7 miE

o EiEfE, {KThEEM 8 iz AVR® b HEES
o &M RISC &4
- 130 &HEF - KSHEBFRTHE R 2 4 AR
- 2N 8 NEATIEE R
- 2BAIHE
— T4EF 16 MHz FIHEBER X 16 MIPS
- AERAINH AN EATRLER
s ERAUBRFANHIBEEMER
- 8K FH W RKEATHME Flash
BE&ER 10,000 )X
- BEEMIBEMNTE Boot RBX
Eid 5k Boot BEXAREARRE
ETFNRMZBIRE
- 512 F37#) EEPROM
EE%4r : 100,000 X
- 512 A A SRAM
- AR R TMBASH A PR FA IR
- ARER
- AANEEMMY S SRR LB ARSI sERY 8 L ERER / 1T INER
- —NEEWMSHER. LRIEEFIHILIIEEMN 16 AIERER / THIER
- BN IRH RS 1T HEE RTC
- MWiEE PWM
- 8310 fz ADC
8 NGB
TQFP $%8 7 N EDEE
2/ TQFP HENEBWHEMEE (1x, 10x, 5 200x ) WESEE
- HREHHELEN
- TN REERE
- TreF | Ang
- EAMI S AR ERRY
- FRED LB
. BHRAILERER
- SN UE THEENEBRN
- FRZ53#REN RC % 8%
- R/ B\ iR
- 6 MEERE : Z2HEX, ADC BFHHIEN, ¥HEX, EBEX, Standby HXUR
¥ R#Y Standby #3
« 1/0 MEE
- 2 M\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 Z&W
Al4R7E Flash 1Y
8L AVR ™
R HIES

ATmega8535
ATmega8535L

=BT IC.com/ ATHEL

AN REXBEFMO X
R, HEENRSERER
FHREE. EXEBFBRE
FERNEN , et seF
EBFLNER BENZ
UENXERASEUREE
HEEBEE.

Rev. 2502E-AVR-12/03



ATMEL

S| EE

Figure 1. ATmega8535 #4935/l

PDIP
]
(XCK/TO) PBO ] 1 40 [0 PAO (ADCO)
(T1) PB1 | 2 39 [0 PA1 (ADC1)
(INT2/AINO) PB2 ] 3 38 [0 PA2 (ADC2)
(OCO/AINT) PB3 ] 4 37 [3 PA3 (ADC3)
(S8) PB4 ] 5 36 [1 PA4 (ADC4)
(MOsI) PB5 ] 6 35 [3 PA5 (ADCS5)
(MIsO) PB6 ] 7 34 [3 PA6 (ADCS)
(SCK) PB7 ] 8 33 [3 PA7 (ADC7)
RESET ] 9 32 [0 AREF
vee o 10 31 3 GND
GND ] 11 30 [0 Avce
XTAL2 O] 12 29 [0 PC7 (TOSC2)
XTAL1 ] 13 28 [3 PC6 (TOSC1)
(RXD) PDO ] 14 27 b PC5
(TXD) PD1 | 15 26 [0 PC4
(INTO) PD2 | 16 25 1 PC3
(INT1) PD3 ] 17 24 [ PC2
(oc1B) PD4 | 18 23 [0 PC1 (SDA)
(OC1A) PD5 | 19 22 1 PCO (SCL)
(ICP1) PD6 ] 20 21 [0 PD7 (0C2)
TQFP/MLF
PLCC
s«
= —_
8z g SR ® g8
~zS % 350038 St =
DZZ<o0 aaaao Q< E ST ®
2T IEX << 52235 8888
13853283z 92 222Eg 2g8%¢
i R s R R - D - <~ < N e
aoooooO>aaaa A0 200 o m
iminininininEninEnEnNn ooonmdZ0gLc<<L
TN O DRI © WS o000 O0>aaaa
ILITLIBIBIERYI OO0O0000n0nn0
@ _________ P oN-IQSTQ
330 PA4 (ADC4) (MOSI) o 39 [1PA4 (ADC4)
! 32 PA5 (ADC5) (MISO) 38[JPA5 (ADCS5)
I I a1f1Pas (aDCE) 37[1PAs (ADCS)
1 ! 30[1PA7 (ADCT) 36 [JPA7 (ADC7)
1 ' 20 AREF 35[0 AREF
| I 28 aGND 341 GND
| I 27pAvce 33 Avce
I 26[0Pc7 (TOSC2) 32[APC7 (TOSC2)
! D gagy (T 31[1PC6 (TOSC1)
30[aPCs
- ( PR ﬁzngCA
ITILYE3IZIL[]IN I
1 3885828588
8388582385083 toeassicaa
Tz oezzes C2258 B8
= = 3
E2583 83 ggee 22
Soo =¥ -
NOTE: MLF Bottom pad should be soldered to ground.

ABEFHNVARERRTHEFNEE , AREMETHREFEIZH AVR izt
HPRER S, ABRALTRHMZEREA HRGFRHRAENRNME.
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&Rk ATmega8535 & T 1858 # AVR RISC £ 1IR{ET#E 8 L CMOS iR #lgs. T HEHM
ESEUR AR APIESHITHRIE , ATmega8535 HERIEFM R FIX 1 MIPS/MHz , A
MALERRGEEDFENLERE ZEBTFE,

FEE Figure 2. &H1EH

PAO - PA7 PCO - PC7
VCC A A A 4 A A A A A A A A A A A A
v
T PORTA DRIVERS/BUFFERS PORTC DRIVERS/BUFFERS
GND PORTA DIGITAL INTERFACE PORTC DIGITAL INTERFACE
AVCC ‘ =
MUX & » ADC > >
’ < ADC INTERFACE ™wi
AREF
* TIMERS/
> le—» OSCILLATOR
PROGRAM |, STACK | i ) COUNTERS
COUNTER POINTER
I [
PROGRAM | [T”] INTERNAL
FLASH || SRAM “ OSCILLATOR
‘ XTALL
i : —
INSTRUCTION GENERAL
—— g OSf | LimbR@iR 4
\ RillisT s PURROSE
[ REMIS f— i{ I
WWW . bU CL =
e
- INSTRUCTIO by v MCU CTRL. RESET
DECODER &TIMING
« z
INTERNAL
COL'I\‘NTSSO L > 'NTE?"TTUPT CALIBRATED
OSCILLATOR
STATUS
AVR CPU REGISTER [€F* [ EEPROM
PROGRAMMING
Locie SPI le—» >  USART
¥ comP.
. INTERFACE |*
PORTB DIGITAL INTERFACE PORTD DIGITAL INTERFACE
PORTB DRIVERS/BUFFERS PORTD DRIVERS/BUFFERS
v v vV v Y v v v v ¥y v v v v v
PBO - PB7 PDO - PD7
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AVR AZEBEFENETEN 32 MNEATETEFR. MENSFEFRHERSEEET
(ALU) MiEH |, EE—FESTUE - ABAERBRB ML T FiR. XS
MARREETRBHR , AREFLEBEMN CISC WIZHRHESE 10 BHHEFLE,

ATmega8535 B T4 R 8K ZTMWRANAYwEE Flash( EFENIREMNEE S , A
RWW) , 512 =¥ EEPROM , 512 ¥ SRAM , 32 MEHR I/0 0% , 32 NEAIEFE
B LOEANEERRERNNRENER SR/ ITEES (T/C), A/ ARl |, T4RFESH 1T USART ,
HEFETHHELRTED 10NEETREDMARTHEES (TQFP % )1 ADC |,
BEEAAKRZSENAREENTREMNSE , — N SPI BT O , URAMNTLUES SKH#H1T
ERNEBRER, THETFZRERXR CPUFELEIE , @ SRAM, T/C. SPIwOMKH
WRAMETE ; FEEINNRERTRELIRS , FTARERT DI AMBE4 S 25
EHELETHE ; TEBERT RS ENSREET  AFAFRE—ITEELE K MER
IhEEE IR FIRERIRAS ; ADC RFEMIHEIE A4 LE CPU RMBR T R ENES ADC B4
FF 110 #E3RM T4 |, LARRK ADC HiRATRIFF X7 ; Standby X T RERARER
K727 , HRUMEEEIL TRIERS , FES[4ERRLOWER | AN EERER
FEES ; ¥R Standby B TN A FIRS 25 M 725 E AT 8F 4k 4R T 1E,

RBHRU Atmel EEEIFZ AU FHEBREARETN. 7 A ISP Flash AFREF7MRE
ISP &17#0 , AEBRARERHLTHRE , B UBEEZETT AVR ARZH 5§12
F#tiT4RIZ, S| SR F AT AEAEEE O AREF TR EIR A Flash 4% X (Application
Flash Memory). & 3 #7 5 fl Flash##f& X B 5| S Flash X (Boot Flash Memory) Y 72 /7 4% 42
BT, SKIMT RWW #4E, BT 8 i RISC CPU 5REAN AI4RTEH Flash SERE—1
BFRA, ATmega8535 BN — MR AMNELH , AiFSMARN B NARMYT RE
[[IRi92%N: 0] 97 Y

ATmega8535 EE—EBENRESREFRIE  BFE CESHFHE. Dk, BFE
AR/ AR ER. FERRITMER.

AT90S8535 3 Aﬁ{lﬁ%l 90885%%M&£}mega8535 HA L
VW ~BE ey Ao W et WSk

S8535C BAufuimiR , R FRAELXRFERZBEBTE , ATmegads535 S 5
AT90S8535100% 3% & , th AJ 1 85 BX EN Rl 4 £ B4 AT90S8535 (B —EN B L4 (VB RS
SRMREEER.

ATO0S8535 REH X S8535C LU miE S TE T FITHRE
REEFMNWEHARNSFER , 01 P43 REFTAENREENNREFS] ",
USART 2 S ZERNNEFERHWEM , ¥ P135°AVR USART # AVR UART &
T

4 ATmega8535(L) m———
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51 R BA

VCC
GND

% 0O A(PA7..PAO)

% 0O B(PB7..PB0)

%0 C(PC7..PCO0)

%0 D(PD7..PDO0)

HFEER BIR
i

im0 AYER AD BiRERHE DU AR,

im0 A RER A/D HREBREAR , BEN 8 U@ /0 O , BB AIRENNEE LR BHE,
HaHEPR SN EEE TR HNRBASR. EvRACERR , EREHL
PEBPAAERE | Ww ORINEP BB RRET A HBR. HENIEF , ERSNMERE
ik , w0 AL TESERES.

WO BN 8UMNME /OO, EEAHENNI LA B, HihE R REXN IR
TR E MR KER. ERRAERRN  EAE L BHEMER , w ORI R
EEPRA b ER. £EVERT , ERSRPERER , WO B AL THERS.

w0 B WEMIhEEN P58,

wO CJ 8 M@ I/0O A, EEAmENNED LR B, HihE R AR
TR E MR KER, EREAERRN  HEAE L EBHEMER , wORINP R
B b ER,. £EMIRG , MERSRPERER , WO C 4 THERS.

WO DA 8MUMM /0O, BRARENAS L BMHE, HiHE Pt R AN KR4
T E MR K ER, ERRAERRN  HAE L BEMER , Nk ORI BER
ARRPEREER, EEAUYES  ERSENHERER , w0 D & THERS.

. BOTIC. LAIM
e WWW_BDTIC com/AIMEL,. ...

XTAL1
XTAL2

AVCC

AREF

K55I+

AVR CPU H#
43

2502E-AVR-12/03

P35Table 15 . #F42at R/ T 71 PR A B] 89 Bkos A RERIE A e B AL
R #R5% B K 2R 5 PR A IR M BB ER B A U
J 160 5% BR K 2% B b 0 o

AVCCRIKOASADH RN EIR, FEAADCH , ZolIMRBEESV EE. EHADC
B REE — MEBIRIREE S Voo EE.

AID BYE L EL A SR

APFEFMIE T - LR BENRLH FURBMNAERASH EN TR IEER, Xk
PIFBBREERZEZHCLIE T EBIANH. ALY C mEREANMHEFZFES
UEX , MAEN C wIEHFENTHLERTHECSTRNLELR. HEZERMBRIE
REEAHER,

AFMES LITIE AVR ARINEE. CPUMTEASRRIEBRFHNEBRIT. BltEHS
MEEB IR REERR. WTEE. BHIMRARLE DU,

ATMEL ;



Y
Program Status
Flash < € <
Program Counter and Control
Memory <
Interrupt
— > 32x8 «> Unit
Instruction General P
Register Purpose SPI
< Registrers <> Unit
Yy
Instruction Watchdog
Decoder A A < Timer
o g N
£ »
(2] (%]
l @ g ALU - Analog
Control Lines = 2 Comparator
<
- ©
8] (0]
(0] =
5 E >
e = <> 1/0 Module1
. Data «>l«>| 1/0Module 2
> SRAM
www . BDT 1C . com/ARME ko
| | —

ATMEL

Figure 3. AVR &1 5EH

( 8-bit Data Bus

EEPROM

I/O Lines <

RNTREESWHEEUARHTHE , AVREAT Harvard &89 , BBV BENRERFE
%, BEFRE#BRENESTES —RRKELET. CPU ERIT—RESHREMERT —%
BS (EAXHATE )o XIMISXITIHETHENSARET. BEFEHES{ETUE
L mIEH Flash .

RIETG B Firer XA 2E 32 4 8 WBRATFFSR , WRNEN - e EHM. MK
T AR AR ALU B1E, TEHEM ALU BED I T FER X4 FHRERE
IR, RAERTEE , FRBPEIEIFFHXXMt. BIAIRNE -t EAR,

BFHRXMHER 6 NEFFERTUAE 3N 16 UM RET U FER[EH AT UBEZE |
KOS MINEE, HP—MEHETUENRFFHSBER RIS XL
HIThEE B FRRED N 16 UMY X, Y., Z FF&H

ALUX BB ESRZAURTEFRENERCANERNEEZEE, ALUB A LUNT RS 7R
B, BEERZERSTEFENRNEEIETARRRELSR

BRFABBLSR / EXRANBREESMARESKES , NMEEI B M biEZeE, KX
SHESKEN 16 L, TSN EFFREFELHEHEE —5K 16 U 32 LMES.

ATmega8535(L) m——

2502E-AVR-12/03



| ATmega8535(L)

ALU - ERBEH T

BFE#FZEHI AR 5| FBFKX (Boot X ) MINARFX, XHMXEBEEIH
BEMUIIEMNE / BRF. ATENARFXH SPM ESHLANTSISERFX.

EHRWANAR FREFRE U WEFITERES (PC) RETHIR ., HKVTERAKRE
SRAM , At ESRERXZRTF SRAM K/, EENHRERAF E LEDBILHEKRIEH
SP, XME4HTF 1/0 Z=i8) |, AT TR B AR, #E SRAM AILUEE 5 AR/ F uk&E
KRBT E

AVR B8 C RN LN T ELEM.

AVRE — M RBENFHIER, BHFFRUTIOZE, REFFHRERERPMIERENL,
BAPMETHAOERERARINPHEOE, SNPHNLERSEEFHOERN
UBAX , Pl EEh i EE  RERES.

/O FfE3Z=HEE 64 NI LAEES UMt | 4ER CPU AMRHVIEHIZF1FST. SPI UK
Hh 1/0 ThEE, BRETRIERIEZE R BN N FE88 42 EHibik 0x20 - 0x5F,

AVRALU S 2 NEATITESFSNEENE, FESSSTER/CH, FESSALAHZHE
B ALU ZEREE— /9 EAR. ALURED N 3% ER, BEMNVIRE, WILER
HTZEL ERFEHRN D BRENT LS. ERESILESE.

www . BDTIC.com/ATMEL
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REFFe

BREFRXH

ATMEL

REFERTETRENTHERETHERER . XEFRTUARBEZRFRREN
KUK RE, MIBETER Fﬁﬁ ALU EEEFEZMRSHFFRNAR, XH , £
SR THIBEEINHRIES T , \NIERSETERE , RBUEES,

EH#AFHRSEFNIRESFFERIT2EIRE , PHEERBF2EFIRE, XETH
FEERMRLLE,
AVR F i & 728 SREG EXWTF :

Bit 7 6 5 4 3 2 1 0

| I | T | H | s v N z C | sReG
BB R/W R/W R/W R/W R/W R/W R/W R/W
EE 0 0 0 0 0 0 0 0

e Bit7-1: 23 MERE

| EAFERES B M, 2IRK P RERER HMIR T ViR HFES 24, R 1ES  WF
LREBPMIREBNSSE , BFATEPH, FE—MHHAER | B, MHIT RETI

?E%Jé | 'MEE&L;ME‘E‘EEF Wr. |t LUES SEI A CLI iﬁ%ﬂéﬁfﬁ:‘rmﬁ%o

o Bit 6 — T: {0 126

UENESBLD MIBSTHA THENEMSFEbit, BSTIEFFSMNE—ENLA T, M

BLD i T ¥ N 2| FFESMHE — 17,

* Bit5-H: ¥i#fIRE

EHMUIRE HRRERBERET ¥H MV, WIRENTFBCD 2EFEEFH. ¥NETE

HIRER

s Bit4-S: FBMN,S=NDV

www - BOTale-COM7ATMEL

iﬁ 2HAEIEE, ENESENHA,

+ Bit2 - N: fa¥ifr
RPERGLBEBREERN A, FNESTENIHA,
e Bit1-2Z: &

RPEARZEBELRNT, ERESENIHSA,
e Bit0 - C: H{FE
RPERFBEIBERE THAL, FRNIBSENHHE,

B XHFEN AVR #3838 RISC ETEMTHIL. N TREGEENMHEMNREYE , F
XU THRA / HEAR

BWH— 8RR, MA—NBULER
WMHRAAD 8 UARER , A8 UER
MHBED 8 AR ER , MA—N 1614
W — 16 UAIRER  MA—DN 16 LR
Figure 4 3 CPU 32 NBRA THEFERMEN,
Figure 4. AVR CPU BRI TEHE8
7 0 Addr.

RO 0x00
R1 0x01

8 ATmega8535(L) m——
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R2 0x02
R13 0x0D

BA R14 0x0E

It R15 O0xOF

TR R16 0x10
R17 0x11
R26 Ox1A X 7, BFW
R27 0x1B X HFH , B&FW
R28 0x1C Y HFsR  BFW
R29 0x1D Y HFH BFW
R30 Ox1E Z &7, BFT
R31 Ox1F Z2E57FHR, BFN

REBREFTESEXHNETHIUERTRMENTFR  MASHIFNESHH
iTESE Y AR R

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

www . BDTIC.com/ATMEL
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X, Y, ZH5E=8

iR

ATMEL

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

Figure 5. X. Y. Z &%=

15 XH XL
X 578 |7 o7 0]
R27 (0x1B) R26 (0x1A)
15 YH YL
Y B8 |7 o7 0]
R29 (0x1D) R28 (0x1C)
15 ZH ZL 0
VA Y] |7 0 |7 0 |
R31 (0x1F) R30 (0x1E)

EFENFUERP , XLt FrRTUAXANEERBE , B M—ME3E —D8E.
BEHATESAETE.

HREHETERARRF A KE,. RBTEMN TN/ FREFNREmIE, HikEHERE
B INER. R AVR AR R @ T AEKAY | BT IE#E ARt | AR IS ET AV IR
ERBD

HILEHIEMRIE SRAM #KkX, EURRET FREFMERNBDUEHER, AR FEFNE

BEER W o BILAZITE W iR Z8 18] | AR IBH XA RET.0 it Ze |, £/ PUSH
5 Aj% B E%ﬂm =3 tﬁi% M1 KA EH R =,
WWW Bkl Co T RE

R E B HER R =,

AVREY R RS /O R R RIS AL FFEr R, SREREANNBSEARAER. iF
EERLE AVR BHNBEXAKN , BSPLRE® T, WAL H SPH HFiFas.

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
BB 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
NBE 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
ERHITHF E—BNBESHITIRPHIFEEE. AVR CPU RSN & clkep, W MR B
REEENREIR. AR et st 17550,
Figure 6 %83 7 B Harvard £ REM A TEIEMETIIT , AR AT ARATRIE R AV F
FRXANEES. XR—MNEEANRKEHS  HEEEE 1 MIPS/MHz , EER BN
te. Thee/EtehiL. ZhEE/ ThiEtt.
10 ATmega8535(L) m——
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www . BDTEE.

EuSPHLE
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Figure 6. F{TEIEMIETHIT
T1 T2 T3 T4

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 F R XHR BRI F. E—NEHEARE  ALU ATLENNFANF
FREFHHTERE  BNHEREREIENFESRPE

Figure 7. Haf4hFEHI ALU R4E

| T1 | T2 ‘ T3 ‘ T4
1 1 1 1
clkepy ‘ 1 | |
Total Execution Time l : l
| | |
Register Operands Fetch i : :
| | |
ALU Operation Execute % % %
‘ TMEL —
| |

AVRETEHNHEIR. BN NPHANENERFZEEBERIN P EE, FTEN PS4
MEBCHEREN., HMEMNEN , BRAFEHRNERBPIELEN | LB , FlTH
k%, BERFITEEE PCHWTRE , E51S8iE . BLB02 = BLB12 #imENERT |
FHTATRE B L, X MEHRS THRENZ SN, #0 P225* FHEmE " NiER,

EFE#ENSEEIRENEVNEAENFHEE, TENEESIRES N P44 Pl 7,
FIRBRE T FTRAPEHMLER. MEFFENBIEEE  RERBS. RESET EE&S
MEER , B=NH INTO - AABHRTIER 0, BEEBEAFHIEHIZFFER (GICR) 1
IVSEL , Rl & A AR E 5| & Flash Vi a4k , S M P44“ " . WIBBE LU BOOTRST
BRI LU E N M EBES|S Flash KLk, &SR P212° XFSISEARE - ES
B9 B A AT LA (RWW, Read-While-Write) B9 B R4BIEAED 7 o

F—FWEERNERPIEREMN | $0BE , N\MB L TARAEREMH RN, AFRESMSRTE
FHEFEEN | REIPMRE, HEFrE N D RTER A LA b S i P RSB F.
TRETIHSE | BIEN.

MBRAE EHEMARE NPT, F—MASHMEFBMHIIRS. X TXEHE , ZF
T B 25 Bl 3% B SKRRAY o i [0 B LAAT R ITALIRARFF | BB R AR R R BRAE RIAY R T AR S, P
MiPR S A BB N HE "1 WA NARBER. HPMRLER , WRENMN T EEMLN
0", MR MPRS M B N | HF —ERFERMNIT , EWRMABRR. XUN , MR2/
PR SHET  WATBEREN B LBNT , BR | Bf. RFEEHZN M
AL S R AORIAAT

FMRBENPHNZRAERHZMAHAR  Re—BEMER. XETHAITRPETS. &
RS EPIERCAEERT |, FHT AR,

ATMEL :
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ATMEL

AVR BH i fE SR ERERFHEDHIT —FEST A LERITHMHRIER N P
EEXBNR , BEATHRSEFPRSFEHEFI2EIRE , PHERE R T2 831K
£, XETHELFBEAFBIRERTER,

fEM CLISETREE L Airet , RMTRIE TEIER. RBEPMATUERIT CLIESERE

BIETRENT CLIESHENREN. TENGIFHEA T WAES EEPROM FHE/AX
ANE TRy LE A R £ 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/F
sbi EECR, EEWE
out SREG r16 . ESREG (| f7)
C RIEBHIE
char cSREG
CSREG = SREG, /* R#ZSREG */
[* EEIEFRET*/
_CLI();
EECR | = (1<<EEMAE); /* /&3 EEPROM B#R/E*/|
EECR | = (1<<EEVE);
SREG = cSREG, /* MESREG (I ) */

www . BDTIC.com/ATMEL
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f£F SEI fEE B ERE P IR  RREFNE - FESERTEARH I —ELBE LEER
7o

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

C RIBHIE
_SEI(); I* E2EHHEEREx]
_SLEEP(); I* #HAMEER K SHLHLEE]
[+ SEE . ERITEASER N PETZE MCU ¥ & St AKERIESR */

AVR HifIESIES R A 4 NeTEPE . 4 DN et ARRE 1R Bk B SSBRAY AP BT AL 22 5
2o HX 4 Mt HfIE PC B3 Atk, HEEIRRAT , PEOEN —MREES |, LBk
RIFESNNHEH, IRDME SR EARETHITHRNRE NELKSEARES
WATFEESE MCU F 2ITHITERF. & PITRER MCU A& TRIRIER |, e RratE
EFREM 4N A, WALEERITRNKIREXFEZNE3EE.

HHHREIRE 4 NP, EELHIE PC( AT ) MM ik | #ikigst =  REFEF
2% SREG H | Bfi,

www . BDTIC.com/ATMEL
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AVR ATmega8535 17
fif 25

ATMEL

AT YR ATmega8535 HITF R, AVR SHMEEM N EENFMERZH  BIEF#SRT
B FMBFFMERZHE, Mo, ATmega8535 EA EEPROM Fi s UREFHE. X=1
FREBREZRBALENTEEN,

REANTYRIEMN Flash BF ATmega8535 B A 8K FH W EL SR Flash , AT EHEFIESRE. BENFENAVRIE

TFileR

www . BDTIC.com/ATME

S 16 78R 32 4 , &M Flash HEA R 4K x 16 (Ve R . AFPRRFN LM EIRTE Flash
EFEHBENFANKX : 5|5 (Boot) EFXMNARFEX , 2FRERE,

FlashfZf& 258 2 D A LA E 10,000,% . ATmega8535K T2 FF 1T 8885 (PC) R 124 , H b AT LA
Fit AK FHRFEMEEEE, S| SEFRURMEXNERERZSBENES A P212" X5
SIS EARF - EEWNRER TLE (RWW, Read-While-Write) B B RmIZEEHD ” , ™
P225“ 174k 254w T2 ” ¥R T A SPI i FE TR EE XN LI Flash 4mig.

ERALURETEANEFFMHEBRBUZE (S LPM MREFFHESESHGSA ).
HESHTRFEESL P10 ETHTRF .

Figure 8. R 77142214

$000

Application Flas

e

Boot Flash Section

$FFF

12 ATmega8535(L) m——
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SRAM BIE 7l 87

www . BEFEES=comZATEE=

2502E-AVR-12/03

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

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

BEFERSNIUAESADN 57 BEEIFu, FTRERBENAEEITU, AEFY, FTHRE
MEZESUHNFEEENEEI I, FERMHTHNFFER R26 2 R31 NHEEIUHE
HEER.

BEEF USSR TRBENBEX,

HREENEETURAEBITUIATERY N ZAENEUHITH 63 Nibil,
EEHMBEMEMNEETUEXF , FEHEX. YN Z BFENIED.
ATmega8535Hy £ 32 NBAFEFER. 64 M/OFFR K 512N FHH N EBEEE SRAM 7]
DBERE LR FUEXRITIHR . FEB[XEHERL P BRAFESRXMT "

Figure 9. ¥iE7 35K

Register File Data Address Space
RO 1 $0000
R1 $0001
R2 $0002
R29 $001D
R30 $001E
rR32 4 $001F

$02 $0022

$3D $005D
$3E $005E
$F 41 $005F
Internal SRAM
$0060
$0061

$025E
$025F

ATMEL i



BR 1= BR8] B |

EEPROM ¥ iE #7125

ATMEL

ZF5 15 B i 8] R SR B VB . 40 Figure 10 PR , MERERIE SRAM 1A [ B iE] A A A
clkepy B EH,

Figure 10. /7 £ SRAM ZEUEHA
T1 P T3

ok /N N/

CPU

|
Compute Address :X Address valid

I I
I I
Address | :
I I I

Data : : : — ] )

I I I ‘E’
WR | / n\ >

I I I -

I I }

Data [ — |5
| | I ©
| | | &

RD - A
I I I o
Memory Access Instruction Next Instruction

ATmega8535 BE 512 FT M EEPROM B iEEMES. EREN — MR HNBIEZEME
TLIREHIRE, EEPROM HEGE D% 100,000 RERER. EEPROM 5

www BETFE - con/A LMEL

EEPROM i& / Bl

EEPROM Wyi5 B &FF 24 T 1/0 ZEH,

EEPROM I EifRIatEI A Table 144 . BERAERT AL AR BRESN M AT T RE
T—F%, AFi##% EEPROM EEXEMTEE : £HFIERENEERLER AN LR
B, LB/ TFER Voo LA/ TREESLERE, A CPU TRt THETETRIRFTER
HESREE, ES N P20 By 1k EEPROM #iEE % ” LUE & HI EEPROM HIE E L H9 (4]
EEO

ATBILEERIRK EEPROM B , FERT - IMRENERF. E45F EEPROM
EHFERNAR,

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

16 ATmega8535(L) m——
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EEPROM iti it 4788 - EEARH

*u EEARL Bit 15 14 13 12 11 10 9 8
- - - - - - - EEARS8 EEARH

EEAR7 EEAR6 | EEARS5 | 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

NHE 0 0 0 0 0 0 0 X

X X X X X X X X

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

EEPROM i1t 27785 — EEARHFEEARLIEE T 512 F 1 Y EEPROM ZE[8] , EEPROM it
HREMHN , A0 E| 511, EEAR HNHIBERBEN ., iR EEPROM 2 8] 2470 7 H IR

FIEBRBEE,
EEPROM #iE & 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 #iE

*F EEPROM Bi24E , EEDR 2EEE%| EEAR 2 TR ; X Fie#k/E, EEDR 2
Mitik EEAR 3R EVHY

ronnus WA . BDT | é° com/ATMEL

| - | EERIE | EEMWE | EEWE | EERE | EECR
®/B R R R R RIW R/W R/W R/W
NRE 0 0 0 0 0 0 X 0

e Bits 7..4 —Res: & &

REBN , RBREREEIS,

 Bit 3 — EERIE: EEPROM #& {Fh s

# SREG 9 1 : "1" , MBI EERIE ¥4 EEPROM #& 17, /5= EERIE M1k
Lt i, X EEWE JEZ 8t EEPROM ERZIFHRTEN A & &£,

 Bit 2 - EEMWE: EEPROM HE4#E

EEMWE RE T EEWE By & " LAUS I EEPROM B2 1E, é’.EEMWEﬁg'w"aq‘ EANET
shEHAN B L EEWE FIEIES A EEPROM MIEE ML - & EEMWE 3 "0“, MiR4E

EEWE Ti#24#EH. EEMWE E1u/E 4 MNEH | EE#XTE,%%Q . EEPROM B2 H 5t
EEWE B9k,

 Bit1- EEWE: EEPROM B{E#E

EEWE 3 EEPROM BN FEFEES, & EEPROM HiEMitiRBIF /G , BENL
EEWE LAE R IEE A EEPROM, &t EEMWE M B , AN EEPROMBENT &
RE, ERFUT (EILHNEI4THNRFHTEE) .

1. ZFEEWE UZTRHE

2. %15 SPMCSR ##J SPMEN 1 ZERE

3. f$#TH EEPROM 3t B A EEAR( Ak )

ATMEL y
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ATMEL

4. f9Fi#9 EEPROM $#EE A EEDR( ik )

5. ¥ EECR &35 EEMWE B "1" , B&ESE EEWE

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

f£ CPU E Flash HEHME R B EEPROM 3t 1T4w#2. f£/831 EEPROM B Z i 4F
MR E FlashERIERBELTR. TRQ)NERHEBESISGEFH AF CPUX Flash
BTRENFEH, R CPU KIEHMFTALE Flash , T (2) &, HSN P212" X
SIS EARERF - EEMER AL (RWW, Read-While-Write) B B R4BIZAED ~ o

AE - NRELSESH6 ZBEKRET il , BIREFRK. BENIE EEPROM EffgER
e, N8R —NMEYE EEPROM B BTITIHT T 8 — /N EEPROM #4E ,EEAR B EEDR
F1FER W AEH SR , Sl EEPROM BRAEXM, BV XEASERIIRE |,

AW BNt AEZE , EEWE B4HES. AP AUEAX—VHMENFREREL T K.
EEWE EfIf§ , CPU BEELFANRHAHEF 2ET T —FKES.

+ Bit 0 — EERE: EEPROM &AL

EERENEEPROMIZIZ{EMNFEEEE B, MEEPROMMILIBBF 2 5 , EB M EERELET
BIEiE A EEAR, EEPROM HIEMENMRAFTE—LES , BXLEZE, 1£H EEPROM
J& CPU E=IE 4 M ABF AT BT T —RES,

AP EiEEH EEPROM BN Z#&N EEWE, MR —ANBREEEHRIT, MILEIRI
EEPROM , th &k E HF 1785 EEAR,

£33 BUEM /WK% 2% A T EEPROM E&t, Table 1 CPU i8] EEPROM Ky #2 BB
Table 1. EEPROM 4R 28+ [H]

(Sas) B RC % 2RAHH BB ERENE

8.5ms

www BB g*fﬂl@> Qaﬁmﬂ M
=de? e v Sl (e A i k¥,

i
-

ATmega8535(L) m——
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TEMNRE S B ALY C HIHEBMMASSH EEPROM B ERE, FHBRIEFMTLE
HITIXERBW SR YF AL, B ERIZEH % T Boot Loader, & Boot Loader F£7E ,
M| EEPROM EERHEEESHFIEEEZITH SPM LR,

Cam R B

BDTIC .com/ATMEL

EEPROM wri te:

. EFL-AGRELF

sbi ¢ EECR, EEVEE

rinmp EEPROM write
WEMY RS (r18:r17)

out EEARH, r18

out EEARL, rl7
FFHIELAHAE 747 (1 16)

out EEDR r16

; E{/EEMAE

sbi EECR, EEM\E

. ETEEVE XU SERIFE

shi EECR, EEVE

ret

C R1BHI=
voi d EEPROM wri t e(unsi gned i nt ui Address, unsigned char ucData)

{
1% EfFE—NBRIELER *|

EEAR = ui Addr ess;

EEDR = ucDat a;

I* EZEEMAE */

EECR | = (1<<EEME) ;

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

ATMEL 1



WWW .

R B HKER# K T EEPROM
BiRE

P51t EEPROM BUEE %

/O ki85

ATMEL

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

LR EB AR
EEPROM r ead:
. EFL-AGRELF
sbi ¢ EECR, EEVEE
rj mp EEPROM r ead
. IREMHAFFES (r18:117)
out EEARH, r18
out EEARL, rl7
;. IREEERE K5 RIE
sbi EECR, EERE
. BHREGZFEEREE
in r16, EEDR
ret

C Rui3pIRE
unsi gned char EEPROM read(unsi gned int ui Address)
{
|* ZFFLE—XBRIFFR *|
whi | e( EECR & (1<<EEVE))

1* REMYFFH]

BO*¥E~com/ATMEL

1* BHEZFHEEERE */
return EEDR;
}

BREFNITEBRESH EEPROM WEREERE#H#TT , EEPROM MERERM4E | H1E
EENBIBANEZTER. BERELSRE , RIREFERZET , SHHAELTER
HEERN, BRERTERIET ZHMNSE R EEPROM BE#EE.

EHFRBEENE , CPU F1 EEPROM ER[RETHEFREE |, &K EEPROM BB RIR (=
K)o XHEREFEAINH EEPROM S54RI th21B%, EMEEFEAHEBNRP AR,
BT HESKER EEPROM BIERAERM IR | —RBEERT EEPROM Bi2EME
EWRESBE ; R CPUKXRBELRLEEE I,

EEPROM #IEHRIA RIF AT LABNE AT 5 EBR

Y B ESEARIEF AVR RESET £5 1K, X O] LUES FAES K H BN B & BOD 3k
X, R BOD EFLEFEERMNAUSEAATE VB, EERESEYDLXET
g, REHEEHS , BRENMFEEER,

ATmega8535 kY I/0 Z2 B E LI P285,

ATmega8535FT A i 1/0 R SN &4 BB T 1/O ZE 8], FRE /Y I/OZEHR AT LU IN S 0UT
BEFRipE 732 NMNERIESESRM IO 2RERETE, it 0x00 - 0x1F B9 /0 &F
1783571 SBI 1 CBI {8 S EE#H T T 1 , ™ SBIS M SBIC N AR EE —VHE,

20  ATmega8535(L) m————
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EZHRBESNIETE, FH IN F OUT 5H R H#tk A4J7E 0x00 - Ox3F Z 8, MEER
SRAM —#:@3d LD # ST 5151 /0 F1788 , AN A at E 0 E 0x20,

NTEREFRHFE , REKRKAHNRNE "0", MHREW /0 FERMTFNHITERE,

—ERBSHFEMNNBERREETE "1" XEUW. EEFENR , SHMKSH AVR FF ,
CBI 1 SBI TS REENELEREN LR TIRE , AMTUATEEXLERSIRENFE
83, CBI 5 SBI #5525t 0x00 2l Ox1F B HFEE8HE Ko

/10 MR RHFEREEEAMETHITNE,

www . BDTIC.com/ATMEL

ATMEL 2
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RGBT R B BRI

M RERE S 1

WWW

CPU H‘H‘F - CIKCPU

I/O Hq# - CIKUO

FlaSh H‘H‘F - CIkFLASH

R ERESRAH - clkagy

ADC H‘H‘F - CIkADC

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

clk,pe
clkyo AVR Clock Clkepy
Control Unit
ClkASY ClkFLASH
4 /
Reset Logic Watchdog Timer
F 1 ,
Source clock Watchdog clock
Clock Watchdog
Multiplexer Oscillator
Y 4
I I F
| [ ] 7\ Y1 L
Timer/Counter External RC Crystal Low-frequency Calibrated RC

ATMEL

Figure 11 FAVRIWEERMHRERE S M, XL HFZTERN TE. 7 THRIEIIZE ,
ALBESFERTEWERERRZ L TETENEROR | F0 P30 £ FREE RIER
B, R RSEIFEL Figure 11,

Figure 11. B4 %%

Oscillator Oscillator External Clock

Oscillator Crystal Oscillator Oscillator

CPUR# SIREAVRAKK FREMIE  MBATEFR M. RETERRRFHREH
HBEFMERR, L1k CPU R RENKELLTHENITE,

VO B4 B T EEHY /O MR | AFERTEE/ TSR, SPIF USART. /O B 43 3 F ShEB o M
iR, EEEM R LA RSB RN | FEEME O RHHELL T X e i 354
AABEIIR, HAh , USIEIRIEBAZERNIERE cko WL T LERSTINY
(18X A Th AL AE AT AR AR =X T B A BAIE 2 T4,

Flash Bt54#2 %l Flash £ OMERE, LB ES CPU B8P EIREE S BIE,

R EMNBRN AT RS ENER / ITREREEAINER 32 kHz P &4z, EHILER
28 / 1T B ER ANETE RERRAE X T IR AT LU R R — SRRt Bt

ADCEB LM R 8, iX#¥ A LAFEADC TAERY BHRZ L CPU M I/O B 4 SA R (R 3 7 e 3R 7=
ERRE , NTIRES ADC BREE.

22 ATmega8535(L) m———
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AR ATmega85357% K5 1 T JLib &I Flash #4408 T R B4R . BT 4% A BIAVR B 4
REE  BEHERIEMNER,

Table 2. B4R ()

B BT CKSEL3..0
AIRE  BEIRT S 1111 - 1010
SAEBIECHT & IR 1001
5B RC E% 28 1000 - 0101
HEMNRE RC %88 0100 - 0001
S\ EB AT e 0000

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

TR HETREEEMOHRTNE, = CPU BEBEAREBEARELF , Hk
B RARN B I EERN | RIERHSRETBRITES ZA#ARERS, HCPU
MERITF i TR |, EAFINIER B [H] BAMRIEE MCU TR IER T2 Bl BIRIA R E
BE, XMEIRENERBERRERTK. BB A M WDT &% 28
BT Table 3. B NAIRZRAVIMERE THEBERE , ¥ P252°ATmega8d535 H
B,

Table 3. & 1H#K% 25 A LK
BB HEtE (Ve = 5.0V) BB HEtE (Ve = 3.0V) B R
4.1 ms 43 ms 4K (4,096)

HRE B EIR WWW '/T:*\g‘u P‘gq‘ (!KS!L —QOU‘I” Lépjuio mi¢§%$lm, & RC #R5% 2% |

BHNBEANRRK, XMRERIERFTLBEE ISP 3 H T4RERS 2T E BT 4IR,

i iIR7 f8 XTAL1 5 XTAL2 % B4 B4R WIRS S50 & A A S i A F% & | 10 Figure 12 FfF R |
EXMEFZEULUERARRE B IERABEIEIRSS, B4 CKOPT AR FBIX M fh
HAREBEEXNWEF 2 —, & CKOPT #mEMR IR G EMHSI B =EFHIEEN RS, X
BERXEETRFENE | URFEEE T XTAL2 B FE a4 EHesmER. mAEXiE
AWM EBE LR, HRE CKOPT AREBRBIRSH |, IRFs0VAHESIEELR D,
ERRRAKRET MR , ERMEBBELRE , METEERS HtbrtshZE a5,

X FiEHRER , CKOPT R4miEAIMIHZAIMEN 8 MHz , CKOPT 4mi2RYN 16 MHz, C1
MC2HWBEE—# , TEERANRRBEREIRSE. ZENRESERN AR E RS
BX  ESEHERMMRNBHEFEEXR, Table4 HH THNREERERN L5
M. NTHEERS  NZEA BRENKE. FRBIESHNAERNTEFERUAR
B MATENES  BSEZARKSRNAFMR.

ATMEL 2
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Figure 12. &% REZER
Cc2

— |—17 XTALZ2
c1 7
o St 1 1 x1au

GND

RHERAUIET = FTEANER , 5B —MULHWFRTE. THEEXBIRL
fiI CKSEL3..1 3Ki&#F , 20 Table 4 FiRo

Table 4. &{kiR57 28 T/RER

SRR R 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,

www . BDTTC . cOmZATMEL

24 ATmega8535(L) m——
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B0 Table 5 AR , 182247 CKSELO AR SUT1..0 B F&E B a8 HE.
Table 5. S {kiRSS 25T 4P LR R AV J5 Bh At [A)

| ATmega8535(L)

HESTHENTYN | SUREARNIER
CKSELO | SUT1..0 AzhetiE BHE (Ve = 5.0V) | ¥ERZE

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

0 01 258 CK" 65 ms MEEIRES , 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
F

1 01 16K CK - ARIERHES , BOD fFEE

1 10 16K CK 41ms AEEHSS , BRREL
F

1 11 16K CK 65 ms AEfRHER , BREEL
F

Notes: 1. XLMETREEA T IHEMBRAABETRAMNE , MBI HARRBEEX T A
MEFTEENER. TERATRE,
2. XERMBAMEBIRIRESIZITH , TURIEZSHHFAREBRE, & IHEREFIRE
lid MBBFRHAERE

www .BDTIC

.Com

ATMEL

ﬁzﬁﬁmﬁ N @A T &
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R R GRS

S\EB RC #X5% 8%

www.BDTIC Jﬁam,LAIMEL
1

ATMEL

RNTHER 32.768 kHz R BIRERNSFHHFHR | BDIURFBL L CKSEL iRiEH “1001”
UL RS R IRSH B8 . RAAERES R Figure 12 TR, BEN B LA CKOPT K4
2, AP TLUERE XTALT # XTAL2 FAZBEBEE , NI EBRATBEE, AZPBEBHIRHRE
fBR 36 pF,

BETEIMEERZE , BRI EBEBLA SUT BBE , 40 Table 6 FiRo
Table 6. {57 & {4 4R5% 25 89 /5 30 £ ]

FoaEANEaEX | EUNOTSNER
SUT1..0 9 B Zh it el KA (Ve = 5.0V) | #EERZE
00 1K CK( 41ms BIRPOE EH |, =2 BOD fE#E
01 1K CK( 65 ms BREE LA
10 32K CK 65 ms BHNMEELRE
1 *Z

Note: 1. XERMABLATRINPMRBEENNAMS FEZNER.

33 F a8 R EURE M A AT EAER Figure 13 BI5LE8 RC #5785, MEWMLLBEN 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 A 36 pF B8R , N EFABIMR. ERRIMEXRITR SN
A TR IEIER R M C WEKEER | H5E/E RC R85 N A F M.

Figure 13. #\&f RC Bl &

XTAL1

)

GND

[R—

EHBR T UTETANENER  SMAEECHRFEREE. THEEXBTHEL
{ CKSEL3..0 #£HR , 20 Table 7 Fi 7R

26 ATmega8535(L) m———
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REM A RC X% 2%

2502E-AVR-12/03

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

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

ERETEXMEHSRCE , BIRBEIHELA SUT BBXE , I Table 8 Fi R,
Table 8. #1\#f RC #&5% 25/ /S BBt H]

REEANERER | SUNOENER
SUT1..0 B9 /5 3 B 8] KA (Ve = 5.0V) | #EERZE
00 18 CK - BOD {8k
01 18 CK 41ms BRIRIE £ FH
10 18 CK 65 ms BREE LA
11 6 CK™M 41ms BIRPOE EH |, =2 BOD fE#E

Note: 1. XUEWRBEAT THEMBR KL TRAFRANERL,

HENAEA RCIRSSEMTEEMN 1.0, 2.0, 4.0 F 8.0 MHz Byatsh, XEMREL
5V, 25°C THIFRFEE, XNt o] UER RERT4h , LEIRMR Table 9 MBL
CKSELJ&ﬁéﬁ&Eﬂ‘I JERIX N BT 4 ( ﬁtaTT XTCKOPTﬁﬁkﬁ B)2EREENIBEH

S /T\*"“*ﬁilﬂikﬂ OSCCA C iRHeaMNIRE. &
E e, g +wsm%g Eﬁ
s m/ FEIRE + 1% o

{E}ﬂ‘*’\ﬁ@%ﬁ’ﬁﬂj% LHT’#PHT %ﬂ?ﬂﬂ}%ﬁ)ﬂQEE’JEIHEIEHT%EVE%@H:I’EJIE’J
K4z, E%E’Jﬁ%hm?&ﬁﬂ’]ﬁ%ﬁ N P27 IREFET

Table 9. B AFREM RC #R5FH 88 TEER

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

Note: 1. HJ BHRE.

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

ATMEL 2
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Table 10. HEZHFE RC #RSHEEM Bt A

HoEEXSEEENE £ VNS ER A
SUT1..0 B E (Ve = 5.0V) HERXE
00 6 CK - BOD f##&E
01 6 CK 41ms BRI £
10t 6 CK 65 ms BREEEFH
11 RE
Note: 1. HiJ BHRE.
% BRI E T 1788 - 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
WA RELHE

28

 Bits 7..0 — CAL7..0: #E% SBinE IR

FHRERIEE XM bk 7] S R EB RS 85 2 17 8 19 BUB BRI T &£ 7~ T2 s RIS
SRR RE. SR 1 MHz BARERE (FRRBENSFT |, #itd 0x00) B3Nk E
OSCCAL %8, MREBAM RC MHBTAT LML SFEMEAAA TN : &
SRTHREEMITARE | RS IFRERIEREE Flash 5 EEPROM 2, XLEHIE
LB B AFIRE , AREMEE OSCCAL FEF8R.

% OSCCAL ﬂJEH‘J‘#E'%%%LXE-ﬁ‘JﬁﬁIVEO X HE WA N B8 IR RIS 25 A 57
Bk, BA OxFF BIBE& ‘Jﬁ$ *TEE’J?)E%%EFE%?J%@ EEPROM # Flash &

I 'i Iash B TR EN 10% , BENE
Ex F *}I_Y/% A ﬂllﬁi$1&‘ﬂ'7h‘
st o IJ CEIRIE u'l'bb
Table 11. A3F RC X% 235N LB E
OSCCAL #i{8 BMAR  RHRRNESE (%) BRI , RHRRRNES K (%)

0x00 50 100
Ox7F 75 150
OxFF 100 200

ATmega8535(L) m——
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S ER At H T MASBETERRIRF S, XTAL1 %4140 Figure 14 FTREIBITIERE, 6, B
CKSEL AF4RT2 5 “0000”, E 44417 CKOPT th4RT2 | FI Pt 17 LA A PO B A9 XTAL1 Al

GND Z[AIHY 36 pF &,

Figure 14. /A &Brt4p Kz EL B E

NC ——————————+ XTAL2
EXTERNAL
CLOCK XTALA
SIGNAL

GND

-

ERTEMRHERZE , BaEBBELA SUT BBIE , 20 Table 12 Fii R,

Table 12. S\ZBat4hEY /3 30 At 1E)
EHEEXSEBEKTH &R SNER Bt )

SUT1..0 ashetiE (Vee = 5.0V) HERE
Q0 | Qp fE8E
www B oo
= = EEie L5t

N TRIE MCU BEBRE TE , TRERARNTAIM RN IRH AR, THRFERRTET
2% FEFEREAR, NZHE MCU RIFE MR E RZS AR 0 B R57 SR

ERER / et a8 S FREEREE /55222 M (TOSC1 F TOSC2) & AVR ML EE | SATNEESIX
FNSIENER | TENSER, WIRHSF4X 32.768 kHz PR BEET L. FEIX

# TOSC1 5| AfRH1ES .
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BRI I AR AR =

MCU #: 4|88 - MCUCR

WWW .

ATMEL

RERRAR S T AER AR FXM MCU IR BAEANERER , NEEDE. AVR EETE
HERERX , AFAFREACHNAERIEHR,

HAERERNEZEREENFFEE MCUCR B SE , REIT SLEEP 5. E4AH—ih
BN (ZRER, ADCEFEMHER, o, F8#K, Standby X FY & Standby
#3 ) B MCUCR # SM2, SM1 1 SMO JRE , 10 Table 13 Fii/Ro fEHERY AR BT AT SURE 3
ABERERH MCU %EE, £33 EahetE , 400 4 NeteBHIE , MCU BATLUS 1T H M
BT, RFIREZT SLEEP BWT —%&IET. RENTLRETFFHXHMN SRAM A
B MREEBESEAEXETEN , W MCU BEEF U6 BF HBINIT.

P22Figure 11 148 T ATmega8535 FRIMNII S RERE 5, WEEERFSENERE
XNEEFTA,

MCU ##|EFFea88 T HREBENZEFHN,

Bit 7 6 5 4 3 2 1 0

| sm2 | s | sm1 | smo | IscC11 1SC10 1SCO01 ISC00 | MCUCR
®/E 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: {RIEH#ERERMZ 2, 150
i Table 13 FF7R |, X7 FikiR BRI KRR R .
Table 13. {KEEHE I 1E#E

SM2 SM1 SMO HRAEE
ZERER

0 0
'Ir\ Py Zﬁﬁﬁ“ﬁ —
L . COMA L
1 1
0 0
0 1
1 0
1 1

HHER

RE

RE

Standby!" # =

¥ & Standby" =

Note: 1. RIEFEAINBRAENREIRESAT Standby BR 5 B Standby B33 T,
* Bit 6 — SE: {kERfHAE

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

30  ATmega8535(L) m——
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RN

ADC &= HE

Lok N

4 SM2..0 3 000 B} , SLEEP &9 # MCU Bt AZRER, FHERXT , CPU ELIE
1T, M SPI, USART, #iltbi&Ras, ADC, B HETEO, ERNER/ITHER. FAM
PRI REME T, XNMERERNRFELT clkepy M clke agy » S AETERMI GRS T 4,

KIEMNERAENS USART kST E RSBl & 7 AKEE MCU, MRATFEBEMELLLE
RERPHIREE MCU , N TR , TSI LRV EIR, BARBEMELLREEE
HMIRAZF 738 ACSR Y ACD, IR ADC fERE , #t ARG B3B3 —REKR,

% SM2..0 3 001 &f , SLEEP < # MCU # ARSEM&ER, EHEXT , CPUE
LIEiE1T , ™ ADC., SAERrhlf, FWLEOMUEE, EATE5/ 1158 2 MBI ML T1E,
XAERER RELET clko. Clkepy M Clkp agy » EL Al AT £ M 2k 4E T 45,

WEKRIEST ADC HRFHIE , EERRBEES., ADC ERENHMR , #HALEF
B335 —X AD ¥, ADC HRiERPUT, HNEER. FIRWEM. BOD £, HLKk
O PLE AP UT, ERYER / ITERER 2 PHT. SPM/EEPROM /& i, SAERERF i
INTO 2 INT1 , SIMERAPBT INT2 AT LA MCU M ADC 75 1 iR X R BE

% SM2..0 7y 010 Bt , SLEEP £ HF MCU # AmEER, FHERT , ASBREE
IR, MAZBRE, MEEOMUTHEEER (NRFEENIE ) #ETHE, REATE
I, BEAEM. BOD £, W&LEOMUITE PN, ASPEFHUT INTO = INT1, |
SERRRT INT2 AJLAE MCU BiEESEER, XMNEREXNELETHENRY , RERS
REBR AT LASKEE T 46,

HEASNRRER T P T MCU MR X EER , KARFINDBF —ENEIE. &
EES N P66 SMEBFRET 7 o

MIEINE B EE R M B EIE %R B — NERET A |, LET R A TR EHRE I HIBE T XK.

"ﬁgﬁjﬁﬁiﬁ SEL EXHE A KIME R TR
BHEEL WWW -y =0 58 01 MpN LEEQQF U Bt Nk vt | REEaEXRE

Standby &=

2502E-AVR-12/03

—RARE :

WMRERER / ITHRER 2 W LRy  ENEF 738 ASSR K AS2 B ,MERER /TR 2 &
RERR AT SE 1T, BR 7 R EXARES X | AR / IT 88 2 VR H P T LR ITE
b7t BT SR MCU MARER 5 MR EE | RE TIMSK /e TiX A , M H SREG B2/
W EERENL | B AL,

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

EANEREER L T clkagy MRS | RARSERTUMSE T,

% SM2..0 F 110 &t , SLEEP 5 ¥4 MCU # A Standby #x, X—EXSHEHER
K—MNTRZAETFRSHBH4ETHE, HRENRIEE 6 Mité AR,

ATMEL s



¥ & Standby &

ATMEL

% SM2..0 5 111 B} , SLEEP #8546 MCU # Ay E# Standby X, X—EBEXE5HE
BEEEAE-—NTEZAETIRZSE/HMETHE, HRMERERIEE 6 Nt AR,

Table 14. ERERERER T30 #Y 8 S K K 2R

TERats E%es BT
. fERERY | INT2 Ert SPM / A
clkep | ClKeas clkap fERERY | EREE | INT1T | TWIHE 2= EEPROM | D | Hfth
HERE u H clkio c Clkagy | ERTHH B 4 INTO | 3EPCE HEEZIF | ¢ | 10
ZERER X X X X X@ X X X X X X
ADC &7 @ ®)
Py 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@
HK O
Notes: 1. BHHRNAZ REHEIRES

2. ASSRHJ AS2 Efu

3.

32

INT2 SREBF T INT1 5 INTO

www . BD
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R/MUThFE

BB AR

Bl L Bae

A BOD

FAEHRE

FiRERNER

%O S|

2502E-AVR-12/03

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

fEgERT , ADC HEEREXTAE T, HTHREDE , ERAEREACHTELL
ADC. BN EREMNE—RERAT BHRR, BAESE P105 BRIHRE",

HEZEAERXN , MRREEAELREE  TUREXA, £ ADC RENFEATHE
ik, EEMEREE L RBEEHRAN, MRENLREERT N aERLA
R, WA REGAEREXTHREXAEC, ENRBEEE LR —BEfE, FSR
P192" BRI LL B3R ~ LA T MR ANl G B R4 LL RS o

W%%ﬁ&ﬁﬁﬁﬁﬂﬁw%Bm)L¢EH@TM%W W%EﬂﬁBmENH%&
MTfERET BOD Jh&E , ©FEZHARBRER THE T, ERERAVKERERXT ,
BT SEERNBALE, BSE P37 EBRN " LT HUMEE BOD.

fEH BOD, #EEALLRESH ADC A EERNIPEEEER, BXEEREPELT  NE
AR AT, EFMFREERAFPMANESESERRECETUUEAT. MREHERE
REESREH2FEEN , HAEIEITLER, H5 0 P39 FREHSBE " U THREHER
BRI M,

MRRGEEFEAEN , XNMERB ALK, HFERE MEEHWEEﬁTﬂ%&I
ﬂE Mﬁﬁlﬁﬁ%umo E/KE/AE'JEEEE*EAET L/I\EE./MLHEEEE.UILE’JTEj(ttEo Iﬁ E
%géﬂﬁmﬁ% uTﬁmﬂmEEHﬁmﬁ%o

ﬂk%ﬁﬁiﬁ ﬁﬁm DQWﬁFumEﬁ ﬁﬁﬁ¢mmﬁorEEmEﬁ%%ﬂ

CT 1/Qag o D FJJ:T WAZE e
M A %\ DR bm kAN
AT 0z eehy & i ‘3 A ml BE om%fk%

F%EE%M %ﬁﬁlTEE , EEBEFBARRIZEIE V2 , Mﬁk%#%é%
EFNG LT

ATMEL 53



RERHSEN

ATMEL

{1 AVR SUNAER I/0 FERBERENNKE , EFNELRELTFHNIT. ENEELH
BT AMBEN B IMP 55, SMERFREISULEFR, WREFKZFFAS
WiThEE , P E A — RN EFRBAES. XMESFZEEERATHENMEN
TRARFX , pli@E T Boot X — HERI K — WEHER., Figure 15 NEMEHE
MR, Table 15 MEN T EMNBENBESSH,
SRBMET /0 iw O MBS N NKE, HRFEREMATIL T EESITRES
FMBENENESERZE , SRR —MERITTHRBREHE |, FRBEMN R EZER,
XML EFHESE MCU EEITZAIE —ENRBLLBREIRENEE, ERITHK
AR H BT REIEIE £ /L SUT 5 CKSEL i&E. LR RIMERFIES A P23 BT8R " o
SR ATmega8535 & 4 NENR :
. bEEf, SFRBERT EEEMIIE Voo, 8, MCU E1L,
« AEEL. 5/ RESET ERVESBF LR A T H/NEOFRER MCU 17,
- FBlAEN. BMAFEFEE TAENSIEHNENKE,
« HERNS., HERNEUIEEskE , BRRBEERTEBRMNEMNIIR Vgor B
MCU Bl &1,
Figure 15. E{8%
DATA BUS
BDTIC. com/ATHEL
WWW . Bl - COM/Aeavic
vee Repsgecr_i?cnuit 5=
Brown-out
BOI:‘)SL(I)E[\)/IIEENL Reset Circuit
[‘] Pull-up Resistor %
RESET Sl Reset Circuit \ s af :
L/ |
Watchdog ﬁ =
Timer o
i 2
Watchdog o
Oscillator
Clock CK | Delay Counters
Generator 4 TIMEOUT
CKSEL[3:0]
SUT[1:0]
34 ATmega8535(L) m——
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Table 15. S{4%4%

B/ J:: ¥ii])
H"E | 3% %4 & H | mAME | B2y
LEHEMNIREE (BER
KB L) 14 1 23 v
VPOT L &
FEEMNIREE (BEH 13 23 v
BIEKE @ : :
VirsT RESET [ IRRH#E 0.1 0.9 \Y;
trsT RESET &/MkH R E 15 ys
v EELNEMIREE® BODLEVEL = 1 25 2.7 3.2 v
BoT BODLEVEL =0 | 3.7 4.0 4.2
. fEEBEENEMNNIRES BODLEVEL =1 2 us
BOD B B/ MEFLERT A BODLEVEL = 0 2 us
Viyst | HEBERNZNER 130 mv
Notes: 1. WEMNESE,

N

BETEN , AEBEET Vpor HEMTEKE.
— ) Vo ARSI B/ TS EE R, XA A N R T
T Voo = Veor BN | RiEFE Voo FHRESLEETAES THZHS EEB0NE

fiI, ATmega8535L HYMIix % #3 BODLEVEL=1
BODLEVEL=0, BODLEVEL=1 F&MHF ATmega8535,

= www BETHE -CEmAAT EL

, ATmega8535 HIMIiE &R

FAAAE Ve 16
S M SRR FE

POR SR {RIEBSH1E L BT &, Voo 5B LB PR B E ALK TER 1T 2185 Tffr%&%%m

HjZau%%#F ERFAEMRS. & Voo TR, REERTRMIER , RESET E5

R

Figure 16. MCU B33 , RESET &% V¢

RESET

TIME-OUT

INTERNAL
RESET

2502E-AVR-12/03
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Figure 17. MCU /831372 , RESET M\ s ig 2 4l

I
A0 VPOT
Vee —
I
I
I

RESET

)
“ A Vrst
|

|
I
“7 trour — >

TIME-OUT

|

|

:
INTERNAL
RESET

www . BDTIC.com/ATMEL
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SEBEN

e
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ABEMHANT RESET SIHMEBFF~4£, HEMREFHENBATRNMPEE
i (S0 Table 15) Bl & SRR |, BIFELHNHEENMESEET. HAMESIKE
E&ﬂm@&vmﬁtﬂ%nttmmLﬁﬂ%ﬁﬁoLﬁ 3RS MCU BNE 30,

Figure 18. TH#ERBHRXENBENL

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

INTERNAL ‘
RESET

ATmega8535 £48 /. BOD(Brown-out Detection) 3% , B SEEMN LA BT
FKEMITHEZIRD Voo WEL, LA RBTEIHE L2 BODLEVEL Ki&E , 2.7V
(BODLEVEL *4m#2 ) 4.0V (BODLEVEL 2472 ). BOD WAt X BT EAR#IhEELUE
PRERRIEM I, XMNEFBEATUBEBR Veors = Veor + Vivst/2 AR Vgor. = Veor
- Viyst/20

BOD EBR&HYFT X B fE 4 7 BODEN#2H, HBODEAE/S (BODEN#RE) , — BV THEE
ﬁﬂi?i%sz{T(i , Figure 19) , BOD E{L A K. éVCLJQ:H B AR BEFUE

WWW SBDTIC o/ BTMEL s

D HERF RN E
E¥E,
Figure 19. T/ESRBHLAEHBERN S

RESET

TIME-OUT

INTERNAL
RESET I

ATMEL s



BRER

MCU & MREF 738 -
MCUCSR

ATMEL

BIREN SR H AL E N 14 CK BN E M, EROPH TR |, ZEat

TR EF R toyr B8 BB N P39 L T HE AR M S AR,

Figure 20. THERBHREFI RSN

VCC

RESET

—>» [«— 1 CK Cycle
WDT
TIME-OUT H

I
|
I
€« t
RESET | TouT
I
I

TIME-OUT
INTERNAL ‘
RESET

MCU 2R FFRREMR T HXSIE MCU ENEMIRNES.

Bit 7 6 5 4 3 2 1 0
|l - | 1isc2 | - | - | WDRF | BORF | EXTRF | PORF | MCUCSR

BB R/W R/W R R/W R/W R/W R/W R/W

IRE 0 0 0 A5 AR

+ Bit 3 - WDRF: B 1Efir&

www “BELEC.com/ ATHMEL

EHEENENEENEN, FEEMFHEEESE BN E "0” KERR,
» Bit 1 — EXTRF: A SBEirE

NABENEERNEN, LHEMEFEREES , b aUBIE 0" KER.

+ Bit0 - PORF: L& {uffE

EBEENREREN, REBIEE 0" KER,

AT ERAXEEMRERAMNEMESE  AFNZRFRBLETFRNRE A REFHE
v, MREHMENREZIFLEFREN  NELEVRITUBIRESUIRERT
o

33 ATmega8535(L) m——
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FAEEBEE

BEHBEFERESNENE

BraErRR

ATmega8535 EE K AEBEME , ATEERN , SERENELLLKREEH ADC Wi
Ao ADC Hy 2,56V EHBERILFNEREAERS £,

BEEENSE TEEMETHERN. B8FE 5T Table 16, 7 7 RKIIE , ATLL
BHEERNENTERITI :

1. BOD f#E (/A% BODEN #4%#2 )
2. BEREMREZEELLLEER (ACSR 17851 ACBG EfI)
3. ADC f##E

Eit , 2 BOD # 2 1taT Eu ACBG HifffE ADC FEBZEER. N TREELEER
E’JIJJ%% AP ER=F&4  HEHAEBEX ZaxAEER.

Table 16. R3feEE#RAV4SMH (D

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

Note: 1. HEMHSE,

EVRENERIRIE 1 Mhz S AIRFERS . KR Voo = 5V RNBREE, H5 054
IR T RN Voo T FWADE, BT REE VHEN BT AETAATE T
ELLE’JHTIEHIEH F& , &0 P41Table 18 FiRo BITHAEIES WDR AXRENME I AERS,

LA mwﬂgmmw jﬁﬁﬁ@ 8 MET, MEEA
REE&E) B B (6] & e a8h3 HRPTEMEEER
WWW ZELEL pigle s ) -

2502E-AVR-12/03

RATHIETEZRAZIEFENAERSFRRE T EME BIFBELS8535C F1 WDTON
BHEEHT SNMNTENRFRS , 20 Table 17. FiR. B2 % 0 #88T AT90S8535 #Y
BB, FRERIIMERESENIEERE,

ATMEL 5
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Table 17. WDT B &%

WWW .

BREN SRR FERE -

WDTCR

40

Z29H | WDT maREE
S$8535C WDTON 3 K= t{AEIt WDT | {uiEFEAYE
Kimig Kimiz 1 =)F Bsf 1) &7 51 A<t 8l & 51
Rimig BTz 2 e HRFER N E2
BiRiE KmTE 0 =) Bt Bl B RS
BiRiE BT 2 fFARE BRFERE A<t 8l = 51
Figure 21. &' 1HER 27
WATCHDOG _ WATCHDOG
OSCILLATOR < PRESCALER
HNEERREE
Slalslsl&l=|gls
WATCHDOG 2031812 2|3|a|o
RESET °1°1°|8]8|8|2|g
\\ Y V.V \ VVV
WDPO '
WDP1 é\
WDP2
WDE

BDT

Bit

B/IE
HaE

1C.com/A

4 3

&%L

2 1

0

| WDCE | WDE | wbP2 | WDP1 | WDP0 | WDTCR

o Al N
o Aaj1 o

+ Bits 7..5 - Res: # &

RELL

BREREERE,
« Bit4 - WDCE: B 1 ¥S X fE8E

&% WDE K& EE N WDCE |

NHEHMcEREER, B2

A 2 24D

" A Ro
 Bit 3 - WDE: & 1¥I{E&E

WDE R "1“8t , B fERE

UTRXABMNRANSR

1. ®HE

o Al jo

R/W R/W
0 0

R/W R/W
0 0

R/W
0

BNFRZEILEH, —BEN BIPRFEREN 4D

—MNES WX WDCE # WDE B "1¢

2. EZEN4MHEABRZAX WDE B "0%,

I#?yéé&nu 2 RKEEERILBENTRERSEN. SR
By BB 51

, BIf£ WDE E& 7 "1

» Bits 2..0 - WDP2, WDP1, WDPO: E 1MER 8248 2,1, # 0

%ﬁ;@ WDE iR BARZ IEF (5, IVE?;:%&%'J 1%2
MiE {7 WDCE LUE kT2 S 2SR Bk | 40 P43« N & |1 ¥ E B 25 e & AY B+t &) /55 51

BB AFEELE. RBEEWDCER"1“BfWDES BEE S,

R P43 REFAER REE
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WDP2, WDP1 Ml WDPO RE & 1 HE BT 2R AV TR 2 827 , H T %0 55U{E & A8 R AV Hi B H 4n

Table 18 Fi Ro

Table 18. & 1¥E AT 22 2 M 281w (1

Vee = 3.0VETERE | V. =5.0VEf58E
WDP2 | WDP1 | WDP0 | WDT iE%28 /A1 A9 i 5 Y% R 5

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) 0.555s 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,

www . BD]

2502E-AVR-12/03

1C.com/A
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THEHNAF5 3 FCYmMCKI T X AWDTHIRE, FUBEFMLTRAFESZT (K
mEL2=FHH)  BMERT TEEFNPHA2KRE.

SCimREBHIRR
WDT _off:

; EWXWDT
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#EpIRE
void WDT_off(void)
{
/* EZ WDT ¥/
_VDR()
I* EZWDCE # WDE */
WDTCR |= (1<<WDCE) | (1<<WDE);

www . BRTIC . com/ATMEL
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HEFITHEFNSREENF XTRBOFIBEFENRSRIIBETRE, FTESE—HH,

8] /7 51
RLHB 0

2L 5 1

RELRH 2

2502E-AVR-12/03

XMER S ATI0S8535 HWENMIREERE., BITANABRSERZIEN | TLUEER

#3833 B WDE RERET , AR BUEERSEAEEAR., ZBItENHENSNNERE

SUTEE

1. EE-—-MESAX WDCE 1 WDE B "1, Bl WDE 225 "1

2. EEEN4I AR ZARESX WDE X WDP EASENIHIE , M WDCE NE
"0”,

EXMERT |, BITAER BB RS 2L | ATLURERS#E S & WDE R

BEe., AT EMFAHEANREIL (CLHEEN ) B AERSZNEERT—MEEN

BF5

1. ER-—MNESAF WDCE 1 WDE E "1“, Bl WDE 2457 "1

2. EEEN4I YA ZAEBENY WDE X WDP EASEMNEIE , T WDCE NI
"0”,

EXMERT , BT RENSSERERERN , WDE WiREER "1, XX ENSSEHAE

HEERT—MNEENRBFS -

1. EEA—MESAFNWDCEMWDEE"1“, RAWDE REHBVRAS , BB AE"1"
DY=F-l: )R

2. EEEN 4 M EE AR WDCE B "0 , AR WDP BEA&SENHIE.
WDE HEETTUEE,

www . BDTIC.com/ATMEL
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Fp 2 3588 ATmega8535 HIFRIfALEE, B —fRH) AVR FIFALEESI P11 Ef 5 kb
B,
ATmegaB535 BV FIIFIR 1o sprewes
BF
HRS oyt @ o iR T E L
1 0x000" | RESET ﬁ%ﬁ%lﬂfﬂ , LBEN  EBERNEN , BIINE
VA
2 0x001 INTO SAERRRTIER O
3 0x002 INT1 SAERFRTIE R 1
4 0x003 TIMER2 COMP | ZEB1ES / 12488 2 bR IThe
5 0x004 TIMER2 OVF EBTEE / ITEER 2 R H
6 0x005 TIMER1 CAPT EBTER / iHEER 1 R B
7 0x006 TIMER1 COMPA | ERTER / iH51E8 1 LR ITE A
8 0x007 TIMER1 COMPB | E&{88 / it2k88 1 LR A B
9 0x008 TIMER1 OVF TERTES / ITHER 1 R
10 0x009 TIMERO OVF ERTER / ITHER 0 R
1" 0x00A SPI, STC SPI BITRALE R
12 0x00B USART, RXC USART, Rx &%
- =80 P NUSART_UDRE us % =1
www . BD T4 CecomzAHIEL
15 0x00E ADC ADC #IR&5R
16 0x00F EE_RDY EEPROM 4
17 0x010 ANA_COMP e
18 0x011 TWI P& BITED
19 0x012 INT2 SNERRMATIER 2
20 0x013 TIMERO COMP | ERrI88/ it#e8 0 LR ITE
21 0x014 SPM_RDY REEFFHBENETHRE
Notes: 1. J&#{uBOOTRST#4mEET ,MCU E /572 B4 | Boot Loader, ES M P212“ X #F
SIS EARF - EEMNER T LE (RWW, Read-While-Write) B9 B FR4RIZEEN ” o
2. HEFERGICRIIVSELEM AT , P HTE BB F Boot KHY At . LLET RN HTE
EASERRit it A R P ithiit 5 Boot K214 ith ik 2 o
Table 2045 1 T RAEIKWBOOTRST/IVSELIRE T EMN MR EN L E, MREF KT
TEERER T , PHTEERREE N, AFTAELHEESRRF. @F K NREVEENT
l}féﬂilz , MEMFPEENT Boot X, WEMNEMEZFANEEERERF., REXRFEM
Table 20. S PHEENENHEE
BOOTRST(" | IVSEL | #&{uithit e bl [ 0 0 e b
1 0 0x0000 0x0001
44 ATmega8535(L) m———
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Table 20. S MEHENENFHEE

www . BB

BOOTRST(" | IVSEL | &{uithit P i ) R 2 it

1 1 0x0000 Boot X & fu#th ik + 0x0001

0 0 Boot X & {u 11t 0x0001

0 1 Boot X & {u i 11t Boot X & fu ittt + 0x0001

Note: 1. Boot K&yt 5 F P223Table 93 o X F LI BOOTRST ,“1" RRALRWE , 0" &K
TEHE,
ATmega8535 HE WS MPMIREMT :
3k sy e e
0x000 rimp RESET ; BT E &
0x001 rimp EXT_INTO ; IRQO HEiEE
0x002 rjmp EXT_INT1 : IRQ1 e &
0x003 rjimp TIM2_COMP ; Timer2 LB A i/ &
0x004 rjmp TIM2_OVF ; Timer2 & P iiE &
0x005 rjmp TIM1_CAPT ; Timer1 32 A i &
0x006 rjmp TIM1_COMPA ; Timer1 k&R A i@ &
0x007 rfmp TIM1_COMPB ; Timer1 tt% B Filia &
0x008 rjmp TIM1_OVF ; Timer1 & i A i/ &
0x009 rimp TIMO_OVF ; TimerO & i fr i &
0x00A rimp SPI_STC ; SPI gt R &
0x00B rimp USART_RXC ; USART RX &R iifim &
— j USART_UDRE ; UPR &= rak
1€ ccom/AT:
b "D IADE A ®

OX00F rjmp EE_RDY : EEPROM R4 i o |
0x010 rjmp ANA_COMP ; ML RSEPHTEmE
0x011 rjimp TWSI ; AL BRTEOTOE
0x012 fjmp EXT_INT2 | IRQ2 il &
0x013 rjmp TIMO_COMP ; Timer0 bR S i £
0x014 rimp SPM_RDY ; SPMhLk i [0 &

0x015 RESET:  Idi

0x016
0x017
0x018
0x019
0x020

r16,high(RAMEND) ; £72F

; IREHEARIES N RAMBTRER

; BEREFRHR

out SPH,r16

Idi r16,low(RAMEND)
out SPL,r16

sei

<instr> xxx

HJB411 BOOTRST AR4mi2 , Boot Xy 2K F¥5 , H& 1788 GICR #Y IVSEL E{uAt , &
BEWEMMPHRENT :

ATMEL
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.51 ESas) (e ] i B9
0x000 RESET:  Idi r16,high(RAMEND) ; =&
0x001 out SPH,r16 ; REHEHKIEHT N RAMBITITER
0x002 Idi r16,low(RAMEND)
0x003 out SPL,r16
0x004 sei ; FERE AP
0x005 <instr> xxx
.org 0xCO01
0xCO01 rjmp EXT_INTO ; IRQO HifmE &
0xC02 rjmp EXT_INT1 ; IRQ1 @&
0xC14 rimp SPM_RDY ; SPMRREE H T 61 &
S84 47 BOOTRST 242 , B Boot X 2K Fiiat , HEM B MPUREMNT :
::571 ESas) (e ] i B9
.org 0x001
0x001 rjmp EXT_INTO ; IRQO Hifm &
0x002 rjmp EXT_INT1 ; IRQ1 FifE &
0x014 rimp SPM_RDY ; SPMEREE F i 6 B
.org 0xC00
POQ Ty : r16,high(RAMEND) ; ¥
www . BETTE =comA&FMEL
- xCO a7 16,180
0xC03 out SPL,r16
0xC04 sei ; FERE I
0xCO05 <instr> xxx
YJ&4 7 BOOTRST E4rf2 , Boot XKy 2K F17 , E&17#% GICR #Y IVSEL EfuAt , 82
B SVAMPIIRENT :
31k ESass Rz i B3
.org 0xCO00
0xC00 rjmp RESET ; Reset fifim &
0xC01 rjmp EXT_INTO ; IRQO Hifm &
0xC02 rjmp EXT_INT1 ; IRQ1 &
0xC14 rimp SPM_RDY ; SPMEREE F i [6] B

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

0xC16 out SPH,r16 ; REHEHKIET N RAMBITITER
0xC17 Idi r16,low(RAMEND)

0xC18 out SPL,r16

0xC19 sei ; FERE AT

0xC20 <instr> xxx

HENARXH Boot KzABaIH  BERAPMERGFFRRE PO ERNKE I,
L8
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EATPMESIFER - GICR

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
WHE 0 0 0 0 0 0 0 0

o Bit1 - IVSEL: po Bk

% IVSEL A "0“ B} , B EM F Flash FiE2580 18t ; 2 IVSEL A "1“ B4 |, AR
B E Boot XEYAR AL, SEFRH Boot X2 At S22 7 BOOTSZ E., E{kiE
£ E P212° Z#F 5|1 SRAEF - EEMRER ATBIE (RWW, Read-While-Write) #9 B 3 4%
BEEN . ATHHILELTERATFHEER , SR IVSEL NEEERMTIRE :

1. BFEEEEHRFEREN IVCE

2. EEEN 4/ EREREENHIEEBA IVSEL , BN IVCE B 0"

AT LR R R R B Bh a2k, HST, B AL IVCE BT T |, A —ERES

B IVSEL BE2 BT —%&iB4, WR%E IVSEL Big , NIFKEEN IVCE 2K

ANEHEEHIRSEIL, EETENRE  BAPMB AT EIL ERSTE[/NMINEH

TZIIRENFT,

Note: EH &R T BootX , HBoot8iE{Z BLBO2 #4mTE , M 1T A XM F et e 1
. EhRE BN FRAK , B Boot 8iE {7 BLB12 #i4mi2 , MINT Boot X 72 Fr A i
W, H3% Boot BIENMATESN P212 XBEISEARKE - EEM R A Bk
(RWW, Read-While-Write) 9 B R4512HED ” -

+ Bit 0 — IVCE: Filfia B 45 S fHke

X3 IVSEL B IVCE #4Ef. £ IVCE = IVSEL B2 fg 4 MNt¥ AR , IVCE
BHEE, EAR , BN IVCE G, KRBT :

www . BDTIC.com/ATMEL

2502E-AVR-12/03
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CmREBHIRE

Move_i nterrupts:

; fEREPETE BRI

Idi r16, (1<<IVCE)

out G CR rl6

; FFPEEEHBE boot Fl ash X
Idi ri16, (1<<IVSEL)

out GCR rl6

ret

C RuBfI=E

{

voi d Move_interrupts(void)

[ * EREFP BT BAVIE TR </

G CR = (1<<IVCE);

I+ FhpE 2B E boot Fl ash X */
G CR = (1<<IVSEL);

www . BD

'MEL

1C.com/A
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1/0 ¥m A
43

ERBRAKF IO FEAR , FIE AVR IO ImOMEEEEMNIE - 5K - BIEE, XEWKRE
FASBI CBI EETHRERLEEMN O (HERWOBE, Hib /L ®BHE ) T2
EEMATEHMERNAE (RERKOBTF, b/ FrELNBME ), MHEPREEX
MEIRSNEESD | WL SRR A B |, B33 LED, FREMKOSIMBEESHEETL
K ERBME, AERPMES Voo MMARE |, W0 Figure 22 Fi R, SN P242° 85
B T BEENSHIIR.

Figure 22. 1/0 S| EHREHE

pu

. Logic

|
|
I
|
|
|
|
Pxn o ° o i
1 |
| See Figure
| "General Digital 1/0" for

Details

www . BDTIC . com/ATMEL

ERBERET /0 KK O

2502E-AVR-12/03

APAENSESNUUBEARRIRE . NEN ¥ RRGEONFS , M/IEMN ‘n” KFK
NHEFES, BRERFEEERE, ffitl , PORTB3 R THOBMWE 3 , MATHWE
BB N PORTxn., ¥E /0 FESEHMMAUE XFITF P64“1/0 ix O F1Fe3H %A " ,

BNHEOEE = 110 7Rt - BIEF T/ - PORTx, HIEH@EF TS - DDRx M
WwOMASIE — PINX. BIEFEHRNIHRELAOSESNE/ BEFES , MmOMASIBA
RigpEEes, EEEERIIENRE , B PIN SEBE—UEAZE "1“ NEREES
FESMNMHBELE "0 5 1“NREBEIL, HZF1FET SFIOR B LR 2147 PUD &
Bt AT % O S| BIAY ST BB PR ER A AR 0

FERNBREF /0 IR OES A P4 ENBRKRF IO WIKA ” . SWIRASIMESSE
ZIhEEE AAY , W P55 IR OME ZIhEE " FiR. RSN B MERM EAHALL T #E 5| |
Y58 —IhEE.

ERERLSIMNE T 2FMEME TR —mONsIHWATERAKRF /0 BN,

wmAANEARNE LW BEEINE 1/0 W H. Figure 23 J3—AN 1/0 3% A 5| BIAY R BT,

ATMEL .
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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

SYNCHRONIZER

| —————— RPx
7> D Qf—D Q _|_| ;’
DL‘ = PiNen

SLEEP : RRXx

- Dy N/ TR
PUD POLLUP D X: dDDR
sLEQ. | SLEeP cofiT X: l s B
- clk, ) igCIQC i\ [fPOR REGISTER

Note: 1. WPx, WDx, RRx, RPx #l RDx ¥ F & —ix O K P B 5| I # 2 —# 1. clk,o, SLEEP
PUD NIt FrE R O =2 — B0,

FMNmOSIEEEE =/ 31E35{Z : DDxn. PORTxn # PINxn , 1 P64“l/O % O 21738
Ki%BA ” FfT’R. DDxn T DDRx & 128 , PORTxn X F PORTx &1F8% , PINxn ¥ F
PINx & 1785,

DDxn ARiEFESIMMN A B, DDxn R "1“Bt, PxnBER@H , SNEERNE A

SIMBECENMAR , & PORTxn 3 "1°, BN EBEPERMER, MRFEXMAXNLABEME ,
AL PORTxn B , ENXASIMEENAH. SMRESIMANSHAS , BMELL
FIRBRHEIET,

HolHEE N m et , & PORTxn "1, SIMBHS BT ("), B HEEF (0%,

7 (BMEA ) =2 ({DDxn, PORTxn} = 0b00) it & &% ({DDxn, PORTxn} = 0b11) Ffh
RS Z BT | EHEBERE ({DDxn, PORTxn} = 0b01) =i H{EKEBF ({DDxn,
PORTxn} = 0b10) XFARMERXNSARLE—NMNrE, BFE , LHBHEFRERETSTUES
B, BANEEFREFEERBRSEFAEER M, REABRTRXEF , AT
BIE{Z SFIOR F 17858 PUD RE LA IR AR EH kA,

ELtmANGEHESFzEYREERENBE, AR XJEFESHES (DDxn,
PORTxn} = 0b00) S & &BZ ({DDxn, PORTxn} = 0b10) ¥4 shiEI S K.,

ATmega8535(L) m——
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Table 21 B4 7 SIHINIEEHIES .
Table 21. A SIHEE

PUD EHre
DDxn | PORTxn | (in SFIOR) | 1O R UL
0 0 X WA No B (Hi-Z)
0 1 0 WA Yes | #4\EPeEERHR AT S5 H R
0 1 1 WA No B (Hi-2)
1 0 X L] No WHEBET (RER)
1 1 X i No MESET ORER)

M ELE DDxn , # A LAUBIS 3 BX PINxn B 785 K3R1B 5|8 F, &0 Figure 23 Fi 7R ,
PIan #ﬁ%ﬁﬂ’]%/\u'—-_fﬁ AIEANBIFSRAR T —MNR$ER. L#TJE—JJ«XJI’_%EW%ET'{*
REREXRENERNESEENBHTSIMEFTLMERNESTRE. HRRESIAT
JER. Figure 24 AREEIMBF RS RN FE. RAMRKIMEBIER D BN tyy ma
*l] tpd,min°

Figure 24. 3EUS|HIZIE R 09 R 5

SYSTEM CLK
INSTRUCTIONS : x$<x f in r17, PINx
PINXn ‘
r17 0xoo§ OXFF

pd, max !

tpd, min
o >

THZEE-INREMNYTHRAZGRENM AR, Yt ES N ENBESEEXEN
B M ESAIENESTUAEHREY , Wl SYNCLATCH1.=1?E’J|3H X R. B
%*jJ{EEHTf:FEﬂ?&%ﬁﬁ %FE%?%FE’J%%ET%M:H HFE PINXn F7880 20 thy max
A tog min TR %IHfﬂtﬂ’ﬂnﬂ’s'}ﬁbﬁﬁ? Yo ~ 1% NRERH,

il Figure 25 Fr R, BV TSI M B PR EEERERE D out TIEEUET in ZBHE
— et EHRVERR , 10 nop . out ?E%EHTI%‘FE’\JJ:?I-/n E{Z SYNC LATCH 5.
BB E) 5 AR VIR A 8] t,q 0 — N REGEAT

ATMEL 2
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Figure 25. BRI FHISIM BTN RS

systTeMclk [ | [ 1 [ 1 [ 1

r16 OxFF
INSTRUCTIONS out PORTX, 16 >< nop >< inr17, PINx
SYNC LATCH \ ‘
PINxn :
r17 0x00 OXFF
.

www . BDTIC.com/ATMEL
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B A ERENERELS

RELESIHNLE
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THENGFERT AE i OB SIBI0R1 EZS|IM283 , U RESIM4ZI78B RN
A, HBRSIH 6 M 7 RELNBEHE, AEEE/SIHOBIEEER, MarmEities ik
B, BIMNESENEABIZEBAT —D nop BT,

SCémRmm e ™
L BN i ARG E S B
L RO EIME N A

| 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

; REUR A S|

in r16, PI NB

Cc R@pIE ™

unsi gned char i;

[* EX EWBEMRESETEE */
[* REwmOSIEENL @ */
PORTB = (1<<PB7)| (1<<PB6)| (1<<PB1) | ( 1<<PB0);

[+ BREROSIE </
i = PINB

Note: 1. HELREFEXATHNEEFSR. HENEN THEENMEEIBHNERE. BEN
S5O0, 1, 657, BEEFAMREER , EXML 2, 3HE, BEHRELNOS
1 RERE,

#0 Figure 23 FiR , MEHAES (HBEBAAENH A ) TSI, Bl SLEEP
ESH MCU RIERHISERMEDER . BBERUR Standby BR TEE | LB L%
WARERENE A BEEE Vo2 FEEASHER,

SIBMER SN E P T AR SLEEP 55X, BENIHREEERE , SLEEP 550K
B, SIMKYE = ThaEFAERT SLEEP thib{ TS = Ih&E , 0 P55 i O E =Thae " B
R BB

MRZEEET (1) HRE-MIIRER " LFn, TERASEZEEFT/LERE
M AR RS L | BME AR TR A RE |, BN LR RERE X KBRS | 4R
RIS\ ER AR BT AR S D SWE 17 XRE N SIMBEFERRER THRMMLE "0" BF, B
B RERK T SIMEREMN 0" F "1 IEAL,

MBERSIMARBER  BUAXLESIMWET - MNEERT, BRMEXFRR |, FRE KR
BATASHAFRARER  EERFTERLASIMRAHEN BT MERZZESIH
EHEBFEAERES (. THEEX, ZRERX) BEER.

REENRIEAASIHERBEETN A ERMERANIB LABHE, BEIZNREM
LR EERNEER, MREMNNDRBEFRERVNENEANS LK THEHE ©

ATMEL 2
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HEEEFARASIMS Ve 3 GND E# |, B IXH A sE 27 5| BB ARE 0 i ot i B
H B .

www . BDTIC.com/ATMEL
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BRTERAHBF ORI , KSHim O SIMEEBE —IhEE, Figure 26 Bi#8 7 B Figure

23 fE{LE R O S| MEHIES RIMAKRE Z BN, XEHRERNES T2 HI
EFFEMRASIKE  EXRBTUEAERES TAVRRIAERFTARO S — iR %A,

Figure 26. #HO/E —ZhAe ™

PUOExn

A

PUOVXn
PUD
DDOExXn
o DDOVxn
S 1
S
0f
PVOExn
PVOVXn
0
= ] 2
~
\l <
&
DIEOExn a
o< }— piEOVXn
RRx
SLEEP [
SYNCHRONIZER
B D |
WWW m
@ AlOxn
PUOExn: Pxn PULL-UP OVERRIDE ENABLE PUD: PULLUP DISABLE
PUOVxn:  Pxn PULL-UP OVERRIDE VALUE WDx: WRITE DDRx
DDOExn: Pxn DATA DIRECTION OVERRIDE ENABLE RDx: READ DDRx
DDOVxn:  Pxn DATA DIRECTION OVERRIDE VALUE RRX: READ PORTxX REGISTER
PVOExn: Pxn PORT VALUE OVERRIDE ENABLE WPX: WRITE PORTX
PVOVxn:  Pxn PORT VALUE OVERRIDE VALUE RPx: READ PORTX PIN
DIEOExn: Pxn DIGITAL INPUT-ENABLE OVERRIDE ENABLE clk,: 1/0 CLOCK
DIEOVxn: Pxn DIGITAL INPUT-ENABLE OVERRIDE VALUE DIxn: DIGITAL INPUT PIN n ON PORTX
SLEEP:  SLEEP CONTROL AlOxn: ANALOG INPUT/OUTPUT PIN n ON PORTX
. =] L = =
Note: 1. WPx, WDx, RRx, RPxHRDxXt F & —/Mis O K AT A S| B # 2 — &89, clk,o, SLEEPH

PUD XS PrE R IR QB2 — 1. EMESRANE - SIMENR.

ATMEL
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Table 22 AEHESHE . XPZEHAH Figure 26 B9 5| Bl Fim

ATMEL

A%5l. REERES

=HEZNREERTEN,
Table 22. E_IThatEHESH —MIHA
B8
- £ % i A
PUOE | LthiesfA EWESEN , LRBEFNSET PUOV ; EESE
B R =, W {DDxn, PORTxn, PUD} = 0bo10m:}iEﬁllﬂﬁsm
PUOV | EHiEafE # PUOE &I , A& DDxn. PORTxn # PUD HFSE&14
BHE S AAEE , PUOV B / BER LRI AR / 21E
DDOE | HEAE MBEWESEN , Wi HIRS LR DDOV #4| ; ZEHESE
B T HHIKFIERER DDxn FFERE4),
DDOV | #iEH M % DDOE E{Y , N DDOV B / jEF et hIkz) fERE / R 1k
EHE W$EDMn§ﬁ%m&Emﬂo
PVOE | i Oz MBXMESEN , B ERBIEEE , ix OHIEH PVOV 24l
B AL ;%MMEEE,HﬁwImﬁm,muﬁﬁmﬁﬁ%
PORTxn 4,
PVOV | i A%H%iE £ PVOE &1y , i OEIRE RN PVOV , M A EZF 1285 PORTxn
EHE AR E,
DIECE | = AfERE ﬁu%LN;sE{i WFEw AEsEH DIEOV 24l ; & DIEOE
BEEHLE EE  EWAMLREH MCU fPIRSHE ( EEER | ERER
Yo
DIEOV | =2 AfEkE # DIECE &f¥ , DIEOV B/ BRI EM AR/ 2L
mAE MCU E’ﬂ N Iimﬁit Yo
WWW e %masmzmm
- Y B fERteR , BN
A &ﬁHﬁﬁaammiﬁo
AIO BEMES BEMA /., E5EESSIEMESEE , mMATUAENR
WA ik Ho

THHJLNTREEGEASMNEONE DRAREXNES, EEESERXE=
ThRERY % B

ATmega8535(L) m——
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Y7 IhEE 1/0 TF1E8% - SFIOR

WOANE=

ThRe

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

e Bit2-PUD: 2/t @M
BE{et, BIERFFFEF DDxn M PORTxn BLE R HiEEBﬂ ({DDxn, PORTxn} =

0b01) ,

/0 A H L EBPE ik FE Ik, F5

L P50 BCiE IR

O AR ADC Bl ARYSE ZIh8ER T Table 23, Z1RIwmA A WIS SIME N H |,
LRI BN PMERER,

Table 23. %

A ABE=IhaEE

b m ]| E=IhEe

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 #i AJBi& 3)
PA2 ADC2 (ADC % AJBiE 2)
PA1 ADC1 (ADC 3 @& 1)

ADCO (ADC % A&

Table 24. PA7.PA4 %=

G COR

BEEHES

WME}{:%mw*M

ESEH

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

Ol ojlojlo|lo|]o|o | o

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

DI

AlIO

ADC7 A

ADCS6 % A

ADCS5 %A

ADC4 A

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

ESEH 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 i A ADC2 # A ADC1 5 A ADCO %A
WA BHYE=ThaE w0 B K = Ih&ESITF Table 26,
Table 26. i 0 B KI5 —Ihae
W O 51 S IheE
PB7 SCK (SPI B4y R 1TRT4T )
PB6 MISO (SPI B&H EHMA / ML EES )
—y R = OSL(SPI B& MMt / Ml A BE) — g
WWw . BB T F&n@em /ﬂfv CME
- -’PBB AIN1 (R BT K ) PR =
OCO (T/CO %t bR e B a i )
B2 AINO (L LLRIERA )
INT2 ( SAERARRT 2 5 A )
PB1 T1(T/IC1 AZBIHERZRA )
PBO TO (T/CO AEBitEEHMA )
XCK (USART SAERETEhim A / fit )
SIMBEENT :

e SCK-%%0 B, Bit7

SCK : SPI BEM Vit , MM AROD, THETFMHERXS , Fi¢ DDB7 &
B | XA SIMEFIRB R M A . TETENERXN | XA SIMANHIES BB DDB7 2
H, RERNWMARE , LhHEEE PORTB7 #4l,

« MISO - ¥ 0O B, Bit 6
MISO: SPI BER EVEHFERA , MNEEmERO. TETFTEHNEXR , Fi& DDB6 i&

B XA SIMERFREN MA. TETMHERS | X5 EIES @ H DDB6 12
#e REANMAE , L EFEHA PORTB6 24,

53 ATmega8535(L) m——
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» MOSI-i®0 B, Bit5

MOSI: SPI BEMENHEEH , MINEBERAROD. TEFMIERES |, Fie DDB5 i&
= o t4\%lﬂ£1%|14vh§%mﬁ)\° M THETENERET *Aawao;faﬁﬁmm DDB5
2 &Em&‘)uﬁ EneEfHEB PORTBS 24,

. SS-¥[M B, Bit4
SS: MHLER# A, THEFMHERS , Fit DDB4 ﬁEZmﬂ XA S| HERFIRE N

Ao HULSIBI R KR SPI #B0E, I#?I*Mﬁ“tm‘ A%Iﬂﬂlm&ﬁﬁmﬂa DDB4 iz
#H, RERNWMARS , LhHEEE PORTBS #4l,

« AIN1/0CO - ¥ 0 B, Bit 3
AINY | LRSS A, REZSIMN G AN, SIMTPEB LA | B 1 3P i O e
SR T B R R,

OCO , Mtk RIE AL : PB3 SIMA/ER T/CO LRIEE AP . EIZIEER |
PB3 SIMIAMBLE i (1R DDB3 7 1) o £ PWMEXKIERIZIEEH , OCO 5| Bi¥E R %
Ho

+ AINO/INT2 - 3% 1 B, Bit 2

AINO , BRILEREM A, BB ZSIB N MAR , CIMAER Lhieafa |, BB FiH O Thas
SEPHRE AR,

INT2 , S\EBHMTIR 2 : PB2 SIBI#ER MCU KIS EBR IR

+ T1-i%0 B, Bit1

T1, T/C1 it EEER.

« TO/XCK - 30 B, Bit 0

www -BOTEC . CONLATIME L.conc s

(DDBO BE%E )o REZH USART THERS KA , XCK SIMIBUE.

Table 27 5 Table 28 44 7 i% O B 5 — 3855 P55Figure 26 EFE ST RXx R, SPI
MSTR INPUT #ISPI SLAVE OUTPUT ¥ T MISOE & , TiMOSIAJ LA % f#% 3 SPI MSTR
OUTPUT # SPI SLAVE INPUT,

ATMEL s



ATMEL

Table 27. PB7..PB4 NE_EEEHRES

gg\ 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 £ A SPI MHL% A SPISS
AIO - - - -
Table 28. PB3..PB0 WEE —HALERES
B
&% PB3/OCO/AIN1 | PB2/INT2/AINO PB1/T1 PBO/TO/XCK
PUOE | 0 0 0 0
PUOV | 0 0 0 0
BDTI1C..com/ATMEL °
WWW . BU. . ATNVEL
PVOE | OCO f£&¢ 0 0 UMSEL
PVOV | OCO 0 0 XCK % i
DIECE | 0 INT2 8¢ 0 0
DIEQV | 0 1 0 0
DI - INT2 %A T1 @A XCK #i A [TO #i
A
AlO AIN1 # A AINO # A - -
w0 C M =TheE w0 C HE=ZEERT Table 29,
Table 29. %0 C BY5E = IhaE
O3S E=1hak
PC7 TOSC2 ( ER#RH B 5| 2)
PC6 TOSC1 ( ER#RHBRSIH 1)
PC1 SDA (& BITRLBEMA I HLk)
PCO SCL ( Pk BT B4k atéhsk )
FoMREBRENT
« TOSC2-u%0O C,Bit7
60  ATmega8535(L) m————
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TOSC2 , ERRHESSIH 2: 24251785 ASSR MY AS2 U & 1 ,fFRE T/C2 L ats | S
PC7 5w OMHF , MAIRHESRASBZNREMmE, EXHERXT , REIRSE551% 5|48
BX |, iZSIBIAEEER 1/0 IR,

« TOSC1-#M0C,Bit6

TOSC1 , ERIRHEESIH 1: HZ 1728 ASSR I AS2 B 1 , RS T/C2 b atéd | SR
PC6 Sim O , AAIRHESRASZHNREHEE, EXHERXT , K&K 2551% 5| #48E
BX |, ZSIBIAREELESR 110 SIRD,

+ SDA -i%0 C, Bit1

SDA & BRTEORE Y58 TWCRH TWEN L E 1 FEMmLk £1TEOD | SI# PC1
FEimOME , BRAMERTEONBITHRE /O SIM, EiZERXT , E5IHLERAE
ISR ERMEET 50 ns WA S , BiZSIMBARRBHNF RIS, HiZoIH
ERAML%ETED , HOH PORTC {#H L,

« SCL-1#%A C, Bit0

SCL , 4 BITHEOMS : H TWCR H1Z85 TWEN L& 1 FAEFRL E1THEND | S| PCO
KEROERE , AAFLBTEONSTR® /0 SIM, EZERXT , EoIHLERET
TERERIFEET 50 ns Wi AES , BZoIHANEREINITRIENZZRSI . HiZo|IB6E
B E1TED |, 39 H PORTCO 4 L,

Table 30 M Table 31 45 T i#w 0O C 3B =IheES P55Figure 26 EEES MM RX R,

Table 30. PC7.PC6 WE_IhaeEHES

EEEH PC7/TOSC2 PC6/TOSC1
PUOE AS2 AS2
BDTIC .com/ATHE
B =COM/ATMEL
DDOV 0 0

PVOE 0 0

PVOV 0 0

DIEOE AS2 AS2

DIEOV 0 0

DI - -

AlO T/C2 OSC % iH 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. fHEE/E , L BTIEOMFRHHIIE PCO 5 PC1 BRI R4|, XERDPHRRH. B
A, BEIENESEEEPALN A0 MHIKOS TWI I B EERZE,

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

Table 32. #% A D WI5E = Th&e
¥% O 51 $E-Thik
PD7 OC2 (T/C2 i HH b &R TS i )

PD4 OC1B (T/C1 b3 B B )

PD3 INT1 ( AZBHMT 1 A )
PD2 INTO ( FAEBH BT O W% A )
PD1 TXD (USART % i 318 )
PDO RXD (USART i A5|# )

F_REEEWMT :

« OC2-¥M0D,Bit7

OC2 , T/C2 mH LR ITE 4 - PD7 SIBMER T/C2 fH LEBRANER S A . TEiZIhEET S| B
ERME (DDD7 & 1) . £ PWM XN ERTBThEER , OC2 SIMERHE

« ICP1-1#%0O D, Bit 6

ICP1 — % AETESIHI : PD6 4EN T/C1 B9% AR SIHI,

« OC1A-#HA D, Bit5

OC1A , W LR ITE A% :PD5 SIBIMER T/C1 i LE B A SR EB% A o TEIZINAET Sl R
ERH (DDD5 E 1) » £ PWM ERXHERZZIIEEF , OC1A SIBMER K,

« OC1B -0 D, Bit 4

OC1B W LL R ItE B #i ) : PD4 SIBIYER T/C1 i H L8 B S\ 3B A . FEiZIAE T SIHD
ER %L (DDD4 E 1) . £ PWM XK ERTEFIhEEF , OC1B SIERH.

* INT1 -0 D, Bit3

62 ATmega8535(L) m———
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INT1 , S\EBFRIT 1, PD3 SliIER MCU BI S EZB A BTIR
« INTO - 3% A D, Bit 2
INTO , S\EBeh iy 0, PD2 SIEIERN MCU BISZB R BTIR
« TXD -¥%A D, Bit 1

TXD 2 USART Y8R £35S M. LifERE T USARTHRIERR/E XA 5| IR HIIRE N W
H , LAt DDD1 R
* RXD -0 D, Bit 0

RXD 2 USARTHI EiE UL SI B, LA T USARTRYEUREESE | X/ ol B4k 58 %18 B F
H , ltE DDDO F24ER ., B2 PORTDO {3#&f=H| EH B,

Table 33 # Table 34 fFiw O D M5 —IhEES P55Figure 26 W EHE T XEKE T —iE,

Table 33. PD7..PD4 Y% —Thfe

www . BDT EC . com/ATM

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 {8k 0 OC1A fE&E OC1B f#4E
PVOV 0C2 0 OC1A OC1B
DIEOE 0 0 0

0

E

I
L

AlIO

ATMEL

63



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 8¢ INTO 8¢ 0 0
DIEOV 1 1 0 0
DI INT1 5 A INTO % A - RXD
AIO - - - -
/0 Y& O & 17 a9 1% BA
30 A BiEEF 788 - PORTA
Bit 7 6 5 4 3 2 1 0
I PORTA7 PORTA6 | PORTA5 | PORTA4 | PORTA3 | PORTA2 | PORTA1 PORTA0 I PORTA
®/B R/W R/W R/W R/W R/W R/W R/W R/W
WRE 0 0 0 0 0 0 0 0
WS
0
] DDAO DDRA
R/W R/W
0 0
0 A A - PINA
Bit 7 6 5 4 3 2 1 0
I PINA7 PINA6 PINAS PINA4 PINA3 PINA2 PINA1 PINAO I PINA
®B/IE R R R R R R R R
RE N/A N/A N/A N/A N/A N/A N/A N/A
0 B %IRF/7E - PORTB
Bit 7 6 5 4 3 2 1 0
I PORTB7 PORTB6 PORTB5 PORTB4 PORTB3 PORTB2 PORTB1 PORTBO I PORTB
®’/E R/W R/W R/W R/W R/W R/W R/W R/W
#HRE 0 0 0 0 0 0 0 0
%0 B BB E %4788 - DDRB
Bit 7 6 5 4 3 2 1 0
I DDB7 DDB6 DDB5 DDB4 DDB3 DDB2 DDB1 DDBO I DDRB
BB R/W R/W R/W R/W R/W R/W R/W R/W
%kE 0 0 0 0 0 0 0 0
64 ATmega8535(L) m———

ATMEL

Table 34. PD3..PDO Y5 —Thhe

2502E-AVR-12/03




| ATmega8535(L)

WO B #wASIEi - PINB

Bit

®/B

WIE
WO C #HI\EFFE: - PORTC

Bit

®/B

HE
WA C #HITEH mSFEES - DDRC

Bit

®/B

BE
w0 C#MASIBIMu - PINC

Bit

®/B

B E
WA D BIEFFER - PORTD

Bit

Wwww . BD
3 D #iE5 E 78k - DDRD .
/B
B E

WA DWASIEMLUE - PIND

Bit

®’/E
WaE

2502E-AVR-12/03

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 R/IW R/IW 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 DDC7 DDC6 DDC5 DDC4 DDC3 DDC2 DDC1 DDCO I DDRC
R/W R/IW R/IW 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

| PORTD7 | PORTD6 | PORTD5 | PORTD4 | PORTD3 | PORTD2 | PORTD1 | PORTDO | PORTD

TIC. com/ATMEL -

7 6 5 4 3 2 1 0

| pob7 | pppe | DDD5 | DDD4 | DDD3 | DDD2 | DDD1 | DDDO | DDRD
R/W R/W R/W 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

| PinD7 PIND6 PIND5 PIND4 PIND3 PIND2 PIND1 PINDO | 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 # #7288 - MCUCR

ATMEL

SNERFRRTES SIHD INTO, INT1 5 INT2 ik, REMFRET KT , BNEESIHD INTO..2 BE
R, REBFEETEENTL , Pt g, XMNMERATLLARS £ G HE,
BHi%E MCU ##|21F2F MCUCR 5 MCU #Z#|5RAF 85 MCUCSR , HTAT LA
THA, EAR , REREBEFME (INT2 RLAME TR ). HABPHFELEH RS
NEBFAE (INTO/INT1) , RESIMBEFRE , PR~ %. EEXRINTO 5 INT1 &EE
STERRREARAE , /O BREMSMIHE , i P22 R RERESH 7 A AFE,
INTO/INT1 B9 R ET S HRN INT2 R FESW . bR | IX L AR i 7] U SR 25 4 M BERR
EXGREE, FERISRE (BRTZERAER) H /0 HHHEFLEN,

BEEF AL , AT MCU MNEEEXREN , ERIEBEFRE—EHNE ,
AR MCU NIRFWEHRBREE, BFUFRANMEBRLNMIR. £ 5.0V, 25°C BW&4
T, BEIANRRESERR 1 us. BITARSZSEENEE | BE4FESE P242° &5
B, AEEXEIERHEATEAENEF  SRESHETEIIRNARE , MCU
TAUEE, B ERABLA SUT RE | 1 P22 RN REHHER ” TR, BESH
MFRREESR , BEBHIRERZEMELRT , MCU HH%E  BEFBEL3LH
T, ERNBFSTRSEEKOMEILE MCU £ RGQEERE | REMABFHE,

MCU #Z#|EFEFRE P L EH{ SER MCU IhaE

Bit 7 6 5 4 3 2 1 0

| sm2 | sE | sm1 | smo | Isc11 | Isc10 1SC01 Isco0 | Mcucr
®/E 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 FFaal | FREAIAAE R P T FRRALE ML AY1E , SAERAR T 1 B SR INT1 3
K, bR Table 35 AR ERNILMAFLMCU & R INT1 51 ERYEBRF, R

bV 2 W e T Tt Trae , - i — R B B HA B9 o o A
x B9 AR \ﬁgﬁ o i R e {HlER, , BAIR BB F AR
FE Y BB S HRIT T K.

Table 35. i 1 filk 73 X425l

ISC11 ISC10 | %M
0 0 INT1 A{REBFE = £ R EER
0 1 INT1 S| EEEH BB BF T ARG S| K il
1 0 INT1 I TR = R H FRTER
1 1 INT1 B EARF=ERE R EER

« Bit1,0-1SC01, ISC00: H}f 0 it & 5\ H Bit 1 5 Bit 0

IR SREG FFaRAY | AR M4 BLAY o i AL BV RV 15 AR 75 40 Table 36 FT R |
SNERHR T O EA S| INTO BUR . AL A BT MCU B SER4¥ INTO 5| M L BT, Rk
BT7OaMERAARBERMAME IR | BBARFENE AT —Atth B3 HH poR /it s
M, SRR BRI R RERIE AL R BT, MREREETAMEL N , MABBF LARE
FHAESHITER.

Table 36. A} 0 fillk 5 =12l
ISCO1 ISC00 | iXEH

0 0 INTO 1 8.7 B 7= 4 R BT 7 R
66 ATmega8535(L) m———
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Table 36. H i 0 ik A4l

ISCo1 ISCo0 | i%H
0 1 INTO S| EEZEHB B BHF T &R S| & BT
1 0 INTO B BB F=HE 25 R HTIER
1 1 INTO B9 EFRF= £ R P HRTER
MCU 4l SRAEFFES -
MCUCSR Bit 7 6 5 4 3 2 1 0
| = ISC2 = = WDRF | BORF | EXTRF PORF | MCUCSR
®/IB R/W R/W R R/W R/W R/W R/W R/W
VIHE 0 0 0 WAL A

« Bit 6 — 1SC2: Hlif 2 iR H 1%

R SREG HZ85M | &M GICR FHEH[MENN P ABRMEMNIE , RSP 2 H
SNEBSIBD INT2 BUE. & 1SC2E 0, INT2 B9 T B BUE I, %lsozm INT2 89 &£
FHRBUE R BT, INT2 E’Jmfaﬁﬁﬂiﬁ“ﬁmﬁﬂﬁo HEINT2 §|ﬂ£|U:f‘$th#j(ﬂ:Table 37
FIRBIENP RS X PR, BEFRTERBFPE , BEFEXARBSELFEITK ,
REFEFEFH. MEREFNSIMIE , MASIXFPHIER. XZE ISC2HEARELE
P, HLEINEEESEES GICR BERMEMNPUTFEREN INT2 , REBHE ISC2,

BE , TERCEEFHFEPMHZ BT GIFR %ﬁ%ﬁﬂﬂﬁfﬁﬂ&ﬁh\*{i INTF2 B '1’
ﬁﬁ,am

Table 37. & (/D) PHT4SH

'J\ BX
S e = By
WWW [ E EL ¢
EASHESITES - GICR
Bit 7 6 5 4 3 2 1 0
| Tt INTO INT2 = = = IVSEL IVCE | GICR
®R/EB 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: \ZBrhBfiER 1 6ERE

L INT1 A "1, MBRASZHEE SREG 1 | FREREBN , HBIAIAEBSIBIP BT R ERE T,
Mcuﬁm}%m*%ﬁ%ﬁ MCUCSR #9 e B 8% 6 75 4251 1 2. 1/0 (ISC115ISC10)RE
R AR, TBR , ER INT1 BFfMEN. REFRE , B INT1 SIHEERE R
LT Ealﬁﬂl%$k$7$ﬁm’9@z1t , PHTRI= A,

+ Bit 6 — INTO: B HTER 0 fERE

U INTO 1, MBRAZIFES SREG 1 | #REEN , MMM EESIBI M AERET o
MCUEFFHE“—.%IJ&*%@%% MCUCSR #Y = i U anﬂ%uou 1/0 (ISC0151SCO00)RE
FRTRE AR, TR, &R INTO BFfAl, REMFR , BIfE INTO SIM#EE R
W, RESIHBPRRETHNENT , FEE™ 4,

+ Bit5—INT2: S\ZBAHPTiER 2 fERE

L INT2 7 "1, MBRAZEEE SREG 1 | FREREBN , HBIAIAEBSIBIP BT ERE T o
MCU & F i 54R 25 517 28 — MCUCSR #) o B U o 75 #2862 442 1/0 (ISC25ISC2)REH
WRALAR, THR 6 &2 INT2 8FfEN, REMEE, B INT2 SIHEEE R &
H, RESIHEFRETHNNETL , FIR=4£,

ATMEL o
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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
WHE 0 0 0 0 0 0 0 0

e Bit7 - INTF1: S\ ZBh iR 1

INT1 S| B F & £ BEE Rt A& PRTESR | HEMAEAMNFEAREINTF1, 2032 SREG KT
| AR GICRZ1F 85 R Ay R T EAREAZ INT1 717 ,MCU ENBk R R AY R T m 8, 3 A
WRERBF2RZFSEIES, A, HFEMNETUEITEA 1" XKES,

» Bit 6 — INTFO: S\ZE P d#5& 0

INTO S| EBF & 4 Bh A i Al & R ITIE SR |, H B AIAE RI A P HTARE INTFO, 2NER SREG K {1
| LAK GICRZ 1785 R Y R T BEREAZ INTO 9”17 ,MCU BN Bk ¥ BB R A9 R T ) B, 3 A FP
RS RBF 2 BIZREBEEES, A, REVBTUELEA "1” KEE, 4 INTO &
ERNBEFE , ZIFESHES,

« Bit 5 — INTF2: S\ ZBh Mi#5R% 2

INT2 S| B & 4 Bk A it Al & R ITIE SR |, H B AIAE B A P MTAR A INTF2, 23R SREG B
IS\ K GICRZF1Z85H M A R T EREALINT2 9717 ,MCU ENBk: BIAE R B R T 1 & B A
WRSEBF2BZNREENES, A, FENBTUBEIEA "1” KBS, T8, Y4
INT2 P T2 At A R ERIRERA | ZSIHNAAZSPNER, X2SHINTF2IRRIEE
E5HBEEL , ¥ P53 i AFREMEERES ”

www . BDTIC.com/ATMEL
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B85 PWM IZhEEM 8 1
ERES /1880

|‘er/C nt
|

Hiree
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TICO R—NMNBEAMNREIEIE 8 (EMES/ ITTHEER, HEFEH[WT :
o BEEITHER

o HRIEE K ERERENSR (B3R )

« TFHREOR , HAZEBSH PWM

« MIERER

s ABEMITHESE

10 fURYEHEh T 2 3B

o A EEE PR H IR (TOVO Al OCFO)

Figure 27 N 8L ERT 25/ 1T B BRI B{LAER . SEBRSIRIHES|ES & P2“ATmega8535kY 5| )
" o CPU AT LAIA Y 1/0 B1Ees , IEMASIH , ABEEE R, /10 FEH[ANMHMLES T
P798 (U TERT 2R / THHRES B FERMIHAA ",

Figure 27. 8 i T/C K 1EHE

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

Edge >
A Detector i
BOTTOM TOP
A
A

MEL

(Int.Req.)

DA

= Wavefor_m »| Ocn
Generation

T/C(TCNTO) # % i LEE B &5 7788 (OCRO) K 8 U B #7288 HHTER (BFEE RN Int.Req. ) 18
SEERBPIIREST TS TIFR BB R, FrE A0 LAUE S Er 8Pl R T 78
TIMSK #3433 T EMk. BT TIFR M TIMSK H SR SHMENSE A HE HItEAP&
B4AH,

T/IC A LABIS T 4 M85 B A ZBAT 4R R 30 |, ShE =833 TO SIBIAY A ZBRt s Rk IE BN o B4
W IRIB AR R 6 B — A R S K38 SRIE N ( RERME )T/C BIERE, WREE
R EIR T/IC A TE, B EERERA @ E L E R 2R clkrgo
NEFNBBLEEES OCRO —ES T/IC WHRERTHR. LBRWERATARSE
PWMIE , S fE 5 H LR SIBI OCO L= A MENmE P71 MHEE 2T HAN
BiE, HRICEEGHTNFE M LLBIRE OCF0, MARE AL R £ 5 H LB R M iE R,

ATMEL =
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EX AXNWEFZHFERIREZEMIUBEBANERNRT. NEWN " BRT TICHFS |, FELLED
R0 NEH X BRTHELEERETEE , FHEIHEE A, ERESEFHNEMSAS
BRI , FIINEER TCNTO RiAE T/CO iTHEsE , &5,

Table 38 I ESGEAF £ 3
Table 38. X
BOTTOM | it#k&8it% 0x00 BYEDIAZE| BOTTOM,
MAX TTEEE 1T &l OXFF (T2 &Ry 255) B EDIA E MAX,

TOP T ERESIT 2T U 5 & R ERTEIIA R TOP, TOP E A LN EE & OxFF
(MAX) , iR T&1F55 OCROA EMVEE , E4BTHEERNEE

T/C By Bt iR T/C AL N EBE S NS RA L R i 4hIRZh , B 4hIR 2 AT 4% 2B ERER | Tatsh
ERBEEHRNMT T/C #24|Z 1785 TCCRO KIRT4PiE R CS02:0 #4IM, P83“T/CO &
T/IC1 T D 5AEs " XN etePR ST 2 M EE RNHEIR,

AL T 8 TICHEEL % H ARBHI N EiTE#E T, Figure 28 ENR it AN BENER,
Figure 28. itHEE THIER

TOVn

(Int.Req.)
< DATA BUS >
t Clock Select
< count ;%e r < ™
www . BDTl C=€:i tEL
- direggtiol
( From Prescaler)

bottom

EBHBE (HNHBET) :
count f£ TCNTO b0 1 ZE 1,
direction EFHNRERBIRE,

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

bottom =~ TCNTO ELAE 7 &/ME (0)

BETENTEES , ITHBRHXE - cky ZIES. M—=E—8%E. clky, THHA
A EBET SR RN AT e R =4, BARH AT IR R CS02:0 BE. X B EFE IR
(CS02:0 = 0) EBTRREMF L, BRFEHEE clkyo ,CPU #HALLiFE TCNT0, CPU Big
e BER EAMIRME (BT, RRE) WILERS.

ITBUFHIE T/C #4|2F 1785 (TCCRO) 8 WGMO1 1 WGMO00 RE. TR HRITH S
HELR OCOMK B EZRMNK R, BXRITHFINBRE~ENFMAERIESE P73“ ITE
B,

T/Ci&H P HIFRETOVORIBEBWGMO1:0 iR EM T/EE X KIRE, TOVORTLLA F =4 CPU
el

70 ATmega8535(L) m——
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AR ST

87 LE B BRI EE XS TCNTO F HH Lt R F 1288 OCRO#M TR, —B TCNTOZ FOCRO , b
BREMRAHTEES, EELXENT — N EN S A A H LLBRARE OCFO B, &
B OCIEO =1 H SREG W2 B HMitRE | B , CPU F~= £ H LB M, Tl
REEFEIT OCFO BZ/ES , IEBEHMAE "1” WARKES. BIEH WGM01:0
COMO1:0 iIREMN TN ITHEER , RELALERIBERESFETRNER. Bt , K
& £ B2 EF A max  bottom 5 5 R BREZH THESKIER (P73 THEER 7).

Figure 29 N LR E T HEE,
Figure 29. il Lt RE T HER

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

A

top >

www . BDT 1€ . c6iZATVEL

5 % R

E TCNTO #/ESFH L EE R TR

ERAMmLERET

2502E-AVR-12/03

WGMn1:0 COMn1:0

£/ PWM Xt OCRO HFEBRANEHEFi7eR ; MAEER THEEXMETEMAEFEREN
MERIHEEREILR, NEH A LAFEH OCRO FiFER5 top = bottom FRZIE LR |
MBS LEF= £ X FRH PWM REoF |, SEBR T FHBR+.

7R OCRO HFfFss ERRRESF , HXTR, FREXE FIEER , CPU RAYR OCRO
FHFER ; BUEREPIHEER CPU AR NIZ OCRO & &,

THETIE PWM EXet , AT BUBEE XY 58 H% H LB FOCO B 1" By TR £ LR T
B, BHELBRTEEF2EM OCFO ir& , B FR2EHR / BFEENSR , B2 OCO 5|HIRF#
B, FREMNRET LHLRIEE —# (COM01:0 RE OCOA REfL, BFE , E& "0“-"1”

REBZA ).

CPUXY TCNTO HEENBRIESE T — N ER SRt H A HME L LR ICE M R £ | BIfEL
NENRELFELT . XM LLARS OCRO #1151t 5 TCNTO M6 E#YBUE ™ it
R,

HTFEEZEEKXTE TCNTO BFET — PN EMNSRS A EEIELLRTE | EEHAH S
LEB R A TCNTO BiaB XK , Fig T/IC KRN RBAEEITSEE. MREREAK TCNTO B
BEZT OCRO, HRIEEHMBMEXRT , ERTERNBRFELAELER, £l | FEI1TERES
HITERFITHRNTEXN TCNTO BEAZTF BOTTOM W EHIE,

ATMEL n
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OCO iR BN IZEREBHREF O FFR A TH. RELHNIRE OCO WHEREHER

A TR A58 S5 H LB FOC0, EMEERTRFAEEAR OCO FHRHFHE—ERRFT
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PWMERWFEZLREERBETESR, ItHEMNBOTTOMITEIMAX ARG ENEZ
BOTTOME#FH A, M FEBEN LR HERN | LRSI OCOZE TCNT0 5 OCRO It
ERES , £ BOTTOM & ; W FRELEHHES | OCO WHEEFHEKR. BT
AT EREER , RE PWM EX K TERR A NBHEWMEMIEE PWM EXE —

74 ATmega8535(L) m——

2502E-AVR-12/03



| ATmega8535(L)

Z, EMRESEESIE PWM EBX+9EETHXRAT , KM DAC NA. &M
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B2 A BB EEILE MAX B2 80T 51,
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8 L TERT 8% / TSR T f7a

Ay 1% B9
T/C # 4|2 788 - TCCRO

Bit 7 6 5 4 3 2 1 0

I FOCoO WGMO00 | COMO1 | COMO0 | WGMO1 CS02 CS01 CS00 I TCCRO
/B W R/W R/W R/W RIW R/W R/IW R/W
NHE 0 0 0 0 0 0 0 0

« Bit7 - FOCO: 38 &l H &

FOCO X WGMOO 5 BAIEPWMBE RIS F BER. BR , A TRIESKRB[HNREMY &
£/8 PWM B} , B TCCRO EXNHESE, WHE 1 /5, BEX LG BI#THRIRE,
EE B PE i i S OCO 1% B8 COMO1:0 ViR B HABR B, BT E FOCO ZK4l—
MNFEES , EENESHEEREERANE COM01:0 BiRE.

FOCOFRLB| £EMM , b FALEFAOCROEHNTOPHCTCER TX ERSEHITEE
B2 4E,

iE FOCO #iREEKIER 0,

o Bit6,3 - WGMO01:0: B4 EX

XU TR BRI , TSR RE TOP , URFEMMKER, T/C XiFH
BRE  TEER , LRI A ErERITHREEES (CTC) , ARFH PWM #EX | ¥R
Table 39 5 P73“ TR ",

Table 39. B~ E£ERNUEL D

WGMO01 | WGMO00 OCRO Hy TOVO W&
ﬁr\(c tO)I fWMO) B 37 [\ "rRP/| "E[ﬁwl‘ﬁl etz
WWW DU T TG GO A T Ches T
1 0 1 PWM , fB{EIE OxFF | TOP BOTTOM
2 1 0 CTC OCRO | MEIE#H MAX
3 1 1 PIE PWM OxFF | TOP MAX
Note: 1. (VEMX CTCOFMPWMOBEZXFABFEAT ,EFHWGMO01:0, BEEIhBeFESLLFIR

RRE

+ Bit 5:4 — COM01:0: L& T HiE =

XFARE T LRI E R £ R f S| OCO MEF, MR COMO1:0 H# — vk s EF#&
Bz, OCO BALLRIEE M HA T NAT T, FNESEREHSFFRUEREN 1 UE

A X3 2R o

% OCO EETWIES|IE Eat , COMO1:0 KIThEEM T T WGMO01:0 BJiRiE. Table 40 44
H7T % WGMO1:0 RE N ZEENH CTC XA+ COMO1:0 I ThEE

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

COMo1 COMO00 Bigg
0 0 ERENRmOBRE , T5 OC0 HiE#E
0 1 HRITH & £/ OCO BUx
1 0 LR T & 4 Bt OCO SEFE
1 1 e PEE & 4 A OCO B
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Table 41
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AT Y WGMO01:0 iR E R HE PWM #E= I COMO01:0 Ry IhEE,

Table 41. LLR&HHESR | RiE PWM R ()

COMo01 | COMO0 | B8
0 0 EENRORE , 5 0C0 HiERE
0 1 R
1 0 R ITE R 8t OCOAEE , iT#ZI TOP B OCO Efu
1 1 BT & 4B OCOA B , 118k Z TOP Bt OCO BE
Note: 1. —MFEKIER R OCROZE T TOP , B COMO1 &1, LLETEEER MEW&?{J\% , T 1T 2 E
TOP B OCO W EREE M, WAERES A P74 RIE PWM EX "
Table 42 45 7 2 WGMO01:0 & B RS E PWM X BT COMO1:0 E’JIjJﬁbo
Table 42. Lh&RHHER , HAEBE PWMERX O
COMo01 | COMO0 | B8
0 0 EEMNRORE , T5 OCOo Mk
0 1 R
1 0 EAFIT BN ZELREERNES OCO ; BFITHN A £ LREERNYE
{I OCO
1 1 g;’g?ﬁ%&ﬁﬁitbﬁ@ﬁﬂﬁﬁﬁ OCO ; BFit#Ht £ £ L RTEE
Z 0CO
Note: 1.
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+ Bit 2:0 — CS02:0: Bf4hiki%
FATFiEE T/C HIRTEIE,

Table 43. BF4hik iR 1% BF

CS02 | CS01 | CS00 | A
0 0 0 FTrtsh , T/IC RIE
0 0 1 clkyo/1 (GBS )
0 1 0 clkyo/8 (KRBT S SEE )
0 1 1 clkyo/64 (KRB T2 4R )
1 0 0 clk,o/256 (R EHZ 5T )
1 0 1 clk; /1024 (R BT S #7188 )
1 1 0 BH4PER TO SIRMRA |, TRERALE
1 1 1 BHERE TO SIEM@ A |, EFRAtR

MR T/CO EMASNERRTE , BIE TO WEEN AL , H LNBFETLMARAKENICSHKR,
FMAX - B RIS

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

WRE 0

it 5088 B 8 LK NTO FFENE iR
WWW = g %4: cif T YL fi Lk ao;!sszfaﬁ-fa Eh—
-/5'\ QE

WL BRFFER - OCRO

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

BB 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

AHLERFFRLE - 8 UHNBIE , THMIESITHERHKE TCNTO #THR, EEE
AT BAR SR 7= A HH EL R P T, SE A SRAE OCO IR £ 7= 4R

T/C T FBEF 7R - 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 ¥ tb B Prilig s i gk

4 OCIE0 MRAFFRMNE /P UM | #K ™17 &, T/CO W% Hi LB UE P BT £ AR
% T/CO WELRIEE A4 , BI TIFR /Y OCFO Bt , FRTARS B+ B UHIT,

 Bit 0 — TOIEO: T/CO & rh i =&k

X TOIEO MRS EHZEN B MfaEser | #8717 &t , T/CO Y& H M FEARE, 4 T/CO
RK4EBE BN TIFR 89 TOVO B {7AT | EP&ﬁHEﬂ&F ST,

T/IC iR E&F 7R - TIFR

Bit 7 6 5 4 3 2 1 0
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| OCF2 | TOV2 | ICF1 |OCF1A OCF1B | TOV1 OCF0 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 Lt BARE 0

4 T/CO 5 OCRO( i Lt R & 1785 0) WEILELEY , OCFO Efu, WNEFMRSEFE
BHES , b UNEE 1 k35S, 3 SREG F#{z |, OCIEQ(T/CO b ITi b i i AE
) #1 OCFO #EIET , PHIRSEFBEHIT,

+ Bit 0 —- TOVO: T/CO & H#xE

% T/CO BT , TOVO B, HITHNMNFERSEFNLMEFES. I, TOVO
A LERE 1 RESE., 4 SREG 9z |, TOIEO(T/CO /& H i fiE&E ) F TOVO #E
Bt , PEIRSEFESIMT. EHRMLEE PWM EXH | 24 T/CO £ 0x00 RTiEH A
mef , TOVO &,
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5 T/CO,

% CSn2:0 =18t , REN SR EREERN T/C MR , Xt T/C &EMEBH IR
fok o » SREMHFRMEE. MAMBA AL 4 PFRANRHES fou 10/8-
fork_10/84+ fork 110/256 B foik 1/0/1024.

Mo MR RIMIMIZITH . BRRY , ARBREMY T T/C NAtthiEFE®E , BEHT/IC1 5
TICORE, HTMO MR T Z T/CRPERNEIE MO MBNRSEET ST A5
WABMLXENES, —MRBENG FREEENBRERABMDMBERS (6>
CSn2:0 > 1)Ky EHE : AT RS BRERERISE —IRTT IR THER AT RETE 3R 1 BINHI AN RENHEH |
Hf N ETHSHEF (8. 64, 256 = 1024),

BEEMMSHRKREL TIC SRFEITRAEN, ERSLFIES - T/IC REHRE
ERAX - , BEhMs RS2 ume 5 EEN T/C.

B T1/TO 21 MR /0 S0 EBA 38 T LU E T/C B4 clkp/clkpgo SIMIRISBBESAN RS
a4 AR BB T1/TO AT RAE, RERED (FK ) ESREILMRNE. Figure 38
BT TITO BSRRSDARNBENHAESKSER. SEEHNBREN ok,
B EBEATRZY, M EREIE RS | B ATLE AERTER Y,

CSN2:0 = 7 B AR U S5 M B — AN EBEE = 2 — A clky B ; CSn2:0 = 6 B — A1 Bk
AFRF £ — A clkry BT

Figure 38. T1/TO S| B %A

Tn_sync
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( LE
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Synchronization Edge Detector

BT 5 LRSS0 N BN FE | I T1/T0 LB FER{LFERLER 2.5 8 3.5 4
REGRt 0 BRI B E T BB AT EH# o

B R A ALRE T/TORBREZED — N RGN ARG T REHT , BNAE
IR T/C B BRRI R

ARIEEBHRE | AP TESRARTF N RENS B, £5Z=HA 50% B
NIRRT R AN TF REFHIMEI — ¥ (feon < for 10/2)e BTFIZRRMIBERANZ
REX—F%E , CRERNEINABNM RS ZEREMEN —¥ (Nyquist REEE ), A
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Figure 39. T/CO 5 T/C1 Fip#azgs (!
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Note: 1. HASIHE (T1/T0) WEZZB M Figure 38,

S HRINAE 10 F1EE% - SFIOR

Bit 7 6 5 4 3 2 1 0
| ApTs2 | ADTS1 | ADTS0 | = | ACME | PUD | PSR2 | PSR10 | SFIOR
®/B RIW R/W R/W R R/W R/W R/W R/W
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16 fEBY2R / 125 1
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« RIEM 16 frigit (ENAYF 16 fZHY PWM)
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ITHERES,
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£T 4 o,

|$ p| Waveform »| oCnA
Generation

( From Analog
Comparator Ouput )

ICFn (Int.Req.)

OCRNnA
| Il
| [ Fixed OCnB
0 | TOP (Int.Req.)
2 1 Values o | Waveform -
@ — | Generation OCnB
< |
< |
o OCRnB :
[
[
[
[

Edge Noise
ec] |

ICPn

| TCCRnA

TCCRnB |

L i,

Note: 1. iFZ% P2Figure 1, P58Table 26 1 P62Table 32 BA3R 18 T/C1 K SIHIE Lo

TERTER / TTERER TCNT1, @R F 728 OCR1A/B S5 AR F 735 ICR1 N 16 v
FEeR, R 16 U FFRLFESEHRNIR , ¥ P87 5 16 (uFFRR ", T/IC#2
#&FFE: TCCR1A/B 3 8 fuFfrss , XA CPU HRIMWRE, HMiER (BHEER
Int.Req.) ESHEFMIREFTFR TIFR1 WMERMR, FAAETUE A LE P RERT 7R
TIMSK1 Bhid], BARLH TIFR1 5 TIMSK1,

T/C =] Fa A BF A £ 0B 3T T 20 431 2% S FA T1 51 B4 A RO SN SRR £9 3R 3 51 T/CEUEH hn(
R ) BETERIR & B A W00 B et e R BRI S, SR BRI HIRE T/C & TFLE
RS FHEFIEFRBEEROBEIRN clkeyo

ME R EF 728 OCR1A/B —ES T/C NEMER, RERERALRERSE
PWM {75 HH LE R SI I OC1A/B i i A BRI ER M ES . SMPI3 B HLLRE T . LT
BERE BN LRCERE OCF1A/B , AR~ LM K LR PITER,

S ARSI ICP1 SR LR B ASI M (I P192° IR LLRER ") B AR B4~
& (LR ) B, SR T/IC BERERIMARRSFESRERERR. HARRETSRE
—MNEFIRR R T (RFEHERER ) URRER S T,

EREREENXT , TOP EH T/C WRAETH OCRIA 785, ICR1 HiFa , H—
LEEHRERE L. £ PWM EXTAH OCR1A £J3 TOP fEiY , OCR1A FFaRT 8L
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BN

RAEM

£ PWM %, BT OCR1A X EEHK , TOP BN EETIRFBIHE, HE
E—NEEW TOP ER A LA ICR1 F&E28 , ATI R OCR1A RFAE PWM B H .

RTENERTAT .
Table 44. E X
BOTTOM | i+#881t%I 0x0000 &+ENEE BOTTOM
MAX I+ #8581t F) OXFFFF ( +3 4189 65535) Bt ENIAE| MAX
TOP THERER I BT ST BIM R A E RS ENIE 2] TOP, TOP fE A LA B % & 0x00FF,
(*)ﬁxgg FF =% Ox03FF ,R2F# THEF8 OCRIASICR1 EMBE  EHAEHRTI#E

16 L T/C RMELBTARAEY 16 AL AVRT/C B M A KERM, ©HEM T A ES BT RAT
2RE

BREENBTMEFRENNFTE 16 1L T/C XK /0 FER it
© SREENSFTEFFISREANAE 16 1L T/C XK FHFERAEN
o B 8 B
Tzt EHed , EEEHERNNESSTERET
«  PWM10 &% WGM10
PWM11 & WGM11
« CTC1 %A WGM12
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16 U T/C W — Lo AR EEKRBE R T HE R,

TCNT1, OCR1A/BSICR12AVR CPU B 8 U EiE B & AT A5 RN 16 (U B 1285, B E
16 L BFEERTERRRE, BM6NITHEBE P8GR FFEBARERES S
B, BN 16 LENSFIEN 16 NEEFHRLAMEBNIGNFFSR, HEIMEFTHT ALK 16
MiERNERE, Y CPU BAKIEE 16 NFERNEZTR , EAN 8 URESERE
G FFERFRNE 8 BIBAR — 16 (LBE , AL EAE 16 UFFEEF. X CPU %
16 (UHFEFHMWEFETH , 8FTABREREFTRENBNSME TG HBIFF8E
I:FO

HIEFFER 16 LiF R &SP RIS EHFSE. X OCR1A/B HESNIRBERTE RIGATZ
F35.

E 16 U FESR/N , NABAZTERNSNFET., Mk 16 N FES[SMNLREZESE
BHNERNET,
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TEMGIFRIRE T mMGE 16 L EMNRFES. REBRRIFCLEETIRNFESRN
BB, EFENENHEERTX OCR1AB 5 ICR1 BF8E/MiAE, £H “C”iESH,
YRIZEEL HEHA TR 16 1R 1E.

SComm i o

; ETCNT1 % 0x01FF
I di r17,0x01

I di r16, OXFF

out TCNT1H, r17

out TCNT1L, r16

. TONT1iEAr17:r16
in ril6, TCNT1L

in r17, TCNT1H

C REGHIEM

unsigned int i;

[ * ZETCNT1 7 Ox01FF */
TCNT1 = Ox1FF;

I* FTCNTT A0 */

i = TCNT1,

www BDTHCcomZATMEL

EEE 16 UEFEFRNLRR-NERBEERFFERN, £X 16 NFFRBEN , &
HEHERBPHEL , FLEEFRFRE 16 UFFRNFRETZEREXEN PR
Tt ihREFRNFFRIEAM 16 FFR , NMEXT BN FFR. URXTMERE
4 MARKREERRFEHRFHANBTEELAE , EREEFX 16 L HFFRAREH
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THEHHIRELH TIRE TCNT1 FEENBNWERIZEHE, X OCR1A/B = ICR1 ByiEig#E

A LAE AR .

SCmimpRO

TI ML6_ReadTCNT1:
. RIFZEPHERE
in r18, SREG
. BT
cli
; FFTCNTT EArl17:r16
in ril6, TCNT1L
in rl7, TCNT1H
. WEZEGPHEE
out SREG r18
ret

Cc K@pIE™

unsi gned int TIML6_ReadTCNT1( void )
{

unsi gned char sreg;

unsigned int i;

1% REFZEPHFE]

sreg = SREG

1> BB

www . BDEA€ . com/A

1* WELEHHERZE]
SREG = sreg;
return i;

'MEL

Note: 1. ARBBRESLER T SEM KX

CmRBAIRRH TCNT1 WIREMETE r17:r16 FiEsr H.
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TEMNHIRSAETE TCNT1 FESNERREE, X OCR1AB = ICR1 HERMETLUEE
BB S Z.

SCamra 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;

1* REFZEFHIE %]
sreg = SREG

1> ZSAH*]

www . BDFHE . com/ATMEL

CNTT = i
1* BEZFGHHEE
SREG = sreg;
}
Note: 1. ARBRBRECLEE T HEN XK.
STHRRTBIRT r17:r16 BEBXRFN R TONT1 05 A B,

G S ERNER MREIFRA-NM 16 NFFREAREMAMANTERSFHER , URAFEE-RSF
o BIEWRNERREEXMER TREER.
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T/C B4R T/ICEH4RET LR B RS L AIR B AED | i F T/C #2415 1788 B(TCCR1B) B 4hik 1%
1 (CS12:0) RE, BHESTDMEBMERA P83“T/CO 5 T/C1 AL ML "

TH¥ERE T 16 2 T/IC I EE L% 2 AHRH 16 SN [E T HHE % T, Figure 41 A TIHHBSHAE
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

BEEHER (NEES):
Count TCNT1 401 = 1
Direction #E R MNRIEE R RIRIE
Clear TCNT1 5%

——F TIRES Rt ES ——
www . BDTIeeomd ATMEL

BOTTOM %& TCNT1 i+ERE ik H /M (0)

16 it B MR ST EIFR AN 8 L 1/O TFE BB : TCNT1H A& 84z , TCNT1L R 1K 8 {1, CPU
HEERELE TCNT1H ZF1FES. CPU i5E TCNT1H B, SEBRIA R MY = If i) 1285
(TEMP), &EXTCNTILEY | IGES 728N A EF H TCNTIHEE ; MA TCNTILIAIT
Bt , TCNTTH HIGr FERNNBFMEH . XHE CPU JE— M B RSB
o 8 UBHIERLTRIT 16 LITHEENIE, BiRE, MAREEIZITRBEETHN—
WEBRIER, EXEEKRERL T TCNT1 EARBEATRARINER, £AENET 2
FFIX L 45 BRI 1T B4 IR

BREIEEIXNTRE , B8 - ckyy F¥EIRE , ITHRESEHTES. 0108 1 8145,
clkr, AT 4L R CS12:018 Eo % CS12:0= 0 AT , it ES= 1L 1T Ek. F33 CPU X TCNT1
MIEES clkr, RBEFEEELX. CPUBRELITHEFESNEMRENRE ERES.
ITEHREEM T FFIEUR T Z 1788 TCCR1A 1 TCCR1B HirEA WGM13:0 iR &, itk
BWET () X558 OCIx MR AE S REREFNXR, ITHFISK
ErEEmiFmAERiES N Po5 THEER ",

B WGMIB:0 TBE TItHESM ITEERERNZE , TOVI BN ARt RBET, TOV1 T
LUK 4 CPU H#,

WAL T TIC WI% ATEIRE T FSRBRAZEM | 0 H IR F ot E AR IS LU B it Bt 18] 49 % £ i
7, ABBHRENREESSHIIMICPI BA , BABEIEMLRES TREI, HE
MICTARITERE, STHRESWETET  URIEHOZAL.

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

[ TEmP (b |
| icRoH@biy | CRaLebiy || | [ TONToH@b | TCNTL @by |
| WRITE ICRn (16-bit Register) TCNTn (16-bit Counter)
+ ACO* AcCIC* ICNC ICES
_ Analog ¢ ¢
Comparator o i
Noise Edge
Canceler | Detector » ICFn (Int.Req.)
ICPn >

HSIH) ICP1 EHVBEEETF ( B ) RETER , EBLRI[REE ACO BFRETE
it , #Ht/l\EEZFIﬂﬂ\Jm &M BFPTESE |, fa A SR ENUBUK © 16 A TCNT1 %&E#ﬁi

i@M &) B 4 A F 4R $ﬁ |:H'IICIE1-1
Lo OM/AFMEE e

EH ICR1 HELIREFT ICRIL , RAEBIRSFEY ICR1H, BREZTH , 5FZTHEF
FEFi et EFEE TEMP, CPU &E ICR1H B iA B TEMP 1788,

X ICR1 HFESNEIHHREEFREFEER, et ICR1 #HAEITHSN TOPE. B
ICR1 2B B A EiFE WGM13:0 A A FIXMEE. X ICR1 FFe5# TEIRIEN S %
EFTFEAICRIHIO LB , RAEBHEFETFTEA ICR1L,

ES N P87 AR 16 NEFRR " U THREZHXTUAIEE 16 L FFRNES.

AR AR WMABEETHIEMARR ICP1, T/IC1 Z A AELI L RH HEN G ABIRA THAL
o AP MBI IR B EL LR IEH SRS T 1785 ACSR WELI LR M AR 4L ACIC K
HEX—R. EXENRE , XTMARETREER — XA AR, FibEREfLRE %
zﬁﬂﬁkﬁwﬁﬂhﬁ REERELE G LSRR,

ICP15ACOMI R AN S T1 5B 2R /Y (P83Figure 38), fF AR AN B8 th — ¢, 18
REAERFINFEE  ELRRNB[I2MATINZEBIRHS|IA 4 DNRE AT EHH
R, EXENR BB ICRT Y TOP BB £ R, T/C hEyIR S 425
512 ‘*M"J%% Eﬁb o

W HR th T LB BAHRH S ICP1 B9 5 RARK
R 75 0 SR BENHBEEL - MIENBRFERARRERENEE. EXNAAMKESHIT4
o ABH 4 RXRHERERERAHT 2EALRRNE.

|_1J_TCCR1BE’JICNC1 FERER I HIES, FERERF MRS  EMAXEZ{LE ICR1
BIFHZAFAETNAN 4 MRS EHRERT, B ?IH%U%EEFHE’JE%\%HW A
ﬁﬁTxi‘ﬁﬁﬁﬁ%%E’Jﬂfﬂr‘lo
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BARRSRTHER

AHLERET

FRARARREINEARTEREIEEBNLERERRLEBRASH. SHHNHE
BfRRXE., MELERET —XEH4HEIZTN&ERE ICR1 BHIE , ICR1 FiamE
BEE M\NMETEBIEHENERER,

ER@ARRPEE , PHEFNRTRENIREICRT HF8. REBWARBRETHMLE
FAENRE |, BHAAMIENEESHE EEIZITHHMREFPIERNREEX.

EE A ABRTEEX TR EEEREIEFR XL TOP H,

MNEABESHSZLERNERSRBREHERT M, FHILEI ICR1 FLARARRK
THBNESUR. AXLRE , ICF1 BHHARHEEF (ENNH /0O LEE "17), &HIX
FENEHR , BERATHMRE , WAEN ICF1 RITREBES,

16 L LEREBSFLELRTCNT1 EOCRIXHAR ,—BEXNeIINEE LRSI~ 4—1
EEES. ARBE OCFIx £ F—NERN S4B, MRELE OCIE1Ix=1, OCF1x BfI
Mol kmH LR T, FHHRTE OCFix frEBEZEE , EBELRHGEEMEME 110
VNEBAZE"1” BALUESE, B3 WGM13:0 5 COM1x1:0 WAREIRE |, RE A 4E=H
LERESERTRNER. BEAERFA TOP # BOTTOM 54 BERELEEX T
WMERIRE (PO5* THEER "),

AEERBETAN—NMIREEN T/ICH TOP & (BT BN 28R ), i, TOPE
& RRE BRI A £ AR B,

Figure 43 4 tHH LR B T AR, FEB/SMU ENINE 0 RRBEHAS (0= 1 RT
TIC1), X R HERET (AB), EERIFHELERETHS ARYET.
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J L
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—— OCFnx (Int.Req.)

y

TOP  ——
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Waveform Generator » OCnx

1

WGMn3:0 COMnx1:0

Y T/C THEE 12 7 PWM EXNFWEZ—Fat , OCRIX FEB/ANEHFFEE  ME
EEITEEXMITEMESER (CTC) WEHPINAERZ LN, WEF AT LLEH OCRIX F
1785% TOP = BOTTOM WEIZEH , BHLEF~=E AR TIFRE PWM R | EHERER,
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ERAHLER ST
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B OCRIX BFHREFRERBESR \ HEXT A, FENE P INEER ,CPU iFRIAZ OCR1x
FEMEIFER  EIENEPIhEER CPU iFRIFNZE OCRIX &X&, OCRIx( EHAHLER )
BEEHNARREERESTEFERE (TIC T2 B3 FHFFREH N TCNT1 = ICR1
AR ), ATl OCRIx FREE TEMP RH., BERKRHM 16 U FFHR—HFEH LIREUK
FHE—FIR. ATLRBELEHTH , HEE OCRIx RAJUEN TEMP F1FE85
KXW, BAFEEEAWNREET OCRIxH, ¥ CPU NHKIEBBEASZET M /0 thutat |
TEMP HFSHNWHNBEBEEH, EFTREEFT OCRIxL, FLER T TEMP &F#F
BNEFTHIEWHIENZ OCRIx £488 , HE OCRIX LR FESE,

BES N P87 17IR 16 MEFES " U THESWXTMMIGA 16 M FFESNEE,

THETFIE PWM EXET , AT OB XS 58 % H LR FOC1x B "1” A XK= ELRT
B, BEILLETETSEN OCFIx fr& , BFLEH / BFEENSE , B2 OC1x o|HR
BWEH A FREMNEETHREHE —# (COMx1:0 RE OC1x 2B, FE , EEXEX
1t )

CPUXNTCNT1 HEZESENERIESHIEERIEEN X £, XMFETTLAARSFOCRIx#H
{t 75 TCNT1 +HRE BB/ E T AR A& BT

ATHEEEZEERXNTE TCNT1 FET — PN ER S AR I LRICE | EFERH S
RN BETCNTIRSBEXE , FET/ICRBEET. EEATCNTIHH{ES FOCRI1X,
BRCEREZET  EXTERNEEAEER, £ PWMEXT |, 3 TOP AAEK
Ert , FERF TCNT1 # TOP #HENHKE. BNSEXR—RLRER , ITHEE0NIT
BIOXFFFF, K0t  FEiT BB 1T FIT T A EX TCNT1 BEAZFBOTTOMBI IR,

OCIXx HiREBNZERERESOFFR/ TR, ZFELMIRE OCIx WHEREZE
B TR ARG @ HER FOCI1x, BMEERTRFELEEENNT OCIx FEH[/LL—ER
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HEB P far H 2 T

R EEEER EE COM1Ix1:0 EENEINEE. B ALEERFA COM1x1:0 REET —
IR EEB T B & A B Y i BB OC1x IRFS ; COM1x1:0 B4 H] OC1x S| M4 Hi B KR
Figure 44 3% COM1x1:0 iZ B &K B HH E{LREE, /0 FFE8. /0 1 1/0 S| #I L
HERR, BPREAEE T COM1Ix1:0 EIGEA 1/0 ik O3 #2785 (DDR M PORT).
R OCIx RAIENRNE OC1x FFEE , MAR OCI1x SIHKRS. REEMA
COM1x FEFEREMNR "0

Figure 44. LLRICEiMHE T/RER

—D
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1
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A
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3
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<
<
a »D O
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HE COM1Ix1:0 T2 RE , RERESNHELERINERSER OC1x WEA /0 OTh
g, BR OC1x S| A EBIEZ B FHIEH @F 178 (DDR). M OC1x S| HEK
EES 2R A TBRIIEH B FZ5M DDR_OCIx FILSIMREB A, —#RI1E R TIhas
EFSRFAERNIERRELX BB — L5145\ , ¥4 Table 45, Table 46 5 Table
47 ,

W BZENIRIT AT OCIx ERE 2l 8 LTk, EFEFEL COM1x1:0 i%
BERLEEENITEEXTREEN , 1 P103“16 AL ERTEE / 1T KBS FENIHBE 7,

COM1x1:0 A& AR E T,

BREEBRFA COMIXI0 WA EEEEERN, CTCERXHM PWMERXTEMXS, X4
FREMER ,iRE COM1x1:0 =0 XRALREE X EMMRFE X ERTRERE OCIXx FiFE
22, EEPWME XM LB Hi55 M P103Table 45 ; 1Ri%E PWM B LL 3% i T P104Table
46 ; H{IEIE PWM HLER % T P104Table 47

WE COM1Ix1:0 HEMEAKRFEENE —XLEERTE, XTFIE PWM EX |, ATLUESE
F FOC1Ix R ENF=E MR,

IHEER -T/C MimHLERSIBNTR - BEFEAEER (WGM13:0) K& HHER
(COM1x1:0) B FINIRE, LERAEERANITHFIEEEE , MEFE~EEXIT 1T
FHIMEEE, COM1Ix1:0 #H PWM i 2E N RMHE. IE PWM R AT COM1x1:0
BHHHERENZELRERE A EMNEN, BFE , SRETFHR (P95 LLR ITH i & T
"),
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CTC( b RIE A EFERI 2R )
#X
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BN FERESE P101° ERER / T RSENFE"

EEEN (WGM13:0 =0) AHMEMNITEER, FHERXTIHHBFEHE M, TEH
KIEJG (TOP = OxFFFF) BT #{E% i 1+ ¥k 35 141 8 IR (21 2 | /) ME 0x0000 EFH F 1R, &
TCNT1AZHE—NENSENHET/ICRERETOVIENM, NTOVIERRE1TM R
RREEN , T2ET, EHTENSBPHRSEFEB B3ES TOV , Bt ES
RERBENSNIHE, AEEEA T REMAAZTERSKERN , AR BB AR
H91T ERET BE

EEBEXTAABREAREZEA. EXENE/NSE4E A EE BRSBTS
TN HER, MREHFEARAK , XAEHAENSGH PRI R B AR
REBE TP PR,

WELERBETAUARSERH, BRTHEETEBEX TR AR ELBRF=ERE ,
RebEAAKZH CPU RE,

£ CTC # =X (WGM13:0 =4 = 12) £ OCR1A = ICR1 H78s A T AT it BN 2 K,
Lt ER BB TCNT1 £ F OCR1A(WGM13:0 = 4) HZF ICR1 (WGM13:0 = 12) Bfit
EEEE. OCRIA ® ICR1 EX T it TOP & , RENTHEN 2 HER, XMER
FEEAFAURES IR L RICE H AR | B T A4 RERE,

CTC#EAYBY 7B Figure 45, iH BIZRBETCNT1 —ERMETCNT150CR1A HICR1
el , RfE TCNT1 BT,

Figure 45. CTC X H i FHE
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or ICFn Interrupt Flag Set
(Interrupt on TOP)

L

w1V

Oan Y A, A\ Y
(Toggle)

FIF OCF1A = ICF1 #rE T LAE I ES BEIL R TOP B~ £ i, EHMBRSEFER
LA TOP BW¥{BE. AT CTC B8 BENME HINEE , it B UL o MEsRREATR
S8 TERM BHE S TOP B 128 BOTTOM WEENE/N . MREE AH OCR1A 5
ICR1 BB/ DT HET TCNT1 BE It BN ELA —RERER. £ T —REREER X
428, TRBFREBFRLEITHIIZAE OXFFFF , AEBEM 0x0000 FEit#ZE OCR1A
=® ICR1. EFZERT , X—BHHERINMFLEN, BRNSGERERTE PWM E
X , ZEXFEA OCRIA E X TOP & (WGM13:0 = 15) , E kA OCR1A J B,

ATECTCERNTHBEREFHE , & E OCIAER AR LHER & £ BHEETF,
XA LB IRE COM1A1:0 = 1 REMK. EHERE OCIA BHZA , EAENHIKO
WE N E (DDR_OCIA=1), HEKEREBFTENTRMERN focia = fux 10/2
(OCR1A = 0x0000), #FEHM T ANEIE -

: _ foi_vo

OCnA — 2.N.(1+ OCRnA

4

(COMnAL:0=1)
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FTENKEXRMOMAF (1. 8, 64, 256 = 1024),
EZEERXT , TOV1 IS BN A ETEITTEHEEMN MAX ZEH 0x0000 #9 E /T 25 A4 A HA,

BRE PWM = PIE PWM X (WGM13:0 =5, 6, 7. 14 5 15) ATARZE S PWM B, HRIE
PWMERXSHMPWMERNFTEZAR2EED K THERR. ITHEEMNBOTTOMi+Z!
TOP ,ARBIEIEZE BOTTOM EFF R, N THBEMN R H HESR | LRSI OC1x
£ TCNT1 5 OCR1x IEE R B , £ TOP FHES ; W FREttBRHHEER , OCRIx K
MEEHFHER. BTFERTR2IREER | R PWM E3 A TERE 6 AR A
fIEE PWM XS — 15, LENRESEESREPWMER+2EESTHERAY &
FRAMDAC A, M AT LUR/NMAZB TR (B R )NYWERYT  MNMBRERS KA,

ITHEFREPWMERE ,PWM Z#RAEEHN 8, 95 10 f , 8 AT H ICR1 2 OCR1A
EX. B/ND YRR 2 thiF (ICR1 5 OCR1A i®F 0x0003) , ZRA D PER 16 {1 (ICR1
= OCR1A & H MAX), PWM 8RBT HTRITE :

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

TEFIRE PWM ERAT | iHHREENEHE —BERNEIEEEE 0xO0FF, 0x01FF, 0x03FF
(WGM13:0 =5, 6 & 7). ICR1 (WGM13:0 = 14) 8 OCR1A (WGM13:0 = 15) , REHE/F
HH— e EAEES. 24N FR A Figure 46, BIHAH T 2#EH OCR1A = ICR1
RENX TOP EREIRE PWM #EX, BHRERHN TCNT1 RRX2EDRBFIRME, HE
AEEETEEN PWM mHUARRE PWM f#i. TCNT1 fH3 EHNEXKFLERR
OCR1x # TCNT1 W CE LR, LB TEF OC1x F kRSB o

Figure 46. & PWM #E X it FHE
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Interrupt Flag Set

(Interrupt on TOP)
vy
TCNTn ‘
| | | | | |
v v y
OCnx

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

it SR BUEIR R TOP B T/C i@ Hifr& TOV1 Efi. S5k % TOP fERH OCR1A & ICR1
EXHY , M OC1A F ICF1 #E/5S TOVI HE— Nttt BHME v, MRFUMEERE , AT
PR IR F ERERT TOP AR LR ¥R,

FTOPERARRIEFHTOPERNTFRIAELRFER/NKE. BNTCNT150CR1xX
ToHMERTER, FABREN TOP ER |, AEE OCRIX HEREAREHKRFEHRN
AR R "0
EN TOP EREHH ICR1 5 OCR1A WL R TEH, ICR1 FE/TENEHEES,
XERE YRR UL M RBEN TS M TENEHR | 44 ICR1 BF—NDIERE
REEEHFEAN ICR1 B{ELL TCNT1 HEiE/DHWEKR. £R2ITHEENEL—ARLER
T, £ F—XRLEREBEAXEZH , THELEBFTEITHEIZRKE OXFFFF , REBM
0x0000 FFEAitEk , BRI CE HI, M OCRIA BEENENEFHFIEFE, X —HHR

(COMnNx1:0 = 2)

ATMEL o
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E OCR1A WIBABERI B A BEAKBMIEH KA OCRIA EH & 1FaR. £ TCNT1 5 TOP [T
BERNT - ER , OCRIA WREFSHRNNBTRE TS FERNARBREMN. £E—
MNEH AR TCNT1 #5F , T TOV1 iFEHIRE.

FERAEE TOP B RIFMHEA ICR1 FEFER[/EN TOP, X## OCR1A FAILLAF1E OC1A
W PWMIRE. B2 , 1R PWM BRI (B K TOP H ), OCR1A HIXNE)
BUMEEFESTXMNNA,

THEFHRIEPWMERET | LB 28 T AT BAFE OC1x Sl £ PWM K2, i% & COM1x1:0
R 2 UFEEEN PWMES ; A 3 NTF~4KRE PWM EF (S0 P104Table 46
)o LA\, EEIE NS L HESE LT OC1x B #E S 8 DDR_OCIX ®RE A
o 4 PWM EFEHHIIER OC1x FFETE OCRIXx 5 TCNT1 EE T EMN (REEF ),
URIEITEHESES (M TOP &F BOTTOM) AR — N ER ST 4h ARES (REM ).

WHA PWMMIERTLIES N T ARNITESE -

: _ fak o
OCnxPWM N-(1+TOP)

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

OCR1Ix HHEH/NMBEMIEETHRE PWM ERXH —L45%KER. & OCRIx &F
BOTTOM(0x0000) , i i 3 HELIE SBETOP+14NE B 83 A 44 A HAMY = Bko% ; OCR1x A TOP
i, B3E COM1x1:0 WiRE , MEENSEFHEBTF,

BERE OCIA ELRIEMHTEHB TR (COM1A1:0=1), AIEEI SZ=tEH
50% M AMES. X REA T OCR1A FkE XL TOP EM1ER (WGM13:0 = 15)s OCR1A
73 0(0x0000) BHES B REIME focip = fop yo/20 XMFMRLTF CTC EXTH OC1A
WRIEE , FRZAETFHRE PWM EXEERE A,

OB E PWM I Eéa —/\z*j*ﬁ%ﬁFr‘E'J
o AL m 1 : e t’fi EJHX%U&EMEQ it
BOTTOMl KIJ TOP , & W\ TOP fI:EEIE| BOTTOM, £ — %M Lb

NEERS
m*;‘tT éfrﬁ%%ﬁ TOP 1+£5uﬁa TCNT1 5 OCR1x LB , OCIx FBESREBEF ;
ﬁﬁﬁlﬂﬁﬁﬁ BOTTOM it#Et%& TCNT1 5 OCR1x [T , OC1x HE N NESHF, T
EFREtRBERNEFER. SEREREMRL, XX?EW%‘MEEI%%?%E’J%#:%$E
N BENHEMETSES T BNEG,

FAMEE PWM EXH PWM Z#EEERN 8, 95 10 1 , A ICR1 5 OCR1A E XL,
B/ PER 2 45 (ICR15OCR1A R 0x0003) , H A7 #E N 16 L (ICR1 = OCR1A
®HA MAX)e PWM Z#RGBAATHITE :

R _ log(TOP+1)
PCPWM — log(2)

ITHETFHEMEE PWM ERXE , ITHENHBE—BERMEEEE 0xO0OFF, 0x01FF,
0x03FF (WGM13:0 = 1, 28 3), ICR1 (WGM13:0 = 10) 8 OCR1A (WGM13:0 = 11) , &
EREitHAE, £—NENES4E TCNT1 EZT TOP B, B4 FERER Figure
47, AL E T HEHA OCRIARICRT RE X TOPE MM AIEIEPWMER , B AR
# TCNT1 R RX 2N RFRE, FERERNIZE T7TEEN PWM fHi AR R E PWM
W, TCNT1 fB3E EMEKEL KRR OCRIX # TCNT1 HIEE L, LR ITE/E OC1x
P ETAR S B o
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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)

OCnx

(COMNx1:0 = 2)
(COMnNx1:0 = 3)

ITEBREEILE| BOTTOM BY T/C 5@ Hi#RE TOV1 Bfz, % TOP B OCR1A 5 ICR1 &
X, # OCRIx HFRBINEHF A NG EHRNE -t FHE OC1A = ICF1 #7&
B, FrE LS ED Al 7= A .

HETOPER LARIEFHTOPER N THAELRETFFHRNME, ENTCNT150CR1X

e

OCnx

) . PREE TOP T , JHYETeR ! B A SR R
o b E Coure o2 | .EM s EEX e g
=T S PN 1= X B 1785 1Y B Rnde, OCR1x Ky & #at

ZINERSRR / THERIAE TOP 28t , Hitt PWM MEHREHESE T , B8 Tk, B
=Y, TREMARNKETRRT E— TOP & , M EARBRAKEBURT#HH TOP H, &
XHEMERE , —MNEAHARNINRKERE , @HERANRT .

BRAE T/CE{TRNE TOP B , RIFAMMSHEEERXCERLBEERN, & TOP
RETE , BAXHM THEEXKFRRE X5,

THEFHMEE PWM EXe, LBRBTALE OCIx SIHEmE PWM K. &E
COM1x1:0 73 2 AILAF=4£EBH PWM , i&E COM1x1:0 7 3 AT =4 &k E PWM (S
P104Table 47 ). EEIE NV S| £ HE 516 LT/ OCIxRIEHE S M DDR_OC1xi%
BEAHH. OCRIx # TCNT1 LR CHE X £t OCIx HEB/HTLEHENNBEERE [1F
£, \NTP=4% PWM B, TETFHMEEREN PWMSRRATHN T ARIKE !

; __fako
OCnxPCPWM = 5N -TOP

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

OCR1x F17 854 TARERT R8I T HAEE PWME R — %R B R, EEEPWMER
T, & OCR1x T BOTTOM , i —ERIFANKBE ; & OCRIXx EF TOP , HiH N
RENSHE, KB PWM EREFHER, R OCR1A ARENX TOP fH (WGM13:0 =
11) BE COM1A1:0 =1, OC1A fith 5Z= LR 50% HAHES.

M SMEEE PWM E (WGM13:0 = 8 5 9) - LA EIFHESRIE E PWM = - AT LA
EEREN. HUSHMEEHEBN PWMIEFE. SHAEEEREL , HIEE PWM &
RETNRIHKEME, iTat88EEE M BOTTOM itZE TOP , RiE XM TOP #EEZ
BOTTOM, E— MLt R HERT |, HiTatE5E TOP iH#ATE TCNT1 5 OCR1x L |

ATMEL =
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OCIXIHEENEBTF ; MEITATEEZEBOTTOMITEEI TCNT1 50CRIXEREL ,OC1xFE
NABESF, TETFREHELRNNEFHER, SERFREMRL  MPBIRETIRE
HERAKMEE N, BENHESEET2EES TRV,

IS EEE PWM BXSHEMUEE PWM EXHWEEXFIE T OCRIx HERMNEHT
&) , ¥ Figure 47 5 Figure 48,

MBS EMELE PWM EXH PWM 2##RATH ICR1 5 OCR1AE N, mIND#EERH 2
% (ICR1 2t OCR1A &} 0x0003) , & AZ ##EH 16 f (ICR1 5 OCR1A i&H MAX).
PWM Z ##RuHAATXITE :

_ log(TOP+1)

l:\)PFCPWM log(2)

TETFHEMEEPWMERE  ITHRENHE—ERMNE ICR1 (WGM13:0 = 8) 5 OCR1A
(WGM13:0=9) , RFRZEITH L E. E—PNENSENHETCNT1EHE T TOPHE., 24K
iR Figure 48, BH4AH T4 A OCRIA = ICR1 RENX TOP ERHIFEMIEE
PWMIER . BRI TCNTI R RXENARBRE, FERARNEZE T ZBHPWME
HUARKRE PWM itH. TCNT1 &3 EHRKFLFTRR OCRIx M TCNT1 By CE LK
LEE B R £ R, OC1x FHIFREFHEB Lo

Figure 48. M SMEEE PWM EXH B FE

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

17| OCRnx/TOP Update and

TOVnN Interrupt Flag Set
(Interrupt on Bottom)

WWW . BD m/AT

1C.co

v
TCNTn
' Yoy v 1
oCnx \_u (COMNXL:0 = 2)
ocCnx 'l [ ] (comxo=3

£ OCRIx HHEB|[EANEAFAEBIEFHNRE — Nt EAHE T/C BHIRE TOV1 B
I, & TOP B OCR1A % ICR1 EX , 24 TCNT1 ix%| TOP {&Rrt OC1A = CF1 &1,
IX L F AR A AT A SRE S R ITHESIAE] TOP 2 BOTTOM B 7= 4 H i,
FTOPERARRIEFHTOPERNFRIAELRFESR/NHBE. BNTCNT150CR1xX
R £ LRI,
I Figure 48 Fiin , SNV EEXNERX BHE , HHUSE PWM X £ KK EFT
ENAESPYANHES, XEHT OCR1Ix £ BOTTOM BE|E#H , L ASTHEAEK
EHA&HESE, BitamHEoP AN  BERTMEEEAEN,
FERAEE TOP BN HKIFFEH ICR1 FEESEN TOP, X## OCRI1A B ALLAF & OC1A
WH PWM IR, B2 , 1R PWM BT (B HE TOP E), OCR1A HIMNE)
BHEEFESTFXMNNA,
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ERER /T HESENFE

TEFTHEBIEE PWM EXE , LRETALE OC1x SIM EfmE PWM K. &8
COM1x1:0 73 2 AIAF=4AEEBHN PWM 5 ; 7 3 MAUF4ERE PWM EF. (Z0
P104Table 47 ). EREFHHESEXIFOCIxMEEAEEE N M H, FEPWMIE
FEHHIER OC1x FHEEE OCRIX SHFIEHE TCNT1 EENEN (RES ) , 5BF
IBHH TCNT1 EEAEE (B ). HHE PWM MEBAUBS AT AXITESE -

f _ fako
OCnxPFCPWM ~ 5 N. TOP

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

OCR1Ix F1Fe84 FMERT 88 T AHIIE E PWM B XK — L4 BB R EZEPWMER
T, & OCR1x £F BOTTOM , #ii —ERFHEKLF ; H OCRIx EF TOP , N H
REFASEF, RE PWM ERXNEFHER. R OCRIA ARE L TOP & (WGM13:0
=9) H COM1A1:0 =1, OC1A i 5Z K 50% WEHES.

ENER / ITHEBR NIRRT BT, Bttt cky RTIANSERERES. BRREE T AEE
F AR S A2 OCR1Ix ZHER FRYBMIEERT OCR1Ix HFFes ( THETREHRERX
B} ). Figure 49 45 7B OCF1x M B,

Figure 49. T/C B¥ =& , OCF1ix EfL , T 7 Hizs

clk

lfe}

—

clk;,
(clk /1)

www . BDT LC.. com/ATMEL, ...
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OCRnNx OCRnx Value

OCFnx

Figure 50 44 i HHE A RTEP3RIE |, BT SRR,

A mEl% 101
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, BfZ OCF1x , i #igsh fclk_I/O/8

[ULERERNET

Figure 50. T/C B FHE

o [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 ER W ITHFS. TETFHEMIESE PWM EX
Bt , OCR1x Z17251 BOTTOM #E#1, BIFE4E , /8 TOP EEH BOTTOM K F |
BOTTOM+1 & TOP-1 ,£%, AN G RN t5EH FHLEBOTTOM EL TOV1 #R

HHTHERN,

Figure 51. T/C BiFR , T2 iss

clkI o
www . B Tn I
- 10/1)

MEL

IVILL L

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)

OCRnNx
(Update at TOP)

Old OCRnx Value

New OCRnx Value

Figure 52 44 i HEI VAT ERIE |, B HifE

102
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Figure 52. T/C BYFE , M SMBRN fy /0/8

e [IUIUUUUULIUUUUUIUUIUUTUUIUUDIL
clky,
(clk,/8)
(CTCT;ZIISWM) TOP -1 TOP BOTTOM BOTTOM + 1
(PC a;rdc F”\IIZEnPWM) TOP -1 ToP TOP -1 TOP -2
TOVn (FPWM)
and ICFn (if used
as TOP)
(Up(ggi?;‘op) Old OCRnx Value New OCRx Value
16 (LERER / T HEEHFEF
ERAY i BA
T/C1 #HFFEF A - TCCRI1A
Bit 7 6 5 4 3 2 1 0
| COM1A1 | COM1A0 | COM1B1 | COM1B0 | FOC1A | FOC1B | WGM11 | WGM10 | TCCR1A

R/W R/W R/W
0

www .BDTLC..COmZATMEL

+ Bit5:4 - COM1B1:0: &#@ B WLt BRHER

COM1A1:0 5COM1B1:0 2 512 #H OC1A 5 0OC1BIRZS. 1R COM1A1:0(COM1B1:0) #
—(RAMLEEA "1”, OC1A(OC1B) i i ThREFRFENUR 1/O ik O ThaE. BT OC1A(OC1B)
FE R 5 S| BV ERAE 75 1o 22 4 0 L LA R R A HH IR B0 2R

OC1A(OC1B) S¥1E S| BI#EERT ,COM1x1:0 BIZhEEEH WGM13:0 BIiREBIRE. Table 45
LY WGM1B. 0 iRENEBERS CTC X ( IE PWM) B COM1x1:0 I ZHEERE X,

Table 45. tER#mHEN |, IF PWM

COM1A1/ | COM1A0/
COM1B1 | COM1B0 | i%FA
0 0 L@ OEIE , OC1A/OC1B KRiE#E
0 1 LB L E A OC1A/OC1B BB EUR
1 0 B i B E OC1A/OC1B( B HIKEBE T )
1 1 e f et B OC1A/OC1B (HHEEF )

A IIIEI% 103
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Table 46 445 WGM13:0 i& & N RIE PWM X B COM1x1:0 I IHAEE Mo
Table 46. Lt HH#ER | RiE PWMOD

COM1A1/ | COM1A0/
COM1B1 | COM1BO | %8
0 0 T@ixg AR , OC1A/OC1B RiE#
0 1 WGM13:0 = 15: L L&A OC1A BUR
OC1B A 5 A5, WGM13:0 hEEBE
AR EEis O#E4E |, OC1A/OC1B KRiE#E
1 0 B TERHES OC1A/OC1B , OC1A/OC1B
£ TOP RH&{
1 1 e EL et B2 OC1A/OC1B , OC1A/OC1B
£ TOP BHEE
Note: 1. ¥ OCR1A/OCR1B ZF TOP BE COM1A1/COM1B1 Bt , LR ICE AR |, {8

OC1A/OC1B WEMN / BTRERA. #N PO7* E PWM ER " ,
Table 47 45 1 24 WGM13:01& B 7 #1118 [E PWM & =X S A8 45 IE PWM A2 =X B COM1x1:0

B ThEETE Lo

Table 47. kR HER | HBASERMBFHEE PWM ER D
COM1A1/ | COM1A0/
COM1B1 | COM1B0 | i%EA

0 0 L@l O#84E , OC1A/OC1B KRiEE
(o I WGM13:0 = 9 5 14: L Pl 1
' oCH1 | M1B:ofk: B

1 0 HF IRt LE R T B EE OC1A/OC1B , &
FicBiat tb R B B2 OC1A/OC1B
FFic gt bR B fFE 2 OC1A/OC1B , B&
Fie#et bR ITEEEE OC1A/0C1B
OCR1A/OCR1B % F TOP H COM1A1/COM1B1 B B — N IER. FAERES
0 P98 tHHVIEIE PWM ER ”
« Bit3 - FOC1A: & A sl H L&
« Bit2-FOC1B: i@ B A&

FOC1A/FOC1BREZHWGM13:05EENIEPWMEX M HWBUE. NSRKB[HERE , ITHE

Note: 1.

£ PWM X TX TCCR1A BAR , XANUMLIES, 2 FOCIAFOCIBLE 1 , M A
BEEFE AR THTHERER, COM1Ix1:0 HigE®ZE OC1A/OC1B HWHHH., =

FOC1A/FOC1B I #ERIEEE T, COM1x1:0 {IHIERE R FI LRI KR

E CTC X T A OCR1A 47 TOP & , FOC1A/FOC1B it BEN R &= £ F it T4
ERRERT RS,

FOC1A/FOC1B i ¥ 2iEH 0,

e Bit1:0 - WGM11:0: B R E#ER

P 54T TCCR1B HF8EM WGM13:2 &S , BT 4t HEN It HFI—Iit
WBRITHN LRENBER X ERNIHEERXN Table 48, T/IC XEFHNITEERE &
BERX (TR  LRTEMEESERSS (CTC) B |, R=FKRAS PWM) EX L
P95 T4 ",
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Table 48. F = £ E XA AR ()
WGM12 | WGM11 | WGM10 OCR1x TOV1 EBfu

#xX | WGM13 | (CTC1) | (PWM11) | (PWM10) | TEBTES/ itHEETHEER TOP Bzl Nzl
0 0 0 0 0 EEER OXFFFF | MENESH MAX
1 0 0 0 1 8 fuAB{L 8 E PWM 0x00FF | TOP BOTTOM
2 0 0 1 0 9 B 1E E PWM 0x01FF | TOP BOTTOM
3 0 0 1 1 10 A8 IE PWM 0x03FF | TOP BOTTOM
4 0 1 0 0 CTC OCR1A | MEIE#H | MAX
5 0 1 0 1 8 fziRiE PWM 0x00FF | 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 M SHEEE PWM ICR1 BOTTOM | BOTTOM
9 1 0 0 1 M SHEEE PWM OCR1A | BOTTOM | BOTTOM
10 1 0 1 0 A8 E PWM ICR1 TOP BOTTOM
11 1 0 1 1 A8 E PWM OCR1A | TOP BOTTOM
12 1 1 0 0 CTC ICR1 MENEFH | MAX
13 1 1 0 1 = - - -
14 1 1 1 Qe | RIZL WM 0P TOP
15 1 \N!N\Q! 1 1 REE PWM M/ﬁm mal TOP

Note: 1. CTC1 # PWM11:0 ET(EEW‘ BHT , fS#V\@MQ)Q =M }UiZTSE’JI}EI‘ﬁ‘ElﬂfL%E'%@!;F
105
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T/C1 ##F=8& B - TCCR1B

Xygen{ii » C AT ¥R , M Figure 49 g 0
www BUTLG. COM/ATMEL
o

T/C1 - TCNT1H 5 TCNT1L

ATMEL

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 R/W

e 0 0 0 0 0 0 0 0

« Bit7-ICNC1: ARG FMN&HIZE

B ICNC1 [ EREM AHIRRFMEIThEE, LLat/AZBSIR) ICP1 W AMER. HER
2M ICP1 SIBELEMIT 4 AXHE, WR 4 M REEHHEE , BAESSEALARNES,
HBLEREIZThRE RS 5 AT IRIGIER 7 4 Nt A,

+ Bit 6 — ICES1: fi A SRl & n k%

ZALERER ICP1 BRI A HIREH, ICES F "0” RN E THRAMEAE A
HIE ; ICES1 A "I” BN EZBEEEN L0 E W AR,

R ICES1 WiIRBHRE —NEH4E | ITBESENBEHEFE ICR1 FE:5. BREHE
SERN ICF1, MRLAHIFHELE , WMARBRSHEHMAL,

% |ICR1 F4E TOP {& ( L TCCR1A 5 TCCR1B &17287 WGM13:0 {u#y ik ) B¢ ,ICP1
S AR IhAERTT , N AR AR ER,

« Bit5-{RE{

ZURE. IRIISHRBHENREY , ETCCRIB B, ZUSMEA "0

o Bit4:3-WGM13:2: R E#ER

I TCCR1A FEHFHIER,

+ Bit2:0 — CS12:0: B4k

Cs12 Cs11 cs10 | i

0 0 0 Fort4IR (T/C 21k )

clkyo/1 ( T2 47 )

clk,o/8 (R BT 4iieg )

clk,o/64 ( KRBTSR )
clk,o/256 (R BT % $28 )
clk,o/1024 (KRBT S5 )
SNERT1 51, FREREE

0
0
0
1
1
1
1

Al o|lalo|la|lo|~

0
1
1
0
0
1
1

S\ERT1 SIM) , EFRIES)

RERERSNERR PR , BE T1 SIIBE Ui |, SIM EMBBESEFR(LNRS
|3h T/C1 it , XN AV AP BT R4 RZH TR

Bit 7 6 5 4 3 2 1 0
TCNT1[15:8] TCNT1H
TCNT1[7:0] TCNT1IL
/B R/W R/IW 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 EIEFFES TCNT1, B eI ABE XN ErT 85 /112K
BB TR 16 (LITERESHTIRBARE, RRIE CPU NEFTHSEEZTHERIEE , B“M
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FHA— 8 InEt S F T H 58 TEMP, TEMP 2t M 16 {uS{Fe8 L HR/Y ¥ L P87*
HiE 16 U BEES 7 .

ETHBRZTHRERTCNTIHABRE EEE KR —IXRTCNT150CRIxH LE R PB4,
E TCNT1 HFEH/MET —NEN S EHEELRICE,

HELREFFR 1A - OCR1AH

5 OCR1AL 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

Wi REFFE 1B - OCR1BH

I% OCR1BL Bit 7 6 5 4 3 2 1 0
OCR1B[15:8] OCR1BH
OCR1BJ[7:0] OCR1BL
®B/B R/W R/IW R/W R/W R/W R/W R/W R/IW
HE 0 0 0 0 0 0 0 0

ZHEFRTHN 16 VHIES TCNT1 FESPHITRERTEENLER , —BRETE &
FE-MEELEBRSE , ST OCIx WhH HEBETF,

MHLERFFRKEN 16 L. HRIE CPUNSFHSEFTHNENRE , BHAEH—
A 8 Uit & 7T F 728 TEMP, TEMP 2FrER 16 L F 7R3 AN , ¥ P87 1517
16 U FFHR "o

mAWREFS1 - ICR1H$

ICRIL AN M1 0
15 Vi | ICR1H
ICR1[7:0] ICRIL

®B/IB R/W R/W R/W R/W RIW
HHE 0 0 0 0 0

SHHAERSIRN ICP1( R T/C1 AR BULLRER ) B ABRAMARE S L0 , 1THER TCNT1
BEBA ICR1 H, ICR1 WiREMEAIERN ITERERAY TOP (B,

MABRFFRREN 16 L, ARIE CPUXNBEFTSEFTHEE , BAEH—
fLIfE & 7T & 788 TEMP, TEMP 2FTAM 16 (U FFRHL AR , ¥ P87 15 16 {u

HER",
T/C1 HEER SR -
TlMSK(‘l) Bit 7 6 5 4 3 2 1 0
I OCIE2 TOIE2 TICIE1 OCIE1A | OCIE1B TOIE1 OCIEO0 TOIEO I TIMSK
®/B R/IW R/W R/W R/W R/W R/W R/W R/W
WIRE 0 0 0 0 0 0 0 0
Note: 1. ZFFRITS/LANT/CHAPRTRGIM , BARATHIANTIHTRE  ERMUFESEN
N INBAR B

* Bit5— TICIE1: T/C1 ¥ AJH iR i {EsE

MZMHIER "7, BRABEFEDHN | 48R 17 5, T/IC1 B AR DM FEEE, —
B TIFR #9 ICF1 Eﬁ CPU BIFF #8301T T/C1 ?“Mﬁﬁ%ﬁﬁﬁxhr( N P44“ FFlf ),
» Bit4 - OCIE1A: T/C1 L A Poifid fh i RE

MZMHWIBER ", BRSETEEPH | HRR "1 81, T/C1 B H &R A ITE i E
. —B TIFR L# OCF1A &{Z , CPU BIFF#A#1T T/C1 I LR A IEE RSB/
(W P44« Hpitf "),
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« Bit3 - OCIE1B: T/C1 # b8 B PUifi S iRk

MZMWIER "7, BRAFESEPH | HIER "17 6, R T/C1 M E R B TE+
WrfERE, — B TIFR L# OCF1B &I , CPU BIFF 1410 4T T/C1 B b3k B ITF H T AR S
BF (R P44  Fitf )

+ Bit2 - TOIE1: T/C1 & hpi{EsE

LMIZMBERA "7, BIRSFEETH | LBERA 717 &, T/IC1 WK P HfEsE, — B
TIFR £# TOV1 BfL , CPU BIFHBHRIT T/C1 BHPHIIRSERF (I P44“ i ” ),

www . BDTIC.com/ATMEL
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T/C Hhiitr &S 1788 - TIFRM

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

®/5 RIW RIW RIW R/W R/W R/W R/W RIW

e 0 0 0 0 0 0 0 0

Note: 1. EFFMREZ/LNT/CHAREL  BATRIANTIURITHE  ARMUFES BN
SIPRULR

o Bit5—ICF1: T/C1 Wi A FHiRfR&

SNERSIHD ICP1 IR EHRT ICF1 B, AL, 2 ICR1 ERNITERESH TOP ERY , —
Bit#EEEIAE TOP , ICF1 thEAI,

WITRARBRDPMRSEFN ICF1 BE1ES, U EE A B "1 KFRZIRENM.
« Bit4 - OCF1A: T/IC1 S HH L A TEHRE

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

8 4 % H EE B (FOC1A) R4 B OCF1A,

1T 58 &% H EE R PTER A T ARSI R EY OCF1A BEIiE T, I UNHEBEAEBE "1” K
BEBRIZAR AL,
» Bit3- OCF1B: T/C1 #ii L& B ItE k5%

% TCNT1 5 OCR1B [EE AL INAT , ZALHIRA "17,
58 il % i b8 (FOC1B) *4& &1z OCF1B,

P17 38 Bl H LR T ES B F T ARSS IR AR OCF1B B3iEE. AN HBEAZE "1” K
ABRZIREALo

WWW BRTICCOMLATMEL o om0

B, WIEETERXTH TOV1 FREMER , N P105Table 48
WITREPHTRSERF TOV1 BEES, AU EBAZE "1” KERIZFFEN.
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SNNE PWMERSIE 1o 1Ems@Es e/ itHE EXEHANT
- ; . BEEITHE
fERENER [ ITHAR2 | HRTEN AR (EDES)
- TFREOT , A ERNKEASIE (PWM)
- WERLES
o 10 {uRtEh T2 S BS
s BHELERICE SR (TOV2 5 OCF2)
- AV @A 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 SIMLUEAERR. SSHEH /10 FERSNVNENR
P119“8 1 T/C B1ZLHME " ,

Figure 53. 8 i T/C K51EHE

<3 > TCCRn
count > TOVn
clear (Int.Req.)
Control Logic
direction clk,
Bl TOSC1
BOTTOM TOP TIC
Prescaler Oscillator
Yvy »| TOSC2
Timer/Counter A
TCNTn
__ E——
clk,o
= (InfReq
/
— Waveform ocn
| Generation o
A
<->| OCRn
n
-]
a]
<
'_
<
(@)
' — clk,
Synchronized Status Flags o .
Synchronization Unit
% [ —clk,q,
Status Flags 4
[ ASSRN
Asynchronous Mode
Select (ASn)
v< -
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Hiree

T/C BB ERIR

2502E-AVR-12/03

ERTES / iHHRES TCNT2, MR FFES OCR2 K 8 (UEFEE, FHER (APEENR
Int.Req.)o EHIEEREEHHIRESTFES TIFR #RE KM, FIAPRTER AT LB ERT 25+
AR EFES TIMSK 2 TRM. BHFREH TIFR 5 TIMSK.

T/C H9BT 4 A] LU B T 2 MBS B9 A ZBRT 4 =Rk B B TOSC1/2 SIBMEA N T L a4 | iF
NAF FEHRD ., L RIEARSIRATIEES ASSR 24|, Bt4PiER B EERREIS|R
T/CitBEEM(ER )BT R, S ERB RN T/CA FE LIRSS, i ERZBEE
REVHEFRA clkoyo

WE R H H B F 178 OCR2 —E 5 TCNT2 B TLER, B A ESEF A LRE
BiEE PWM RESELLREHSIE OC2 mHAIEMENES, S0 P12 mHEES
T BRIEERERELBMLEREEIRS OCF2 |, AR~ £ H LR PUTIER,

AXNFZHFERRESMIBANERERR. NEN 1" RRENEE/ITRENFS |
FELAR2, BRESEFNEFABEAER (HI06EHATCNT2RAE T/C2itEkEEE).
Table 50 FE SGER F A,
Table 50. %88

BOTTOM | it#k#81t% 0x00 KfEIEZI BOTTOM

MAX TTEES 1T 2 OxFF (T3 HI#Y 255) BTENIAE MAX

TOP T ERERIT I BUF 5 & R ERTENIA R TOP, TOP E A LN EE & OxFF
(MAX) , iR E#E TEEE OCR2 2MEE , E4AHITHERERNEE

T/C AL AR L A BRS T RBD. clky, WEREIRE R MCU B clkgo
ASSR HF1ZE5H AS2 BT | B4 IRRE F TQSC1 M TOSC2 iEENIRZ 2. FHN RS

T
2 P25 IR T SHY J\& 4 SRR ARESE
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BT/ICHEEE D N AIREANIME T HETT, Figure 54 BN TR M T Bl BEEH 5 1E
B,

Figure 54. itHEE T HIER

DATA BUS (ntRea)

i -t TOSC1

count

g

TIC

clk )
clear Tn Oscillator

TCNTn % Control Logic [ Prescaler
direction

bottom T Ttop
ES5HE (REPES) :
count fi£ TCNT2 b0 1 =R 1
direction EFINRESFEIRE

—» TOSC2

C”ﬂ/O

clear BZE TCNT2 (BB NMETE)
clky, T/C Ky B4

top KR TCNT2 ELRE THRAE
bottom F/R TCNT2 E£3%1 % 7 &/ME (0)

‘Q é é B4, clk, ATLLEA
: N | g g o SRBIEFE IR
( MERAEERE Uk, , NT2, CPU Big#
tl:frt&%%ﬁﬂb%’ﬁ (BB, MERE ) WREERS,

THEFFIHR T/C #4|%F 785 (TCCR2) Ky WGM21 M WGM20 RE, B[ IHRITH 55
HEER OC2 IR AREN X R, AXUHHFIMRE-ENFAERESE P14 T
EEX 7,

T/Cita tH PR ETOV2RIEWGCM21:0 IR ERY TERAKIRE., TOV2H LAA FF=4£CPU
T,

8 M LEERBFIFLEFT TCNT2 M H LR ICHE & 1788 OCR2 1Tk, —B TCNT2 &F
OCR2 , kRBEHRAHIEEGES, EEBEAEN T —NENSFT4 AR EH HEEBRIRE
OCF2 BfI, & OCIE2 = 1 45| &£ % H Lb B P i . ITHHTIRS IEFAT OCF2 F BB
T UUBEHSE "1 WARNHTES. BIE WGM21:0 1 COM21:0 iE EN AR T
Yﬁ*;“t ,)H,ﬂ;zi%%‘uwmaIT_EEME.H—FETHE’J,&JLO B, BEALEREFA max
H bottom E 5 R BRBEZHETHIESEKIER (I P114* IVE*;“E Yo

Figure 55 A bR T HEE.
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Figure 55. fiti b RE T HER
DATA BUS

OCRn TCNTn

Il 1l

| = (8-bit Comparator ) |

OCFn (Int.Req.)

y

top

bottom | Waveform Generator OCxy

P

WGMnN1:0 COMN1:0

FOCn _,

A PWM XA OCR2 FES[ANEHEFFES  MELEETEEXMEEMESER
MEHINEEREE LR, WE AL EH OCR2 F1F885 top = bottom IR EH K |
MBS L= £ X R PWM BkoF |, SEERERI,

7R OCR2 FERFBERBESR , HXT A, FRENE FINEER , CPU AR Z OCR2
EEIEEE  BIEWE PINAER CPU BEMNIE OCR2 & &,

A A% R TR, 38 4
o ot SWES  FRE

E’JZv:ETJ:l:?EﬁE ¥ COM21 0 RTE OC2 REfL. FE , ERXEBEIL ).

E TCNT2 #4EFE 1 LE B T CPU Xt TCNT2 S8 ERESET — /N ER B sh B HIfE IF LB TR K 4 | BNfEIE
HERBRERKEFELT . XMIMATLLARNS OCR2 #118{t A5 TCNT2 $EHE’J£&{EHET%
K,

FERRHERET ATFEEZEERXTE TCNT2 SBFET — N ER S A EE I LRICE | EFERHH
EEREF A TCNT2 BN , T8 T/IC RBEET. MRBEAKN TCNT2 WEEST
OCR2 , LRICE B AR T , ERTEBENEFEAELER, KLl , EiTHRESHITRE
T #ETFEF TCNT2 EA BOTTOM,

OC2HIRBNIZEREBHES MFFER/ TR, RELMIRE OC2 W EZREZERE
A TR ARG @EHER FOC2, BIFEEHRTREAEENR OC2 HFERH[ELL—ERFT
HEE,

EE COM21:0 MERBIEERTENE A, COM21:0 Bk T F I BNAE K,

Bl & T LB e RS S i COM21:0 EEME AL, KE K EEFA COM21:0 KBET —
LEB T ER & A TR fa HE LERIRAS (OC2) ; COM21:0 iE#3 4| OC2 5| HE S H KR,
Figure 56 3 % COM21:0i1& BEZMA B BN H L RER. /O F 728, /O I/0 SIMAHE
R, BPRLEHTE COM21:0 ZIAEA 1/0 ik D12 %% 735 (DDR M PORT). i#
K OC2 RSS2 AEE OC2 F1FE , MA = OC2 5l#,

A IIIEI% 113

2502E-AVR-12/03



ATMEL

Figure 56. LbERICHL# H ¥ T/REH

—

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

E COM21 0= AN EN R R LSRN H LRI OC2 aBmAEM /0 O
hie. 182 OC2 SIMM S ANASETRESMEFS (DDR), #fER OC2 IJJ Zﬁﬁ

www BETFC - Com/ATMEL ™

A LEX MBI~ &

THER

=L e

WHLEBIBENRIT AT 0C2 RETEAE I E AR TR, EXERL COM21:0
BRERBL T HMIRMERR | ¥1 P119“8 L T/C FFE WA ",

B EEBRFA COM21:0 WARNEZE, CTC M1 PWM =HEXTHEMX S, XFFF
BWER COM21:0 =0 RPLREEEEMBEFREBTLBEOC2 HHEE, IEPWM
ERXWHEREHIES A P120Table 52 ; HRIE PWM bR HF P120Table 53 ; #1%
{&1E PWM By L5 T P121Table 54 o

W COM21:0 HEMEAKRFEENE X LEREE, XTFIEPWMESR , JABEIFEH
FOC2 Rl Bl = £ MR,

ITEER -T/C MmELRSIBMNTR - HRFEEAEERX (WGM21:0) REEBRHHER
(COM21:0) IR FINDRE, BRI HERX T T HFIEEEN , = EEX X 1T HF
SINEEm, COM21:0 #4] PWM iﬁtﬂmaﬁwm Ik PWM KBt COM21:0 =415
HEANZELBREREAERENM, B, I2EFEK (P13 LRIEEHHET " ),

BANNFELESE PI1STCHER",

HBEEX (WGM21:0 = 0) AR AN THEER, FUEXTITRETEFHREM, i3 8
LA BRKXESS (TOP = OxFF) , BT BB 1T 2485 4 £ #h iR B B & /ME 0x00 EFTHF
%, 7 TCNTO HEHE —MNERBRETEP R T/C RHARE TOV2 B, LE TOV2 BERR
BofL, RRREENM , F2EF, EHTENFTMRSEFE®BFES TOV2,
LRGBS R RS ENSRN SRR, EEERXTREMLAZERRKERN , AFTH)
BRI B AR A IT B BE,
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WMELERBETALUARTERH, ERTHECEEEX TAARELEE=EEE Bl
S5 BAAKZH CPU KE,

CTC( Lk RICHL FHEBR ERT 8T ) £ CTC 3\ (WGM21:0=2) 2 OCR2 FFEs A T AT ITHREM 2 P8R, HitHEENHE

B TCNT2EF OCR2 T 1T #287ET . OCR2EMN T I TOPE , RENIT N D PR,
XMERFESAFITURE S RS LR TE R EOME | BEC T ABEHITEER
£,

CTCH#E XX # Bt B Figure 57, ITHERBETCNT2 —ERMEI TCNT250CR2 ILEL , &
J& TCNT2 B E,

Figure 57. CTC X H i FHE

OCn Interrupt Flag Set

OCn
(Toggle)

S S T

iillg R 1T B i (s ) REEBFEqLUERH
WWW TP A e “i;; £ L > 59 e R R KA TR0 4Es T
YERY B R TOP EdiviEir BOTTOM RERE/MD. MREAN OCR2 BHE /N T Y

Bl TCNT2 OB , ITBES N E LA —RHEREE, £ T XL REEBEAEZE , THREF
BREITBBIRKE OXFF , ABFBM 0x00 F1E1T#ZEl OCR2,

RATECTCEXTHERFME , TLLUZE OC2 EEXRERER X ERNEBELET,
XA LB IEE COM21:0 = 1 R5EMK. EHIERB OC2 B 2a , EEENHKORE
ﬁ?iﬁiﬂjo ﬁﬂgﬁE%ﬁE%F$m§k5ﬁ$ﬁ focz = fClk |/O/2 (OCR2 = OXOO)o 5ﬁi$ﬂ3§u—|:
NNHEE : N

(COMn1:0 =1)

P foi_ 1o
OCn — 2.N.(1+OCRn)

TENRKRMIMEAF (1. 8. 32. 64, 128, 256 = 1024),
EEBERT , TOV2 RENBNLAEEITTREMN MAX R 0x00 K E AT 2561 & B i,

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

PWMERXHWFRREZAREL DRI THEAR, IHHEMBOTTOMITEIMAX , RFEIE
Z|BOTTOM EFFth. N T EHBEHN LR H HEX | # RSB OC27E TCNT2 5 0CR2
EEAEE , £ BOTTOM BN ; ¥ FrEEEHBER , 0C2 Wa{EEFHER. H
FEATRDMMER | RIE PWM XM TEFRLFEANEHBE NS E PWM ER
B2, EESHMBRESHEESRE PWM B#X+20FETFTHRFT , BHRM DAC KA.
SO/ NS TR (BRE , BE ) WYERY , NTIBRIERSERA.
THEFRE PWM EXE , ITHRENEE—EEMNE MAX , REEREN — /Nt EH
BT, BRI FE R Figure 58, BIFFAIRE TCNTO RRX 22D FIRE, HERR
MEsTEEN PWMBEHUKRAB PWM HiH. TCNT2 #3F EMEKF LK OCR2
# TCNT2 WL L,
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Figure 58. i PWM X6t F

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, MRAPMTAERE , £ H MRS i
AR5 72 /7 AT LA SE #T EE R (B

THETIHRIE PWM ERET | LLIRBE T A LA OC2 SIE L& H PWM B, i&E& COM21:0
j] 27| TM?"E”JEE’J PWM 1.:."5 H 3 MIJTLAFE&H PWM ,BZJL (2 P120Table 53

nu 1.:.15 35 RAPER o 2 PWMIE RN,
WWW kol HHEEE (M MAX
EHT s

$ﬁ*ltﬂ 8y PWM ‘/Fﬁ$—JJ«J\JEﬁZZEIT/“t1+§?E’ E

, _ fak o
OoCnPWM N - 256

TENRESHET (1. 8. 32. 64. 128, 256 5 1024),

OCR2FFEHR AWM EMN KR R RIEPWME Y — LE4F KT IR . HEOCR2AZTFTBOTTOM
o HIESE MAX+1 NERTEFATE B HI ERKT ; OCR2 3 MAX Bt ,#R#E COM21:0
HIRE , WEENSEFREBRTF,

BEEIRE OC2 LR ILE A # T2 BB FEUR (COM21 0=1), ABE SZELEH 50%
MARES. OCR2 N O NEBEREME f, = jo/2. XMEFERLTF CTCERT
#9 OC2 BURIRME , FRIZAE FHRIE PWM ERXEENE A,
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IS IE PWM R MAIEIE PWM X (WGM21:0 =1) RAFREH T 1M RESBEMHMIEE PWM EE
W%, WERXETXNRIFIRE, ITRIEFES M BOTTOM itE MAX , RE XM MAX
FRE 2 BOTTOM, E— ML RMEERXT |, Hite 83 MAX TSI E R 4E T TCNT2
TFOCR2HYILEE ,OC2HHEZTNEBTF ; MEITTIIEREBOTTOM T E R E T TCNT2
F OCR2 Wt , OC2 HEBMNASHEF, TEFROHHLEERENEFHER, SERK
BAEML  NRHRIRETREBNRAMERE N, EHTERHHEYE , +9ESTFBIIE
o

MAIEIE PWM EXH PWM BEBERN 8 bid. 1T Tt RMEE MAX , RETF
BRI, E—NERSEMEAHE TCNT2 WEZET MAX. HEFEBTS N Figure 59,
FTCNT2 WBEAERERTE , LRAXREERE. ZEEMNEHATEHE PWM B H
HARE PWM B . TCNT2 R EBY /D #ES% KRR OCR2 1 TCNT2 B LR T,

Figure 59. #{Z&1E PWM RX KBS FE

OCn Interrupt Flag Set

OCRnN Update

TOVn Interrupt Flag Set

Al
L (COMN1:0 = 2)

OCn ’j ﬁ F (COMN1:0 = 3)
Period }47144-7244-7344

HItA2RAE BOTTOM B T/C i AR TOV2 BALo BEAREAN AT AR £ o

THEFHMEE PWM ERXE | L& T A LAE OC2 S~ 4 PWM K : & COM21:0
RER2FEZLERMHPWM ,iRE COM21:0 8 3= £ R B PWMES (M P121Table
54 ), BRESIHM EERREESELTNFOC2HEIE R BIRE N H. OCR2H TCNT2
ER B & £/ OC2 FERH~EMNAESREMIRE , NTI~£ PWM EF., T
FHEMEEESRS PWMSRRTHTRARNIKRE :

; _ fa o
0CnPCPWM = N -510

TENRRMOMEF (1. 8. 32, 64, 128, 256 5 1024),

OCR2 H#7 B4 FRARE TS E PWMBERM — LB KR, EHBPWMBERT
# OCR2 T BOTTOM , fii—BERENESBF ; & OCR2 ZF MAX , M H RN
BRE, R PWM BRI EFER.

£ Figure 59 95 2 MNEARH , RRRERELRIE , OCn B T — M S FMERHY BE
T, HE W RRIEREHE BOTTOM MBI X, XA LLRICE R AR MIER & HI B :
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0 Figure 59 FT R , OCR2A FYEM MAX 23 73 H A Zk#E. 2 OCR2A I MAXBY , 5]
Bl OCn My i R iZ S AT E B FIE LR IEENE REE, HRIDKAE BOTTOM
FMAFFR , & T/C WEER MAX B , SIH OCn K% H R XMFE R EFAFIZHK
EERICENER. KRRER T ERZELREE K%L OCn AIAEHRENIN R,

ERNBEM—NE OCR2A AWEFHRIH , HEAMEXRT —RKLELRITE, EsIAT
RALRERARLE OCn A NARBHRENAR,

T/C Bt FFHE TEHERTRALN T/IC hESHE , BItHi4 ck, AIUKRTANGFEEES. ERSE
AT, clkyo B T/C IRHERAT AT, BHEEA T HMREIREMNRIE. Figure 60
BET TICHWEREF. BHAHTREMEE PWM EXHEE MAX B ITHFS.

Figure 60. T/C BfFE , T2 MR

clk

1/10

clk;,

(clk,o/1)

TCNTn MAX -1 MAX BOTTOM BOTTOM + 1

TOVn

wiaw ;BDTAE reom/ATMEL

Figure 61. T/C B{FE , M MBRN Ty 0/8

TR T NN
S || ] ] i

TCNTn MAX - 1 MAX BOTTOM BOTTOM + 1

TOVn

Figure 62 44 7 &f#EXX T (BR T CTC #= )OCF2 HWENER.
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Figure 62. T/C /7B , OCF2 Bfy , A MBRNA fyy 10/8

o AT AT AT
(cflil.foT/"8) T T F T

TCNTn OCRn -1 OCRnN OCRn + 1 OCRnN + 2

OCRnN OCRn Value

OCFn

Figure 63 44 7 CTC X T OCF2 B TCNT2 BEBRIIE R

Figure 63. T/C B{/FE , CTC =X , DM Ty 10/8

oo [AANAAUUAARTAUARAT AN

www.BDTIC. ¢ TMEL

4 L
(CTC) TOP -1 X TOP BOTTOM BOTTOM + 1
OCRnN TOP
OCFn
8 { T/C FEeRii A
T/C # 4|78 - TCCR2
Bit 7 6 5 4 3 2 1 0
| FOC2 WGM20 com21 CcOoM20 WGM21 CS22 CS21 CS20 | TCCR2
®/IBE w R/W R/W R/W R/W R/W R/W R/W
HtkE 0 0 0 0 0 0 0 0

» Bit7-FOC2: @#l L&

FOC2{X#E WGM fEBAE PWM EX B F B BR I TRIESAKRB[HNREN £
PWM Bt ,E TCCR2 ENHFE. B 1/5 , RERERNIE#TLHLREE, LLRITEER
HSIH) OC2 fF &5 COM21:0 MR B M N BT, BXE FOC2 X U—IMIEFES |
B IE X 58 i H EEBGEAE R Y 2 COM21:0 iR B

FOC2 A5 REAHM , bR 2EMREA OCR24EHR TOP Y CTC WX TX E R 2R 1TE
=

T2 O
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i# FOC2 MR E{E KT H 0,

« Bit6, 3— WGM21:0: B4 #ER

XU T eI RES | T RES R AE TOP BISKIR |, URZE MR, T/ICX
BWERE  EEERX , RCE X EERITHEER (CTC) , UEHHM PWM #E |
#N Table 51 5 P114* TH#ERX ",

Table 51. BE~EEXNENL D

WGM21 | WGM20 OCR2# | TOV2 i@
B’ | (CTC2) | (PWM2) | T/C B9 T/ TOP | &t | szl
0 0 0 Z8E OxFF | MEIEF | MAX
1 0 1 S E PWM OXFF | TOP BOTTOM
2 1 0 CTC OCR2 | MEVEH | MAX
3 1 1 fRIE PWM OxFF | TOP MAX
Note: 1. %,;& CTC2MPWM2ELFBFERT ,EEA WGM21:0, B RIIEEMME S U ATR
Bo

+ Bit 5:4 — COM21:0: LB PCfd i HiE =

XEARE T LRI E R £ R S OCO MEF, MR COM01:0 H# — vk s Ef#
Bfz, OCO LALLBRICE f H A7 N 1T T, RNEAEERMEREN 1 UERAH
E 7y 8

L OCO E#EFIYE S| LAt , COMO1:0 W ZIBEME T WGMO1:0 K9iRE, Table 52 45
H T2 WGMO01:0 iR BN EBEAZ CTC HX A COMO1:0 K ZhEE,

Tahle g2, LEREEY , 3F PWM R ey —
0 0 ERIHORE , OC2 Rk
0 1 MR LR & 4R OC2 BUR
1 0 MR IR & 48 OC2 EE
1 1 HR IR % £ r OC2 B

Table 53 4 7 & WGM21:0 i&E 1 HIE PWM #E =X iF COM21:0 Y ZhEE,

Table 53. LLRAHER , RE PWM K (1

COM21 | COM20 | iXEd
0 0 EERRORAE , OC2 RiEHE
0 1 RE
1 0 R & 48 OC2 BT |, iT#4EI TOP Y OCO &
1 1 e e & 4 at OC2 Bz |, 1HEiZ TOP & OCO EFE

Note: 1. —PMEHKERE OCR2Z%F TOP , H COM21 Efi, that LB PB4 Z0E | it 2k 3
TOP BHIZHEMEE . IFAEEFESNA P15 RIE PWM X 7,
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Table 54 441 7 % WGM21:0 & E NS E PWM #EXET COM21:0 BYIhEE,
Table 54. L& H#ER | B E PWMERK D

COM21 | COM20 | B3
0 0 EENRORE , 5 0C2 HiERE
0 1 R
1 0 EFAFITHRNZELRTESTES OC2 ; BFITHRN &£ HLRTERYE
i OC2
1 1 E%Eﬁi&ﬂﬂﬁitbﬁl&ﬁﬂﬁﬁﬁ OC2 ; BFITEE & &£ LR I E TS

Note: 1. —PMEHKERE OCR2Z%F TOP , H COM21 &1, that LB PB4t Z0E | it ¥k 3
TOP RIHIEHEMEE K. FMERFESN P17 HAIEE PWM ER "

o Bit2:0 — CS22:0: Bt4pikiF
X =7 Bk R4 B T % 4% T/C WEt44R , I Table 55,

Table 55. B $hik iR {15 BF

Cs22 cs21 CS20 | i%Ed

0 0 0 Tatsh , T/IC ATk

0 0 1 Clkqos/(RETSH )

0 1 0 clkrog/8 (RE S MES )

0 1 1 clkyog/32 (KRB 2R )
BDTIC :com/A’

WWW . BU I U - CONILGAL
1 1 0 clkrpg/256 (R B2 38R )
1 1 1 clkyp5/1024 ( R BT 57125 )

ERER / T ERF 78R - TCNT2

Bit 7 6 5 4 3 2 1 0

| TCNT2[7:0] ] Tonm2
®/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

BY T/C FEa W UEERNITHERN 8 MHIEHRTRETR. X TCNT2 FFRNEIHE
FET - EERTE, FIHHRESTHEIRFEHR TCNT2 WRERTTRELR—
X TCNT2 Hl OCR2 #9 LB Uit

A mEl% 121
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AHLEBREER - OCR2

ENER /T RBENRITBRE
FHREZFHFEHE - ASSR

ATMEL

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 - SUNHKIE , TRMESITHRERHRE TCNT2 #THR, TEE
AT BAR SR A HH LU IR P T, SE AISRAE 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”B T/C2H1/ORT #hclk, o 3B Eh ; AS2 " 178 T/C2HIEEEI TOSC1 S MM &4 ik%
B3ORZh, HEF AS2 HE[RERER TCNT2, OCR2 5 TCCR2 WAZA.

+ Bit2 - TCN2UB: T/C2 &

TIC2ITHETRSERN , ETCNT2RSIE TCN2UB B, YTCNT2NEEFEHREH T
EEf5 TCN2UB HTEEHEE, TCN2UB 1 0 RBA TCNT2 AL BEAHET .

» Bit1- OCR2UB: Wit BRFFER 2 EH

TIC2IEFRFER T , BOCR2FF5|#2OCR2UBE i, HOCR2NEZHEZBREFHTE

Www S BDFEe:Gei/ ATMEL

TIC2THETRFERA , ETCCR2FS|ETCR2UBE I, HTCCR2ZI\E FHHFHREH
EEf5 TCR2UB HTEHEE, TCR2UB 1 0 XRBI TCCR2 A/ LABAHET

MREEFICHREEMNEE LREM - FEREESIRBBOHSR , A5 T2
EH T,

EH TCNT2, OCR2 M TCCR2 Ky#L&I R TR, BEX TCNT2 BEIKNRKFRIE , M
OCR2 # TCCR2 M R NE 17 & 7785 P IRANAY o

122 ATmega8535(L) m—
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ERER /T HEE 2 WRIPBRE TIC2 TETFRIEANEZENTI/LL :
- BL . ERSARSERNZRMNEREITEEER TCNT2, OCR2 Hl TCCR2 HiEH K
B, RENSRNZE :
1. 5% OCIE2 1 TOIE2 LAS% A T/C2 HY Fh i
®E AS2 LA R G EM R HIR
% TCNT2, OCR2 1 TCCR2 B A #HHIHizE
PHRBIRLSHER : HF TCN2UB, OCR2UB # TCR2UB AE
TBRR T/C2 By R bR &
EENEFEEEPH

?Jﬁlz;%%arz!z?ﬁm 32.768 kHz FR B R. A TOSC1 B/ SRR T | AIBERQEK T/C2 T
EEIR, REETMALRIRS 4 FZA L,

BETCNT2 ,OCR2FM TCCR2HHIEEH EEAEFE .M/ TOSC1 AHEHIEBKEE /5 = 8t
FIXNMENSESR, ERENEERSEABNFTER I TEIITHHNEEEA
B, SNSESNEEZERINERS , LB TCNT2 HF2TFTH OCR2ME
B, RPRESSERASSR AXRRERREREGELXBEATBNFES.

MRZEHA T/C2 X MCU BHERHY B Standby BRI KRERSH |, NIFE TCNT2
OCR2AFITCCR2AEH & R 2 Bl F et AIX LERERER , ENMCURTEERET/C2i%
BRI AKEER, XX FA T/C2 HELRITE F MK EE MCU A HEE , ®
NEEFH OCR2 = TCNT2 AfLERICEL R ZEIFH . MREEH T Z I (OCR2UB
7 O)MCU Bt A THREEEN |, BALLREERFEKEZFR2KE , MCU tBKIZTE
KREE T

WMREAT/IC2HERNEBENFY & Standby EXHRER Y | MFUTEE i AX L
REEXNER, PIEEFEE— TOSC1 B# TSN, MRMNRES E%TJ&)K

www . BEFFFE comERTVEL ™ ™

2. %13 ASSR MMM EHICIREES
3. #HAZBEEXEY R Standby EX

BRBETRITHEER | T/IC2 19 32.768 kHz fRH 2T —E T |, BrIFH AmBER
% Standby X, AP NZEER , IWiRHI[AVRER R ATEEE 1 Bid. Bit , #
WAFERGLBEN , RMES /Standby EXRENZEDESF 1 WHEEEA
TIC2, Eet , BT EIENSNFIRES  RENAAN T/C2 FEHRNABTHT
HRER , FLEANRRATERABMHES, AP XRERAXESFERE.

ﬁﬁﬁ*ﬁﬁ#ﬂé‘ﬁ&ﬁ‘t:ﬂr@ Standby RN R : FMTRHHRE , ET—
NENSENHRESES, tRENR , ELE%%TM&E&#?&%%E’J%EZHM%&
BELXNEMT /N it4h, BEEfF MCU 1k 4 MNit4d | BEERITHHRSEF. &
WRSEFE R EIFRHIT SLEEP BA 2 GHRERF.
MNEBERXMREE 2 SR ERTE NiRE TCNT2 ATAEIRE RS EHM HIE, B R TCNT2 B
HAREH TOSC BH4PIREIAY |, MIRE TCNT2 XFEE —NSHE 1/0 RSN F
FEERTRKo H:/Fk'_tﬂf’é/\ TOSC1 9 EFm. NEBENREEST /0 R EHH
&, MIREE TCNT2 BER#H AKERERGHE , B2 T—1 TOSC1 LHRKE
Ko MEBBEXKEER TOSCH E’J*Hﬁ%?‘?i’FﬁﬁﬁiﬂlﬂE’ﬂ mAES%wEErEEx, B
I, EELTCNT2 EERSIR -

1. BE—NMEEHIEE OCR2 = TCCR2

2. EHMEBNENIEEES

3. i TCNT2

ok wbd

o
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ERSEAT , PR SHELSTE 3 NMERARN—NERREAR, ELERT
LA ER S| R AR S B A LT BB B E BT B ED N RN T — N efed, Mk
REIMNZLSERRNHEL , MARLERR .

EREE /T RE R ER T TR
- TIMSK Bit 7 6 5 4 3 2 1 0
| ocie2 TOIE2 | TICIE1 | OCIE1A | OCIE1B | TOIE1 OCIE0 | TOIE0 | TimMSK
®/B R/W R/W RIW R/W R/W RIW RW R/W
HE 0 0 0 0 0 0 0 0

 Bit 7 — OCIE2: T/C2 % H Hu 3 Prifig = by e B

Y OCIE2 MRS TN BRI | FH "17 8t , T/C2 W B LR ITE A FHE
B, Y T/C2 WWELRICE &4 , BN TIFR R #9 OCF2 BuA , FETRSEF BURIT,
 Bit 6 — TOIE2: T/C2 & H s Wi fEgE

Y TOIE2 MRBSEBN RPN | #83 "17 &F , T/C2 KR H H M FARE, % T/C2
REBRH | BDTIFR /Y TOV2 LB At , RHTRRS R FEUMIT.

www . BDTIC.com/ATMEL
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BN/ T HEE PR ER

- TIFR Bit 7 6 5 4 3 2 1 0
| ocrk2 TOV2 ICF1 OCF1A | OCF1B | TOV1 OCF0 Tovo | TIFR

®/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

» Bit7 - OCF2: Wit BHr& 2

4 T/C2 5 OCR2( i Lt R&F 1785 2) WEILELEY , OCF2 Bfu, WNUEFMRSEFE
BHEES LU UEINEE 1kKEF. & SREG tf 1. OCIE2 F OCF2 ERE At
o AR 25 TR 1B B AT o

« Bit 6 - TOV2: T/C2 BHinE

X T/C2 mHET , TOV2 B, HITHNNDMHBRSEFLVEGHESE, i, TOV2
HwAIEEE 1 ﬂ%,am M SREG HIWfZ |, TOIE2 M TOV2 B IET , RUTRSEEF
BEHIT. £ PWMERXSD | 2 T/C2 7£ 0x00 KT ek A @AY , TOV2 Euo

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

clk

o Clkyps
’—>P Clear 10-BIT T/C PRESCALER
TOSC1
(82

AS2

clk,,./8

clky,g/128
clky,5/256
clky,g/1024

PSR2

www . BDTHC¢cC

)

EL

TIMER/COUNTER2 CLOCK SOURCE
clkp,

TIC2 FI MM AR IR Olkrase AW | Clirys SRETMH oo i3k, BB
ASSRHJAS2 ,T/C2¥FHSIHI TOSC1 LIy , 518 T/C2 o] LAMER — N ErtEt 4 RTC,
JLEt TOSC1 1 TOSC2 MO C BB , BIBI L TToME— M itsh RIR ( IR B4R
32.768 kHz B4 RS EHAT TAEAL )o T TOSCH L EEBMABEHES,

T/C2 BRI BETR D $IE DA : Clkyog/8. ClKypg/32. Clkppg/64. Clkrog/128.  clkryg/256
ClkTp5/1024 ¢ BEHNE BT LA clkp,g 10 (2L T4E), B SFIORZFFERHI PSR2F &Ll
NER , T AVF P AT FIUN B 75 0 83 B8 5 R T4k

¥ BRIDAE 10 48R - 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/W
NHE 0 0 0 0 0 0 0 0

» Bit1-PSR2: Mo ME{ T/C2

LZMNE 1, TIC2 DM EN. BEXKE , ZNHEHES., ZUE 0 TH. R
B CPU B4 4ER T/C2 B4 | Z{iEN 0, H T/C2 THEERSERE , EFMDMNEEE
NZAREFRN 1,
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BITHN&ED - SPI

www . BDTEC - com/ATMEL

ATMEL

R 1THMZE DO SPI A1 ATmega8535 MAME S E At AVR e85 # TERMN B S HIES .
ATmega8535 SPI Fi4& T :

« NI, IKASKRELR

o EHRMIRME

« LSB BXk&EAR MSB BELE

© 7 HAREN SR

o ERERPWIRE

- BREERSAN

o ATUMAREXGE

« ERENFNEFEERER (CK2)

Figure 65. SPI 54EE ()

5 e

MISO

y wiso

M MOSI

XTAL MSB LSB 2 Jwos]
e <«--le@ s O
l 8 BIT SHIFT REGISTER 9
READ DATA BUFFER 2
DIVIDER Q
12/418116/32/64/128 i - g
v O
(@)
A A A A CLOCK Z
SPI CLOCK (MASTER T

SELECT CLOCK S SeK

LOGIC o

SPI12X
SPR1

AOA

[ 2 Y 3 3 s
o
(2]

MSTR
SPE
DORD

[

f Qo K <« o

(@] w 4
<3 5 R EEEE:
o = ‘ ‘ ‘ ‘ ‘% 0| » a = O O un n

v
| SPI STATUS REGISTER | | SPI CONTROL REGISTER
. 8 8,

?

v v

SPI INTERRUPT INTERNAL
REQUEST DATA BUS

Note: 1. SPI K S|#I#ESIES M. P2Figure 1 5 P58Table 26 .

EHMMALZEIH SPI EHEIN Figure 66 FTRo REDFERM MM FF2RM — N E AT
RAER. BIFRENMIN SS SIMAIE , ENE —RBRERE. ENAMIEEER
RENBFERAMBMNBUFFIR, THE SCK 5l L= ErtiBoh AR BIE. W
B BFEMENE MOSI BH , AMHLE MOSI B A ; ML BIREMHLEY MISO BH M
EHE MISO B A, EFEIFMIN SS HEXRASMINE S,

BB R SPI EHAt , SPIEOTR B3NS SS SIM |, SHH AP HHERLE, X SPI #
FEHEESEARENFZS SPI ii4 |, FF 8 LIS HEB AMNL., FiERE SPI B4
I, G RARE SPIF B, WRILE SPCR 31783 SPI M fE4E(L SPIE &1y ,
WA K E. ENATLAKLEE SPDR EARBEUBMEIMNAE |, HEZFMILE SS I
SURAHRBESRETR. REHRNBEN —BERETEASTERE,

BERIMHE , RESS H& , SPI EOF—EFRIFERRS , HRISEMISO =S,
EMNAS TG U ER SPI #iEZH 1788 SPDR HIN A, EMELET SCK SIBIAH ARt

126  ATmega8535(L) m———
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2502E-AVR-12/03

t  SPDRHWHIEtLFRABE  BEZE SS#HHE. —NFVRL2BHIE , HE RS
SPIF &I, R ILAf SPCREFEM SPIR ML SPIEE N , A~ FMiER, EiE
I ARKIBEZ BN AT U 4EE SPDR BAHIE, REHRNKBEN—EREFETE)
BiFHE,

Figure 66. SPI X4l - MHLHY EiE

MSB  MASTER LSB |

' MSB SLAVE LSB
' MISO MISO|

8 BIT SHIFT REGISTER | —€——— <« 8BIT SHIFT REGISTER
T > A MOSI  MOSI > A T
SHIFT
| | ENABLE
CLOCK GSEFI)\:ERATOR —N'—F zzK szz

SPIREMREFARAB-—MENER , MEBRRSOARNE TR, HHRRHR  ERIEN
—EESIBAI R LWL RET N SPI BIEFERIITERE. MERKEEN ,F
EET—INFHBUSRER B F SPI HEFEHFEMH A EHBIINFF. BN
F-ITFTRER.

THT SPI MHUERRT |, 228X SCK SIMNAAGESHITRE. N TRIEXHHE

B EBEME , SPI R TaeE f /4
17 ﬁﬁtﬂwfrﬁt% R B 3 AT
—Yiek”’

SO, Sgri ‘

Table 56. SPI S|fIE# ("

SIEp B@E , SPIEH BE , SPIMHL
MOSI AREMN LN

MISO WA AFEN

SCK AREX WA

S APREX DN

Note: 1. {HES2& P58“ U0 B =Ihae " LT MW E L F E XK SPI SIR,

TEN IR A A SPI MR EN , AR OA#THE 2N HBELE. HlF+
DDR_SPI &M LERHYEHE 5 M B 785K & ; DD_MOSI, DD_MISO R DD_SCK 444 H
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SR BIEAEARE, ki , MOSI v PB5 SIH , W) DD_MOSI /A DDB5 HiX
DDR_SPI | DDRB HifX,

SCammBpIR O
SPI _Masterlnit:
; RE MOSI M SCK it , Ef A
| di r17, (1<<DD_MOSI )| (1<<DD_SCK)
out DDR_SPI, r 17
; fERE SPI ENARR |, RERTHIERZEN f ck/ 16
| di r17, (1<<SPE) | (1<<MSTR) | ( 1<<SPR0)
out SPCR, r 17
ret

SPI _MasterTransmi t:
. BEEIESE (r16)
out SPDR, r 16
Wait_Transmit:
; EERERER
shis SPSR, SPI F
rinmp Wait_Transmt
ret

Cc R@pIE™

void SPI _Masterlnit(void)

www . BDI4 G 2com/ATMEL

1> fERE SPI EHER | REMERR f ck/ 16 */
SPCR = (1<<SPE) | (1<<MSTR) | ( 1<<SPR0) ;
}

void SPI _MasterTransm t(char cData)
{

I* BEhBEEE </

SPDR = cDat a;

1> BEfSEMER */

whil e(! (SPSR & (1<<SPI F)))

Note: 1. BFBRECZ8E7T EWHILH,
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T/ Fi5% BA N5 SPI 03R4 I MAL , AR ndarss

TR AV BRI,

STRRBHRE ("

SPI _Sl avelnit:
; REMSONRME , HthiA
| di r17, (1<<DD_M SO
out DDR_SPI, r 17
; fEBE SPI
| di r17, (1<<SPE)
out SPCR, r 17
ret

SPI _Sl aveRecei ve:
; ERHEBBER
shis SPSR, SPI F
rinp SPI_Sl aveReceive
; REUEREINSE  AFRE
in r16, SPDR
ret

Cc R@pIE™

voi d SPI _Sl avel nit(void)

WWW.BBT{@M

SPCR = (1<<SPE);
}

om/A’

char SPI _Sl aveRecei ve(voi d)
{
I+ EFERER «/
whil e(! (SPSR & (1<<SPI F)))

[* REEE */
return SPDR;

'MEL

Note: . BIRBEEKREE T ERIL T,

ATMEL
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SS SIMEThEE
ML

EHER

SPI #2#|% 78 - SPCR

WWW

ATMEL

% SPI BB N MAES , MALIEESIR SS BN A, SS HEFHE SPI#ED , MISO
BAkmn (AFSARTHENNGOERE ) SIM , EasIMRAmASIE,. =SS hEm
FIEMSIMA A , SPIBBEN , THEERHKE.

SSEIMM FTHER/FHHWEASEEEA , TUMEMNB T HERESENMNNH K EBRE
. ZSS MBI SPIMNHLI BN E B MEAIZZE  HAEFABUTERETTENRIE.

L SP| BB EHLE (MSTR # SPCR &AL ) , AP AILURE SS SIS 5 .

# SSEERWE , WHEI M AEZEN /0 OMFEM SPI Kb, B NARZMA%
R HAMHLEY SS 31 8.

ME SSEERBA , BIAGEE NS LMRIE SPINERETE, EREHMBNEN , SSH
WA, BHEIARHIK , W SPI RELSFHEEFERAG—IMNBENFESERZ AN
WMo ATHHIEELPZR | SPI REFSSIMM T EH4E :

1. &= SPCR K MSTR 1 , {# SPI B ML , T MOSI #1 SCK ZE R #i Ao

2. SPSR# SPIF B{i., & SPI FifIE /P MK , MFRSEFEEINIT,.

Bt , EARME XA SPI ENMIBER |, 3 BFE SS WAMKA AREMERT | FRUTAR
SRFMZKEEMSTR BN "7, BHEE , AP LJUFEEN , AERERE SPI 4
B,

7 6 5 4 3 2 1 0
| sPE | SPE | DORD | MSTR | CPOL | CPHA | SPR1 | SPRO | SPCR
R/W R/W R/W R/W
0

_BDI1G..com/ATMEL

éﬁé;ﬁf%?& SPSR E 1781 SPIF Ml SREG HfFss£RPHEEMLEN , MR5IK
+ Bit 6 — SPE: SPI ffigt

SPE B E4E SPI, TR SPI @ ZBIAMEN SPE,

+ Bit 5- DORD: BiEXF

DORD BT #EH LSB B K% ; BNEKIEN MSB B LK%

+ Bit4-MSTR: £/ \it#&

MSTR BAIAHEREHER B HMHL, MEMSTRF"1” ,SSEERE A ,EBHAIKE ,
N MSTR #E T , 17858 SPSR 1Y SPIF Bfy, AR SMEHIZE MSTR # A ENER,
+ Bit 3 - CPOL: B4tk

CPOL B RRZEWA SCK AGHET ; BNZEFET SCK HEETF, iHSE Figure 67 5
Figure 68, CPOL hREREMT -

Table 57. CPOL Ih&g

CPOL B#RA &Rk
0 EFHA TR
1 TR EFHn

 Bit 2 — CPHA: Bt4p4E4L

130, ATmega8535(L) m——
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CPHA REFHIERE SCK M2 1878 Kk 2 1E SCK & RB X, i3 Figure 67 5

Figure 68 .
Table 58. CPHA Ih&E
CPHA BHR g&¥Rn
0 SR RE
1 ®E P

+ Bits 1,0 — SPR1, SPRO: SPI i ER%FE 150

WEE YL SCKIEER, SPR1 M SPRO WMALEEF M, SCK iK% esH BT HE
KXERWMTRAR :

Table 59. SCK MF5% 2R R AKX 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 fec/64

Www . BD

2502E-AVR-12/03

IC.com/A

ATMEL
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SPI RAE1FEY - SPSR

SPI B#E&F 8% - SPDR

ATMEL

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 i &

BITRIZALR/G , SPIF B, &It ATZF1E25 SPCR B SPIE M< @ Ui fERELE L , SPI
RRTEN= 4, MR SPIREN , SSEERMA , BEPK , SPIF hfFE I, FHAFK
BREEFESPIFEHSES, SETUET %IESPSR |, K& 15 R SPDRX X SPIFEE,
+ Bit 6 - WCOL: B ZfrE

ERE Y 3T SPI $IEE 1785 SPDR EFHIE N B WCOL, WCOL AJ LAET ik SPSR
‘&5 R SPDR KEE,

+ Bit5..1 —Res: &%

REBA, RBREREERE,

» Bit 0 — SPI2X: SPI {&3

B{IS SPI WEE MG, ZHEM (R Table 59) , M SCK LA CPU M — %,
2R ML, REERIE £ /4o

ATmega8535KI SP1#% O [F B ik A kSR H 2 F MIEEPROMMY T8 f L&k, S M P238 HY
SPI BTN RK.

2 1 0

Bit 7 6 5 4 3
J MSB | | LSB SPDR
www . BDTTC. com MEL ™
X X Undefined
- % @ - L ndefine

SPIRESFRENR/ESESR ARETERXMHNSPIBUFERZAELCHAAE. BF
FRNRIHRELRE  REFFRFRIFERNERE SR,

132 ATmega8535(L) m——
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HEES X FRITHIE , SCK WM AMIES 4 7944, CPHA F CPOL #Z4IEEH AR,
SPI B & & W Figure 67 5 Figure 68, B — N HIENBHMBAKE T SCKREH
EEHTR , MRIEE 2B EEHIERE, XMNIFETE Table 57 # Table 58 BF %

MR e
Table 60. CPOL Ih&E
Ehn gxn SPI #=
CPOL=0, CPHA=0 FHE(LEFR) ®RE (TER) 0
CPOL=0, CPHA=1 RE (LEFR) K (TR 1
CPOL=1, CPHA=0 R (TRR) ®"E (LFR) 2
CPOL=1, CPHA=1 ®RE (TER) KR (LETR) 3

Figure 67. CPHA =0 &} SPI f9&#& =
SCK (CPOL = 0)

o 0| L) L) L] L
Lmsez 0 L L L

SAMPLE |
MOSI/MISO

L
]

=
=

CHANGE 0 \

MOSI PIN >—<>—<>—< >—<>_<

- 2 e
i BDTIC conATIEL

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 &g =X

s I U T O 0 1 A
s L) L L L L) L L

SAMPLE |
MOSI/MISO

vosien. o A R A A
Lwsoen A 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

A IIIEI% 133
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USART

BRBSNMRD RITERKRMERR (USART)

RA

ATMEL

* EMIRE (BUNBRTRENRETFR)

- RIRESRE

o EH MR Gt E S R4
- BEENRERRLER

* X$#5,6,7,8 R MREFEAM 1R 2 MELEM
- BHAXFNFRRBERE

o DA IRA A

« RERR , GFERNBARUAN , S RKRFEBEERE
o SR RXGRPN, REABFEFERZTN , ARBERS KA

« SAEREWER
- EERSERER

E-IEERENHTERRE. TEH

Figure 69 7§ USART W fE{LAER ., CPU A LAIEEIRY I/O F 88 1/0 S|P LA E R R,

Figure 69. USART H1EE

www . B

f

UBRR[H:L]

osc

v

BAUD RATE GENERATOR

—— 'SYNC LOGIC i ol xcx
I ' B — NTROL
[ I %m (')
| |
| UDR (Transmit) COI\L)'(ROL I
I 7 PARITY I
ol ! GENERATOR I
=) I PIN |
o| | 4:D_> TRANSMIT SHIFT REGISTER CONTROL I TxD
< >
ey ey __________1
<D( i Receiver |
| CLOCK RX |
| RECOVERY CONTROL |
| |
I DATA PIN I
| ;:D_> RECEIVE SHIFT REGISTER REGOVERY [ conTRoL [+ Rx@
| |
| v |
! PARITY
: UDR (Receive) GHECKER :
o | |
UCSRA UCSRB UCSRC
\ B >
Note: 1. i&Z%# P2Figure 1, P64Table 34 5 P60Table 28 7T f## USART HI 5|15 i,
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AVR USART #l AVR UART #
B

RLAER USART 2 T =AM EERD : (P RER , RIARMEWEE, EHFEHRE=
NEATHE, MR ERETERLSEE  BECTHRERRESRRAIMINESEREFRER
MNP AR SR RS HER, XCK (RERNH ) SIMAATRSHHEN, KXFIE—
NEEAER  BITBUTFR  FRREF[UARLETHHMEXAMENZHEE, B
HBRALURFEZREBFEM T 2ERENZE S ALER, BTEKSREEMHE
MELT , ER USART ERHPKRERN, RMELTATRIHRENZK, RTIRER
T, BERSBEEEETARE 2528  BuFEEN - MR RIRRE TR UDR, EIK
BRXFSRERMARNMEX , AT MER  BEIENFERRLE R,

USART £ T 5 HES AVR UART T2 # A :
FiE USART HFEERMAE X
RIS RRERR
RIEBRBRE
RIEE R RE
BRI ERRE
AW, BRSBEEHRERNAENLOE , ERERKBERTEAXBREY

BT —NEHER, FNEFBENREFRRE—NERN FIFO, BtX FE/MER
ANBIBEREEIE—X | EEENEHEIRTE FE 1 DOR |, UK E 9 MIEN RXBS
SHE-BEHRTERERSE, lﬂlttzuﬁ&lxﬁyUDR?rﬁ%%zﬁumrwxﬁ\ A,
BN EKERRDS,

BRBNEESTUMEANE=ZRE P, EANEHRHLEEHRE , BIBATLUR

BFTHRITBUTFERZP (SR Figure 69) , BRI B EHRN, MMERET
USART EH ##E 3= (DOR) E’Jab 0

www . BEE I - com/Z7ATMEL™

R =4

2502E-AVR-12/03

B4R = 4EIB 1 A A B MRS = £ BRlpd4P, USART X5 4 ERMR : EXENR
FER , FENFSER , TNESERX , URMELSER., USART &4 UMSEL
MIRAEF 788 C (UCSRC) AT ERRSEXNELSER, FERER (REATRSER
) 212 F UCSRA F78H U2X, EARSER (UMSEL = 1) Bf ,XCK BB 5 mF 738
(DDR_XCP%)J&EE%*?E%EE REBF= 4 (EHER ) E R AAIBEF (MIER), NERLSE
KT XCK B,

Figure 70 Jy Bt =B HEHER
Figure 70. B4/~ 42 BER

UBRR
u2x
fosc

Prescaling UBRR+1
Down-Counter > 2 ot > /2 0

A

O0sSC — txclk
DDR_XCK
Y }

Sync Edge
xcki Register | Detector 1o
XCK 7'y ; UMSEL

Pin | xcko y

DDR_XCK UCPOL
rxclk

A IIIEI% 135
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E558A :
txclk KIEBSETE (NEBES)
rxclk EWRESEMETH (RIFES)
xcki XCK S A (REES ), BTRESMIERE
xcko HiHE| XCK sIMEtsh (HNEES ), ATRDSENBRE
fosc XTAL S0ZE ( RERTE )

FARSTE - RISRRER NEHATRIBXERS ENERX , SR Figure 70,

USART KR 4FR & 1788 UBRR M FITEESHESR: , — MR ATREN T2 M R4S
RERER, BEITHREXN RGN #ITE , SHITHEITR UBRRL FiFREEN , 283
%A UBRR FFHMNE. HiITHREABHFE— P, S ENERSELESNA Y
EEh , WA BRER S f /(UBRR+1), KAEBEXIRIFRKESZNE HaTEp#T 2. 8
16 oM , BEABRERT ITHEER., RERREFNHERERR TERSISHE
MER T, BEMELTFERT —NE2, 8RI6MRBHRSH. , EERSHBHUMSEL,
U2X 5 DDR_XCK {8 Ef TEE RN RE,

Table 61 44 H TITE RIS R (/F) U RITES —f £ A A R TEEXH UBRRE
/N

www . BDTIC.com/ATMEL
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Table 61. RFEITE LR

EARK

MSENITEAKO

UBRR EHiTE AR

FLEFEER (U2X=0)

f
_ OSC
BAUD = 16(UBRR + 1)

f
_ _osc
UBRR‘163AUD 1

FEEEER (U2X = 1) f f
BAUD = osc UBRR = _0sC__
8(UBRR+ 1) 8BAUD
ELENER f f
BAUD = —9SC UBRR = -°S¢__
2(UBRR+ 1) 2BAUD

Note: 1. RASERTE WL HEWIMERIERE (bps)o
BAUD K45 ( bps)
fosc REAREFME
UBRR UBRRH 5 UBRRL HY#{& (0-4095)
Table 69 44 7T ER L RSP ER T3 MY UBRR E.

EETHEERR (U2X) B IRE UCSRA FiFaafy U2X AJBMERRIERME, ZURANFS THEREAER, 3

THRERSERN , REZMNA "0%

REZVIERIFRD BN D HEMN 16 FE 8, RS EFENERERMMG, HaTEK
FRRAEA-—FHNRFHENBERTRERNHIRE AL EZEXA TEEERBHRE
N SERBINRERRE, RERWEAXNMER,

W BT Bt ZATMEL. vees

HBEY —Maaelas , RENATRERSERSR, X—IBSIATHEA CPU K+ /E
HARVIERT |, B AAED XCK MR RBTH R A LT AR

fosc

fxck <

TEEf, BRARNBHREMAE , W THLEAREEHEARE  BURERBHY

HE,

A mEl% 137
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EEIGEZ B (UMSEL = 1)XCK S|l A F et A (MHER ) et (EVE
X )o FEFHDR., BENRESHENTLZENXZNELAHNER . EREREST
% TxD By XCK m:r:ma&m A B AR A iR RxD 3 1T% 8,

Figure 71. EZE XY XCK B F

UCPOL = 1 XCK \\J/ﬁfg;)//\\J/r\\

RxD / TxD }i \>< >< ><

L S Sample

RxD / TXD X k>< >< ><

Sample

UCRSC Z 1725/ UCPOL {3 ¥ T {8 Fi XCK it 4 B9 BB N34 78 IS SR 3B 3 17 A A S i HH 2R
¥&. @0 Figure 71 FI7R , 3 UCPOL=0 B} , £ XCK E’Jtﬂ U HHEE |, £ XCK E’JT
B0 HE AT ERAE SR éUG@L1ﬁJEMMMT &*rmﬁﬁiﬁﬂmmtﬂ
BATHIERE,

RITREMBABEFNERS M ( FBUSFLEN ) URATUENTERR AR,
USART #3325 T 30 MAESHHENER

www - BDT.1C..com/ATMEL

ZEREMN., FREIBRE M

18 2 MR
HEMBER VIS ; REERBBEZNKEN REFHSTUE O MEEM , UHE
WERBLR, NREETREN  RRAGRERRREL  BEEERML, Y—12%

WBEIERE AT EE ST — MR SRS T ERIRAS. Figure
72 R WEEMBEMA A, ES R R Ak,

Figure 72. Mit&=
e E |
|- FRAME yl

wm)\&/0X1X2X3X4XmeXmeXm/wuwﬂ(wmm

St B, BENEBRTF

(n) BB (0 ~ 8)

P REA , TR FTRERBRE

Sp B, BRAGEE

IDLE Bifl&k LR EHIFELEH (RD & TxD) , KRR AMAN S EF

HEMH L E UCSRB M UCSRC FfFsaH#Y UCSZ2:0, UPM1:0, USBS igE. #
WEREERERNIRE, RENEMRTHTRRAEERTHREERESER,

133 ATmega8535(L) m——
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BV it

USART #3814k

USART &M UCSZ2:0 HaE 7 BRIBMIMI BB ; REEN{Z UPM1:0 H FERES R
ERBHEA . USBS IREME — NS E RN, BKRR[ZHEE_NMEIEN , BHik
PSR (FE) REE —NERM A "0” RHERME,

REMHITEENBENENMBTRIZE, IREFTHRE  MRHEREFEN
k. REMSHBMHXRMOT

d, 1®..0d,®d,®d; ®dy®0
d, 1©..0d,®d,®d,;®dye 1

D
even
Podd

Peven MBREER
Posa HREMNES
d, % n NEREEL
RENVATEE-—MBELSE—MFLEMzE,
HITERE 2 EEEN USART #HTHMR{L. MRIETBERESERISFEMNZE , LN

BIRE , AR RIEFEEREBRBERRIEET . X THUIRZIA USART #4E , £4HLA
BAERE2RIMIREM (£ RPIBEER ).

EMUE USART BIRENIZERBRBEBEBNIBTRL THIT. TXC RS A SAARLE
—MEEMNRERBELER , RXC RS AL ARG BRRBEFSEFREEFHRE
R, ERRREREZN (EERERIESTFEF UDR 81 )TXC FREMLTEE,

www . BDTIC.com/ATMEL

2502E-AVR-12/03
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AT R USART #11LiRFRbl. BIRRATRE (PHEER ) WRLSBRE , mMEMSE
HMEEEN. EBRENRRSHRAL. ELAEFERBESBRETEHESE 17116,
HE A UCSRC #7858t , B F UBRRH 5 UCSRC #/ I/0 #biit , URSEL i (MSB) 44
B,

SCRRBpIE ()

www . BBLEE s.com/ATMEL

USART I nit:
. RERFE
out UBRRH, r17
out UBRRL, r16
. BB S RIS EEE
| di r16, (1<<RXEN)| (1<<TXEN)
out UCSRB, r 16
. REME: 8 NEW, 2 MEULL
| di r16, (1<<URSEL) | (1<<USBS) | (3<<UCSZz0)
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;

UCSRC = ( 1<<URSEL) | ( 1<<USBS) | ( 3<<UCSZ0) ;

}
Note: 1. ARBBECLKEETEEN LK.

EESMNBLEFTRNERNENSH, BIEPHES, AMTFSHARFEREEN
BEBRERHTER. LHRCABTUNERREERFS , A5HT 110 RROA
{LRIBAS S -,

ATmega8535(L) m——
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BMIERIE - USART KIEBE B UCSRB HZBM KX AU TXEN AL USART WBIE K%, fEAEE TxD I
@A 1/0 ThELEN#E USART ZHAEFTEAL | N KX BHRTHHSIM., RERESHE
BBFREE, ITHREISHMLEHE, NREARSLEER | BINTF XCK 3/ L atsd
SRR RIER XM,

&% 5 3 8 BB AR FEERXENBRENRILEEERTEHERELE, MEIEESN CPU X UDR FiE
BNERE, YBUFER[UULEHT—WEER K SFNBEENEEIBVTES. Y
BUSTERLTERARS CREEERTHRESR ), el —MBENARE— ML
FBRELER  SHNFHFOBE, —BEBNTESRINRTHINOHRE  BReBRRRIRENKEESER
LTRFAH—5 UDRE frEXARBARNEERENFF. HYEENBELTF 8L
B, BEA UDR HNNEMNS /LN H A, YR, ITARKB I EEEDHE
USART, ELRARBHPERENBEFHT R16,

SCamkmpIR o
USART_Transmi t:
. EEREENENE

shis UCSRA, UDRE

rinmp USART_Transmt

. FFHEHAE R | REHE
out UDR, r 16

ret

C RE@HIE "

www . BDT.LC... com/ATMEL

while ( !'( UCSRA & (1<<UDRE)) )

1% (FBIEHAEEE , REBIE *|
UDR = data;
}

Note: 1. AABEBRECLER T SEN KM,

BIMEFRAREFAMNELENEIEN , BERN UDRE IS EFREEFHENE,
MRERTHRESERZPH , WHEBEAZHRNREETTHEFPHT,

A IIIEI% 141
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MBLE O BB BEN (UCSZ=7), NATFHRIENSE 9 WEAEEEE UCSRB
TXB8 ,AAEBRESMNHBEEARERIEFTFERUDR, A TRFA H XXM EENHE
lIuM&IJ%O ELRARBPERENBIEERE R17:R16 FE5H,

SCemEapie (O
USART_Transmi t:
. ERREENERTE

sbis UCSRA, UDRE

rjinmp USART_Transm t

. FEIMLMr 1T HEH/F/TXBS

chi UCSRB, TXB8

sbrc r17,0

sbi UCSRB, TXB8

i T 8 U AE PR, REHAE
out UDR, r 16

ret

Cc K@pIE™

voi d USART_Transmit( unsigned int data )
{

1% EHFREEWEERGE *|

whi | e ( 1'( UCSRA & (1<<UDRE))) )

| * H% 9 QE%/f/TXBS */

www . BDEFE=.com/ATMEL

RN S B

/* ﬁﬁﬁﬂxfﬁ%’ REBAE *1
UDR = dat a;

}

Note: 1. XEREHINBHAEH., R UCSRB WRBRENATREEEMN , MEATLUE —F1{E
1. flan , Mk{t/a RER UCSRB 178589 TXBS i,

FINBBFEESVBEPATR R UM , ERSBES ATUATHIULE,

USART £ 22 BB MEEAL: USART BIESF 785 =15 E UDRE RIEMERIFE TXC ,
PR ER BT LA A i,

BIEFEFSZT UDRE HMENMKRTIKIEEAR[ESTUEZ —INFHOHRE. ZUEREE
JRERZE Hﬂ&% 17 HEREAEHNRETEEFTERENBENES, IEERNEGHRE B
UCSRA #ﬁ%ﬁﬂ'ﬁ?&lg’% 0%

% UCSRB RPN HIET R =PI ERE( UDRIE 7 "1 et , RE UDRE WE (
BB )  BR™~4% USART BIEFFRZEFMIER. Rﬁ%ﬁ%ﬁ UDR U {TE#HE
9B UDRE, YA hUMi 5RO £ BRI | ERIEE 1782 i IS5 2 i MRS —
NEFROMIEE UDR BUSE UDRE ; B2 L RESHFEE T, AN — BXHIFERF
GR , — MR RHERBIRT £,

HEANBEMBHAEBMTEFS BN RAEEHRPOXERNHEN  REERIFES
TXC B 1. TXC FEA %L RAMMITH HHEE | AT "1 FAEB. TXC &M
5 F KA M RS-485 FAN LM TBERZO T HEM. EXENAE , — BEEEE &
RRF SR RBEE S8t ABEBURES,

142 ATmega8535(L) m——
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M UCSRB LW KX LR PMERE{L TXCIE 52 E MR M E R "1” 6, BE& TXC
FREMWEN , USART KELRPUDTFHEINT. —BEHABMRESRESF , TXC HFE&EM
BN B35BT , P ERF R4 MIT TXC BESRE,

TRRW =B FARE A BN BTHREMAERAMAN R, REMEE (UPM1 =1) 8, RixE
FEERRSERENRE —VSE - NMELEALZBBEAFTEREAL.
=1, §03 TXENBERE , RASIMANBERAEERERERTRBEERIL  BREBUEF

REREEFTERTRBEREAENRIE. RIAREILLF  TxD5IHIREHER /O W#E.

www . BDTIC.com/ATMEL
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MIFEEW - USART EUNET =1 UCSRB HERMEW AT (RXEN) BIT B3 USART UK, HEIREEHAELE RxD

B 5 B 8 MEHRALAY 5 BB
Ei

www . BDFC..com/ATMEL

KYEIE S| I I RE4R USART ZHEEFREUA , MOV IRRERMY B TR A O, HTHRERZR I E
EEREBHFRER, RERARNKR. MREABSRE , XCK 51 LAY RS A J
fREETE,

—BERELNE —NERWBEBEN  EFRERREREE. B uENE —LBIEESFR
REMNRAFRY XCK rtep TN, EEKRE —mBRBENE —MFIEf, RERIHRIE
BOEANBRBNFFR. B-NMELEASWIRKRZHE, BRIFE-—MELNE  BRB
UEERRES T N ZEOREN. INBUFFRPHANDFREBIREKE TR
o BT BRE UDR B AT AR B W E RN AR

UTRFSA H—N RXC iR KRR A N EBHBENS 7. SHEMDT 8 et , N
UDR BRI S LIUN 0. LR, BITARRBZEE EEIHEL USART,

SCamARmBpl7 (O

USART_Recei ve:
. FEHERBE
shis UCSRA, RXC
rjinmp USART_Receive
. MBI PR H R B
in rl6, UDR
ret

C Rm@sl+ O

unsi gned char USART_Recei ve( void )

1% MEHEEPIRE IR EIHHE |
return UDR;
}
Note: 1. ARBBRECLITE T HRMKIH,
EFERFPBFHREZE , BHEEIRE RXC REREFHEEAZREFEE,

124 ATmega8535(L) m———
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L 9 MNEE ALY 75 3K 2 g MBIRET 9 MNEHEHBIEM (UCSZ=7) , FEM UDR EREVK 8 U 2RI E KRB E
£5 UCSRB HJ RXB8 LAIRBEE 9 (uBiE. X MHNBEHAER TIRSHREN FE, DOR K&
UPE, IRAE T ENUCSRAFKE , HIE BT UDRIKE, ELUDRFM4 2 T o TR E
HES FIFO HPIRAS |, TN E#HEME FIFO 8 TXB8, FE. DOR K UPE i,

BTRORBROIBRT — MR USART U EER | 15 88 a0 40 22 O 348 AR S Lo

SCRABpIE ()

USART_Recei ve:
. FEHERBE
shis UCSRA, RXC
rjinmp USART_Receive
. MEMERRERT. FILRKHE
in r18, UCSRA
in r17, UCSRB
in rl6, 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 veNoErr or:
. WIEE 9 WHHE , AERE
| sr ri7

ndiL17, Ox ——
www (BETIC - com/ZATM

unsi gned int USART_Recei ve( void )
{

unsi gned char status, resh, resl;
1> EFERHE
while ( ! (UCSRA & (1<<RXC)) )

JLL

—

1% MEHEPRERT, FI LRI

/* 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 , AR E ]

resh = (resh >> 1) & 0x01;

return ((resh << 8) | resl);

Note: 1. ARBEBRECLEE T MM KM,

LRl FE#TEMTEZIRAEN /0O FFERNABRRINFFRXM4F. XMFER
LT HEBEFBENFA. ERITRPMBRR T ZPas UIBRUGIHHRIE,

A IIIEI% 145
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USART #8588 —Mr& B RIEBENENIRES

BWERFE (RXC) ARGHBREFSEFREERZHNKIE, YBKREHPBFPER
BHAOBER , R 1, HBREPRERA O ITEERIEHOKE ). WREWRES
WEIE (RXEN = 0) , EWE 2B RIFEH , M RXCES,

B {7 UCSRB Ky {ZU & R P U {ERENL (RXCIE) J§ , RE RXC iR EN (B2 Bl RaE
) MAF4 USART BIRLERAPMT, 8/ MA R THRIBERE , BIEERLE R+ HAR
SEFEFLTM UDR EEBFELE RXC iFE , BN REFHLEBRF—EFR, -1
PR A%,

USART #8588 = MEIRIRE :  Mi4EIR (FE), HIEEH (DOR) RFEBRKE (UPE). ©
NEI T HFFEE UCSRA, HBiRFESHEN —EBRFEZKREDEEP. HTIEE UDR
2WERPEE , UCSRA HABRMAERZEWEPEE (UDR) ZHIEA, HIRFENS —
MR —MRECNBTEELSRHESRERENR, ERANTRISHRTRWREZYE , X
PATBIRER AT X EEIRFERENMLEES "0, AN IRIRSE T8 £ i,

MR IRPRE (FE) XA T EMEEZEREBAFBPHN T — N EmH E —MEIENHRS. =
ILZIE# (R 1) W FE #5&R 0, BN FE FRERN 1, XMRETARENES EX, &
R E A T4 E, UCSRC 1 USBS MR EBEFME FE #r&f , BAKRTE
— I, BREZBEHMNELNY., ATSUENSEHERE , 5 UCSRA X — {74
ZEIE 00

IR LIRS (DOR) RAM TEWE HRBER THIERR, JBEKREHHFH (BT
AR ), BRBAUFERXEHRE , st — MR ERA  BEEHMTE
T o DOR #R& B BIRAERKIE — R UDR AT —RIEEW UDR 2BEXRT -1
ESHBEM. I T SUENRAERE , B UCSRA BX — I AME 0, = EIEMEL
HMBNFFREABRETRE , DORIREHBES

BRC T B, A 12 ST BEIR. METE
DTGy comtAEME . s

B0, ATESE P13 REMMWITE " 5 P146“ FERKIT 7.

FERRBER NV UPM1 ELFE 2 T ERKER. RENEN (BREERTRE)HUPMO
WE, FERBREER  REFFITERABRENTEALERSHREMBN I B AHITLL
B, REARNERENFLV-BEEERRE PR, XHEHRTUED RERFER
BHEIRINEAL (UPE) REERKHIMFRERTR/EIR.

WRT - IMMEBREHEBFRENBEETERER , HEFEREMEE (UPM1=1), 1
UPE Bfu, BEI#EWEHES (UDR) #ULE , X—N—EBEEXK.

SREBRNE , RIERWRDZEER, EERROBIEFEXR, FiEZKREE (RXENF
F)E  BURFRFTESR RxD I/ ; #REH2R FIFO h 2B R, &R BER
=Ko

126 ATmega8535(L) m——
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R BIEEEW

& 5 b a4

REFSBE

2502E-AVR-12/03

B ENERR & ER FIFO WRIHT | S =RE %=, —rﬁlﬂib&'djﬂ’]?&ﬁ%?&o ZID%EE?:H:I
HMAMEEFRETRIFE TR , WEE—ERE UDR EZ RXC #R&FE. THH
RBETR T WA R ERE PR,

CemmpR M

USART_Fl ush:
shis UCSRA, RXC
ret
in rl6, UDR
rjnmp USART_FI ush

C kIR ™

voi d USART_Fl ush( void )
{
unsi gned char dumy;
while ( UCSRA & (1<<RXC) ) dummy = UDR;

}

Note: 1. ARBRBRECLEE T MK,

USART A— Mt REZ T MBFERE L TARLEZRSHEER, HHRESERT
EZM RxD S ANRS STHRENNBERS RN, BIFRESERERSE , H
BY—EERKFETEAAANS —VHE MMRESBRSENHRTHERE, FHERH
TEEEMETREDRSRNHHEE. WA ARRRR — WA eS80 M8,

g+ 44 BR T X A B IE D0
' ﬁ*ﬁtTmUﬁJ&ﬁ

5 ~ ¥ (R - E’Jx (U2X = 1) fE%

*mﬁﬂﬁﬁ RxD % z2 ﬂ(m&ﬁﬁﬂﬁﬂéw ﬁ *#Eﬁm

Figure 73. EIANFE

RxD IDLE START BIT 0

sanpie | 11 1ot |

(U2X = 0)

f
Sample I I<—T—>| I

(U2x = 1)

LR E B ME RxD & E—MEE (ZW ) EE (74 ) VBT B3R |, Binui
WEFHIERES . WEMR , RINARE 1 RRE-N0 R, AR, W RESEAX
B8, 9, 10(EBER ), HXMH 4, 5. 6(FEER ), KHMEAEWE —NEBH
IR AL, HD%QZA%#EFE’JWAjﬁgﬁ\%ﬁET—]EEZF(%ﬁ&ﬁu"&) BIEV WA
ERRFEMBIELEZ  BFRBSET T HSIENBERGR, MRLNE—NERH
e, ET%*'UIE&EEEN&H*/F#%&“EL&@EO F-MRAENMBLKEIREFNEDS T
&O

BUNHSERURSZE  BEMRETETFBT. BERELTEA —MRENX
BRI HEC. MBI EZBERXTES 16 MRS, #EERXTER 8 MR
Ao Figure 74 ER T XN BBUNFBUNRE . BIMREIHBEET T -1 8F , X4
BFETHRRERREETIHHREF S,
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Figure 74. ¥iERF B R

RxD BITn

SHENEY

(U2x =0)

I
g

(uzx=1)

A

“n 1 12 13 14 15 16 1

ot
AR A

BEZWINRECNSBEBTNAENSHRRE. KRN REHN =NMERE RO
REBHRE, NTREAXERE  BEFXREFSHESNEER. SHRREXHEITHE
B MRE 2ANHAAE 3 M REEBRERTF , BAKKNURAEE 1. NR 2 M MHHRE
SNMREEHREBE  BARKBNHRBENEE0, XMRDIIMAANESRKE , SHE
ROERAMRE —MEBIER. BERESRESHT  EFBERI - TEHBEM.
Hpt@ETE - MEIL, BERERZRBEMNELL,

Figure 75 B8 T Z LUK REF | LR T —MESEA MK F TREIANER,

Figure 75. fF1LI & T —MEIRARH

RxD STOP 1 (A) (8) (©)
AN P

(U2X = 0) 1 2 3 4 5 6 o1 01 o1

Sample T T

(U2X = 1) 2 3

OI1
E l’?iﬁo

WREBFF-RHATNSEEIBE |, WA REE £ —PBIEWR T HHOBEM. &
EEERR , F-MEEFHRERTURET Figure 75 5 A R EFEITHFERATE
—MEBERERILFIEEE B ], C AUNZEBEFLMNERNVE. NEHNVHRE
R B ER S TEEE

BUBNIESEIRRTREZEEINBEERRADEERZANTICREEE. WREAZE
BRLUS RES B LS RAMBUIEN | REBRBAPTEN RS LEHEENRE (L
Table 62) , BBABEKEBERLTESEBMNESL,

THHNLXXTARITERERARRSNIHERBR KRN LEE,

(D+1)S (D+2)S

Yslow = §TT+D. 575, Srast = D+ 1S+,

D FHKERFBUKENINM(D=5F1017)

S BUNRHEH, EBEXATS=16, FEREXTS=8

S ATZBRRNE-NREFS. EERAT S =8 , FEREXT S =4
Sy ATEZBRRNFEAREFETFS, EBEKXAT Sy=9 , FERKKXT S, =5

Roow = AEZH, RENHKEMARRSZRRRIEENLE ; Ry RTEZN. RIR
BB Rt AR R SRR B R L E.

148 ATmega8535(L) m—
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Table 62 #l Table 63 5| T R F R AIBZREFFEBIRIRE, FEEIENE ZBEEXTHK
BEAFEEANTILER,

www . BDTIC.com/ATMEL
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Table 62. HBEEX THENZRABKB[REFRIRETE (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 THENRAXBWRBRISRIRETH (U2X=1)

D BANERE
BB+ FB/O | Roow (%) | Reast (%) (%) EENBABRBRRE (%)
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
96.70 103.23 +3.23/-3.30 +1.0

W BDTTC  ComyATHEL -

FERUESRBFRRENATEREARD. B , BRERSHNH XTAL) NREMLET®
ESERIFERERX. ﬁﬁﬁaa?ﬁ%?i%éﬁﬁﬁ#ﬁ ASBWREE B TiERkeEM
= BREEFEFRNSESR  RANHTEEE 2% WRE. B MREWERR
!lﬂ'““ﬁi'ﬂgTo W E LB T — RSB KNS N S MBI BRI RSE, i
ALAEE UBRRE , EBIREBETAER

ATmega8535(L) m——
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ZRERBERER

£ MPCM

B UCSRA W 24 B2 BEE L (MPCM) AT AR USART #: Uk B35 UK B 19 B dm o3t 17
g, BLZEMUFEDNWIFEZE  BRLFABRREFR, E—PSLERRS
F, AERBEIENNRTELHTREE  XMIRAERNELD TEE CPU LEHNEIE
PSR, MPCMIUERBRENLEBN T BEEASABEBEERNRES
CHNERFELBRRE.,

MBREWEEFFERNBEMKERN 5B 8 , BLFE—NMEENURTIX—METENEHRIE
ER2HES., MRBRESEFIZERNEEMNKERN O , BBLHSE 9 L (RXBS) REBER
BIELRUEE, MRBEMERNN (F—MEENVHE O MENM) R 1, BLEX
p=3: 071 | i € L

EZNERBEERT , ZMIMNCES[TUN—NELESBRHE, 8 tEBI#EBH
MR ERMIUNRB— MBS, IRIFUIFE-—ITLER  CNEEBKREENH
&, MEAR ML IR RS & 208X Lo il B B 2 UK B 3 — N e 3k il

FHF—MERA ML R , ©AIUER 9 NEHEMER (UCSZ =7), INREHH
—/\ﬂﬁntvluﬁ (TXB8 = 1) FAIF5E 9 i (TXB8) B 1 , MMBEE—/NIEM (TXB = 0) MM E
BT, EXRMERXT , MCESSATHET o R EK IR
THAAESAESEEEXN THITIREIRNWSE
1. FIENAGERETEEZSLERBEEN (UCSRA FFHEMN MPCM &1L ).
2. ERBHBREEMUNE , FIENCERBEBOH RS, MALEEF UCSRA
H1F8EM RXC EEE L,

3. ﬁ ML EREH LRI UDR FEBNANETCHEEHC R %&ﬁﬂlﬂ MRES |
EE UCSRA Y MPCM i , BN ENEFT — M= Bk, HARE
MPCM 1,

ﬁﬁiﬂg@&%%ﬁﬂﬁﬁﬁ%{ &IME i, T ARLARIF
WWW ¢ " L@M%

2502E-AVR-12/03

— MMk, REE 2T 2ENIREEHRT,

{iﬁﬁ 5% 8 LASMmEX B AN , BRFXERR , BABKESTEMSA n M n+1 M
X2 EHTIHR HFERBNREBEAMRNFTRAKERE X REESEXNITER
EEBREE. MRFEA 5 E 8 LLiFHImiEN ﬂia_%%}*u&%ﬁ/\f“mu (USBS =1),
HAWE—ME A A TRl a,

FEFRE - 8% - BIET (SBI M CBI) k&4 MPCM £, MPCM H TXC #RE A
E#9 /0 Bt , £/ SBI = CBI R R« M EES,

A IIIEI% 151
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5 UBRRH/ UCSRC &  UBRRH 5371258 UCSRC £/ /0 #biit, B iR bt AT TS E = 0 TR,
178

Bi5E %Eﬁﬂm&ﬁgﬁﬁﬁ,U&RT%ﬁ%ﬁ#ﬂ(w&agﬁﬂﬁ%l%%ﬁ%o%
URSEL 73 0, Xf UBRRH {E¥#7 ; & URSEL A 1, X UCSRC R EE#f,

TEABLS HNEHFEXRANFER.

SComeapie (O

. IZEUBRRH 2
I di ri16, 0x02
out UBRRH, r 16

. ZEUSBS SUCSZ1 ftHh1 , AERLHO0
Idi r16, (1<<URSEL) | ( 1<<USBS) | ( 1<<UCSZ1)
out UCSRC, r16

C RumpiE "

/* ZEUBRRH Jy2*/
UBRRH = 0x02;

/* z)zEUSBs 5ucszl fwH1 , AERLH 0%

WWW BOT ¢ Com/ATMEL

Note: 1. ZARBEBRECLKSE TR L4,
WMBIFRFFR , NAFERNBIHFRIAE WA /0 i,

152 ATmega8535(L) m——
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EiGE ¥ UBRRH 2 UCSRC FHEMIZIHRNMRAER, BEEAZSHBAS  EXFTEERX
LeRFE,

EiGE AR FES, —HIRE UBRRH FEERNANEE /0 ik, AEHFFaSbut £ —4
RENHEARPIEA YRS TNFESRNIEANIRE UCSRC ABH, 5 &
UCSRC MR 50 B3 T4, EIRREFRI DU (HlEEIELBHKT ) BDRAREH,

THEHABLS HNR UCSRC FFEHAR,

SCamRmBpIR O
USART_ReadUCSRC:
;  BEUCSRC
in ril6, UBRRH
in rl16, UCSRC
ret

C R pHIE ™

unsi gned char USART_ReadUCSRC( void )
{

unsi gned char ucsrc;
/* BEUCSRC */
ucsrc = UBRRH,
ucsrc = UCSRC,

return ucsrc;

W BDTIC &6/ ATMEL

¥ UBRRH ABRMIRREFR B TR , BY — RIS EEH R ZFESR U | ZF

FRENEBTFRMER.
USART #HFaaiiR
USART I/O #3251788 - UDR
Bt 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 BWMIESHFEEHLZHEMN /0 it , #iR
USART #IEZFFHH UDR, HHIEE A UDR KIEFRIGEN R RIEKRIBE HES1ES
(TXB) , i UDR B}3RBriR B Y 2K EHIEE HFFE5 (RXB) AR,

5. 6. 7THRFREXT , REANS AR LEHZLE , MRWB[URFEIREN 0.

REY UCSRA F1725H UDRE Fr&B /G F AT AN KA B s #t T B4, IR UDRE
REBNM , BABEA UDR HWEHIEAH USART RIEBZK, YMBEAREETERE ,
EBNSESRNE  RESNERENSILAEBNSER, RAEHERTHEM TXD 3]
Bi%

BRERSHFSE—IFR FIFO , —BEREFBRT U FIFO RERTEHRS. Bit
FTENX—FHETERR - BR-BEET (SBI M CBI), EALEMES (SBIC M SBIS)
REND , BAXBAEAEEHRE FIFO BPRE.

A IIIEI% 153
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USART B HFIIRASTEER A -
UCSRA

ATMEL

Bit 7 6 5 4 3 2 1 0

| Rrxc TXC UDRE FE DOR PE u2x MPCM | UCSRA
®R/EB R R/W R R R R R/W R/W
IRE 0 0 1 0 0 0 0 0

 Bit 7 — RXC: USART #ZIh4 %

BEREPBRPERIEHAKREN RXC B , BNES, BRI | EKRE q:%smu
T, S RXCESE, RXCHE ‘Jﬁﬂ%ri#&ﬂ& =R (A RTRXClEuE'J#aa )o

» Bit 6 — TXC: USART RIX4&XR

REBMEPBEDHEEREY | BN EXEFEE (UDR) B2 TXC B, ITEAREE
RAPUTET TXC FREBHBIES ﬂz‘m;@ﬂa 1 BITERIEE, TXCHRETAREERE
SER AT (XY TXCIE&E’J?‘“JIE)

» Bit5— UDRE: USART ¥iE5 18820

UDRE#REIE H K xE 4 E8(UDR)R B E R IF BT EIE. UDREN1IREAZ HEENZE ,
HZFHRITHIEER. UDRERE A AR ERESEES =AM (WX UDRIEM KR ),
E{If5 UDRE B , RALZEBEZRRE,

» Bit 4 — FE: iii4si®

MBEBEHBERINVNT —NE2FEMNER , MEREFEFNT—INEFNE -

IR 0, BBA FE Eff. X— U —EERES J?%WE/‘F%E(UDR) BORE, ZEEWFIMY
F1E o 1 ET FE #R& A 00 X UCSRA #TEAR , X—EE 0,

+ Bit3 - DOR: HiE&H
;&E,ﬁﬂjm‘ DOR Euo é#&ﬂ&iﬂ#%& @ATWA&E &qu%fﬁaﬁxﬁzm

o )

USART 2 HFfIRASFEEEB -
UCSRB

» Bit2 - PE: ﬁﬁmﬁ'@*m

éﬁﬁmﬁﬁ (UPM1 =1), BEKREFSB[DFERINT - N E2FETEBREEIRN
UPE B{y, X— U —BEAEREZEWEHEE (UDR) #HiLEL, X UCSRA #{TE AR ,iX—
NEE 0,
* Bit1-U2X: fFE%K%

— (X FRSREEEN, FARSBRENTRHLES,

BB RS ESHEFMN 16 RE 8  MNMERN SRS ESERNNEEWEZMNE,
+ Bit0 - MPCM: ZAEREBEFER
BB EZAEEEEER, MPCM BALE , USART EKEEZEKIINBLETRS

B HkE B A A DR A BB, KIXBETFZE MPCMiREN M, FHAEEESE P151
%&J.IEEE'LI_‘-*ﬁ_t o

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: U4 R hif AL

B J5fERE RXC Fiff, X RXCIE A 1, £/ Mi#rE&{L SREG &z , UCSRA Z1F85
B RXC 78R 1 B AT LA 4 USART #ZURE R 7,

« Bit 6 — TXCIE: 2L RPMifEgE

154 ATmega8535(L) m——
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USART #HFfIRSFEFERC -

BENLEERE TXC Flti. X TXCIE I 1, £ FFEIFREN SREG EfZ , UCSRA FEH
TXC 78 1 BRI LA 4 USART K% 45 3R A T,

+ Bit 5 - UDRIE: USART HiEFFaa e hirfEsE

B /5 ffE UDRE F#, % UDRIE R 1, 2R FHirE SREG &1 , UCSRA 1785
#) UDRE 788 1 Bt AT LA £ USART HiEF 128 = P i,

+ Bit4 - RXEN: W ERE

B EME3 USART #1kE5. RxD S|RIAYE A% O ThAE# USART ZHAREFTEMR, ZE 1
BT RIFT W EHES , HE FE. DOR K PE #r&ELM.

o Bit3 - TXEN: RiX{EfE

B ER B3 USART £3%85, TxD SIHIAYE M i O IhAE# USART ZAEFTEL/R. TXEN
BER  RESIMENBBEAEATEREARSTHEBELRIL AXEBNTERSE
EENSESTEEERENRIE. XAR/EZILE , TxD SIBREEER I1/0 Thie,

o Bit2-UCSZ2: 2 kKE

UCSZ25UCSRC&H#F#RIUCSZ1:04 8 — B AT IRERENFIIENBRELR(FH
KE ).

 Bit 1 — RXB8: ZU¥iE{ 8

3t 9 (L BITWIHITIRER , RXB8 25 9 MNRIE, BN UDR BEMRNBFECRIE T
Ei%£H RXB8,

+ Bit 0 — TXB8: X% iIE/I 8

X4 9 (U EBRATWUREATIRMERT , TXB8 B 9 M#E{L. B UDR 28I & EEX ERITERF,

R/W R/W R/W R/W R/W

ucsSrC™ A A ATRIC] o
WWW | Rl \ upseL [{up uP s J ugdf{ | uc§zo | ucpoL | ucsrc
" w7s RW RW RW
1 0 0

2502E-AVR-12/03

HEE

Note: 1. UCSRC ZE7#855 UBRRH ZHEes £ AMERM /0 tbit, XNZFEBNIHER , BSA
P152“ i8] UBRRH/ UCSRC &8 ",

* Bit 7 - URSEL: 788k

B %% 5B UCSRC 1855 UBRRH F15788, ik UCSRC B, Zfuh 1 ; 4
B UCSRC B , URSEL ¥ 1,
» Bit 6 —- UMSEL: USART #Xi%#%

BEX—UREERS LIRS THEERX,
Table 64. UMSEL iR&

0 0 1 1 0

UMSEL #HX
0 FREEBRE
1 EEZ:X(3

A mEl% 155
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e Bit5:4 - UPM1:0: FERBER

XAMNIRETBRENERN HFAEFTERE, NRFAETTERE  BLAELERE £
EREBLBITFEHLETERENMN,. NE—MERINEE  BRSEHETE—FTE
B, #5 UPMO FMZEMEH TR, MRFTE , BBLART UCSRA HH PE B,

Table 65. UPM % &

UPM1 UPMO TEER
0 0 =31
0 1 RE
1 0 BR%
1 1 FRE

» Bit 3 - USBS: 1tk
BEX — A LR EE I3, R ESAMIX — (U RiRE.

Table 66. USBS iz&

USBS I3
0 1
1 2

+ Bit2:1-UCSZ1:0: & KE
UCSZ1:05UCSRBZ& 78I UCSZ24& 4 — B AT LLREREMI SN HTFE ML H(ZR K

www .BDILC . com/ATMEL

ucsz2 ucsz1 ucszo FHKE
0 0 0 512
0 0 1 6 fu
0 1 0 712
0 1 1 8 fu
1 0 0 =8
1 0 1 =B
1 1 0 =B
1 1 1 91

» Bit 0 — UCPOL: &bt

— U RATRASITHEER, EFAFSERN , FiX—EF, UCPOLIRE T fa i fz
R M ABRERSE | URESEF XCK 2B XK,

Table 68. UCPOL iZ&

UCPOL | RABEHIHE (TxD SIMELL ) BWHIRH KA (RxD SIEI@WA )
0 XCK EFin XCK T
1 XCK TE&n XCK EFig

156 ATmega8535(L) m——
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USART H4$£ %5 1FE8 - UBRRL
1 UBRRH™"

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
NHE 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, XNZFFEWIGR , FSA
P152“ i7i8] UBRRH/ UCSRC &8 ",

» Bit 15— URSEL: 88t

B iZf%R 5B UCSRC 1855 UBRRH F15788, ik UBRRH B , Z{uR 0 ; 4
E UBRRH B , URSEL # 0,

e Bit14:12 - {F8x

XENERNUEHEAMREN. A TESUENHRHRE , B UBRRH X EMES,
+ Bit 11:0 - UBRR11:0: USART iR 51788

XN 12 (N EFEEREE T USART HESSRESE . HB UBRRH @& 7 USART RiF=E
S 417, UBRRLBETIK 8 . BERNRTFEREERTHERELZEZIFR, B
UBRRL i ENE KBRS IR

www . BDTIC.com/ATMEL
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FirERIERERSNERE  FEPEXATREANKSEENY Table 69 # UBRR #Y
REXR=4, RPNWEABERTHAEFENRERSERREENRETET 0.5%.
FENREHETLESH  BAESNRBELRE , BSIRETECRAEREN (5
EP148" RETHEBE" ), REAUESHNTARNITE :

Error[%] = (BaUdEaatde;’;ij Vateh _1) « 100%
Table 69. BRAKHARME TiRE 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% 11 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 2 0.0% 5 0.0% 2 8.5% 6 -7.0%
57.6k 0 8.5% 1 0.0% 3 0.03 -l % 3 8.5%
76.8k - WWW 1 ! ( -25.00/(‘ @ m % \ 1 M ol | 2 8.5%
115.2k - - o 7 B 7 0% 0 D% 1 8.5%
230.4k - - - - - - 0 0.0% - - - -
250k - - - - - - - - - - 0 0.0%
sFAM 62.5 kbps 125 kbps 115.2 kbps 230.4 kbps 125 kbps 250 kbps

1.

158

UBRR =0, i®Z = 0.0%
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Table 70. BAIRZME TIRE UBRR M| F (£)

f,. = 3.6864 MHz f... = 4.0000 MHz f.o. = 7.3728 MHz

N~ U2Xx=0 U2X =1 U2x=0 U2x =1 U2X=0 U2x =1
(bps) UBRR | RZE UBRR | RZ UBRR | RE UBRR | iRZE UBRR | iRZE 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% 11 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% 11 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%
gRM 230.4 kbps 460. 5 s 0.5 Mbps, ) | 921.6 kbps

A IIIEI% 159
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Table 71. BRAIKHH[ME TIRE UBRR M| F (£)

f,.. = 8.0000 MHz f... = 11.0592 MHz fo. = 14.7456 MHz

N~ U2Xx=0 U2X =1 U2x=0 U2x =1 U2X=0 U2x =1
(bps) UBRR | RZE UBRR | RZ UBRR | RE UBRR | iRZE UBRR | iRZE 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% 11 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% 1 0.0% 23 0.0%
115.2k 3 8.5% 8 -3.5% 5 0.0% 11 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%
BXM |05 Mbps 1 Mbps 1.3824 Mbps b | | 1-8432Mbps
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Table 72. BRAIRHH[ME TIRE UBRR M| F (£)

f... = 16.0000 MHz f... = 18.4320 MHz f... =20.0000 MHz
N~ U2Xx=0 U2X =1 U2x=0 U2x =1 U2X=0 U2x =1
(bps) UBRR | RZE UBRR | RZ UBRR | RE UBRR | iRZE UBRR | iRZE 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% - - - - - - - -
gRM 1 Mbps 2 152"Mbps 2.304 Mbp T R° | 2.5 Mbps

- e W BDTEC . COMZATMEL
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& BITEAO TWI

B . HE, ERBATMRENERED , AEEFRBL
. ZRINFMMILEE
- BHTUTHEFRESESRERSBER
o 7 {IihtZoE AEFH 128 ML
- ZRETHHR
o B3k 400 kHz I BUEE MR
. PET B HIRZHEE
-7umﬁa&ﬁmm@ﬁwﬁ$
o TR M dHE R 23 3 it
o EEREE bk PU AT SAMAE AVR

AL BTEQRKREN FLED TWI RESTHANLEENA, TWI ML AT REIEITTE RARENE LR
LAY 128 NRRIMWIEE EES — 8, XFARL — 284k SCL , —254E SDA, 4
HEHRAZEFANLNEME  SREL -, FIEEEIEE WSS SEE b,
TWI HYBRIR T 5.4 fh 69 5

Figure 76. TWI 2.4 MiE#E

cC

Device 1 Device 2 Device3 | ........ Device n R1 R2

www . BDT1C_com/ATMEL

SDA

A
\/

SCL - >
TWI #5C RTFESCHEARTHELI,
Table 73. TWI ia5C
£ L
EH BHNELERERE. EVEFES4 SCL it
ML WENTUMRE

RIERR FHRERIES& ENIRE
iR MELIEIBIERIRZ
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BARER

HREARM AR
RMBEE ()

www . BDTIC.. ComZATMEL

START/STOP k7%

Mot A

2502E-AVR-12/03

M Figure 76 AT LAE H , FREHEN LN BEESERRIER. TG TWI RENS40E
ZEHHBRRNITRRELRITRN. XERII THBOREEERENE S I,
TWISSHRER "0 8, TWIREAEFERKETF, HFAENTWISHRE N =8N , B4
WHESEF , AR LNBEESEENS, T2, IRIIMANEKEE , ARS TW A
SEEM AVR B84SR LB,

BEREEENEAEHREZSUTREGRS  SEBARERT 400 pF , MERA 7 MW
Hab# TS a, TWI FARNBESSMHIRAIEN P245° MLRTEOSME ", XILLEHT
FAANTENAE , —HERLEEM/ET 100 kHz , BN —FE B L% E Sk 400 kHz,

TWI B4 EBRBEMNZESHEARS. ML Aan , JELXBELXTRBFRE | B&
FERHEFLENRET,

Figure 77. BIEB MM

SDA

SCL

FWNEDISEEEEESH. ENESLLEAE START EEUBHEELSH ; EER&LEL
i STOP S5 LUEILHIEEH. £ START 5 STOP RAZHE , EEBRERLNL , TR
HHEENZEE%, 30|27 START 5 STOP RAZ AKX H—NEHH START K&
X#E# A REPEATED START XA , EATFENEFARFELLEFNERT B FNE
¥, £ REPEATED START 2/5 , BEE|T—/ STOP , FERELLL TR, X
S START B2 —#M , B EARFME , R &EEHKIA , START 5 REPEATED
START ¥ START &R, I TTFFR ,START SSTOPIRARESCLL W&t |, B HZE
SDA BB FREHH .

Figure 78. START, REPEATED START 5 STOP R#&

\ N N
- 4 I - -
NN

START STOP START REPEATED START STOP

I TWI B4k EEXEN ISR 9 1 , G 7 fbitfy, 1 2 READ/WRITE 24|
51 LN, R READ/WRITE A 1, MNITIRRE ; FUHITERE. MIES
HE , BAEE N SCL (ACK) BHIEN K SDA EHNE. EZMIILREHECERERE
TEMBEN , MRNiZE ACK BHREE SDA AE. REZH ALY STOP RAR
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WWW

it NBFEILE R — 5%
ENGATR
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REPEATED START RAEH A B A%, it @S EMNMU S 2 BFH SLA+R =
SLA+W #y READ & WRITE i,

HaEFHH MSB BB RE. MAlibitRigitEEROE , EEEFRZ 43 0000 000
ERT it

YHRIET BT | IR MYLNE ACK BB RIK SDA fEHNZ, HEHMEERIX
HENESSS MY AT LUER B8, 2§ Write U7/ M 252 , TAHIM
LB 1E ACK BB HK SDA A, FRERN MR ZRNBFES, TEEE
AR R IE Read R BEEN , BN MR MIKET RN BIESTHRELHPR,

FRERIM 1111 xxx BNt MEZRE |, UEFREH.
Figure 79. ittt &R

Addr MSB Addr LSB

DX
WAVAVANE

START

FREE TWI B EEXNBIESRN ok , B1F s UHBEMR 1 MNE L. EHEAR
F, I’fﬂ,f‘iﬂﬁq’& START 5 STOP R% ﬁﬁ;%u&%%ﬂnﬁﬁuﬂzo NZERBEMIESE 9N

E" #o ﬁu%?&ﬂ&%ﬁ S E5, EH&%%EEEE
1y a= i DY e s ﬁ el 3 g&?yiﬂj NACK k&
kN 2

Figure 80. HEZHEN

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 REHEK. RE START
5 STOP RAMZEEERIEEN, WEFIA SCL ME&SIHRERIZIMENSMINETF,
MBS K SCL RIEK SCL ﬁ%ZFE’JHﬂeﬂo Y EHIRER T ERERRT FMAI K
R, INNEET/ART SR EHER , X—B$HRIEEERN. MYIEK SCL KB
ZFE’JH'J‘IEﬂTéE’"F] SCL SHF M E ljj SCL SHEPNAEREENREN, BHLERT
4, Bt k3 SCL B 5zt AT R 1K TWI BEAEEE,

Figure 81 B3 7 BR R M BR4E L 3%, SEESLA+R/W 5STOP 2 BME XN EF BN ARF
Y IMSURTE
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Figure 81. BRI IELIE

Addr MSB AddrLSB  R/W ACK Data MSB DataLSB  ACK

START SLA+R/W Data Byte STOP

ZEHEERE , FBFIE W i AESE LRSI, BAEIENENEE SN ENERNFRLERE  t
% ERITILAETEHRT. ZENREPEHNEAH :

ﬁﬁiz MRABRAW —NENTEAEIE, HEHRENRACNKREEENENFLLE
¥, INMERIBMANMER, ARFHNENRAEMFERRY , MILEIFERE M
’fi‘b#&)ﬂﬂz‘?—: SRIRE R BN ENT 4, BR LS ENRRERRFRZL
ML NE EﬂTl‘FE&%%EEE\ﬁzLE’J%%O
TR EN ATREER TR SCL ML, HRIEAEN—BM , KPR —HESE
PN E R, X2ELHARTRE,
BN SIhEEARMER LR A, HRENENRRTSRE , 2ERASHE
HEBFNESTHAEENTREN - ; REFHBUETREENHRKE -
PR ENEREY SCL , EHITUAMBITEASGS /KEF5ASE SCLESE /EEF

HY B[R] 2= 5%
Figure 82. x4l SCLHEX
Alow ‘ hlgh ‘
| \
| |
|
WWw . B2 ﬁ com/A |
|
\ \
| |
| |
,,,,,, | L
SCL From | \ W \ I
Master B | \ & | B
[ 1 I
\ \ } } \
\ I | \
SCL Bus | | | |
Line \ | } } !
| | {
\ By o TBpign \
\ Masters Start \ Masters Start
Counting Low Period Counting High Period

WHBEC BN BRI YT SDA KL E . R SDA EEHWBESENE
HOBRERTE , ZENNAREFR, EIEREFY - MIHNAESBFH SDA, MHE
CENBERE  ZENTLEEMR  ATNENMIES  RUESFRBHOENT
5, SkEMPERMENAMG SDA BES , 815 BA SRR B4R 2 §15E AT b 4 A
HEE, FRFLBEIRARE— I, XTESEBES LS. MR
BERMTF U, FRFSBEIIBES.
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Figure 83. WXz AN MHE

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 iB{
—N STOP REE5 — MR
—/N REPEATED START RA& 55—/ STOP %
NMAHHNERE ERER  RIEFSHIXEIEEHBRES, XEREEZSEINRSES

FRIENHRFEARLNBAARN SLATRW SHESASHR. RIYEFEYR : IENEZELMR
BEHEERENKES  BUNARERTEE L.

M www SBETFCCOH7/ATMEL ™
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Figure 84. TWI R #R

Address Register
(TWAR)

Address Comparator

SCL SDA
Slew-rate Spike Slew-rate Spike
Control Filter Control Filter
A A
y y
Bus Interface Unit Bit Rate Generator
STAE‘DI'rftrSC)‘:'OP 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

Status Register
(TWSR)

Control Register
(TWCR)

State Machine and
Status control

TWI Unit

RRHIBH R
LA MR IR AR

B SCL 5 SDA 5|t , AT LAFERE /O DN ERAY LBl | IX#F Al & SN E0RY L HI B/,

ATMEL
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byt DU ST

#HE T

ATMEL

TWITHETFENERE | LSRR A B EEMES SCLN AR, B4R TWIRSFFEE
TWSRHT S MR BUA R LG RBFEFETWBRIZE. ¥ TWI THEEMNERE  AEES
LES R R B ITIRE , EMHLE CPU B3R MM A TF TWI BHhsk SCL SR 16
&, FE , MILTTRESIEK SCL IKEBFMRE , NMERE TWI EL&NTF1Iete B,
SCL E’Jﬁﬁﬁmﬁuﬁ’] YR

CPU Clock frequency

SCL frequency =
16 + 2(TWBR) - 4" WPS

TWBR = TWI b3S R FEFSENEE
«  TWPS = TWI RS EFFEHRM o0 MEHE
Note:  TWI T/EIEENERA , TWBR EMIZT/NF 10, ENEH.LTE SDA 5 SCL =R
HERRBETRES. RBHIAT TWI TEEENEXT , @MYLKIE Start + SLA+ RIW §
MR (FEEENEMINESELEE ).

% TAERES U B FFEE TWDR , START/STOP 4|88 M S &MY EEH4 B
], TWDR FESATFEMAESZWEES UL, BRT 8 4 TWDR , B&iENE
TTEE—NEESR , B8 7THATEAESERNZR (N)ACK, X4 (N)ACK F1ZE5T8E
BRFEEAE, YERHEEN , BB TWI 24|25 1788 TWCR XBUHEE ; £X
EEAER , (N)ACKEH TWCR HiRERE.

START/STOP Z4IgsamAmA MM TWI H4k F# START. REPEATED START &
STOP RS, BIMELE MCU &b FARERIRAET , START/STOP #2485 ARAEB A M TWI B4k
B START/STOP &4 , YN EBH 4 TWI B EEH I HET |, 5 MCU MIKREEIR
AHLEE,

Zzu% TWI L,LEIE’le*i‘ﬁFZJJT%ZE%ﬁ REA N BRI ISR T S 4 |, BIEAERE AL

WII@E%&WIPA#%L%* 7 b

31k PUFR 8 SRR MM Bk EIER TNt BB S TWAR FE85HM 7 (it 45T,
ME TWAR B8589 TWI BRI 2R B 6EREL TWGCE 1 "17 , MELLZREIA it th
S5 Eib it #ITHER, — Bt CE K, E%ﬂiEJQ?%EIJE%D%&?TIEE%M@R‘O
TWIRT LA R |, th Al BAR I B E ALK F it |, XBURF TWCREFEZESHIRE, EIEMCUL T
PRERIRASHY mtmaiimﬁwﬂﬁlvﬁo —BEHFURIXNEH , BALE MCU M
RERIRAS KR EE,

REIR T TWI B4 |, HRIE TWI 25151788 TWCR WigBEHAER MR, X TWI
B EFEFENARRF TRAENE4E , TWI PEFREM TWINT BN, ET —/ 8
%W%Eﬁ , TWI RAEFFE TWSR BHRTREXNEHHNRSBFIAEH. EHENEE ,
TWSR AN —NMNERTIEEHFRENFHRRESF. —B TWINT FFENLE "7, 8Lk
SCL BN HI{E , BE TWI B ENBEELH , LAFERFRLEEH,
ETFHRREIE , TWINT FRELBAL
« FE TWI 53X 58 START/REPEATED START 582 /a
. TWI &S SLA+R/W BB 2 5
« ETWI EREEHUFFZE
o HETWI BLMHBEIMZE
o ETWIHENITUZE (S BHRNIM YLt uE T )
o ETWIERE-IMBEFTZE
o ERMHLIERT , TWI US| STOP s REPEATED START 58 2/a
- HTIEZEN START = STOP E5 &K B LB IRET

168 ATmega8535(L) m———
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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 R/W R/IW R/W R/W R/W R/W R/W R/W
NHE 0 0 0 0 0 0 0 0

* Bits 7..0 - TWI LR F1288

TWBR ALLBREAERDHFRE T, LBFBRRERE—NOHEE  EENERX T ESCLE
MR, RBRITEANFEN P168° LLFRRERFET”

TWI #4858 - TWCR

Bit 7 6 5 4 3 2 1 0

I TWINT TWEA TWSTA | TWSTO | TWWC TWEN - TWIE I TWCR
®/B R/W R/W R/W R/W R R/W R R/W
NHE 0 0 0 0 0 0 0 0

TWCR FRIZHITWIIRE, SRARERETWI , EXEINSTARTRI B & EXREBaENIFR
FEBWEBENE , 4L STOPIRRA , UREBEARIESE TWDR FEH[MNBHELZNEZ
E, INFESREATLAHE TWDR TEiFRHE | RNHIESAZ TWDR malE2H
EARREER,

o Bit 7 — TWINT: TWI I lfi#R&

MTWIZREYE I  FENARENAR TWINT Bz, & SREG B | FrEUR TWCR
FFEMN TWIE fREBEN , W MCU #4T TWI RHTHIRR, 24 TWINT E{zat , SCLE
ENEBFHIERK, TWINT FFENBEXTNBIHRES "1” KEK. HITHHNEET

=y 5 " o g;i% = FI 55‘_' 1‘ 7 }F#I%I{/Eo ﬂ:t ) T:E
WWW BEEEA G- ComEAT Mt smss
=iz R ¥ i 7 =

+ Bit 6 — TWEA:TWI fHRERIE

TWEA RS2 SINZOPH =4, & TWEA B , B T& A0 % ACK bk :
1. DEWMu S EHN K B U EEES

2. TWAR H TWGCE & B2 ) /7B e ay

3. EEH/ MNBRERX TEZRE - N2 HNERE

F TWEA BEA U ESAENEEEL, BUESREEMRE IR,

+ Bit 5 - TWSTA: TWI START R&4#RE

Y CPUFLEHOCHRNEL LWENNEEENM TWSTA, TWI BAHARNELEBTH,
EREZTWH  BOMELSL EF4E START RS, BRALIC , #EOR—EBESE , EFEN

F—STOPIRZA ,REF4E START LUEHBE S HFER N W, 51X START 2584
BAEE TWSTA,

« Bit4 - TWSTO: TWI STOP &I E

EXHERT  MREBL TWSTO , TWI B FEEL E=4 STOP IRA |, AR/F TWSTO
BEEZE, EMIERT |, B TWSTO LA O ME IRRSIRE B R E T 4t BRAS,
Wt R L% EFR4SE STOP AL |, B TWIRE —NE N FHRFEIHHMNERX AR
M SCL 5 SDA I EMEA,

» Bit 3- TWWC: TWI BEZeir&

% TWINT REREHEZFFEE TWDR FEN TWWC, H TWINT AEKN , 8—XX
TWDR W B 1j 8] #45 E #bLbrE,

« Bit2 - TWEN: TWI {E8g

A IIIEI% 169
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TWEN A FESETWHRESBUETWIEZ O, M TWEN#EE R 178t , TWI S| BI¥F1/0 3|
E# 2| SCL 5 SDA SIHl , FEERERRRFIZFSRNIEEREE. MRZAES , TWI
BEOESSERA | A TWIERSFHL L,

e Bit1-Res: {#&

RE | EEREER 0%

 Bit 0 — TWIE: TWI S ¥ifERE

X SREG W | LAR TWIE B{uat , RE TWINT R "1, TWI hEFB0E.

www . BDTIC.com/ATMEL
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TWIRSHFERR - TWSR

TWI BIE 778 - WWW

TWI( MHL ) i1k 25 17 85 -
TWAR

2502E-AVR-12/03

64
BOTIC.Com/7ATMEL ™
- Bit 7 6 - 5 4 3 2 1

Bit 7 6 5 4 3 2 1 0
| Tws? TWS6 TWS5 TWS4 TWS3 - TWPS1 | TWPSO | TWSR

®I/IE R R R R R R R/W R/W

HE 1 1 1 1 1 0 0 0

+ Bits 7..3 - TWS: TWIRA

X 5 ARRER TWI BEBMELZPVRS. TRMNRSKREFAEETANBDER, T2
M TWSR i HWESTE 5 MRAES 2 NS ME. BNRSMEIRITE N BB M
IR "0 XERBSEMIR FROMBIRE. ELBHRFHANERT , EFMPERZ
FiEo

e Bit2-Res: {#H&

RE | RIEEER "0

* Bits 1..0 - TWPS: TWI TR %

XHuAEE /B, ATFEHLERmM oA F.

Table 74. TWI L4525 5%

TWPS1 TWPSO0 Mo mRE
0 0 1

0 1 4

1 0 16

1 1

0
| wo7 | TwD6 | TWD5 | TWD4 | TWD3 | TWD2 | TWD1 | TWDO | TWDR
®R/EB R/W R/W R/W R/W R/W R/W R/W R/W

EREER , TWDRBETEXREMNFT ; EEKERX , TWDR @& 7K EINHKIE.
Y TWIHEREHRITBAI/E (TWINT B ) XN ESESBRTEN, EF—XFlE4E
ZH AP e L iR S e, RE TWINT &z, TWDR WHEREREN. £
BBHN , R LN RERNBASES. TWDR EEA8T7THL EHIUNGEE—1F
T, BRIEMCU BN E B REBERNHE TWI hH¥EE, et TWDR AR BEE L. &
KB AWM | EVFTVRAMY , BEL EHIWBIERSER, ACK WAER TWI
BHEEFEE , CPU TREERIHR ACK,

* Bits 7..0 - TWD: TWI %iE 5788

RIFRSHAE , HRBENEREN T -IMFT |, FIRBRIIOHE,

Bit 7 6 5 4 3 2 1 0

I TWA6 TWAS5 TWA4 TWA3 TWA2 TWA1 TWAO TWGCE I TWAR
/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 9 MLt ik, THEFMHERET , TWIHRHRIBIX ANt b #E TR, AR
XFAEE i, ESENRSEP , TWAR FEHTRENERHMBENFEBES,

TWAR K9 LSB AT iRAI bk (0x00), S HRE—MbittbRER. — BERSA bt
MANE — B, SR EIFBRFUF,
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 Bits 7..1 — TWA: TWI M\ ¥l it Z575 88
HE N Mt

» Bit 0 - TWGCE: TWI /" #&iR Bl #E

B {5 MCU TT LRSI TWI Bk 1%,

www . BDTIC.com/ATMEL
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58 TWI

AVRHY TWIEORHBFWMETHEHN. MENELEHS,  NERE - NFETRRET
—NSTART E5% , HAEFE—N TWI Bl BT TWIHEORETHH , Bit Twi
BOEFTRENZRIRY , FEENARFN T, TWCR FEHH TWI il A%
TWIEVHMISREGEHEEFHNERTM AT N —RBRE T NARF 2B MM TWINTIRE =
EWHHER, MR TWIE HET , NARFREERARIE TWINT SrEMH T 3EREMN

TWI B&IRS,

Y TWINT FREMNME "7, KRR TWIEOTR T HeWRE , SENREFNEMN, £
XFERT , TWHRASFEES TWSR 22 7T REHF TWI BERSHE, MARFETL
EH TWCR BVIRARE B R A RAREER , A BZiRE TWCR 5 TWDR F17:88 ,

REET—NTWI BB TWI 0 Mz T4,

Figure 85 44 i M AEF 5 TWIHR OIEEN P T, ZHIF , TN RE-MREFTHEML,
XERARMRE , ATNERLAESHER  SERENRBHE.

Figure 85. BBARTELMPNAEFS TWI O

Application
Action

1. Application writes
to TWCR to initiate
transmission of
START

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

TWI
Hardware
Action

2. TWINT set.
Status code indicates
START condition sent

4. TWINT set.

received

2502E-AVR-12/03

Status code indicates
SLA+W sent, ACK

6. TWINT set.
Status code indicates
data sent, ACK received

Indicates
TWINT set

1. TWIERNE—PREXESTARTES, BI3X TWCREAKER ,IERTWIEH
Ki% START 5, BAMNEBENEREIRA, EEAEN TWINT NEEN , X3E

BEE, 4 TWINT B "1 FRILERE,
TE2BoEMiEE, —B TWINTBEE

TWCR Z1F8389 TWINT &z 81| TWI
TWI B START S5 B s BEE

2. STARTEEE#WARERE ,TWCREFZEM TWINTHREMLEN , TWCREH F AR
A1 , ®F START SERW K%,
3. NARFNRK TWSR ,BE STARTEEERIIAE. MR TWSRERAETE
NARFUURT—EEERE  LNBABRLERF, NRRSBESHEB—
B}, NARFEMSAE SLA+W #F A TWDR, TWDR T ERHE#it SEHEREH,
TWDREASLA+WE ,TWCRAMEABEBE RTWIEHLKIESLAtWES. B
ANESEEEIRBE, EEAEN TWINT LEEWY , XEEEE, 4 TWINTE

"1 BRI FR R
TWINT B2 |

TWCR F7F2858 TWINT EZHiE TWI T2 B3 EMERE, — B
TWI Bzhib it @R 1E5%,

4. itV EIES , TWCR H1EEEM TWINTHREMNEN , TWDR EF A FHRERE |
REAMUTHIIRE, RESRBESRENNRENERN D,

5. NARFNRK TWSR ,AEMITERINAIE. ACK HHIEE, R TWSR &
TREE , NARFAURENT - LEERE , LNARSRLCERRF. MRRE
BEWMH -3, NARFATERESIRA TWDR, FEfg , TWCR 4B ARE
EER TWI BHRKE TWDR AHEHEES. EANEFNEREEH. EEAERN

ATMEL
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TWINTRNEE W ,XFEEEE, TWCREFEHFFHWTWINTEMNHRE TWIF2F 30
FMEE, —B TWINTEE , TWI BaiBESHEH,

BIREKAF , TWCR FE25M TWINT AREM BN , TWSR EF R IFHRESE |
RRABBEERII LR, RERBELRBMNIEETWNE,

NMARFRNKE TWSR BEMIU BERINELIE, ACK AHEE, MR TWSR &
THAET  NARFARRT-LEEERE , LNARASRLCERF, MERS
BEWMEB—3, TWCR XMEAFEEETR TWI BH KL STOP 5. BAN
BENEREHA, EEAERN TWINT NEEN , XEFEE. 44 TWINT B "1”
BERERE, TWCR FESHH TWINT EZHE TWI A& Bz{E[ERE. — 8B
TWINTES ,TWIS3I STOPE 5%, EE TWINTESTOPRBLXERFET 2
%ﬁto

RERHILRESE  BEEET TWI HEABSBPNAMAERN ., SLE0T !

ETWI B —RIRERZS SR , TWINTHREE . BEE TWINT BE |, itépsk
SCL F &K,

TWINTHREENE  AFPSIAST—NTWI A& FERHWEER TWIEFEE. 4
i, TWDR%T?%%WE%&AT ML AP ERIENE,

LA TWI FEBEIEN  MEHCEBHNNARFHEZ4% , TWCR#EE
AHIE, B TWCREF, TWINT R EM. ¥ TWINT B "1” FKlFrE. TWIE
Fa#ITH TWCR EE’JL:‘HEO

LHETICRE CIESHIR. FERETERBYIELHE .

TR BHIRE Cc REHIR L
1 Idi  r16, (1<<TWINT)|(1<<TWSTA)| TWCR = (1<<TWINT)|(1<<TWSTA)| %4 START £&
(1<< WEN) —

MDJLLCWQQWA MEL

2 Waiﬂi while ('( Z4 TWINT BiY , TWINT Bfi%
in  r16,TWCR T START EHE X
sbrs 16, TWINT
rjmp wait1

3 in  r16,TWSR if (TWSR & 0xF8) = START) B TWI RSSHE  BRMSH
andi r16, OxF8 ERROR(); fi , MPRBSFFR START &
cpi 16, START waE
brne ERROR
Idi  r16, SLA W TWDR = SLA_W; ¥ SLA_W 2 A TWDR 58
out TWDR,r16 TWCR = (1<<TWINT) | (1<<TWEN); TWINT BT , Bai KX it
Idi  r16, (1<<TWINT) | (1<<TWEN)
out TWCR,r16

4 wait2: while ({(TWCR & (1<<TWINT))) Z# TWINT BfZ , TWINT BuX
in  r16,TWCR : RELHD SLAHW EREH , RIK
sbrs 16, TWINT BN ZEHE ACK/INACK
rimp wait2
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2502E-AVR-12/03



| ATmega8535(L)

out TWDR, r16
Idi r16, (1<<TWINT) | (1<<TWEN)
out TWCR, r16

CRABEHIR C RI\FIE 83
5 in  r16,TWSR if (TWSR & 0xF8) != MT_SLA_ACK) B TWIHRSSER | BRSO A
andi r16, OxF8 ERROR(); i, MERBSFFR
cpi 116, MT_SLA ACK MT_SLA_ACK % 48402
brne ERROR
Idi  r16, DATA TWDR = DATA; SHIES A TWDR 5175 |

TWCR = (1<<TWINT) | (1<<TWEN);

TWINT JBE , Bl KA HIE

andi r16, OxF8
cpi r16, MT_DATA_ACK

6 wait3: while ({(TWCR & (1<<TWINT))) =4 TWINT B, TWINT BfrE
in r16,TWCR ; TELEYE DATA ERIE , RIKE
sbrs 16, TWINT RIE1E5 ACK/NACK
rjimp wait3

7| in ri6TWSR if (TWSR & 0xF8) 1= MT_DATA_ACK) | il TWI RS HE3R , REHS A

ERROR();

2, WRRESFTR
MT_DATA_ACK %% HE54b 18

out TWCR, r16

brne ERROR
Idi r16, (1<<TWINT)|(1<<TWEN)]| TWCR = (1<<TWINT)|(1<<TWEN)| %% STOP &
(1<<TWSTO) (1<<TWSTO);

1C.com/A

www . BD]
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TWI AIATHETF 4 NFREMER : T EEES (MT), EHIBKES (MR), MALKEIEES (ST)
RMHLEKES (SR), B—RARFALERALPER, Fl0, TWI A MTERE TWI
EEPROM BA##E , A MR #EXM EEPROM i BUiE, MR RZEHDEHEIHEE &
AT BELR TWI ZEBIE |, WA LLE SRER, NARFREXAMPER,

TEXSHEXRTEFREA, SHEXARSBEFARARERENE P HITHER.
XEEEBSTUTHEE

S : START IR%&

Rs : REPEATED START R%&
R:E—4 (SDANSETF)
W : E—/ b4 (SDA RIEEBEF )
A : RI%1y (SDA RIKETF )

A RS (SDANBEF )
Data : 8 V517

P : STOP IR#&

SLA : M#lithat

£ Figure 87 & Figure 93 A1 , BB AR5 88 TWINT iREER B, AEFHHRFRARE
T TWSR WHE , EPSHNERN 0. FEXEihh NARFLATIRITEEN TEL
HREE / SERR TWI /&8, TWIEHHEER , —BEZ TWINT iRERREES.

TWINT FrEEME , TWSR FRZSB AR REE LN HRIE, Table 75 Z| Table 78 44
HTE—MASBMENRGITENEEBTEANAT, IEEXERDTASANVE

www . BDTIC.com/ATMEL
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1 P 0 (o —
WWW B;%% ] mﬁmmm S —————
-"1 I T*l /l_,\/ S o IJ$ T /BhE E\"f ?ﬁﬁi;_é STARTo E

EENEEER | EVTARMYLLIEESE , W0 Figure 86 FT R, AHAENER | SA
Kix START 5., EESNH KN REFA MT H MR ER, MRELZE SLA+W 3
AMT#ER ; RELE SLA+R N#H A MR X, ATRINRSZRIGET 25
ﬁ:’ "0 [e]

Figure 86. EH KIFEEX THEHIEER

VCC
Device 1 Device 2 Device 3 Device n
MASTER stave || | e, R1 R2
TRANSMITTER RECEIVER
A A
spa —Y
scL Y
BEE TWCR HEHZHRBEATIHRELE START 55 :

TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN - TWIE

0 X

B HIRE TWINT B4 , TWSR BPIRZSHE J9 0x08 (L Table 75). J# A MT X |, 44
M SLAHW, X ATBIT T TWDR BA SLA+W 5!%9—% ER MRS BAES TWINT
*T/L,\ , TWI 4%?3%&1&1]’0 i’i —IE TWCR %‘Tﬁ%%q:'ﬁlj_ {EJ’DEX

TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN = TWIE
=] 1 X 0 0 X 1 0 X

LY SLA+W KEATTEHEWRBIAMES TV TWINTAIREBRE M. AFEHNHN TWSR
RSB A EER 0x18, 0x20 = 0x38, X BIAARLHY IEHI R 5 F Table 75,

SLA+W KX R AT AT I8 RIABIE S, XBE X TWDR EAIESXT, TWDR REHE
TWINT AR ETEA, &N , iﬁl‘ﬂ#&’l’ﬁ% %ﬁ%ﬁ TWCR MY EREEN TWWC B,

TWDR E# /g , TWINT L REERMLEELIE, XBELE TWCR FEFEHRFEATRETK
TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN = TWIE
& 1 X 0 0 X 1 0 X

XEB2-—BEESETE, EXHERNFNTRETHRIEIR4E STOP 5 REPEATED
START &% . STOP 1.:.1535 B#E TWCR HEATRESRHN :

TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN = TWIE
& 1 X 0 1 X 1 0 X

REPEATED START 55 &d# TWCR #EATRERXN :

TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN = TWIE
& 1 X 1 0 X 1 0 X

A mEl% 177




ATMEL

#£ REPEATED START ( 7% 0x10) /& , LIEO AT UBERFRMEBENMN , RRKS
STOP E5 KGRI FH K ML, REPEATED START 158 E*JI—JLMET%%U%}"“%IJE’J,—MLF
TEMI., ENKESREVZWREFEEF TR,

Table 75. =N X EERXKRSHB
R PR 44 89 1 B1
WA 31 TWCR Wy 4E
(TWSR) 1% | 24 BITHREN 2L RITEMY TWIN | TWE
SR 0" | RS ¥/ E TWDR STA | STO T A 2 RBITEHAT — X NEENIE
0x08 START EX3% Nk SLA+W 0 0 1 X | &% SLA+W
S B ACK 5 NOT ACK
0x10 EE START EXR 3% fngk SLA+W 0 0 1 X | @A*E SLA+W
B 0 0 1 x | 39 E ACK 5 NOT ACK
& SLA+R &% SLA+R
iR B ENZWER
0x18 SLA+W B K3 ; IEBAE (V) 0 0 1 X AT | ik ACK 3 NOT ACK
EWE ACK = 1 0 1 X | MREEE START
Fi#24E TWDR = 0 1 1 X | @K¥ STOP, TWSTO &
Fi24E TWDR 5 1 1 1 X | WK STOP , RIFKE START , TWSTO H&E
iz
Fi24E TWDR
0x20 SLA+W B &% NEERIE () 0 0 1 X EBHIE , 8 ACK 3 NOT ACK
U E NOT ACK % 1 0 1 BREEE START
T4 TWDR =& 0 1 1 F &K% STOP , TWSTO FE
T1C. com/ATHEL™
WWW . _COom
0x28 WiEE &% MERBEE (FV) 0 0 1 X R EHIE , #ik ACK 3 NOT ACK
U F ACK = 1 0 1 X | WRHEEE START
T4 TWDR = 0 1 1 X | g% STOP, TWSTO S&1u
Fig4E TWDR = 1 1 1 X | WK STOP , RE X% START , TWSTO ¥&
1z
T#4E TWDR
0x30 BiRE &% EEBIE (FV) 0 0 1 X | mAEHRIE | 82Uk ACK 3 NOT ACK
B2 NOT ACK = 1 0 1 X FEEEE START
Fi24E TWDR 5 1 1 X | @K% STOP , TWSTO §&M
Fi24E TWDR 5 1 1 1 X ﬁﬂzﬁ STOP , RS %% START , TWSTO §&
[\
Fi24E TWDR
0x38 SLA+W SBIBOHE LM | F#EME TWDR = 0 0 1 X 2 R BITEEEHBN , Hit ARSI UMYER
1 0 1 X BE R B/ A START
Fi#24E TWDR
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Figure 87. EHRKFEEXMWEXFRES

MT

DATA A P |

Successfull
transmission
to a slave
receiver

S| | SLA

=
>

$08 $18 $28

Next transfer T
started with a Rs SLA W
repeated start
condition

Not acknowledge
received after the
slave address

>|
o

MR

Not acknowledge
received after a data

byte

al

Arbitration lost in slave Other master

>
e >
>

AorA Other master
address or data byte or continues continues
$38 $38
Arbitration lost and A Other master
addressed as slave continues
——— p—
( : —
B D I r _SpDrIdI
m = afpsfih slave de

T Any number of data bytes
From master to slave DATA A and their associated acknowledge bits
I:I 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
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EENERES |, =N TUMMIZRERIE | W0 Figure 88 FT R, A#H AENER , HM
Kix START 5., EESNH KN REFA MT H MR ER, MRELZE SLA+W 3
AMT#ER ; RELE SLA+R N#H A MR X, ATRINRSZRIGET 25
R "0%

Figure 88. EHIZWEX THIHIEER

cC

Device 1 Device 2 Device 3 Device n
MASTER stave || | e, R1 R2
RECEIVER TRANSMITTER

SDA A

SCL

BE#E TWCR Fs8 P EATIHER Y START 55 :

TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN - TWIE
1 X

— 0 - — 0 X
WWW B;%% ] mﬁmm mj_%qﬂ T —
- INT #1055 A% ™= | EBAT 2L o ST & 0% START, #

B ETFRE TWINT B , TWSR BPIRZSEEH 0x08 ( I Table 75), F#A MREX |, &%
MAEIE SLA+R, L—JJELXT TWDR E A SLA+R 5]’59-5”0 SRR ERHREES TWINT
*T/l_,\ y TWI 4%?2%%)&11-0 i’i 'JL’E TWCR ?T'T-T-%%':FEAT {Emﬁk

TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN = TWIE
=] 1 X 0 0 X 1 0 X

Y SLA+R BETEHBWFHIAMES , EVH TWINTIREBRENM. AT ENA TWSR
IRASEGATRER 0x38. 0x40 =X 0x48. R’I%h,b\E%E'JEEﬁ"ﬂFEU:J: Table 76, TWDR R &
ETWINT SN T ERKRBFNEE, X3R4 BEETE | BERENFTEKRLE R,
BERERE , MR MBENEZERIIRENFT/ELIE NACK 1—150 RIABE4E STOP =
REPEATED START £ 54 #®f:i%, STOP E5&d%E TWCR FEA FRESEH :

TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN = TWIE
& 1 X 0 1 X 1 0 X

180 ATmega8535(L) m——
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REPEATED START 5 &7 TWCR A EA TREX :

TWCR
&

TWINT

TWEA TWSTA

TWSTO

TWWC TWEN - TWIE

1

X 1

0

X 1 0 X

£ REPEATED START ( R7 0x10) f& , M&EOMUBXRIAEMERBMI , RFKIE
STOP 55 3KiF R HIMHL. REPEATED START B8 H I LA ERE KRB LBFINEHGE
TEM., ENRESFRENZRBEX @ TR,

Table 76. EHlEWE X IRETD

73R 489 1 B
WA 3 TWCR Hyig e
(TWSR) fi% | 24 BT REM 2L BTES TWIN | TWE
SR 0" | RS ¥/ E TWDR STA | STO T A 2 RBITEHAT — X NEENIE
0x08 START EX3% Nk SLA+R 0 0 1 X | )&% SLA+R
W B ACK 5 NOT ACK
0x10 E45 START EX% Hn&k SLA+R = 0 0 1 X | &% SLA+R
0 0 1 X JHEWE ACK 3 NOT ACK
fng SLA+W FEIE SLA+W
BENBREENLEER
0x38 SLA+R 3 NOT ACK % | T#4E TWDR = 0 0 1 X | 2B BT EEFHBR , H#ARIUMIER
ENL 1 0 1 X BE R B/ AE START
T4 TWDR
0x40 SLA+R EX 3% T4 TWDR = 0 0 1 0 | W% dE , 3RE NOT ACK
B ACK — o ; ] —
Wiy R J C com/AEME]
0x48 siAN ALY VY m kit b \OV - ’\-;’l |X bz 2 1 ol ) e B
B NOT ACK T2 TWDR & 9 %&3% STOP , TWSTO &z
1 1 1 X
Fi%#E TWDR &% STOP , AFE K% START , TWSTO %8
1z
0x50 BB BEER 0 0 1 0 | f=u#dE |, RE NOT ACK
ACK B3RE 0 0 1 1
EHE BEWEE | IRE ACK
0x58 BB EHER 1 (1’ 1 ; FRIXEE START
NOT ACK E&RE EHIER 19%3% STOP , TWSTO F&fr
1 1 1 X
BHE gtﬁ STOP , RIS 4% START , TWSTO H&

2502E-AVR-12/03
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Figure 89. T HlIEFWEXWRXARES

MR

Successfull i -
reception S SLA i R A DATA A DATA A P

from a slave
receiver
$08 $40 @ $58

Next transfer
started with a

repeated start
condition

Not acknowledge
received after the R P
slave address

$48
) . MT
Arbitration lost in slave AorA | Othermaster = Other master
address or data byte or continues continues
$38 $38

Arbitration lost and
addressed as slave

Other master
continues

To corresponding
states in slave mode

- - Any number of data bytes
From master to slave DATA and their associated acknowledge bits

si@e to is er (cc taingdin correiponds
0a statll of ialBus. The
presgialer Mts arfl zerd ol sikd to ze

MR EMNZBUES | NHLB EHEWEEE | W Figure 90 AT R, ATIAIRBIKIREZFH/KIR
HM AR "0%

Figure 90. MHLIZHIWER Ty B IEL M

CcC
Device 1 Device 2 Device 3 Device n
SLAVE MAasTER || ] e R1 R2
RECEIVER TRANSMITTER
A A
SDA Y
scL A
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WWW

REIMIZRES, , TWAR S TWCRZEBWNT :

TWAR TWAG | TWAS5 \ TWA4 \ TWA3 | TWA2 | TWA1 \ TWAO TWGCE
& BH AR & ML aE

B 7 L 2ENITuaT MAALIERIE TWI B O#bhk, 2 LSB & , W TWI 2000 5 1% #th ik
0x00, &N Z0E bt

TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN = TWIE
=] 0 1 0 0 0 1 0 X

TWEN A RBMLABERETWIED, TWEALEBNMUASEEN I UHE B S (MHlibit s/ 1)
FHRE#IAS S ACK, TWSTA fl TWSTO %FEE,

#tsit TWAR 1 TWCR 2/5 , TWI #ORBFHBES , BB HMIbaE ( 2/ it
ik, 2R TWAR B TWGCE B Mg ) HREENFuttbat Hrp | HFEBE S @ALR O (
BE). B TWINT FFEEN , TWSR MEE THNARSBE. X ZIRZSHE Y 1E 5@ R 5
F Table 77 . & TWI DO L FEHAER (RS 0x68 = 0x78) H K E MR KW ET CPU
HAMAERER,

WMREEHEIEFR TWEA £, TWI EOEEKRE T —METE RO SDARE “ T
Z” ., TWEA S8 TWI EO0FBEN BN  BRESSEMMEL, — B
TWEA B H i LUK & s ik iR BRI R, b2 | AT AR TWEA SRR TWIHEOM B
% hRRE HR,

ERZEEERNANECHRIEERE | TWI O ERE, BFERE T MIBERES |
BEOEFR AR Sk 57 7 #E bt / Mo sk, ot PCE R B8 CPU, 1EMREEHAE |
TWIHEZOFRIEFSCLAEKBEF  EETWCINTHRZEZTE, YAVRIHIREEEEITHETWI

Tl L WiE EARME AVRIEE R ZhatEl ATt SCL Al gE LKAt ERIF
-y 12 LR L ;e -5 B e 22 TWDR B2k

AFARBREL EHIWEE —NFT
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Table 77. MHLEEWAE K AVIRAHD

ATMEL

RIA SR I AL

KA 3 TWCR Hyig e
(TWSR) 1% | 24k BT RL& M 24 BTN TWIN | TWE
WIR "0 | RS #% /5 TWDR STA | STO T A | 2%BITEHT—SREIMOIE
0x60 B SLA+W B2 Fi24E TWDR X 0 1 0 | #=ukdE | 5RE NOT ACK
ACK B3&E X 0 1 1
T#g4E TWDR BEWREHE | IRE ACK
0x68 SLA+R/W ER EHEMHE K | Fig4E TWDR H X 0 1 0 | #musdE | IRE NOT ACK
M ; B H SLA+W B 242 X 0 1 1
g s X
ACK BIEE Ti24E TWDR BEWHE |, IRE ACK
0x70 U B i e ht F#4% TWDR = X 0 1 0 | =ukdE | 3BE NOT ACK
ACK BiR[E X 0 1 1
T4 TWDR M | IRE ACK
0x78 SLA+R/W ER EHMFE K | TiEE TWDR 5 0 1 0 | f=ukdE | 5RE NOT ACK
W EREI T Rt X 0 1 1
ACK BiEE FRi#4E TWDR BIREIR | BB ACK
0x80 LB B T8 SLA+W #F 4 | F#4% TWDR = X 0 1 0 | f=ki® , JRE NOT ACK
B BRER 0 . .
ACK BiEE Fi24E TWDR EUERIE | EE ACK
0x88 LUBTL BT SLA+W 334t | EsiER 0 0 1 0 %}ggﬁk%—iﬁ}%m*ﬁﬁ  FHIRSIECH SLA
, R KA 0 0 1 1| RBERIHMAER ; 868N BT H SLA
NOT ACK B3&E 3 - Ez L GCA A LIRS
www.BDTI1C.com/A%N f;_
G 2B & % START
=D/ " = /
PIRFRISUHMNER ; 82BN ECH SLA
1 0 1 1 : & TWGCE =“1”, GCA e LLiR%l ; B4z
B &% START
EHE

184
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Table 77. MHlEWERAIRARD

0x90

BARTEAS B AT 4k ; BE
E &\ ER
ACK EiR[E

REER

BREBE

EBHEE | IRE NOT ACK

BB | RE ACK

0x98

LARTEAT B XMW F 4k ; HiE
E2WEN
NOT ACK Ei&E

BREBER

BREBEES

BREBER

BEBE

THREIRFUMNER ; FTEIREIBZH SLA
5 GCA

YREFFUHMPESR ; 8EB IR B H SLA
; & TWGCE = “1”, GCA A LR Bl

WRBIR T U MR ; THIRFIBSH SLA
B GCA ; B&ZERET K% START

THREIRFUMNESR ; BEBIRBI B 2K SLA
; & TWGCE = “17, GCA thaJLUR Bl ; B4z
Bt &% START

0xAO0

FELMN THErt WS STOP
HEE START

TRIE

THREIRFUMNER ; FTEIREIBZH SLA
5 GCA

YRBFFTUHMPESR ; 8EB IR B H SLA
; & TWGCE =“1”, GCA 1 aJLLiR 5l

WRBIR T U MR ; THIRFIBSH SLA
= GCA ; B&ZERET K% START

PR EIRFUMAER ; 8EBBIRFI B2 HY SLA
;& TWGCE =“1”, GCA s aJLLiR%l ; Bz
PRBT & 3% START

2502E-AVR-12/03
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Figure 91. MHLIEKERX BB FTIRES

Reception of the own i -
slave address and one or S SLA W A DATA A DATA A PorS
more data bytes. All are . -——=
acknowledged

$60 $80 $80 $A0
Last data byte received [
is not acknowledged A

$88
Arbitration lost as master
and addressed as slave A
$68
/ ——
Reception of the general call
address and one or more data General Call A DATA A DATA A PorS
bytes I
@ $90 $90 $A0
Last data byte received is [
not acknowledged A PorS
$98
Arbitration lost as master and
addressed as slave by general call A
~B—D: i
WWW |

- Any number of data bytes
From master to slave DATA A and their associated acknowledge bits
I:I 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
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EMILEEER , ML T E EHRIEEEE |, W Figure 92 Fi R, ATATIREIBVREFY
RigEM MR "07

Figure 92. MHLREEX THHEZLR

VCC

Device 1 Device 2 Device 3 Device n

SLAVE mMasTER || ] s R1 R2

TRANSMITTER RECEIVER

A A

spA —Y
scL y
RNEIMNEEER | TWAR S TWCRIREW T :
TWAR TWAG | TWAS5 \ TWA4 \ TWA3 | TWA2 | TWA1 \ TWAO TWGCE

& SE A B ML e
Bl 7 LR ENF U MA@ TWI B O #bht, & LSB B, N TWI 32 00 Rz 178 31k

0 1 0 0 0 0 X

TWENARBMNMAERETWIED, TWEALEENUAEENF U B S (ML bR %)
FHRE#IAS B ACK, TWSTA fl TWSTO %FEE,

B TWAR #1 TWCR 2/g , TWI #OEFHBRES , EXE ML ( %
#t , tN8R TWAR B9 TWGCE Esﬁﬂ’mf ) tﬂfﬂEIm—riﬂ:ﬂﬁﬂt‘_—ﬁ FOHABESRMNR "1
( i;t Yo ARG TWI RHIFREE N , TWSR N2 E T HMNERSTE, xqﬁﬂmaga'gmﬁuﬂmu
F Table 78, 2 TWI #2004 FEHAER (RS 0xBO) H EEMR KM ET CPU 533 A MM
KIEER,

MBEZEIRESD TWEA £, TWI ED X ETHIE 2 BEH AIRA 0xCO = 0xC8, #N
R BRIUMNER |, ZBREMAEELELERH. ANMEVNBZRINEESN 17, W
RENFEM IBIENL ( ﬁﬂﬂiﬁ ACK) , BMEMNNLE R4EE LR |, thidt AIRE 0xC8,

TWEASNR TWIEOFTBRN B2 WMt BERSSSENMEL, —BTWEAEN
FRAT AR S b IR BRI R, R , ATARIE TWEA B0 TWI EOMNRLHIRE
3k,

ERZAEXNANECHRIBERS , TWI EOMSHEA, E68E 7T AIBRES |
BEONF AR LR gk et N S B bt / MALibaE, Hait PCEL % ER CPU, EH¥RERHRIR) |
TWIHE DS RIFSCLAKET ,EETWCINTHREEE, YAVRIHHIRE EEZEITEAI
EEEZHHE, SAUR AVRIEERNKBINE |, if4h4k SCL AJRE K AT ERIFIK |
FEHTCHEMNZIE,
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Y MCU MXERIERER  MEEIEREITENR , BIEFEEE TWDR HEKE
HARMESL FHINEE—1NET,

Table 78. MHL&ZIEE X AVIRAD

LA B4 B R
KT 3 TWCR #yigfE
(TWSR) Tl | 24k BT H& M 24 BITEMAMN TWIN | TWE
WR "0 | RS #% /5 TWDR STA | STO T A | 2%BITEHT—SREIMBIE
$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%‘f—?ﬂ’m KRR | B ACK
$80 SLA+R/W fER EHMHE L | ME—FFHEK X 0 1 0 | &% —ZHHiE , K NOT ACK
W ; BEW SLAR EZHE | B x | o ; ;
4 M —FH W s
ACK B3EEl = REHE , #EIWACK
$B8 TWDR EHIEC R K% g —FHa K X 0 1 0 | &% —ZHHiE , K NOT ACK
EUWE ACK R x | o ; ;
%ﬂ?ﬁ—?‘-ﬁﬂ’ﬁ& REHRE , #EW ACK
$Co TWDR BEHIEEZ %% Fi24E TWDR 0 0 1 0 | BRI UMIER ; FHIRBIECH SLA
UK Z NOT ACK 0 0 ] 4 | ®GCA
T#4E TWDR = PREARFHMNAES ; sEBIRFI B2 H SLA
. % TWGCE = “1”, GCA B a[LUR Zl
1 0 1 0
g o i ey ;. REIRSIE 269 SLA
WWW . C.com/ATMet
| [ |
- TR FUMNESR ; BEBIRBIBESH SLA
FiRfE TWDR . & TWGCE = “1”, GCA thaJLUR Y ; Bz
BT &% START
$Cs TWDR f—FHHIBEL K% | F#RE TWDR 0 0 1 0 | BRI UMIER ; FHIRBIECH SLA
(TWAE = “0); 0 0 ] 4 | ®GCA
#IKE ACK T4R4E TWDR = IRBIFR I HMAER ; 825 H 2 M SLA
. % TWGCE = “1”, GCA 8 aJLUR Zl
1 0 1 0
THR4E TWDR % PREIKRFUHMNER ; FHIRZIETH SLA
1 0 ] ;| BGCA ; BEZ=RET KR START
- TRERFUMNES ; BEBIRGIBESH SLA
FiRfE TWDR ;& TWGCE =“1”, GCA tia[LliR Bl ; Hikze
BT &% START

188 ATmega8535(L) m——
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Figure 93. MHLZZ#E XX TR

ATmega8535(L)

Reception of the own

slave address and one or S | SLA | R A DATA | A | DATA A | PorS |
more data bytes E—
$A8 $B8
Arbitration lost as master
and addressed as slave A
$BO

Last data byte transmitted.
Switched to not addressed
slave (TWEA ='0")

A | All1's | PorS |

$C8

From master to slave

From slave to master

L]
[ ]

BRMNRSDREHEMN TWHRSEYXL ,

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

W Table 79,

RS OxF8 RFH ALK BEHXELR , BERFMIIRE TWINT 1 "0", XHRSAELALELER
oW TWI EORES S RTERMNR,

R Ox00 RAERTEMIBFRET S&4HEIR, 2 START 5 STOP HMAEHIRNL

B KBRS R E, it 7 i ik M BRIt MACK 2 B HEL 7 STARTE STOP,

. B 32 - K4 VRS TWSTO , Hi@S
TRINGT . , X 557 | =, . Pr& TWSTO #3EE
RS | CL#EM , BT STOP,

(T
Table 79. EEIRAT
L P SR A4 6 U L
- 3t TWCR K9i%4E
(TWSR) 15 | 2k SBRITREM 24 RITEH TWIN | TWE
R0 | BRA i / B TWDR sTO| T A | 24SBETEET—SMERME

$F8 SREMXHNRSES F#24E TWDR THRAF TWCR EERFTYTER
TWINT = “0"

$o0 B FIEEM START 5 Fi24E TWDR 1 1 X | AgmRERES ; TAKE STOP FMLE, &
STOP Zli2H B L8R HNBHIEESE TWSTO

2502E-AVR-12/03
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EREBERT AERBENIE  SFIFLHTWIERA SR, HlaMEITEEPROM
EEBE, ;ﬂiiﬂE’J Wﬂﬁﬁ@%uTﬂ”

1. EBWSTMEE

2. M\/J\ = 1ﬁ EEPROM EEHAE

4. %Lma%i

AEBRETMNENEZIMN , Rz, BXENAMNEFMVIRECEBRNAVE , BtE
EFEHA MT &R ; ?"F?&EM\@EEMMB:& FEMFAMRER | BEEFESARE,
ELERLEH ,i*ﬂ%éﬁﬁ%ﬂﬂﬁﬂ'ﬂ%ﬂ ,ﬂut%ﬂ%mﬁéim&ﬁo MBREZEM
REHRBROX—HN | Eﬂ&%:i%?ﬁzﬁzrﬂﬁziﬂrmﬂ% EEPROM H B IEE4 |
M EHIEEHNBEMLEREIRN. %ﬁﬁnE&Imﬁﬂﬁﬂiﬁﬂm%ﬁﬁﬁuﬁzﬁﬁmeﬂ
&% REPEATED START 1=.v55|%;»i)ba’3 £ k3% REPEATED START 58/5 , ¥l #&

RIEFELHNERN, THRSAHEAZNRER.
Figure 94. JL# TwWI # X Bk & 178 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

M 4k ™ o [ FF 86 — N IE AL X
N o = S P THEEMT2E
f=X5 A0 R S% /\ ’f i KIEHIE,

Figure 95. & RHl

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 :
AARESHWENBNS—PNNETES. EXTERT , TIEENHIMIEBR
HEEEENES,

s FAANREZHENRNNE—MMIBHTTIENBESSENIGE, EXERT ,
&1 READ/WRITE NS B BRI X EME. EVIRAEE SDAL L — 1 E8BEF
B, MRHMAENEZKRHE "07, WZENELELPRP RN, KM EVFELRAK
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AFEIFUPMNER | FEFELEZRFEIE—NHH START 55 , XHNARRF
RE.

FANRESHWENHRFROMN. EXHERLT , BEPRE SLA 4. R
B SDA L& L — 1N EEFN , MERETCENELHE "0”, MZEVFELL
HEF KB, 7£ SLA BEMPBREBMNEVFRIMNER , HREBSREHR
BEEEHNNENS U, MRHEI U, ©FHA SRH STER , XEURT SLA
¥ READ/WRITE (U HI{E, MRERHEI iU , GBI AEIUHOMNERHEFE
KZEW , KE—HH START 58 , XHNARFRE.

Figure 96 iR 7 B & MBHERE , BHHETFR TWI RS E,
Figure 96. B4 MR

START SLA Data STOP

Arbitration lost in Data

Arbitration lost in SLA

Own
Address / General Call
received

TWI bus will be released and not addressed slave mode will be entered
A START condition will be transmitted when the bus becomes free

Write 68/78) _ [Data byte will be received and NOT ACK will be returned
v '@a byte will be received and ACK will be returned

Read Last data byte will be transmitted and NOT ACK should be received
—— ! BO ) at le‘ rMm'eECEId be received

Direction

A IIIEI% 191
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BRI BER XS IEAR AINO FYES ARk AINT E# TR, = AINO LR BEL AR AIN1
LHYBEESH , ELULRBFNRHE ACO BB, HLEIRAN T W ANRMAERSR / it
HaRA E’Jiﬁ)&ﬁﬁlﬂﬁm Jtl:91~ LERERE AR HC T HM. MM, AP ERE
HBBRRALAR, THRAERXBZLALARARPH. Figure 97 NEERZRRESN
FZ e R,

Figure 97. I LLREFER @

BANDGAP
REFERENCE VCC

ACBG ACD l

—>

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: . W P194Table 81,

wsmonellW . BDT i@ﬁ””ﬁESWATMEL

| Apts2 | ADTS1 | ADTS0 | = | ACME | PUD | PSR2 | PSR10 | SFIOR
®/B R/W R/W R/W R/W R/W
WhE 0 0 0 0 0 0 0 0

+ Bit3 - ACME: B\ B2 K E ARRERE

HwniB%E "1”, B ADC & F xR (ADCSRA 1725/ ADEN X "0") BY , ADC %
ﬂ%ﬁﬁﬁ%ﬁﬁ’fi?&tbh%ﬁﬁhﬁ*&ﬁlo Hubfudy "0” BY , AINT EEF LR AR E A
BEHARANIESN P194 BRILLRB|/ETHA "

Bl R HANRESTERS -
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
1NMRE 0 0 N/A 0 0 0 0 0
» Bit 7 - ACD: il REREA
ACD Bt , LN LS80 BRI T . T ATE (R BHR IR B b R IR L LR S . X
ﬁILi)Jﬁ'J‘%%#I{H;'t& ERER THIhEE, 3 ACD {ubt , %HEE ACSR FEEMN
ACIE M RE IFERLILE B2 HT, &N ACD ZR Al A ériﬂp&ﬁo
» Bit 6 — ACBG: EZF#E L L REIFAEEREAR
ACBG BfIff , Al LR B IR A AR EARATEMR . BN , AINO R
REBWERBA. P39 FREHBE",
« Bit5- ACO: il lbBaaM H
192 ATmega8535(L) [
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B RENREE2EEASEEREES ACO, BESHEISIAT 1-2 Metsh B EIM TR,

e Bit4 - ACI: I LLBBE P MFRE

MHRENmHE4M A T H ACIST & ACISO EX MNP irEXet ,ACI B, 208 ACIE
M SREG FESBMNLBPMIRE | LB  BLAEULRBAIMBESEFEESLURIT B
Bt ACI HEHEE, ACI LA LUBEE "1” KEKR.

* Bit 3 — ACIE: #E#\ L& B8P i {EaE

M ACIE UIEE "1” BRAFTERDIN B HWIRS | b BN |, SRS P MHH
Eo BN R,

» Bit2 - ACIC: #l L2 A IR FRE

ACIC By AP B EH LIRS KAt R T/C1 W AR ThAE, BT RS A E
HEED M ABRN SIS , ANMESLLESETURA T/C1 H AR P B RS
HISS R A RN IEIERINAE, ACIC  "0” RHEHILL B ES R b A B IR ThAE 2 B R B R B R
RNTELLRIBFAI LA T/C1 R AP N , ESESHHTRBEIESS TIMSK B9 TICIE1
AIRBAY .

 Bits 1, 0 — ACIS1, ACISO: # i\ L 28 Fh i ik 3%

XFAEEAREN L RER PSS, Table 80 A T FREIMIRE.,
Table 80. ACIS1/ACISO iRiE&

ACIS1 ACISO | FhfiE=R
0 0 HE 528 4% A5 1 B A 5 R O
0 1 1=
= =m0 | ERER TR Mgy 1 g
1 I1! -tt@@ f %

FEEWE ACIS1/ACISO B , HIEE ACSR F1FEeMY P FAE IR E ILELI LB BE
Wro 704 ] RETE B3R IX A B 7= 4 R T
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A LUERE ADC7..0 2 HIEE - M RABRLULL R[N ARE AR, ADC ERB|/TAR

SERIXMNINEE. WA, ATHEAXNEEE A4 MKE ADC, MMRELLLREZEHEEE
BE{ (SFIOR #1#9 ACME) #i&E{y , B ADC th 22 % # (ADCSRA F1F85# ADEN 5 0) ,
NI LAEE ADMUX ZFEESH MUX2.0 KRB EREMLLREBARBMANER |, #0
Table 81, 05 ACME JEE =k ADEN &7 , M LR BFHY il s A 79 AINT,

Table 81. R LLRZFRE AT A

ACME ADEN MUX2..0 BB FRARRA
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 ADCB
1 0 1M1 ADC7

1C.com/A

www . BD]

'MEL
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s 10 BE

e 0.5LSB WIELME

« +2LSB MHFIEE

> 65 - 260 ps KyFHRATE]

. BEOHERINFEHEESIE 15 kKSPS
- 8 E AN IR ARE

c THRESMAEE

2 RATEMEE R 10x 5 200x HE9 8w A EE
Ak M A FF ADC &K

* 0-Vcc B ADC A B ESBE

« T%M 2.56V ADC BEHBE

o EZEFHRDNERFRER

- JEX B3tk PR3 ADC iR
o ADC HiRgE Reh il

- ETERERNRFNHER

Note: 1. ZEPDIPSPLCCHETHEDMABESRHFREZN i, RFRIERFHETQFP SMLFH
ETEEIE,

ATmega85358 — MO HIZE REIEEADC, ADCE— 1 8BEMEL 288 ARRIER ,
BEXIRBIRO A K 8 BB IR A B EH TR, BB EMAL OV (GND) HEA,

BREXEF 16 %%ﬁ%&ﬁixﬁéo ﬁﬁﬂ%%ﬁ:‘ﬁ)& (ADC1, ADCO 5 ADC3. ADC2)
BEURBEEER , £ AD HRFIAZETMABRERM 0dB (1x). 20 dB (10x) =X 46 dB
(200x) AR, LEES *;?Liifﬁr)kﬁa_,\;—/\ﬁmﬁﬁ (ADC1) , T H h4Efa ADC :t'ﬁi
AAMER Ew AR, (REH 1x % 10x 1825 , AI83 8 U0 PR, ﬂﬂiﬁﬁﬁ 200x 18

WWW - g%@gfl&% CW/ AFMEL{%%@ ADC

ADC H AVCC 5|fi# iR fiteaiR, AVCC 5 V. 2 RN RET8E + 0.3V, HESE
P201“ADC R #IHIZS » R T R AAIEREEX AN S| |,

FRFEMER 2.56V EEHEE , AR AVCC , B T4 2R, EEBETTLUBNE AREF
SIE Etn— N R ITHERE | LIE IR,
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Figure 98. #EHHRBRHIER

ADC CONVERSION
COMPLETE IRQ

INTERRUPT
FLAGS

ADTS[2:0]

'« 8°BIT DATABUS
<

\

wiw
EIE 15 0
ADC MULTIPLEXER ADC CTRL. & STATUS ADC DATA REGISTER
SELECT (ADMUX) REGISTER (ADCSRA) (ADCH/ADCL)
g8 | 55583 Addd St o gz LA A
5 &3 20222z 8858 4fs <
g2 g 922 982 5
»| TRIGGER g
»| SELECT <
Y A, Y
| MUX DECODER | YYyvy
PRESCALER |[€———
START
Y A, Y

CONVERSION LOGIC

CHANNEL SELECTION
GAIN SELECTION

Avce N |

INTERNAL 2.56V
REFERENCE y SAMPLE & HOLD

COMPARATOR

AREF . 10-BIT DAC

GND . “liz:gg‘y/
BANDGAP
REFERENCE
ADC? Di
ADC6
POS
ADC5 INPUT *

'\ SINGLE ENDED / DIFFERENTIAL SELECTION

. ADC MULTIPLEXER
» OUTPUT

ADC2

ADC1
ADCO

NEG.
INPUT
MUX

/

ADC BEBEXREENFENMANENBEERE - 10 UHNHFE, KRDMEREK
GND , & AERZXAREF S|} L BEBR A1 LSB, Bid B ADMUX & &858 REFSn i
AT LR AVCC A ED 2.56V IS E B EEZE] AREF 5|, £ AREF LA N & a LARY
FASEZHEHTHRBIUIRES RS NH ML,

BEMABESE9EBITERE ADMUX FFEEM MUX K&, F44 ADC A
SRl , & GND REEERSEBE , BAILMER ADC B & imiH A, ADC A S| B A%
MEDEBERARBENESRH A

MBERZESEE  BIEBRFEAASENNEERFEIBEEEDHAR. REHMK
BN ADC MR A, MREHALREE | FEIEBHEHM KRS
Ei3i&E ADCSRA Z1785# ADEN BIR[/53) ADC., RE ADEN E{uRSEHERH

ABERFES £, ADEN BFR ADC HFA#HE , Fb@ENFER AT REERER 251X
1 ADC,

ADCHIRER N 100 , FHTADCEIEZF FERADCHRADCLA, RIAMBER THRER RN
AXFF , B AETIRE ADMUX Z1785#9 ADLAR %R X 5Fo

ATmega8535(L) m——
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MRERFQEREXNT ERSRAESNNEREE  BARERINADCHHREB T,
AMESxEE ADCL , Bk ADCH , MRIEBEFSEHRFTHARTRE —RERNER, —8
B ADCL , ADC WM EFFEHENTUMBELT, BRI , REVADCL 25 , BIfE
£1£ ADCH 28I X E— X ADC BB &R , BERFESNRBECTALEN , NTIRIET &
BMERTE%R, ADCH#igHf5 , ADC ENAIEXi5E ADCH & ADCL 178,

ADC##p 25 5R ] LA & HP BT BN A T X £ E I BNADCHESADCL Z BiERADC T
EIRRBEFTES  ARLEXRTHREEIE , PO,

B ADC Bai3#{ ADSC (VB "1” AJLAE s B X iR, EHASEPLNVRERNS B
BRMER  RAEWEHES, NRERBEBEPERTE —NEE , 84 ADC 2 X
BB A ST RIX — R R

ADCH#H I ELRE KR, iR EADCSRAZ 1783 ADC B3 il & SR F L ADATE 7] LAfiE BE
B3t % . 1RiE ADCSRB ZF 1785 ADC il %1% ADTS A LU RALATR ( WAL IR
FIFRAFT ADTS B ), HPFMEMALKRES =% LBEART , ADC i SMes SN HF A
B, XRHT - /NEEENBERE T B RN G %, HRERGEAEMEESNHARE
£, BF AR —RFNELR, IREHRIBPFARETFX=ET —NERR , X4
EBn A, BEESENDIEEILREBHMELENN 0, PR SINENM, X
BHOUERFERMPER TAA —XER, BREANTETRFMEH L EREFTHN
B | MR EES,

Figure 99. ADC Bzt KB %5

ADTS[2:0]
—— P PRESCALER

www . BDTIC.com/ATMEL |«

ADIF ADATE

SOURCE1 —— L
***** 5 } CONVERSION
,,,,, LOGIC
***** EDGE

SOURCE n DETECTOR

ADSC

£ ADC FFREEN AR |, AT E EERTHEBRERFEFFHRT —IX ADC &,
ZJG ADC BEIEEELEEHRER | FEmHTREAXT ADC BIESESHITEN. £
— R #iEd [ ADCSRA 7850 ADSC B 1 KB31. EUERXT , FEMN ADC #if
T T ADC FITiRE& ADIF 2B EN.

WMRMERE T BfER | By ADCSRA F1735H ADSC Rz X%, ADSC #R&iE
TRARBMNEREBERIT 2P, TRRERNMAENN , ERRHTIRS ADSC —
ER 1o
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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

-

A A A

.
.
-

ADPSO
ADPS1
ADPS2

ADC CLOCK SOURCE

RN T JZ/EIE B8 B E — M 50 kHz B 200 kHz B AR UK 88 KBS,
MEFBORRBEET 10 LB, BLARANHALTUS T 200 khz , LAHESH
RAEE,

ADC BREFE—\Fi o Hias , © o ABEMET 100 kHz By CPU R R&= £ AR R
ADC Bttd, 5 #izRi@id ADCSRA & 2a#H7 ADPS #1T1% Eo ELL ADCSRA #FH 78
ADEN FHE ADC , MM F1RiT8H. RE ADEN 1 1, Mo MR IFELITE , EX
ADEN B%E,

oMy ATHEL: >

EE®REE 13/ ADC R EH, I 7THHR{CEBEEE | ADC 8 (ADCSRA F1285
#9 ADEN E&1v ) FE’J%E REERET 25 N ADC aﬁ#ﬂﬁﬁo

EZEN ADC HIERH EHREBERRBHZFEN 1.5 ADC B4 FFH ; mE—
ADC!ﬁ%}ﬁE’J*#ﬁﬁmUtEH’ﬂﬁerwZFE’J13 5/NADC R4, R RE ,ADC4 %
BOEA ADC #iEF 1788 , B ADIF (r&E L, ADSC EATE %(iwfﬂﬁeffﬁ-ﬁ) =z
#Ha] LB X E{Z ADSC $T\'wt M1E ADC HWE— DN EFR B — IR,

EABMMAR  MREHFREFEMTDMER, XRIETHREHMEHRE 2 FE
WEEEN. ELERT  REEREMEES EFNZIEN 2 ADC M &K%, H T
KRS EEFZHING 31 CPU B FH,

EEEEBERT | Y ADSC hEnt , REFKR—ER | T—RKRD EFH, ik
[B1E L 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// [ 77777777 77T T 7T 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 BFE , X ik

One Conversion . Next Conversion
)

|
Cycle Number | 1| 2| 3] 4| s| s] 7| 8] 9| 10] 11| 12| 13|
| | | |

ADC Clock { Y { {

ADSC —WI | IWI
ADIF I I I
aocH [/ IV 7/ K M$B of Result

11111111111111111111111111111111111

1|2|3

| LSB of Result

‘\ MUX and REFS

ADCL /

WWW .

Update
Figure 103. ADC 5B , B3k ik
One Conversion _, Next Conversion
|

| |
Cycle Number | 1] 2| 3| 4| 5] 6] 7| 8| of 10 11] 12| 13| | 1] 2|
|| | | |

soccoo J70A 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 77T 7T 777777 777777777777 777777 777777 7K theciresun
/N l\sampm& Conversion f)I K\ Prescaler

Prescaler Hold Complete Reset
Reset

MUX and REFS
Update
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Figure 104. ADC I F@E |, EL& iR

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 1111771111/ PKLSB of Result

: \ Sample & Hold
comn /" O\
Update
Table 82. ADC %58 [H]
XM & RE (BHHREN

&4 AR ) | (AR)
E— IR 14.5 25
EEHR , Big 15 13
B3 fil & FiR 13.5

2
EE®GR 9 1.5/2.5M . 13/14()
B )
TG =€om =i
| —

LEAZDEEEE  FEERRRNBERL,

ENERSRIBITH CKype, BFETF ADC R —%, FSREY ADC EOTE CKypeo
BREARESKREFNBIENN. L CKype, NENR , BIAF B3GR (B, FIEW
BREREE-ELRR ) NERREREANNE (EENTM2H/EH 13 ADC &
WA ). H CKype, NEN , BTEDSHH , FLEMA 14 4 ADC B AR, EELK
BENE , —RBERERTUBBIHFNEIR , AT CKype, KETAS , FIENEZNE
) (BIBREE—IRSN ) FHEA 14 N ADC B8 A,

EFRENERIEET , YHRN 4kHz BB RBRE. ESHNMRARELERIEL MR
Ko HMACEEBESTHRRTRNWMEN |, MW AR MAEEE KT, 5E=, ADC
R MERZEBRTRRS, b, FEBEETREZS , ADCHR#EAHR NG s, &
FBERERN 12 kKSPS,

MRFEAESERBERBES B AR |, R ADC %A% H, HFEAED
% Et , ADC Mo EBREHTEN. ATEERITNEZHKEREN ADC B
O ZERER. E8RER (351785 ADCSRA B ADEN fudh B “0" &R “17) , B
SEARBEMFE ADC , AT RER, TERGREREN. HFEEL P198“ iR
& ADC B#6F 7 o

ADMUX & 788 FHIMUXn & REFS1:0 8 I bt & 788 K0 7 B 8%, CPU AT XY L e Bt &5
FEREITREAIIM. XRIE T ERREBRTFBEMEERNNRELETRENNZ, £
MENZMBEREERNEZEIMENRT. —BERRTBRRIATBERBENEHE
BT MTARIE ADC B 78 2 B9 KH ATl . TR TR (ADCSRA % f78sfY ADIF By ) 2
IR — N AR | BEMEERNER X TEHT 8. RRHOTTHEIZIHN ADSC

200 ATmega8535(L) m——
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ADC i ABiE

WWW &

ADC EHBER

ADC 73] il 2%
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BAEN T — N LR, Bt , BIUAFEER ADSC Z /58— ADC rf# EH
B, TEHME ADMUX LU 25 00858 R 2R,

FRENMEN  MEASHAENRRRTHEEN. A TEREFIENEKRNTN  EF
T ADMUX FEH —EE4HE 5/ Do

ZADATER ADENEEN N RS H T UEEERZ L L, R E IR %3FEADMUX
SFESHENNE O BLAFREZHINT —A#HREETIHWIRELERRINIRE, BT
BT ZI AT AR 2 i X ADMUX #HITE# :

1. ADATE = ADEN 3 0

2. EHHBEREY  EREMEASHELAEREL —/ ADC Bt EH

3. BMERCZE , BREENMERNPIREES 28

MRE FERINE—TER TEH ADMUX , BRAFZEINE T —)X ADC BT,

HURESBENERHIE. " BEEZDBE , BHEREM 125 uys RREZE.
R ERBEGHN 125 us AFNEHR, AEFZNERNNERER

= thE ADC S ZH/T (B 3 ADMUX F s REFS1:0 7 ) (58 — R th )8
TRIEA R

EERENEEREIRATIESAH

THETRERERERN  EREBHHRMRINEEEE, £ ADSC BEfLFH — ADC &t
%*ﬂiﬁ?ﬁ?klﬁ?%%ﬁﬂﬁﬂlﬁ‘)\ﬁﬁ? BEREEENDEREFRNEREEALE
E,

EESFKRERT , SRES —RERT IR IEEEE, £ ADSC BEfI/FH —1 ADC
HT%#HEHEJE‘IMJ&#%%EE’J*%TM‘“AJEJET ERBEHENDTEREFTRREREAUXR

EGEoom/ ATMEL =

HENmE = ‘iﬁEEL,Eﬁ:ﬁﬂJ{_EﬁﬁE&%%Euﬁ BfE , 58— REREREBER
B, AFREFEFERERER

ADCHIS % 8 [E 38 (Vrer) R T ADCHIB B, 2 8 BB BB T Veer , RERT
I OX3FF. Vper ATELR AVCC. MIEB 2.56V B/ 2T AREF 3| BIE,

AVCCEBE —MNERFF X SADCHIE. FNK2.56VSE B EHaEREMER (V) B M ER
BARBEF=E., TIERWHER , AREF #E#S ADC #iE , B AREF Sit 2 E 54 h0
BATNEESEBENARM, Vo, BN BHANENRSRE AREF 2/ BNE.
EEH: VREF EOBE.#{EI_J y .EtRﬁEL&@ﬁﬁﬁo

MR —MEERFEES AREF 5| BBARPFRTREREMHNERERT BAXES
HARNERERSABSERNER. R AREF %IHﬂlzﬁﬁHﬂ%Eﬂ%ﬁB*%ﬁ R P Ar B
1%£#F AVCC 5 2.56V ENE KR, SERAEFHNE —IRADC RiRRGERIRET R 2
VAFTERRAX —RNERER,

NMREAEZDEE , RESEEETNIEEM P249Table 114 & P250Table 115 AR
# AVCC,

ADC YR 7= I I 25 60 5 AT AR RE AR R X T REAT 3R |, A BREE T CPU RANE I/01R B 1R
EoIANEE, REMNSRTE ADC BREXARZAEXTEA. I TEAX -,
BIRAWMTHER

1. B%E ADC C4fEsE , BIR AR THRIERS. THERANEZNERER , F8
ADC #i 45 5R T £ RE

2. BAADC BRER (HZEWERX ), —B CPU #HE#E , ADC EFFREEKR,
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3. MREADCEMRERZENEBEHMAPM&™4% , BAADC R RTFHREECPU M
1T ADC HIRERPMRSEF. WRE ADC HRERZ B H M P RTIR
WEET CPU , MM FMRSEFBEINIT. ADC BLREF4% ADC ¥
BRERBHIER, CPURNIEZFHNKREESBEMIT,

HABRZREXK ADC BEREN AN EMKIREXES , ADC F2BXMA, EHA
XERIREAT |, ZUCRKF ADEN BEUBEEIIFE. MR ADC HiZREREX T 6L , B
FETREDHR , BiUKH ADC BERERREASZREBITRE

BIREERE LA A B Figure 105. » FiE 2 A A ADC K% ABE |, A E| ADCn
MIERESEZRSIHERAREAEENE N, FA/E ADC K@ ABER |, BEMESHELS
BT —N BB (AABENASHEE ) B3 RERE (SH) 25,

ADC 4t BBLE 4 H PR IR T 10 KQRFE MBI E S| TR W FXENES KA
BT URERIT, EESEEESNMEN , BARENBRBURTX S/H BAFK BN
B, XANETEITEERLR A, BUAFEABHEARBEKET(CEBNENES K BRIXT
OB A3t S/H BB A MY BB TR f% Bl o

MRAFEAZESERBE , MABREAE , BWEALE kQ WIRBMA.
MESTREMBFME (f\pe/2) WESRTREA TEM—NEE | X8 DUE &% R AT Al
MESEMNERNKE, HILESH AL ADC 2R RFFEH —MEBERSERIEESM

5.

Figure 105. &l A #.8&%

ADCn
1..100 kQ L

Cgp= 14 pF

BEASIRABHORFZERBL=EBE T EM) , N IELNENEE, R
BREEERRS , BLAAUBR AT AERRDES
1. BRlERBENT, RIIEMESENTEL M b HECNSEERTER
NBFEEBLD .
2. 0 Figure 106 FiR , AVCC RIBR —/NLC MESHFBREIR Voo EE.
3. fFH ADC g5 HI#|2SRE1KRE CPU TR,
4. WRE ADC HOHMAERFTEE  FLAXTMRIEEERITIRFENTS
BHEPFHEH,

22 ATmega8535(L) m———
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Figure 106. ADC HJRIE#H

——_—— e e — o —— —

VCC
Analog Ground Plane .

o
=z
]

j PA4 (ADC4)
|| Pas (aDcs)
j PAG6 (ADC6)
:::] PA7 (ADC7)
| ] AReF

10pH

100nF

RIS w%% J% %@mé%%-%éimm%%ﬁim_ﬁ
WWW e R 1 2 0 i R AR o) I 4 o KHEMNEERP R L. R

TRESENRAE , BENRETEE 1LSB LT,

ADC fEEE L = n ZH 2% ADC ¥ GND 5 Vg ZRINEMBERKIREK 2" 1 (LSBs) FREINEKF
B, S/ONERRBA O, FANEIRBR 2™1,
ATNASHERT SBEBRZ BNRE
m% 8 — IR ¥R (0x000 Y 0x001) SEARH#: (0.5LSB) ZEMRE=. BAER: 0
LSB,

A IIIEI% 203

2502E-AVR-12/03



ATMEL

Figure 107. ®BIRZE

Output Codeh

————— Ideal ADC
Actual ADC

- Offset.
< Error>

[

Vgree Input Voltage

BRIRE  FABREZE , |RE— X (OX3FE 2| Ox3FF) SEBAEER ({RABUT
1.5LSB) 2 AN RERI N EBRIRE, EEEN OLSB,

Figure 108. E#iRE

Output Code A <gain
Errgr-'
BDTIC /ATMEL
WWW . , . CONL.
----- Ideal ADC
Actual ADC

.

Vger Input Voltage

BAAJELME (INL) . ARRBRERIRECE , IASKRERRSERRREHREKR
RZHH INL, ¥EFE{E : 0LSB,

204  ATmega8535(L) m———



| ATmega8535(L)

Figure 109. E{kIEL M (INL)

Output Code A

INT

----- Ideal ADC
Actual ADC

.y

VREFVInput Voltage

E 7 IEL M (DNL): SRBRIB T (T NBIL $5# 2 (R) MRS [E] BE ) SR 10R8 5T (1 LSB) Z [ /Y
m=, Eit{E : 0LSB,

Figure 110. Z % 3E4 1 (DNL)

Output Code A
Ox3FF

wiw . BDTIC.. com/ATMEL

.

0 Vger Input Voltage

BIRE  ITHARERECRBRUNEE , B CENAARE (1LSB) #ik
BRAMEENHIL, BIRESRN £0.5LSB,

« BUWBE  IEXERER (RELER ) SERERRCENEARE, R, #H1R
= EPRE, FEMREMIREMR. BREN +0.5LSB,
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HRERG (ADIF IE ) , BRIRERBTF A ADC £ R 31788 (ADCL, ADCH),
BOREBNERNT
V) - 1024

VREF

XAV  FBEP SO B ABE  Veee FSEBE (S A P207Table 84 5 P208Table
85 ). 0x000 X FAER BT , Ox3FF K&XFTiES EBENERE 1LSB.

MREAEDEE  ERR .
VREF

KA, Vpos NHASIMIERE , Vygg NHASIBABE , GAIN AEENEHEETF , B
Vier ASEBE, ERA 2 BERRT , M 0x200 (-512d) Bl Ox1FF (+511d). TR A
PHREXNLERRITHRIERMERN , ©HR 2014 R MSB( ADCH 1 ADC9 ), TNRiZMH
1,870, ZMR0, FERNIE, Figure 111 AHESD WA ERD,

Table 83 44 HH Hik ERI B GAIN ESEBENR Ve HE D AXT (ADCn - ADCm) HY
MABER,

ADC =

ADC

Figure 111. Z5 N E£5EH
A

Output Code
Ox1FF—

) S
V__JGAIN Differential Input

V!
REF Voltage (Volts)

~ VReF

(C

0x200

206 ATmega8535(L) m——————————
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Table 83. M ABEEHMEHBHNMEEXR

Vaocn ®HE MR HIE

Vaocm + Vree/GAIN Ox1FF 511
Vapcm T (511/512) Vgee/GAIN Ox1FF 511
Vapcm  (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 LB} 300 mV , ADC2 BBEH 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,
ADC Z T iR E1F8E - ADMUX ——
W . BD Eereamd At
- E‘-- AD -‘ prz MUKA1 MUXo | ADMUX
®/B R/W R/W R/W R/W R/W R/W R/W R/W
NRE 0 0 0 0 0 0 0 0

» Bit7:6 —- REFS1:0: 3B Ei%F

W Table 84 Fi R B XJLLAJNERSEBE, MREZFEIBPIHRTT ENIWIRE ,
REZFNLHAHIRE R (ADCSRA FFEHM ADIF By ) 2ERET2EEA, MEE
AREF S| L T ABSEBE , NEBSEBERTREBERT .

Table 84. ADC ZEBEiEF

REFS1 | REFS0 | & B EikiF
0 0 AREF , A3 Vref <A
0 1 AVCC , AREF S|HI\iniE R BR
1 0 RE
1 1 2.56V WA REEBER , AREF SIS IEREBER

e Bit5— ADLAR: ADC ¥4 B EFFF
ADLAREMADCH &£ RIEADCEEFER TN EMRFE R . ADLARENRERERNE
¥, BMREFTF. ADLAR Wk IGIENEIM ADC BIESHFBNHNE , TEREA
B FERHT, XTiX—CHTEHRIENL P210“ADC $HiEH 1788 —~ADCL & ADCH” ,
* Bits 4:0 - MUX4:0: #1818 5 2% B4

A IIIEI% 207
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BEXJUVEIRE , JAXIEEZES ADC WERINAARTIER, HANESBERHHT
B, AT N Table 85, MRAEKMRIBHIRBX/LUNE , BARBIKRKRER

(ADCSRA FZ8:#) ADIF BEfY ) B REFT B,

Table 85. fa AEESHEHIEF

MUX4..0 | HigA EEZ5@A HETBRA W
00000 | ADCO

00001 | ADCT

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
ddo I C Cn W(.Ll 200x
il = s X A o 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

®/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 — ADEN: ADC {##E

ADENENEIEZIADC , EMADCINRER Hl . TER RSB X AADCH I BN A I IEFEH#EAT
Ry,

+ Bit6 — ADSC: ADC FF 4%

ERERERERT , ADSC BB 3—X ADC #it, HiELERIERT , ADSC B
TR E R, F— X% (£ ADC B3 2 /GBI ADSC , & EFAE ADC HWER B
fZ ADSC) EE 25 NADC 59 EH , MAREEBRTH 13 1N, E—REENIT ADC
DRI T,

ERRHTIRDERE ADSC HIREIE N "1” , BEIHRLE R, ADSCIEEFR=4F @3
£,

« Bit5— ADATE: ADC B3ifi & 54k

ADATE B /231 ADC B3I it & ThAE, MAES M LBA B3 ADC R, A EESRE
I SFIOR 128889 ADC fi % S5 Ri%#R L ADTS Ri&.

+ Bit4 — ADIF: ADC HifiF%

£ ADC B &R , BERESEREEHT , ADIF EfZ., IR ADIE & SREG FHI2F
AT EERELL | BB , ADC B LERPMRSEFEBLINIT , et ADIF BHES, It
S, BB EEREE 1 kE ADIF, EXEMRE , MEX ADCSRA #1Tik - &K

BB LA BRI AR, X 3 R TSE 5.
www . BOFFC=com/ATNEL
=2 RDIE & SREG 9% | B , ADC #5304 5 F i BD 48 65

 Bits 2:0 - ADPS2:0: ADC T4 i S8k B4
Hix JLAIRHE XTAL 5 ADC # ARsh 2 BN D85 E F.
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Table 86. ADC % $iik %

ADPS2 ADPS1 ADPSO0 29 EF
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
ADC B &5 78 - ADCL &
ADCH
ADLAR =0
Bit 15 14 13 12 11 10 9 8
- - - - - - ADC9 ADC8 ADCH
ADC7 ADC6 ADC5 ADC4 ADC3 ADC2 ADC1 ADCO ADCL
7 6 5 4 3 2 1 0
®/B R R R R R R R R
R R R R R R R R
> —— 0 0 0 —— 0
www _.BDT1C.com/ATMEL -
| |
ADLAR =1
Bit 15 14 13 12 11 10 9 8
ADC9 ADC8 ADC7 ADC6 ADC5 ADC4 ADC3 ADC2 ADCH
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
IRE 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

ADC R ERG HKRERFTIRNFEHRZH. URRAZSEE ,5RH 2 WG
EART.

BEHADCL 2 J5 , ADC #i#2% f78s —EE S ADCH th ik i o A U TRIRE R
b, MREMERNEXTT , BERWBETST 8 45, BMAXFRE ADCH 52
7. BN A HE ADCL Bk ADCH.

ADMUX ZF1E258 ADLAR & MUXn ¥ MERERERRBETESTINRTIAR. IR
ADLAR A 1, BBALERRNEXNTF ; RZ (REHRERE ) , FRNEXF.

« ADC9:0: ADC ¥4 8
ADC #¥HER | AT P206“ADC #igER ",

20 ATmega8535(L) m——
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Y% IhEE 10 F1E8S - SFIOR

Bit 7 6 5 4 3 2 1 0
| AbTs2 | ADTs1 | ADTso - ACME PUD PSR2 PSR10 | SFIOR

®/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 ZT1E83H ADATE E1{ , ADTS WEFBEM A ADC MM ELR ; &N |
ADTS iR B EE X, BUE T PUTIREEH E AR L ADC i, \— NP RIIREE
ENMARIBRIFHFREEVHNMERAEMAESE~SE—NLEHRB, RN
ADCSRA Z 178589 ADEN 7 1 ,ADC 3B S 30, 1 EELZITER (ADTS[2:0]=0)
it , BfE ADC RIS EL BN L RS E A B4,

Table 87. ADC H3h it ZiRiE#F

ADTS2 ADTS1 ADTSO fitl 2R
0 0 0 ELHERER
0 0 1 Bl b Eg
0 1 0 SNERHMTIER O
0 1 1 ERTER / TTEKE8 0 LR ITHL
1 0 0 ERTER / THEER 0 R
1 0 1 ERTER / IT AR LR TEE B
1 1 0 EREE / ITHER 1R
1

www -BDEEE _com/ATMEL

X—RE. BRENNX—LEE 0.
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XROIGEARF - &
B E RS ] LLiE
(RWW, Read-While-
Write) B B B4mTEEED

MR Flash RELR SIS
BF Flash X

MARFKX

ATMEL

Boot Loader NI MCU AR &k T M LHEFRBRM T —MEENFET R -E (Read-
While-Write , AT &1#5 RWW) BRENLH, X— I EBRE R LE MCU BWEHIT &
SEE ?TEJ"' Flash #9 Boot Loader , R & TN A FH %K. Boot Loader —ILXEFE
Eﬂ%ﬁ#ﬁﬁﬁ’]éﬂlﬁ?&ﬂ%ﬂ*ﬁ?&ﬂ’ﬂbuiﬂi SRBHIEKRB (BF ) BEA Flash , EMNRE
F 7851 BN 8, Boot Loader XVFE2F A LB Flash , 23 Boot Loader XA &,
A Boot Loader AIMAXH B &t 1718k , EEN B S #R. Boot Loader & 25 2= A HY
KANALUBE B2 #TEE, Boot Loader EEWMERFMEN , FEHTUMTIZE
SHAPRMTERRP RO RIEME,

+ RWW B2

+ R5EM Boot Loader FXEE

s EENRSM (AR Boot HENXHR ENRAERT)

s EMVNBLNVATREEVHR

o BALBITT M Kb

- RBLHEZE

o B¥HM RWW XiF

Note: 1. W2 Flash §—NE% , ABANEHAERK (W P229Table 104 ) , E4wENL P FEH. T
E’JéﬂéﬂéEMT UF]IE-%E’HmﬂEo

Flash BB AMNXHEX , B A X Boot Loader [X (. Figure 113), BANX K 776& 226 X/
BOOTSZ J@QHJ_EEE tn P223Table 93 # Figure 113 Fi ~o B TR MNXEATRKIBIE
i, FELXEILXF'—\EZ‘EE’JIJD@&%UO

R RX 2 Flash ARt N ARB N X, NAHXERY S 58T NA Boot B E I (Boot
‘Em;:EﬁO WE , ¥R P215Table 89 » BT SPM EGHENAXMITI RERE , PR

[ Boot Loader ﬁﬁf_';o
asmr coo W ok A Qm, QQ( = |aemnmas o
Flash , &

Section) - BLS

RWW Flash X} 3JE RWwW
Flash X

RWW X

Z17E SPM R z“ﬁ‘;dzo SPM #ﬁn A 2R () BLS A&, Boot Loader
XK R K 58S Boot Loader BiE L (Boot BIENL 1) Eﬂi . P215Table 90 ,

CPUREBXIFRWW , 5% CPU &R A Boot Loader B3 TR B EH A= 1E | HUR
%Wﬁ&ﬁdmﬂﬂﬁ/\t&i&o BT BIEFHRRIESE BOOTSZ BLMEBENFHEMNX 25 |, Flash
%&a 7 RWW-
F NRWW B9 FAE P223Table 94 1 P214Figure 113 4. BFAMNXHNEERXFI2

X RWW X A 89 T 1T BRI B4R VERT AT LA NRWW X

X NRWW XA T TR B ER , CPU =1k

AE |, Boot Loader £ T1ERt , AP BHAFF BRI T RWW KR EFARBE, "RWW
X « ?aE’Jm?ﬁiﬁ& (BBRIE) E’J??B/\ﬁﬁ%‘lz MA 2% A Boot Loader B #HTRBE
Fid 72 A SERRAK IR ER Y AR SR 4

R Boot Loader B 23 RWW XK E—TU#T4FE , WA LAM Flash FIRELE |
BEREF NRWW XN KRB, 7 Flash fmiZHAE , AR RESTRIEEEN RWW X
EipE,. MRAFREEFEIEPREIRENMNT RWW XEARB (@@ call/jmp/lpm
BT ), RETESKKLETF—ARARS, ATERXHERNEE , FEZLH
WS 23 Z Boot Loader X, Boot Loader B 24F NRWW Fi#EX, RE RWW X
2 FFEERFRIMRS , EREFE#ESZEFHIIRSFES (SPMCSR) 1 RWW XIT#R
FfI RWWSB Bfu., mELRE, EE@&H& fF RWW XHREZ 88N 34 ERR
RWWSB, E{& ;5B RWWSBES I P215* R ERRF 1748512 5| & 288 -SPMCR” ,

22 ATmega8535(L) m——
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JE RWW X - NRWW £ Boot Loader BM-E#H RWW X E — T 6t , T LUE B T NRWW X8, 2 Boot
Loader XTBEH NRWW XA | HFENNBEBRBEREISEH CPU #ER,

Table 88. RWW %5 =

MESEPALIEENE | CPUER | XERWWE?
MENED Z BHIFUBIX ? MR ? o2
RWW X NRWW X N 2
NRWW X % 2 r

Figure 112. RWW 5 NRWW

Read-While-Write
(RWW) Section

Z-pointer
Addresses NRWW

L or —— n
ddflesseliRWW afl-JVhilE-W
- ecfjon - ) gecti
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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WWW .

S| RF X EN

ATMEL

Figure 113. 88X ()

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
= =
% 9 End Application
. N <
= End Application = : - Start Boot Loader
c - Boot Loader Flash Section
E Boot Loader Flash Section Start Boot Loader
x L— Flashend &’ L Flashend
o (=}
z z
Program Memory Program Memory
BOOTSZ ='01' BOOTSZ ='00'
— $0000 — $0000
c c
S 2
k3] k3]
@ Q
%] n
% Application Flash Section % Application Flash Section
= =
@ ]
= £
5 2
el o
@ @
[} Q
4 4
d RW! End RWW, End Application
=-1B : —LStart 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. EEPHSETE P223Table 93 F4AH,

WMRFEHE Boot Loader EE , MIEA Flash ZAT AN R ANKBFTA. Boot Loader EH
AEALAMIIEERN Boot BiEMN. AR ANURFEFEFFDHRBERFFX.

AP LUER -

«  RPEA Flash X , Fik MCU #ATHRHFH K

s TR MCU F4 Boot Loader Flash X

«  FTAREF MCU HLRA Flash X

« A MCU AHEN Flash X

FHARBFES N Table 89 5 Table 90, Boot BiEM AT ABE #i4F, RBITHHTHRERT
RE , BEREETCHBRETER. BANSHEN (MIENMER 2) FRHEST SPM
}ESX Flash #1T4RiE. SHEL , BAMIE / B8EMNM (HEMER 1) TR EES
LPM/SPM 3§37 Flash 3# 171 / BiEl,

214 ATmega8535(L) m——
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www .BDTIC _'cé

HEASISERF

RERFEFHBEHTTES -
SPMCR

2502E-AVR-12/03

Table 89. Boot 8{E{ 0 RIF#EN (NMAKX )

BLBO #= | BLB02 | BLB01 | ##"

1 1 1 A SPM/LPM #8514 B A X
2 1 0 TR SPM EESXNRMA X ITERE

THRF SPM ESHMAXBTERE , BFAAYETT
Boot Loader X LPM 55 MR A X B IR, EFMEE

3 0 O | %7 Boot Loader X , BB 41751 F X AL RDES i 2 25 1
#.
T ARIFIZITT Boot Loader X LPM 355 MBI XiEEUEK
4 0 1 i#, Ehrm 2T Boot Loader X , BRAMITR AKX
Bt ch W 2221,

Note: 1. “1” RRKRWERE , ‘0" KT EHE.
Table 90. Boot 8{Efz 1 R # = (Boot Loader X )V

BLB1 13X | BLB12 | BLB11 | {&#

1 1 1 S SPM/LPM <5148 Boot Loader X

2 1 0 TR SPM 54X Boot Loader X# 1T B4

TR SPM #8455 % Boot Loader K#{TE#R/E , R AR
BT TRARXH LPM £ M Boot Loader XiEEN#E, &
i EEN FRNARK , BLIT Boot Loader XX Bt Hh
S O

TJLILFJ_HHZFFH IXE’J LPM 54 M Boot Loader XizHUEX
= b #4T Boot Loader X 1%

Note: 1. “1”" RIRAKRHEmE , ‘0" RRERmE.

BB IMEAXEAR AR L A Boot Loader, iXLEIRMET LR — LA E
523 , ki@ USART = SPI #&D#&L&Eﬂﬂﬁ?ﬁﬂﬁup To B, ATLUB SRR Boot
Eﬂ)@‘ﬁﬂﬁ SE O EIEM Boot REVEEAMEHE, X# | £/ Boot Loader M EIFL/Z
BT, METHARBE , BFFBRRITRANRB, MCU REFEERERLMNMEE,
2 , — B Boot EMNBLNMRE , ENEEN —EHEE Boot K EtH, B
i ReEEN $ﬁ‘i#ﬁiﬁhﬂ’ﬂi£§§5ﬂ{o

Table 91. Boot S5 4 (1

BOOTRST | &{uihit

1 S8 = SAXEM (#i 0x0000)

0 £ {IMmE =Boot Loader 1 ( . P223Table 93 )

Note: 1. “1” RRKERRE, ‘0" RREFHE.
FIREFFMEEFSENRSTESRIIE T % Boot Loader BRIEFTFEAVIEHI0L,

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

 Bit 7 — SPMIE: SPM i {FaE
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SPMIE G , IRIRASSFEERN I thEN ,SPMARTEN#ERE. RESPMCSR & 1785
#9 SPMEN ;& , SPM H 81T,

» Bit 6 - RWWSB: RWW Xit#r&

Bax RWW XK BERRE ( TEREABA ) BER , RWWSB #HEHE 1. RWWSB
B FEEHR RWW X, BRERETRE , 1R RWWSRE 8 1, RWWSB i
BER. B, B TUMERBREFE RWWSB L BEES.

+ Bit 5— Res: RE{U

£ ATmega8535 R RRE L , ®RIREENR "0%
+ Bit4 - RWWSRE: RWW Xi&#gE

RWWIZ&tﬂﬁE(ﬁm%:Eﬁs)\)hxﬁ RWW X iz 18 VF(RWWSB?&EFFE‘W BERTd
FHE, AR SH YIS RIRES EE(SPMEN,% )T REEFFRERWW X, 1R RWWSRE
M FSPMENREI R #BE A "1 N 1E EiEE M Ot AR R E SPMEE S B IRFERERWW
X, & Flash Tt%ﬁ%%l%ﬁiﬁi%)\ (SPMEN &1 ),RWW X HEHFERE. 2R Flash N
# 5 RWWSRE BRI &4 |, N Flash MERAEL L | MENKRBEIGE K.

 Bit 3 - BLBSET: Boot #iE{/i& E
WRIX—{f SPMEN BB , K& TEEENEMTHEHRNE SPMETL2ERE RO

PR EIEIRE Boot BIEM. R1 RHIEMN Z EH V5 S AR, BIEMIRETMK ,
HED N EMRRE SPM ETHINITE , BLBSET B31ER.

1£ SPMCSR #1783/ BLBSET 1 SPMEN ENM G =/NEHRNEZETH LPM 155
BIEM B L (BURT Z 184189 Z0) HIXBI B MW EFRR, 1M P220° AR 47 BB
Y RBIEN .

s Bit2 - PGWRT: ﬁEA

i B. 3 I SPM TS
E’9 ,;-— o I M’Fx a1 DI $ /5 k) #um‘ PGWRT

E B iE R Flash

HTEE, Zzu%ﬁ%ﬂ%ﬁj NRWW X EEA?i%LJEﬂEEF CPU &1«
« Bit1-PGERS: &K

MRX—{F SPMEN B ER , R4E T REENONEE BN SPM IESHITIUE
RRINAE, TUHbHENE Z EHMNEMES. R1 M RO WEIEN 42K, TEBRIBIETRK ,
HEEANEHi A EAR %A SPMIES#ITE ,PGERSEEIES . IREREX R AINRWW
X , EEANTTRREESES CPU FLE,

. BitO—SPMEN'T?FEﬁJ'" FHEERMERE

X—NEEEENO/ R EABHRINFERE SPM E5, IR NX—H RWWSRE,
BLBSET, PGWRT = PGERS z —RI&t&Efz , W a0 EFTR | # T KH SPM EESREREH®
WE Y, MRIAAF SPMEN B , ﬁBA?%T%E’J SPM 4 HHE R1:RO H B EFMEIH
Z I8 BEN IS REFES, Z a*»a%JrE’J LSB # 2k, SPM ISR , HEMN AR
3% B SPM S8 1TE , SPMEN B35S Eﬁ%ﬁﬁ?%ﬂﬁisﬂ&qﬂ SPMEN R#H 1
BEBRETK.

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

Z EH AT SPM s v S 4k,

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 Z1 Z0

7 6 5 4 3 2 1 0

26 ATmega8535(L) m——
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www . BE com/ATMEL .

Flash B9 B4RT8

2502E-AVR-12/03

BT Flash 625 2 AR AR ( P229Table 104 ) &2k , BF IR U EEHRH
MBI H—ARIATANIF RS ; EAAZIARI UM SIS , 10 Figure
M4FT R, HTFREBRANTERENFURMBEIRIAY |, B RIEBoot Loader #4412 71 2
BRAMEBRENIFUMENRARREEN ., —BREREFHRED  HiutBEdiE  RE
ZIEBH AL AERMAET,

W—FEEH Z 558 SPM #4ERIZE Boot Loader BiE ., Z IBHHWABTEZKE, LPM
EPER Z B RKARFiL, ATFXNMESHIUZFFTHHIT , FTE Z 18489 LSB
I (fZ20) tbEAET,

Figure 114. SPM #9341t (1

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 \ >

Notes: 1. Figure 114 FATAMNTRIMNZE R P224Table 95 H1 54,
2. PCPAGE 5 PCWORD %|F P229Table 104 .

REEHENERUAN ST, £ARNTE RS OREN — NS TH
e B AEFIX— TSR, SPM 158 M — R —NEH 5 SRIEE A KN T R,
R RERBNEATAETRERS S 2 L TNERBRARSRIEZ AEM,
HE1 ERBRNSENSE

B T EE

AT TR B

HIT AR
HE2, ERBRESERE

4T BB

B B

14T RSB AE
NRABRERERE — 55 | NETEG 2 8 AFUE T 250 FHER (0RETIE

NREHXA ), AEBEEE Flash, MK 1 84, Boot Loader 2t 7 —NE AT -
B -BRYE , ATAFRHEEERBIFHNART , AENABBMLENRE , EFE51EE

A mEl% 217
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REHBIEEE Flash, MREAFR 2, MEERIAHKE , EARSELWIRRT . IE
B T3 XA BAREAL T 4k, RIEETERMAERER T UARNTERKEN. CHA
BHHIFIES R P221* —MIEMSISFRFLHEARD " o

www . BDTIC.com/ATMEL
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B SPM #1T R

TRt B AR (TN )

WITRERHE

FA SPM i

HE# BLS R EEEBHNRIE

HITHEREREELEZEERE Z E4S RAMPZ MtbitE 8 |, RE “X0000011” B A
SPMCSR , & G Nt BAHE AT SPM. R1 # RO RHI BB ZBE, Ttk
KRB AN Z B517EM PCPAGE, Z iE4HI H A1 28K,

BB RWW XHI TR : 7 TT BRI 2 A AT LA B NRWW X
B NRWW XK : ERESEF CPU =1L

E-MESFEAZTERE Z BHHNHUER , URNESFEEA R1:R0, REN
“00000001” E A SPMCSR, %EEEEE’JMWFH&HW#&G SPM, Z %ﬁ%&ﬂF
PCWORD MWHAAXFHuUIEREAHAX, TERETK , HEN SPMCSR FiFeeM
RWWSRE gt & X Bah R, REEVHELSBRIGREPX, BRNRETFERIG
BT X 3 RBEXT S stk # 1T — R BiRE,

Note: #1R EEPROM £ SPM M FHHEIBE#RE , ME THEHEEX.

PN EREEEZTERE Z 45 RAMPZ Wittt 8 , ABF “X0000101” B A
SPMCSR , R EH NN BHIRIIT SPM. R1 #l RO AV EIEH 288, Ttk
HMB A Z 5172 PCPAGE, Z B4 H M2,

EER RWW X : 7 TUEER S T2 & AT LU EL NRWW X

«  ERNRWW XHR : EREERESF CPU FLE

MR SPM R fERE , N SPMCSR Z1788# SPMEN BFEF =4 ., XEREHM4ET
LRIk EX SPMCSR FEBMEH, FH SPM Fifet EHEIJH-:&HE% £
BLS , Mg RWW XiRFE kit iR FHIARE . Zzum%mﬂ&m;i%m P44« 7

BETYRFE Boot HEN 11 A KK EH Boot Loader XATEELL FHI KT, It Boot
Loader &R B # {THY IR IR YF%E&WEA Boot Loader \ERBRHTLEEH . IREBFIZEE

BDTAC, COMZATNEL . ..
Eaﬁﬁmmwww S EREd R il A#gtﬁwb%wﬁ

2502E-AVR-12/03

4, RWW Xt SPMCSR #ﬁ%&aﬁ RWWSB B, £ B4miERT , 41 P44« |k~

R PHEERMNIZEE BLS b, EZIEFH., REERE E—rnt RWW EZHUFH
Fzmw\ X RWWSRE B 1 k&% RWWSB, il 7Bl P221¢ — MNAR2 S| SEFL
YRiRES
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BEXY SPM iR ESISEFHEN

E EEPROM M 1EE SPMCR

R4 R RBUS LU M

ATMEL

iR & Boot Loader 81 EM B £ B4 RO FHIEMEHIE , AB [ “X0001001” B A SPMCSR
FESE HEESEENONSARAKT SPM ES, H—AiFRINSIEMNE Boot
Loader 81E L, M X ANESL AT LAFE LE MCU 3t B2 A2 & # Boot Loader B 4K E i,

Bit 7 6 5 4 3 2 1 0
RO | ¢ | 1 | BLB12 | BLB11 | BLB02 | BLBO1 | 1 | 1 |

T E# Boot Loader #iEMIZREXT Flash 58 #Y5200#E S I Table 89 5 Table 90,

MR RO M 5.2 7K 0,3 HTE SPMCSR Z1283# BLBSET # SPMEN Ef 2 jFHE4
AERHITT SPM IET , RN/ Boot BIEMFHmE, LRETER Z 84 , BET
FRAMMNER BT Z BHBE R 0x0001( 5% 10, VHWREHER ). AFETFHRAM
MER  BWESHENMMFROFN 7, 6, 1MFEONE "1, EREHEMHIREFR
A LAB BRI EA Flash X,

EEPROM BE#/EABREX Flash w2 , th A EXN B LM MBI EM Y IRIRE, BILAF
X SPMCR HER2#TEIRECHIE £ E EECR FEBMRASA EEWE |, BRI
LABUE R

I8 24 A FNBE v AT LU BRI B, B EMAT , BB 0x0001 B F445 Z i85t H BB
SPMCSR 17859 BLBSET # SPMEN, £ SPMCR 42 G =4 CPU BAHI R ITHY
LPM 5o RESIE MW ENMEE B NEFFESR. EREMRES i HEE=/ CPU B
HR&E HITLPMIES ,REDN/NCPUBAHIR& BT SPMIET ,BLBSET #l SPMEN
B EHESE, BLBSET #l SPMEN EE/E , LPM SRR 15 %EﬂﬂﬂFFﬁ#ﬁiﬁa'yﬁB#
I{’EO

P51k Flash MBS

FE’J_/\ CPU naﬁmmﬁm LPM % H?Ekééémtui?*ﬁa’ﬂﬁ (FLB) MEBENFE
FEMANHBERBLMENFTREWATES N P227Table 99

Bit 7 6 5 4 3 2 1 0
Rd | FuB7 | FLB6 | FLB5 | FLB4 | FLB3 | FLB2 | FLB1 | FLBO |

REH  RERRLN ST  BEF 0x0003 B F4 Z 54t BEN SPMCR F178
Ky BLBSET # SPMEN, % SPMCSR #&{F2 /FH = CPU FHIAHITH LPM E 58
BLM BT THE (FHB) T B N7 EFANRARBLUSETTRHNOH
WS M P226Table 98 o

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

WRENBLUNMBEMNIRREER "0° AEEENBLUMBENMNRIEEEN
"1%

Ve I8 F TEBER ,CPU M Flash IEE TETERIE , F|asha’ma§‘JaE§§IJﬁ&ﬂ\ XA
EER F R FARR R SMIA T Flash —REAEE, PROLEERARREARR S R

B E AR BERMER 7T LR A Flash WE. £— , Flash EXREE— /l\EEEﬁEEJ:T:o %
=, BEXES CPU RG24 IREHITES.

BEUTRITERATLU#SR Flash IR (RAEHRZ—REB T ) :

220 ATmega8535(L) m———
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1. MRRSETEEFEH Boot Loader , EiLRTE Boot Loader i E L LABH IE Boot
Loader ¥4 51

2. BFEEEFREE , £ AVRRESET H{E : XANARXH B IEBESRK
M EBFHEICE |, ATLAERE BOD That ; NI AERAASBEM R B, MRE
Eig 1’E1ﬁﬁ¢'7i$7§ﬂ , RAERFREERY , BRELSTR.

3. KBEEHERE AVR AL TEEKREER . XL LE CPU #13HiTHE
T, BRI SPMCR FEF85 , MMPBHLE Flash # T E iR BERE,

£/ SPM BHY Flash 4wiBRtE  FRRIEMN RC #5785 H T Flash SutrtF32%l, Table 92 44H 7 CPU i1 Flash Ay 82
B ymTRRT A,
Table 92. SPM 42 A7H]

&®E B/ R E BAGRERH

Flash B2 E (833 SPM 3L T #2BR,
nE, RESIEN)

3.7ms 4.5 ms

— MR ESISBFLRRD - ABIRRS RAMA B —RBIES A Fl ash
; YIEHIER RAMIE —NEE T
; ZIBEEM Fl ash WE— N ERIEE T
- RO ARBRLE
- BERFLFRET Boot X ( £4 Do_spmFRFEMMIL)
; EAREIRS (BRI EERE ) RE8R R NRWKH R
- (EFAMNEESE r0. rl, tenpl (r16)., tenp2 (r17). looplo (r24).
; loophi (r25). spncrval (r20)
; ERFRTaOESFRATHNRFNRE
a/RT—ILXﬁMb?rT?%EE’J

www . BREEC - ComZATMEL: . -v.cnn.

.org SMALLBOOTSTART

Write_page:
; TUERR
Idi spmcrval, (1<<PGERS) | (1<<SPMEN)
rcall Do_spm

; EFERE RV
Idi spmcrval, (1<<RWWSRE) | (1<<SPMEN)
rcall Do_spm

; ONBIEM RAMERE Fl ash WEFKX

Idi looplo, low(PAGESIZEB) ; BRI EE

Idi loophi, high(PAGESIZEB) ;PAGES| ZEB<=256 R A 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}i& £ subi
brne Wrloop

=

subi  ZL, low(PAGESIZEB) R dEs

sbci  ZH, high(PAGESIZEB) :PAGES| ZEB<=256 B FEEitigE

Idi spmcrval, (1<<PGWRT) | (1<<SPMEN)
rcall Do_spm

A IIIEI% 221
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; EFAERE RVIX
Idi spmcrval, (1<<RWWSRE) | (1<<SPMEN)
rcall Do_spm

; REBEARE , FELERAE
Idi looplo, low(PAGESIZEB) 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 XELTURSIEE
Return:
in temp1, SPMCR
sbrs temp1, RWWSB ; ERWBB A 1", B RIWRKIE & B R T
ret
; EFfERE RVX
Idi spmcrval, (1<<RWWSRE) | (1<<SPMEN)
rcall Do_spm
rimp Return

www . BIEFHE=com/ATMEL

in temp1, SPMCR

sbrc temp1, SPMEN

rimp Wait_spm

; WA :sprerval RET SPMIRME

; Bl RERSIEE

in temp2, SREG

cli

; BREE EEPROVERE
Wait_ee:

sbic EECR, EEWE

rimp Wait_ee

; SPM &t e 51

out SPMCR, spmcrval

spm

; MRE SREG ( MR MTRAZEREN , N FEAEH # )

out SREG, temp2

ret

22  ATmega8535(L) m———
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ATmega8535 5| SBFSH BYmTE A T AR S ERTE Table 93 | Table 95 R4 H,
Table 93. Boot K A/NEEE ()
KA Boot Boot &E{uithht (
BOOTS | BOOTS | Boot Flash Loader MAK Boot Loader £
Z1 Z0 KX | ¥ X Flash X gER it Ak )
- 0x000 - 0xF80 -
1 1 128 & 4 OXF7F OXFFF OxF7F 0xF80
- 0x000 - O0xFOO0 -
1 0 256 F 8 OXEFF OXFFF OxEFF 0xF00
- 0x000 - 0OxEOQO -
0 1 512 F 16 OXDFE OXFFE OxDFF OxEO00
1024 0x000 - 0xCO00 -
0 0 = 32 OXBEF OXFFF OxBFF 0xC00
Note: 1. TREH BOOTSZ B fuElEiES W Figure 113,
Table 94. RWW R ™
Flash X ¥ FHusEE
B - BX (RWW) 96 0x000 - OXBFF

JERATIE - BX (NRWW)

32

0xCO00 - OxFFF

Note: 1.

www . BD]

2502E-AVR-12/03

XTFHANMXAFMIEBEFEL P213° IE RWW K -NRWW’” 5 P212°RWW X ”

ATMEL

1C.com/A
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Table 95. Figure 114 FATATEMNRAR Z 54T RIS

M RIRY Z e B
TR B iR
11 ERFitHESENREEN (BFITHRSEN 124
PCMSB PC[11:0])
4 AFIAFSHUNRSMN (—TTE641MNF , &
PAGEMSB 5 1 PC [4:0])
Z12 Z5EH/5 PCMSB XMz, ATF&EER
ZPCMSB 70 , ZPCMSB ZF PCMSB + 1
Z5 ZEFES S PAGEMSBX RKI ., HTF & EFEH
ZPAGEMSB Z0 , ZPAGEMSB % T PAGEMSB + 1
PCPAGE PC[11:5] Z12:76 %r%ﬁ%z%ﬁjrit&nt C ETEBRAT SR e
TIEE
PCWORD PCI[4:0] Z5:21 BFITHESRT I - NEXIRNEPX BT
EFE (EREIRF LA 0)

Note: 1. Z15:Z13: Fit
Z0 : MM SPM &ER "0” , X LPM 8 SIS,
XTEEENEYS ZEHNERAESN P216 £ B4RfERT 1719 Flash”

www . BDTIC.com/ATMEL
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FHERRmE

B RBEFHEBRYUENMN  ATmegassss 2 76 MUEN  RIBHBUMRE(0)ERZABME (1) HER T LIRS
Table 97 FIHM M MMEARE. =M REBTTHBRRSHEEN 1%

Table 96. #iE =T (1)

PN P (VASH iz MIAE

7 - 1 ( Rmig)

6 - 1 ( RERTE )
BLB12 5 Boot S E L 1 (Rimi2 )
BLB11 4 Boot 8t E {1z 1 (KRimi2 )
BLB02 3 Boot #iE 1z 1 (KRR )
BLBO1 2 Boot #iE 1 ( RmiE)
LB2 1 BiE 1 ( RmiE )
LB1 0 #iE 1 ( RERTE )

Note: 1. “1”" RIRAKREWE , ‘0" RINHIRIE.

Table 97. #iEMFFER @
FEBYEL R RE
LB #xX LB2 LB1

DT IO R
www . BDTEC .cam#

=<

PROM Kyt — 5 4R

EHTHBETREER D Flash 7 EEPROM Ky — S 4w T2

3 0 0 | mRifs#it  SeLEemigsE O

BLBO #£% | BLB02 | BLBO01

1 1 1 SPM 1 LPM 33 51 A X #9175 8] 5% 5 BR )
2 1 0 TARYF SPM M NAXEITERE

TR SPM ESXRARXR#ITERE , Bt FRARAFEITT
Boot Loader X# LPM 55 MR A XIEEEIE, EHPHEE

3 0 O | fF Boot Loader X , BRAHITRIE KA BT chif 22211
08
ARz 1TF Boot Loader K& LPM 155 M Sz X 2 BN
4 0 1 i, BEhfE 2T Boot Loader X , BBAMITRARXA
BRI,
BLB1 #= | BLB12 | BLB11
1 1 1 A1 SPM/LPM 1§15 18 Boot Loader X

A IIIEI% 225
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Table 97. iR @ (Continued)

fRipEE

0 TR SPM #8455 Boot Loader Ki#{TE#RE

T SPM #5% Boot Loader Ki#{TER/E , bR AR
BT TRARXE LPM £ M Boot Loader XiEEI#iE, &
FTEENTRAKX , BBAHIT Boot Loader XLHB AT H
g lu: 0N

FESREEN
2 1
3 0
4 0

TRYFZEITTNAXK LPM 35 M Boot Loader XiEEUEK
1 B, ERMEEMNTRARKX , AT Boot Loader X4
B R REIEN,

Notes: 1. TEmEHENFEWEBBELAL,
2. 1" RRKXWRE , ‘0" RTBEHE

ATmega8535 AR MAEL M F11, Table 98-Table 99 f& 2 iR 7 P A B L L HI ThEE LA
RN 2 WMARFAEBELFTHIN, NRBLAEHRENIZIREER 0%

Table 98. AL EFT

BUBRFEY s | #Hik MINE

S8535C 7 E$E AT90S8535 FAE 1 (REmR)

WDTON 6 WDT F 1 (Kémi2 , I WDTCRE
WDT fif5E )

SPIEN(® 5 FrBRTEFMBETHR 0 (E4m#E , SPI mi2fFaE)

HSTRT AT e

3%4% Boot K A/) (i1 Table 93) | 0 ( B2 )®

%42 Boot X K/ (see Table 93) | 0 (B4 )®

BOOTSz1 2
BOOTSZ0 1
BOOTRST 0

BEENEE 1 ( RYiE)

Notes: 1. 7£ SPI H{T4mEE X T SPIEN AL A A5,
2. CKOPT B4 {uIhatH CKSEL fiRERE , M P23“ B4R ” o
3. BOOTSZ1..0 BIAE N K Boot X/ , ¥ P223Table 93 ,

ATmega8535(L) m——
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BB LB

FRiR

RIE

2502E-AVR-12/03

%

=

bt

WWW

Table 99. B« RNFT
Ref|EeFss | U5 | #4 MIAE
BODLEVEL 7 BOD fit %X 88.F 1 (KRR )
BODEN 6 BOD ¢ 1 (K47 , BOD £H)
SUT1 5 briz= =Ryl N 1) 1 (Kgmi2 )
SUTO 4 briz= =Ryl N 112 0 (EgmR )"
CKSEL3 3 iR R 0 (B4 )@
CKSEL2 2 %R B R 0 (Bymiz )@
CKSEL1 1 3R AR 0 (Bymi )@
CKSELO 0 %1% Bt 4R 1(Kimi2 )@
Notes: 1. X FERIAREMIR ,SUT1..0 WERINES HE AW B FIETE, #EHAB A P28Table 10 ,

2. CKSEL3..0MBINRESH T FARCIKEZEETT1 MHz, iFH AR M P23Table 2 ,

BLNHREFTZERBEBETTHRE, WRBEM 1(LB1) WmBNBLUEBE. £
YRIEBIE AL AT EmIB IR L1V,

BRBEAREREAELVNERSIF, HEBLUNRIERLER , EXGHEFRERE
B, FTHXTERT EESAVE B4y, ©—-BRREVEEER. ZERTHEEXF
2Rt LR £ L i BIF

FrEM Atmel IZHIZREEE — N =FTHHRRABARE D H[HES, XMUB TS
BT MAFTENIRE '&TL)\EIL\)#?&EhEHT'LiHRo X =5 BT = MR

BRILIC.. com/AT

1. 0x000: OX1E ( &R H Atmel 22 R &£E7 )
2. 0x001:0x93 ( {RARHHBE 8 KB Flash 17425 )
3. 0x002: 0x08 ( & 0x001 FH KA N 0x93 Bt TR /RIX 2 ATmega8535)

ATmega8535 N RC BN BN TRNRAEBRFTREETT . XNFTATFHRIR
4k Z2 B 0x000, 0x0001, 0x0002 K 0x0003 SN FT , B BIFRE 1. 2. 4 8 MHz,
HEEMHE |, 1 MHz BFREEHEZIBEA OSCCAL 1788, ZEEHMMRRER , I
EFHER , FN P28 IKH SR E S 788 ~OSCCAL” »

227
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# Jﬁﬁ?ﬁk SIMIMRET R  iX 885 ik T aA% ATmega8535 i Flash RREF171458 , EEPROM MBS | 1744

e %H;EH&J@F%{J_J&?T#?T%&ﬂ&B‘* BRIES AU , BOFTIEEDH 250 nso
F58% X —T ATmega8535 WX SIMHTHREESHBIEITSIA , W Figure 115 5

Table 100 FirRo FRAUKBHRAY S| A RROFRIE,

XA1/XAQ RE T 48 XTAL1 S| — N EBKH B FrIITHVIRVE. BEAYRIBIEN Table 102,
% WR 5 OE WABHRFIMNENSTRE T BRITHERE, EARRES A Table
103,

Figure 115. H1Ti{mi2

+5V
RDY/BSY <——{ PD1
vee
OE ——>| PD2 AVCC

WR >| PD3 PB7 - PBO |[«——» DATA

BS1 ——>»| PD4

XA0O ———» PD5

XAl ———» PD6

PAGEL ——>»{ PD7

+12V —— | RESET
BS2 —»| PAO

—>»{ XTALL

www.BDTIC . eom/ATMEL

Table 100. 5|H1# FRER &Y

REEXESHER | SIS | 10 | Thek

RDY/BSY PD1 O | 0: BARTHE, 1. SHESHHD S,

OE PD2 || WHERE (KEFPER).

WR PD3 | | BB (EBEFEXR).

BS1 PD4 || FREF 0 ERENFT, 1" ERESUFET ).
XA0 PD5 | | XTAL 3h4E4Z 0

XA1 PD6 || XTAL sh4EfL 1

PAGEL PD7 | | INREFFHERN EEPROM BiiER

BS? PAO | igi;ﬁﬁ 200" IEBRMF T , 1" ERE-ANSN
DATA PB7-0 | IO | RMEHIEEL (O WKL )
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Table 101. #H AREERXFTEER S| BIEIE

El) o5 BE
PAGEL Prog_enable[3] 0
XA1 Prog_enable[2] 0
XAO0 Prog_enable[1] 0
BS1 Prog_enable[0] 0

Table 102. XA1 l XAO0 H4mH5

XA1 | XAO | 4 XTAL1 Kebnpk+ sk g zh 4

0 0 | fn# Flash = EEPROM it (&3 BS1 WERBMERRMLFT)

0 1 EEE (BT BS1 RERSNUEREMLAFHEFT)

1 0 | MESH

1 1 TBE , =R

Table 103. @5 F T 4wE
WEFEW BTG S
1000 0000 SRR
0100 0000 BRRufy
BHiEN —— p
www . B4 C -com/ATME
. & g 4 L 3 v —

0001 0001 E EEPROM
0000 1000 BIRRFTRRAEFTT
0000 0100 BRJA 22 ST RN B TE L
0000 0010 3% Flash
0000 0011 & EEPROM

Table 104. —TN'ZEMZH Flash FHI A

ATMEL

Flash X/ TAD PCWORD ik PCPAGE PCMSB
4K F (8K 17 ) 32F PC[4:0] 128 PC[11:5] 1
Table 105. —TIEZEKFH EEPROM H#I T
EEPROM X/ WAD PCWORD i PCPAGE | EEAMSB
512 2% 4 FF EEA[1:0] 128 EEA[8:2] 8
229




FITRE
HEARBER

HRTEMREEEE BN FE

WWW

B ERER

3t Flash #{T4RE

ATMEL

B TENE LR AHTHREER -

1. 1 Voo & GND Z[E$Rft 4.5 - 5.5V (WEBE

2. Y¥ RESET #I{f , HE D hE XTAL1 BEF 6 %

3. ¥ P229Table 101 # %I H A #Y Prog_enable SIH#IE S "0000" , #&#EFZE4 100 ns

4. $ARESETIR11.5-12.5V WEBE, 6 RESET 24 +12V BEFM 100 ns A,
Prog_enable 5| EMTHBLSBSH T EH#H AREEN

MREFRABRBERIAZ RC , EFATREREEEN XTALT B, EXFERT , B3R

BN T &L -

1. ®EZ%F P229Table 101 #Y Prog_enable 5|# “0000”,

2. & Vee 5 GND BiRMHEBE 4.5 - 5.5V [@A14E RESET Ligft 11.5-12.5V BE,

3. &% 100 ns,

4

B ERRE , RIEIEBETs0IRIER RS AtH (CKSEL3:0 = 0b0000), AR 81
ENVEHRE  FREBLAMTART O BERET.

B RRRM4IRHE RESET 55 000 KB HBEEER,
6. RBEHIINEZHRARERN,

o

ERESED , NENTSRUREFIFE, N TRUSHNEENZEEUATEE :

o WBMNFEHETHITERERER , HSREME X
MEBEANKIEN OXFF AT , BEAXMERNITE FEKR G DS Flash &
EEPROM( BR3E EESAVE B4R ) AR,

. Ei ? lash & EEPROM EP?ATIW?F_W&%{&?%O TEig
[\ Htj‘ 5 [-L‘gl\u-_ N\ O
. BB =C0m

SHEBRIRESERR Flash &2 EEPROMY) 176588 AR BIEN . RFEHEREEBBRLER
ZHHEMNTLEMN, 2FEBRTENBLAY., SHERGSUAERE Flash 5 / F
EEPROM Z B

Note: 1. R EESAVE B4{#imE , ABLIES S EBRET EEPRPOM T2 M,
g " BA &R YR

T XA1, XA0EXR "10" ABZa S N,

& BS1&R "0%

DATA IR{ER “1000 00007, XEEH ERGS.

48 XTAL1 B —/NERKH , #HITo R MR,

4 WR 2t —NaBkod | B A8, RDY/BSY &K,

Z# RDY/BSY &E , REFREMBHTNS T,

AU

Flash R T XA LKA |, 21 P229Table 104 FiR. 4%%2 Flash B | 2 HIBHBIF
IMEBERXF, HE—BUNEFRETURNESIRHE. TANSRER T 0AX
Flash #1T4R12E :

A. tNE " B Flash" &%

1. FXA1, XA0EN "10", Bahan S NE

2. ¥BS1E"D

3. DATA R{EJ “0001 0000” , X2E Flash &%

4. 4 XTALT B —DNERRPUAMKR TS

B. A&k b K42 55

230  ATmega8535(L) m——
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1. fF XA1, XAOQ EF "00" , /53t ut hngk

2. N BS1E"D, Kbt

3. DATA mﬂﬁﬁmmﬁﬁ?ﬂﬁ (0x00 - OXFF)

4. 4 XTALT BE—NERF , E MR FT
C. BB FT

1. FXA1, XA0ER "01", BahIEMEK

2. DATA RENHIBEAIFT (0x00 - OXFF)

3. 4 XTAL1 RE—NEMH , MEBTEFT

D. MBHBEFESLFT

1. F¥BS1ER", ERMESHFET

2. T XA1., XA0EXR "01", BaEIEMEK

3. DATA BERNBEENMFT (0x00 - OXFF)

4. 4 XTAL1 BE—AERF , #THREZT N
E. SifF i

1. F¥BS1ER", ERHESHFET

2. %A PAGEL 2 —ERF , BiEHIE (R Figure 117 558K )

F.E£ B 3 E & , EXEANZE P XIERZ U T F A HRIEERC ek

3. EEFPNEMCATRATU , SATF FLASH T F ik , ¥R P232Figure
1160 MNRTAAF LD F 84U (W ht < 256) , BBAH 1T M BRI i EF T I
S AT i,

BRIAC:e @WA MEL

G
1
.
3. DATA B{ER bt FH2F T (0x00 - OXFF)
4
H
1.

WWW

48 XTALT SRt —ANERKOHR | tnEk st 477
CRE—TUHEE
B BS1="0"
2. A WREE-NERF  NERHIEHTHE , RDY/BSY TIE
3. %% RDY/BSY & & (M Figure 117 BIESEF)
|. E€ B 3 H IR , EEIE Flash 4Ri24 R & P M BB #R 1 4m T2
J. ERIRE
1. 1.0 XA1, XA0BHR "10", Bahdr S ingkRE
2. DATA BB} "0000 0000" , X2 TFRERES
3. 4 XTALT RREt—NERKH , MBEGS , AHPBEESEN

A IIIEI% 231
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Figure 116. X LATUAA LB A Flash #1TF 4k M

PCMSB PAGEMSB
PROGRAM
A PCPAGE | PCWORD |

PAGE ADDRESS WORD ADDRESS

WITHIN THE FLASH

PROGRAM MEMORY

WITHIN A PAGE

PAGE

PCWORD[PAGEMSB:Q]:

PAGE N I INSTRUCTION WORD 00
| 01
\
\ 02
< \\ > i
\ |
\ |
\ |
\ |
\ |
\ |
\\ :
| PAGEEND
Note: 1. PCPAGE K PCWORD %IF P229Table 104 .
Figure 117. Flash f&i2iEF ("
' Tl 0O -
XAl
XA0 \
BS1 / | W \
XTALL /_\
= \_/
RDY/BSY \—/_

RESET +12V

Note: 1.

232

TRZER"XX", ENMNKEZEXN N T A EHERL Flash R

ATmega8535(L) m——
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% EEPROM #{T4mi2 #n P229Table 105 A/~ , EEPROM B EATT A #4, 4m7E EEPROM BY , RIEHIEEIF T
MEHRXH, XETURMXN —TTHEHRTRHRE, EEPROM REEMBREEZNT (
e, it REEMROATIES N P230“ X Flash B ITHRE ") :
1. A pNEaE< “0001 0001
2. G: gt FHMFF (0x00 - OXFF)
3. B: mME KM FT (000 - OXFF)
4. C: mnEE#E (0x00 - OXFF)
5. E: $i1F78IE (44 PAGEL 2 —MNERKF )
K: EES$®R 335, BERRNMNEFXIERK
L : ¥} EEPROM TU#{T4mi2
1. ¥ BS1E&“0
2. A WRREBH—/NABT |, FARN EEPROM T 474 , RDY/BSY &K
3. %I RDY/BSY TEBN T —R#THRE (55 KFN Figure 118)

Figure 118. EEPROM 4w72 K &
K

/_H

A G B C E B C E L

DATA x 0x11 XADDR HIGHXADDR LOWX DATA X XX XADDR. LOWX DATA X XX
XAL __/ \

www . BDTAC ccomZATMEL

RESET +12V

OE
PAGEL / \ / \

BS2

ZE Flash % Flash F# 8RS T (S5 Rtk NEHRMAT A P230“ Xt Flash #HITHRE" ) :
A : InEds “0000 0010”

G : &bt FAIF I (0x00 - OXFF)

B : & ut KA F T (0x00 - OXFF)

¥ OE B “0”, BS1 & “0", A/GM DATA i Hi Flash FHKLFFH

55 BS1 & “1”, SA/GM DATA & Flash FHE M FEH

¥ OE & “1”

2B

2 HL EEPROM BREMENSRUOT (S Ribut AT W P230 3 Flash #HITRE ") :
1. A pNEaE< “0000 0011”
2. G: &t FHMFTF (0x00 - OXFF)
3. B: mMEbutEMFF (0x00 - OXFF)

A IIIEI% 233
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B LUEAHTRE

MIBLAR B A ITRE

ATMEL

4. S OEE"0", BS1®E"0", A/SM DATA i i EEPROM HiEF ¥
5 Y OEE"

NBLBEVNWRESROT (B REBEEEMAT I P230" X Flash #HITHRE” ) :
1. A: NS “0100 0000”

2. C:MEBFEET  EE—NRN "0 RIEEHRITEHRRE , BNSERR

3. BS1#“0", BS2 K “0%

4. A WRBME—NABH , HZE#RDYBSY TS

NBRLESUNNRESROT (B REBEEEMAT I P230" X Flash #HITHRE ") :
1. A: &S “0100 0000”

C: MEHBJ\EEFET , EXE—NUH "0 XREEHRTHE , SNETEER

¥ BS1E"”, BS2E&"0", a BN HIEFEFET

4 WR B4t — Nk H# %% RDY/BSY &8

FBS1E"D, REMNFT

Al

Figure 119. B4 YRIERI

Write Fuse Low byte Write Fuse High byte
A C K_H A C K_H
DATA j $40 X DATA X XX X $40 X DATA X XX
XAl / \ / \
I I
www . BD- MELE——
| |
BS1
XTAL1 _/_\_/_\ /_\_/_\
WR / v/
RDY/BSY / -/
RESET +12V

MNEIE A TRE

RBUE £ (v M8 E

OE

PAGEL

BS2

MEMREBSRUOT (W REBEEAT I P230“ Y Flash #HITHRE ") :
1. A INEkas< “0010 0000

2. C:MEHFEEET , Lnh "0 RREBENEERE,

3. #AWR BEE— M BkhH %S RDY/BSY 5

%')Jl fZ/D\ L/u\ﬁﬁp?un‘%%fﬁﬁ%o
BREUBLMRMEMHSRAOT (BSINEMAT A P230“ Xt Flash #HITRE" ) :

232 ATmega8535(L) m——
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1. A INE& “0000 0100

2. Y9 OE., BS2 I BS1&"0", A/SM DATA BB L BN MRS ("0’ RREHE)
3. IOEB"0" ,BS2MIBS1EB“1” , RIGMDATAREUA L B KRS (0" R REHR)
4

f$ OE &"0” ,BS2 & "0” ,BS1 & “1” , AA/SM DATA IRERBIE R AVIRES ("0 BRE
Wiz )

5 YFOE®&*“

Figure 120. EiR{EIE+ BS1, BS2 SRLNRMEMMII R xR

Fuse Low Byte

3|0
DATA
_>
1
Lock Bits — 3|0
BS1 |
Fuse High Byte —>»| 1
BSZQ
BEARRF RERRF T HEZA T (@S5 S= P230" X Flash HTHE ") -
www 2BREECcom/ATM
-2 Oi)O
3. S OE. BS1{&"0", A/SM DATA iBURIRFH
4. f$OEE&E"
BEEWREFT BERREFTWELZNT (MRSt nES2E P230“ Xt Flash #H1THRE ") :
1. A: hOEE+ “0000 1000
2. B: mEGEHHEFT
3. fOEE"0", BS1E“1", A/SM DATA REURAFT
4. J$OE&“1”
HITREBEE Figure 121. F}{THRERF A SHE-LEANRFER
tXLWL
XTAL1 Exrxiy B
_tovxnH txLDx
Data & Contol -
(DATA, XAO/la 351 32;’) > $ )
AGEL tevPH ‘/t;L\ tpex | tBvwi | <—>tWLl?X
N tWLWH - -
WR tF’LWL w
WLRL
RDY/BSY L S
twirH

A IIIEI% 235
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ATMEL

Figure 122. }{TmIENF , AR FERNMEFH O

LOAD ADDRESS LOAD DATA LOAD DATA LOAD DATA LOAD ADDRESS
(LOW BYTE) (LOW BYTE) (HIGH BYTE) (LOW BYTE)
/_H r \ 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 &R 4%,

Figure 123. }{TRIEHF , ARt FERNIRFS (R—157T )V

LOAD ADDRESS READ DATA READ DATA LOAD ADDRESS
(LOW BYTE) (LOW BYTE) (HIGH BYTE) (LOW BYTE)
— —

oL

-
XTALL

tBVDV
-—

BS1
Bm A“M BL
WWW | 1 & t
|'oHDZ
-
DATA —< ADDRO (low byte) DATA (low byte) DATA (high byte) ADDRL1 (low byte)

XAO

XAl

Note: 1. Figure 121 gﬁtﬂﬂgﬁ{”%g* ( ED tDVXH‘ tXHXL & tXLDX) 'H_:’:iﬁ% :.Fiiﬁﬂzo

23 ATmega8535(L) m——
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2502E-AVR-12/03

Table 106. H{THBSM , Voo =5V + 10%

B/ | BE | BX

Sy 28 & & B | A
Vpp IREEREERE 1.5 12.5 \Y;
Ipp IREEREERR 250 uA
tovxH £ XTAL1 A2 AT BIERZEHER 67 ns
ty xH M XTAL1 EE XTAL1 & 200 ns
tyxL XTAL1 7 & BRI RKTE 150 ns
tyLpx XTAL1 J K2 fE 3R RAR BIR B 67 ns
tywt M XTAL1 1£Z WR 1§ 0 ns
tyLpH M XTAL1 1KE| PAGEL & 0 ns
toLxH M PAGEL 1€ZI XTAL1 & 150 ns
taveH PAGEL # &2 81 BS1 BN 67 ns
tempL PAGEL 7 & B HY R 3E 150 ns
terBx PAGEL N1E2/E BS1 R¥#F 67 ns
twiLex WR R1E2 /& BS2/1 R 67 ns
toLwL M PAGEL €% WR N 1{& 67 ns
tavwL BS1 BME WR H1& 67 ns

it wH J.Wﬁﬂilﬂ‘ﬂ’ﬂﬁi}ﬁ 150 | ns
WWW ﬁ-\ M VIR €2 RDY) zlvu:l 1 us
- tVI[:H MR 2% RBY/ Ik Bl B | 45 ms
twirn ce | M WRIEEI RDY/BSY h & , A migiRE @ 7.5 9 ms
tyLoL M XTAL1 {EZI 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 &M% 250 | ns

Notes: 1. 7#E#t{T Flash, EEPROM, B4R EBIENVERERN tyy ry B
2. ERATER BERRIER ty ry ce B
237
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BRITTH

RITRTES| RS

ATMEL

Y RESET MK 6t , ATLUET BT SPI K43 Flash & EEPROM #1T4R18, HB1T#
O23%E SCK, MOSI( %A ) & MISO( #itl )o RESET hEZ/E , NENITHRE / B
BEZBIHITREAIFIES. P238Table 107 5IH T SPI BT ESI MBS, TEFTAE
HESHERE R SPI SIMI% AT A SPI #0,

Table 107. B{T4RIZRET

SEs Sl o] e
MOSI PB5 | EEBERA
MISO PB6 0 ELHEE
SCK PB7 [ TSR

Figure 124. SB{THwERKR (1
2.7-55V

VCC —T

2.7-55v®

MOSI —»| PB5 T
MISO «—— pPB6 AVCC

SCK ———>»{ PB7

—» XTAL1

www . BDTIC .com/ATMEL

GND

Notes: 1. MFBFEANREIRBMITE | BBARTBE XTALT 5| i _E3EEER IR,
2. Vge-0.3V <AVCC <V + 0.3V, B2 AVCC SJ1E 2.7 - 5.5V SEE K,

YmFE EEPROM B} , MCU £ B ERNMRBIREFLBA—NEIERARS , NTTEER
TERERST. SHERRENERFEMIK EEPROM RN A EEER N OXFF,

IT4PE CKSEL )B4 HE, BITHEh (SCK) W/ MEBF R HK/N S BE R EEH
BUTER:

& :>fy <12 MHz B8 2 4N CPU ¥ SR |, f, >12 MHz B4 3 4 CPU B4 B H.,

& > fy <12 MHz B¥ 9 2 4 CPU B8 AR |, f, >12 MHz BY4 3 4N CPU B4 /58,

233  ATmega8535(L) mu——
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RITRENE

Flash W#IERH

2502E-AVR-12/03

8] ATmega8535 TS AMIER , BIBTE SCK M L FHR BB,
M ATmega8535 IV ZA#ERT , BiiEfE SCK W TR . RFMT N Figure 125,

ERTREENTX ATmega8535 #IT4RERRKET , NEFUTHEER (I Table 109
P4 FHESHER) !

1. LR :
£ RESET & SCK 1 "0" BY , @ Voo & GND i85, E—ERGH |, fRERTHE
RIEfE L8Rt SCK RERNE. EXFBERT , SCK Bz ENE RESET fll—
EfFR , MBXNRZEDELR 2 4 CPU R4 EH,

2. LBEIZEZEEL20ms , REHE MOSI SIHlHE A BITREEREIE D LAEREE TSR
=,

3. BETEALSNERBITREESTIE,. B 2F , ERXEREFEEINE=
NFHE , BEIANFTHASR (0x53) FHERIFER, FERBHNBEBRSE ,
BT 4 4\—7—112,*2"54’5‘%?0 R 0x53 KRRk , MEEH RESET 24t — /\
IE%EFLAJ?&“%&E’J%&{E%E?E o

4. Flash R —R—TUW A R#1T , TTK/PA P229Table 104 ., EHITNEREF
FH RS, ﬁn‘ 6 LSB E’JﬂﬁiJH.:.% , BEUAET REMMRBFEER. R
irtbué‘lza’gﬂﬂﬁ , ﬁﬁ%ﬁ%ii&i&%iﬁ&ﬁﬁ?ﬁ ,ZEREEN. BEFE#R
BEtuE 7 MURERFEHEBESRENE. WRFFEREANAR ,
MAEBRET —REBEBZINEFED typ FLASHE’JE'J‘IEH( Table 108) , 7 Flash
EREZTRZEHRSTHREZEOLSSBRERIR.

5. B THuURBEBEEEZE , EENSESTHUFT N RN EEPROM 4Rig,
EEPROM F# 2 T ERESAFREZH B ER, ﬁu%Tﬁﬁﬁﬁﬂa’Jﬁ“ﬁ B
ATERET —TTBEZIRNEFED typ eeprov FATE (A Table 108), NF 2
FEBBR2ENSH , BIEN OXFF WA EERE

www BB ECCOMZATMEL: ==

8. THEF3 (MRFE):
¥ RESET & “17

Y Flash E&FTRE—TTHREBRAR , REUL TR AR /SR OXFF, WBERE , &
QETSEE’EHEEH—IJ«XIEﬁ@l%tH BEXMAEATUBAEMANTUAET-—RT. BTENTRR
NREN , X—THNET— Mt WAL AKRERN. Flash BEERFER THE
OxFF, .Jtt Eéﬁﬁ OxFF H-J. mFK/J\E%ﬁ tWD  FLASH ?ﬁb]&‘?i-—r ﬁméﬁ&o EHH:é
H’ﬁ#HFﬁﬁE’JiEﬁﬁ OxFF , Fﬁl'/{kﬁﬁiﬁﬁjj OxFF E'JL—_[LXE;ISLt/I\TEE'T’IEO tWD  FLASH
M{EMR Table 108,

A IIIEI% 239
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EEPROM M#iER A % EEPROM E#fEAE —NFHHmERER | EU bR E OxFF, wmEEERE ,
BRENBIEANTUEREY, X—AZTAREHANTRE T —NFEW, BREEAX
BiE OXFF £, BRAFRNIZERE , £ hBREMENETER OXFF , FTmERE
7 OxFF B Al BABL X MRE, FRIXFERA T £ 58RI EEPROM A BB R B HIHE R
APZEELNRRE OXFF , ERHT T —FTREZHELEHF two eeprow BT EL
two_eeprom HIELIL Table 108 . -

Table 108. BT — Flash 5 EEPROM # jt 2 B fY & /N E 1567 8]

Sac) BhEESRE
two_FLAsH 4.5 ms
twp_eeProm 9.0 ms
two_ErAsE 9.0 ms
two_Fuse 4.5ms
Figure 125. B{THREBKIE
SERIAL DATA INPUT MSB LSB
(MOSI)
SERIAL DATA OUTPUT MSB >< LSB
(MISO) -
SERIAL CLOCK INPUT
i L L L

SAMPLE

www.BDTIC ‘com/ATMEL"
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Table 109. H{T4RERT
a= &M, b=IRW , H=0-KFH , 1-BFH

, o=HEmE i =BERA , x=EXE

EEER

BE FH1 F¥H 2 F¥3 FH 4 BE

YmIEFERE 1010 1100 0101 0011 XXXX XXXX XXXX XXXX RESET H{R/EERE R 1THRIE

SR 1010 1100 100X XXXX XXXX XXXX XXXX XXXX % EEPROM X Flash

BREFEHES 0010 HO0O 0000 aaaa bbbb bbbb 0000 0000 MNEFHuit R a:b IR 777851 EX
H EZEFT ) HEN o

MERFEHESER 0100 HO00 0000 xxxx xxxb bbbb iiii iiii [FititR b WEFEFE#ERIT H(ER
BERH)BEAHEI. NABKFET
BESFETN

EREFFMER 0100 1100 0000 aaaa bbbx xxxx XXXX XXXX EHni a:b MEEFEHERT

& EEPROM 1788 1010 0000 00xx Xxxa bbbb bbbb 0000 0000 | M EEPROM Rytthit a:b &b K
o

E EEPROM 1% 2% 1100 0000 00xx xxxa bbbb bbbb iiii ifii [a] EEPROM #hik a:b 4 FE A
=i

BEHUEN 0101 1000 0000 0000 XXXX XXXX xx00 oooo | EBEMN., 0" AERE , "IV AKX
PRI, AT P225Table 96 .

EfiEN 1010 1100 111X XXXX XXXX XXXX i iiii ESEMN. B0 kRRBEMNENM.
M P225Table 96

FEIMRFEY 0011 0000 00XX XXXX XXXX XxXbb 0000 0000 | MiHtilt b EEFRIZET o

Bl \AMWO-ﬂB 10 EOII\ XXX)C(D T] i |ii!! =T wE , ‘1" RTARRE.
U alle 99 .

L s m U] 7\ VT e
EE s 1010 1100 1010 1000 XXXX XXXX iiii iiii ‘0" RNERE , 17" RTKREE,
=8 L P226Table 98 ,
0101 0000 0000 0000 XXXX XXXX 0000 0000 | EB%I, ‘0" XRRECHEE, "X

BB LA RARRRE. AT P227Table

99,
0101 1000 0000 1000 XXXX XXXX 0000 0000 | EBZLE M., ‘0" XRTEHE, 17

EX=Y AE 22N RERKRRE. AT P226Table
98 .,

EREFT 0011 1000 00XX XXXX 0000 00bb 0000 0000 | ERAEFT

SPI BRITRERFMH Xt SPI #ER451E |, S P247°SPI B F451E 7

2502E-AVR-12/03
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B
“a 3 iR PRAE *
TAEBEE oo -55°C ~ +125°C *NOTICE: MRB\BHITHERL © LXIRRE" RPFATIH
K2 T TERAEE R B A K AR, X2
L A -65°C ~ +150°C THEMANKR. HFRTBHAUIETRSP
FISI&MH2T SR ALEBET/EuEBRBAE
ENCIEX I EBE , BRT RESET............ -0.5V ~ Vc+0.5V MEMEZHZT. KitEI{ETLXRRETRE
SFRBHHFw.
RESET SIBIFS B EBE ....coove, -0.5V ~ +13.0V
= AN (1= T 6.0V
N0 I EHIETRETR ..o 40.0 mA
Ve 5 GND I ERERER ... 200.0 mA
ERASHE ,
T, =-40°C ~ 85°C , Ve =27V ~ 55V (BRIESAHA )
SR 3% S B/ME BEE(E BA{E LR}
Vi AAKBE BR XTAL1 | B -0.5 0.2 Vg v
Vi1 MAKSBE XTAL1 SIH) , SAEBet 0.5 0.1 Ve Y
Vi WA BE ﬁ? XTAL1 # RESET 35| 0.6 Ve Voo + 0.5 Vv
Vi WMARBE XTAL1 IR0 Sh&8ad 0.8 V@ Ve +05 \Y
Vo AR 10.5 v
Vv R R o = oc = F U T TV gy B v
oL (%0 AB,C,D) =10 mA, Vee =3V 0.5 Y
v WHEBEE |OH =-20 mA, Ve = 5V 4.2 v
OH (#H AB,C,D) lon =-10 MA, Ve = 3V 22 %
| BARETR Vee = 5.5V, SIBIAEKEFE 1 A
I 10 21 (dxiE) H
| WARETR Ve =5.5V, I ABBEE 1 A
H /O I (EIHE ) M
RgrsT Reset 5| £ /R 30 60 kQ
Rou /O SR Ehrea A 20 50 kQ
IE# 4 MHz, Vg = 3V
(ATmega8535L) 4 mA
E% 8 MHz, Vg = 5V
(ATmega8535) 14 mA
TR ZEi 4 MHz, V. 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 %1F, Ve =3V <3 WA

22 ATmega8535(L) m——
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Tp=-40°C ~ 85°C, Voo =2.7V ~ 55V (BRIES S i%EH ) (Continued)

oS 28 &4 B/ME BLRE BAE By
*ﬁ;utbﬁ%ﬁ VCC =5V

VACIO ﬁ)\ﬁlﬁ%& Vin = Vcc/2 40 mV
Rl LR R Vee =5V

lACLK ﬁ)\)‘ﬂﬁ EE:iﬁ. Vin = Vcc/z -50 50 nA

¢ Bl R R Vee = 2.7V 750 ns

ACID fRHIER Voo = 4.0V 500

Notes: 1. “BAE> RANRIESIHEBRBENRSNSES

2502E-AVR-12/03

9 «
3.

B/ME” RRFRIESIBIEIBEN SN RIKE
BAERERSZMEFERDS) TEN/OR O E A LARK LM H KM TELZHBFR(20 mA Vo =5V LIR10mA |, Ve =3V)
ERETERBRUTER

PDIP $% :

1) FRE R O/ IOL BRI AFEERE T 200 mA

2] #H A0 - A7 B9 IOL EFFAERET 100 mA

3] #H B0 -B7,C0-C7,D0-D7 5 XTAL2 & IOL EFMFEERET 100 mA
TQFP 3 :

1) FrEIR A /Y IOL B R FEERE T 400 mA

2] %0 A0 - A7 B IOL B ML 100 mA

3] # K BO - B3 #Y IOL B ML 100 mA

4] %0 B4 - B7 B9 IOL B M gE#E 100 mA

5] # 0 CO - C3 B IOL EFMFAERIT 100 mA

6] i A C4 - C7 BV IOL B ATAERET 100 mA

7] ¥ A DO - D3 & XTAL2 B9 IOL B FF8EBIE 100 mA

8] #% 0 D4 - D7 #Y IOL A Mg 100 mA

IR IOL T WA E = E S| AT AR U L 31T /Jll.o
= BOTHC -com7;

PDIP i

1 FrERw O E’g IOH EFTHE#ET 200 mA

2] %A A0 - A7 B9 IOH B A FEERET 100 mA

3] # H BO - B7,C0 - C7, DO - D7 5 XTAL2 #9 IOH EFTAERT 100 mA
TQFP 3£ :

1] FRE% O/ IOH B AT EEET 400 mA

2] %A A0 - A7 B9 IOH BRI TAERET 100 mA

3] #% A BO - B3 9 IOH S FF8EBIE 100 mA

4] ¥ O B4 - B7 B9 IOH EFNF 82485 100 mA

5] #% 0 CO - C3 B9 IOH EAMAFAEBIE 100 mA

6] #% 0 C4 - C7 By IOH EFITAEHEE 100 mA

7] #% 0 DO - D3 5 XTAL2 B9 IOH EFFTAERBT 100 mA

8] i A D4 - D7 #9 IOH EMATAERET 100 mA

MR IOH B TMRE&M , VOH TaEE IR, RIS B A LU H Eb 5 F bbb B9 R4 B KBV 37
EBEEXTHRD Voo 2.5V,

A mEl% 243
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ShER A IR Bh TR 2 Figure 126. Z\ZRat4p IR 308 2
*+— tohex
[ *— teneL
N
- tCLCL »
FAAR S Table 110. ShEat i35
Vee =2.7V - 5.5V Ve = 4.5V - 5.5V
Sas] B8 B;ME BKME B;ME - PN | Hiy
MeLeL 57 2R 0 8 0 16 MHz
toLoL 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
Moo | FHEEBIEL 2 %
www .BRTLC. c.;@m/A MEL
R [k C [pF] £
100 47 87 kHz
33 22 650 kHz
10 22 2.0 MHz

Notes: 1.

2. FREAHEFASKRENTRMAE

244
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ML RITIERORE

Table 112 iR TEEBFHL BT EE LWBHFNENR, ATmegas8535 MIF L OH 2 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™M 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 B8 H T B2 A 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 SIHIY @A BIR 0.1Vge < V; < 0.9V -10 10 HA
c” BN/O SIHMBER - 10 pF
fsoL SCL R 4hsR fo® > max(16fge,, 250kHz)®) 0 400 kHz
fsoL < 100 kHz Veoe— 04V 1000ns
3mA Ch Q
Rp LR pAE
fscL > 100 kHz Voc—0.4V 300ns Q
——— . / - p— I Cb
< z 4 . - us
o edNLBDTIC -cOM/ATMEL
’ fscL > 100 kHz 0.6 - us
‘ fsol < 100 kHZ® 4.7 - us
tow SCL B8 B9 K B8 7 B i)
fsoL > 100 kHz( 1.3 - us
L ‘ fgcL <100 kHz 4.0 - ps
thicn SCL R4+ & R TR [R
fscL > 100 kHz 0.6 - us
fseL < 100 kHz 4.7 - us
tsu:sTA E S STARTS &4 89T E
’ fseL > 100 kHz 0.6 - us
t SER B fseL < 100 kHz 0 3.45 us
. =20
HODAT fooL > 100 kHz 0 0.9 us
fgcL <100 kHz 250 - ns
tsupar | BIBEIEE
' fseL > 100 kHz 100 - ns
fseL < 100 kHz 4.0 - us
tsu.sto | STOP &HAHIEE AT/
fsel > 100 kHz 0.6 - us
fscL < 100 kHz 4.7 - us
t
BuF STOP #1 START 32 (8] 9 3.4 22 R A 18] fooL > 100 kHz 1.3 - us
Notes: 1. X F ATmega8535 , Lt BHFMSE , SZKBLZT 100% KM
2. REH s > 100 kHz HFEE
3. Cp= BEM—RENBER
4. fCK CPU aﬁwﬁ$
245
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5. WEREATF ATmega8535 FTEM ML BRITIEONRE, HEEIMARTELNBHEREZERE MM fgo, EXRENT,

6. ATmega8535F 4k B 1712 O RBR= £ MR B F R BN (1fge - 2/fok)e BLLT T P48 B fgg, = 100 kHzAHE B2 B (8] B B R 1,
MK TF 6 MHz,

7. ATmega8535 M4k 173 O SRRRF= £ MR B F R E H (1/fgc, - 2/fck)o EMTE ek = 8 MHz , B fg > 308 kHz FRHE B8 A B To %
FERBREER, R, ATmega8535 AILLSHth ATmega8535 L4 & (400 kHz) #1TEifl. BHMBHEFAEN t oy
ZHREBTUMIEIIX -,

Figure 127. W& HITELEF

— e lof 5 tHIGH , — 1 — T
fLow \
scL V- -
tSU;STA e e—— | tHp:STA tHD;DAT| —
tsu;sTo
SDA - - - = '
I tBurF

www . BDTIC.com/ATMEL
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SPI B Fr 481 BKERES N Figure 128 # Figure 129
Table 113. SPI B F55
BX
B8R X ®ME BFE =]
1 SCK E# M L Table 59
2 SCK & / {E®BF EM 522t 50%
3 EF TR )} TBD
4 38 3T A 8] EH 10
5 FR¥ERTiE E)! 10
6 #iHE SCK EH 5« tgex
7 SCK El# E)! 10
8 SCK 2l S8BT E)! 10
9 SS K E ML 15 .
10 SCK B # ML 4ty
11 SCK & / {K8BF ML 2ty
12 EF TR ML TBD
13 ZatiE ML 10
14 REFRS[E] ML to
15 SCK F#a ML 15
ﬁ mgigK U% ML OA —— el |
www . BDEEG /ATMEL
18 SS &% SCK ML 2 ety

A IIIEI% 247
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Figure 128. SPI#ZORFER (EHER)

ss
LA
ScK ¥
(CPOL = 0) e . \
sck™ | X ] ]
(CPOL=1) %
4 5

MISO

(Data Input) MS8 b
N
\

7
—>
MOSI >£
(Data Output) X MsB

Figure 129. SPI #OKRFER (MIER )

18

§_\= »
X '\l

LSB

¥
LSB

sck | |k
(CPOL = 0) 4 3

www . BET 1 G=com/A
- il VOV
MOSI
5|
MISO + '\‘ 3
(Data Output) x MSB >?|T: ,\‘ >< LsB >< X §—

ATmega8535(L) m——
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R - DBRHE
Table 114. ADC %5458 , BiRiEE

Ll
®s | 3K 30 2pMED | EO BAED | B2
DY AR 10 Bits
BRI
Vier = 4V, Ve = 4V 1.5 LSB
ADC B4 = 200 kHz
BRI
Vrer = 4V, Ve = 4V 3 LSB
ADC Bt%h = 1 MHz
BXIRBE (BFE INL, DNL, BLIRE , Gain, | sipmitm
ERERE ) Viger =4V, Ve =4V 15 LSB
ADC B4 = 200 kHz '
R 7S IR
AR MR
Virer = 4V, Ve = 4V
ADC Hi# = 1 MHz 3 LsB
IR 75 M HIAE
B AR MR
Virer = 4V, Ve = 4V 0.75 LSB
LARIE 25413 ADC Bt%# = 200 kHz
— B R MR —
R = 4V e 74V 25 LSB
=7k% D¢ B 20
B AR MR
BRIRE Vger = 4V, Ve = 4V 0.75 LSB
ADC B4 = 200 kHz
B R MR
REIRZE Vrer = 4V, Ve = 4V 0.75 LSB
ADC B4 = 200 kHz
ENE RS 50 1000 kHz
At E 13 260 us
AVCC | #EBleBE Ve -0.3?) Ve +03%) | v
Vrer | BEBRE 2.0 AVCC v
VN MABE GND VRer v
ADC #i % H 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 b 100 MQ
Notes: 1. BEMRERSE,
2. AVCC HWB/MER 2.7V
3. AVCC & KEH 5.5V
249
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Table 115. ADC $MS# , Z9BE
: K]
&5 2% %4 ®2MED | EHO BREO By
Gain= 1x 10 Bits
o PR Gain = 10x 10 Bits
Gain = 200x 10 Bits
Gain = 1x
Vgrer = 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
Virer = 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( ENMESHEBIRENEGNEE ) Vger = 4V, Ve = 5V 0.75 LSB
ADC At = 50 - 200 kHz
Gain = 200x
—_ Vger = 4V, Ve = 5V —_ 35 LSB
\ Bt 380 z I\ |\ /| E
\NWW ¥ BD IéﬁGé”HI‘\ Vil L %
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 Bt = 50 - 200 kHz
Gain = 200x
Vrer = 4V, Ve = 5V 35 LSB
ADC Bt = 50 - 200 kHz
NEEES 50 200 kHz
At E 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
BWMATR 4 kHz
250 ATmega8535(L) ]
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Table 115. ADC #t+3% , =45 ®IE (Continued)

K]
#E | 3% & 2pMEO | EHO BAED By
Vit HER B EEE 2.3 2.56 2.7 v
Rrer | ZEWARBME 32 kQ
Ran | k% A BHE 100 MQ
Notes: 1. BEMERSE
2. AVCC Mig/MER 27V
3. AV\CCHBRKAEHNSE5V
www .BDTIC.com/ATMEL
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ATmega8535 HASM TEmzA® TaRmE, XEREEs 3@ RTNR. FENERANRRESE

TR

252

HEFFEHY /O SIMEEN A BRI LR BEERENFA TNEH, BHRRN SN IE R
KA ERIRE E XK.
FEEXTHERSHHTR.

BRESMEERX , W0 THEBE. THERR, /0 SIMNARRBERRGE, KT
HMABNHTREE, TEREN THEBEMTEHRER,

BUARSIMABRALBEE AR C Vo f #ITMHIT. X, CL HARBR , Vo AT
ERE | f NS FIIFRME,

SRENBESHN LN ERESHFIETHRE, BERTMRIERMFELERESIRH
M TERRESHMERIIREERE TH,

FERATENNRAERSENAZLCANERERARE T RENRAMFNITFE
o

Figure 130. TEe8 A TR (0.1 - 1.0 MHz) X R

ACTIVE SUPPLY CURRENT vs. FREQUENCY
0.1-1.0 MHz

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Frequency (MHz)

ATmega8535(L) m——
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Figure 131. T/EERATIESZE (1 - 16 MHz) XK

ACTIVE SUPPLY CURRENT vs. FREQUENCY

1-16 MHz
25
5.5V
20 / 5.0V
/ 4.5V
15
E
s
10
— 3.3V
3.0V
5
/ 2.7V
0
0 2 4 6 8 10 12 14 16

Frequency (MHz)

Figure 132. THEHERM Vo XK (HEB RC #K5%2%8 , 8 MHz)

ACTIVE SUPPLY CURRENT vs. Vcc
INTERNAL RC OSCILLATOR, 8 MHz

BDTIC /ATMEL
WWW . DL ,.COom
14 25°C
12 85°C
< 10
E
8 8
6
—
4
2
0
25 3 35 4 45 5 55

Vee (V)

A IIIEI% 253
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Figure 133. T/E®BHRM Vc BIXRK (B RC #R5% 28 , 4 MHz)

ACTIVE SUPPLY CURRENT vs. Vcc

INTERNAL RC OSCILLATOR, 4 MHz
10

-40°C

/ 25°C
7
/ 85°C

lec (MA)
o

25 3 35 4 45 5 5.5
Vee (V)

Figure 134. THEHERM Vo FIXR (WEB RC #K5%2%8 , 2 MHz)

ACTIVE SUPPLY CURRENT vs. V.
INTERNAL RC OSCILLATOR, 2 MHz

www.BDTIC.com/ATMEL -

= 25°C
/ 85°C
3 /
< 25 -
EZ —
O
O 2 /
15 —
1
0.5
0
2.5 3 3.5 4 4.5 5 55
VCC (V)

254 ATmega8535(L) m——
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Figure 135. T/FEHRM Vo BIXR (HEB RC #X5%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/EEE7H Ve BIX R (32 kHz A EB&R IR )

www . BD

lcc (MA)

0.05

0.04

0.03

0.02

0.01

(0]

ACTIVE SUPPLY CURRENT vs. V.
32kHz EXTERNAL OSCILLATOR

5 55

TIC.com/ATMEL | .
/

ATMEL
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Figure 137. ZREXBRAM THEME (0.1 - 1.0 MHz) IR R

IDLE SUPPLY CURRENT vs. FREQUENCY

0.1-1.0 MHz
0.8
5.5V
0.7
06 5.0V
4.5V
0.5
<
E o4 4.0V
= 3.3V
0.3
3.0V
02 // 2.7V
0.1 /
—
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. ZEREXBHRMIIEHRE (1- 16 MHz) IR R
IDLE SUPPLY CURRENT vs. FREQUENCY
1-16 MHz
| N
www . BDTIC.com/ATMEL
5.5V
10 5.0V
4.5V
< 8
£
£ 6
/ 4.0V
4 %
v
— — 3.0V
2 %.—
%/ 2.7V
0
0 2 4 6 8 10 12 14 16

ATmega8535(L) m——
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Figure 139. ZZRERX 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. ZREXBFRM Voo BIXR (NEF RC #k5%28 , 4 MHz)

IDLE SUPPLY CURRENT vs. V¢
INTERNAL RC OSCILLATOR, 4 MHz

www.BBTIC.com/ATMEL
/ e

lec (MA)

25 —_——

2
1.5

1

0.5

0

2.5 3 3.5 4 4. .5

A IIIEI% 257
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Figure 141. ZRERXBRM Vo XK ( W RC %58 , 2 MHz)

IDLE SUPPLY CURRENT vs. V¢
INTERNAL RC OSCILLATOR, 2 MHz
25

2
-40°C
25°C

/ 85°C
1.5

Icc (MA)

0.5

25 3 35 4 45 5 5.5
Vee (V)

Figure 142. ZREXBFRM Voo BIXR (REF RC #k5%28 , 1 MHz)

IDLE SUPPLY CURRENT vs. V¢
INTERNAL RC OSCILLATOR, 1 MHz

BD_-I C // \--MEL

- 1 - 85°C

25°C

-40°C
0.8

g 0.6 =
0.4
0.2
0
25 3 35 4 45 5 55

Vee (V)
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FEaRA R

2502E-AVR-12/03

WWW

Figure 143. ZHRERBHRM Voo X R (32 kHz AR )

IDLE SUPPLY CURRENT vs. V¢

32kHz EXTERNAL OSCILLATOR
0.04

0.035 25°C

0.03

0.025

0.02

lec (MA)

0.015

0.01

0.005

25 3 35 4 45 5 55
Vee (V)

Figure 144. 15BN E7M Voo AR (BIIRENERA )

POWER-DOWN SUPPLY CURRENT vs. V.
WATCHDOG TIMER DISABLED

_BDTIC.com/ATMEL -

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. R EX BTN Vo WXR (B HEN R )

POWER-DOWN SUPPLY CURRENT vs. Vcc

WATCHDOG TIMER ENABLED
0.025

0.02

0.015
EC_:, /
- 0.01
0.005
0
25 3 35 4 45 5 55
Vee (V)
HeEX R Figure 146. EBREXBRM Vo WXR (BITHERNIER)

POWER-SAVE SUPPLY CURRENT vs. Vcc
WATCHDOG TIMER DISABLED

www . BDTIC.com/ATMEL

/ 25°C

10 /
<
2 8
3

Vee (V)
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Standby #&#3 Bt Figure 147. Standby X BRHM Vo X R (455 kHz iEiRsE , B IRENFZERA)

STANDBY SUPPLY CURRENT vs. V¢

455 kHz RESONATOR, WATCHDOG TIMER DISABLED
90

80

70

60

50

lcc (UA)

40 —
30

20

10

25 3 35 4 45 5 55
Vee (V)

Figure 148. Standby X BiM Voo XK (1 MHz ER8: , B TRENHFER )

STANDBY SUPPLY CURRENT vs. V¢
1 MHz RESONATOR, WATCHDOG TIMER DISABLED

www . BDTIC.com/ATMEL

50

40

lcc (UA)

30 —

20

10

25 3 35 4 45 5 55
Vee (V)
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Figure 149. Standby X B7iM Voo BWXR (2 MHz i&iRkes , BEMENSERER )

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 TRENER )

STANDBY SUPPLY CURRENT vs. V¢
2 MHz XTAL, WATCHDOG TIMER DISABLED

www . BDTIC.com/ATMEL

70

60

50

lcc (UA)

40

30

20

10

0
25 3 3.5 4 4.5 5 55

Vee (V)
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Figure 151. Standby X B Voo XK (4 MHz Bk , BEINNAERNSFERA )

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 B Voo WXR (4 MHz Xtal , I TRENFER )

STANDBY SUPPLY CURRENT vs. V¢
4 MHz XTAL, WATCHDOG TIMER DISABLED

www . BDTIC.com/ATMEL

100

I

60

lcc (UA)

40

20

2.5 3 35 4 45 5 5.5
Vee (V)
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Figure 153. Standby X B V. BWXR (6 MHz EiRkEE , B TRENREA )

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 5.5
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

www .BDTIC.com/ATMEL -
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Figure 155. /O 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 BPAEBRABMABERRR (Vo =2.7V)

I/O PIN PULL-UP RESISTOR CURRENT vs. INPUT VOLTAGE

Vee = 2.7V
- | ——
B@ C COm/A MEL
- 7 -
25°C
60
-40°C
50
<
% 40
5
30
20
10
0
0 0.5 1 1.5 2 25 3
Vop (V)
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Figure 157. &1 (Reset) 5|H# L1 8B FH B M Reset SIMBEMAXR (Ve = 5V)

RESET PULL-UP RESISTOR CURRENT vs. RESET PIN VOLTAGE
Vce = 5V
120

-40°C 25°C
100

85°C
80

60

Ireser (UA)

AN

40

20

0 1 2 3 4 5 6
Veeser (V)

Figure 158. E1I (Reset) 5|l L BPH B 7R M Reset SIMBEMNXR (Ve =2.7V)

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

www . BDT4C . com/ATMEL

85°C

40

w
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Ireser (UA)

20

10
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RN Figure 159. /O S|BIREBRMMEHBENRR (Ve = 5V)
I/0 PIN SOURCE CURRENT vs. OUTPUT VOLTAGE
Vcec =5V
90
80
-40°C
70
25°C
60
85°C
< 50
E
3 40
30
20
10
0
2.5 3 3.5 4 4.5 5 55
Vou (V)

Figure 160. /O S|BIREBRA M HBERNXR (Ve = 2.7V)

1/0 PIN SOURCE CURRENT vs. OUTPUT VOLTAGE

vee = 2.7V
|
| g o-
25°C
85°C
20
T
E 15
<
3
10
5
0
0 05 1 1.5 2 2.5 3

Vor (V)
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Figure 161. /O 5|HIR U EBFRA 5 H BB ERIXR (Ve = 5V)
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1/0 PIN SINK CURRENT vs. OUTPUT VOLTAGE
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Figure 162. 1/0 S| B R M HBENKR (Ve =2.7V)
1/0 PIN SINK CURRENT vs. OUTPUT VOLTAGE
Vce = 2.7V
| I
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SRR S Figure 163. /O SIBM A IRREBEM Ve BIXR (V)y, VO SIBNEHER 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 /
£
0.5
0
25 3 35 4 4.5 5 5.5
Vee (V)
Figure 164. 1/0 S|l A IRREBEM Voo xR (V,, /0 SIBIEHER '0)
I/O PIN INPUT THRESHOLD VOLTAGE vs. V¢
VIL, 10 PIN READ AS '0'
www .BDTIC.com/ATMEL
-40°C
15 /,/ 25°C
/ 85°C
- /
=
0.5
0
25 3 3.5 4 45 5 5.5

Vee (V)
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Figure 165. 1/0O 5|f% AR Ve X R

I/0 PIN INPUT HYSTERESIS vs. V.
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Threshold (V)
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Figure 166. Reset i AITBREEH Ve BIK R (Vy,Reset Sl HER 1)

RESET INPUT THRESHOLD VOLTAGE vs. Vcc
VIH, 10 PIN READ AS 'l

_p—— / ——
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Figure 167. Reset i A'TIBREBEM 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 =
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35 4 45 5 5.5
Vee (V)

Figure 168. Reset i AIRHH Ve IR R

RESET INPUT PIN HYSTERESIS vs. V¢

E / ———
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Figure 169. BOD ['IREFREHXR (BOD BF 7 4.0V)

BOD THRESHOLDS vs. TEMPERATURE
BOD LEVEL IS 4.0 V

4
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Temperature (C)
Figure 170. BOD ["1REFEBEMNXR (BOD BF K 2.7V)
BOD THRESHOLDS vs. TEMPERATURE
BOD LEVEL IS 2.7 V
—— / Q ———
Rising V¢
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o
£
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=
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Figure 171.
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BANDGAP vs. Vcc
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Figure 172. Bl BRMEBEMARBENRR (Ve =5V)
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ANALOG COMPARATOR OFFSET VOLTAGE vs. COMMON MODE VOLTAGE
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Figure 173. BEHlLLRBREBEBEMHEEBENRR (Ve =2.7V)

ANALOG COMPARATOR OFFSET VOLTAGE vs. COMMON MODE VOLTAGE

Vcc = 2.7V
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M ERiRSE BR IR R Figure 174. B TAFRHIBMEM Vo X R

WATCHDOG OSCILLATOR FREQUENCY vs. Vcc
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Figure 175. R/ 8 MHz RC X% 23 BB X XK

CALIBRATED 8 MHz RC OSCILLATOR FREQUENCY vs. TEMPERATURE
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Figure 176. BU#M 8 MHz RC #&5% 83 Vo BX R

CALIBRATED 8 MHz RC OSCILLATOR FREQUENCY vs. Vcc
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Figure 177. REHR 8 MHz RC #5% 83 = M Osccal HEMNRXR

CALIBRATED 8 MHz RC OSCILLATOR FREQUENCY vs.OSCCAL VALUE
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Figure 178. RE#M 4 MHz RC IRS% S8 M EMBEN X R

CALIBRATED 4 MHz RC OSCILLATOR FREQUENCY vs. TEMPERATURE
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Figure 179. BER 4 MHz RC IRSHEAER Voo AR
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Figure 180. REH 4 MHz RC #&5% 833 = M Osccal ZEMXR

CALIBRATED 4 MHz RC OSCILLATOR FREQUENCY vs. OSCCAL VALUE
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Figure 181. R/ 2 MHz RC IR% S5 EFBER X R

CALIBRATED 2 MHz RC OSCILLATOR FREQUENCY vs. TEMPERATURE
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Figure 182. BEH 2 MHz RC IRS% 835K M Vo KRR
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Figure 183. REH 2 MHz RC #k% 283 f Osccal ZEMX 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 fRFHESMEM Vo X R

CALIBRATED 1 MHz RC OSCILLATOR FREQUENCY vs. V¢
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Figure 186. REH 1 MHz RC #K5% 8330 = M Osccal ZEMXR

CALIBRATED 1 MHz RC OSCILLATOR FREQUENCY vs. OSCCAL VALUE
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Figure 187. BOD B M Voo X R

BROWNOUT DETECTOR CURRENT vs. Ve
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Figure 188. ADC B3t # V. 136X (AREF = AVCC)

ADC CURRENT vs. Ve
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Figure 189. AREF AFZEBRM Vo 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. {REBBRM Vc xR
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Figure 192. B 855 Voo B%X (0.1 - 1.0 MHz , SHEBIT S 47 L B AN 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 BHEA BT )

RESET SUPPLY CURRENT vs. Vcc
1 - 20 MHz, EXCLUDING CURRENT THROUGH THE RESET PULLUP
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Figure 194. E{IBkTE S Voo BIXR

RESET PULSE WIDTH vs. V¢
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T8t

3k BN Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 g
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 TOIEO 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 WGMO00 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
Ox2F (0x4F) TCCR1A COM1A1 COM1A0 COM1B1 COM1B0 FOC1A FOC1B WGM11 WGM10 103
0x2E (0x4E) TCCR1B ICNC1 ICES1 = WGM13 WGM12 Cs12 Cs11 CS10 106
0x2D (0x4D) TCNT1H T/C1 - it BFERAFTY 106
0x2C (0x4C) TCNTIL T/IC1 - HBRBRFEREFT 106
0x2B (0x4B) OCR1AH TIC1 - BREFRABFEY 107
0x2A (0x4A) OCR1AL T/IC1 - HELREEFREARFT 107
0x29 (0x49) OCR1BH TIC1 - A BRBERFRBEFY 107
0x28 (0x48) OCR1BL T/IC1 - Wil RF 1738 B RFT 107
0x27 (0x47) ICR1H TIC1 - MARRSEREFT 107
0x26 (0x46) ICR1L TIC1 - MABRSEREFT 107
0x25 (0x45) TCCR?2 FOC2 WGM20 com1 | com0 | wem2t | cs22 | cs21 | cs20 119
0x24 (0x44) TCNT2 T/C2 (8 i) 121
0x23 (0x43) OCR2 T/C2 LR EF1F78R 122
0x22 (0x42) ASSR z = = TCHRUB 122
0x21 (0x41) WDT || - B WDCE DP) mml 2 40

0x20™M (0x40)" usrrl V|V WRMLW =’ L B - — - 157
UCSRC URSEL UMSEL UPM1 UPMO USBS ucsz1 uCszo UCPOL 155

0x1F (0x3F) EEARH = = = = = = = EEARS 17
0x1E (0x3E) EEARL EEPROM ithit 788K F 17
0x1D (0x3D) EEDR EEPROM #hiE 5788 17
0x1C (0x3C) EECR = = = = EERIE EEMWE EEWE EERE 17
0x1B (0x3B) PORTA PORTA7 PORTA6 PORTA5 PORTA4 PORTA3 PORTA2 PORTA1 PORTAQ 64
0x1A (0x3A) DDRA DDA7 DDA6 DDA5 DDA4 DDA3 DDA2 DDA1 DDAO 64
0x19 (0x39) PINA PINA7 PINAG PINA5 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
OxOF (0x2F) SPDR SPI KB H7E 132
0xOE (0x2E) SPSR SPIF WCOL = = = = = SPI2X 132
0x0D (0x2D) SPCR SPIE SPE DORD MSTR CPOL CPHA SPR1 SPRO 130
0x0C (0x2C) UDR USART IO kB 5758 153
0x0B (0x2B) UCSRA RXC TXC UDRE FE DOR PE U2x MPCM 154
0xO0A (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 REFSO0 ADLAR MUX4 MUX3 MUX2 MUX1 MUX0 207
0x06 (0x26) ADCSRA ADEN ADSC ADATE ADIF ADIE ADPS2 ADPS1 ADPS0 209
0x05 (0x25) ADCH ADC BRHHFHESFT 210
0x04 (0x24) ADCL ADC BB SEREFY 210
0x03 (0x23) TWDR WL R TEARRESES 171
0x02 (0x22) TWAR TWA6 TWA5 TWA4 TWA3 TWA2 TWA1 TWAO TWGCE 171
0x01 (0x21) TWSR TWS7 TWS6 TWS5 TWS4 TWS3 = TWPS1 TWPSO0 171

2502E-AVR-12/03

ATMEL

285



ATMEL

TR

it FE Bit 7 | Bit 6 | Bit 5 | Bit 4 | Bit 3 | Bit 2 | Bit 1 | Bit 0 g

0x00 (0x20) TWBR WEBRTEOVESEFR 169

Notes: 1. #{Ai5[A UBRRH 5 UCSRC &2 USART HYi%BA,
2. RTFRRBARE , WRMRBNUMNNIZE 0. REH /O thit R LR ITEERE,
3. —ERABFEAUBIEANEZE 1 KER. BEETENE FRTASHEME AVR ,CBI 1 SBI IS R —LEHBKRMEM ,

EE AT A BB B B AR SN K B 78Rt 1T1R1E, CBI F SBI IE S AL AKSEE RAER #1EH 0x00 - Ox1F K F 78R,

www . BDTIC.com/ATMEL
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EEEER
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BT BRESR B B Ly # P
HEANSHRED
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,CNV,S 2
SUB Rd, Rr FTRARE Rd < Rd - Rr Z,CNVH 1
SuBI Rd, K BT BN Rd « Rd-K Z,CNVH 1
SBC Rd, Rr HHHDRE Rd < Rd-Rr-C Z,CNVH 1
SBCI Rd, K LR L BB Rd«<Rd-K-C ZCNVH 1
SBIW Rdl,K MF R LB Rdh:Rdl < Rdh:Rdl - K ZCNV,S 2
AND Rd, Rr BHRS Rd < Rd ¢ Rr ZNV 1
ANDI Rd, K SUBNBESRE Rd <~ Rd e K ZNV 1
OR Rd, Rr BHER Rd < Rd v Rr ZNV 1
ORI Rd, K SUBBHBERRE Rd < RdvK Z NV 1
EOR Rd, Rr FH Rd < Rd @ Rr ZNV 1
COM Rd 1 BT Rd < OxFF - Rd ZCNV 1
NEG Rd 2 fANB Rd « 0x00 — Rd Z,CN,VH 1
SBR Rd,K REHEFROMN Rd < RdvK ZNV 1
CBR Rd,K FHEENES Rd « Rd  (OXFF - K) ZNV 1
INC Rd n—RE Rd < Rd + 1 ZNV 1
DEC Rd H—RE Rd < Rd -1 ZNV 1
TST Rd MXREHERA Rd < Rd ¢ Rd ZNV 1
CLR Rd SEREE Rd < Rd® Rd ZNV 1
SER Rd FiFeREN Rd « OxFF None 1
MUL Rd, Rr THSBRAE 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 TS NBERE R1:R0 « (Rd xRr) << 1 zZC 2
FMULS Rd, Rr BHSIBREE R1:R0 « (Rdx Rr) << 1 z,C 2
|_FMULSU Rd,Rr BRSO BERRS I TE R1R0 < (RdxRr) << 1 Z,C 2
BHRED — ——
RJMP Kk VARAN e L) " None 2
1JMP el (B ) None 2
RCALL k X F T C one 3
ICALL EERA (2) PC«Z None 3
RET FRFIREE PC « STACK None 4
RETI P iR [E PC « STACK I 4
CPSE Rd,Rr g, HENBE T —RIED 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,N,V,.CH 1
CPI Rd,K SUEBLER Rd - K Z,N,V,CH 1
SBRC Rr, b FEuN "0 ML FT—&iED if (Rr(b)=0) PC «- PC +20r 3 None 1/2/3
SBRS Rr, b HEHEMR "1 NRE T KBS if (Rr(b)=1) PC <~ PC +2 0or 3 None 1/2/3
SBIC P, b /O BFHFHEMN "0 MBI T —%ES if (P(b)=0) PC <~ PC +20r3 None 1/2/3
SBIS P, b /O BN "1" MY T —%ES if (P(b)=1) PC« PC+20r3 None 1/2/3
BRBS s, k RAEFESRUR "1V UBE T —RES if (SREG(s) = 1) then PC<PC+k + 1 None 1/2
BRBC s, k RESHEHRMN "0 WL F—KIED if (SREG(s) = 0) then PC«PC+k + 1 None 1/2
BREQ k HENPsE if (Z=1) then PC « PC +k + 1 None 1/2
BRNE k e cEE R if (Z=0) then PC « PC +k + 1 None 1/2
BRCS k FALAR "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 AFHETF MRS if (C=0) then PC « PC +k + 1 None 1/2
BRLO k NFIBkEE 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 R 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 BRSHRANME 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 " MipkeE if (T = 1) then PC « PC +k + 1 None 1/2
BRTC k T35 "0" Mgkes if (T = 0) then PC « PC +k + 1 None 1/2
BRVS k aBRER "1 NIpkE if (V= 1) then PC <~ PC +k + 1 None 1/2
BRVC k BEFRE R "0 W B 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 Ll GRS if (1=0) then PC <~ PC +k + 1 None 1/2
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[ BRERRES
MOV Rd, Rr HEHEEES Rd « Rr None 1
MOVW Rd, Rr gH5ESEF 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+ IEEEIUKE , KREun— Rd « (X), X « X+ 1 None 2
LD Rd, - X bR — R INER B 5 kiR X< X-1,Rd « (X) None 2
LD Rd, Y MRAEIT U HE Rd « (Y) None 2
LD Rd, Y+ M AEITURE AR n— Rd« (Y), Y« Y+1 None 2
LD Rd, - Y bR — 5 hOER A S ut BiR Y« Y-1,Rd«(Y) None 2
LDD Rd,Y+q NEHRBENRET IR Rd « (Y +q) None 2
LD Rd, Z MRAEITUHE Rd « (2) None 2
LD Rd, Z+ nEEEIUKE , REum— Rd « (2),Z « Z+1 None 2
LD Rd, -Z bR — B INER B T kg Z<Z-1,Rd<(2) None 2
LDD Rd, Z+q IEH R RN EES W R Rd « (Z+q) None 2
LDS Rd, k M SRAM higksiE Rd « (k) None 2
ST X, Rr DS a5 R FERE (X) < Rr None 2
ST X+, Rr B ES AR EFREE , REHEMN— (X) < Rr, X« X +1 None 2
ST - X, Rr shab Rl — 5 A AES 1t 5 R E R X« X-1,(X) < Rr None 2
ST Y, Rr ke ES iR (Y) < Rr None 2
ST Y+, Rr Mg EEIURE AR n— (Y)«<RrY«<Y+1 None 2
ST -Y,Rr hab R — 5 HIER A S u R Y« Y-1,(Y)«<Rr None 2
STD Y+q,Rr IEF R RN RES AT (Y+q)«<Rr None 2
ST Z,Rr gk e S a5 iE (Z) < Rr None 2
ST Z+,Rr IERRET UEIE , RSt — (Z)«<Rr,ZZ+1 None 2
ST -Z,Rr kR — 5 MR A S u R Z<Z-1,(Z)«Rr None 2
STD Z+q,Rr IEH R RN R ES W BE (Z+q)«Rr None 2
STS k, Rr M SRAM higk sz (k) « Rr None 2
LPM IR FZE BN BE RO « (2) None 3
LPM Rd, Z REFEENHRE Rd « (2) None 3
LPM Rd, Z+ RBFEANSE  REbutin— Rd « (2), Z < Z+1 None 3
SPM mRFEE e ) R0 None }
IN Rd, F\ A_A_A_"_ﬁ Jo ozl ﬁé None 1
out PRVYV VV Valliim Ld - AR I \ 1
PUSH Rr Hﬁﬁ%ﬁi&)\tﬁ& STACK « Rr None 2
POP Rd SF 17 28 M HEAR chad Rd < STACK None 2
MAUNRES
SBI P,b I/0 BB I/O(P,b) < 1 None 2
CBI P,b /0 HEFRLES I/O(P,b) « 0 None 2
LSL Rd BHREB Rd(n+1) < Rd(n), Rd(0) « 0 Z,CNV 1
LSR Rd BRER Rd(n) < Rd(n+1), Rd(7) < 0 ZCNV 1
ROL Rd HHVERER Rd(0)<-C,Rd(n+1)« Rd(n),C<«Rd(7) Z,CNV 1
ROR Rd WHABRER 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 SREFHRM 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 HEEE 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 prigAA- g C«1 c 1
CLC HAAES C«0 C 1
SEN SUREAL B N« 1 N 1
CLN ARENEE N« 0 N 1
SEZ p A s Z1 z 1
CLZ ERENEE Z«0 z 1
SEI 2 RFHERE |1 | 1
CLI 2BPHER 1<0 I 1
SES BHENRFEL BN S«1 S 1
CLS BENRGFELE S« 0 S 1
SEV 2 MAND & HiR R B Ve 1 \ 1
CcLV 2 AN S AR R V0 \ 1
SET SREG # T B T 1 T 1
CLT SREGH T &E T«0 T 1
SEH SREG # ¥3t fu#r 5 B He 1 H 1
CLH SREG M ¥# IR EE H«0 H 1
mcu BHIES
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NOP =% 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
289




ATMEL

FmiEE

B (MHz) PR Bl Fms HE THEE
ATmega8535L-8AC 44A
ATmega8535L-8PC 40P6 RIS
ATmega8535L-8JC 44) (0°C - 70°C)
ATmega8535L-8MC 44M1

8 2.7-5.5V
ATmega8535L-8Al 44A
ATmega8535L-8PI 40P6 Tl
ATmega8535L-8JI 44) (-40°C - 85°C)
ATmega8535L-8MI 44M1
ATmega8535-16AC 44A
ATmega8535-16PC 40P6 [
ATmega8535-16JC 44) (0°C - 70°C)
ATmega8535-16MC 44M1
16 4.5-55V

ATmega8535-16Al 44A
ATmega8535-16PI 40P6 Tl
ATmega8535-16JI 44) (-40°C - 85°C)
ATmega8535-16MI 44M1

Note: 1. P mtEA LA wafer WEREH , THESATURKNEXEFES Atmel ZHHIHIEK R,

www . BDTIC.com/ATMEL

EE i)
44A 44- 5|4 , & (1.0 mm)TQFP
40P6 40- 5|4 , 0.600” 7T , PDIP
44J 44- 5|% , PLCC
44M1-A 44- BE | 7x7x1.0mm K/, 458 0.50 mm , MLF
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HHER

44A

Notes:

TR TR ATATATIAY |

=x
= PIN 1 IDENTIFIER El
=§

JWW .. DI
\J¢L - Al A2

1. This package conforms to JEDEC reference MS-026, Variation ACB.

2. Dimensions D1 and E1 do not include mold protrusion. Allowable
protrusion is 0.25 mm per side. Dimensions D1 and E1 are maximum
plastic body size dimensions including mold mismatch.

3. Lead coplanarity is 0.10 mm maximum.

ta

S
>

'MEL

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
El 9.90 10.00 10.10 | Note 2
B 0.30 - 0.45
c 0.09 - 0.20
L 0.45 - 0.75
e 0.80 TYP
10/5/2001

AIMEL

TITLE
2325 Orchard Parkway

San Jose, CA 95131

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
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1011

1
[ r1rrlri [1 1

PIN

4 =

[

I I I B I I A | L

SEATING PLANE

1L

e

— R
[ ON
WWW . C.com/ATMEL:
SN~ - SYMBOL NOTE
“7 eB 4" 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
Notes: 1. This package conforms to JEDEC reference MS-011, Variation AC. Bl 1.041 - 1.651
2. Dimensions D and E1 do not include mold Flash or Protrusion. L 3.048 - 3.556
Mold Flash or Protrusion shall not exceed 0.25 mm (0.010"). c 0.203 B 0.381
eB 15.494 - 17.526
e 2540 TYP
09/28/01

WWW

" ‘<— B

Bl

1_ 2325 Orchard Parkway
m San Jose, CA 95131

®

TITLE

40P6, 40-lead (0.600"/15.24 mm Wide) Plastic Dual
Inline Package (PDIP)

DRAWING NO. (REV.
40P6

B
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44)

1.14(0.045) X

PIN NO. 1
IDENTIFIER

45°

1.14(0.045) X 45°

!_\!_\!_\('!_\!_\!_\

O

4
[ G S I |

[y |

El E

Ny ) A [y |

D1

-

F» -

0.318(0.0125)
0.191(0.0075)

~— Bl D2/E2
’ A2
Al
A
[~ ——

m/AIMEL

SYMBOL 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
nd E1 incl Id mi h h
and : inc ud_e' mold mismatch and are meqsurgd 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. B1 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

2502E-AVR-12/03
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44M1-A

ATMEL

- (D]

O

d
\—Marked Pin# 1 1D d
(
(
(
(E] (
d
d
(
(
(
v P—SEATING PLANE
TOP VIEW
e
.
/Pln #1 Corner SIDE VIEW
/ ———
— ja— COMMON DIMENSIONS
— — (Unit of Measure = mm)
— (=
— — SYMBOL| MIN NOM | MAX | NOTE
— - A 0.80 0.90 1.00
— (=
— — Al - 0.02 0.05
> ) O A3 0.25 REF
— — b 018 | 023 | 030
nanANnNNNnANa D 7.00 BSC
4 4 L—@ p2 | 500 | 520 | 540
E 7.00 BSC
BOTTOM VIEW 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

‘I— 2325 Orchard Parkway .
‘ 44M1, 44-pad, 7 x 7 x 1.0 mm Body, Lead Pitch 0.50 mm
AIMEL ., Jose, CA 95131 | wmicro Lead Frame Package (MLF)

DRAWING NO. |REV.
44M1

Cc
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ATmega8535 BB E wrsAt AR RO TBN FRFFINENAB. HSEHMOESS,

A&

MARZ Rev. 2502D-09/03 1.
FlfR 2 Rev. 2502E-12/03
AIZE (L

MAIRZ Rev. 2502C-04/03 1.
FIMR 7 Rev. 2502D-09/03
ke

7.

8.

MHRZ Rev. 2502B-09/02 1.

B P27 HREMHF A RC %8R 7

2. i P295« #hirREk ” Eo,

Hkk « BREL ” 5—L TBD,

2. 7E P2“ATmega8535 BI S|l 7 SRR

B P35 Bl .

SE#T P35Table 15 & P242“ S P “ BAERR " 5« ERKFHE " .
E & P244Table 111 .

SERT P249“ XFHE - MMBE o

B #H P252“ATmega8535 BEI4S 4 7

M P287“ I8 EBA ” RIBHIFHMER CALL 5 JMP 55,

EH P21 HEEFR .

252~ S BD T C o @OMAATME: o oo

3.

4.

5.

10.

11.

12.

13.

14.

7 P20« FEE BAKEENTH EEPROM B~ 5.

MBRR T « ZHREHRH R ” 5 “32kHz RiE” WERHD , BEAZXBLELTEE.
E# P42 HARBHIE,

fiBX ADHSM 41z,

KA D WEIH ICP ®H ICP1, W “ P62“ixA D E=IhEE ” .

3¢ Timer 0 5 Timer 2 55X T PWM X H# AR,

¥E# P156Table 68 , P178Table 75 , P181Table 76 , P184Table 77 , P240Table
108 , P247Table 113 .

E#T P169“Bit 5 —- TWSTA: TWI START IR 7 £5 HiK% B

B RRIAASENER (MR )’ 5 P219« RITR EHRAE MBI BHA,
I B% P241“SPI S {T4RIE4SME ” IO R H A,

SR P242« BRAE

R P249“ XA - MBBIE .
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14. T3 P285« HF1Eaa R 7 .
15. %% Timer 1 §1E,

16. #E P240Table 108 7340 WD_FUSE EHi,

MHRZ Rev. 2502A-06/02 1. 49 Flash BIE& N 10,000 BA / BEX,
FIARZ< Rev. 2502B-09/02
3L
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