSB
PROGRAM
COUNTER PCPAGE PCWORD
PAGE ADDRESS WORD ADDRESS
WITHIN THE FLASH WITHIN A PAGE
PROGRAM MEMORY I | PAGE PCWORD[PAGEMSB:0]:
PAGE S INSTRUCTION WORD 00
\
\ 01
\
\ 02
\
y \ >

\ PAGEEND

Notes: 1. Figure 114 FATANTRIMNZE R P224Table 95 #1514,
2. PCPAGE 5 PCWORD %|F P229Table 104 .

RFFRENEFUTNS RS, EABNREHEEEOREN —RF#ERTH
B, EAEX— BB, SPM ESHU—R— M THERFRESA M TE R,
ERREHENEATAERBR S S 2 %R , B UUETBRAASREZHER,
HE1, ENBRNSEE

B T E S

AT TR

RIT SR
HE2, ERBRESERE

AT TR

B T E S

RTS8k
NERBEUTAM — 25 | WAETERE 2 5 AFUT T 225 R (0RETE

NREH XA ), AEBEEE Flash, f£EAK R 1 8, Boot Loader 2t 7 —NE AT -
B -BRYE , ATAFREEARIIFHART , AR NBBLENHE , EFELE

A mEl% 217



AIMEL

RENBIEEE Flash, MREAFR 2, VWEERIBHE , ENRSELWRRT . Ih
B T3 XA BAREAL T 41k, RIEEERMAEREP T UARNTERKEN. CHA
BHHIFIES R P221" — MRS SFRFLHEARD " o
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B SPM #1T R

FR TR (TR )

WITRERHE

FA SPM s i

HEEH BLS NEEERHNFE

£ BmBR By IEIRE RWW X

2502E-AVR-12/03

HITHERBREEELEZEERE Z E4tS RAMPZ MtbitE 8 |, RE “X0000011” B A
SPMCSR , REEEEHN T Mt BAHAHIT SPM. R1 F RO FEVEUIEH ZRE, Ttk
KRB AN Z 51721 PCPAGE, Z iE4tHI H A {14 28K,

B RWW XY TR : £ TR BRI F2 A T BUEEY NRWW X
B NRWW XK T : £ ESTEF CPU =1L

E-1MESFELAEEIRE Z BN ES  URFESFEEA RI:RO, REN
“00000001” EA SPMCSR , B EHEEHN ANt AH AT SPM. Z FEHH
PCWORD MWHAAXF UG EAHAX, TERETK , HE SPMCSR FiFsM
RWWSRE FEIf8 ZF X B8k, REEMNHELBRIGEHTX, BERUNRTERIG
A8 X R R BEXt & a3 1T — IR Bk,

Note: #ME EEPROM £ SPM M FHHEE#RE , ME FTHEHEE X,

PTNEREEEZTERE Z 45 RAMPZ WibitE 8 , AEF “X0000101” B A
SPMCSR , R EH NI BHIRINIT SPM. R1 #l RO AV S 288, TU itk
KMEB A Z 5178 PCPAGE, Z B4 H M4 28,

EER RWW X : 7 VBRI T2 & AT LA E NRWW X

«  EERNRWW XHT : EREEESF CPU FLE

MR SPM FHfERE , N SPMCSR Z1788# SPMEN BFEF =4 flf, XEREHHET
LR AR EI SPMCSR HEEMEN, FH SPM fifet , EFhlmEEE
BLS , A% RWW XizZ it B FH BRI E. MABsI R mEiEN P44« FltF” .

BETYRTE Boot HiEN 11 BHFRFKEH Boot Loader XATHEELL FHI KT, It Boot
Loader Z&< & # {THY IR IBELTHIRE N Boot Loader ,ERBHT E2EH . MREFIFAEE
3 Boot Loader , i3 Boot 8iEL 11 4wF2 , LABFLEAR /N UEXZE T Boot Loader,

EFEEESRES (REBERINE ), X RWW XHWIBRHEHEE, AFREFERBRRLERE
4, RWW XICHF# SPMCSR 17838 RWWSB E{u. £ B4%EA , 20 P44“ Fhlf ” PRy
R, FEERNIZBE BLS B, SEZIEFH., RELERE , £F4 RWW K28 A
P ST RWWSRE B 1 X558 RWWSB, #IlFiEN P221¢ —ANE 2 M S| SFC
YRR,

A IIIEI% 219



B SPM iR ESISEFHEN

E EEPROM M 1EE SPMCR

BE# AR RBUSL VRS E i

P51k Flash B9 A A8

AIMEL

1% & Boot Loader 81 EM B £ B4 RO FHIEMEHIE , AB [ “X0001001” E A SPMCSR
FEE  HESEENONSARKRKNIT SPM S, H—riARINSIEMNE Boot
Loader 8iE iz, F X ANE 2 7] LARE 1E MCU i 7 FA 72 & #1 Boot Loader B4 MY E o

Bit 7 6 5 4 3 2 1 0
RO | ¢ | 1 | BLB12 | BLB11 | BLB02 | BLBO1 | 1 | 1 |

T [E# Boot Loader $iEMIZREXT Flash 5B #Y5209#E S I Table 89 5 Table 90,

MR ROM 5.2 1A 0,3 HFE SPMCSR %1785#) BLBSET # SPMEN E{uZ /G4
BAERNINITT SPM $ES , MR Boot IEMIFEmZ. WIRETEM Z 85t , BT
FRAMMNER BT Z BHBE R 0x0001( 5% 10, VHWREER ). AFETFHRAM
MER  BUESHEMMF RO FH 7, 6. 1 ME0LE "1, EREHEMLHIREFR
Al LA H 15 B ZA Flash X,

EEPROM BESHEX Flash 4w TE , b2 HEXN B LU MBIEMAYIREE, BUA,
X SPMCR HEB#TEIRECHE £ E EECR FE8EBMNIRASN EEWE |, B{RILT
LABUE R

18 24 A R B v AT LU B I B, B E AT , BE 0x0001 B F44 Z i85t H BB
SPMCSR 1785 BLBSET # SPMEN, 7 SPMCR 42 G =4 CPU BAHI R ITHY
LPM S FESEMNNERMNEE B N FFSHR. ENEMRELER . HEFEE=/CPUA
BMR&E BITLPMEES  SEN/ CPU BHIRZ BT SPMIET ,BLBSET Al SPMEN
B EHESE, BLBSET 1 SPMEN EZ/E , LPM [F1RBIE S F M A AT idik i AR
I{’EO

Bit 7 6 5 4 3 2 1 0
Rd |l - | - | sBLB12 | BLB11 | BLB02 | BLBo1 | LB2 | LB1 |

EEBALVEZTNEEN LR EMBIEMNEEEL, BEINBLUERT K EEY
0x0000 % F 44 Z54t H B E (L SPMCRE Z25IBLBSET #1 SPMEN, £ SPMCSRi®#EZ
BB =4 CPU AHAKITH LPM B FERLMAEMNETHWE (FLB) MBI ENSE
B, FiFAMHBARBLMEMNFHTRENMATIES N P227Table 99 .

Bit 7 6 5 4 3 2 1 0
Rd | FuB7 | FLB6 | FLB5 | FLB4 | FLB3 | FLB2 | FLB1 | FLBO |

ELW BB LUSMNFETE , EEIF 0x0003 It T4 Z iE4H A BB SPMCR &1788
#9 BLBSET #1 SPMEN, £ SPMCSR 2 EH =1 CPU AHAHRITH LPM 155 1FiE
BUNENFETHE FHB) MBI BN EFSR. EHFANRBARBLNSNF TR A
TiES N P226Table 98

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

BRENBLUNMBEMLHIBRREER "0°, REEENBLUMBENMNRIEEEN
"1%

Voo BT TERER ,CPU M Flash IE® TEFTERIE |, Flash B9 A A AT 8832 AR, XA
RN FRNATFRERENIMIL Flash —HFE. FIAEERARBRENBRSE R,

BEXEA AR PER TR Flash &, $— , Flash BIRRE -1 &ELRE. 5
, BEXER CPU AFLEREIITES.

BEUTRITERIATLU#SR Flash #BIR (RAEHRZ—HMEB T ) :

220 ATmega8535(L) m———
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1. MRRZETFEEH Boot Loader , EiiwmFE Boot Loader 8iE{LEABH LE Boot
Loader 34 E#7

2. BFEEEFRREE , £ AVRRESET H{E : XANARXH B IEBESRK
M EBFHEICE |, ATLAERE BOD That ; NI AERAASBEM R B, MRE
BEREHTHIEAETEN , REHSREEEY , BRELLTEK.

3. KEBEHEFRE AVR AL FEBREER, XL E CPU BB HEITE
T, BRI SPMCR F1E2S , MMPHLE Flash # T = iRBE 5=,

5/ SPM B 8Y Flash R E HRRAHEKN RC K% 25 H T Flash S itaF#2#|, Table 92 44H 7T CPU 151 Flash #Y B2
B ymTRRT A,
Table 92. SPM 4mi2AH]

&®E B/ R E BAGmERH

Flash B2 E (@833 SPM 3L T 2Bk,
nE, RESIENM)

3.7ms 4.5 ms

— MR EISBFLRA - KBRS RAMA ) —RBIES A Fl ash
. YIEfIEM RAMHWE— NIRRT
s ZiESHIEM Fl ash E—NIEE T
- ROIREEARERLE
- ZERFLFRET Boot X ( £4 Do_spmFRFEMIL)
; EERBERT (RBRAREERAE ) REER1EE NRWVKE R
- EAMNEESR r0. rl, tenpl (r16), temp2 (r17). looplo (r24),
; loophi (r25). spncrval (r20)
; ERFPTERSFERABTHRPNRE
; EEHABXRINER T UM LS FRNER
- RIEFETEERMT Boot | oader X, S&FHTHEL,
.equ PAGESIZEB = PAGESIZE*2 ;PAGESI ZEB RUFWHEMNMWA KN , FRUFHNEN
.org SMALLBOOTSTART
Write_page:
; TUERBR
Idi spmcrval, (1<<PGERS) | (1<<SPMEN)
rcall Do_spm

; EXERE R
Idi spmcrval, (1<<RWWSRE) | (1<<SPMEN)
rcall Do_spm

o ONBIEM RAMERE Fl ash WEFKX

Idi looplo, low(PAGESIZEB) BRI EE

Idi loophi, high(PAGESIZEB) ;PAGES| ZEB<=256 R R EE i
Wrloop:

Id r0, Y+

Id r1, Y+

Idi spmcrval, (1<<SPMEN)
rcall Do_spm

adiw ZH:ZL, 2

sbiw loophi:looplo, 2 ;PAGESI ZEB<=256 B}iE £ subi
brne Wrloop

; WITWRE

subi  ZL, low(PAGESIZEB) R dEs

sbci  ZH, high(PAGESIZEB) :PAGES| ZEB<=256 B FEEitigfE

Idi spmcrval, (1<<PGWRT) | (1<<SPMEN)
rcall Do_spm

A IIIEI% 221
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; EHFERE RVX
Idi spmcrval, (1<<RWWSRE) | (1<<SPMEN)
rcall Do_spm

; REBEARE , FEERKE
Idi looplo, low(PAGESIZEB) s IR EIRER
Idi loophi, high(PAGESIZEB) ;PAGES| ZEB<=256 R T EE IR
subi YL, low(PAGESIZEB) s IREREE
sbci  YH, high(PAGESIZEB)
Rdloop:
Ipm 0, Z+
Id r1, Y+
cpse r0, r1
rimp Error
sbiw loophi:looplo, 1 ;PAGES| ZEB<=256 Bti&{E A subi
brne Rdloop

; IREE RVIX
; BRRW XELTNUEEIEE
Return:
in temp1, SPMCR
sbrs temp1, RWWSB ; ERWBB A 1", B RIWRIE & B R T
ret
; EFfERE RWVIX
Idi spmcrval, (1<<RWWSRE) | (1<<SPMEN)
rcall Do_spm
rimp Return

Do_spm:
; RELFN SPMBRERBTZELTH
Wait_spm:

in temp1, SPMCR

sbrc temp1, SPMEN

rjmp Wait_spm

. WA :sprerval RET SPMIRME

; Bkl |, RERSIEE

in temp2, SREG

cli

; BREE EEPROVERE
Wait_ee:

sbic EECR, EEWE

rimp Wait_ee

; SPM #tiE 51

out SPMCR, spmcrval

spm

; MRE SREG ( MR PMTRAZEREN , NI FEEEH H )

out SREG, temp2

ret
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ATmega8535 5| S BF S B4RTZ IR AT A S BAE Table 93 ) Table 95 44 H
Table 93. Boot K A/NEEE ()
EA Boot Boot E{uithht (
BOOTS | BOOTS | Boot Flash Loader BAK Boot Loader #£1&
Z1 Z0 KXx/N | TH X Flash X gERut HhuHk )
N 0x000 - | OxF80 -
1 1 128 & 4 OxFTF OxFFF OXF7F 0xF80
- 0x000 - OxFO0O -
1 0 256 F 8 OXEEF OXEFF OXEFF 0xF00
N 0x000 - | OXEOO -
0 1 512 & 16 OXDFF OXFFF OXDFF OxE00
1024 0x000 - | OxCOO -
0 0 = 32 OxBEF OxFEE OXBFF 0xC00
Note: 1. TREH BOOTSZ B fuEEiES W Figure 113,
Table 94. RWW R ™
Flash X g4 FHusEE
ErtiE - BX (RWW) 96 0x000 - OxBFF

FERATIE - BX (NRWW)

32

0xCO00 - OxFFF

Note: 1.

2502E-AVR-12/03

XTFHANMXAFMIEAEFEL P213° IE RWW K -NRWW’ 5 P212°RWW X ”

ATMEL
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Table 95. Figure 114 FATATEMNRAR Z 54T HVREST

N RIRY Z BB
TR B iR
11 ERFitHESENREN (BFITHRESER 1241
PCMSB PC[11:0])
4 AFIAFSHUNRSMN (—TTE641MNF , &
PAGEMSB = 5 1 PC [4:0])
Z12 Z5EH/5 PCMSB XMz, ATF&EER
ZPCMSB 70 , ZPCMSB & F PCMSB + 1
Z5 ZEFES 5 PAGEMSBX RKI ., HTF & EFEH
ZPAGEMSB 70 , ZPAGEMSB ZF PAGEMSB + 1
PCPAGE PC[11:5] 212:26 %T’?ﬁi&%ﬁﬁiiﬂzﬂt C ETERA T EREPH
TIERE
PCWORD PC[4:0] Z5:21 BRFITHEF Y - NEXRIRNEPXHTF
EE (EREIRFMLIA 0)

Note: 1. Z15:Z13: Fit
Z0 : MM SPM & ER "0” , X LPM 8o HIERR,
XTEEENEYS ZEHNERAESN P216° £ B4RfERt 7@ Flash”
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FHERRmE
BFEBEFHENEN

2502E-AVR-12/03

ATmega8535 2t 7 6 MBIEL , RIEEMURE('0")IE R BWIRE (“17)RVER AT LAIR TG
Table 97 3 HEV M tNtERE. BIEM REBLSHBERBTEER “17

Table 96. #iEFT ()

PiEN T (VASH iz MIAE

7 - 1 (KRR )

6 - 1 ( RERTE )
BLB12 5 Boot 81 E 1 (KRimi2 )
BLB11 4 Boot #iEfz 1 (KRimi2 )
BLB02 3 Boot #iE ¥ 1 (KRR )
BLBO1 2 Boot HiE 1 ( REmHE )
LB2 1 BiE 1 ( RgmiE )
LB1 0 #iE 1 ( RERTE )

Note: 1. “1” RRKLWRE , ‘0" RRHERE.
Table 97. BiEMRFER @

TFAEERYIEN #RipFER
LB 1= LB2 LB1
1 1 1 BB EREEMBERT S
9 1 0 EHITMRITREER B Flash M1 EEPROM HY3# — 4%
BWELL | Byefumbie, O
3 0 0 EHTHETREER D Flash 7 EEPROM Ky — S 4w T2
RBIFHE I | BiEMNBRLuEBiE (V)
BLBO #£% | BLB02 | BLBO01
1 1 1 SPM 1 LPM 33 51 A X #9175 9] 5% A BR )
2 1 0 TARY SPM BN NAXEITERE
TR SPM SN NARX#ITERE , RS AFETT
3 0 0 Boot Loader X#J LPM #85 M B A K EUiE. ZEHmE
{IF Boot Loader X , BBAITR A X RIB A T 221
Bo
A ARFIZ1TF Boot Loader XEY LPM 155 M Sz A X 52 ERER
4 0 1 7, BEhE 2T Boot Loader X , BRAMITR AKX
BT REIEN,
BLB1 #= | BLB12 | BLB11
1 1 1 AL SPM/LPM 1§15 18 Boot Loader X

ATMEL
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Table 97. iR @ (Continued)

SR E N

fRipEE

1

TR SPM #8455 Boot Loader Ki#{TE#RE

[Pl 8

TR SPM #5453t Boot Loader R#ITER/E , N ARIF
ZTTFRMAXE LPM 5 M Boot Loader XizERE#E, &
PfaENVTRAKX , BBAHIT Boot Loader XA AT H

WBE MR IR,

TRAFZEITTRAXHK LPM $#55 M Boot Loader XizENEX
B, ERMEEMNTRARKX , AT Boot Loader X4

Notes: 1. TEREHIEN A LWEBBLNL,
2. 1" RRKRWRE , ‘0" RTBEHE

y A3 e A\ ATmega8535 BB NEL N FH ., Table 98-Table 99 & 2 i iH iR T AT A 1B 4 1 K9 T AE L
RN RIS RBLFTN, NRBLVBRENRIREER “0%

Table 98. AL EFT

BUBFEY ©e | #Hk MIAE

S8535C 7 %42 AT90S8535 AR 1 (RBR)

WDTON 6 WDT F 1 (K4mi2 , B WDTCR
WDT {88 )

SPIEN™ 5 FERERITREFMBETH 0 ( B4mi2 , SPI 4RT2fERE )

CKOPT®@ 4 5% 2R 1 (KRR )

EESAVE 3 HATS A #BERET EEPROM FWAE | 1 (K4 , EEPROM &

RE TRE)

BOOTSZ1 2 %42 Boot XA/ (1# M Table 93) | 0 (B4 )®

BOOTSZ0 1 %32 Boot X A/} (see Table 93) | 0 (B4#E )

BOOTRST 0 BEEVEE 1 (KRR )

Notes: 1. 7E SPI &{T4mEHE X T SPIEN AL A A5,
2. CKOPT B4 {uIhatH CKSEL fiRERE , ¥ P23“ B4R ” o
3. BOOTSZ1..0 BiAE N &K Boot X/, i# M P223Table 93 ,
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BB LB

FRIRF

RIE

2502E-AVR-12/03

=

Table 99. B4R FT

BuENETS | 45 | #R MIAE

BODLEVEL 7 BOD fit kX 88 1 (KRR )

BODEN 6 BOD f£#¢ 1 (K47 , BOD £H)
SUT1 5 briz= =Ryl N 1) 1 (Kemi2 )

SuUTO 4 %R B 0 (4w )

CKSEL3 3 MR R 0 (B4 )@

CKSEL2 2 3R B 4R 0 (B4 )@

CKSEL1 1 3R B 4R 0 (E4mi )@

CKSELO 0 %% Bt 4R 1(Kimig )@

Notes: 1. X FERIARTEHIR ,SUT1..0 WERINMBELA HHE RN B oIRTE. FEHMAAN P28Table 10 .

2. CKSEL3..0MBINMRESH T FARCIKEZEE1TT1 MHz, iFH AR N P23Table 2 ,
BULNHRBFTZ R EBRGSHEE, MRBENM 1(LB1) HEENIBLVEBE, 7
RIEBIEM A ERBB 414,

BRBEARERAELVNERBIF. HEBLUNIERLER , EXHFFRERE
B, THIXTERT EESAVE B4y, ©E—-BRREVEEER. ZERTHEEXF
fRiF LR £ th i BIF

FrE M Atmel IR HISRHBEE N =FTHRARBARKSB{/HES, XMBALLE
Eiig#ﬁﬁiﬁﬁﬂi , AT BATE RS S B E R R B, X=ANFEH 2 3 FE#E F=MRIH
ATmega8535 #RIRFT A :

1. 0x000: OX1E ( &R H Atmel 22 R]&£E7 )

2. 0x001:0x93 ( ‘R HHBE 8 KB Flash 77425 )

3. 0x002: 0x08 ( & 0x001 FHHIHAE N 0x93 Bt TR /RIX 2 ATmega8535)

ATmega8535 W #B RC #i’Z s VB I N F RN RUEERF TREFT . XNF L THRIR
#h 3k Z2[A] 0x000, 0x0001, 0x0002 K& 0x0003 MIE L FF , ZBIFRE 1. 2. 4. 8 MHz,
ESUHBE , 1 MHz IR EE®K B3I BEA OSCCAL FiFdr. AR BHMMRIREE ,
FEFPTH , F A P28 f5% 2R E F 7R ~OSCCAL” .
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HITRIESH , SIHRA R X84 % T A% ATmegas535 i Flash REFF£5E , EEPROM MIEFHEE | 17

s MEMRBLUHITHITRENRE, RESHHRHA , BPREED N 250 ns,
BSER FEIX—T ATmega8535 MMEXSIMAHTREFSWEMIHITSIA , W Figure 115 5

Table 100 FirR. FRAKBHRAY S| A RROFRIE,

XA1/XAQ RTE T 44 XTAL1 S — DN EROP R AT T RE, EARBERL

able 102,

T
% WR 5 OF W AR AT MEN G S RET BERITHRE, E4HHESA Table

103,

Figure 115. H1T4mTE

+5V

RDY/BSY «——
OE ——>

WR ———>

BS1 ———»]

XAQ ———>

XAl ———>
PAGEL ———»
+12V ———»

BS2 ———»|

L —

PD1

PD2

PD3

PD4

PD5

PD6

PD7

RESET

PAO

XTAL1

vec :T
AVCC

PB7 - PBO [«—>» DATA

I GND

Table 100. 5| & FRER ST

REEXESHER | SIHEH | 10 | Thek

RDY/BSY PD1 O | 0: BARTFHE, 1. SHESHND S,

OE PD2 || MR (KEPER).

WR PD3 | | BB (KBEFEXR).

BS1 PD4 || FREF A0 ERENFT, 1" ERESHUFT).
XA0 PD5 | | XTAL 3h4E4Z 0

XA1 PD6 || XTAL sh4EfL 1

PAGEL PD7 | | IREFFHERN EEPROM BiER

BS? PAO | iiiﬁiﬁ 200" IEBRMF T, 1" EREZANSN
DATA PB7-0 | IO | REHIEEL (O WKL )

222 ATmega8535(L) m———

2502E-AVR-12/03



| ATmega8535(L)

Table 101. #H AREEXFTEER S| BIEIE

El) ns BE
PAGEL Prog_enable[3] 0
XA1 Prog_enable[2] 0
XAO0 Prog_enable[1] 0
BS1 Prog_enable[0] 0

Table 102. XA1 Fl XA0 H4mH5

2502E-AVR-12/03

ATMEL

XA1 | XAO0 | 4 XTAL1 Kebnpk+ s s zh
0 0 | fn# Flash = EEPROM it (J&id BS1 WERBMERKMLFTT)
0 1 EBEE (BT BS1 RERSNUERBEMLAFHREFT)
1 0 | MESH
1 1| TR, =R
Table 103. W5 F T 4wE
WEFEW RITHGS
1000 0000 SRR
0100 0000 BRRufy
0010 0000 EHiEN
0001 0000 E Flash
0001 0001 E EEPROM
0000 1000 BEARIRFHABERT
0000 0100 BB L FBIEN
0000 0010 i% Flash
0000 0011 & EEPROM
Table 104. —TIBEMF M Flash FHITTE
Flash X/ TARMD PCWORD ns PCPAGE | PCMSB
4K F (8K =) R2F PC[4:0] 128 PC[11:5] 11
Table 105. —TT'Z2 &K FH EEPROM HH T
EEPROM X/p mAMS PCWORD Uik PCPAGE | EEAMSB
512 % 47 EEA[1:0] 128 EEA[8:2] 8
229




FITRE
HEARBERX

HTEMREEEE BN RE

B ERER

3t Flash #{THRE

AIMEL

B TENE LR AHITHREER -

1. 1 Voo & GND ZE$Rft 4.5 - 5.5V (W E

2. Y¥ RESET #I{f , HE A hE XTAL1 BEF 6}

3. ¥ P229Table 101 # %I H A # Prog_enable SIH#IEJ "0000" , #&&FZE4 100 ns

4. $ARESETIRf11.5-12.5VEBE, 6 RESET 24 +12V BEFM 100 ns A,
Prog_enable 5| EMT I BLSBSH T EH#HAREEN

MRIEFRABREERIAZ RC , EFARERBEEHEN XTALT B, EXFERT , BR

BN T &L -

1. %EZ%F P229Table 101 #Y Prog_enable 5|# “0000”,

2. & Vee & GND BiRMHEBE 4.5- 5.5V BT E RESET Ligf#t 11.5-12.5V B[,

3. &% 100 ns,

4

NBLMNERRE , RIEIMNDETHPIRMEN R SGeatth (CKSEL3:0 = 0b0000), N5 8
ENVEHRE  EREBLAMTARTOHBERET.

B RERM4RHE RESET 5% 000 KB HBEEER.
6. RBEHIINEZHRARERN,

o

ERESRES , NENTSRUREFIFE, N TRUSHNEENZERUATEE :

o NWBMNEHETHITERERER , HSREME X

« YHEEBSAWKIERN OXFF AT LABE , BAXBMENITE L EBR®S)E Flash &
EEPROM( BR3E EESAVE B4R ) WA R,

« REAEHBEHIEEFlash X EEPROM A 256 TR F EERA B SN F T, F£i
FRAETRtEZERX— S,

S EBRIEESERR Flash &2 EEPROM) 176588 AR B EN, R EHEREEBBRLER
ZHHEMNTLENMN, EFERTENBLAY., SHERGSHUAERE Flash 5 /
EEPROM Z BT &Ko

Note: 1. 1R EESAVE B4{#imE , ABLTES S EBRET EEPRPOM T2 M,
g " BAER T RHYRE

T XA1, XAQEXR "10" ABZa S i,

& BS1&R "0%

DATA IR{ER “1000 00007, XEEH EBRGS.

48 XTAL1 B —/NERKH , #HIToH S MR,

4 WR 2t —NaBkod | B4 #8ER, RDY/BSY &K,

Z# RDY/BSY &E , REFREMBTNS T,

@0k whd -~

Flash R T XA LKA |, 201 P229Table 104 FiR. 4%#2 Flash i | 2 HIBH BT
IMEBEFRXF, HE—BANEFRETURNESIRHE. TANSRER T D[
Flash #1T4RTE :

A. tNE " B Flash" &%

1. FXA1, XA0EN "10", Bahas S NE

2. ¥BS1E"D

3. DATA R{EJ “0001 0000” , XZE Flash &%

4. 4 XTALT B —NERRPUAMKRT S

B. AnEk ith kKA F 15

230  ATmega8535(L) m——
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F XA1, XAO EF "00" , J33hithuk bk

5 BS1 & "0, &K bit

DATA IR {E 9 #1275 (0x00 - OXFF)

4 XTALT IR —NERKT , &bt R F T

BB R T
& XA1, XAOER "01", B EIEMER
DATA B R BIEEALF 15 (0x00 - OXFF)
4 XTAL1 RIEE—NEROF , MBEBREET
B BESLFT
MBS1ER ", EBEBESMNFT
& XA1, XAOER "01", B EIEMER
DATA RE RN BIES L FT (0x00 - OXFF)
4 XTAL1 RE—NEROF , BTHREF T N
. BiFEHE
MBS1ER ", EBEBESMNFT
45 PAGEL Rft—MNERMF , S8R (A Figure 117 55K )
EE B I E®BF, ERENEHPXIERS U T PAEHHREEC N
it E S PMEMLA TR U, AT FLASH I uk , ¥ P232Figure
116, MR TTAF Ut F 84 (M sk < 256) , BBAH TN ERIERM K FTT Y
SMATFRS U,
G. & st E M F T
1. FXA1, XAOER "00" , Bzttt hNERIRVE
2. fFBS1EHR ", EES MU
3. DATA B{EN & MFT (0x00 - OXFF)
4. 4 XTALT RE—NEROT |, NEbit S FET
H
1
2
3
|

wm N2 m OO OO Db

R —TUBERE
& BS1="0"
4 WR 2 — Nk |, HERKIEHTHE , RDY/BSY TE
%4 RDY/BSY & & (M Figure 117 HES KK )
.EE B E HMWIRE , EEE Flash ELERREFMENREHEERE
J. ERIRE
1. 1.0 XA1, XA0 B "10", Bahar SR E
2. DATA BB "0000 0000" , X2 RERES
3. YA XTALT REtE—NERF , MBEHS , ABEESEN

A IIIEI% 231
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Figure 116. X SATUAA LB Flash #1TF 4k M

s PCMSB PAGEMSB
PROGRAM
A PCPAGE | PCWORD |
PAGE ADDRESS WORD ADDRESS
WITHIN THE FLASH WITHIN A PAGE
PROGRAM MEMORY o | PAGE PCWORD[PAGEMSB:0]:
PAGE N I INSTRUCTION WORD 00
\
\ 01
\
\ 02
\\ :
\ |
\ I
I
\ |
\ I
\ |
\ |
\ |
\ 1
| PAGEEND
Note: 1. PCPAGE K PCWORD %IF P229Table 104 .
. Ne=RicA
Figure 117. Flash 42w "
F
A B c D E B c D E G H
DATA x 0x10 XADDF? LOWX DATA LOW XDATA HIGH ADDR LOWX DATA LOW XDATA HIGH X XX XADDR. H\GHX XX
XAl p— \
XA0 4/—\_/ \
BS1 / | S \
wa N\ /\
WR —/
RDY/BSY \—/_
RESET +12V
o
PAGEL / \ / \

Note: 1. RRAER"XX", ENMNAKEFRXNN T HIEMERA Flash mEH o

232 ATmega8535(L) m———
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%t EEPROM #1T4E I P229Table 105 iR , EEPROM tIATUA #£47, 4578 EEPROM B , SRR BEHET
REHRXF, XEAURBNN —RHEBEHTHE. EEPROM REFHBHREEZNT (
e, it REBFEMHROATTIES N P230“ X Flash HHITHRE ") :
1. A: pOE @ “0001 0001”
2. G: hnEutFHMFF (0x00 - OXFF)
3. B : mEkut{KF T (0x00 - OxFF)
4. C: mn#EEIE (0x00 - OXFF)
5. E: 811783 (44 PAGEL 2 —MNERKF )
K: EESBR3IE 5, BRENBPXIER
L : X} EEPROM W3 {T4mi2
1. ¥ BS1 &0
2. #AWR BHE—Affkoh | FAX EEPROM #1742 , RDY/BSY 1K
3. %I RDY/BSY TEBN T —R#THRE (55 KFN Figure 118)

Figure 118. EEPROM 4m72 K &
K

/_H
A G B C E B C E L
DATA :X 0x11 XADDR HIGHXADDR LOWX DATA X XX XADDR. LO\NX DATA X XX
XAl _/—\
XAO0 / / \
BS1 / \
wR \_/
RDY/BSY \—/—
RESET +12V
OE
PAGEL /_\ /_\
& EN Flash % Flash F# 8RS T (S5 Rtk NEHMAT A P230“ Xt Flash #HITHE" ) :
1. A INEas< “0000 0010
2. G: it FHMFF (0x00 - OXFF)
3. B: &K FF (0x00 - OXFF)
4. Y§OE B 0", BS1E&“0", A/ M DATA i ! Flash FE Kz
5. f¥BS1E&“1”, SRAIEM DATA i&H Flash ZHE N FE T
6. ¥¥ OE & “1”
& HL EEPROM BREMENSROT (S Ribut AT W P230“ 3 Flash #HITRE ") :

1. A: piEdH “0000 0011”
2. G: hnEitFMFT (0x00 - OXFF)
3. B : MK FF (0x00 - OxFF)

A IIIEI% 233
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4. S OEE"0", BS1®E"0", A/SM DATA iz i EEPROM HiEFE ¥
5 Y OEE"”

IR LRI TRE NBLBEMWREESRNOT (S RBEREMAT N P230“ X Flash #HITHRRE" ) :
1. A: IESHT “0100 0000”
2. C:MEHFBERFET , EE—URN "0 RTEEHRHTHE , ENEEER
3. BBS1#“0", BS2 A “0%
4. 4 WRRBMHE—NABKT , HZ% RDYBSY TS
B4 S TRE MNBLEVWERESRNOT (S RBEREEMAT N P230“ Xt Flash #HITHRRE" ) :
1. A: IEHT “0100 0000”
2. C:MEHFEEFT , EE—URN "0 RTEEHRHTHE , ENEEER
3. FBS1E&"1". BS2E "0, EBEMNHKIEFTT
4. 44 WR BEH—NABKOTH %S RDY/BSY TS
5. ¥BS1E&"0D", iR EMFET
Figure 119. B4 YRTERI
Write Fuse Low byte Write Fuse High byte
A c /_H A c K_H
DATA j $40 X DATA X XX X $40 X DATA X XX
XAl / \ / \
XAO0
BS1 / AW
XTAL1 _/_\_/_\ /_\_/_\
WR \_/ \_/
RDY/BSY /  /
RESET +12V
OE
PAGEL
BS2
S E MBI TRTE BIENBESRUOT (S RBEREAT N P230“ Xt Flash B 1T4RE ") :
1. A: IE,H “0010 0000
2. INBBEEET , Un R "0 XRTMBENEERE.
3. nW R ##t— Nkt H %4 RDY/BSY &5
%')Jl fZ/D\ L/u\ﬁﬁp?un‘%%fﬁﬁ%o
EEUS £ 8 EN ERBRLNMEMNEMNHNSROT (bSMEAT N P230“ XY Flash B ITHRRE" ) :
234 ATmega8535(L) ]
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1. A INE&S “0000 0100

2. Y9 OE. BS2 I BS1&"0", A/SM DATA BB LEMNHRES ("0’ RRERE)

3. JFOEE"0" ,BS2HMIBS1E“1" , RAGMDATAREUAL EMHRES ("0 R REHE)

4. fOEE"0" ,BS2E"0” ,BS1E“1" , ARG DATA ZEBIE MR ("0" RRE
YmiE)

5. ¥ OE&“1",

Figure 120. %2+ BS1. BS2 5BLNURMEMMINXR

Fuse Low Byte

L 3|0
DATA
_>
1
Lock Bits — 3|0
BS1 |
Fuse High Byte —>»| 1
BSZQ
BREWRRFET EEMRIRFETHEENT (S St NS 2 P230“ X1 Flash #{THRE ") :
1. A INEaE< “0000 1000
2. B : tn#Fibut{EKF% 0x00 - 0x02
3. S OE. BS1{&"0", A/SM DATA iBURIRFH
4. fYOEE"1"
BREREFT EEREFTHEENT (S5t ing s 2 P230“ X Flash #HT4HRRE ") :
1. A pNEdH “0000 1000
2. B: mEKibuH{EFT
3. M OEE"0D", BS1E“1", A5 DATA EEREFRT
4. S OEE“1”
HITHRBRHHE Figure 121. }{THRENF , SFE—LEANNFER
tXLWL
XTALL iy ~
_ovxnH txLDx
Data & Contol -
(DATA, XAO/f 351, ;2;3) > _
tBvPH tpex | tBvwi | <l twiex
PAGEL torpL | ;
_ tWLWH -
WR tF’LWL w
WLRL
RDY/BSY L N
tWLRH

A IIIEI% 235
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Figure 122. }{TmIBHNF , AR FERNMEFH D

LOAD ADDRESS LOAD DATA LOAD DATA LOAD DATA LOAD ADDRESS
(LOW BYTE) (LOW BYTE) (HIGH BYTE) (LOW BYTE)
/_H r N r N 7 \ r \
t
Exixn o o xH
<PxH
XTALL / N\ / ‘F 1’ jt m
BS1

PAGEL N

DATA >< ADDRO (low byte) X DATA (low byte) X DATA (high byte) X ADDR1 (low byte)

XA0

XAl

Note: 1. Figure 121 AHMIRFER (toyxn txux, & txpx) BEA T SR 4%,

Figure 123. }{THRIBEF , A FERNIRFS (R—157T )V

LOAD ADDRESS READ DATA READ DATA LOAD ADDRESS
(LOW BYTE) (LOW BYTE) (HIGH BYTE) (LOW BYTE)
/_H /_H
oL
-
XTALL
tsvpv
-~
BS1
toLpv
-
GE N
tonpz
-
DATA —< ADDRO (low byte) DATA (low byte) DATA (high byte) ADDRL1 (low byte)
XAO0
XA1

Note: 1. Figure 121 éﬁtﬂﬂ’\JN%E* ( ED tDVXH‘ tXHXL & tXLDX) miﬁﬁ?iﬁﬁ{lﬁo
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Table 106. HTHBSH] , Voo =5V + 10%

B/ | BE | BX
Sy 28 & & B | A
Vpp IREEREERE 1.5 12.5 \Y;
Ipp IRTEEREETR 250 pA
tovxH £ XTAL1 A2 AT BIERZEHER 67 ns
ty xH M XTAL1 K] XTAL1 & 200 ns
tyxL XTAL1 7 & RS HYRKTE 150 ns
tyLpx XTAL1 AR Z B ERIE R R 67 ns
tywt M XTAL1 1£ZI WR 1§ 0 ns
tyLpH M XTAL1 1KE| PAGEL & 0 ns
toLxH M PAGEL 1€ZI XTAL1 & 150 ns
taveH PAGEL J &2 81 BS1 BN 67 ns
tempL PAGEL 7 & BYHI R 3E 150 ns
terBx PAGEL N1E2/E BS1 R¥F 67 ns
twiex WR R1E2 /5 BS2/1 R 67 ns
toLwL M PAGEL €% WR N 1{& 67 ns
tavwL BS1 BME WR H1& 67 ns
twLWH WR & B H9 BX 3T 150 ns
tWLRL M WR 1€ E| RDY/BSY H1{& 0 1 us
twLRH M WR 13| RDY/BSY & (! 3.7 45 | ms
twirn ce | M WRIEEI RDY/BSY 1 & , A migigE @ 7.5 9 ms
tyLoL M XTAL1 {EZ OE MK 0 ns
tavpy BS1 A% ZE DATA B 0 250 ns
toLpy M OE {£%I DATA B3 250 ns
tonpz M OE {£%) DATA N &MAS 250 | ns
Notes: 1. 7#E#t{T Flash, EEPROM, B4 REBIENVERER tyy ry B
2. ERATER BERRIER ty ry ce B
237
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RITRTES|I RS

AIMEL

X RESET F{EBFAT , ATLUBEE 4T SPI B4 X Flash &2 EEPROM #1T4R12. SR1TiE
AO23%E SCK, MOSI(#A ) & MISO( fith )o RESET hEZ/E , NENITHRE / R
BEZBIHITRIEAIFIES. P238Table 107 5IH T SPI wZFTESIMA MRS, FEFTE
KBS ERER SPI SIMI% AT A SPI #0,

Table 107. E{T4RIZMRET

SEsy Sk o] e
MOSI PB5 | EEBEEA
MISO PB6 0 ELBER
SCK PB7 [ TSR

Figure 124. SR1THwmRERZR (!
2.7-55V

VCC —T

2.7-55v®

MOSI —»| PB5 T
MISO «—— pPB6 AVCC

SCK ———>»{ PB7

—» XTAL1

—»| RESET

GND

Notes: 1. MFBFERANRHIREMINE | AR BE XTALT 5| _E3EEEPIR.
2. Vge-0.3V <AVCC <V + 0.3V, B2 AVCC SJ1E 2.7 - 5.5V SEE K.

YmFE EEPROM B} , MCU B ERNHRBIREFLBA—NEIERAERS , NTTEER
TEHRERST. SHERRENERFEMIK EEPROM RN B EEER N OXFF,

IT4PE CKSEL B4 HE, BITHE (SCK) W/ MEBFR R MK/ S BEREEH
EWMTER:

& :>fy <12 MHz B8 2 4 CPU ¥R HA |, f, >12 MHz 814 3 4 CPU Bt 40 B H,

& > fy <12 MHz B¥R 2 4 CPU B8 AR |, f, >12 MHz BY34 3 4 CPU B4 /58,

233  ATmega8535(L) mu——
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BITHREEE B ATmega8535 B TEAFRIER , ZI|WTE SCK 9 L FHR B L8ITE,
M ATmega8535 iU IERT , BiEHE SCK W TRAMmt . iAF4AT N Figure 125,

ERTHREENTX ATmega8535 #HTRER KK , NEFUTHEE (I Table 109
P4 FHESER):

1.

EEIRF :

£ RESET & SCK 8 "0" BY , @ Voo & GND i85, E—ERGH | fRERTHE
RIEfE L8R SCK REFNE. EXFERT , SCK h{E2/ERTE RESET fl—
EfF , MAXNAZEDELER 2 CPU R EH,

LBEZEEFED20ms , RFM MOSI 5| A B ITRIZERERE T U EREH TR

o

BETRSHERBITHERESTAIE. BF 2B , EXEREFEESHNE=
NFEHH , BN ETHRE (0x53) FHERIFER, FIERBHANBEBSSE ,
EEWNANFZT SRR EER, PR 0x53 R /RiE , MEED RESET 24 —14
EROR AT R FT VR TE B REIE B o

Flash B4RT2 A — X — B SR BE4T , TWA/N P229Table 104 ., FERITINERRF
EHERIESH |, B 6 LSB Mttt EE , HB\UFFT REMMEB B EH R, AR
IEMENEREYE  NERAEMUHEZERERFT  2EREEFT. BFE#RT
BERuE 7 MURERFEHEBAESRENE. WRFFEREANAR ,
MATERET —RBEZAINEFED typ pLasy PETE (X Table 108) . 7£ Flash
ERETR GRS THREZOLSIREREIR,
RETHHEHREEEZRE , EENERSHUFET R LM EEPROM &g,
EEPROM ZE T ERESAFRECH BBk, MRFERAERNAFN |, B
ZE?%#T—ﬁ%EZﬁUE%ﬁ:EQ‘ tWD EEPROM EIJHT.ITE_] (Jll_l_, Table 108)0 th’a:é
FERZENSR , BIEN OXFF WA EERRE.

TENRESKREEM— N EEETHRNET, HIIEBMETEE O MISO fHit.
IRIBE RGBS RESET NS FHRIERERE,

THEFI (NMREFER):
 RESET & “17

Flash W#IERH Y Flash E&AFRE —TTHNREBASHE |, ZEMTAFHARTNEE OXFF, BEERE , #
IRENBEANTUEH R, E3XMAEZTUBEANATUET -, ATEINTRR
RN, X—TFNEA— Mt A UARER, Flash BEERTER THE
OxFF, Jtt ,Eéﬁﬁ OxFF HTJ- ,mFEQ\E%% tWD FLASH ?ﬁgi&?i-?_ﬁﬂ’géﬁﬁo EHH:é
FEBREPMENE TN OXFF , FRARBEIE S OxFF B AT AR IXMEE.  two rLasH
H{EM Table 108, -

2502E-AVR-12/03
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EEPROM M#iER A % EEPROM E#EAE —NFHHmERER | EUb b RE OxFF, wmEEERE ,
BRENBIEANTUERESY, X—AZTAREHANTRE T —NFTW, BEERX
BiE OXFF 3. BRAFRNIZERE , £ BREMENETER OXFF , FTmERE
7 OxFF B Al BAB X MRE, AR IXFER T £ 5 BERE EEPROM AR R B HIHE R
APRZEELNERE OXFF , ERHT T —FTREBEZHELEHF two eeprow BT EL
two_eeprom HIELIL Table 108 o -

Table 108. BT — Flash 5 EEPROM # jt 2 B fY & /N E 4567 8]

/s B/NERNE
two_FLAsH 4.5ms
two_eeprom 9.0 ms
two_ErASE 9.0ms
two_Fuse 4.5ms
Figure 125. B{THREBKFE
SERIAL DATA INPUT MSB LSB
(MOS))
SERIAL DATA OtJ'\'AI'FS%'I; M%:,B >< LSB

SERIAL CLOCK IE\ISF(’:UKT) H H H H H H H H
paR AN N S N N

240  ATmega8535(L) m——
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Table 109. H{T4RERT
a=HIF/M , b= RN, H=0-EFT , 1-FFT , o=HFEWHE , i=HEBA  x=EF5E

EeHER

BT F 1 Fi 2 FH 3 Fi 4 BiE

YRiEfERE 1010 1100 0101 0011 XXXX XXXX XXXX XXXX RESET W {KE{EREEITIRIE

O A ERR 1010 1100 100X XXXX XXXX XXXX XXXX XXXX 8k EEPROM K Flash

REFEWHES 0010 HOOO 0000 aaaa bbbb bbbb 0000 0000 MNFEHAER a:b WEF1EM#ETIRE
H(EZEFT ) HEN o

MERFEHESER 0100 HO00 0000 xxxx xxxb bbbb iiii iiii [FiitR b WEFEFE#EIT H(ER
BED)BEABE I, NEBRET
BESFEH

ERFEMHER 0100 1100 0000 aaaa bbbx xxxx XXXX XXXX EMit a:b MBREFZHER

i EEPROM 12 8% 1010 0000 00xx xxxa bbbb bbbb 0000 0000 | M\ EEPROM Wit a:b &bk H ¥k
Fo

B EEPROM 138 1100 0000 00xx xxxa bbbb bbbb iiii i & EEPROM 23t a:b &b B A3k
=i

E8EN 0101 1000 0000 0000 XXXX XXXX XX00 0000 EHEMN. 0" NEHRE, "I” AKX
YRi2, AT M P225Table 96

EHEMN 1010 1100 111X XXXX XXXX XXXX 11ii fiii BEYENM, B0 RTREMEN.
M55 M P225Table 96 .

EARIAEYY 0011 0000 00XX XXXX xxxx xxbb 0000 0000 | Mihit b iEEFRIRET o

B2 1010 1100 1010 0000 XXXX XXXX iiii iiii ‘0" RRERE , ‘1" RRKEWE,
W P227Table 99 .

EE s 1010 1100 1010 1000 XXXX XXXX iiii iiii ‘0" RNERE , ‘17" RTKRBE,

RA= R, P226Table 98 ,
0101 0000 0000 0000 XXXX XXXX 0000 0000 | EB%LI, ‘0" XRRECHEE, "X

BB RARRRE. AT P227Table

99,
0101 1000 0000 1000 XXXX XXXX 0000 0000 | EB#4EFNMN, ‘0 RREEHE, “1”

EEBu RRAGRRE. AT P226Table
98 .

BRAEFT 0011 1000 00XX XXXX 0000 00bb 0000 0000 | EBHEFET

SPI B1TimEsEH Xt SPI #EIRFM |, iHS A P247“SPI B F4ME " o
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BT
“a 3 iR PRAE *
TAEBEE (oo -55°C ~ +125°C *NOTICE: MRBHSHEREL « BXIRRE" RPN
KM 2T IEAREERBHK AR, X2
TEREIBRE oo -65°C ~ +150°C THEMAONKR. HFRTBHEAUIETRP
FRSISHZT R BEER T EERBRAE
EANCIHX A EBE , BRT RESET............ -0.5V ~ Vo+0.5V MEMEZHZT. KitEIETLXRRETRE
S=arT SFMBREHFD.
RESET SIBIFS AT BBEE ..o -0.5V ~ +13.0V
BRI oo 6.0V
N0 SIH EMIETRETR .o, 40.0 mA
Vee 5 GND 51 ERERER ..o 200.0 mA
B4 ,
Tp=-40°C ~ 85°C , Ve =27V ~ 55V (BRIESAHHA )
SR ¥ & B/ME BEE(E BK{E LR}
Vi wMAKEBE B& XTAL1 5| B -0.5 0.2 Vel v
VL1 mAKEBE XTAL1 SR, ShER A -0.5 0.1 V" Y
Vi WA BE ﬁ? XTAL1 #1 RESET 3| 0.6 Voo Voo + 0.5 Vv
Vi WMARBE XTAL1 5|8, SAEBath 0.8 V@ Ve + 0.5 Y
V2 RMABBE RESET 5| 0.9 Vc® Ve + 0.5 v
vV BWHERE® lo =20 mA, Vg = 5V 0.7 %
oL (%0 A,B,C,D) lop =10 MA, V¢ = 3V 0.5 Y
v BHEBEE loy = -20 MA, Ve = 5V 4.2 v
OH (#H AB,C,D) lon =-10 MA, Ve = 3V 22 %
| BARETR Ve = 5.5V, IR EBTF 1 A
IL /0 B (B3IE ) H
| BWARBER Ve =5.5V, Sl A m®B T 1 A
H 1/0 Sl (EXIE) "
RgrsT Reset 5| £ /R 30 60 kQ
Rou 1/O SR Ehrea A 20 50 kQ
IE# 4 MHz, Vg = 3V
(ATmega8535L) 4 mA
E# 8 MHz, Vg = 5V
(ATmega8535) 14 mA
TR ZE 4 MHz, Vo = 3V
= Z,Vee =
lec (ATmega8535L) 3 mA
ZE[N 8 MHz, V¢ = 5V
(ATmega8535) 10 mA
L -
e WDT 8¢, Ve = 3V <10 HA
WDT %1E, Ve =3V <3 HA

22 ATmega8535(L) m——
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T, =-40°C ~ 85°C , Vo = 2.7V ~ 5.5V (KRIESSMEH ) (Continued)

ws 2% &4 B/ME HRAEE BX{E By
E LR R Vee =5V

Vaco | wAREB®BE Vin = Voe/2 40 mv
2N Vee = 5V

lACLK ﬁ)\)‘ﬂﬁ EE:iﬁ. Vin = Vcc/z -50 50 nA

¢ Bl R R Vee = 2.7V 750 ns

ACID TR Ve = 4.0V 500

Notes: 1. “BAE’>XFRISIHEHHRENEBRNES

2. “B/ME RRIESI BN IR E RN &6 RIEE

3. BRERERBRZMGEBES)TE/MN/O% A # ™ AR LR &M TE SR ER(20 mA Ve =5V UR10mA | Ve =3V)
BEREEERFUTEX
PDIP $% :
1) FRE R O/ 1IOL BRI AFEERE T 200 mA
2] #H A0 - A7 B9 IOL EFFAERET 100 mA
3] #H B0 -B7,C0-C7,D0-D7 5 XTAL2 &9 IOL EFMFEEREIT 100 mA
TQFP 3 :
1] FrEIR A /Y IOL SR FEERE T 400 mA
2] %0 A0 - A7 B IOL M EEHEE 100 mA
3] # K BO - B3 #Y IOL B ML 100 mA
4] %0 B4 - B7 Y IOL B M E#8 100 mA
5] # 0 CO - C3 B IOL EFMFAERIT 100 mA
6] i A C4 - C7 By IOL B ATAERET 100 mA
7] #% 0 DO - D3 K& XTAL2 B9 IOL EFF &S 100 mA
8] i M D4 - D7 Y IOL B R FAERET 100 mA
MR IOLBH THRRMY , VOL MRS R, TRIE S| B A LATR U EE B F b4k B9 S - KV BB 37 o

4. BRERTERERMEGEES) TN OB E N ARHETESHBH(20 MA Voo = 5V R0 MA | Veg =3V)
EBRESEREUTER :
PDIP 3% :

1] FrEIwR A K I0H EMFEERET 200 mA

2] 3w A A0 - A7 B9 IOH B A FEERE T 100 mA

3] # 0 B0 -B7,C0- C7, D0 - D7 5 XTAL2 #9 IOH EFF8E#EE 100 mA

TQFP #f3E :

1] FREH O/ IOH B M 8E#8E 400 mA

2] %A A0 - A7 B9 IOH A TFAERET 100 mA

3] i A BO - B3 #Y I0H EFTAEERS 100 mA

4] %0 B4 - B7 B9 IOH B A AFEERE T 100 mA

5] %0 CO - C3 HY IOH EFTAEREE 100 mA

6] #% 0 C4 - C7 B IOH EFITAEREE 100 mA

7] #% 0 DO - D3 5 XTAL2 #9 IOH EFTAERT 100 mA

8] i A D4 - D7 #9 IOH E M AERT 100 mA

MR IOH B TMRE&M , VOH WaEEEMR. T RIE S| BT LA H Eb 5 F b4k B9 R4 KB 5T
5. HBEEXTHERD Ve N 2.5V,

A IIIEI% 243
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S EBEtEh IR Bh I T Figure 126. S\ZBAEH IR 3h K 7
*+— tonex
N — tenoL
N
N teleL >

SAEBIN ErAR 2 Table 110. ShEat i3
Ve =2.7V-5.5V Vee =4.5V-5.5V
(SR ¥ BME BA{E BME BAE By
1MoLl 57 2R 0 8 0 16 MHz
toLeL B9 ) 5 125 62.5 ns
tohex = B E 50 25 ns
toLex KB atE 50 25 ns
toLcH EFEtiE 1.6 0.5 us
tcHeL TR E i 1.6 0.5 us
At B4 A HARI AL 2 2 %
Table 111. #\5f RC %25 , SRR
R [k C [pF] £
100 47 87 kHz
33 22 650 kHz
10 22 2.0 MHz
Notes: 1. RMYEVESEEN 3kQ-100kQ ,C B RIZA 20 pF, &R C ESTIESIMER ,C EE
HEFEAMEL
2. PERAHEFEXSHENTRMRE
244 ATmega8535(L) m——
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ML RITEOSY
Table 112 iR T EEBIFHL BT EE LWBRHFNENR, ATmegas8535 MIF L OH E B H AT HHER,
B ERFS1ESE Figure 127,

Table 112. FLBITELER

SRy M &M BME BAE L)
VIL MAKBE -0.5 0.3 Ve \Y
VIH MAS®BE 0.7 Ve Vee + 0.5 Y
Viys' RS ALR 2R A ARR R B E 0.05 Vc® - Y,
vor™" WK E 3 mA sink current 0 0.4 %
o SDA 1 SCL #9 L Ftestie) 20 +0.1C,®@ 300 ns
o) B Vinmin 2 ViLmax B 5 H T B8 E] 10 pF < C,, < 400 pF® 20 +0.1C, @) 250 ns
spl ) AT\ SO B8 0 461 B9 SR e et ) 0 501 ns
I 4 1/0 SIHIEY @A BIR 0.1Vge < V; < 0.9V -10 10 HA
c” N0 SIHMBER - 10 pF
fsoL SCL R 4hsR fo® > max(16fge,, 250kHz)®) 0 400 kHz
fsoL < 100 kHz Veoe— 04V 1000ns o
3mA Cy
Rp LR pAE
fscL > 100 kHz Voo —0.4V 300ns 0
3mA C,
‘ fseL < 100 kHz 4.0 - us
tiosta | START &M RIFNE (ER)
’ fscL > 100 kHz 0.6 - us
‘ fsol < 100 kHZ® 4.7 - us
tow SCL BY#H YK B8 7 B i)
fsoL > 100 kHz( 1.3 - us
o ‘ fgcL <100 kHz 4.0 - ps
thicH SCL R S EFaY A
fscL > 100 kHz 0.6 - us
) fseL < 100 kHz 47 - us
tsu:sTA E S STARTS &H4-HYZ BT A
’ fscL > 100 kHz 0.6 - us
. \ fseL < 100 kHz 0 3.45 us
thooar | BIERIEE
' fscL > 100 kHz 0 0.9 us
N ‘ fgcL <100 kHz 250 - ns
tsupar | BIBEIEE
' fscL > 100 kHz 100 - ns
L fseL < 100 kHz 4.0 - us
tsu.sto | STOP Z&A#YE 36 A
fscL > 100 kHz 0.6 - us
fsoL < 100 kHz 4.7 - us
t
BuF STOP # START 32 (8 #9 3.4 22 R A 18] fooL > 100 kHz 1.3 - us
Notes: 1. X F ATmega8535 , Lt BHFMSE , SHBZT 100% KM

1
2. REH s > 100 kHz HFEE
3. Cp= BEM—RENBR

4. fy = CPU B4p5mER

A mEl% 245
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5. WEREA T ATmega8535 FTEMMABRITEONRIE, HEEIMABTELNBHEREZERE MM fgo, EXRENT,

6. ATmega8535F 4k B 1T1% O RBR= £ MR B F BT BN (1fge - 2/fok)e BLLT T P4 B fgg, = 100 kHzAHE B2 B 8] B B R 1,
MK TF 6 MHz,

7. ATmega8535 M4k 5173 O SZRRF= £ MR B F A E 7 (1/f5c, - 2/fck)o EMTE ek = 8 MHz , B fg > 308 kHz FRHE B8 A B To %
FRBREER, R, ATmega8535 IS Hth ATmega8535 L4 & (400 kHz) #1TEifl. BHMBHEFAEN t oy B
ZHREBTUHMIIIX -,

Figure 127. W& HTELRF

— —lof
fLow

tSUSTA e e—— 5| thp:sTA tHD; DAT]

tHiGH — g e— &

SCL

tsy;paT —>

SDA - — = -

< >| tgur
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SPI B} FF 44

2502E-AVR-12/03

BE@®ERE

Table 113. SPI BtFES 3K

2 . Figure 128 # Figure 129 ,

BX
B8R X ®ME BFE =]
1 SCK EHA A I Table 59
2 SCK & / {E®BF EM HZ2t 50%
3 EF TR )} TBD
4 23R E EM 10
5 RiatE E)! 10
6 #iHE SCK EH 5« tgex
7 SCK El# E)! 10
8 SCK Bl S 8BF E)! 10
9 SS K E H ML 15 .
10 SCK B # ML 4ty
11 SCK & / {R8BF ML 2ty
12 EF TR ML TBD
13 ZyatiE ML 10
14 REFRS[E] ML tox
15 SCK F#a ML 15
16 SCKZISS & ML 20
17 SS BI=% MH 10
18 SS €% SCK ML 2 ety

ATMEL
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Figure 128. SPI #Z O FER ( EHER)

SS

SCK
(CPOL =0)

SCK
(CPOL = 1)

MISO

(Data Input) Mss ,\'/ LSB
N
N

7
—>
MOSI >£ ¥
(Data Output) X MSB >< LB

Figure 129. SPI #ORNFEXR (MYER )

18

=\ J(z—

10

A
\ A

1 [

SCK ‘

(CPOL = 1) X
13 14

N
SCK N L ‘—/'\17 X
(CPOL = 0) 4 \ \ ] \

MOSI 1
o — L 31— )
15
]
MISO £ '\‘ -}
(Data Output) X M8 >?|T; r\‘ >< L8 >< *

246 ATmega8535(L) m——
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R - DRHE
Table 114. ADC %3458 , BiRiEE

Ll
®s | 3K 30 2MED | EHO BAED | B2
DR AR 10 Bits
BRI
Virer = 4V, Ve = 4V 1.5 LSB
ADC B4 = 200 kHz
AR MR
Vrer = 4V, Ve = 4V 3 LSB
ADC Bt%#h = 1 MHz
BXIFEE (B4 INL, DNL, BLIRE , Gain, | sipmitm
S5REIRE ) Vier =4V, Ve =4V 15 LSB
ADC Bt%h = 200 kHz '
R 7 M HIAE
B AR MR
Virer = 4V, Ve = 4V
ADC m# = 1 MHz 3 LsB
R 7S M HIRE
AR MR
Virer = 4V, Ve = 4V 0.75 LSB
Ry ADC Bt%# = 200 kHz
BRI
Virer =4V, Ve = 4V 0.25 LSB
E5 LM ADC B#h = 200 kHz
AR MR
BRIRE Vier = 4V, Ve = 4V 0.75 LSB
ADC B4 = 200 kHz
BRI
REBIRZE Vier = 4V, Vg = 4V 0.75 LSB
ADC B4 = 200 kHz
ENEETRES 50 1000 kHz
Rt 13 260 us
AVCC | #EHleBE Ve -0.3?) Ve +03%) | v
Vrer | BEBRE 2.0 AVCC Y
Vin MABE GND VRer v
ADC ¥4 0 1023 LSB
MATIR 38.5 kHz
VinT REREB EE A 2.3 2.56 27 Y
Rrer | ZEW AIRSBMA 32 kQ
Ran | Bl A P 100 MQ
Notes: 1. BEMRERSE,
2. AVCC HWB/MER 2.7V
3. AVCC HImKEH 5.5V
249
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Table 115. ADC 1458 , Z0EE

J: K]
&5 2% %4 BNMEO =AU BREOD By
Gain= 1x 10 Bits
PR Gain = 10x 10 Bits
Gain = 200x 10 Bits
Gain = 1x
Virer = 4V, Ve =5V 18 LSB
ADC Bt = 50 - 200 kHz
Gain = 10x
BB Vger = 4V, Ve = 5V 18 LSB
ADC Bt = 50 - 200 kHz
Gain = 200x
Vgrer = 4V, Ve =5V 6 LSB
ADC Bt = 50 - 200 kHz
Gain = 1x
Vger = 4V, Ve = 5V 0.75 LSB
ADC Bt = 50 - 200 kHz
Gain = 10x
INL( EHMESHEBIRENREGNEE ) Vger = 4V, Ve = 5V 0.75 LSB
ADC At = 50 - 200 kHz
Gain = 200x
Vger = 4V, Ve = 5V 35 LSB
ADC Bt = 50 - 200 kHz
Gain= 1x 1.7 %
WRIRE Gain = 10x 1.6 %
Gain = 200x 0.3 %
Gain = 1x
Vrer = 4V, Ve = 5V 2 LSB
ADC Bt = 50 - 200 kHz
Gain = 10x
REIRE Vger = 4V, Ve = 5V 25 LSB
ADC At = 50 - 200 kHz
Gain = 200x
Vrer = 4V, Ve = 5V 35 LSB
ADC Bt = 50 - 200 kHz
NEEES 50 200 kHz
it ] 65 260 us
AVCC | #EHlEBE Ve -0.3?) Ve +03%) | v
Vrer | BEBRE 2.0 AVCC- 0.5 v
Vin MABE GND Vee v
Vore | MAZDBRE -Vgee/Gain Vrer/Gain v
ADC %t -511 511 LSB
WMATR 4 kHz

250  ATmega8535(L) m————————
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Table 115. ADC #4+3% , =4 &IE (Continued)

- Ll
n"s | BE 30 2MED | EHO | BRXE®D | B
Vit HER B EEE 2.3 2.56 2.7 Y
Rrer | ZEW RSB 32 kQ
Ran | Bl A BHE 100 MQ
Notes: 1. BERERSE
2. AVCC Hy&/IMER 2.7V
3. AVCCHITmAERN 55V
251

2502E-AVR-12/03

ATMEL



AIMEL

ATmega8535 HLAISM TEmzA® TaRmE, XEREEs 3@ RTNR. FaNeRANRRESE

TesEif

252

EFFEHY /O SIMEEN A BRI LR BEEREN R TN, B RN SN IE KR
RABRT £ HIR{E E K.

FEEXTHERSHHTR.

BRESIMEERX , W THEBE. THERR, /0 SIMNARRBERRE, KT
HMABNHTREE, TEREN THEBEMTEHRER,

BUAHSIMABRALBE AN C Vo #ITMHIT. XA, CL HARBR , Vo AT
ERBE | f NS FIIFRME,

SRENBESHN LN ERESHFETHRE, BERTMRIERMFELERESIRH
M TERRESHMRIPEERE TH,

FERATENNRAERSENAZELANERERARE T RENRAMTENITFS

o
Figure 130. TEe A TR (0.1 - 1.0 MHz) X R

ACTIVE SUPPLY CURRENT vs. FREQUENCY

0.1-1.0 MHz
2
1.8
5.5V
1.6
5.0V
1.4 4.5V
12 4.0V
<
% 1 3.3V
08 —— 27v
0.6 /
0.4 /////
0.2 2222222222
—
0
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Frequency (MHz)
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Figure 131. T/EERMTESZE (1 - 16 MHz) XK

lec (MA)

Figure

lec (MA)

ACTIVE SUPPLY CURRENT vs. FREQUENCY

1-16 MHz

25

5.5V

20 / 5.0V

/ 4.5V
10

— 3.3V
3.0V
5
/ 2.7V
0
0 2 4 6 8 10 12 14 16
Frequency (MHz)
132. TAEERMRM Voo BXR (AE RC #R%3% , 8 MHz)
ACTIVE SUPPLY CURRENT vs. V¢
INTERNAL RC OSCILLATOR, 8 MHz

18
16

-40°C

14 25°C

12 85°C
10
8
6

—
4
2
0
2.5 3 3.5 4 4.5 5 55
Vee (V)
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Figure 133. T/EEBRM Vo BIXR (HEB RC #X% 28 , 4 MHz)

ACTIVE SUPPLY CURRENT vs. Vcc

INTERNAL RC OSCILLATOR, 4 MHz
10

8 -40°C

/ 2500
7
/ 85°C

lec (MA)
o

25 3 35 4 45 5 5.5
Vee (V)

Figure 134. THEERM Vo AR (HE RC #X5%8% , 2 MHz)

ACTIVE SUPPLY CURRENT vs. V.
INTERNAL RC OSCILLATOR, 2 MHz
4.5

4 -40°C
_ 25°C

3.5 / 85°C

__—
/

w

ICC (mA)
N
N [§)]

15 —

0.5

2.5 3 35 4 45 5 5.5
VCC (V)
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Figure 135. T/FEBHRM Vo BIXR (HNEB RC #K5%28 , 1 MHz)

lcc (MA)

25

1.5

0.5

ACTIVE SUPPLY CURRENT vs. V.
INTERNAL RC OSCILLATOR, 1 MHz

-40°C

25°C
/ 85°C

2.5

3.5

Vee (V)

4.5

Figure 136. T/EHEFREM Voo xR (32 kHz A &RIR )

lcc (MA)

0.08

0.07

0.06

0.05

0.04

0.03

0.02

0.01

ACTIVE SUPPLY CURRENT vs. V.
32kHz EXTERNAL OSCILLATOR

5 55

/ e

2.5

ATMEL

3.5

Vee (V)

4.5

5 5.5

255



AIMEL

ZRENER Figure 137. ZZRE X BRM TSR (0.1 - 1.0 MHz) 9% R
IDLE SUPPLY CURRENT vs. FREQUENCY
0.1-1.0 MHz
0.8
5.5V
0.7
0.6 5.0V
4.5V
0.5
E 0.4 4.0V
8 3.3V
0.3
3.0v
0.2 / 2.7V
0.1 /é/
—
0
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Frequency (MHz)
Figure 138. ZER#E N B R T/EE (1 - 16 MHz) 9% FR
IDLE SUPPLY CURRENT vs. FREQUENCY
1-16 MHz
14
12
5.5V
10 5.0V
4.5V
< 8
E
S 6
/ 4.0V
4 %
v
5 T 3.0v
%% 2.7V
0
0 2 4 6 8 10 12 14 16
Frequency (MHz)
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Figure 139. ZZRERN B Vo XK ( W RC #5%28 , 8 MHz)

IDLE SUPPLY CURRENT vs. V¢

INTERNAL RC OSCILLATOR, 8 MHz
10

: //

lec (MA)
»

2.5 3 3.5 4 4.5 5 55

Figure 140. ZREXERM Voo WX R (AEF RC #5%8% , 4 MHz)

IDLE SUPPLY CURRENT vs. V¢
INTERNAL RC OSCILLATOR, 4 MHz

4.5

lec (MA)

25 —_——

2
1.5

0.5

2.5 3 3.5 4 4
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Figure 141. ZRERNBRM Vo XK ( W RC 5% 88 , 2 MHz)

IDLE SUPPLY CURRENT vs. V¢
INTERNAL RC OSCILLATOR, 2 MHz
25

2
-40°C
25°C

/ 85°C
15

Icc (MA)

0.5

25 3 35 4 45 5 5.5
Vee (V)

Figure 142. ZRERX BRI Vo WX R (AE RC #&5%238 , 1 MHz)

IDLE SUPPLY CURRENT vs. V¢
INTERNAL RC OSCILLATOR, 1 MHz

1.2
1 85°C
25°C
-40°C
0.8
<
E o6 =
s
0.4
0.2
0
2.5 3 35 4 45 5 55

Vee (V)
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FEaRA R
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Figure 143. ZRERBHRM Voo xR (32 kHz AR )

IDLE SUPPLY CURRENT vs. V¢
32kHz EXTERNAL OSCILLATOR

0.04
0.035 25°C
0.03
0.025
<
E o002
0.015
0.01
0.005
0
2.5 3 35 4 45 5 55
Vee (V)
Figure 144. BB BMA Vo X R (BITHENSERR)
POWER-DOWN SUPPLY CURRENT vs. Vee
WATCHDOG TIMER DISABLED

2.5

85°C
2
15

-40°C

25°C

0.5

lec (UA)
o
o

2.5 3 3.5 4 4 5

Vee (V)
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Figure 145. #HBERX BRI Vo WX R ( BINAER SR )

POWER-DOWN SUPPLY CURRENT vs. Vcc

WATCHDOG TIMER ENABLED
0.025

0.02
85°C

/ 25°C
/ 40°C

0.015

i(E, /
- 0.01
0.005
0

25 3 35 4 45 5 55
Vee (V)
HeEX R Figure 146. BBEXBRN V. WXR (BINNAENFZER)

POWER-SAVE SUPPLY CURRENT vs. Vcc
WATCHDOG TIMER DISABLED

16
14

12 / 25°C
10 /

Iec (UA)
o

Vee (V)
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Standby X &7 Figure 147. Standby X8R M Voo XK (455 kHz EHRSR , BEIIRENRZER)

STANDBY SUPPLY CURRENT vs. V¢

455 kHz RESONATOR, WATCHDOG TIMER DISABLED
90

80

70

60

50

lec (UA)

40

30

20

10

25 3 35 4 45 5 55
Vee (V)

Figure 148. Standby X BEfiM Voo XK (1 MHz EiRe: , B ITRENHFER )

STANDBY SUPPLY CURRENT vs. V¢

1 MHz RESONATOR, WATCHDOG TIMER DISABLED
70

60

50

40

lcc (UA)

30 —

20

10

25 3 35 4 45 5 55
Vee (V)
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Figure 149. Standby X B Voo BWXR (2 MHz i&iRkes , BEMENEEZER )

STANDBY SUPPLY CURRENT vs. V¢

2 MHz RESONATOR, WATCHDOG TIMER DISABLED
100

90

80

70 /

60

40

lcc (UA)

30

20

10

25 3 35 4 45 5 55
Vee (V)

Figure 150. Standby X B Voo WXR (2 MHz Xtal , B TRENFER )

STANDBY SUPPLY CURRENT vs. V¢
2 MHz XTAL, WATCHDOG TIMER DISABLED
100

90
80 /
70
60

50

lcc (UA)

40

30

20

10

25 3 35 4 45 5 55
Vee (V)
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Figure 151. Standby X B Voo X R (4 MHz Bk , BEI'NAERNSFER )

STANDBY SUPPLY CURRENT vs. V¢
4 MHz RESONATOR, WATCHDOG TIMER DISABLED
140

120

100 T

-

60

lcc (UA)

40

20

25 3 35 4 45 5 55
Vee (V)

Figure 152. Standby X BRHM Voo BWXR (4 MHz Xtal , I TRENFER )
STANDBY SUPPLY CURRENT vs. Ve
4 MHz XTAL, WATCHDOG TIMER DISABLED

140

120

100

I

60

lcc (UA)

40

20

25 3 35 4 45 5 5.5
Vee (V)
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Figure 153. Standby X B M Voo XK (6 MHz ERET , BEITRENSHFER)

STANDBY SUPPLY CURRENT vs. V¢
6 MHz RESONATOR, WATCHDOG TIMER DISABLED
180

160

140 /

120

100 //

80

lcc (UA)

60

40

20

25 3 35 4 45 5 55
Vee (V)

Figure 154. Standby &R B HM Vo WX R (6 MHz &Ik , FEMRENSEER)

STANDBY SUPPLY CURRENT vs. V¢
6 MHz XTAL, WATCHDOG TIMER DISABLED

160 /

25 3 35 4 45 5 5.5
Vee (V)
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SIk B3
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Figure 155. /0 5|} L eBBfHEBRAMBMABERIRR (Vo = 5V)

1/0 PIN PULL-UP RESISTOR CURRENT vs. INPUT VOLTAGE
Vce = 5V
160

140
85°C 25°C
120
-40°C
100

80

lop (UA)

60

40

20

Vor (V)

Figure 156. 1/0 S|} LR EBPABRABMABERRR (Vo =2.7V)

I/O PIN PULL-UP RESISTOR CURRENT vs. INPUT VOLTAGE

Vee = 2.7V
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70
25°C
60
-40°C
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g
S 40
5
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20
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0
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Vop (V)
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Figure 157. &SI (Reset) 5|#l Eh BFH B R Reset SIMIEBEMNXR (Voo =5V)

RESET PULL-UP RESISTOR CURRENT vs. RESET PIN VOLTAGE
Vce = 5V
120

-40°C 25°C
100

85°C
80

60

Ireser (UA)
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40

20

0 1 2 3 4 5 6
Veeser (V)

Figure 158. E1I (Reset) 5| L BFH B M Reset SIMBEMNXR (Ve =2.7V)

RESET PULL-UP RESISTOR CURRENT vs. RESET PIN VOLTAGE

Vce = 2.7V
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<
2
5 30
]
=
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0
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159. 1/0 S|BHRB R HBENXR (Voo =5V)
I/0 PIN SOURCE CURRENT vs. OUTPUT VOLTAGE
Vcec =5V
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Vou (V)
160. I/O SIBIREB R HBENXR (Ve = 2.7V)
1/0 PIN SOURCE CURRENT vs. OUTPUT VOLTAGE
Vce = 2.7V
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Figure 161. /O 5|H/R U BB A 5 BB ERI X R (Ve = 5V)

1/0 PIN SINK CURRENT vs. OUTPUT VOLTAGE

Vce =5V
90
80 o
-40°C
70
25°C
60
85°C
Z 50
E
B 40
. /
20
10
0
0 0.5 1 1.5 2 2.5
VoL (V)

Figure 162. /O 5| BRI EBFRA % HEBEERIX R (Vo = 2.7V)

1/0 PIN SINK CURRENT vs. OUTPUT VOLTAGE
Vce = 2.7V
35

-40°C
30 //f

25°C
25 /'/_——_
85°C

s

10

lor (MA)

Vo (V)
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SRR S Figure 163. /O SIBJs A IFREBERM Ve BIXER (Vg VO SIBNEZHEER 1)

1/0 PIN INPUT THRESHOLD VOLTAGE vs. V¢
VIH, 10 PIN READ AS '1'

2.5
-40°C
85°C
2 // 25°C
S 15
s
¢
£ 1
0.5
0
2.5 3 35 4 4.5 5 55
Vee (V)
Figure 164. 1/0 S|4 A IPREERM Voo KR (V,, /O SIBIEHER '0)
I/O PIN INPUT THRESHOLD VOLTAGE vs. V¢
VIL, 10 PIN READ AS '0'
2
-40°C
1.5 /,/ 25°C
/ 85°C
>
g 1
¢
£
0.5
0
25 3 35 4 45 5 5.5

Vee (V)
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Figure 165. 1/O 5|f% AR Ve X R

I/0 PIN INPUT HYSTERESIS vs. V.

0.7
06 85°C

25°C
-40°C

0.5

0.4

0.3

Threshold (V)

0.2

0.1

2.5 3 3.5 4 4.5 5 55
Vee (V)
Figure 166. Reset i AITBREBEH Ve BIK R (Vy,Reset Sl HER 1)

RESET INPUT THRESHOLD VOLTAGE vs. Vcc
VIH, 10 PIN READ AS 'l

2.5 -
2 4 /
-40°C
= 15 4
>
P 25°C
o
5 85°C
IS
E 14
0.5
0 ; ; ; ; !
25 3 3.5 4 a5 5 55

Vee (V)
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Figure 167. Reset i A'TBREBEM Vo XK (V, ,Reset SIiE HER '0)

RESET INPUT THRESHOLD VOLTAGE vs. Vcc
VIL, 10 PIN READ AS 'O’

2.5 85°C
-40°C

/ 25°C
2 /
1.5

Threshold (V)

\

0.5

25

w

35 4 45 5 5.5
Vee (V)

Figure 168. Reset i ARG Ve IR R

RESET INPUT PIN HYSTERESIS vs. V¢
0.6 +
-40°C
0.5 4
0.4 4
25°C

0.3 4

Threshold (V)

02 | 85°C

0.1 4

25 3 35 4 45 5 55
Vee (V)
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BOD [IRESHELI LR  Figure 169. BOD [NREFEREMN XX (BOD EFH 4.0V)
=

BOD THRESHOLDS vs. TEMPERATURE
BOD LEVEL IS 4.0 V

4
Rising V¢c
3.95
e N
3.9
>
o
2 385
[
I
e
[
3.8 -
Falling Ve
3.75
3.7

-50 -40 -30 -20 -10 O 10 20 30 40 50 60 70 80 90 100

Temperature (C)

Figure 170. BOD ["JREEFNEERXR (BOD BF K 2.7V)

BOD THRESHOLDS vs. TEMPERATURE

BOD LEVEL IS 2.7V
2.85

2.8
Rising V¢
2.75

2.7

2.65

Threshold (V)

Falling V¢
2.6

2.55

2.5

-50 -40 -30 -20 -10 O 10 20 30 40 50 60 70 80 90 100

Temperature (C)
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Figure 171.

1.226

1.224 A

1.222 A

1.22 A

1.218

1.216

HERRELE R Voo B R

BANDGAP vs. Vcc

Bandgap Voltage (V)

1.214

1.212 +

1.21

1.208

2.5

Figure 172. B BRMEBEMARBENRR (Ve =5V)

—
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ANALOG COMPARATOR OFFSET VOLTAGE vs. COMMON MODE VOLTAGE
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Figure 173. Bt RBREBBEMHEEBENRR (Ve =2.7V)

ANALOG COMPARATOR OFFSET VOLTAGE vs. COMMON MODE VOLTAGE

Vce = 2.7V
0.002

0.001

-0.001 +

25°C
-0.002

Comparator Offset Voltage (V)

85°C
-0.003 -

™~ .40°C
-0.004 T T T T 1
0 0.5 1 1.5 2 25 3
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M EPiRSE RR IR R Figure 174. B TAIRHBMEM Vo XK

WATCHDOG OSCILLATOR FREQUENCY vs. Vcc

1300
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25°C
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Figure 175. R/ 8 MHz RC IR 83 EFBE X XK

CALIBRATED 8 MHz RC OSCILLATOR FREQUENCY vs. TEMPERATURE
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8
- 5.5V
T
S 75
(6]
U 4.0V
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6.5
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-50 -30 -10 10 30 50 70 90 110
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Figure 176. B/ 8 MHz RC &% 8L Voo X R

CALIBRATED 8 MHz RC OSCILLATOR FREQUENCY vs. V¢
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Figure 177. REHK 8 MHz RC #5% 83 = M Osccal HEMN X R

CALIBRATED 8 MHz RC OSCILLATOR FREQUENCY vs.OSCCAL VALUE
18

16

: 7
]

10

Frc (MHz)

0 16 32 48 64 80 96 112 128 144 160 176 192 208 224 240
OSCCAL VALUE

Figure 178. R 4 MHz RC RS% 88 MEFBEN X R

CALIBRATED 4 MHz RC OSCILLATOR FREQUENCY vs. TEMPERATURE
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Figure 179. BUER 4 MHz RC IRSHEER Voo AR

CALIBRATED 4 MHz RC OSCILLATOR FREQUENCY vs. V¢
4.2
4.1 -40°C
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Figure 180. &K 4 MHz RC #R5% 833 M Osccal ZEMXR

CALIBRATED 4 MHz RC OSCILLATOR FREQUENCY vs. OSCCAL VALUE

8 /

Frc (MHz)

0 16 32 48 64 80 96 112 128 144 160 176 192 208 224 240
OSCCAL VALUE
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Figure 181. R/ 2 MHz RC X% 25 EMBEM X R

CALIBRATED 2 MHz RC OSCILLATOR FREQUENCY vs. TEMPERATURE
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Figure 182. BEH 2 MHz RC IR5% 835K M Vo KRR

CALIBRATED 2 MHz RC OSCILLATOR FREQUENCY vs. V¢

2.1
-40°C

2.05 L —
] 2sC

1.95 / 85°C

1.9

Frc (MHz)

1.85

1.8

1.75

1.7
2.5 3 3.5 4 4.5 5 5.5

Vee (V)

278 ATmega8535(L) m——

2502E-AVR-12/03



| ATmega8535(L)

Figure 183. REH 2 MHz RC #R% 2883 = f Osccal ZEHX R

CALIBRATED 2 MHz RC OSCILLATOR FREQUENCY vs. OSCCAL VALUE
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Figure 184. R 1 MHz RC iR MEMBEEN X R

CALIBRATED 1 MHz RC OSCILLATOR FREQUENCY vs. TEMPERATURE
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Figure 185. BUE/ 1 MHz RC fRHESMEM Vo X R

CALIBRATED 1 MHz RC OSCILLATOR FREQUENCY vs. V¢

1.03 -40°C
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Figure 186. REH 1 MHz RC #&5% 833 = M Osccal ZEMX R

CALIBRATED 1 MHz RC OSCILLATOR FREQUENCY vs. OSCCAL VALUE
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Figure 187. BOD B Ml Voo X R
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Figure 188. ADC B35t # V. 136 & (AREF = AVCC)
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Figure 189. AREF AFZSEBRM Voo HIXFR

AREF EXTERNAL REFERENCE CURRENT vs. V¢
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Figure 190. RELLRBERT Voo KR

ANALOG COMPARATOR CURRENT vs. V¢
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Figure 191. {REBRM Vc BIXRK

PROGRAMMING CURRENT vs. V¢
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25°C

? 85°C
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Figure 192, S8 S Voo W%R (0.1- 1.0 MHz , HEEIE S LR B S 7%

RESET SUPPLY CURRENT vs. Ve
0.1 - 1.0 MHz, EXCLUDING CURRENT THROUGH THE RESET PULLUP
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Figure 193. S HBHES Vo HXR (1-20 MHz , BFEEI SN L h BEA BT )

RESET SUPPLY CURRENT vs. Vcc
1 - 20 MHz, EXCLUDING CURRENT THROUGH THE RESET PULLUP

25
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Figure 194. SIH S Voo WX R

RESET PULSE WIDTH vs. V¢
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TR

3k EH Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 I\
0x3F (0x5F) SREG | T H S v N z [9 8
Ox3E (0X5E) SPH = = = = = SP10 SP9 SP8 10
0x3D (0x5D) SPL SP7 SP6 SP5 SP4 SP3 SP2 SP1 SPO 10
0x3C (0x5C) OCRO T/CO LeBm & 1728 81
0x3B (0x5B) GICR INT1 INTO INT2 = = = IVSEL IVCE 47, 67
0x3A (0x5A) GIFR INTF1 INTFO INTF2 = - = = = 68
0x39 (0x59) TIMSK OCIE2 TOIE2 TICIE1 OCIE1A OCIE1B TOIE1 OCIEQ TOIEQ 81,107, 124
0x38 (0x58) TIFR OCF2 TOV2 ICF1 OCF1A OCF1B TOV1 OCF0 TOVO 81,109, 125
0x37 (0x57) SPMCR SPMIE RWWSB = RWWSRE BLBSET PGWRT PGERS SPMEN 215
0x36 (0x56) TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN = TWIE 169
0x35 (0x55) MCUCR SM2 SE SM1 SM0 ISC11 ISC10 1SCO1 1ISC00 30, 66
0x34 (0x54) MCUCSR - ISC2 - - WDRF BORF EXTRF PORF 38, 67
0x33 (0x53) TCCRO FOCO WGM00 COMO1 COMO00 WGMO1 CS02 CS01 CS00 79
0x32 (0x52) TCNTO T/CO (8 i) 81
0x31 (0x51) OSCCAL RHBRET 7R 28
0x30 (0x50) SFIOR ADTS2 ADTS1 ADTS0 = ACME PUD PSR2 PSR10 57,84,125,192,211
0x2F (0x4F) TCCR1A COM1A1 COM1A0 COM1B1 COM1B0 FOC1A FOC1B WGM11 WGM10 103
Ox2E (0x4E) TCCR1B ICNC1 ICES1 = WGM13 WGM12 Cs12 CS11 CS10 106
0x2D (0x4D) TCNT1H T/C1 - It BEFERATY 106
0x2C (0x4C) TCNTIL T/IC1 - HBRBRFEREFT 106
0x2B (0x4B) OCR1AH TIC1 - BREFRABFEY 107
0x2A (0x4A) OCR1AL T/IC1 - WL RF 78 A RFT 107
0x29 (0x49) OCR1BH TIC1 - A BRBEREREBEFY 107
0x28 (0x48) OCR1BL T/C1 - Wi bR & 1788 B RF T 107
0x27 (0x47) ICR1H TIC1 - MARRBEHEEFT 107
0x26 (0x46) ICRI1L TIC1 - MABRSEREFT 107
0x25 (0x45) TCCR2 FOC2 WGM20 comz1 | comz0 | weMm21 | CS22 Cs21 €S20 119
0x24 (0x44) TCNT2 T/C2 (8 i) 121
0x23 (0x43) OCR2 T/C2 LR EF 1785 122
0x22 (0x42) ASSR = = = = AS2 TCN2UB OCR2UB TCR2UB 122
0x21 (0x41) WDTCR = = = WDCE WDE WDP2 WDP1 WDPO 40

UBRRH URSEL = = = UBRR[11:8] 157

0x20(" (0x40)M

UCSRC URSEL UMSEL UPM1 UPMO USBS ucsz1 uCszo UCPOL 155
0x1F (0x3F) EEARH = = = = = = = EEARS 17
0x1E (0x3E) EEARL EEPROM it HEEREFT 17
0x1D (0x3D) EEDR EEPROM %788 17
0x1C (0x3C) EECR = = = = EERIE EEMWE EEWE EERE 17
0x1B (0x3B) PORTA PORTA7 PORTA6 PORTA5 PORTA4 PORTA3 PORTA2 PORTA1 PORTAO 64
0x1A (0x3A) DDRA DDA7 DDA6 DDA5 DDA4 DDA3 DDA2 DDA1 DDAO 64
0x19 (0x39) PINA PINA7 PINAG PINA5S PINA4 PINA3 PINA2 PINA1 PINAO 64
0x18 (0x38) PORTB PORTB7 PORTB6 PORTB5 PORTB4 PORTB3 PORTB2 PORTB1 PORTBO 64
0x17 (0x37) DDRB DDB7 DDB6 DDB5 DDB4 DDB3 DDB2 DDB1 DDBO 64
0x16 (0x36) PINB PINB7 PINB6 PINB5 PINB4 PINB3 PINB2 PINB1 PINBO 65
0x15 (0x35) PORTC PORTC7 PORTC6 PORTC5 PORTC4 PORTC3 PORTC2 PORTC1 PORTCO 65
0x14 (0x34) DDRC DDC7 DDC6 DDC5 DDC4 DDC3 DDC2 DDC1 DDCO 65
0x13 (0x33) PINC PINC7 PINC6 PINC5 PINC4 PINC3 PINC2 PINC1 PINCO 65
0x12 (0x32) PORTD PORTD7 PORTD6 PORTD5 PORTD4 PORTD3 PORTD2 PORTD1 PORTDO 65
0x11 (0x31) DDRD DDD7 DDD6 DDD5 DDD4 DDD3 DDD2 DDD1 DDDO 65
0x10 (0x30) PIND PIND7 PIND6 PIND5 PIND4 PIND3 PIND2 PIND1 PINDO 65
0xOF (0x2F) SPDR SPI hiEH e 132
OxOE (0x2E) SPSR SPIF WCOL = = = = = SPI2X 132
0x0D (0x2D) SPCR SPIE SPE DORD MSTR CPOL CPHA SPR1 SPRO 130
0x0C (0x2C) UDR USART /0 BB S 1758 153
0x0B (0x2B) UCSRA RXC TXC UDRE FE DOR PE U2x MPCM 154
0x0A (0x2A) UCSRB RXCIE TXCIE UDRIE RXEN TXEN UCsz2 RXB8 TXB8 154
0x09 (0x29) UBRRL USART BBEFHEREFT 157
0x08 (0x28) ACSR ACD ACBG ACO ACI ACIE ACIC ACIS1 ACISO 192
0x07 (0x27) ADMUX REFS1 REFSO ADLAR MUX4 MUX3 MUX2 MUX1 MUX0 207
0x06 (0x26) ADCSRA ADEN ADSC ADATE ADIF ADIE ADPS2 ADPS1 ADPS0 209
0x05 (0x25) ADCH ADC BRHHFHERFT 210
0x04 (0x24) ADCL ADC BhiESFREFY 210
0x03 (0x23) TWDR WERTEARRESES 171
0x02 (0x22) TWAR TWA6 TWA5 TWA4 TWA3 TWA2 TWA1 TWAO TWGCE 171
0x01 (0x21) TWSR TWS7 TWS6 TWS5 TWS4 TWS3 = TWPS1 TWPS0 171

2502E-AVR-12/03
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TR
ik £ Bit 7 | Bit 6 | Bit 5 | Bit 4 | Bit 3 | Bit 2 | Bit 1 | Bit 0 )
0x00 (0x20) TWBR WEBRTEOVESEFR 169
Notes: 1. @i/ E UBRRH 5 UCSRC i#Z M USART Wik 8,
2. ATFERBURE , HRREMUNNIZE 0. REH /0 thit R LUIRITERE,

3. —ERABFREAUBIEANEZE 1 KER. BEETENE  FRTAZSHEME AVR ,CBI 1 SBl 55 R —LEHBKRMEM ,
EI AT A B B SRR N FFE5 8 TIR1E. CBI # SBI I AFEAREE RAER i 0x00 - Ox1F HEF1EER.
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EEER

2502E-AVR-12/03

ATMEL

BT BER B B Loy # P
NBEANSRED
ADD Rd, Rr Tt sk Rd < Rd + Rr Z,CNVH 1
ADC Rd, Rr AR Rd <« Rd+Rr+C ZCNVH 1
ADIW Rdl,K MBS FAEM Rdh:Rdl « Rdh:Rdl + K Z,CN,V,S 2
SUB Rd, Rr FTRARE Rd < Rd - Rr Z,CNVH 1
SuBl Rd, K BT BN Rd « Rd-K Z,CNV,H 1
SBC Rd, Rr HHHDRE Rd < Rd-Rr-C Z,CNVH 1
SBCI Rd, K LR L BB Rd <« Rd-K-C Z,CN\VH 1
SBIW Rdl,K NFHRE LA Rdh:Rdl < Rdh:Rdl - K ZCNV,S 2
AND Rd, Rr BHRS Rd < Rd e Rr ZNV 1
ANDI Rd, K SUBHBBSRE Rd <~ Rd e K ZNV 1
OR Rd, Rr BHER Rd < Rd v Rr ZNV 1
ORI Rd, K SUBBHBERRE Rd « Rd vK ZNV 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,V,H 1
SBR Rd,K REHFROMN Rd < RdvK ZNV 1
CBR Rd,K FHEBENES Rd « Rd  (OXFF - K) ZN,V 1
INC Rd n—RE Rd < Rd + 1 ZNV 1
DEC Rd BW—RYE Rd < Rd -1 ZNV 1
TST Rd MWXREHEBRA Rd « Rd ¢ Rd ZNV 1
CLR Rd BSEREE Rd « Rd® Rd ZNV 1
SER Rd FiFEREN Rd « OxFF None 1
MUL Rd, Rr THSHBRE R1:R0 « Rd x Rr z,C 2
MULS Rd, Rr BHSBTE R1:RO « Rd x Rr Z,C 2
MULSU Rd, Rr BERSBREERSERE R1:R0 « Rd x Rr zZ.C 2
FMUL Rd, Rr EHSNBERE R1:R0 « (Rd xRr) << 1 zZC 2
FMULS Rd, Rr BHSIBREE R1:R0 « (Rd x Rr) << 1 z,C 2
|_FMULSU Rd,Rr BRSO BERRS I TE R1R0 < (RdxRr) << 1 Z,C 2
BiES
RJMP k Lisbok g PC« PC+k+1 None 2
1JMP BEBEE (2 PC«Z None 2
RCALL k N FEFEA PC« PC+k+1 None 3
ICALL EERA (2) PC«Z None 3
RET FRFIRE PC « STACK None 4
RETI P iR B PC « STACK | 4
CPSE Rd,Rr g, HEMNBE T —RIES if (Rd=Rr)PC« PC+2o0r3 None 1/2/3
cP Rd,Rr & Rd - Rr Z,N,V,.CH 1
CPC Rd,Rr AL LR Rd-Rr-C Z,NV,CH 1
CPI Rd,K SUEBLER Rd - K Z,N,V,CH 1
SBRC Rr, b SRR "0 WL T —&iED if (Rr(b)=0) PC «- PC +20r 3 None 1/2/3
SBRS Rr, b HEHEMR "1 MRS T KBS if (Rr(b)=1) PC <~ PC +20or 3 None 1/2/3
SBIC P, b /O FHFHEMN "0 MBI T —%ES if (P(b)=0) PC <~ PC +20r3 None 1/2/3
SBIS P, b I/O BRI 1" MY T —%iED if (P(b)=1) PC« PC+20r3 None 1/21/3
BRBS s, k RAEFESRUN "1V WBE T —RES if (SREG(s) = 1) then PC«PC+k + 1 None 1/2
BRBC s, k REFHEHRMN "0 WL F—KIED if (SREG(s) = 0) then PC«PC+k + 1 None 1/2
BREQ k ARSI Bk if (Z=1)then PC « PC +k + 1 None 1/2
BRNE k EEE R if (Z=0) then PC « PC +k + 1 None 1/2
BRCS k B A "1 WIBkEE if (C=1) then PC « PC +k + 1 None 1/2
BRCC k AR 0" M BkEE if (C = 0) then PC < PC + k + 1 None 1/2
BRSH k AFRETF Uk if (C=0) then PC « PC +k + 1 None 1/2
BRLO k NF I BkEE if (C = 1) then PC < PC + k + 1 None 1/2
BRMI Kk SUl Bk if (N = 1) then PC « PC +k + 1 None 1/2
BRPL k B if (N = 0) then PC < PC + k + 1 None 1/2
BRGE k BERSBATRETNBE if (N ® V=0) then PC « PC +k + 1 None 1/2
BRLT k BRSHRANE if (N® V= 1) then PC < PC +k + 1 None 1/2
BRHS k SRR "1 B if (H=1) then PC < PC + k + 1 None 1/2
BRHC k SRS "0 MIRkE: if (H=0) then PC « PC +k + 1 None 1/2
BRTS k TR " Mipke if (T = 1) then PC « PC +k + 1 None 1/2
BRTC Kk T35 "0" Mgkes if (T = 0) then PC « PC +k + 1 None 1/2
BRVS k aBRER "1 MRk if (V= 1) then PC <~ PC +k + 1 None 1/2
BRVC k REFRE R "0 W Bk if (V = 0) then PC «— PC + k + 1 None 1/2
BRIE k SRR R if (1=1)then PC « PC +k + 1 None 1/2
BRID k RS if (1= 0) then PC «— PC +k + 1 None 1/2
287
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Bs BAER He BE & #
BT
MOV Rd, Rr HEHEEES Rd « Rr None 1
MOVW Rd, Rr sH5ESREF Rd+1:Rd « Rr+1:Rr None 1
LDI Rd, K gk BN Rd « K None 1
LD Rd, X gk B S BE Rd « (X) None 2
LD Rd, X+ nEEEIUKE , KREum— Rd « (X), X « X+ 1 None 2
LD Rd, - X bR — S INER B 5 kiR X« X-1,Rd « (X) None 2
LD Rd, Y MRAEIT U HE Rd « (Y) None 2
LD Rd, Y+ MREEIHBIE R n— Rd <« (Y), Y« Y+1 None 2
LD Rd, - Y bRl — 5 hIER A T ut BiR Y« Y-1,Rd«(Y) None 2
LDD Rd,Y+q M RBRNEES U KRE Rd < (Y +q) None 2
LD Rd, Z MRAEITUHE Rd « (2) None 2
LD Rd, Z+ InEEEIUKE , REum— Rd « (2),Z « Z+1 None 2
LD Rd, -Z bR — B INER B 5 kg Z<Z-1,Rd«(2) None 2
LDD Rd, Z+q MEH R RN EES 2R Rd « (Z+q) None 2
LDS Rd, k M SRAM hig sz Rd « (k) None 2
ST X, Rr SUBES ut A RN EEBE (X) < Rr None 2
ST X+, Rr NEEIUFREEKRE , R h— (X) « Rr, X~ X+ 1 None 2
ST - X, Rr bR — B A RES it 5 X E R X« X-1,(X) < Rr None 2
ST Y, Rr gk B S BiE (Y) < Rr None 2
ST Y+, Rr MREEIT B R n— (Y) <R Y Y+1 None 2
ST -Y,Rr bRl — 5 hOER B S ut BiR Y«<Y-1,(Y)«<Rr None 2
STD Y+q,Rr EFRBENEES 2 RE (Y+q)«<Rr None 2
ST Z,Rr gk e S i E (Z) < Rr None 2
ST Z+,Rr nEEEIURE , KREun— (Z)<Rr,Z«Z+1 None 2
ST -Z,Rr kR — 5 DR A S ut g Z«Z-1,(Z)«<Rr None 2
STD Z+q,Rr e RS RN RES U HE (Z+q)« Rr None 2
STS k, Rr M SRAM hig sz (k) < Rr None 2
LPM MR FZERNBE RO « (2) None 3
LPM Rd, Z ERFZEEHEE Rd « (2) None 3
LPM Rd, Z+ MRRFRENRE , RSt n— Rd « (2), Z < Z+1 None 3
SPM REEFZENBKE (Z) « R1:RO None -
IN Rd, P MO i OiE kR Rd « P None 1
ouT P, Rr WHEO P« Rr None 1
PUSH Rr FHEHRMEAMR STACK « Rr None 2
POP Rd I 2517 82 I MERR th3 Rd < STACK None 2
AUNRES
SBI Pb 110 HFEHFMLEN 1/O(P,b) « 1 None 2
CBI P,b /0 BRIV ES I/O(P,b) « 0 None 2
LSL Rd BHREB Rd(n+1) < Rd(n), Rd(0) « 0 Z,CNV 1
LSR Rd BERER Rd(n) < Rd(n+1), Rd(7) « 0 ZCNV 1
ROL Rd HHAVERER Rd(0)«-C,Rd(n+1)« Rd(n),C«Rd(7) Z,CNV 1
ROR Rd HHABRER Rd(7)<C,Rd(n)< Rd(n+1),C<Rd(0) ZCNV 1
ASR Rd EREH Rd(n) « Rd(n+1), n=0..6 Z,C NV 1
SWAP Rd BREFHH Rd(3..0)«Rd(7..4),Rd(7..4)<Rd(3..0) None 1
BSET s REE SREG(s) « 1 SREG(s) 1
BCLR s BEES SREG(s) < 0 SREG(s) 1
BST Rr, b NEFENUBA T T < Rr(b) T 1
BLD Rd, b FTRATERL Rd(b) « T None 1
SEC piigvAVA§va C«1 c 1
CLC BHEE C«0 C 1
SEN AREALENT N« 1 N 1
CLN ARENEE N« 0 N 1
SEZ TR B Z1 z 1
CLZ ERENET Z«0 Z 1
SEI 2 F PR 1 | 1
CLl 2BPHER 1<0 | 1
SES BHENRFE BN S«1 S 1
CLS BN RAGELES S« 0 S 1
SEV 2 MAND & HiR R B Ve 1 \ 1
CcLV 2 INBR R EES V0 \ 1
SET SREG # T B T 1 T 1
CLT SREGH TEE T«0 T 1
SEH SREG #3375 B He 1 H 1
CLH SREG K ¥ BT EBEE H«0 H 1
mcu BHIE S
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e BAER L B =& # B
NOP ZRE None 1
SLEEP REE (see specific descr. for Sleep function) None 1
WDR SNEIR (see specific descr. for WDR/Timer) None 1
BREAK HiE For On-chip Debug Only None N/A
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FmiER

HEE (MHz) B iR il SR iz I{EE
ATmega8535L-8AC 44A
ATmega8535L-8PC 40P6 [SRIE2
ATmega8535L-8JC 44) (0°C - 70°C)
ATmega8535L-8MC 44M1

8 2.7-55V
ATmega8535L-8Al 44A
ATmega8535L-8PI 40P6 Tk
ATmega8535L-8JI 44 (-40°C - 85°C)
ATmega8535L-8MI 44M1
ATmega8535-16AC 44A
ATmega8535-16PC 40P6 gl %
ATmega8535-16JC 44) (0°C - 70°C)
ATmega8535-16MC 44M1
16 4.5-55V

ATmega8535-16Al 44A
ATmega8535-16P| 40P6 Tk
ATmega8535-16JI 44) (-40°C - 85°C)
ATmega8535-16MI 44M1

Note: 1. P mtEA LA wafer WY , THESATURKNEXREFES Atmel B HIHIEK R,

EE i)
44A 44- 5|4 , & (1.0 mm)TQFP
40P6 40- 5|4 , 0.600" 3T , PDIP
44) 44- 5|% , PLCC
44M1-A 44- BF | 7x7x1.0mm K/, %5 0.50 mm , MLF
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HHER

44A

TR TR ATATATIAY |

PIN 1 IDENTIFIER =

L.

C Oo~7o
%A/mﬁy\)mmmmmn%m
N

Al- /—\*2 tA

COMMON DIMENSIONS
(Unit of Measure = mm)

SYMBOL| MIN NOM MAX | NOTE
A - - 1.20
Al 0.05 - 0.15
A2 0.95 1.00 1.05
D 11.75 12.00 12.25
D1 9.90 10.00 10.10 | Note 2
E 11.75 12.00 12.25
Notes: 1. This package conforms to JEDEC reference MS-026, Variation ACB.
2. Dimensions D1 and E1 do not include mold protrusion. Allowable El 9.90 10.00 10.10 | Note 2
protrusion is 0.25 mm per side. Dimensions D1 and E1 are maximum B 0.30 — 0.45
plastic body size dimensions including mold mismatch. c 0.09 0.20
3. Lead coplanarity is 0.10 mm maximum. . - .
L 0.45 - 0.75
e 0.80 TYP
10/5/2001

‘I_ 2325 Orchard Parkway
M San Jose, CA 95131

TITLE
44A, 44-lead, 10 x 10 mm Body Size, 1.0 mm Body Thickness,

0.8 mm Lead Pitch, Thin Profile Plastic Quad Flat Package (TQFP)

44A

DRAWING NO. |REV.

B

2502E-AVR-12/03
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40P6

PIN
1
1011 [ r1rrlri [1 1

4 =

[ I I I B I I A | L

WWW

" ‘<— B

SEATING PLANE

( " Bl
e

i

/ \ ~15° REF
\ I~ N

“7 eB 4"

Notes: 1. This package conforms to JEDEC reference MS-011, Variation AC.
2. Dimensions D and E1 do not include mold Flash or Protrusion.
Mold Flash or Protrusion shall not exceed 0.25 mm (0.010").

COMMON DIMENSIONS
(Unit of Measure = mm)

SYMBOL| MIN NOM MAX NOTE
A - - 4.826
Al 0.381 - -
52.070 - 52.578 | Note 2
E 15.240 - 15.875
El 13.462 - 13.970 | Note 2
B 0.356 - 0.559
B1 1.041 - 1.651
L 3.048 - 3.556
c 0.203 - 0.381
eB 15.494 - 17.526
e 2540 TYP
09/28/01

TITLE

ATMEL 2325 Orchard Parkway | 1006 40.jead (0.600°715.24 mm Wide) Plastic Dual

© SanJose, CA 95131 | |njine Package (PDIP)

DRAWING NO. [REV.
40P6

B

292
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44)
. 1.14(0.045) X 45°
1.14(0.045) X 45 PIN NO. 1 L . 0.318(0.0125)
IDENTIFIER }4 0.191(0.0075)
e ! T e e W ' '
O
i : v
v 0 N —
—q J 4
E1l E B1 D2/E2
B J I I ]
v 0 0
—0 J
0 i
e
I B I ¢ | B
T} A2
D1
Al
- D —
0.51(0.020)MAX
45° MAX (3X)
Y COMMON DIMENSIONS
— (Unit of Measure = mm)
? SYMBOL| MIN NOM MAX | NOTE
A 4,191 — 4.572
Al 2.286 - 3.048
A2 0.508 - -
D 17.399 - 17.653
D1 16.510 - 16.662 | Note 2
E 17.399 - 17.653
Notes: 1. This package conforms to JEDEC reference MS-018, Variation AC.
2. Dimensions D1 and E1 do not include mold protrusion. El 16.510 - 16.662 | Note 2
Allowable protrusion is .010"(0.254 mm) per side. Dimension D1 D2/E2 | 14.986 - 16.002
and E1 include mold mismatch and are measured at the extreme B 0.660 0813
material condition at the upper or lower parting line. : — :
3. Lead coplanarity is 0.004" (0.102 mm) maximum. Bl 0.330 - 0.533
e 1.270 TYP
10/04/01
hard k TITLE DRAWING NO. [REW.
1_ 2325 Orchard Parkway . . .
44), 44-lead, Plastic J-leaded Chip Carrier (PLCC
AMEL 0. ch 05131 P (PLCC) 443 B
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44M1-A

AIMEL

- D] >
'y
O\_ !
Marked Pin# 1 ID d
(
(
i
(E] i
d
d
(
(
i
v P—SEATING PLANE
TOP VIEW
-
e
.
Pin #1 Corner SIDE VIEW
JUUUUUUUUUUU A
(=
> [ (—
— ja— COMMON DIMENSIONS
— — (Unit of Measure = mm)
— (=
— — SYMBOL| MIN NOM | MAX | NOTE
— — A 0.80 0.90 1.00
(=
g — Al - 0.02 0.05
> ) A3 0.25 REF
— — b 018 | 023 | 030
nanANnNNNnANa D 7.00 BSC
4 4 L—@ p2 | 500 | 520 | 540
E 7.00 BSC
BOTTOMVIEW E2 | 500 | 520 | 540
e 0.50 BSC
035 | 055 | 075
Notes: 1. JEDEC Standard MO-220, Fig. 1 (SAW Singulation) VKKD-1.
01/15/03
TITLE DRAWING NO. [REV.
AIMEL 2325 Orchard Parkway | 141 44-pad, 7 x 7 x 1.0 mm Body, Lead Pitch 0.50 mm AaML c
> San Jose, CA 95131 | wicro Lead Frame Package (MLF)
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iRk XMRAE ATmega8535 & A #1iR.
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ATmega8535 HIBEEE
B&

MARZ Rev. 2502D-09/03
FlfR 2 Rev. 2502E-12/03
RIZE (L

MAIRZ Rev. 2502C-04/03
FIMR 7 Rev. 2502D-09/03
ke

MAIRZ Rev. 2502B-09/02
FIMR 7 Rev. 2502C-04/03
RYZAL

AIMEL

FEBARTHRRRO BN FRPAN MR, FSEENNERES,

10.

11.

12.

13.

14.

B P27 HREMHF A RC HER 7
70 P295« BhiR%K ” #49,

BikR « SREL” 5—& TBD,

£ P2“ATmega8535 f 5| B » R IER,

P35 B

SE#T P35Table 15 & P242“ 245 " P “ BAERR " 5« ERBFHE " .
E 3 P244Table 111,

SERT P249“ R - MBBEE o

EH P252“ATmega8535 BLE4SHE 7

M P287“ iEEHBLR ” REBHIFHPHMER CALL 5 JMP B+,

EH P21~ HEEFER .

E#H P2Figure 1, P167Figure 84, P173Figure 85, P179Figure 87, P196Figure
98,

N P20« R BREEX T EEPROM B4~ 845,

MBRR T « ZTHEERHER ” 5 “32kHz BiR ” WERHD , BEAXBI ELTFE.
E# P42 WREBHIE.

i BX ADHSM 41z,

iR A D WSIH ICP N ICP1, I “ P62« kA D E=IhEE ” .

&3¢ Timer 0 5 Timer 2 {MXF PWM X AR

E#7 P156Table 68 , P178Table 75, P181Table 76 , P184Table 77 , P240Table
108 , P247Table 113 ,

E# P169“Bit 5 — TWSTA: TWI START R&#HRE ” ZB2 M 8,

BERT < RN EARR (MR )’ 5 P219“ T BIRE " Mo MR,
Bk P241“SPI BR{T4REAGME ” B RIH B,

EHT P242- BSKE

SERT P249“ RAFE - MIMBIE ” .
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14. T3 P285« HFERa R 7 .
15. % Timer 1 §1E.

16. #E P240Table 108 740 WD_FUSE A,

MHRZ Rev. 2502A-06/02 1. 4% Flash BIE& BN 10,000 BA / BEX,
FIARZ< Rev. 2502B-09/02
3L
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