7 miE

o EiEfE, {KTHEEM 8 iz AVR® b HEES
« 3K RISC &3

- 131 &EF - KSBEBEFRTHRE R 2 4 A

- 2N NEATIES RS

- ERATH Y

— T4EF 16 MHz RHE8ER X 16 MIPS
- REFAI R ERNE GRS
s B AUBRFENBIEEERS

- 32K FHHRENTHE Flash
REHS : 10,000 & =| 2KB &%
- AFATHEGNTE Boot KB "‘ﬁf REE
EZF L Boot BELHARENRER a
EIE;%IﬁﬂgﬁiEw’ﬁ W —'I-’ﬁ& FIasI;
- 1024 EEPROM L
BEF v : 100,000 % ng 8 ﬁL AVR
- 2K F1H A SRAM ‘T}I&Fﬂ ﬁ%“%%
- AN SRR TREAEH AP EFEN NS I
+ JTAG ¥0 ( 5 IEEE 1149.1 55 #E )
- BE JTAG FREMZ R AKTHAE

e T
_ 5 JTAG BOXHR Flash, EEPROM, MRS MNRE ATmega32

- REA
- AARERTIS SRR 8 (2 / HRE ATmega32L
- —NBETAHE, LECHERBRENAEN 16 RN/ TR
- RARYEHBOXARE RTC

- P3EE PWM
- 8 ¥ 10 {2 ADC =
8 NHIRIEE *JJ ﬁ
TQFP $%8 7 2288
2ANAEETHREBHE (1x, 10x, R 200x ) HESEE
- AEFEHRFELED
- WHREMRTT USART
- ATETFEN/ MHLERA SPI 1780
- BN KFAEZSRNATEEE I IRNENSS
- FRELERES
. SEHRHALERER
- EBEMUR TRENEBEN
- FHRZ3#REN RC %88
- KR/ iR
- 6 MEERE : Z2HEX, ADC BFEHIEN, HHEX, EBER, Standby BXUR
¥ BAY Standby 1E=,
 1/0 F$%E
- 2 M AmEM Vo O
- 40 S|} PDIP 3%, 44 S| TQFP 3%, 5 44 S| MLF %
- THEHBRE
— ATmega32L : 2.7 - 5.5V
— ATmega32 : 4.5 - 5.5V

- BEZR AN REXBEFMHAX
— ATmega32L : 0 - 8 MHz B EEANEREAETLEHR
— ATmega32 : 0 - 16 MHz FHRE, eXEB83RE

» ATmega32L 7£ 1 MHz, 3V, 25°C B9 3h$E ERWES R FENtBTES
o S EBELHEIE, BERR
~ e URXBERASEUREE
- EHEEX:<1pA EApayEii
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S| EE

AIMEL

Figure 1. ATmega32 #y 5|l

PDIP
/
(XCK/T0) PBO ] 1 40 [J PAO (ADCO)
(T1) PB1 ] 2 39 [J PA1 (ADC1)
(INT2/AINO) PB2 ] 3 38 [J PA2 (ADC2)
(OCO/AIN1) PB3 ] 4 37 [ PA3 (ADC3)
(8S) PB4 | 5 36 [J PA4 (ADC4)
(MOSI) PB5 ] 6 35 [ 1 PA5 (ADC5)
(MISO) PB6 ] 7 34 [ PA6 (ADCS)
(SCK) PB7 ] 8 33 [ PA7 (ADC7)
RESET ] 9 32 [ AREF
vCC ] 10 31 [ GND
GND ] 11 30 [J AvCC
XTAL2 | 12 29 [0 PC7 (TOSC2)
XTAL1 ] 13 28 [0 PC6 (TOSC1)
(RXD) PDO ] 14 27 [ PC5 (TDI)
(TXD) PD1 ] 15 26 [1 PC4 (TDO)
(INTO) PD2 ] 16 25 [1 PC3 (TMS)
(INT1) PD3 ] 17 24 7 PC2 (TCK)
(OC1B) PD4 ] 18 23 |3 PC1 (SDA)
(OC1A) PD5 ] 19 22 [7 PCO (SCL)
(ICP) PD6 ] 20 21 [0 PD7 (OC2)
TQFP/MLF
o N
E =~
82 & zcoqs
~$S2 ¥ Q00O
IB2ZCR RIL2
RN rR29gzye
nnooo0o0>anaaaa
OO
@ 44,,42,.40, 38,.36,,34
(MOSI) PB5 [ 1 33 [ PA4 (ADC4)
(MISO) PB6 [ 2 32 [J PA5 (ADCS5)
(SCK) PB7 [ 3 31 [ PA6 (ADCS6)
RESET ] 4 30 [J PA7 (ADC7)
VCC ] 5 29 [ AREF
GND ] 6 28 [ GND
XTAL2 ] 7 27 [J AvVCC
XTAL1 ] 8 26 [ PC7 (TOSC2)
(RXD) PDO [ 9 25 [J PC6 (TOSC1)
(TXD) PD1 ]| 10 24 [ PC5 (TDI)
(INTO) PD2 | 11 23 [J PC4 (TDO)
1213147561718 %2027,
EjEEpEEpERRRERERERE]
DT OM~NOAODDTTANM
OO0OO0O0O0O0=z0000
[a By a Hy o Wy a By a IR [0} oo
258 3259
£88=2 22tk

L ABFEFMNARERRTHEMGNEE , AREMETHARFETZH AVR fiRES
MR ER . ABRALT B FRA HRRNRABNRME.
2 ATmega32(L) |
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ATmega32(L)

&Rk ATmega32 2 & T i858 # AVR RISC MY {KIh# 8 {u CMOS iz #lgR. BT HE# 15
SEUR LR EARESHITHE , ATmega32 WHBEFHEREIE 1 MIPS/MHz , N1
DERREEDRENCEBEE BN FE.

FEE Figure 2. &H1EH

PAO - PA7 PCO - PC7
vee A A A A A A 4 s A A A A A A 4 s
PORTA DRIVERS/BUFFERS PORTC DRIVERS/BUFFERS
G?\ID PORTA DIGITAL INTERFACE PORTC DIGITAL INTERFACE

—tt

Avce \
MUX & ADC
" INTERFACE [ [ ™wi
ADC
AREF 4]
x TIMERS/ —
PROGRAM STACK > Ot [€—*| OSCILLATOR
le— -
COUNTER POINTER
T T
PROGRAM | ] INTERNAL
FLASH N SRAM OSCILLATOR
T XTALL
: o
INSTRUCTION GENERAL WATCHDOG
REGISTER | |yl pURPOSE ! TIMER OSCILLATOR —
REGISTERS (-7
i J, XTAL2
e X
INSTRUCTION MCU CTRL. —
DECODER ] Y "  &TIMING RESET
I 0
INTERNAL
CCE’I\‘NTERSOL le—»] 'NT'IEJ?\‘TTU PT CALIBRATED
OSCILLATOR
STATUS
AVR CPU REGISTER [ [« EEPROM
PROGRAMMING
h COMP.
- INTERFACE  [¥ "
PORTB DIGITAL INTERFACE PORTD DIGITAL INTERFACE
PORTB DRIVERS/BUFFERS PORTD DRIVERS/BUFFERS
v v v v.vy vy vy vy vV v v vy v.v Y
PBO - PB7 PDO - PD7

ATMEL ;
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SIEIEEA
vce

GND

i 0 A(PA7..PAO)

i 0 B(PB7..PBO)

# 0 C(PC7..PCO)

AIMEL

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

ATmega32 B TH R 32K ZH M REAN A mEFlash(EBRIREMNEESD  BIRWW) ,
1024 F17 EEPROM , 2K %1 SRAM ,32 NEM I/0 O% , 32 MERATES=FR AT
BRAEN IJTAG DO |, XBEFNRARSEE SN EFREXN R ENERNSR / 1TH
85 (T/IC), KA/ SA il , AT4mTR 1T USART , B FZ ML SE{TEND , 8B 10uEE
AEES AR TRELEE (TQFP #3 )W ADC EFFRNIRZ SN AIRmER I RER
2, — N SPIHBTHO  URANTUBEI R4 #HTERENEEEN, TETERENN
CPU Z1ET 4 , ™ USART, BW4kiZEO, A/D #iRg. SRAM, T/C. SPI kO MK H M
RESE T HEEXNRBIRFRELIRT , FTEIHEER T P AME4H S 2 S5
FIETHE; ZEEEXT , RS ERNSSEET , AFAFPRE—HRAELE K MERI
BERE AL T IRERIRAS ; ADC BB HIHIE A4 LE CPU MR T R ER BT S ADC BAAFR
B /O BRI TIE , LARRIK ADC HIRETHFFRIER ; Standby R T RAE & AR iRk
HEET , HRINGEERA FREERS , FERMEERINER  ANEFRERSZ
BEX ; ¥ B Standby X TN A F RS 28 M 7+ E R ss & T,

SRR Atmel EZEEZ KM EFREB[EARESN, FMN ISP Flash A FRFF#ERE
ISP BiTHO , REBARERAITHRE , BT UETZETT AVR W2 5| §1E
F#HITHE. SISEFUUFEREEZENNAREF T 82 R A Flash 774 X (Application
Flash Memory). 1 5 % B fi Flash 77 & X B 5| § Flash X (Boot Flash Memory)#) 72 7 4 £2
BT, KT RWW B4, B 8 1 RISC CPU SRZEXN AI4RIER Flash SEKTE—1
SRR, ATmega32 BA—NMUEERERANERN , AFSHMARNEHNARME T REM
KR A FRIR 5 R

ATmega32 EA—BENHFESRETRIE 8 CESHER. LK. BFAR
2/ B EERR. HESERITMER.

HF IR EBIR
it

i O A 08 AID R REs VR B Ao

WO AR 8UNE /OO ERARENAI LA B, HiHEPREaXN MR35
AL W MR KBRS, F R AR | ERE L B AERE | iw ORISR R AL
ReFmHeR. AEMERES , MERSRFERER , wO AL TSERS,

w0 B 8@ /OO ERAwENAE LA B, HiHEPREAX MR35
AT LU W MR KBRS, F R AR | ERE LB ERE | iw ORISR B’ AL
ReFmHeR. AEMERES , MERSRFERENR , WwA B 4T SERS.

w0 B Al LUR M E M T EIRVAFFRINEE | S P55,

w0 C XN 8N I/00 , ERFAwENNE LB, HiHEHREAXN B R #
P, AL MR KBRS, F N AR | ERE L B AERE | in ORISR B’ AL
KPR ER,. EEVIRS , IERENHERER , w0 C L TEERS. MR

JTAG#:OfE8E | BIES L IS PC5(TDI), PC3(TMS) 5 PC2(TCK) Ky L7 88 PR 4
o

BREBHBUEN TAP A5, TDO SN SRR,
WO C LAl A AMEMTRENERIIEE , ESM P58,

4 ATmega32(L) m—
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% 0O D(PD7..PDO)

RESET

XTALA1
XTAL2

AVCC

AREF

BB+

2503F-AVR-12/03

w0 Dy 8 @ /0O A, ERAmENNE LA BE, HihEhas EAXN MR &
M, AT LU MR KRR, E RN AR | mRE L EEERE | Nk QRSB
AEEPRFREHER. EEVEEP , MERENHERER , w0 D 4 TEERS.

WO D LAl LA MEMT RN ERIIEE , SN P60,

SENHASIH, FERBI&/DIRMENEEFFSIBREENMN. TRIERL P35
Table 15 . #F£ERT AN F IR B A BKHF T BERIE T E 1,

R 5% B K B8 5 A Btk 3R 44 BB O A U
J B 4R5% B R B8 B i

AVCCRIHOASADH RSN B, FEAADCH ,Z3IMMEESV EE., EAADC
B BB — MEBIRIRER S Ve E#E.

AID BRI EL A A SR

EPEFRES T —LEHEHABHFAEBMAERATE SN TR REER, XL
Pl FHBREERECHNCELIE T E@ANAXHSH, AL C mEFEXANMHEHREES
VEX , MEEN C mEFES[NFMLEFEACTRNLELT R, BEITEEFBREN
REEMHHER.

ATMEL ;
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AVR CPU 1%
e A MEM EiTE AVR R4, CPUNEEAFSRRIIBRFHEBRNT, Bites
MEeBip R IR, BITIEE, BHARUARLEF U,
GZHLRR Figure 3. AVR 4138951 &
‘ Data Bus 8-bit
!
e = e T
Memory <
; | e | feo e
Instruction General PN
Reoe « Regerers | fe S
Instruction PN Watchdog
Decoder . Timer
Control Lines § % Comparator
% T—E [<>| 1/0 Module1
S[;Zai?/l lepl«> 1/0 Module 2
<> 1/0 Module n
EEPROM [
1/0 Lines [
\/
NTREBBEENMEREURHITYE , AVR XAT Harvard 419 , EEMVHBBENEFL
%, BFFMEIRENETEY —FRKLZE1T. CPU EHMIT—HRETHREMNERT —%
BT (EANHATER )o XMISKATHESHENYEARZET. BFF@EK{ETUE
L YRTERY Flash .
RIFG R FFRNMHBIE 32 /N8 (UBATEFESS , hEeEA —Nets AR, Mkt
M7 B ERN ALU B1E, EHEBH ALU BED , BMLTHFER XHPHRERE
RAR , RAERTEE , FREFEEIFER M. BNMNEIRNE -4 EAR,
BESENMHER 6 NFEBTUAE 3N 16 UMW EEITUHFEFHREHUAITUHRIEZE ,
SUSHNBIER, EP—NMEHEATUEN BFFHESFEARN IS, XL/
MIhRESHF2REI N 16 UM X, Y. ZHFSH.
ALUXRFEFRZBAUARFERNERZBANERNEBZEE, ALUB AT UMITREFER
B, CETRZERSTERNNBEINEMURBRBEL R
EFAREIH / ZRANBERESHEAESRES , A\MEET BN bIEZEE, K
ZHESKERN 161, TSI EFFHSUETE — % 16 LH 32 LWES.
EFEMEZE2ARNX : 5| SBFX (Boot X ) MINARFX, XHMNXHBEZRIIHN
BEMARANENR / BERYF. ATENARFXH SPM BT 4T TIISEFX,
EHRHNAR FEFREMUNEFITEREE (PC) RETHikZF. HRUTERKE
SRAM , At HIRERZRT SRAM WK/, ZENUHIRERF B EEDHRICHEKREH
6 ATmega32(L) |
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ALU - ERBEBH T

2503F-AVR-12/03

SP, XME4H T 1/0 Z=i8) |, ATLL# TR B AR, #E SRAM AILUEE 5 AR E/ T uHE
XTI M,

AVR TSI HI N &N T EEW.

AVRE — N RIEM R ITIER,, 12 H|FE[ VT I/OZ R, RAESEREE LB P MEREN,
BN ERHEOEXREBERINPHERE, SMNFHHNEERSEEFHOERN
NBAEX , PEEHuUHIE  KEREE,

/O FiE2Z=HEE 64 NI LAEES UMt | 4ER CPU JMREVIEHIZF1ESS. SPI UK
Hh 1/0 ThAE, BRET R ERIFZE R BN N FE88 4 2 ERibik 0x20 - 0x5F,

AVRALU S22 NEATESFSEENE, FESSFER/CH, FESSALAHZHE
B ALU ZEREE— /AR, ALURES N 3K ER, BEMNIRE, HWILER
HTZEL ERFEHRN 2 BRENTE LS. EAESILESE.

ATMEL 7



REFFe

BREFRXHF

AIMEL

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

Bit 7 6 5 4 3 2 1 0

|I|T|H|SVNZC|SREG

®/E R/W RIW R/W RIW R/W RIW R/W R/W

WEhE 0 0 0 0 0 0 0 0

e Bit7-1: 23 MERE

| BAIRHERES B I, BIRM P EERE R H MR ARG E8 24, R 1ES T
LREBPMIREBNSS , BFATEPH, EE—PHAER | B, MHIT RETI
EOE | IREEM AR, | b LEIE SEI M CLI FESREMNMBES,

o Bit 6 — T: {3 I 176%

NS BLD M BSTHRA TEN BN Ritbit, BSTIEFEFESNE—NENE T, M
BLD B T MBI FESINE—{L,

* Bit5 - H: ¥ fIRE

MR E H R NERBELZET EH N, BIFENTF BCD 2EEFEEH. FNESE
By BA

e Bit4-S: FHHL,S=NDOV

S HABKREN 52 NI EBREFREVHRR, FRIESENHA,

« Bit3-V:2 NIEEHFE
TR 2HPNBEE, FAESENIRA,

» Bit 2 - N: fa¥inE
RPEARZBEBELRNA. ERESENIHA,

e Bit1-2: EffE
RPEARZBEBELRNT, ERESENIHA,

» Bit 0 - C: #futrE
RPERRBEIBELETHA, ENIBVENHH,

TR XHEN AVR #5388 RISC ETHEMTHIL. N TREFTENHRNRENE , F
FRXAZFUTHRA / MEEE

mH— 8 REH , MA—T 8 UER
AHFA 8 RS, WA 8 UER
WA 8 R, A - 16 UER
- 16 AR AER, WA 16 LER

Figure 4 3 CPU 32 MNBRA TEFFRMEN,

8 ATmega32(L) m—
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Figure 4. AVR CPU BA T#EF 1785

7 0 Addr.
RO $00
R1 $01
R2 $02
R13 $0D
B R14 $O0E
I R15 $0F
FEeR R16 $10
R17 $11
R26 $1A X &FFaH, BF W
R27 $1B X&EEFHR, 5FH
R28 $1C Y FEaE, BFW
R29 $1D Y EER, 5FN
R30 $1E ZHEeSs , BFW
R31 $1F ZHRH, BF

AREBBRESTEENMNESTHIAERTAMENSFR  MASRXFNESHR
TSR A A e R

W Figure 4 Fi R , BN FFREE - MUIERFBIL | 0 EERS 2 A - BEZRE
K32 Mk, ERFEBRXFNWYWEIIAE SRAM , XN FAR A ANE R FFE
FHEERANRES , BRN X, Y, ZFERTUNRENEQEIEFTERNIEH.

ATMEL :
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X, Y, ZH5E=8

iR

AIMEL

EF1788 R26.R31 R T AEBAF RN , TR SMEABIERZET u At 84, X=
MNAE#EF U F 787~ T Figure 5,

Figure 5. X. Y. Z &%=

15 XH XL
X B5E8 |7 o7 0]
R27 ($1B) R26 ($1A)
15 YH YL
Y F78% |7 o7 0]
R29 ($1D) R28 (31C)
15 ZH zL 0
Z5E8s K 0 |7 0 |
R31 ($1F) R30 ($1E)

EFAENFUERF XLt FRRTUAXNEERBE , B M—ME3E — 8.
BEHATESAETE.

HRIEBHETERARREZIRNHRE. BHRETENDN / FEFNIRE I, #HikiEH ERE
BRI TRET . EEE AVR R ER TEKWN | BEFBUBRHE A MR | #RIBH N
B

R IBHIBEEHIE SRAM #ik X, EHRET FREFMKMBUHER. AR FEFNE
BEFR MR 2 B AAE WMtk ZeE] |, BRI M IE B S T 0x60 Kbt z=E, #H PUSH
S EHIEH AR ISR — ; M FREF A R E it i A RIS =. £
B POP IES R ke | Hikigstii— ; mMA RET & RETI 5N TR FH P
IR BB AR IS £ N =

AVREVHEIRIBSH HIOZ RPN NN FEFEESEI ., EBrEANNBSEARSESGER. B
EEHE AVR BSHNKBIEX AN, ASPLRE® T, HWADFFRELE SPH 578,

Bit 15 14 13 12 1" 10 9 8
SP15 SP14 SP13 SP12 SP11 SP10 SP9 SP8 SPH
SP7 SP6 SP5 SP4 SP3 SP2 SP1 SPO SPL
7 6 5 4 3 2 1 0
B/E R/W R/IW R/W R/W R/W R/W R/W R/W
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
0 0 0 0 0 0 0 0

10 ATmega32(L) m—
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ETHTNF

EuSPHLE

2503F-AVR-12/03

X—HNAESHITERPMNIEERF. AVR CPU R clkep, B30, MaTH B
REEEN IR, & H AEBRIT Bt 443t 1720 50

Figure 6 1% 83 7 BH Harvard ¥R EM HTEIEME ST , AR AT LU T RE T B M 2
FEHRXHNES, IR—IMEXRRKEES , HEESEX 1 MIPS/MHz , EE{E BB S
te. Thee/ etéhtb. Thee/ hiEL,

Figure 6. F{TEUIEMIE AT
T1 T2 3 T4

Sy S U S N S U N

CPU
1st Instruction Fetch

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

Figure 7 ERMN R HFFHREXHATHRINF. E— Nt EAHE ALU T ENIHNE
FRBEBHTERE  ANTLERRFIENSTERTE,

Figure 7. S at4hEHI ALU B1E
T1 T2 T3 T4

R A S N S \

CPU

Total Execution Time

]

I

|

I
Register Operands Fetch :
I

ALU Operation Execute :

I

I

Result Write Back : |

AVREFRHHIIR. B NP MEMNERFZRSEIRINFHEE, FIENREEH
MEBCHEREN, HFEREMNEN , BRAFTEFEH[NLRPIEEEN | BN , RETH
k4%, RERFITHE PCHTRE , £51S81E M BLB02 = BLB12 HmENERT ,
PRI RE BB 221, XPNEHIRE TRENZTEM, 0 P240 “ 24 24mE ~ IR,

BFEHENSEUERENENOENFHEE, TENOBEIRIES A PI2 “Hlf",
FIRGAET FEPHWREER. BEFFENBIHEE  RERES. RESET EF&S
MEER , F=ANR INTO - AZHETER 0, BIBENLEA ML ZFFER (GICR) Y
IVSEL , R i & A A Z 5| S FlashWRBIRL , S A P42 “HHlf” , fRBHEL{UBOOTRST
WA AN EMNEEB ES|S Flash MR, E4S A P228 “ XHSISEARF - EE
#9 B At AT LA (RWW, Read-While-Write) B9 B RmIBRED 7 o

F—HWEERNERPIEREM | HES , NELETHEEMGH T, AFRRGETRE
FHEFREEN | RETHPMRE, LRI PETE R A PS5 RS EF. R
TRETIESE | BaEN.

ATMEL ?
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MRAE LR EFIRBEN FR, F-—HESAMEHABUPIINS. X TXERE , BF
T+ 2425 B 4% B SERRAY M 6 B LA AT R ITAL IR RR | B B RE AR RE BRAE RI Y P T AR S, P
MRS A UBE N EE "1 WARKBER, SR ER , WRENE M EEMN
0", MRS MEN  F—ERFIFMNIT , AERREBR. XUN , WR2R
FHIRSHETE , WATREERENFHBIIBINT , BRI | BfL. REERHNSDHE
BT L SERAORINTT

FoMRANPHUNRIAZDHZMHRE B —EMR, XEPHTITEPEHIRS. &
PHTRMAEPIERCIBMERT |, P T RWAR,

AVR BH I fE 2R ERERFHEDHIT —FEST A BLERITEMHIER N P

EXENRE  EAPHRSEFNRITERTI2EIRT , PEHRENEFR2BE3IRK
g, XETHEXIBAPBEHRGRTER.
5/ CLI 8T RE PR , PRTEIETEIE R RBEPMTLAERIT CLIBESERE ,
EIEEREHIT CLIEETHRN REMN., THEHMEFIREE T W@EES EEPROM B AiX
MNME T KBS L BT R 4 LU £ X EEPROM AR,
CHRRBHIE
in ri6, SREG ;  #R77 SREG
cli o IR
sbi EECR, EEMAE . B3/ EEPROM GfE/E
sbi EECR, EEWE
out SREG r16 ;. WESREG (| f7)
C REBHIE
char cSREG
CSREG = SREG /* #R#FSREG */
[* ZEIEFpT )
_CLI();
EECR | = (1<<EEMAE); /* /&3 EEPROM G£E/E*/|
EECR | = (1<<EEVE);
SREG = cSREG /* MESREG (| fZ) */

A SEI ST RPN  EREGNE - RKESTERTEAPH 2 —ELBE LB
1To
LR IEHIRE

sei . B2 PR

sleep ; HAMBELR , SHFHMELE
D AR ERITEMHEEN R E MCU S B 3 AKIRER

C R1BHIFE
_SEI(); I* E2EFHEEERE]
_SLEEP(); |* #HAMBEE, SHFHMEL]
[* EE . ERITEASERN PR Z 8 MCU & &3 ARIEER */

AVR BT IE B2 A (B B A J9 4 NETEH B 4 NetEh ERE | 12 Bk A B SKRRAY P BTAL 245
B, HX 4 Mttt HifIE PC B3 Ak, HEBEIRAT , PEEN —MBREIES |, LBk
RFES/NNUEH, IRPMHE SR ARETRITHRRE NELSEARES
WITZRER MCU X 2HITHIRRERF, BEHMAER MCU & FRBRAE | o i B2 6t (8]
EFREM 4N EAH, KALREEZERITRNKIEREXFEREZNSEE.

12 ATmega32(L) m—

2503F-AVR-12/03



] ATmega32(L)

PENREFEE 4 Nttt FUALHIE PC(FAFT ) HEsE ik | HREHNZ  REFF
2% SREG 19 | E1L,

ATMEL s
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AVR ATmega32 77§ 2%k ATmegad2 (%, AVR SHEERAEENFHBZENE  BREFHBEH
se MEFFHERZME, I, ATmega32 £H EEPROM FRAREFHRIE. X=1 7
Bz R LN T E S,

REATYREN Flash BF ATmega32 88 32K THHELHE Flash , AT EREFES KRB, BAFTEN AVRIE
X TH 16 Ik 32 fi , Wi Flash ALK 16K x 16 WHFRX. AFBFNREHERE
Flash BFEF#BHNHRINKX : 515 (Boot) EFXFMNAREFX , 2 FKER.

FlashfZf 88 22 A LA E10,000)8 . ATmega32 I REF 1T EkE5 (PC) R 14 i ,HL AT AT
it 16K FHRFEMBZE. SISEFEKUARMEXNAGRLMEMES A P228 “ XiF
SIS EARKF - EEM R AT LU (RWW, Read-While-Write) ) B BR4RFZEEN” |, T P240
“IFAEESURTE " ¥R T A SPI Bt JTAG #E M RIX Flash BB T T,

ERALURETEANEFFMESRBUZE (S LPM MREFFHESESHRA ).
HIESHTRFEESL P11 BESRITHE .

Figure 8. 2742214

$0000

Application Flash Section

B ——

Boot Flash Section
$3FFF

14 ATmega32(L) m—
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SRAM BiiE 7l 87

2503F-AVR-12/03

Figure 9 44 T ATmega32 SRAM ZE[E Y H LA H,

Bl 2144 MR FRBIFE T FESF M. /0 FHSBRAMBIE SRAM. EIHRE 96
e ut N FFERNMS 10 TR | BER 2048 FTH R AEEKIE SRAM.

BEFERSNHIUAESADN 57 BEEIFu, FTRERBENAET U, AETY, FTHRE
M EESUNTEEENREIT I, FERXHEPHNTEFRR R26 F| R31 HHEEF UEAVE
HEFR

BEEI USSR TRBENMEX,

HREENEETUEXEBITUIETEFRY M Z AENEUMITA 63 MMbil,
EEFHTMBEME MO EETHEXS , FEHFX. YN Z BB NRIED,
ATmega32M) £ E832NB A FiFeR. 64 M/OFFEF R 20484 F 11 19 A EREIESRAM AT 1L
BEMAELRNFUERNRTIER, FEEXENERA P8 BAFESRNM "

Figure 9. ¥iE71435M&

Register File Data Address Space
RO $0000
R1 $0001
R2 $0002
R29 $001D
R30 $001E
R34 $001F
I/O Registers
$00 $0020
$01 $0021
$02 $0022
$3D $005D
$3E $005E
$3F 1 $005F
Internal SRAM
$0060
$0061
$085E
$085F
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BR 1= BR8] B |

EEPROM ¥ iE #7175

EEPROM i& / EifEl

AIMEL

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

Figure 10. /7 £ SRAM ZEUEHA

Tl T2 T3

ok /N )

CPU

I
Address Compute Address | X__ Address Valid

Write

|
]
]
:
Data :
]
]
]
]
]

\

Read

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

ATmega322& 1024 ZFHHEEPROMBIEZ %88, EREN —MAM N BIEZRAMEE
§ , AIEFETIRE, EEPROMKEFHZEA R 100,000 XZEREH, EEPROM Hi5[H]
Hitt it FEES, BEFESNEHFERRE,

P240 “ 1FESRRIE " AE A SPI, JTAG HHTHEERX EEPROM 42,

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

EEPROM K B ij 8] A i Table 144 H . B TEAY ShAE AT LALE A P R4 e Ml Bt AT BAFF 34 B
T—2%, A4 EEPROM EEIEWMTRE : £LRERNEERELR AN BE
o, LB/ TER Ve £/ TREEALRKE, e CPU ATRETETET RIRFFER
WEREBEE, ES M P20 “ B5lk EEPROM $iEE % ” LUE % HI EEPROM iEE k1
|h—.I;EEEO

AT HIELEIRN EEPROM BigtE , EERIT—MIENBRF. B2 F EEPROM
BEFERNRE.

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

16 ATmega32(L) m—
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EEPROM #h31t 578§ - EEARH
M EEARL Bit 15 14 13 12 11 10 9 8

- - - - - - EEAR9 EEARS8 EEARH
EEAR7 EEAR6 | EEAR5 | EEAR4 | EEAR3 | EEAR2 | EEAR1 EEARO EEARL

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

HE 0 0 0 0 0 0 0 X

X X X X X X X X

 Bits 15..10 — Res: & &
REBA, RBREREERE,
* Bits 9..0 - EEAR9..0: EEPROM #ts31

EEPROMiﬂzﬁt%ﬁ%ﬁ EEARHFIEEARLIEE 7 1024 =TT HWEEPROMZE Bl , EEPROM b
BEMA , M0 % 1023, EEAR WHIHBEREEN ., £i5F EEPROM ZHI4MAE

ﬂlﬁt% EWREIE.
EEPROM ¥i#7&5 788 - EEDR
Bit 7 6 5 4 3 2 1 0
| wse LsB | EEDR
®R/EB R/W R/W R/W R/W R/W R/W R/W R/W
IRE 0 0 0 0 0 0 0 0

* Bits 7..0 - EEDR7.0: EEPROM ¥i&
X+ EEPROM B , EEDR REEEXR| EEAR 2 TR ; X Ti&#R#%E , EEDR 2

Mttt EEAR ﬁHEE’J%HEo
EEPROM ##I5178% - EECR
Bit 7 6 5 4 3 2 1 0
| - EERIE | EEMWE | EEWE EERE | EECR
BB R R R R R/W R/W R/W R/W
EE 0 0 0 0 0 0 X 0

+ Bits 7.4 — Res: &%
REBN , EBRERERERNSE,

+ Bit 3 — EERIE: EEPROM #%& 17 if{Eae

%= SREG Y | "1, ME{ EERIE R£8E EEPROM H&Z ¥ i, /5T EERIE NIZE1E
W, % EEWE EB6 EEPROM A% 7 Wi A % 4,

» Bit 2—- EEMWE: EEPROM Z#lE{f#E

EEMWERE T EEWEEB R & AILUS I EEPROME R, HEEMWE N "1"8Y , FE4 Bt
HEHNEN EEWE FIEHES A EEPROM WIEEM U ; H EEMWE 7 "0*, MIRE
EEWE F#/EM. EEMWE B/ 4 AE% , BHXEES. I EEPROM S@hxi
EEWE {u &Y iR

ATMEL y
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AIMEL

« Bit1- EEWE: EEPROM E{##k
EEWE 7 EEPROM BiR{EWFEREES., X EEPROM HEMMEEF G , EEN
EEWE L@ #IEE A EEPROM, 6t EEMWE 4ME {7 ,BFN EEPROM B EFF 4
KE, ENFNT (EILHNE4SHNRFHTEE)

1. ZFEEWE MTERE
%1% SPMCSR ##J SPMEN U R T
FF#7H EEPROM it B A EEAR( Wik )
58 EEPROM $iEE A EEDR( Wik )
%t EECR &2/ EEMWE B "1" , ErtE= EEWE

6. TEE{I EEMWE 8 4 AN , @ EEWE
£ CPU E Flash Zf# 5 BHMR T BEXT EEPROM # 174572, /53 EEPROM Bi#{E2
B AR E Flash BIRIERBELTRK. T ] Q) REHHSTESISEFH A CPU
5t Flash TR T ERH. R CPU XKiZEFLE Flash , S (2) A&, BESN
P228 ‘X 55| S EARF — EER R AT LU (RWW, Read-While-Write)#) B BR4mIZ8E N
EE - NRESESH6 2BEKRET M, BIREFRK. BENIE EEPROM EffgLiR
ERE R, TR —/NRIE EEPROM B HTITHT T 53 — 4 EEPROM ##4E ,EEAR = EEDR
FEER RIS TR |, Sli2 EEPROM BAEKLM, BV <2 B P IIRE I
AW BN EEZE , EEWE BH4HES. AP AUEEAX—VHMBENFEREL T K.
EEWE B{uff , CPU EELFHEAIRHEARSF LETT—%&ES

O A wN

 Bit 0 — EERE: EEPROM & 5§k

EERE JEEPROMILIREM FREE S, MEEPROMIHIZBF 2 /5 , BB M EEREL(EF
BiEiE A EEAR, EEPROM HEMNEMAFTE—LIES , BLEZHE, ®EH EEPROM
Ja CPU Ef=1E 4 Nt AT AT BT T —RES,

AP EiEH EEPROM BN Z#&N EEWE, MR —AMBREFEHRIT , ML EIRE
EEPROM , th & NE FEES EEAR,

LY REN K ARS8 H T EEPROM ERY, Table 173 CPU i8] EEPROM #Y B2 B B8],
Table 1. EEPROM 4w 2 A /]
Sy REMN RC IR ERAAM V) AR FE
EEPROM E#1E (CPU) 8448 8.5ms
Note: 1. fEARM4HHERN 1 MHz , T&8 CKSEL SBLVHRE,

18 ATmega32(L) m—



] ATmega32(L)

TENKEDS 3 ECHTN C ERE A MARI EEPROM M B2, HIBIRFI T ALK
PATXEEBNTERERRLE, BNERIEHHIZHE Boot Loader, & Boot Loader F7£ ,
M| EEPROM ERHEFEEEFERZTH SPM LR,
LRI HIRE
EEPROM wri t e:
. EHFL—XTEREER
sbi ¢ EECR, EEVEE
rinp EEPROM wite
WEM Y FiFay (r18:r17)
out EEARH, r18
out EEARL, r17
. FFBIECAHEEF7EE (1 16)
out EEDR r16
. E{/EEMAE
sbi EECR, EEMAE
. B EEVE UESIERIE
sbi EECR, EEVE
ret

C R HIE
voi d EEPROM wri t e(unsi gned int ui Address, unsigned char ucData)
{
|* ZFFLE—XTRIFGR *|
whi | e( EECR & (1<<EEVE))

1> REMH BRI FRE*]
EEAR = ui Addr ess;

EEDR = ucDat a;

I * EEEMAE */

EECR | = ( 1<<EEMVE) ;

I* EBYEEVE XEZISHEIME]
EECR | = (1<<EEVE);

ATMEL 1
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EEBAIE#EN TH EEPROM
BEiRE

Byl EEPROM BiEE %

/O 6k 85

AIMEL

TEN G FiRA A AL C MERIZE EEPROM , IR IE R R ASFERITIX LR
BHIRIEPRE,
CRREBBHIRE
EEPROM r ead:

. FERL-XTGRESE

sbi ¢ EECR, EEVEE

rj np EEPROM read

. REMYEFFE (r18:r17)

out EEARH, r18

out EEARL, rl7

. IREEERE KBS ERIE

sbi EECR, EERE

. BHREFZFHEEREE

in r16, EEDR

ret

C REBHIE
unsi gned char EEPROM read(unsigned int ui Address)
{
I* SHFLE-XBRIFLER *|
whi | e( EECR & (1<<EEVE))

1> REWMH FiFaE*]
EEAR = ui Address;
I* 1REEERE X EZIEEIE]
EECR | = (1<<EERE);
1* BHEZFEEERE *|
return EEDR;

}

HREFNITEBRESH EEPROM WEREIERERHTT , EEPROM MERERM4SE | HE
EENBHRNEZATER. BERESRE  RHHFERERZT  SHHAFLTES
HimBER, HRERITERIET 2 NS R EEPROM E#E,

HHRRBETE , CPU M EEPROM B AR THRFIER | &K EEPROM BIEHN KA (&
K)o XFIFREEAMIUAK EEPROM B4 ITtE BT, AMEEEAABNRT SR,

BT BEREEKR EEPROM BERAEMAI A 4L . —RBEET EEPROM BREME
EWREBE ; —R CPUKXFELTEER T,

EEPROM ZIEIR IR A9 A R AT BUBE AT 75 5 AR
= B R AT R 35 AVR RESET 55 N 1K, 3X 7] BB (ERE J+ 4942 B 49 U 88.2% BOD

KK, MR BOD BFELEHBEERNATUEANBEM B, EERELIESH
RETEN  REBRERHES , EREMHERS R,

ATmega32 #9 1/0 ZE[EIE X P283 “ FiFgaBik ” .

ATmega32 T B /O RAME B ALE T 1/0OZEiE. FIEM /O EER AT LUEE IN 5S0UTHE
SKiIER L E 32 MNEAIEFFESMN /O ZEEREIE, Hik) 0x00 - 0x1F B9 I/10 FF
E5iA T A SBI 1 CBI I8P EEMR TN T U , M SBIS M SBIC MARKERE —VWE,
ZNRESAETE, FH IN F OUT 5Tttt 4FE 0x00 - Ox3F Z A, MRER
SRAM —#@d LD # ST S 1M /0 F1E85 , ANt E i E 0x20,

20 ATmega32(L) m—
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NTEREFRHFE , REKAHNRNE "0", MHREW /0 FERMTFRHITERE,

—ERBSHFEVABEREEITE "1" RN, BIENR , SHMKSH AVR TF ,
CBI 1 SBI S REENELEREN LR TIRE , AMTUATEEXLERSIRENFE
83, CBI 5 SBI #5525t 0x00 2l Ox1F B HFEE8HE Ko

/10 MMRRHFEREGEAMETHITNE,

ATMEL 2
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RGBT R B BRI

M RERE S 1

CPU B4 - clkgpy,

/0 K% - clkyo

Flash BY# - clkg asy

R ENBRANE - clkagy

ADC EH4# - clkapg

AIMEL

Figure 11 FAVRIWNEERMHRERE S M, XL HFAZTERN TE. I THRIEKIIZE
ALBSFERTEMNERERNRZLTE TENRERNENY iE0 P30 “ BREE RIER
X", R RSEIFEL Figure 11,

Figure 11. B4 %%

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

clkpe
clkyo AVR Clock Clkepy
Control Unit
CIkASY ClkFLASH
4 A
Reset Logic Watchdog Timer
F ¥ ‘
Source Clock Watchdog Clock
Clock Watchdog
Multiplexer Oscillator
A A A A A

Timer/Counter External RC External Clock Crystal Low-frequency Calibrated RC
Oscillator Oscillator Oscillator Crystal Oscillator Oscillator

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

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

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

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

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

22 ATmega32(L) m—
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rHR

& B ER
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ATmega32 B BT JUMIE Flash & 42 3 171 B A B 40 R o B 495 A B AVR BS 49 %

43R, B RIMEANER,
Table 2. AtfpiRI%ER (1)

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

Note: 1. WTFAEMBLEY , ‘1" RTABE , 0" KRERE.

TR HEIFEREMIH#TNE, % CPU BEBREAREREARELF , Uk
Bt R ARN BB ERN | RIEFRH SRET BIAITIE S 288 ARERS, ZCPU
ME LT $8 TR |, BB EHNAYIER B (5] BARIEFE MCU FHAIE R T2 5l BIFIA EIFRE
B, XMEFNENENBE RS RTR. B 1GRH B A WDT &%
BHEBFET Table 3. BEINHAIRHRMIMBHTFBERE , R P283 “ Fiad ” .

Table 3. & 1R %A

BAMR IR (Ve = 5.0V) BAMBR IR (Ve = 3.0V) B AR
4.1 ms 4.3 ms 4K (4,096)
65 ms 69 ms 64K (65,536)

BRI E CKSEL = “0001”, SUT = “10", XMREIRERETERZMEF RC #5537 |
BHNRENFEK, XMRERIERFTLBE ISP 3 H T4HRERS 2 FTE T HIR,

ATMEL
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mAIRs 2R

AIMEL

XTAL1 5 XTAL2 7518 BYER ARSI R @ KBS AY M A M4 |, 20 Figure 12 FT 7R
EMEHER TSR AR RS , LA UEABRIEIRES, B4 CKOPT ARIEZRIXHfH
BAB[ERNNEDP 2 —, Y CKOPT BB IR SSRERESIM~EFBRENRS. X
BXESTRENE , UREEET XTAL2 B3 E =N atsh S EEM1ER . mEXiE
XN RBE LR, HRIF CKOPT ARGBRIRSH |, ®F/NAHESRBELR N,
HRERERAKBREKTHRE , ERMXRCBELRE , MBA TR Hbatid @S,

X FiEHRET , CKOPT RGmER KR AMMENR 8 MHz , CKOPT 4wf2RtH 16 MHz, C1
MC2HHBEE—#H  FTEFANRREEREIRSE. RENRESHERN AR LIRSS
AR, EEXHERNRENBRIRFEXR, Table 4 AH T4 REEBREAN — L5
M. WTHEEIRS K NiZERA BRENKRE, BRSIFESNEXRNMERERUR
K7 MATHENEES , BSEZARIREHNAFM.

Figure 12. R&iR% 35 EEE

— }—17 XTAL2
c1 T
o St IxTALL

GND

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

Table 4. &% 28 TEER

R RERBES c1 M C2 WS TE
CKOPT | CKSELS3..1 RSB E (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 < 12-22
Note: 1. WEMAEATRHE , ReeATHREERS.

24 ATmega32(L) m—
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B0 Table 5 AR , 18247 CKSELO AR SUT1..0 B F&ZE B 38 HE.
Table 5. F{kiRSS 38T 4P LR R AV S5 Bh At [A)

SRS HFE
FERSTEEXNTH | BE (Vo=
CKSELO | SUT1..0 BERE 5.0V) HERZE
0 00 258 CK(" 41ms ﬁﬁ%ﬁ%,aﬁﬁﬁt
0 01 258 CK(" 65 ms ﬁﬁ%ﬁ%,%ﬁ%ﬁt
0 10 1K CK®@ - PEIEIRST , BOD fEaE
0 11 1K CK® 41ms ﬁﬁi&ﬂﬁ%ﬁ , EBIRRE L
1 00 1K CK®@ 65 ms ﬁﬁﬁ?ﬁ%ﬁ , BIRES
1 01 16K CK - AEEHEE , BOD fEAE
1 10 16K CK 4.1ms ﬁﬁﬂi%%ﬁ , EURBRE £
1 1 16K CK 65 ms ;ﬁﬁéﬁ%%ﬁ , BiRiEE
Notes: 1. XLREMALAT THEMEFABETHAME , AR HWMERREMX T A
MEFEENER. TEATFRHE.
2. XEETMRH BB IRBRITN , TUARIEBHHNAREBIRE, B TEAERFAE
EFRAHE  MARHNNARREENTRANS FEEN wER T &,

2503F-AVR-12/03
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R R GRS

S\EB RC #x5% 88

AIMEL

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

BEBTEIMREHEECE , B EHBELAM SUT BBE |, 2 Table 6 FiR.
Table 6. {40 & A #K5% 25 69 /3 3h A 8]

FuEANEaE | SEURHTIER
SUT1..0 # B3 E A Bl (Voo =5.0V) | EERZE
00 1K CK) 4.1ms BRPR EF , 2 BOD fE#E
01 1K CK) 65 ms BIREE LA
10 32K CK 65 ms BHEHRELRE
1 "2
Note: 1. XUETIREEATREIHMMEREENMAMEFREENER.

3 F o [A AU A R AT BAGE A Figure 13 BUAAEE RC #R5%85. MRAILBR HE f=
1/(3RC) #THEE b F L1t, BA C ELE 22 pF, BEREB L CKOPT AP AJLAfE
BE XTAL1 #1 GND Z BN 36 pF B8 , NTEEAT SR, BERRIMEXRIKEEHRW
M ITEUARNMAIERE R M CHWEAKEER | ESE NI RC K732 NA F A

Figure 13. #\&f RC Bii&

XTAL2

XTAL1

GND

V
T
i

EERAUTETONTRNER , SMEXFECHRCRREE. THEEXBIRL
i CKSEL3..0 #HL , 20 Table 7 i Ro

26 ATmega32(L) m—
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Table 7. #\%f RC &% 58 TE#E K

CKSEL3..0 ST E (MHz2)
0101 <0.9
0110 0.9-3.0
0111 3.0-8.0
1000 8.0-12.0

ERETEXMEHSRCE , BRBEIHEL{A SUT BBXE , I Table 8 Fi R,

Table 8. 7M&f RC #Rx5% 2= HY /B Z A [

FeEANERE | SUNNTSNER
SUT1..0 # Bzt A BHE (Vee =5.0V) | #EERE
00 18 CK - BOD f#&¢
01 18 CK 4.1ms R BOR £ FH
10 18 CK 65 ms BREE LA
1 6 CK™M 41ms BIRPE LA |, 32 BOD fE&E
Note: 1. XLERIMIKEA T IHEMERABEFHAMEAOER,

HRENHK A RC K788 REM SR RC E5ERETEEN 1.0, 2.0, 4.0 5 8.0 MHz B8t XLFRHLE
5V, 25°C TFHIFRFRERME, XMEHihth Al BUEH RERTeh | RERR Table 9 XAL (L
CKSEL#T4RIREN T, 3£ 12X Mot (M B FAEXT CKOPT #1740 12 ) 2 E M L BANER S 45
7. SRAEASREST NS OSCCAL BE8 , BF=MRN RC 5 BHNHE. &
5V, 25°C FSAER 1.0 MHz B , XIIRE AT MIZHITFHAE £ 3% WBE ; £H
www.atmel.com/avr FFFAHMEE  AIEERAEE, FMEET ,EFEEEH +£1% . Y
ERXMEZRENRERME , BEIIANACHACHE TAEREERHEMHN
KB, ESNAEGERENEEESN P242 “ FREFH 7,

Table 9. S AFREM RC #R5FH 28 TEER

CKSEL3..0 BRI (MHzZ)
0001™M 1.0
0010 2.0
0011 4.0
0100 8.0

Note: 1. HJ BHRE.

ATMEL 2
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A eRIRE T 787 - OSCCAL

AIMEL

ERTEMRETECE , BeitEbmELs SUT BE , 0 Table 10 FiR. XTAL1 F
XTAL2 ER#FHZE (NC).

Table 10. NEHRE RC #R5FHESH B Bt A

EEEXSEaEANE & (et BN IESR B )
SUT1..0 BhEtiE (Vee = 5.0V) #ERE
00 6 CK - BOD {8k
01 6 CK 41ms BRBRE A
10 6 CK 65 ms BIREE LA
1 RE

Note: 1. HJ BHRE.

Bit 7 6 5 4 3 2 1 0

| caz CAL6 CAL5S | CAL4 | CAL3 | CAL2 CALA1 CALO | osccAL
®/E R/W R/W R/W R/W R/W R/W R/W R/W
WRE REHRE

 Bits 7..0 — CAL7..0: #E% SBinEHIE

FREHRES AKX Ntk /] AN AR TR SUEBRB TE~ T 2T RN
BMERE, S 1 MHz HRERE (FHRBIENSFET , ik’ 0x00) B3 MR E
OSCCAL FEZ85. MREFERNPRC I IETHMRR HERFELRAINR : 5
BN mEREERIAEKE , RENREHRERTFE Flash 3 EEPROM 2/, XL E
ALUEE SR EL , RIENEE OSCCAL FF25. 4 OSCCAL HEBHET 22 UAREM
ET, ENHENFTHENHER AR ESAMEFIEEK, SA OxFF BIBEIHEM
R, FREMNIRHEEANR N IAE EEPROM H Flash EBf. 55 EEPROM # Flash Byig4E
AR EFMEIREZBIRFINEN 10% , SNBREGTRAN, EXERF/IAN
1.0, 2.0, 4.0718.0 MHziX AL B 1T THRE , HASREN T A RIE , W Table 1177 o

Table 11. HEP RC IRSH SN RSB .

OSCCALBE = B/MAR  FHARNESL (%) | BAER , FHEARNED L (%)
$00 50 100
$7F 75 150
$FF 100 200
28 ATmega32(L) |

2503F-AVR-12/03



] ATmega32(L)

BB At

ENES /it 8RR 28

2503F-AVR-12/03

BT MR ERRIRBN S A, XTAL1 4080 Figure 14 P RMIBITERE, BN, B4
CKSEL 474mT2 7 “0000”, BB 4 A CKOPT 4RI , AP B AT LA A A ERAY XTALT
GND 2 [B#Y 36 pF &,

Figure 14. /\&Bat4p Iz EL 2 E

NC — XTAL2

EXTERNAL
CLOCK
SIGNAL

XTALA1

GND

-

BERTEMRHEEZE , BaEBBELA SUT BBXE , 20 Table 12 FiRo
Table 12. S\ EBatsh 9 /3 3h A E)

FEEXSEaERN VR ESER B A
SUT1..0 ashetiE (Ve = 5.0V) HERE
00 6 CK - BOD f§£ &€
01 6 CK 41ms B R IRIE A
10 6 CK 65 ms BIREE LA
1 *E

7 TRIE MCU BB RE T , TRERANTAIM RN IRHINE, THRFERTET
2% FEFEREAR, NZHE MCU REFE MR E RZ AR B RS SR,

NFREERES / FHESSIH (TOSC1 # TOSC2) Y AVR fiibIE8s | BT IERESIX
FASIEERE | TENABEE, IRHE[4X 32.768 kHz B9 R @EET L. TEIL

1£ TOSC1 S| AIRHE S

ATMEL
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BRI I AR AR =

AIMEL

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

HERERX , AFAFREACHNAERIEHR,

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

P22 Figure 11 48T ATmega32 TRIVWINHRERHE S . WEEERSENERES

BEFFRIE T RREENE,

5

SM2

SM1 |

IEEEA,
MCU #:4|% %8 - MCUCR
Bit 7
| SE
®/BE RIW
HRE 0

30

* Bit7 — SE: {KEEfF&E

R/W

3 2 1 0
ISC11 ISC10 1ISC01 1ISC00 I MCUCR
R/W R/W R/W R/IW
0 0 0 0

7T E MCU 4T SLEEP ETEHAKEREREN , SE LAMEM. H THEZAMKEE
ARBFANARTN , BIUNIE SLEEP ESHEI —FKIETEMN SE. MCU —B%RE

Bl RR SE.

* Bits 6...4 — SM2..0: {RIE®E R RN 2.

170

W Table 13 FiR , XAV A T FEANRIEER,

Table 13. RERER %L

SM2

SM1

REER

ZERER

ADC g = #pHIE

EeEN

BeENX

&

RE

0
0
1
1
0
0
1

Standby!" # 3,

0
0
0
0
1
1
1
1

1

¥ & Standby™" &=

Note: 1. REFEAINBRAREIRETHT Standby R 5¥ & Standby EF T,

ATmegad2(L) m—
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RN

ADC &= HHE =

Lok N

=t N

Standby &=

2503F-AVR-12/03

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

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

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

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

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

HEANRBF PG HF MCU N EXRER , KRB BF —ENEE. &
HES I P64 “ SAEBHET " o

MEENE B R R 4B E F MR EE S —MNERRTE |, teatE ATt EFH B HIRE T K.
WMEEEHSHBL CKSEL EXNENEABE —HH , 00 P23 “ I #iR "

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

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

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

EANEEER L T B clkagy MRS  RARSERTUMSE T,

% SM2..0 F 110 &t , SLEEP 54 MCU # A Standby #x, X—EXSHEHER
W— R REZAET R EME T, SRENEREE 6 Mt ES.

ATMEL s



¥ & Standby &\

R/MUThE

BB IR ER

AIMEL

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

Table 14. EFRERERER T 75309 8 ¥ LA K K B2 R

TERYRT4 w5 R EER
SPM/
fEae EEP
N o .| BB WE TWI | SEfY | ROM | A
S 2 2o 2 2WME MR Nrpe i ¥ ES D| Hft
FEIRE N 5| 5| B O T KR | ZZZ| EfE| 2 # | c| 10
ZZRE X | X| X X | xX@ X X X X | X| X
ADC & 7 ] @) ®)
HE X | X X | X X X X X | X
HeEER X® X
HHER X@ X@ | x@ X | x@
ia(?)dbyffi X X3 X
T BH
Standby & XA X | x@ | x® X | X@
# O
Notes: 1. BHHREN IR RAR LIRSS

2. ASSRHy AS2 Efx

3.

INT2 SREBF T INT1 5 INTO

HEREAVR BHRENDERNFTEERILNRE, — KK  ER AR AERER |

FAERT

A
gE

FRTREEM T

fERERT , ADC HEEIRBATHE T, N THRENE , ERAEREACHTELL
ADC, EMBEZENE—RERNT ROVER, BFESHR P187 “ BRI MRR ",

MRRBETE, FRENDRELSTE L, TANERFTERKRE R LA

32 ATmega32(L) m—
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Bl LBRER

=M BOD

FARH#BE

BAER SR

iR A SR

JTAG#EDOEHK LRRARSE

2503F-AVR-12/03

EZERER  NRXEFERAELLLERES  TLUFHERA, £ ADC @EIFIEX TR
mit, EEMERERNELLREZREIXAN, MEEDLRBERA T ABEERE
B, WA CEALERERXTHEEXHE,. BNRNBEEREARET —EffsE. E50
P184 “ FRELLERES ” LA T SR nfl B EAE A EL R 2] o

WMRRGXBEMIFERNET BOD X MER B AT LUK, MR 24 BODEN #4RiE
MTfERET BOD 2haE , ERESHKRIERER THE T, ERERANAREEXT , X4
BERNOSEERNRALE, B$5F P37 “EE2RN " LT HEUNMEE BOD,

£/ BOD, ##HlLLR=RM ADC R AT ERNBBEE R, EXERRBELET  WE
EREATNEEE, EfERERAFMASFEERRECRS TUERE, IRERERE
REESERREREN , HME AU ER, 230 P39 FREEBRE " LT #HEER
Bt E B AT,

MRREEFERAEN , XMERBAILRE, B , MEFEMKRIEER TEFET
B, NTBREBR. ERBANEREXT , IMERFSEERNBALE. F2F
P39 “ B MERSR " AT BB BRI MERER.

BHARERERE |, PAARNEOSIMEBNZEEN ROEER/DMDE. REENRBRES
EBREM A, EREERT /0 B4 clk,o F ADC B4t clkape BEFELT , MARFER
WEIET  NARIERABBRTREFEER,. EELEERTRAZEREEN , Ak
KRR, AT ULIhAER EESIMES M P51 M AEREMERES " . MBEWAE
RERREREN | LA TEERZE |, EERFUFNIZEER Vo2, BUBRMAZTRLH
FEIARBR,

MBBESEL 7 OCDENFRET B LR RS  UXAHA BB HEBERXET T ot R
ZE1T. ERRERXFXMEREEERNERALE, TEEZHERSZE

T4mTE OCDEN

4w JTAGEN

Z{Z MCUCSR 9 JTD
% UTAG EOMREM JTAG TAP #2558 B# THIERMGRE | SIH TDO NE&ZE, MRS
TDO SIBIEZNEA B &E LB | i FEm, sS40 sIH TDl 88 —NEH®
fE, AERBEPTERNT—ANSHEN TDO SIBNEE R BME, BEEZ MCUCSR
FEEEH JTD AN JTAG BLmEAEIE JTAG 0,

ATMEL 53



RERHSEN
S AVR

SR

3« ATmega32(L)

AIMEL

SNHNFEN /0 FERHBHIRENNAE K BENENRELFHBNT. SNEELH
oM MBex it IMP 85, WERFREISNLEHRE, MRBFKZAFAH
WIThEE TR B LIH — RN EFRBAAES. XM EFEZREEATYEMNEOEN
FNARFEX , AHiEEVT Boot X — HERIFRK — AR, Figure 15 hENEE
HEEE, Table 15 MEN T EMNEBEHWBESISH,

EMRAME /0 wmOMEEMAHBRE. ENFERE ML FEEZTRS.
FIEMNEMNEBHE.XZRE , SHRIHN —MNEEITHRESSUHE | FRIPEMHERIEK,
XMAEBHAEESE MCU EEIEZE —ENRAELEREFRENEE, EEITH
R et AE T B LM SUT 5 CKSEL iR E. (LR AIMIERIES A P23 “ 4R 7

ATmega32 B 5 NEMIR :

o LtEgEf, BREEET LBEMIIR Veor B, MCU E1L,

. AEENL, 5 RESET LM EBFFEMNEAXTFHR/DEARERN MCU £,
- EBlREN. BAFEEFEE THENSRHNENRE,

FERNEN, EERNEMIhaEMER  BEFREERTESRNUEMIR Veor it
MCU Bl &1,

« JTAGAVR &1i. EUEFFERHF 1 ¥ MCU 1, ¥ P210 “IEEE 1149.1 (JTAG) &
CIE L

Figure 15. 8125

DATA BUS

MCU Control and Status
Register (MCUCSR)

[
|
O
@

JTRF

PORF
EXTRF
WDRF

Power-on
vee Reset Circuit

BODEN 5| Brown-out
BODLEVEL Reset Circuit

[; Pull-up Resistor
RESET SPIKE Reset Circuit Qf—

\ \
FILTER > - ] } S

[

JTAG Reset Watchdog
Register Timer

i

Watchdog

Oscillator
>

Clock CK Delay Counters I
Generator TIMEOUT

A
CKSEL[3:0] —J

SUT[:0] — |

INTERNAL RESET

COUNTER RESET
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Table 15. {434

L}
i)
/e | 2B, &4 BME | H | BAE | By
EBEMIREE (RE
BERS L) 141 23 v
Veor .
LEBREMNIREBEE (BEE 13 23 v
SEEBE O : :
VRrsT RESET [JBRBE 0.1 Vee 0.9V \Y;
trsT RESET &/MpkHIEE 1.5 s
v EaeMNEMIREE?® | BODLEVEL =1 25 2.7 3.2 y
BoT BODLEVEL=0 | 37 | 40 | 42
. fMEERERNEMMKS BODLEVEL =1 2 us
SR /NS RT
BOD TRy ax/NMFERH BODLEVEL = 0 2 us
Viyst | BEEUBHER 50 mV

Notes: 1. BETREEN , REBEERT Vpor HEMLT LK%,
2. —LEBRMHM Vgor AR R/ DN THEBEEER, XLERMFEE= NI B P HIT
T Voo = Vgor IR | RIEE Voo TRIVEREEEEIEZAFERERNE
I, ATmega32L HIMiZ%K 47 BODLEVEL=1, ATmega32 KNI KH4HR
BODLEVEL=0, BODLEVEL=1 &M F ATmega32.

ATMEL 5
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36

AIMEL

LEBEA (POR) BHH A AN EBE~%E, RNBFES A Table 15, TIRMET Ve K
TRMLEF POR BIAk4%E, POR BEFALARMARBEHEM , ERARLN B2IFHKE,

POR BERIEZRHFE LB EM, Voo BB EBRBERMARIERITHEE, EiTHE=HE
HZ RISt —ERBFNEMRS. & Ve TR , REETRMIR , RESET 51 ED
=308

Figure 16. MCU /8213 , RESET 3 V..

/ Veor
_/

v
RESET RST

TIME-OUT :' trour 'l
1
1

st | |

Figure 17. MCU Ez1i3#2 , RESET B\ 28124l
7’. Veor

RESET : 7:/ VesT

1
1
. ¢ tTOUT )

TIME-OUT

1

1

|

INTERNAL |
RESET

ATmegad2(L) m—
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ATmega32(L)

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

Figure 18. TH#ERBHRXENBEN

Vee

RESET

1 1
1 1
1 1
1 1
1 1
| <— trour 4"
TIME-OUT .
1

1
1
|
INTERNAL | |
RESET

ATmega32 E4 K A BOD(Brown-out Detection) Bi§ |, BN 5E & it & BERI T LR
KRMNITHESIERR Voo TN, M RBFEIHEL{ BODLEVEL RigE , 2.7V
(BODLEVEL K42 ), 4.0V (BODLEVEL E4## ). BOD #fit % BB EHIRHIhAELUH
BRERRIZM R, XMNEFHBEAT RN Veors = Veor + Viyst/2 AR Vgor. = Veor
- Vhyst/20

BOD HIE K FF x84 (MBODEN#ZHl, ZBODEAE/S (BODEN#YmIE) ,— BV FHEE
R EBELT (Vgor. , Figure 19), BOD SRV BIE KR, & Voo LARIMABFN L
Bt (Vgors ,Figure 19) ,ZERTITERBRFF AT E , — BB R H At Bl troyr , MCUBMRE T1E,

MR Voo —ERTAA BT HREFM Table 15 PRI E tgop , BOD BEF RN B
EB%E.

Figure 19. TEMBEFRERBRNENL

VCC
| |
| |
| |
RESET ! !
| |
| |
| |
| |
TIME-OUT ! * trout
| |
| |
| |
| |
INTERNAL i
RESET ‘ }
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HRhEN EITHENS SR AL ERN 1 4 CK BN ST, EROPHN TEAR | Eat
ERBSFEX troyr B8 BES N P39 LT MBI AER M EFIRELRE,
Figure 20. THERBHREFI RSN
VCC
RESET
—>», «— 1 CK Cycle
WDT
TIME-OUT n
RESET "7 trout 4"
TIME-OUT |
INTERNAL | |
RESET
MCU # I MRAEFFE - MCU ZBHIFIRASFESRRME THAXSIE MCU ENNEMRNER.
MCUCSR Bit 7 6 5 4 3 2 1 0
| JTD | ISC2 | = | JTRF | WDRF | BORF | EXTRF PORF | MCUCSR
®/B R/W R/W R R/W R/W R/W R/W R/W
HE 0 0 0 DA 15 B
» Bit4 - JTRF: JTAG £{I#5&
BN JTAG £ AVR_RESET A LA JTAG EUEFEREN , #3lKX MCU E11 , HF
JTRF Bff, FBEEMNFERLES , W LENE "0” K&k,
» Bit 3 - WDRF: B 1EfirE
BlITRENEAENEN, LHEMEFEREE , tAUEBESE "0 KER.
+ Bit 2 - BORF: Ba @l EirE
EERNENAEREBEN, LHEEMNEEES W lETE 0" KB,
» Bit1 - EXTRF: ASEiRE
ABENEENEN,. LHEMGEEEEE , tJUBEE 0" KERR,
» Bit 0 — PORF: L858 Wir&
EBENAERBN, REBIE 0" KER.
RTEAXEESMFRERIANEMNEYSE  AFRPNZR BB TERNHRE  RABREE
I, MREEEMENLAE LT ESEN , NEEEMRTUBIRESMNIFERT
fi#,
38 ATmega32(L) |
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FAEEBEE

HEBEFERESNERE

B RERES

BIRErNREHEFFE -
WDTCR

2503F-AVR-12/03

ATmega32 EESNEREAR ATESRN  H&E2ENELLLEREZHADC IR A
ADC #y 2.56V BB ERILE NEEREER™ 4,

BEEENENETREEEE TSR, BaIEEST Table 16, 7 7 REIIFE | AT
EREERRXENTRERITI

1. BOD f#E ( /A% 1z BODEN #4%#2 )
2. BEREMAREZEELLLEES (ACSR 1781 ACBG EfI)
3. ADC f##E

Eit , & BOD & 1LrY , Efv ACBG HiffsE ADC FEEFHE LR, N THREREBEER
B9ZhEE , AP AR ER=F&4 | FERAEBEX 2 HXAEER,

Table 16. AZPBEEERIVISHE

BN | BRE | BX
S ] B8 & & & By
Y/ BERRELE RSB E 115 | 123 | 1.35 %
tsg RERRE AR S B AT E 40 70 Hs
lga BERR BRI #E 10 HA

EMAENEHRIMIN 1 Mhz FRRHERES . X2 Voo =5V WARRE, BSR4 MH
BEATHREMV  BEFTHARRE B REE THENSENTS MR UNBTE R
EHYETE EIFE , 20 P40 Table 17 FiR. B AEMIES WDR AXREMNETHERNES.
WA BEETRAERSBEREESMNNENSREHEMN. EMEE 8 MNET, REE
R EMERSS , —BEEBSEMAER , ATmega32 BMENM , HAHITEMNREIE @A
BF. E4ANFENREMNFE P38 i,

ATBLETEBAZEILLE TRENS  EENAEARLAR-—TMRENBHFS. F0L
BTRENGREHEER.

Figure 21. & 1fER 87

WATCHDOG o WATCHDOG
OSCILLATOR 1< PRESCALER
HEHEBEREEE
NEEEEHEEIE
Olo| ol X ]IR] S
WATCHDOG HEBEEEEEE
RESET o[e|°|38|3
YVYVYVYY A
WDPO :‘k
WDP1 r\
WDP2
WDE
MCU RESET
Bit 7 6 5 4 3 2 1 0
| - - - WDTOE | WDE WDP2 WDP1 wDP0 | wDTCR
®/B R R R RIW R/W R/W R/W RIW
RE 0 0 0 0 0 0 0 0

ATMEL 5
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+ Bits 7..5 - Res: #&
REBA, RBREREERE,

« Bit4 - WDTOE: &1 i< {EaE

5% WDE I A4EM WDTOE , BRI EF TR, —BEN , BEREZEN 44
R A ENEES, E23EHEX WDE WiiBARZEIEE T,

- Bit 3 - WDE: & 1fifEgk

WDE R "1“&t , B AR  ENEINEEL, REE WDTOE K "1“6t WDE FEEE
T, UTAXABITANSE

1. ER—MESAX WDTOE M WDE B "1“, Bl WDE E£& 5 "1

2. EEEN4IMNHEBHZRAXY WDE B "0

* Bits 2..0 - WDP2, WDP1, WDPO: F| 1 ER MR 2,1 M0

WDP2, WDP1 1 WDPO IREE 1 MER 25T 0 Mas , 72 508 KM MR E B A H a0
Table 18 Fi Ro

Table 17. B ¥ET 25T 5 AT LT

Ve =3.0VETEERE | V. =5.0VEf8LHE
WDP2 | WDP1 | WDPO WDT &% 28 A% Y% R Y% H

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

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

THENAF2 3 AL C KT T XA WDT B, ERBREFMLETRAFESZT (
et 2/l )  BfMERT TERFRAHT2RE.

SCYmACRD B2

ATmegad2(L) m—
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WDT_of f:

. E/\WDTCE # WDE

Idi r16, (1<<WDTCE)| (1<<WDE)
out WDOTCR, rl6

;. KAIWDT

Idi ri16, (0<<WDE)

out WDTCR, rl6

ret

C L fi=

voi d WDT_of f (voi d)

{

| * [E\WDTOE F/WDE */

WDTCR = (1<<WDTCE) | (1<<W\DE);

[* FEAWT */
WDTCR = 0x00;

ATMEL
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AIMEL

AF5 i BIATmega3 28 R4, E—RWAVRAKTLEBES A P11 “ESHHTLE" ,

ATmega32 i E &

42

Table 18. S M@ E

BF
aRs syt @) TR e
1 $000t" RESET SNERSIMEBFSIRMEN , LREN , HBK
MEN , BENRAENM , LR JTAG AVR £
2 $002 INTO SERFHTIER O
3 $004 INT1 SAER P HRTIER 1
4 $006 INT2 SANERHRBTIE R 2
5 $008 TIMER2 COMP | FERTER / IT2KER 2 LERIEL
6 $00A TIMER2 OVF ERTER /TR 2 Rl
7 $00C TIMER1 CAPT | EABI2S/ iH#28 1 EHHR
8 $00E TIMER1 COMPA | TEBTES / iT¥kE8 1 LR ITE A
9 $010 TIMER1 COMPB | ERTEE / TH#188 1 LR ITEL B
10 $012 TIMER1 OVF ERER /T HER 1 R
11 $014 TIMERO COMP | ErT2S / i385 0 bR =L
12 $016 TIMERO OVF ERTER /T EER 0 R
13 $018 SPI, STC SPI BR{THEMER
14 $01A USART,RXC | USART, Rx &%
15 $01C USART, UDRE | USART HiE& sz
16 $01E USART, TXC USART , Tx &R
17 $020 ADC ADC $IR4 %R
18 $022 EE_RDY EEPROM %4
19 $024 ANA_COMP Bl B8R
20 $026 TWI M BITED
21 $028 SPM_RDY REFEFFHENTRE
Notes: 1. 1827 BOOTRST #4mERT ,MCU &1 /52 Bk % Boot Loader, 5. P228 “ &
¥ SR AEF - EEMNR TR (RWW, Read-While-Write) #I B BR4RFEHED 7 -
2. HEHFRCICRIIVSELEMET , PHIEE B E Boot XH At . LLET BN HTE

Lto

B SEERitb b N R P it S Boot XA #b k2 M.
Table 1945 T FEIKWBOOTRST/IVSELIRE THEN M MO EMNUE, MREF KT

FEERERHT , PHTOBFME AR, AFAMELERERERF. B  IREMEAENT
RAKX  mEMTHEENVT Boot X, NENAEBZEAUNERERF, RYKITEM

ATmegad2(L) m—
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Table 19. S MK EENENHEE 1)

BOOTRST IVSEL | &=frsthsit o BT ) AR 2 1t
1 0 $0000 $0002
1 1 $0000 Boot X & {u st + $0002
0 0 Boot X &tk $0002
0 1 Boot X &tk Boot X &ttt + $0002
Note: 1. Boot K&t %F P237 Table 100 » 3 FIEL£ A BOOTRST ,“1” RNAKLWIE , 0
EN=Y TR
ATmega32 BN S M FMEENT :
bk Esas) KRB e
$000 jmp  RESET ; BuHE@mE
$002 jnp  EXT_INTO ; |RQ HHiEE
$004 jmp  EXT_INT1 ; |RQL HEEE
$006 jmp  EXT_INT2 i |RQ HHiEE
$008 jmp  TIM2_COW o Timer2 LERGHEE
$00A jimp  TIM2_OVF o Timer2 GBHPEEE
$00C jnmp  TIM_CAPT ; Timerl FHRPE@E
$00E jmp T ML_COWPA ; Timerl HRAREEE
$010 jmp  TIM_COVPB ; Timerl tER BHEEE
$012 jmp  TIM_OVF ; Timerl SGEPHTEE
$014 jmp  TIM_COW ; Timer0 LbEhirEE
$016 jinmp  TIM_OVF o Tinmer0 BHPHEE
$018 jnmp SPI_STC ; SPI RWZRPHIEE
$01A jmp  USART_RXC ; USART RX £RHiEE
$01C jmp  USART_UDRE ; UDR ZHffia &
$01E jmp  USART_TXC ; USART TX ZXRifm 2
$020 jm  ADC ; ADC HiRERTHEE
$022 jnp EE_RDY ; EEPROM B HiimE
$024 jmp  ANA_COWP ;LR B PR &
$026 imp TW ; MERTEODHEE
$028 jmp  SPM RDY ;. SPMB& P iimE
$02A RESET: Idi ri16, hi gh(RAVEND) ; TR
$02B out SPH,ri16 ; IREHERIEH N RAMBITRER
$02C Idi  r16, | ow( RAVEND)
$02D out SPL,r16
$02E sei ; fEREFHT
$02F <instr> xxx

AIMEL
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L8447 BOOTRST KR4wi2 , Boot X7 4K F¥ , HZ 1788 GICR W IVSEL E{uAt , 82
HYEMMPHHgENT :

#b31k FSas e 8

$000 RESET: Idi  r16, hi gh(RAMEND) ; FRF

$001 out SPH,ri16 ; IREHERIEH N RAMBITRED

$002 Idi  ri16, | ow RAVEND)

$003 out SPL, r 16

$004 sei ; fEREAHT

$005 <instr> xxx

.org $3802

$3802 jnp  EXT_INTO ; |RQ HHiEE

$3804 jnmp  EXT_INT1 ; |RQL HfiEE

$3828 jm  SPM RDY ; SPMRLLE i &
%4y BOOTRST B4 , B Boot KA 4K FHET , MW S PMEBAT :

ik Sy R A

.org $002

$002 jmp  EXT_INTO ;. |RQ HHTEE

$004 jmp EXT_INT1 . |RQL HHiEE

$028 jmp  SPM_RDY ; SPMBhiimE

.org $3800

$3800 RESET: Idi  r16, hi gh(RAMEND) ; TR~

$3801 out SPH,ri6 ;IR BHERIEE I RAMBYTIES

$3802 Idi  r16, | ow( RANEND)

$3803 out SPL,r16

$3804 sei ; fEREFRMT

$3805 <instr> Xxxx

M2 BOOTRST E4w%2 , Boot K 4K ¥ , HZ 1788 GICR #Y IVSEL & {uft , 82
HYEMAMPRHIEENT :

2514 "= KRB 15 8A
.org $3800
$3800 jnmp  RESET . Reset HHiEE
$3802 jmp  EXT_INTO ; |RQD HHiEE
$3804 jmp  EXT_INT1 ; |RQL HEiEIE
$3828 jnmp  SPM RDY ; SPMFRZ @£
$382A RESET: Idi ri16, hi gh(RAMEND) ; FR&F
$382B out SPH,ri16 ; IREHERIEE N RAMBITRED
$382C Idi  r16, | ow RAVEND)
$382D out SPL,r16
$382E sei ; (EREFR BT
$382F <instr> xxx
44 ATmega32(L) |
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E&Fﬁ X Boot KzA B3+

EATPMESIFER - GICR
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BRAPIZHTFRERETHEOERNKE DL,

Bit 7 6 5 4 3 2 1 0

| T4 INTO INT2 - - - IVSEL IVCE | GICR
®/E R/W R/W R/W R R R R/W R/W
HE 0 0 0 0 0 0 0 0

o Bit1—IVSEL: o=k

% IVSEL R "0“ B} , FETEEN F Flash F 2500tk ; 2 IVSEL 8 "1 & |, A
B3 Boot KM IAtbit . SEFRAY Boot X tath it 1S4 {7 BOOTSZ BE. BEiKkiE
2% P228 “ TFSISEARF - EEMER AT LR (RWW, Read-While-Write) B B 34
ZHED " . ATHLELERMREFKEER , EHIVSEL HEEERBMTIRE :

1. BFHEEEHEREN IVCE

2. EEEN4IIHERENEENHIIESA IVSEL , ENX IVCE B 0"

BT LRSI P Bah iR EE 1l HE , HE IVCE A RMEELT , H—BERFE

E IVSEL #E2EHW T —%&iE4. WRXE IVSEL B , NIPMEE[N IVCE 2FEH

AN EARREFRZL, FEIENRE  ERAPHEEHEL BRSEFESOMIBEH

FZUBRENTE M,

Note: EHEiEEN T BootX , HBoot#iE{(BLBO2 MR , MR 1T B X K2 Bf Fr s 22 1
B ETRAKX , B Boot 81 E{Y BLB12 #4412 , W1T Boot X YRt i
W, BX Boot BIEMMWATIES M P228 “ XSS EARRF - EEMNE R AT LiE
(RWW, Read-While-Write) 89 I B mIRAED ~ o

ATMEL i
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+ Bit 0 — IVCE: Fpfim RIS ERE

%A IVSEL B IVCE %REfI, £ IVCE = IVSEL BigE2 /5 4 M etéh A , IVCE #
WHEE, MamEAR , B IVCE ME1EAl, BT ;

LR IR

Move_i nterrupts:
; fEREHETEERE
Idi ri16, (1<<IVCE)
out G CR rl6
; MR 2% %% boot Flash X
Idi ri16, (1<<IVSEL)
out G CR rl6
ret

C R#gHIE

voi d Move_interrupts(void)
{
[* fEREFPETEEMIEHR */
G CR = (1<<IVCE);
I+ FhEEE#BE boot Fl ash X */
G CR = (1<<IVSEL);

46  ATmega32(L) m—
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1/0 ¥m A
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ERERBF IO WiRA
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ERBAKE /0 AR , FiE AVR /0O I O#MEBEEMNIE - 8K - BEXEE. XEWRE
FiSBI = CBI ETHERELEEMN L@ (RERMOBLTF, 21/ Fae s ) HFa
TEMBTHMERO S @ (RERKOBF, ZiE/ FrE LB ), MHEPEEEX
MREVIRBNEE D |, ATl H SRR K B3R |, B39 LED., FTEMROSIMEBEESEEE
K ERBHE, HAERFP -MES Vo MiAEE , W0 Figure 22 FiR. ES M P269 “ &,
SR T BREENSBIIR,

Figure 22. 1/0 S| EHREHE

pu

Pxn ; *

- Logic

pin See Figure 23
"General Digital 1/0" for
Details
ANAAENTFERNMUABAKRIRT  MEW X" XRTROWNFES , MDEN n” K&
N FS., EREEBFEEERE, ffltn , PORTB3 RARiHHO BMEE 3, MATHIE
A% KR PORTxn, ¥ I/0 FF|MULENSITF P61 “/0 im A EH 7R " o

FMROME= /0 TR - BIEF 2R - PORTx, BIES@F 728 - DDRx M
iw OB ASIE - PINx. BESFENBEFASTERNR/ EFFR MO RASIHN
RizHEHR. CREEHIEENR , N PINk FERE—NEAZBE "1° NERKES
TFRENMNBIERE "0 5 1" WRBEL, HFFR SFIOR W ELNEIEY PUD Ef
B PR i O 51 BP9 57 eB BE #R 4R AR Uk

FERNBREF /0 MR ABES N PA7 “ EABRAKT /IO MiKO . SRKOSIHRS
SETIhERE AN , W P52 IRAME IR " TR, B A EMERN BMAHALLT 5|
BIE9SE —Thae.

FRRELSIHNE_DRT2PREMETRE —RmANSIHMATERKF /0 BH,

WwOREGTE LR BEAMNE /0 M0, Figure 23 31— 1/0 3% O 5| BIKY5E A,

ATMEL a
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Figure 23. BRAH = /0

Lo -4

n
@
/I di
P Q o
\I PORTxn <
Tew <—|_ |<T:
I WPx 0
RESET
——  SLEEP : RRX
SYNCHRONIZER
| —————— RPx
—I7> D Q——D Q _|_| ;’
> | PIN: |
| ’7 L3 "> 3 |
|_ _____ f clk o
- WDx: WRITE DDRx
PUD: PULLUP DISABLE RDx: READ DDRX
SLEEP:  SLEEP CONTROL WPX: WRITE PORTX
clk,; 110 CLOCK RRX: READ PORTX REGISTER
RPx: READ PORTXx PIN

Note: 1. WPx, WDx, RRx, RPx l RDx X} F & — i O K P B S| I #82 —# . clk,o, SLEEP H
PUD NIXtFrE B i O R — 8,

F MK OSIMEEE =1 F1E85L : DDxn, PORTxn 1 PINxn , 21 P61 “I/O i#% O & 1788
Ki%BA ” /R, DDxn {uF DDRx Z1#88 , PORTxn X F PORTx &178% , PINxn ¥ F
PINx 1788,

DDxn AREFE SIS ™, DDxn K "“Bt, PxnBERN B , BUNEENE A

SIMEENBAR , H PORTxn 3y "1, LR EBEPRNFER, MRFEXRAXN LR BEME ,
AL PORTxn BE , ERXASIMEENAH. EMMRESIMANSHES , BMELL
HRBERNHEET.

LHolHEE N A |, & PORTxn 7 "1, SIM@HEBEF ("1, B HEETF (0%,

£ (SBEAZ ) =3 ({DDxn, PORTxn} = 0b00) %i i = &% ({DDxn, PORTxn} = 0b11) A
RS Z B BTEHRE | ERBFEMFAE ({DDxn, PORTxn} = 0b01) i HEKEF ({DDxn,
PORTxn} = 0b10) XHMERNSARALE —NKE, BE , LNBHAFERERTETNES
B, BENEERETEERRS RS MEER M. MEEABRTREXETF , il
B & SFIOR ZF1285# PUD SREIEFr AR O/K LRI EBFE,

EEtumANGEEREFZRANGEERENEE, AP XFEESMES (DDxn,
PORTxn} = 0b00) 4 i & EBF ({DDxn, PORTxn} = 0b11) fER A S B,

ATmegad2(L) m—
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BRES| B £ B
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Table 20 B4 7 SIHIVZEHIES .

Table 20. % A S|HIEE

PUD a4
DDxn | PORTxn | (in SFIOR) | 1O FR UL
0 0 X WA No B (Hi-2)
0 1 0 WA Yes | #4\EPeEEEHR AT S H BR
0 1 1 WA No B (Hi-2)
1 0 X L] No WHEBET ORER)
1 1 X k] No WESHRF (RER)

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

Figure 24. EUS|HIZIE R Y R 5

SYSTEM CLK
INSTRUCTIONS X XXX X XKX X innz e XK

SYNC LATCH : %
PINXxn
r7 § 0x00 | § X oxFF
tpd, max

v

3 tpd, min ‘
“—>

THZEE-IMREMSTRAZERENNS AR, Yt ESHENSIESEXA
# ; MR ESISRESTUBHEN , B+ SYNC LATCH E5 B XFrR, Bt
BNENGESEREF  REEREBENRENS EFRBIFE PINxn FF80 1t na
M tog min FTR , SIH ENESHRRIEBRT 12 ~ 1% MPRENH,

W Figure 25 AT R, REVAAH R FHSIEBE TR EFEERBEES out MIREUES in ZRAE
— NI e EHIMEIRR , 0 nop BT . out ETEMNME LFARENM SYNC LATCH 55,
LB ) 5 B8 O AR B 8] t 9 — N REGEATHR,

ATMEL .
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Figure 25. B4R FHISIM BTN E L

ssseemec__ [ 1L [ L[ L[ L

ri6 ! OXFF

INSTRUCTIONS X out PORTX, r16 >< nop >< in r17, PINX ><

SYNC LATCH |

PINxn
ri7 § 0x00 ! X oxFF
tpd
t—>

ATmegad2(L) m—
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WA A ERE RS

REEZSIMHOLE
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THNAFERTOMEMKRO BASIOM1,FESIM 23, ARSI 4 3 718
BAMA  FENSIM6M7RELANBHE, RAERHESIMNKTERER, MEIHEHTE
BARAE , BRI ERENRAEIZBBEAT — nop T,

SCRRBpIE ("

; EX ENEBEMRESETHH

; NIRASIEEN S @

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

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

out DDRB, r 17

i ATEAZEA nop S

nop

; RERR O S|

in r16, PI NB

Cc R@pIE ™

unsi gned char i;

I* BEX EHBEMRESEFHE */

I* REHOSIMEXF@E */

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

_NOP() ;

I+ REUR OISR~/

i = PINB;

Note: 1. EILREFECEATHNEFSR. HENEN THEENMNEEIBHNNERE. BEN
BSIMo. 1. 657, BEAFEAMKBER , EXM 2, 3HE, BEEHFEXLROS
1 RERE,

#0 Figure 23 R , MEHAES (HEBHARBNHA ) TSI, Ehl SLEEP
S MCU RIBR SIS R MbiE S, BBBRUR Standby B2 F&E | BB L7
WARERENEA BRI Vo2 FEEA SRR,

SIBNE R SNER P i A BT SLEEP 51, BE&ENEHPHIEEFERE , SLEEP 85 HA
B, SIHIMSE —ThAEERERT SLEEP ity TS5 =Thae , I P52 “ S OME=-hee " B
R B9 BB

WREZESEF (1) BWE-MUREN " LHAR, TERAREMEEEFR(LHHE
M " AR RSB L BMEZ AR R T R AERE | BN LR RERE X e ERRY | 48
BB A RISV DRRE "17. KRR N SIEFEREER TR "0" BF, B
BYREER T SIEFMN "0” 2 1" (L,

MEBSIMARBER  BNAXESIWE T - MNAERT, BRMEXFR , ERENKE
BATASHBFZHARER , EERFER LA S| MR A HEN B F Mk A5
EHeHFmAERES (. THEEX, ZREX ) HEER,

REENRIEAASIMETBERFN T EZRERNT LN BEHE, ERIRHREMA
LHBEFRER, MREVNNDEHERERVENEANB LR THEME, T

ATMEL s
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HEEEFNARASIMS Ve 3 GND E# |, B IXH A sE 27 5| BB ARE 0 i ot H Bk

H .

BRTBAKRFIOTNEEZA , ASHIKOS|IMEEFE —Ih8E, Figure 26 %83 7 B Figure
23 E{L B HNE O SIHEFHES R OMHE RN, XEFEZNEFESTLEN
EFFEMNSOSIH  EAEATAEERES TAVRRIILEREFA L O SIHH —MR A,

Figure 26. sm O/ —Thae (M

PUOExXn

PUOVXn

DDOExn

DDOVxn

A

PVOEXn

PUOEXn:
PUOVXn:
DDOEXxn:
DDOVxn:
PVOEXxn:
PVOVxn:

DIEOExn:
DIEOVxn:

SLEEP:

PVOVxn
o
N

DIEOEXxn

_I_o<}_ DIEOVxn
1

SLEEP

v

PUD
Q D
DDxn
T
WDx
RESET
RDx
& ia )
]
S m
D
PORT g
<
WPXx o
RESET
:RRX

Pxn PULL-UP OVERRIDE ENABLE

Pxn PULL-UP OVERRIDE VALUE

Pxn DATA DIRECTION OVERRIDE ENABLE

Pxn DATA DIRECTION OVERRIDE VALUE

Pxn PORT VALUE OVERRIDE ENABLE

Pxn PORT VALUE OVERRIDE VALUE

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

P Dixn
<@ AlOxn
PUD: PULLUP DISABLE
WDx: WRITE DDRx
RDx: READ DDRx
RRx: READ PORTx REGISTER
WPx: WRITE PORTx
RPx: READ PORTx PIN
clkyo 1/0 CLOCK
Dixn: DIGITAL INPUT PIN n ON PORTx
AlOxn: ANALOG INPUT/OUTPUT PIN n ON PORTX

Note: 1. WPx, WDx, RRx, RPxKIRDx3 F [& — Nk O B P B S| M) #R 2 —##9, clko, SLEEPAH]
PUD X PRER I O E 2 —#H, HMEESRANE -1 SIMER,

Table 21 NEHESHE . RPZEHH Figure 26 WESIHMKEORS|, XEERES

RHAE YRR EN,

52 ATmega32(L) m—
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Table 21. E-WREREHEFESH —MRULH

EE5EH £ % iR &
PUOE nkarg=ch | ERESEN , LHHAFREEZET PUOY ; it
B ERE E57&S , Nl {DDxn, PORTxn, PUD} = 0b010 A E3I
ELRE R AE.
PUOV nkavg=ch | # PUOE &f¥ , M|t DDxn. PORTxn M PUD &%
EHE BEMUMAEE , PUOV B/ EEr LR EBPEE
BE/ZE
DDOE BiEAE MRESEN , N HIRs)Faed DDOV #4 ; &
B AL WESES , WHEFEELH DDxn F1FEeR1EH,
DDOV BiERE % DDOE &{u , l DDOV B / ;FEn i IRz F e
BHE [ ZiE |, MAE DDxn F1FEEMRE 4T,
PVOE i O E MBXMESEN , BEREEBINFELE , IwOHKIEH
B AL PVOV ##l ; & PVOE BZ , B HIRBI 8L , iw Q2K
EHZF1FES PORTxn #24#l,
PVOV s OB % PVOE &I , IWAEIRE RN PVOV , MAEHFFER
EHE PORTxn M{A& &,
DIEOE W A fEsE MPXMEFEN , BHFMAEREH DIEOV 24 ; &
BEE L DIEOEEE  BFM AFEHRMCUNRSHE (EERE
N, BRER ).
DIEQV BFmAERE % DIEOE &1{u , DIEQV Bfx / AER i AL
BEEE ®iF, MAE MCU RSN ( EEER |, BEER
)o
DI BE#mA WEBAE-UENBREZRA, ERD , XMEEES
EFRSMANE  FEERSSEH. BREHFMA
AERYE , SNE_hecERSERAECNRSH.
AlO BEES BIMA /W, E5EESSIMESMEE  mMAT)
WA AEXRERO,.

THHNLVNTREEEEASNMNRONE - DRARMEINES. EABFESERXE=

ThRERI I ER

2503F-AVR-12/03
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Y7 INEE 1/0 TF1E88 - SFIOR

Bit 7 6 5 4 3 2 1 0

| ApTs2 ADTS1 ADTS0 - 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

« Bit2-PUD: #£/f R #BHE

BEet, BIEfFFF2F DDxn M PORTxn [ ﬁvﬁﬁaﬂiﬂaﬁﬂ ({DDxn, PORTxn} =
0b01) , 1O W CHY L B h A AE L, S P48 * BB IR "

WO ABNSE_Thee WO AR ADC #Eil AW E = IhEE R T Table 22, MRiHO A WE L SIMEBE @ |
MM TREYI R | BN RRIRER,

Table 22. 0O A IS8 = IhaE

b mEt] | EIhRe
PA7 ADC7 (ADC A& 7)
PA6 ADCS6 (ADC #i AJB3E 6)
PA5 ADC5 (ADC % AJB3E 5)
PA4 ADC4 (ADC % AJBE 4)
PA3 ADC3 (ADC #i AJEiE 3)
PA2 ADC2 (ADC # AJBE 2)
PA1 ADC1 (ADC I AEE 1)
PAO ADCO (ADC #i AJB3E 0)

Table 23 1 Table 24 45 T 0 A 58 ZIh8ES P52 Figure 26 EFESHX MK R,
Table 23. PA7..PA4 WEZIhEEESES

BSEH PA7/ADC7 PA6/ADC6 PA5/ADC5 PA4/ADC4
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 - - _ _
AIO ADC7 %A ADC6 A ADCS5 %A ADC4 # A
54 ATmegad2(L) m—
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WO B _IhRE
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Table 24. PA3..PAO NE_REERES

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 f A ADC2 # A ADC1 5 A ADCO %A
im0 B KY3E = ZheedlF Table 25,
Table 25. %0 B B5 —IhaE
W O 51 - famb |
PB7 SCK (SPI B4y R 1TRT4T )
PB6 MISO (SPI By EHMmA / ML HES )
PB5 MOSI (SPI B& M ENMmE / MLRAEBS )
PB4 SS (SPI MHLi%E3IH )

AINT (EEELLLRABA )

PB3 OCO (T/CO % M LR FL B 4 )
B2 AINO (L LLRIERA )
INT2 (A EBR BT 2 A )
PB1 T1(T/IC1 AEZBIHERERRA )
PBO TO (T/CO AAEBitERERHMA )
XCK (USART SAERETEhim A / fi )
SIHEENT :

+ SCK-i#x0O B, Bit7

SCK : SPI BEM EN L , NN SEmARO, TETMUEXN , i DDB7 &
B XA S ERIRB A A, TETENERS | XS EHIES EH DDB7 2

#o, RENWASG , LR EBEEH PORTB7 #£4l,

» MISO - %0 B, Bit 6

MISO : SPI BER EVEHFERA , MEEREIRO. TETFTEHNEXR , i DDB6 i&
B | XA S| A IRE R B A. TEFTMIERE |, XS EIE S @ H DDB6

, igERAWMARE , Lhi#fEE PORTB6 #4l,

ATMEL
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» MOSI - %0 B, Bit 5

MOSI: SPI BEMNEHHEERE  MIBEHARKO, TEFMIERS , Fit DDB5 i%&
B, XANSIHEFFREN A A. ITHEFENERN , XA SIBAEIES @A DDB5
2 Hl, IRENWMAS , LR EERH PORTBS #4,

. SS-i#0 B, Bit 4

SS: MHLERB A, TEFMERE |, Fi& DDB4 g B |, XN SIMEFEE R @
Ao HILS|IBIRER SPI #UBUE. THETFENEXR , X SIEHEIES O H DDB4 2
#H, BERNWMAR , LHBEPEH PORTBS 124l,

« AIN1/0OCO - 0O B, Bit 3

AINT , BRI A A, BREXSIMN @A, IMAI LBl | BiEBFiwOIhEe
SEM LRI RN 2R,

OCO , bRt Y : PB3 SIMIAI4ER T/CO LR ITE M A SR . SSTiZThAERT |
PB3 S| AN ELE N i (i DDB3 A 1) o £ PWME XY ERTTIEESF , OCO SIHIME
Ho

« AINO/INT2 - #% O B, Bit 2

AINO , EHEILLRIERM A, BEXSIMN@MAR , YIMAI LB | B BFiOIhEe
SEM LRI RN 2R,

INT2 , S\EBHF TR 2 : PB2 SIHIYEN MCU B HAEZB A BTR

« T1-i#®0O B, Bit1
T1, T/IC1 1T #=RIR,

« TO/XCK - #® O B, Bit 0
TO, T/CO It#=RIR,

XCK ,USART s\EZBat4F ., #3845 B2 1785 (DDBO) 12 i ad 44 fa i (DDBO &1 ) E 2 A
(DDBO BE ). REY USART THEERSERE , XCK 3|HIBCE.

Table 26 5 Table 27 44 T im0 B £ —IhaE 5 P52 Figure 26 EFESHIX RX R, SPI
MSTR INPUT #ISPI SLAVE OUTPUT #8 T MISOfE & , TiMOSI A LA % #% 1 SPI MSTR
OUTPUT # SPI SLAVE INPUT,

56 ATmega32(L) m—
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Table 26. PB7..PB4 IS _That EHES
g5 _
% PB7/SCK PB6/MISO PB5/MOSI PB4/SS
PUOE | SPE +MSTR SPE « MSTR SPE « MSTR SPE « MSTR
PUOV | PORTB7 + PUD | PORTB6 « PUD PORTB5 « 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 %t SPI MAL4 SPI E#% 0
DIEOE | 0 0 0 0
DIEQV | 0 0 0 0
DI SCK %A SPI £l A SPI A% A SPISS
AIO - - - -
Table 27. PB3..PBO ME_Thae EHES
£5
B PB3/0CO/AIN1 PB2/INT2/AINO PB1/T1 PBO/TO/XCK
PUOE | 0 0 0 0
PUOV | 0 0 0 0
DDOE | 0 0 0 0
DDOV | 0 0 0 0
PVOE | OCO & 0 0 UMSEL
PVOV | OCO 0 0 XCK %t
DIEOE | 0 INT2 {88 0 0
DIEOV |0 1 0 0
DI - INT2 8 A T1I@A XCK B A /TO # A
AlO AIN1T 5 A AINO 3 A - -

2503F-AVR-12/03
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WO C MISE =ThEERT Table 28, % JTAG #EOfE#E , ENMEHIME (L , 5/ PC5(TDI).
PC3(TMS) 5 PC2(TCK) 9 £ 88 FRIFHUBUE

Table 28. %0 C M —Ih&e

WO S HIheE
PC7 TOSC2 ( Em#RH RS 2)
PC6 TOSC1 ( ER#RH 5 M 1)
PC5 TDI (JTAG MiREkHEH A )
PC4 TDO (JTAG MR #k B H )
PC3 TMS (JTAG iR E XL )
PC2 TCK (JTAG iz rt44 )
PC1 SDA (L RITEREBIERA /L)
PCO SCL ( P4k BB 1T S BTHL )

FEREBREWT -

« TOSC2-#HC,Bit7

TOSC2 ,ERIRHEESIH 2: HZ 1728 ASSR I AS2 B 1 , RS T/C2 b atéd | S
PC7 5im O , MAIRHESR AN REHE, EXHERXT , K&K 2551% 5| #i48
BX |, ZSIBIAREELESR 1/0 SIRM,

« TOSC1-#M0C,Bit6

TOSC1 ,ERIRHEESIH 1: HZ 1728 ASSR I AS2 B 1 ,fFRE T/C2 b atéd | S
PC6 Sim O A, MAIRHESRASZHNREHE, EXHERXT , K&K 2551% 5| B8
BX |, ZSIBIAREELESR 1/0 SIRD,

- TDI-#0 C, Bit5

TDI JTAGHRBEH A  BITHABREBAESSTESRBEZTFR(FHEE). HITAG
EOMFERE | ZSIBT8E®ER 110 SIR,

- TDO - %A C, Bit 4

TDO , JTAG MREERA : BITRAREBRALESSERABESTES (AEE ), 4
JTAG #EOFERE |, %I EE/HER 110 SIR,

TDO SIMI7ERR TAP RBBRAN =S, HABHEBERS.

« TMS-i#0 C,Bit3

TMS |, JTAGHEERXIELR : ZoIBERN TAPE &I RS T ENEM . HITAGEDO fERE |
Z SIS REVER 1/0 SIH,

« TCK-#0 C, Bit2

TCK , JTAG M4 : JTAG THEERSERX T, H JTAG EOMFRE , ZoIBTEEER
I/O SI#,

+ SDA-i%A C, Bit1

SDA L& SRTEOKRE  YFERTWCRH TWENALE 1 FAEL S/TED |, S5IH PC1
TEmOMEE , B AWML BRTRONSBITHIE /O S, EiZEXT , E5IMLERE

58 ATmega32(L) m—
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WK AR HNE T 50 ns WAARFS , BiXsIHARMRRBIF IR BRRZ, 2%/
ERAM&SRITED , {I7H PORTC %] LA,

+ SCL-#®0 C, Bit0

SCL , Mtk & {THE O & TWCR 17830 TWEN fL & 1 fEREFM & &H1TH# O , 5|M) PCO
AEWmOEE , RNFLBTEONSTEE /0 51, £ZEXT , E5IHAERES
RRERAHET 50 ns WRIARGS , BZSIMBRRRENTREN RN H1%5IME
Mm% STHED , A H PORTCO fuizfl EH,

Table 29 1 Table 30 45 T 0 C 58 —IhBES P52 Figure 26 EFHES IR X R,

Table 29. PC7..PC4 BN —IhREERES

gg\ PC7/TOSC2 PC6/TOSC1 PC5/TDI | PC4/TDO
PUOE | AS2 AS2 JTAGEN | JTAGEN
PUOV | 0 0 1 0
DDOE | AS2 AS2 JTAGEN | JTAGEN
DDOV | 0 0 0 SHIFT_IR + SHIFT_DR
PVOE | 0 0 0 JTAGEN
PVOV | 0 0 0 TDO
DIEOE | AS2 AS2 JTAGEN | JTAGEN
DIEOV | 0 0 0 0
DI - - - -
AlO T/C2 OSC %t T/C2 OSC % A TDI -

Table 30. PC3..PCO W9 - g EHES ("
B
&% PC3/TMS PC2/TCK PC1/SDA PCO/SCL
PUOE JTAGEN JTAGEN TWEN TWEN
PUOV 1 1 PORTC1 « PUD PORTCO » PUD
DDOE JTAGEN JTAGEN TWEN TWEN
DDOV 0 0 SDA_OUT SCL_OUT
PVOE 0 0 TWEN TWEN
PVOV 0 0 0 0
DIEOE JTAGEN JTAGEN 0 0
DIEOV 0 0 0 0
DI - - - -
AIO T™MS TCK SDA #i A SCL #iA

Note: 1. {FgefE , B BTEOMFREMESIHE PCO 5 PC1 WRIREEH, XERDHATRH. B
A, ETREEREERDAEN AIOWHIFEOS TWI NRFZEERZE,
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W0 D W =IhAE w0 D M58 —Ih&ESF Table 31,

Table 31. %O D 955 —Ihik

WOSIK | S=IheE
PD7 OC2 (T/C2 i bR T Ee 4 i )
PD6 ICP1 (T/C1 % AHEHRSIM )
PD5 OC1A (T/C1 i tE 3R A IEER S )
PD4 OC1B (T/C1 f i tb3 B IEE 4 H )

PD3 INT1 (AR IT 1 %A )
PD2 INTO ( SAERR BT O 9% A )
PD1 TXD (USART % i 5| )
PDO RXD (USART #i AS|# )

FEREEREWT -

« OC2-¥M0D,Bit7

OC2 , T/C2 mH LR ITE 4 - PD7 SIBMER T/C2 fHLE BRI S A . EiZIHEET S| R
ERHH (DDD7 B 1) . £ PWM XK EREFIhEEF , OC2 SIBMERHEH,

« ICP -0 D, Bit 6

ICP1 — % A2 SIHl : PD6 ER T/C1 K% ABIESIHI.

« OC1A-¥0 D, Bit5

OC1A , fH bR ICE A% - PD5 SIBI4ER T/C1 % B LR A SN EB A o TEiZTHAE T SIRP
ERs i (DDD5 & 1) » £ PWM XK ERBEIhEEF , OC1A SIBERHIH,

« OC1B -0 D, Bit4

OC1A , fH bR ICE A% :PD5 SIBI/ER T/C1 % B LR A SN EB A o TEiZTHAE TSI R
ERs it (DDD5 & 1) » £ PWM XK ERBEINEEF , OC1A SIBERHIH,

« INT1 -3%A D, Bit 3

INT1 , S\EBR#T 1, PD3 SIBMER MCU BIA IR BTIR

« INTO - # M D, Bit 2
INTO , S\EBeh iy 0, PD2 SIEIERN MCU BISZBHBTIR

« TXD -i%MA D, Bit1

TXD 2 USARTHIBIE KX I, L fERE T USARTHIRIZERS/GE X/ S| MR 4118 B
&, ket DDD1 F#24EA

« RXD -0 D, Bit0

RXD 2 USARTHI EiE UL SI B, LA T USARTRYIEUREESE | X/ ol B4k 5a %1% B F
H , bt DDDO F24ER . B2 PORTDO {3#&f=H| L B,
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I/0 ¥ O F17ex Y 1% BA
WO A BIESTEER - PORTA

WO ABIES @FFR - DDRA

2503F-AVR-12/03

Table 32 5 Table 33 im0 D % =HEES P52 Figure 26 WERESRBKE T — &,

Table 32. PD7..PD4 K% —Ih&E

BESEHR PD7/0C2 PD6/ICP PD5/0C1A PD4/0C1B
PUOE 0 0 0 0
PUOV 0 0 0 0
DDOE 0 0 0 0
DDOV 0 0 0 0
PVOE OC2 e 0 OC1A 8¢ OC1B f##E
PVOV 0C2 0 OC1A OC1B
DIEOE 0 0 0 0
DIEOV 0 0 0 0
DI - ICP A - -
AIO - - - -
Table 33. PD3..PDO Ky 55 —Ih#E

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
DIEOE INT1 fE8E INTO fEE&E 0 0
DIEOV 1 1 0 0
DI INT1 3 A INTO % A - RXD
AIO - - - -
Bit 7 6 5 4 2 0

I PORTA7 PORTA6 PORTAS PORTA4 PORTA3 PORTA2 PORTA1 PORTAO0 I PORTA
®/E R/W R/W R/W R/W R/W R/W R/W
WRE 0 0 0 0 0 0
Bit 7 6 5 4 2 0

I DDA7 DDAG6 DDAS5 DDA4 DDA3 DDA2 DDA1 DDAO | DDRA
®’/B R/W R/W R/W R/W R/W R/W R/W
WRE 0 0 0 0 0 0

ATMEL
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WO A®BASIEHE - PINA

Bit 7 6 5 4 3 2 1 0
I PINA7 PINAG6 PINAS PINA4 PINA3 PINA2 PINA1 PINAO | PINA
®/B R R R R R R R R
B E N/A N/A N/A N/A N/A N/A N/A N/A
w0 B $EFFER - PORTB
Bit 7 6 5 4 3 2 1 0
I PORTB7 PORTB6 PORTBS5 PORTB4 PORTB3 PORTB2 PORTB1 PORTBO I PORTB
®/B 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
w0 B %iE S mFEE - DDRB
Bit 7 6 5 4 3 2 1 0
I DDB7 DDB6 DDB5 DDB4 DDB3 DDB2 DDB1 DDBO0 | DDRB
®/B R/W R/W R/W R/W R/W R/W R/W R/W
BE 0 0 0 0 0 0 0 0
w0 B M ASIHiE - PINB
Bit 7 6 5 4 3 2 1 0
I PINB7 PINB6 PINB5 PINB4 PINB3 PINB2 PINB1 PINBO | PINB
®/BE R R R R R R R R
BE N/A N/A N/A N/A N/A N/A N/A N/A
WO C HIEHFFER - PORTC
Bit 7 6 5 4 3 2 1 0
I PORTC7 PORTC6 PORTC5 PORTC4 PORTC3 PORTC2 PORTC1 PORTCO | PORTC
®/BE R/W R/W R/W R/W R/W R/W R/W R/W
HE 0 0 0 0 0 0 0 0
WO C HI| S EFEER - DDRC
Bit 7 6 5 4 3 2 1 0
I DDC7 DDC6 DDC5 DDC4 DDC3 DDC2 DDC1 DDCO | DDRC
®/BE R/W R/W R/W R/W R/W R/W R/W R/W
BE 0 0 0 0 0 0 0 0
WO C WAkl - PINC
Bit 7 6 5 4 3 2 1 0
I PINC7 PINC6 PINC5 PINC4 PINC3 PINC2 PINC1 PINCO | PINC
®/B R R R R R R R R
HRE N/A N/A N/A N/A N/A N/A N/A N/A
w0 D HIFFEE] - PORTD
Bit 7 6 5 4 3 2 1 0
I PORTD7 PORTD6 PORTD5 PORTD4 PORTD3 PORTD2 PORTD1 PORTDO I PORTD
®/BE R/W R/W R/W R/W R/W R/W R/W R/W
HE 0 0 0 0 0 0 0 0
w0 D HIFH5 @EFFER - DDRD
Bit 7 6 5 4 3 2 1 0

I DDD7 DDD6 DDD5 DDD4 DDD3 DDD2 DDD1 DDDO I DDRD
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/B R/W RIW RIW R/W R/W R/W R/W R/W
NHE 0 0 0 0 0 0 0 0
IR0 D WA - PIND
Bit 7 6 5 4 3 2 1 0
I PIND7 PIND6 PIND5 PIND4 PIND3 PIND2 PIND1 PINDO I PIND
B/B R R R R R R R R
NBE N/A N/A N/A N/A N/A N/A N/A N/A
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MCU #:4|2% %88 - MCUCR

AIMEL

NERRUTEE SIHE INTO, INT1 5 INT2 fitk, REMFERE T Al , BIMESIH INTO.2 BLE
R, REBFEETEENTL , Pttt g, XMNMERATLLARS EREHE,
BHi%E MCU ##|21F2F MCUCR 5 MCU 4|5 A F 85 MCUCSR , FlTAT LA
THA, EAR , REREBEFME (INT2 RLAME TR )o HABPHFEEHEEE
NEFAR (INTO/INTY) , RESIHBEFAE , PR AET%, EEXR INTO 5 INT1 &5
STEARNLEARRE , /0 BNEXITI/E, I P22 “ RN RERES M " i BAHABE,
INTO/INT1 B9 TR AR INT2 N 2R, thF R | X LA i 7] LA RN 85 4 M EE AR
EXGEE, FERSE (BRTZERAER) H /0 HHEFEN,

BEEFAFAMERDE  MAF MCU NEBEXKREN K ERIEEFRE—EMNETE ,
BR{E MCU MIRFEHNBRBRE, BFUABNRNRERLMAIR. £ 5.0V, 25°C BFKH4
T, BIANGHESERN 1 us. BIANGZEENEE , B4FESE P269 “ &5
BT, REEXHERTHATSENEF , AIRGESHEISHILRHKE , MCU
MR, B IRBABLN SUT RE , 1 P22 “ REMS REHIED " iR, BES
HIATRARESRE , BESHIIRERZAFHELRT , MCU IF%®E  EFBL5IK
BT ERNWEFMLARFEB KN EUEMCULERRETRE  AEMA BT P,

MCU #2#|F 7R 2= h MR 25 5BA MCU Zhge

Bit 7 6 5 4 3 2 1 0

| s | sm2 [ sm1 | smo | Isc11 | Isc10 1SC01 Isco0 | Mcucr
®/B R/W R/W R/W R/W R/W R/W R/W R/W
MHE 0 0 0 0 0 0 0 0

 Bit 3,2 -1SC11, ISC10: it & 5 X124l 1 Bit1 5 Bit0

MR SREG FFaaMY | FRAAAI A RIK P T BRI BRI RY1E , SAERAR T 1 B SR INT1 3
Ko R FAU Table 34 AR, EARMILE B MCU B B3R INT1 5| LR BF, MR
BETORMEAARBIRAMR AN | AL E AT — et i3 5 80 bod oFfF At
AW, SRR TRERIEAKR P, MREFREEFMEFN |, BAMBFXLHR
FRYRETHITE R,

Table 34. i 1 filk 75 X425l

ISC11 ISC10 | %M
0 0 INT1 A{REBFE = £ R EER
0 1 INT1 SIH) EEEH BB BF (ARG S| KX il
1 0 INT1 T RSB P= £ R 5 FRTER
1 1 INT1 8 EFHRF=EF LS HITER

« Bit1,0-1SC01, ISC00: i 0 it ’x 512 % Bit 1 5 Bit 0

IR SREG FFaRAY | AR M4 RLAY ch i AL B RV 15 A& 75 40 Table 35 FT 7R
SNERER T O FA S| INTO BUR . AR ML A BT MCU B JER4¥ INTO 51 M L BT, Rk
BToamMERAARBFEZMAMEFN | BBAKFENE AT —Awtth 3 HE poR R~ bR
TR |, IR A BROR U R RERIEALR P BT. MREREEFAMEL N , BABBFLARE
FHAE ST,
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Table 35. Hif 0 ik H 4

ISCO01 ISC00 | iXEd
0 0 INTO F{K BB R B = 4 FR IS SR
0 1 INTO SIf) EEZE B E BT T EIT S| £ I
1 0 INTO Y BB F=E R 2B R MTIER
1 1 INTO B9 EFRF= £ RP HhlTiER
MCU #H SRS FFS -
MCUCSR Bit 7 6 5 4 3 2 1 0
| JTD ISC2 = JTRF WDRF | BORF | EXTRF PORF | MCUCSR
®/IB R/W R/W R RIW R/W RIW R/W R/W
VIE 0 0 0 WAL A

 Bit 6 —1SC2: il 2 A & 5124

R SREG Fi72aH | #75M GICR FE NN h R EMAYIE RS T 2 H
SNERSIR INT2 BUE. HISC2E 0, INT2 W TERBUESM, HISC2E 1, INT2HLE
FRRCETH, INT2NLRMATARFESN, REINT25|M EF=4ERE KT Table 36
FATRBBREOBA RS S R P, FEETREFFU  BBFLARBILFESTTR ,
REF2r-Edi, MERERSIMAIE RS RFHIER, XX ISC2HAEARRE
T, BEMENEKXEFFR GICR EERMBIA M ERRM INT2 , REBHE ISC2,
BE , FTESCEEHREETZABEX GIFR FiERMNMHERMPHREML INTF2 B '1°
EHEE,

Table 36. 5 ( S0MER ) FPHT4SIE

B BB | BX
/s | ¥ %4 & 1=} 1} By
tar | S (SNEB) R R NEOP R 50 ns
BEARERFHFESS - GICR

Bit 7 6 5 4 3 2 1 0
| INT1 INTO INT2 = = = IVSEL IVCE | GICR

®/B R/W R/W R/W R R R R/W R/W

hE 0 0 0 0 0 0 0 0

+ Bit 7 — INT1: S\ZBhBTIER 1 6ERE

HINT1 31, MERSHFFSR SREG B | FEEN , MM SIHIP MR EERE T .
MCU B A2 HR S & 788 — MCUCSRH M BURER F #2514 1/0 (ISC115ISC10)RE
hHTREEFAR. TER , ER INT1 BFAMEAN, JAEMERE , BE INT1 SIHEEEN
il RESIMBFRETHMNE , PHTFTE,

+ Bit 6 — INTO: #\ZBhpfiER 0 {FaE

H INTO 3 1", MERSHFFE SREG B | FEEN , MNHIEESIHIP M REERE T .
MCU B A2 HR S & 788 — MCUCSR I M BURER F #2504 1/0 (1ISCO15ISCO0)RE
PR B EFAR. TER , ER INTO BFAMAN, JAEMERE , BIE INTO SIHEKEEN
i, RESIMBEFRETHMNE , PHTFTE,
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+ Bit5—INT2: \ZBrhPTiER 2 fERE

L INT2 7 "1, MBRAZHEE SREG 1 | FRERBN , HBIAIAEBSI BIPETRERE T o
MCU & F i 54R 55 B 1728 — MCUCSR #) o B U 6. 75 #2862 442 1/0 (ISC25ISC2)REH
WA LAR., TR, &2 INT2 8RR, REMR , BE INT2 SIMEEE N W
H, RESIMBEFRE THRENEL , PR~ E,

Bit 7 6 5 4 3 2 1 0

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

» Bit 7 — INTF1: S ZBrh iR 1

INT1 I8 F & 4 Bk AT AR & R ITE SR |, HE N AR P ETFRE INTF1, 2058 SREG I
| A% GICR ZF =5 tH R By R A fiE B 1_LINT1jJ 1" ,MCU BN Bk ZI AR P &, 3 A
WRESBF2EEZMNEEIES, A, I5E& uﬂz‘MﬁLs)\ 1" KBS,

» Bit 6 — INTFO: AAZBhif#rE 0

INTO S| F & £ BE A At At & P RTESR | HE AR FEFRE INTFO, 215 SREG KU
| AR GICR & 178548 R HY AR W7 5 8 1_LINT0jJ "1” ,MCU BNk BIAE R 49 P [ &, 3 A AR
WIRSEBF 2R ZHREENEST., 1A, InE um‘MﬁLs)\ 1" REE, L INTO &
EijE.ZFEFH'ﬁHT L(h‘/u%?&/ﬁ-no

« Bit 5 - INTF2: A Zf iR 2

INT2 S| e & 4 Bk A it Al R R ITIE SR | H B AIAE BRI A P HTARE INTF2, 215 SREG B {
[ LAR GICRFZ8540 R A R T EREAL INT2 9 717 ,MCU ENBk#: BIAE NI B9 R T B & o 3 A P
WIRSBFZRZREENEET. 1A, iIr& uﬂz‘Mﬁﬂs)\ 1" REE, EE LY
|NT2¢&ﬁiﬂ:}ﬁ:&A%¢bWE$;-m 1?<§|H5§I]E’Jﬁ)\2/¢4vfiﬂfﬁﬁo XAEHINTF2iREIRE
EENEBET , 0 P51 ?&%ﬁxﬁ EMBERE "
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B85 PWM IZhEEM 8 {1
ERES/1TEEE 0

Hires

EX

2503F-AVR-12/03

T/ICO R—NMNBEAMNREIEIE 8 (EMES/ ITTHEHEER, HEFEH[IWT
o BEEITHER

o HRIEE K ERERENER (B3R )

« TFHREOR , HAZEBSH PWM

« MIERER

s ABEMITHESE

10 fURYEHEh T 2 3B

o A EEE PR A IR (TOVO Al OCFO)

Figure 27 3 8 (L ERT 8] / TT BRI BI{LAEE . SERRSIMIBESIE S % P2 “ATmega32 #Y 5| )
"o CPU HJLATA R I/O BfFes , BIEMAMSIH , UEEE R, /10 FEH[ANMHMLES T
P76 “8 M ERTES / ITEREI T FESMER "

Figure 27. 8 fZ T/C K 1EHE

<7 > TCCRn
count - Tovn
clear (Int.Req.)
Control Logic
direction clkrp Clock Select
Edge
Detector [ n
BOTTOM
/ VY ( From Prescaler)
%) Timer/Counter
m TCNTn |
< [=0] .
< " (IntRe )
Ia) (Int.Req.
‘ Waveform
= Generation B OCn
A
- OCRn |

T/C(TCNTO) Fl%i tH EE R &5 1785 (OCRO) K 8 U B 1788, PHIER (BFEE RN Int.Req. ) 1
SEER PR EFFS TIFR #0E R, FrE S HTER o] LAE S ErT 85 P R F 1785
TIMSK 34 THRMB. HTFTIFR M TIMSK EFHRERSHMENSETHE  FAEFE
B4,

T/C RI AR T 2 471 25 B A BR A £40R3E 30 |, E RBI TO 51 A9 S ERRS 4R R IR B o A 49
EFREZEERZFEAB— MRS A8 kKEM ( HEE )T/IC HBE. MREE
EFRHR T/C B THE. AT BRI i i E 8 E RS 23R8 clkrgo

REFHNEELREFFIR OCRO —ES T/C HBERITHR., LBRWERTARSE
PWMIK , 307 f i LRSI OCO £ 4L |, 20 P68 “ % HH L 8 T " 1 BA Y
B, LRIEEBAEFEMLLBRIFE OCF0, AR R LA K™= 4 fi tH LR P BT iE R

AXHNFSHEFRRASMUABANBERART. MEN " BRT T/ICHWFS , FEILED
N0, EREERFHNECABHHNKN SR TCNTORIG R T/COTHHEBRE £,
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T/C BB EHIR

gL

AR ST

AIMEL

Table 37 WESERA T2 X,
Table 37. X
BOTTOM | it#(851t+%I 0x00 BFEPiXEZE BOTTOM,
MAX TT#E8 1T 2l OxFF (T2t HI#Y 255) BFEDIAE MAX.
TOP T ERERIT T U 5 & RERTBIIA Rl TOP, TOP E R LN B E & OxFF
(MAX) , iR THEE5 OCRO BEMEE , B4 THEERNBE

T/IC TN RIS HIARF LR, PR BN EZREERER , Matd
EFEBERBNUT T/C #2EIF 88 TCCRO KBT#PiLF{L CS02:0 #£HK. P79 “T/CO &
T/IC1 M5 5ER ” XRS50 MA 1 RAVHER

BNUT/ICHEERD N URENNEITIHE T, Figure 28 BIAITHEEME L BENER,
Figure 28. itH2 £ T HIER

TOVn

(Int. Req.)
DATA BUS >

t Clock Select

count Edge -
P clear clk, Detector [
TCNTn -t Control Logic [a—"
__ direction

( From Prescaler )
BOTTOMT TTOP

EEUHE (NEES):
count £ TCNTO hn 1 & 10
direction EFMNREZEIRE,
clear JEBR TCNTO (CRAIEHAEE ).
clky, TIC #yEt4 | clkp o
top FRARTCNTO ELEKE THRAE,
bottom F/R TCNTO E£31 % 7 &/ME (0)o

BETFEN THEER | TREHHE A ko, SHER, M—H— B, clko, T
P ERA A SRS A SR MR 4 | B AR CS02:0 BB, 45 ik 12 A A R
(CS02:0 = 0) ERfeENIEL, BERTEERE clkyo ,CPU #EILLIAE) TCNTO, CPU B2
LT R AIRE (ES, HURIRME ) LR,

TH8UFSIE T/C #5185 788 (TCCRO) ¥ WGMO01 F1 WGMOO0 RE, ITHBRITHRITH 55
HEEER OCO HIRFEARBEN X R, AXITHRFIARE~ENFAEEFESE PO T
R

T/Ci& Hi P ETAR S TOVORIEWGMO1:0 IR EH THEERXKIRE, TOVORT LA TFT~4CPU
Sal:i

8L LE BB EE XS TCNTO F% H Lt R F 1288 OCRO# TR, —B TCNTOZ FOCRO |, b
RERAHTEES, EEELXENT — N EN S A A H L BRARE OCFO B, &
LB OCIEO =1 H SREG W2 B HMitRE | B , CPU = £ H LB M, HITHlR
REEFET OCFO Bo/ES , IEBEHMA4E "1” WARKES. BIEH WGM01:0
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5 A i LR

E TCNTO #4E/FE 1k LB TR

fEF%IH LB T
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COMO1:0 REMFREM THEER , RERERFACERES~ETRDNEE, B, K
F &R EZBREF A max F bottom 155 R EBME KM THRFEKER (P70 “ THEERX "),

Figure 29 A bR B TR S ER,

Figure 29. il Lt RE T HER
DATA BUS

I = (8-hit Comparator ) I

OCFn (Int.Req.)
>

y

top >

botom Waveform Generator

L]

WGMn1:0 COMN1:0

1 OCn

FOCn >

£/ PWM #EXft OCRO HFERAME P EFFRR ; MELERE TERAMTRMNEERN
MEAFNRERELEN. NEHALUFERH OCRO FFER5 top 3 bottom B ZIFE LK |,
MBS LEF=E R FRH PWM BXoF | SEER T T B+,

iAF OCRO HFsRBERBESR , EXF R, EREMEHIh8ERt , CPU IF K Z OCRO
ZHHFESR ; ZUEREHhEer CPU HFIKINZE OCRO A&,

THETIE PWM B , ATLUBS XS 58 Hl% H LR FOCO B "1” A AR= L LR
B, BHELLRTEFLEMN OCFO #1& , W F2ER / FETEMNR , B2 OCO 5K
BH, FRENKET LLRIEE —# (COM01:0 JRE OCOA REf, BFE , &£ "0“"1”
REZAL ).

CPU X TCNTO FEBMBERESE T —NER SR H A HME L LRICE K R £ | BIfEL
RNENRELFELT . XM LLA RS OCRO #E{LN 5 TCNTO M6 [E Y BE ™ it
bl

HTEEERXTE TCNTO #HFE T —MNEN SR EAMER I RTE |, EEARK L
R ek TCNTO REBRER , Fi& T/IC kR REEETEE. WREAH TCNTO 89
WEZET OCRO , LRIEEREERT  ERTEBHRFERESR, KLU, EIT KR
BATREF TR TEX TCNTO BAZ T BOTTOM W ¥#E.

OCO MIREBMIZEIRERFELMFFRZATH. RELHNIRE OCO MG EREEEBE
= T F A58 S5 LR FOC0, BMEERTMF R ERNES OCO FEHFtLL—EREFT
HBE.

AR COMO1:0 MELBRHBFEHMARMEFH . COMO1:0 #Y 3R I B4 K.
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HEB P far H 2 T

g bR R &

THERK

EEERX

AIMEL

e e EE R 2 Hl COM01:0 EANEAL, B AERFA COMO1:0 RBET—IX
R U B & A B B9 5 EEBUIRAS (OCO0) ; COMO1:0 &34 OCO Sl HIE S KR,
Figure 30 3 3 COMO1:0i& B/ MM (LB BAERE . /O F 1285, /O M /O S| BILLEKE R
To RFHPRAHTE COMO1:0 EITHIER 1/0 O 4785 (DDR 1 PORT), # Kk
OCO RASHHHEM RMEP OCO FF8: , M2 OCO 3Ifl, REEMA OCO FEH/ES,

Figure 30. Lt RICE i HE T/RER

COMn1

COMNO Waveform
FOCn Generator

— 1
OCn
OCn 0 Pin

DATA BUS

\ DDR

clk,o

R COMO1:0 A2 ANFE , B /0 AR K £ 2560 f i ELBRZhBEEK. {B OCO
SR AL R HNARBBIES @& 788 DDR 24|, £6£A OCO i B A ER
BHIES EEFFRN DDR_OCO (I FfitSIMREN M. mOEES KRR ERNTHE
BRTLx.

L BUZ BB AIRIT 21F OCO RASER A B A#THIHIL. BEZRL COMO1:0
RERBL T HMEBRERE N P76 8 UENER / T BT EROUA ",

BREERFA COMO1:0 WAHEEEBE#EN, CTC #XM PWM BEXTHMX 5. 3
FRRAEWESR , 88 COM01:0 = 0 XALREE X EMBFEXERTLRE OCO FEF
25, 3F PWM EXH BB EIES A P76 Table 39 ; RiE PWM MLELBHHRT P77
Table 40 ; fB{Z{&1E PWM B LE 5 B 1E P77 Table 41 Bi#iR,

3 COMO1:0 ¥ MEARBEENE —XLRITHE, FFEPWMESR | aJLUEEER
FOCO kM B4R,

IHEER -T/C MmELRSIMITR - BRFEREEERER (WGM01:0) KR HHER
(COMO01:0) I FINLRE, bR EBERNIT ITHHRFINEEE W , MR~ R T HF
FINEFM, COMO1:0 #& PWM i 2B AR, JF PWM BXE COMO1:0 25l
MERENZAELREREAEMNEN, B  REBEFEHKR (P70 “ LREEHEET ),

B FERIESE P74 “T/IC BFE " Z Figure 34, Figure 35, Figure 36 5 Figure
37,

HEHEN (WGM01:0 = 0) NE&MEM THEERN, EREXTIHHBEFHRE N, 13 8
LSRR KXESS (TOP = OxFF) , BT BB H 1T 2B 4 # #h IR B B & /ME 0x00 E#THF
%o 7 TCNTO A ENE —NENSRETEE T/C B HARE TOVO B, LB TOVO ERR
FofL, ARRBEEM , T2FF. EHTENGZPHRSEFERBZES TOVO,
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CTC( b RIE A EFERI AR )
- E:N

BE PWM =
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LRUBE R RS ENSFN IR, EEERATREMLAERRKRERN , AP
BE Bt B A KT AY T BB BB

M LB T A AR SR £ i, (ERTHEETBERN T RAR B LBRS ERF
NXEERAZH CPU B HE,

£ CTC X (WGMO01:0=2) T~ OCRO HFA T EWITHEBN o HR, it HBENHE
TCNTOZ T OCRORTIT#ESEE. OCROE X Tt BB TOPE , BT ERES M 2 8K,
EXNMNEXFESAFUUREZ R LR ITE W AR | BEE T ATEHIT R
£,

CTCHEXBEFE A Figure 31, THHABRBUETCNTO—ERMEITCNTOS OCROE |, A
J& TCNTO 5%,

Figure 31. CTC #XH i FHE

OCn Interrupt Flag Set

OCn
(Toggle) _

S

FIF OCFO #RETUEITHEHRELT TOP WL d i, EFMBRSEFEAUEHR
TOPHIEE, HTFCTCHEIZENE HINEE , EIT BB ULT 2 MR RNV A D MET T
ERBHRSF TOP BN #EIE BOTTOM M EER E/M D MREAH OCRO HE/NTH
B TCNTO B , ITBESIFE A —RHEREE, £ T —XLHREEBEAEZE |, ITHSEF
BREIT BB HAE OXFF , RFEM 0x00 Fr#41t#F OCFO,

NTHECTCEXATHERF ALY , WHIRE OCO AR LLRILE X £ AEBIEET,
XA[BUEE RE COMO01:0 = 1 REK. EHLIRE OCO R zr , BEAERHIKAKRE
ﬁgiﬁﬂjo ﬁﬁgﬁiﬁﬁgﬁiﬁzim%jﬁﬁﬁ$ﬁ fOCO = fClk |/O/2 (OCRO = OXOO)o 5ﬁi$ﬂ3§u—|:
NRHIE B

(COMN1:0 = 1)

Period ‘

P foi 1o
OCn — 2.N.(1+OCRn)

TENKEXRMDHEF (1. 8, 64, 256 = 1024),
EZEERXT , TOVO frEMN BN A ETEITEREIM MAX ZEH 0x00 B E R B AT 40 B o

HIE PWM =X (WGMO01:0 = 3) AR~ ESHH PWM K., RE PWM #EX5Hb
PWMERWFEZAR2EERBTESX, itHEMNBOTTOMITEIMAX ARG ENE Z
BOTTOME#FH A, M FEEM LR HEN | H LR SIB OCOZE TCNT0 5 OCRO It
ERES , £ BOTTOM &N ; ¥ FRELtEHEES | OCO WEEFHEKR. BT
FRATEREER , REPWM EX A TEMR EERANFENMEMIEE PWMERE —
. SR ESEESRE PWM EX+5E68THRAT , BRM DAC MNA. &
ALUB/NAER TR (R, B ) WYBRYT , NTBRERS KA,

THETHRE PWM EXET , ITHRBNRE—-EEMNE MAX , RIEEREN — e E 8
BT, BN FEN Figure 32, FHFARRE TCNTO RRIX B EDRBKERIE. HEEE
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AIMEL

MEs7TEEN PWMEHUAR KRB PWM i, TCNTO #3# EMEKF LK OCRO
F1 TCNTO Y EE R ITER

Figure 32. i PWM E X5t F H

OCRn Interrupt Flag Set

OCRnN Update and
TOVn Interrupt Flag Set

v v YY OV ovy v Yy

. /M/ﬂ//L / /V

A A A A\ A\
ocn J (COMN1:0 = 2)
oCn m (COMN1:0 = 3)

P Y S PSS

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

TEFHRE PWM XA |, LB T AT BAFE OCO SIf L PWM K, i& & COMO1:0
A2 JUFEEEBEN PWMES ; 7 3 MABAFE£RE PWM K (£ P77 Table 40
)o BAETES|H L BRI EESELT T OCOMBBE R EIRB R M H. =£ PWMEFEH
B R OC0 FF81E OCRO 5 TCNTO LEREN (RET ) , AREITHEEET (M MAX
255 BOTTOM) 8 BR — N ERTSS R4 B HAE R (B )o

A PWM SR AT BUBZ T 2T EBE

, _ fak o
OoCnPWM N - 256

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

OCRO HF&SH NI REN R RHIEPWMER K — L4515 R . & OCROZE T BOTTOM
o HIE S MAX+1 NERT BT # B HIR E Rk ; OCRO 3 MAX Bt , #R$#E COMO01:0
FIRE , WMEENSEFREBRTF,

EELRE OCO FEHREE A FB BB TR (COMOT:0 = 1), THIEE 5K 50%
B EHEIES., OCRO J 0 EHMESEBBIME fogy = fuy yo/20 X MEHAATF CTC B
T OCO BURBME , REIZAE TR PWM H X EEREA,

MAEE PWM X (WGMO01:0 = 1) RAFPRH T —NMRESREMMIEE PWM K

ML, WEXNETNRIBFIRE, ITEEEE M BOTTOM itE MAX , RE XM MAX

FREIEBOTTOM, E— MM LERHEERT , Hitet BB EMAX TR EXRE T TCNTO

5OCROWEE, ,OCOBEZENERLEF ; MAEITIEFAEBOTTOMITEATE K4 T TCNTO

5 OCRO WItE , OCO BN NSHEF, ThTFROHHLERNMNEFHER. S5

iffﬁ*ﬁtt , MRBEIRETIRBN R RAXRE/D, BRTHEHEMNEY  +2ESTEHE
IJO

HAEE PWM EXE PWM BEBEERN 8 b4, TR T RMESR MAX , REFF
BRI, E—NERSEMMFERE TCNTO WEZST MAX, RFERTS M Figure 33,
B TCNTO WHBEAERERT , UEANPSIRE, XERREA T EE PWM B
HARE PWM B, TCNTO Rl E#I/ER KRR OCRO 5 TCNTO B LEER ITE,
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Figure 33. M{EE PWM EX A5 FE

OCn Interrupt Flag Set

OCRnN Update

TOVn Interrupt Flag Set

Yy vy \Aj

NN

\

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

HitafEAE BOTTOM BY T/C i ARG TOVO BALo BEFREA AT AR £ o

THEFHMEE PWM ERXET | LB & T A LAE OCO 3|4 PWM K : & COMO01:0
BEBR 2 FEZEHEMN PWM , i&E COM01:0 X 3 £ &E PWM 55 ( M P77
Table 41 ), B855I LB R B ESEXIUF OCO WEIEAMEIZE R HH. OCRO
TCNTOLLREFL R £ B OCO FFE £ MMM BB REMIERME , N~ EPWMIEH,
THEFHEMBEERN PWMMETHRATRARIKSE -

‘ _ fa o
0CnPCPWM = N -510

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

OCROF#F&RA THRENRK 7T HAMBEPWMERH —LRHER. EEEPWMERT ,
# OCRO %T BOTTOM , fith —ERFNEBTF ; & OCRO FT MAX , Nt HEREH
SBF, k@ PWMEXMEHFHER,

£ Figure 33 M 2 MNEAH , BARERELRITE , OCn B 7T — M B EMRH BE
T, HEWRRIEEFE BOTTOM BRI . B LR TENBRMERL S HIBE:
« ZFigure 33Fi~ ,OCROA WEMMAX 2k R H ¥z, % OCROAE I MAXET , 5
Bl OCn Wi i R iZ S AT E B FICHR LR IEENE REE, HRIDEAE BOTTOM
PR, & T/C WEIER MAX B , SIH OCn Wi H R X MHFE R EFAFIZHK
HBREERNSE R,
ERBEM—/NE OCROA EHEFHRIEH , HEMERT —REERTE. REHLLS
ARE OCn HNABRENAR,

TIC REIZ @B , EHIL AR clkyy AIARRA B ERES M TEAR. BHREHAT

PR S IRERETE. Figure 34 A T EAW T/C THertF , ARER T HLEE PWM
BHZAEAMERERILE MAX BT IZ 80T 51,
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Figure 34. T/IC B{FE , TS #zR

clk

/10

clk
(clk

n
|/o/ 1

TCNTn MAX -1 MAX

BOTTOM

BOTTOM + 1

TOVn

Figure 35 FT R A HHEIN TIERF , BEM S 8,

Figure 35. T/C BYfFE , M SMBRA fy 10/8

o (AN
:

clky,
(clk,./8)

:

/10

[T
1

TCNTnN MAX -1 MAX

BOTTOM

BOTTOM + 1

TOVn

Figure 36 44 T &MEX T (BRT CTC #= )OCFO WEMIER -

Figure 36. T/C Ht.“%’_ , OCFO E{j , Tﬁﬁ&ﬁ%ﬁ'j‘] fClk_l/O/8

o | [JUULDUULLDUUUDOUULUOUUUDOUUL Ol
-] I | | B

(clk,/8)

TCNTn B OCRn-1 OCRnN OCRn +1 OCRn +2

OCRnN OCRn Value

OCFn

ATmegad2(L) m—
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Figure 37 4447 CTC X~ OCFO E{I 1 TCNTO SEBRAVIER

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

[

clk”o H

clky,
(clk,o/8)

[T
;

:

[T

:

ATmega32(L)

UULLUDL

TCNTn |
(CTC)

TOP -1

TOP

BOTTOM

BOTTOM + 1

OCRnN

TOP

OCFn
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8 L TER 8% / TSR T f7a
#9154 BA

T/C # 4|78 - TCCRO

AIMEL

Bit 7 6 5 4 3 2 1 0

I FOCo0 WGMO00 | COMO1 | COMO0 | WGMO1 CS02 CSo01 CS00 I TCCRO
®B/IB W R/IW R/W R/W R/W R/IW R/W R/IW
WNHE 0 0 0 0 0 0 0 0

« Bit7 - FOCO: E#l@mHE®

FOCOXE WGMOO 5 FAIE PWME AN T BN BER , N THRIESKRKB[ANREM &
£ PWM Bt , E TCCRO EXNHFE. XEE 1 /5 , RERERFULARITHRIEE.
LB PR ER  Hi SR OCO FF #2588 COMO1:0 Wik B H MR EBF, B3 E FOCO KLl —
MNIEES , EIEXE S H LB AERKZ COM01:0 iR E,
FOCOR &5 REMPH , B FRLERMAOCRIENTOPHCTCEX T ERZRH#ITEE
HYIRAE

% FOCO RYIRE{EKIZENA 0,

« Bit6, 3— WGMO01:0: HE=4E#ER

XJLAR ST HERN T BFS , THRERN R AE TOP , URFEMMKEE. T/C XEFH
BXE  BERR | LREREZEMERITHRER (CTC) , URMM PWM ES | #1
Table 38 5 P70 “ T/EEX ",

Table 38. EE~4ERXMuE L O

WGMO01 | WGMO00 OCROME | TOVO (il
#=X | (CTCO) | (PWMO) | T/C BT/ TOP | ¥imte etz
0 0 0 ZBE OXFF | MEIEH MAX
1 0 1 PWM , M{uIE1E OxFF | TOP BOTTOM
2 1 0 CTC OCRO | MEIEH MAX
3 1 1 RIE PWM OxFF | TOP MAX
Note: 1. %;& CTCOMPWMOBEZFEMERAT ,EMEH WGM01:0, B RIIREFM LB 5L AThR
&

 Bit5:4— COMO01:0: LB Peiid s HiE =

XFWADRE T R ITE R £ rt i HSI# OCO FEBF, MR COMO1:0 HiY— {2 EF 4R
B, OCO LALLRICE M HM S NH 1T T, FNES AR FFERUEREN 1 UE
A H X3 2R

A OCO EZERYESIM Eat , COMO1:0 B THEEMRH T WGMO01:0 BYiRiE., Table 39 4
H7 Y WGMO1:0 iRE R EBEER K CTC Xt COMO1:0 BIThAE, .

Table 39. L& HES |, IE PWM &

COoMo1 comoo | #EA
0 0 EENRORE , T5 OCo HER
0 1 HCB U % 68 OCO BUR
1 0 R UE % 468 OCO B
1 1 HCBRUR % 468 OCO BY
76 ATmega32(L) m—
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Table 40 45 7 % WGMO01:0 % & R HRIE PWM #E X if COMO01:0 BYIhEE,
Table 40. Lt HES | RiE PWM R ()

COMOo1 comMo0 | i%E3
0 0 EENRHORE , 5 OCO HiEE
0 1 R
1 0 LR ITE R 4B OCOA BT , 1T ZI TOP Bf OCO Efu
1 1 LEBR e B & 4 i OCOA By , it#kZ TOP & OCO BE
Note: 1. —MMFEKIENZ OCROZ T TOP , H COMO1 B, AT LB IEE 45 BB , it 2R3

TOP B OCO WIEIEREE M, IFMERBESA P71 “ RE PWM ERX
Table 41 4411 7 % WGMO01:0 i&iE A& 1E PWM & AF COMO1:0 BIZhEE,

Table 41. LbR&HHESR | BB E PWMERK D

COMO01 | COMoO | itHd
0 0 FERERORE , 75 OCO0 ik
0 1 #E
1 0 EAFITRNAE LR EERNESE OCO ; BFITHN &4 LR THEGE
{2 OCO
1 1 g?gi?i&ﬁﬁittﬁ@ﬂﬂﬁﬁ OCO ; BFITHeT & & LR EEFE
Note: 1. —/MEEKIER R OCROZE T TOP , H COMO1 E{, At IE 4k ZrE , it Ek 2

TOP B OCO MZhEHEE K. FMEEFESN P72 “ HAIEE PWM K 7,

+ Bit 2:0 - CS02:0: BH4pi%$F
ATi%#R T/C BatéhiR,
Table 42. B4k {715 BA

CS02 | CS01 | CS00 | A
0 0 0 Trtsh , T/C RIE
0 0 1 clkyo/1 (GRETSH )
0 1 0 clkyo/8 (RB S SR )
0 1 1 clkyo/64 (kBT 4R )
1 0 0 clky /256 ( kBT 43R )
1 0 1 clk; /1024 (R BT S $i8s )

1

1

0 RHEPER TO SIRMMIA |, TRIRALER

1

1

1 RPEPE TO SIS A, EFRftR

MR T/CO EMASNERRTE , BIE TO WEEN AL , E LNBFTLMARAKEICHKR,
MAX - TEI R ZEHIEH

Bit

®RI/IE
WaE

7 6 5 4 3 2 1 0
| TCNTO[7:0] ] TenTo
R/W R/W R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0 0 0

ATMEL

7



W R FFE - OCRO

T/C Rl RAEFFE - TIMSK

T/C iR E&F 78R - TIFR

AIMEL

B T/C F788 W EEX TR 8 U BIRHTRE LA, X TCNTO Fi7RHNE15 A
RET M EIELLREER, EIHHRSESTHIRFEHR TCNTO WRERTRELR—
X TCNTO A OCRO Ky EEER Pt

Bit 7 6 5 4 3 2 1 0

| OCRO[7:0] ] ocro
®/5 RIW RIW RIW R/W R/W R/W RIW RIW
e 0 0 0 0 0 0 0 0

WHLEBRFERTES NS UNEIE , TEMbSITEREEHE TCNTO # TR, TEE
HRTLLR SR S5 Eb R R i |, S AR OCO SIR L= 4K,

Bit 7 6 5 4 3 2 1 0

I OCIE2 TOIE2 TICIE1 OCIE1A | OCIE1B TOIE1 OCIEO TOIEO I TIMSK
®/IB R/IW RIW R/IW R/IW R/W R/W R/W RIW
WHE 0 0 0 0 0 0 0 0

« Bit1 - OCIEO: T/CO % tb B Pt o i il Bk

L OCIEQ FRAF RN L BHMIFEAENL | #7717 6F , T/CO By % H LL 3 Ui M AE
U T/CO ML RITE X4 |, BN TIFR /Y OCFO0 Efuat , RHIRSEFEBUMIT.

 Bit 0 — TOIEO: T/CO & th i fE&E

4 TOIEQ MRAFERMNE /P UM | #R "7 &, T/CO Wi H P HifERE, = T/CO
REGE , Bl TIFR E TOVO (v B{uRY , PETERSEFEUMIT,

Bit 7 6 5 4 3 2 1 0

I OCF2 TOV2 ICF1 OCF1A | OCF1B TOV1 OCFO0 TOVO I TIFR
®B/IB R/IW R/IW RIW R/W R/W R/W R/W R/IW
HE 0 0 0 0 0 0 0 0

« Bit1- OCFO: #iH Lk B#RZE 0

% T/CO 5 OCRO( fi H Lt &R ZF 1725 0) WEEE AT , OCFO B, iUEFMBRSEFE
BHES b UANHEHE 1 KES, % SREG FH{Z |, OCIEQ(T/CO tbB Pt /i iE BE
) #1 OCFO BB AT , PHTIRZS B FBEIMIT,

« Bit0 - TOVO: T/CO & Hir&E

% T/CO @At , TOVO B, HITHNANPHRSEFNLVEHES. i, TOVO
A BN E 1 REE. 4 SREG Ff9fz 1. TOIEQ(T/CO /& H I fEEE ) F1 TOVO & E
et |, FHFERSEFEIMIT. EMMEE PWM EXF | 24 T/CO £ 0x00 KZIEHA
@&t , TOVO Efil.
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T/ICO ET/IC1 WITADH Tic1 5T/ICo RB— Mo s EENTUEFRN2MEE. TRAZERT T/C1

R
P EBT 4

SEERE N

S ERRTERIR

2503F-AVR-12/03

5 T/CO,

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

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

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

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

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

Figure 38. T1/TO S|H %4

N T
il i R e R > P ) e
Select Logic)
— |
clk

110
Synchronization Edge Detector

BT 21 L F5 50 n N S 01T | 31K T1/TO LSBT (LBEIER 2.5 31 3.5 4
Rt A e (LT B SR 4T B

£ |1 S AEAEIT AR I ASTE T1TO RIBREE D — A RER S AME T 85#1T |, ZNE~
B4R T/C BRI B

HAREERE R | BB HOREELXRAAT — A RSN ER. £EZHS 50% &
BB SRR TN F REFHE IR — % (Foo < o 10/2)e BITFILARNEEAR
RRIX -3 | THRENENADRE S REFRAEN —% (Nyquist REEE ), R
T, MTIRFE (@4, BRES5DE ) AFRESKNRANSARR SEZHNER |
RSN REAEREAT £, ,0/2.50

SAER B ER A IE AT SRR
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AIMEL

Figure 39. T/CO 5 T/C1 Fimp#ags (!

clkyq > 10-BIT T/C PRESCALER
Clear
A © < © <
g 3 2 3
(@] S >4 —
o >4
PSR10 S
®
®
To  §TTTTTTTTTTTTTTTY L

Cs10 é\ CS00
cs11 ;\ CSso01
CSs12 =\ CSs02

TIMER/COUNTER1 CLOCK SOURCE TIMER/COUNTERO CLOCK SOURCE
clky, clkyg

Note: 1. ¥ ASIEI (T1/T0) KWREZZEN Figure 38,

Bit 7 6 5 4 3 2 1 0

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

» Bit 0 - PSR10: T/C1 5 T/CO Hi 5 #Bs &1L

BEfUEf T/C1 5 T/ICO MM MR EMN. BREETHEX—VHBEABEHET. BABHT
L5 REMIE, T/C1 5 T/CO AR Moz , BEMo MR EMXN RN ERFIYE
g, ZMEREN 0,

80 ATmega32(L) m—
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16 (L TERTES / 1THRER 1 e TCcauSIERMnEF e (SHEE). RS ENESNE, HXERAmT
. EIEH 16 43%i (EIAY 16 A28 PWM)
o 2 NI ROR I HER T
.« BB LRSS
. —MNEABRSET
- WABRESENSE
- HREEEENEREEE (ADER)
- TFREOH , HAEERE PWM
« A PWM EHA
- REER
. NEmE4iITKRE
o 4RI HTIR (TOV1., OCF1A. OCF1B 5 ICF1)

=37, AE RSB EEEHNNENUEBANSRER. MNE W RRT/ICFE , MNE X &R
WHLEREES, EREEEFNERATEN. BRNEF. WA TCNT1 R/R1GE T/C1
T ES,

16 1 T/C W9 {LAEE ;R T Figure 40, 1/0 S|HIAYKER{IEES W P2 Figure 1 . CPU Al 15
Y 1/O 1785 , 245 /O LM /O S| MILABAR R, BfF B4R 1/0 FERSMEMA P100
“16 (ERTER / THRBR T FRRAVULHE 7 .

Figure 40. 16 I T/C @ (")

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

Yvy

Edge
Y Y Detector [ ™
TOP | BOTTOM

Y ( From Prescaler )
A Timer/Counter
TCNTR | | | [ =0 ]
ﬁ A f ocnA
I r(lnt.Req.)
|
— | Waveform
|$ [ 7| Generation > OCnA
OCRNA g ;
+» 1
: Fixed OCnB
| TOP (Int.Req.)
% ! alues Waveform
- Il
a1 - | " | Generation > OCnB
< |
<DE [
OCRnB ! ( From Analog
S |
| Comparator Ouput )
| ICFn (Int.Req.)
i |
| .
Edge Noise
- IC}‘?n | Detector [ Canceler
| | ICPn
| TCCRnA | | TCCRnB |

Note: 1. i&Z% P2Figure 1 , P55 Table 25 1 P60 Table 31 LAZR18 T/C1 HISIBIE X,

ATMEL g
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TR

EX

mEM

82

AIMEL

ERTES / 1TEkE8 TCNT1, #MH LR EEFE8 OCR1A/B 5 AR EE85 ICR1 95 16 1
BFiFee. 7R 16 U B FHRLITUETISHRETER |, £ 0 P84 “ 58 16 (U FFER ", T/IC &
HlZ 788 TCCR1AB 7 8 {uE 88 , )&8F CPU HEHRSE, FHiER ( BEHEER
Int.Req.) EEEFRMIFEZTEES TIFR1 BERM, FIERM B LAHFHERSTEES
TIMSK1 #3124, BPREH TIFR1 5 TIMSK1,

T/C R A BF A 8 08 3 73l 20 470 2 ST FA T1 51 B A B9 SN SRR 49 3R 3 5IR T/CEUE 8 hn(
R ) WETERIR K B A N0 B et eE R R RIR S, SR FEER IR T/C & TFLE
RS FHEFIEFRBEERBERN clkyo

NEFHH LTS OCRIAB —ES T/IC WEMLER., BEAXEBALRER™4
PWM s 1 5l i LRSI B OC1A/B S H AT M ENEF, S P8O “HEERE T - K
PCfii st Bk Al B L R T #r & OCF1A/B , AR £ HH R P MiER,

L ARSI ICP1 SARLL LR M A S (I P184 “ BELLLRER " ) B ARBRSEH
FE (LRAR ) B, HEE T/IC EREAIRARRSTFREREER. BARBRETS
B NRFIRR T (RFEERSR ) UBRERE TH.

ERLREENXT , TOP EZ T/C WHRAERH OCRIA FF85. ICR1 FHEFSH , & —
BEEHRIEREN, £ PWM ERXTH OCR1A £ TOP {Eit , OCR1A BF88T 8¢
£ PWM #itH. LR OCR1A X EEHK , TOP BEAEETIRFBIHE, HE
E—NEEW TOP ER A LA ICR1 F&E28 , ATIRE K OCR1A KAE PWM B HH .
UTEMSERTAT :

Table 43. ©X

BOTTOM TT #2811 2 0x0000 A EMiXZE BOTTOM

MAX IT#E81t &l OXFFFF ( T3t $I8 65535) B BIiEEl MAX
THERER T BT BUF I B KBRS EL R TOP, TOP {E R LAy EEE 0x00FF,
TOP Ox01FF 5 Ox03FF , s 217 T & 1285 OCRIAE ICR1 EMEE  BEM4EH T Ik
E

16 L T/C RMELBTAR AT 16 L AVRT/C U M A KEXRM, EHEM T HAES BT RAT
ERE

BREENBTMEFRENNATE 16 £ T/C XK /0 FFRa it
SEE TS FIRENNA 16 2 T/C XM EFFERLEL
o b B B
Tt EHE R , EEEHERNNESSTEFRET
PWM10 3 WGM10
PWM11 28 WGM11
CTC1 &l WGM12

16 1 T/C B HIFFEFHRARMT FHT -
TCCR1A £ i1A FOC1A 5 FOC1B
TCCR1B # il A WGM13

16 U T/C M — Lo £ R EE KB R T HEEHRE M,

ATmegad2(L) m—
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TCNT1, OCR1A/B5ICR1 2AVR CPU Bl 8 U BIE B & T LG RIMY 16 (L 1285, It B
16 (L EEEFTEMRRE, BMGNITHSETE -8 uIn FEEARFEHRES S
. BN 16 LENESFTEN 16 N EEFSAAHERN AR FEZEE, HREFT MK 16
MIERRERE, Y CPUBAKIEE 16 NFFHNEFTR , AN 8 ABESHERE
GRS SFFERFNE 8 NBBEBARK—N 16 NBIE , ASEAE 16 USFERF. % CPUIE
B 16 (VHFEFESHMNEETH , aFZETAREREEZTRENBNSE T GBI F 1788
f,

FIEFTAER 16 LR ES RIGHI FFER. Xt OCRIA/B FESRMNIRBERT L RIGHF
Fe8o

B 16 UuFFHRn , NEABAZFFRENEMLFT, Mk 16 L FFRNNERINZFF
BRAVERMLFT .

THEHNGIREA T IAER 16 VENRFFR. ARERRTOREENIGNFESRA
B, EHFEMNFRENEERTX OCR1AB 5 ICR1 FiFsRMiAF., £/A ‘C" BT,
imiER BBAIE 16 fIRHE,

SComaapig (O

. ETCONT1 2% 0x01FF
Idi r17,0x01

I di r16, OXFF

out TCNT1H, r17

out TCNT1L, r16

; fF TCNT13#EAr17:r16
in ri16, TCNT1L

in r17, TCNT1H

C RBHIE O

unsigned int i;

[* ZETCNT1 ¥ Ox01FF */
TCNT1 = Ox1FF;

[* G TCNTT ZAi */

i = TCNT1;

Note: 1. ARBRECLER T SENXXH

SCRACEDBIRE R TCNT1 KIREMETE r17:r16 FFRX o

EEE 16 UHFFRNBRR-—NMEARERFEFEEN. £X 16 UFFRBEN &
HEERBPHIEN , FLEEFERFRE 16 UFFRNFARIED ZE K EXEN P
CHiFREFNTFERIEMN 16 LFFR  MNMERT ENFFR, IRXTPHERLE

£ BAPWEEARIEN S FHETHARCELAE  ERERFN 16 UFFHENRER
iRo

ATMEL 2
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THEHFIRESLH TIRE TCNT1 FEEBRNBNWERIEHE, X OCR1A/B = ICR1 ByiEig#E

A LAE AR .

SComeapie (O

TI ML6_ReadTCNT1:

RFZ B FRE

in r18, SREG

. BT

cli

; FFTONTT BEAr17:r16

in ri16, TCNT1L

in rl17, TCNT1H
WE=E %

out SREG r18

ret

C R piE

unsigned int TIML6_ReadTCNT1( void )
{
unsi gned char sreg;
unsigned int i;
1* REFZEPHEE]
sreg = SREG
1> BSHH]
_CLI();
I* FFTCNT1 ZAi */
i = TCNTZ,;
1* BEZEGHPHEE]
SREG = sreg;
return i;

}

Note: 1. ZREBBECLEETAENLHE,
LR IEHIFE S TCNT1 BREMETE r17:r16 BHiEE X A,

ATmegad2(L) m—

2503F-AVR-12/03



] ATmega32(L)

et F RN EA

T/C B3R

THSRET

2503F-AVR-12/03

THRBIRSEH TS TCNT1 FERMNERRE, X OCR1AB = ICR1 HERETLE
RHEEN A *,
sComcrapize (O
TIML6_WiteTCNT1:
;. REERHMRE
in rl18, SREG
. BT
cli
; WETCONTT #r17:r16
out TCNT1H, r17
out TCNT1L,r16
. WELEFPHHE
out SREG r18
ret

C R piE

void TIM6_WiteTCNT1 ( unsigned int i )
{
unsi gned char sreg;
unsigned int i;
| * REFLEBHHERE >
sreg = SREG
1> BSHH ]
_CLI();
I* RETCNT1 &i */
TCNT1 = i;
|* BELEHMERE]
SREG = sreg;

}

Note: 1. XRBBECLEETEENLH,
SCURRIBHIFEA r17:r16 FEB[XNRFH R TCNT1 WEAKIE.

MEXNFRA-—NM 6 NFFREAREMAMANTERSF AR, URARE-REF
o BIEHABNERREEXMER TRFER.

T/CEHERATLAKR B NS , L ATk B SAER , LT T/C #2 %15 788 B(TCCR1B) Ky B #h i 4%
fiI (CS12:0) RE. BHRSM D MR IERR P79 “T/CO 5 T/C1 WM Z 48R " -

16 T/ICHEEI D R AIRIEMN 16 (LN [E1TERET £ T, Figure 41 A T it BB SHNE
HEEAER,
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Figure 41. it L T HIEE

DATA BUS (s-bit)
-} -
TOVn
(Int.Req.)
TEMP (8-bit)
Clock Select
Count Edge
< -t ™
[ TonTnH @iy [ ToNTNL iy | Clear clk,, Detector
*Sirech Control Logic [
TCNTn (16-bit Counter) e oreeton
( From Prescaler )
TTOP TBOTTOM

EE5HER (AHES) :
Count TCNT1 40 1 =R 1
Direction ¥ERNRIEE 2 BIRIE

Clear TCNT1 &S
clky, ENES /TR ES
TOP F/R TCNT1 itE e 2R AE

BOTTOM /R TCNT1 it# &R 2R & /JME (0)

16 (L iTERES RS BT 8 L 1/0O 1F BB LB : TCNT1H R & 8/ , TCNT1L H 1K 8 fi, CPU
HEERE B TCNT1H F1E88. CPU 5@ TCNT1H B |, EBRiA R M 2 If if F 1288
(TEMP), =EXTCNTILEY |, ISR FEERARNBEEFH N TCNTIHIIEE ; M TCNTILHIT
E#ER , TCNTTH Bt SESNNBFTEH . XHME CPU IRE— AR ES
o 8 UBHERLTRIT 16 (LITHEENIR, BiRE, MAEREEIZITRB[EEITHN—
A BRER, EXERHBERA TN TCNT1 EABRBELTRRIANER, EEAENET 2
F X L4 BRI 3 1T BRI,

BEIEEIXNTRE , B8 —1 clky, FEFEERE , THHREEHTES. W1 A 1 B4
clky, BT EPIE SR CS12:018 Eo % CS12:0= 08 , i BESF 1L 1T 2. T3 CPUX TCNTH1
MILES clkr RREBFEELKXR. CPUBRELITHRESNEMRENRERTS.
TN I HF SIEUR T & 1288 TCCR1A 1 TCCR1B H#rEA WGM13:0 HiRE. 115k
BWET (M) A58 OCIx MR AE S REREFNXR, THFISHK
=i AERiES N Po1« THEER ",

BE WGM13.0 BE TIHHEN ITEERNZE , TOVI NENARERBET, TOVI T
LLASRF= 4 CPU FRHf,

86 ATmega32(L) m—
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WA E T TIC HI% AR S T FSRIGRAS M4 | 30 IR F o A bR IS A1 B 1k B 1] 9 & £
7, ABBEHRENMRESHIIM ICP1HA , GBI EM LRSS TREH, E
FRIDTARITEME, SEHRESHETHEE , UARASHHZAL,

WMAFHRETHERNL Figure 42, BFFERETHABREINES ARERT. &
FREMFNNE 0" RRENRR / ITTHESRRS.

Figure 42. M AR E THER
DATA BUS (s-bit)

| TEMP @b |
| icraH@-bip | icRnL 8-bip | | ToNTnH@B-bip | TCONTNL (8-bif)
»| WRITE ICRn (16-bit Register) TCNTn (16-bit Counter)
+ ACO* ACIC* ICNC ICES
P Analog # #
Comparator Noise Edge

|-
Canceler Detector P |CFn (Int.Req.)

ICPn

HSIM ICP1 EMVBEESF (B4 ) RETEY , IELLRFRE ACO BFERETE
1t , FEXNEFZACR DRSS , B ABREBER : 16 L8 TCNT1 BUIEH
BN 3w ABREFER ICR1 , Feff ABRRERN ICF1 B, MR ICIE1=1, @
AFRIFER = EMABR T, PRI ICF1 BZET , IFLTBTRGEHEX
B9 /0 NBEAZE "1" BT,

#EH ICR1 RELIREFT ICRIL , AEBEEFY ICR1H, BIEFZTHR , 5T HES
EFET IS 21788 TEMP, CPU #&H ICR1H BFi5 R TEMP F1£88.

X ICR1 HESNEHERAEETRE~EER, et ICR1T #A/EITHESMN TOPE. B
ICR1 ZBI 8 £ EIRE WGM13:0 A RIFXMEE. X ICR1 FES[HTEIRER LM H
SFETEAICRIHI/OE , AEBREZFEA ICRI1L,

ESN P84 “ 1R 16 U EFFER " L THEZHXR T UMAIAR 16 L FFERNEE,

L PN E WARRRETHEERMARIRR ICP1, T/C1 & ] AR LB 5 Ay Sl A FH 1R 2 T AR
Ro FP A AUEE R B AL L RIZHI SRS T 785 ACSR VR LB A fH 3R 2 ACIC K
MIEAX—R. BEBNR , AEMERE TREEK — K AR, FibEREaRRES
Ol AR ERAR ST — B TR LR S IR R S R

ICP1 5 ACORR&HF T RS T15IMIZRAEREM (P79 Figure 38 ), f£ A YA M 257 th — 4,
BRERGFNFRGE  FLRRNR[AITIMATIANNZERIRHSIA 4 MREETEPEH
HER, EXEMR , REMA ICR1 EX TOP KR~ EERNN |, T/IC FEHEREMHE
BREA RN R R EER

ATMEL o
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BARRSRTHER

AHLERET
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M AFER th A LB B2 H S ICP1 B9 5 URARK

RENHEREL - MIENBFRRARESRENRE. ENAAMKESHIT4RR
o REG 4 RREERSHER BT 2EALBRNEE.

E{Z TCCR1B KY ICNC1 S {FRER FEHIHI2T, FRERFHIHIZRE  EMmAXEZTLE ICR1
BREFZRAFNLETAN 4 NREFTEAPOER, REMNFHIFEANRRERT ,
MAZ 2SR E M,

FRARARREINEARTEREIEEBNLERERRLEBRASH. SHNHE
BfERXE., MELERET —XEH4HEIZTN&ERE ICR1 BEHIE , ICR1 FiamE
BEE M\NMETEBIEHENERER,

ER@ARRPEE , PHEFNRTRENIREICRT HF8. REBWARBRETHMLL
FAEANRE |, BHAAMIENEESHE EEIZ{TH SRR REEX,

EE A ABRTEEX TR HEEREIEF XL TOP H,

MNEABESHESZLENERSRBREHERTMLE, IR ICR1 FLHARREK
THBNESUR, RETLARE , ICF1 BFERHEE (EX N /0 LEE "1"), HX
FENEME  AFERTHHRE , WAREX ICF1 #ITREES,

16 L LEREBSFLE LR TCNT1 EOCRIXHAR ,—BEXNeIINEE kRSB~ 4—1
EEES. ARBE OCFIx E F—NER S4B, MR OCIE1Ix=1, OCF1x BfI
Mol kLR TR, FHHRTE OCFix frEBEZEE , EBELRGEEMENE 110
VEBAZE"1” BALUESE, 1£1E WGM13:0 5 COM1x1:0 WAEIRE |, RE A E3=H
EERESERTENRE. BFELALEFA TOP M BOTTOM E54BAERELEERX T
MERRE (PO1* THEER ).

MHLEBRAETAN—NMIFREN T/ICH TOP E (BIIT BB D PR ), 1, TOP &
& RSRE BT R R A 2R £ RRIER A .

Figure 43 A WA HLLRE T FER. FFBFRSNVLN/IE 0" RFEEHRS (n=1KRT
TIC1), X' RAHLERETT (A/B). EEPIFHHLLRE TS ARAPERT.

88 ATmega32(L) m—
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Figure 43. Wit RE T HER

DATA BUS (s-bit
11 3 t = >
\ TEMP (8-bit) \
—] l ¥ ¥
[ ocrnxH Buf. (8-bit) | OCRnxL Buf. (8-bit) | [ TeNTnH @by [ TCNTNL (8-bit)
OCRnNx Buffer (16-bit Register) TCNTn (16-bit Counter)
*
—¥
[ ocrnxH(gbi) | ocRnxL 8-bity |
OCRnNXx (16-bit Register)
| = (16-bit Comparator ) |
—— OCFnx (Int.Req.)
A
TOP —
Waveform Generator - OCnx
BOTTOM ——p»|

; ’

WGMn3:0 COMnx1:0

H T/C T/ 12 7 PWM EXMHHEE —MEt , OCRIXx FERANEHEFiFeR ; ME
EFETHEEAMTEEEER (CTC) MEHRERFE LA, NEH ALK OCRIX F
78Xt TOP 5 BOTTOM MRS EH |, Bk = £ R TRE PWM K |, SHERERI,

7 E OCRIx BFERBFRRBES , HEFR, FRENE HIhEERT ,CPU 5 R 2 OCR1x
EHRTFES  BIENEHPINEER CPU HEMNIZE OCRIXx &5, OCRIx( #H=HEE )
FEHENARREERESIENERE (TIC T2 FFFREFH N TCNT1 = ICR1
WA ), FTLL OCRIx THIEE TEMP ., ER&RHM 16 N FFEE —HE LIRIUE
FHRE-NFIR. BTFHREELHTH , HILES OCRIx A4FES TEMP F178%
KXW, BEAFEEAWEREFT OCR1IxH, ¥ CPU NHKIBEBEASZETM /0 #thutat |
TEMP HEFSHNWANBEBEEH, FTREEFT OCRIxL, FLER T TEMP &FF
BHNEFZTHRIEHZENE OCRIX Z485 , MR OCRIx LR FEFH.

ES N P84 “ 57 16 (U FFeR " L TBESHXR T AR 16 L FFR/HES

TETFIE PWM ERX A | afABE XS s8&El5 H R FOCIx B "1” A RR=E LR IT
fii, BEILLRCERETALENMN OCFIx ir& , B FRLEH / BFEERES , R OC1x SIHF
WEH  IFRENKRET LLRICE —# (COMx1:0 }RE OC1x ZEI., FE  EEXET
1t )o

CPUX TCNT1 H 7N ERESMHIE L RICE R 4 o XNMFE AT SR RF OCRIx# %A
LA 5 TCNT1 16 E R BB T A AR T

ATHEEEERXTE TCNT1 AT — N ER SRS AR L LR ICE | E4EHAH S
RN BETCNTIRSBRRE , FET/ICRBEET. EEATCNTIHEHEZ FTOCR1X,
LERCE R T  ERTEBNEEAELER, £ PWMEXT , 2 TOP AAEHK
Bt , FERF TCNT1 1 TOP HENHE, BNSER—RLLREHR , ITHES T
B OXFFFF, 2 R it BB TR FIT R T EXR TCNT1EAZFBOTTOMBHIE,

OCIx WiIREBENZEREHITES QT FR AT, RELHIRE OCIX WEEREEE
=X T A 58 ) fa H EEER FOC1xe BMEE MR E R KA OCIx FHEFHE—ER
FEHRE.
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RS HEX MBI~ &

THERK

AIMEL

COM1x1:0 ML RBIBEH TR NEFM, COM1x1:0 HY 3R RF 3 BN A Ko

ERIEERZESS COM1Ix1:0 EEREINEE, BEKXKERFIA COM1Ix1:0 REET —
R B LB & A B A9 6 HH EEBR OC1x RZAS ; COM1x1:0 i&42 | OC1x Sl Rt i A KR
Figure 44 3% COM1x1:0 i& B ¥ 1M H B ) F{LRE R, 1/0 F1F85. 1/0 AL F 1/0 5B
HERR, BPRAE T COM1Ix1:0 EIGHER 1/0 % O3 #2285 (DDR M PORT).
KR OCIx RAMIEMNRENIE OC1x FFEE , MARE OCIx SRS, RES
COM1x BFFEENMNR "0

Figure 44. LR ICHE & H & T /REE

COMnx1

COMnNX0 Waveform
FOCnx Generator

1
OCnx
OCnx o Pin

Y
O
o)

DATABUS

Y
O
o]

\ / DDR
clk

110

HE COM1Ix1:0 T2 RE , RERESNHELERINERSER OC1x WEA /0 OTh
f., {82 OC1Ix SIMM A ENIBZEFHIESEZEEFER (DDR). M OC1x 3|t HE K
EES 2R A FTBRIIEH B FFSM DDR_OCIx FILSIMREB A, —#x1E R TIhas
BEHSHEAESNIEERNTx  BthB—LHI5 , ¥ N Table 44, Table 45 5 Table
46 ,

i EERIBEAVIRIT AV OCIx HRH <A B XHTHHL. EEZFEL COM1x1:0 &
BEERLRFENTITHEEXTR2REN , 0 P100 “16 LENSR / HHRFFRMEA ",

COM1x1:0 A& Mm% AR % T,

BEEERFA COMIX1:0 WAEEZEEN, CTCEXMPWMERXTEMXS, 3
FRENER iRE COM1x1:0 =0 XRALREE X EMNEFEXERTRERE OCIXx FF
25, EPWMERN LKA HiES A P99 Table 44 ; HRiE PWM B L& % F P100 Table
45 ; F{IEIE PWM 9 Eb % F P100 Table 46

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

IHEER - T/C MimHLERSIBNTR - BEFEAEER (WGM13:0) R &R HHER
(COM1x1:0) B FIMRE, LERAEERANITHRFIEEETE , MEFE~EEXIT 1T
FHIMEFE, COM1Ix1:0 #& PWM i 2E N RMHE. IE PWM R AT COM1x1:0
BRERAHREANZELBREREAERNEBEN, BE , IREFHK (P91 HhREEHH L
jTL—u 7 )o

BN FERIBESE PI7 “ ENER /TSR FE "

90 ATmega32(L) m—
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EHEERN EEERX (WGM13:0 = 0) AGZEEN ITHEER., EHEXTIHHHREFREHRERM, TR
KIEJG (TOP = OxFFFF) BT #{E% i+ 2k 35 141 & #h IR (B 2 & /)ME 0x0000 EFH F 1R, &
TCNT1RAEHNE —NER R ET/CRHRETOVI BN, KRTOVIERIRE17 , R
RREEN , T2BEE. EHTENSRPHBRSEFEBENES TOV1 , Bt ES
DU RSENSNSBER, EEBEXATSEMLEERKRERN , A/ A LAERNS A
Mt B BRI
EZEEXTHABREAREZFER. BXENENBBHHN KA EE R EEES
TN D HE, NMRBHERAK  XAEAENEE PRI MEBERT BiAH
RETHDHE,

W R B TR SRR E R, ERTEEEEEEN TR A M LEBRR~ERE
NeERAAZH CPU BE,

CTC(LREERMNBESENEE) 7 CTCH#IN (WGM13:0=4 5 12) 2 OCR1A = ICR1 FEHA T AT TSN 2 ¥R,

BEX it HEFAERE TCNT1 ZF OCR1IA(WGM13:0 = 4) ZTF ICR1 (WGM13:0 = 12) Bfit
EEEE. OCRIA ® ICR1 EX T it TOP & , RENTHEBEN 2 HER, XMER
ERAFAURE S IR LR ICE M AR | B T A B4R IRE,

CTCH#E AV 7B N Figure 45, it BIZRBETCNT1 —ERMETCNT150CR1A HICR1
EE , A5 TCNT1EE,

Figure 45. CTC X H i FHE

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

v v

)

OCnA
(Toggle)

I S S, ,,——,.

FIF OCF1A S ICF1 FRA T ATETHRES BEIA Bl TOP R~ £ i, EHRMRSEFET
L EH TOP B, BT CTC WRBENE A INEE , EiT BES UL 2 M 2R RB KA TR
235728 TAER BHRSF TOP EEck  #5iE BOTTOM MY BER B/, MEBAHK OCR1A T
ICR1 WERE/NTF X8I TCNT1 WEE It BB FEX —RERTE., £ — R EREER A
28, ITBEFEREUTRIISZEAE OXFFFF , AEEM 0x0000 FF4it#E OCR1A
% ICR1, B ZERT , X—RBUEHIERNFAFEN., BRNTEREARE PWM #
X , Z#EXFEHA OCRIA EX TOP B (WGM13:0 = 15) , B tk&t OCR1A AME#F,

ATECTCERTHIREHE , TUEEOCIAES AR XK ENREBHELT,
XA BB I%E COM1AT:0 = 1 KT, EHLERE OCIA M ZA , BEAEFHIRKAD
wENWE (DDR_OCIA=1), B A EBREBTENRAMENRN focin = fux 10/2
(OCR1A = 0x0000), $MEHM T ARXHEE : -

(COMNAL:0 = 1)

: - for_uo
OCnA = 27N - (1+ OCRnA)

T8 NRKKRMOMAF (1. 8. 64, 256 =K 1024),
EEEREXT ,TOVI RSB R EEITHEMN MAX Z I 0x0000 #YE S 256t £ A .

ATMEL o
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BE PWM #E3

AIMEL

PIE PWM X (WGM13:0 =5, 6, 7. 14 = 15) ATARF LSRN PWM K, iR
PWMERXSHMPWMERNREZAR2E LD RE THERR. 1THEEMBOTTOMi+Z!
TOP ,ARBIEIEZE BOTTOM EFF R, N TEHBEMN R H HESR | b LRSI B OC1x
£ TCNT1 5 OCR1x IEE R B , £ TOP BHES ; W TR EttBRHAHER , OCRIx K
MEEHFHER. BTFERT2BREER | R PWM E3X K TERE 6 AR A
fIEE PWM XS — 15, LEMREFSEESREPWMER+2EESTHERAY &
FRAMDAC R A, BT LR/ NMAZB TR (B R )NWYWERYT MNMBERSERA,

THETFHRIE PWM EXE ,PWM SR AEENR 8. 95 10 £ , 8 AJH ICR1 = OCR1A
EX. B YERRA 2 thiF (ICR1 5 OCR1A i®F 0x0003) , AL YER 16 {1 (ICR1
= OCR1A i&H MAX), PWM ¥RV HEATATRITE :

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

TEFIRE PWM ERAT | iHHREENEHE —ERNEIEEZE 0x00FF, 0x01FF, 0x03FF
(WGM13:0 =5, 6 & 7). ICR1 (WGM13:0 = 14) 8 OCR1A (WGM13:0 = 15) , REH&EF
HW— e EAEES. 24N FR A Figure 46, BIHAH 7 2EH OCR1A = ICR1
RENX TOP EREIRE PWM X, BHRERHN TCNT1 RRX2EDRBIRME, HE
AEMREETEZEN PWM WHUARRE PWM f#iH. TCNT1 fH3 EHEXKFLERR
OCR1x M TCNT1 W EE LK. HLRITE G OC1x FEIFREE o

Figure 46. & PWM #E X it FH

OCRnx / TOP Update and
TOVn Interrupt Flag Set and
OCnA Interrupt Flag Set
OCnA Interrupt Flag Set
(Interrupt on TOP)

TCNTn

OCnx

J (COMNXL:0 = 2)

oCnx LT 1 U [ ] (COMNXL:0 = 3)
Period ‘4*1—4%2—4%3—44—4—4454464177—4478—»‘

BT S BEIA T TOP B T/C @ H#RE TOV1 B, B4 & TOP EEH OCR1A = ICR1
EXH , N OC1A = ICF1 i7E[FS5 TOVI ERE— M BHE N, MRDEEERE , ALl
EHH RS ERFEXREH TOP U R EBRHIE,

FTOPERARRIEFHTOPERNFRIELRFER/NBE. BNTCNT150CR1xX
TEHIHREE, FRAEEN TOP EN , @FE OCRIXx BEESEEAKERKERN
SRR 07,

EX TOP {EAE#T ICR1 5 OCR1A LTI T EM, ICR1 FFERFRMEHFFR.
XEWRE ST ER AT MER R BRARM T2 0 TR MR | 45 ICR1 BT — NI BE
NEFEEHFEAN ICR1 HEL TCNT1 HaiEPHER, FRRUTBBFFER-—ALER
CE, £ TF—RHREEAEZH , ITHRBFABTT IR HZKE OXFFFF , REBMN
0x0000 FF#Ait# , EFILLRICE HE, M OCRIA FEHRMENEH FTFR. X —HMHR
E OCR1A AT LABERN B A, EANEIEWARA OCRIA B4 FFER. £ TCNT1 5 TOP It

92 ATmega32(L) m—
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MM EE PWM
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BEENT—#EH , OCRIA LRFEFHRNANBREFFFRNBIBAER. R —
ANEHEPEH TCNT1 HU8F , T TOV1 ARSHIRE

FERAEE TOP B RIFMHFEA ICR1 FEFER[/EN TOP, Xt OCR1A FAILLAFE OC1A
W PWMIK, B2, 1R PWM BRI (B KZE TOP H ), OCR1A HIXNE)
BUEEFESTXMNNA,

THEFREPWMERE |, tb3 28 T Al LAFE OC1x 5| B L3 H PWME . i%& & COM1x1:0
A2 AAFEEBEN PWM ES ; 7 3MAMFERE PWM K (£ P99 Table 44
)o BESN | EEIF MYEE S| B L3 E 5 3E 4 90F OC1x M % #E 5 @ DDR_OC1x R & 1 i
Ho ™4 PWM KFEHHIER OC1x HFF8R1E OCR1Ix 5 TCNT1 ENEM (HEF ),
UREITHEEES (M TOP %R BOTTOM) WA —NER S AES (KRB ).

MR PWMSMIRTES T AR ITESES

: _ fakwo
OCnxPWM N-(1+TOP)

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

OCR1x BB NMEBEEMEETHRE PWM ERXH —LEBHKEBE R, & OCRIx £F
BOTTOM(0x0000) , #i tH 9 HIMAE SBETOP+1ANERT B3 Bt ¢4 A HAR E Bk ; OCR1x A TOP
i, B COM1x1:0 WiRE , MHENSRFREBTF,

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

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

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

R _ log(TOP+ 1)
PCPWM ~ log(2)

THETFHEMEE PWM EXE , ITHRENHE—BERMEEEE OxO0FF, 0x01FF,
0x03FF (WGM13:0 = 1, 28 3), ICR1 (WGM13:0 = 10) 8 OCR1A (WGM13:0 = 11) , &
EREITHAE, E—NENES4E TCNT1 EZT TOP B, E4MeFEER Figure
47, BH4AH T HEH OCR1AZ ICRT SRE L TOPEAN MBS E PWMIE ., B R
B TCNT1 R RIXEXIRIKIRE, FERBREETZEN PWM MR KRE PWM
W, TCNT1 f3E EMEKEL KRR OCRIx # TCNT1 BIEE L, LR ITEfF OC1x
PR R B Ao

ATMEL s
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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)

A\

I N

./ i

YT v
TCNTn 3

OCnx (COMNX1:0 = 2)
oCnx j m (COMNX1:0 = 3)

BT S HEA T BOTTOM Bt T/C i@ H#r&E TOV1 BfiZ, & TOP B OCR1A 5 ICR1 &
X, EOCRIX HFEHRBINEH ARSI EHFHE -t AHE OC1A & ICF1 F7E
B, FR&E NS A A .

HETOPEN AMRIEHO TOPER M FIELRFFH/WHE, BNTCNT150CR1xX
FEHAMERTE, FAEERN TOP EE , BEE OCRIX FEH[EARENKREAN
A RBRA "0", TE Figure 47 AHME=/1AHF , £ T/C 21T FHEME EE X i HZE
TOPESH TAXNMHH. HEEE T OCRIXFESEMNEHATE. BT OCR1x K E#H At
ZIRERTES / TTEERIEE TOP 26 , Eitt PWM WA ERRE T |, & IETFik,
2, TERAENKERRTLE—TOPE , MELAMNBEHEKEERTHN TOP E. &
XEMETRE , —MNEAHABENMREKERE , MHERTIRRT

BEE T/ICETIHE TOP H , RFRABMLSHEEEEXRBMVBERN, & TOP
REFRE , BAXHH THEEXNZFREEX 5.

THETFTHEMEE PWM BXE, ERETALE OCix S E PWM EF, RiE
COM1x1:0 8 2 AT A= £ EEHY PWM |, iR B COM1x1:0 9 3 AT LAF= 4 2 [6] PWM (2 L P99
Table 44 ), EEIEMNYE S| L HESE ST OCIx WEkIES W DDR_OC1IXZE R
#WHH. OCRIx M TCNT1 LbBICE X 4Rt OCIx FESNTEMNNEESREMIRE ,
M4 PWM B, THEFHUEERRN PWMBRTHM T ARIKS :

; __fako
OCnxPCPWM = 5N -TOP

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

OCR1x ZF1Z28AL FARERT KA T HAEEPWMERA — KB R, £ZEBPWMER
T, % OCRIx EF BOTTOM , it —BERIFHEBF ; & OCRIX ETF TOP , fH N
RENSHE, kB PWM EREFHER, MR OCRIA ARENX TOP & (WGM13:0 =
11) E COM1A1:0=1, OC1A % 52t 50% HWAEAKES.

U SMEEE PWMER (WGM13:0 = 8 5 9) - LA EIFMESRIE E PWM B - AT L=
SEREN. MAUSHEEERN PWMIEFE., SHEAEEEREL , HHEE PWM &
XETFTNRIEIRE, iTIEEE M BOTTOM it E TOP , RF XM TOP FIEEZ
BOTTOM, E—fM Lt RAHEER T | Hitafe53E TOP it e & TCNT1 5 OCR1x L |

94 ATmega32(L) m—
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OCIXIHBEENEBTF ; MEITATEEEBOTTOMITEEI TCNT1 50CRIXEE ,OC1xFE
NABESF, TETFREHELERNNEFHER, SERFREMRL  MPBIRETIRSE
HERAXMEE N, BENHESE+DEESTENES,

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

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

_ log(TOP+1)

L—\)PFCPWM log(2)

TETFTHEMBEPWMERE  ITHENHE—ERMNE ICR1 (WGM13:0 = 8) 5 OCR1A
(WGM13:0=9) , REREITH L E. E—PNENENHETCNTIEHE T TOPHE., 24K
BRI Figure 48, BH4AH T LA OCRIA = ICR1 REX TOP ERHIFEMISE
PWMIER , BRI TCNTI R RXENAR B RE, FERRNEZE T ZBHPWME
HUARKRE PWM HitH. TCNT1 &3 ERRKFLFTRR OCRIx M TCNT1 By CE LK
LEE B R R, OC1x FHIFREFHEB Lo

Figure 48. MU SMEEE PWM R B FE

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

OCRnx / TOP Update
and

TOVnN Interrupt Flag Set
(Interrupt on Bottom)

5 y Y
OCnx (COMnNx1:0 = 2)

oCnx m (COMNXL:0 = 3)

# OCR1x HFSBENEZ A LR SHERNE — Mttt FHHE T/C & iitr& TOV1 B
fii, & TOP B OCR1A 5 ICR1 EEX , 2 TCNT1 A% TOP {8t OC1A = CF1 B,
IX L R AR S AL AT A SR BRI EERIA R TOP 5 BOTTOM B 4 i

HETOPER AT RIEHVTOPER/NFAABELLRFFESNHE. BMTCNT150CR1x
Rers £ LT,

W Figure 48 Fi R , SHEMEERXNEEX ROR , HHUEIE PWM EX 4 R A5 HEFr
BEHRBPIANHES. X2HT OCRIx £ BOTTOM BEEH , EASTEMKK
EHRAHEE, BitAHpor IXHE , BRT7TMERREBN.

FEHAEE TOP B RIFFH ICR1 FEFER[EN TOP, X## OCR1A A LLEF1E OC1A
W PWMIE, B2 , 1R PWM ESREE(L (BIHRZE TOP H ), OCR1A HIXNEH
BUFEHFESTXMNNA.

ATMEL o

2503F-AVR-12/03



ENER /T HESENFE
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TETFHEBIEE PWM EXE , LRETAEE OC1x SIM EfmE PWM K, &8
COM1x1:0 A 2 A A= EBH PWMES ; A INAA~=E R @ PWMER, (24 P100
Table ), BEREFHHESTELTUNT OCIx WHIE A BB N H. 7= %E PWM EFEHH
E R OC1x H1F57E OCRIXx SHFICHM TCNT1 EEREN (REE ) , SBRFICH
TCNT1 EEHFES (RNEBN ). MHEN PWMSRERAUBSI N T AR ITESS :

" __fakno
OCnxPFCPWM 2.N-TOP

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

OCR1x 122840 FARERT A T HMIE E PWM AR XA — L4 H%E R, BB PWMER
T, % OCRIx EF BOTTOM , it —BERIFHNEBF ; & OCRIX ETF TOP , M H
REANSHEF, kRE PWMEXNIEFHEKR. R OCR1A ARKENX TOP & (WGM13:0
=9) H COM1A1:0 =1, OC1A #it 5% R 50% HWAEAKES,

ERE / BB ARSBE , Emi cky RERANHEESES. BHPEHAETAMEE
IR S RAAE A OCRIXx EH /P HWBIFEH OCRIx FiFsh ( THETREHHFER
Bt ). Figure 49 45 T & OCF1x KBt FF B,

Figure 49. T/ICEtFE , OCF1x Bfy , T 5 #izs

clk

110

clk;,,
(clk,/1)

1/10

TCNTn OCRnx -1 OCRnx

OCRnx + 1 OCRNx + 2

OCRNX OCRnNX Value

OCFnx

Figure 50 45 HiAHEI RV B 50 204 | (BT D SR BERE

96 ATmega32(L) m—
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Figure 50. T/C Bt/FE , EfZ OCF1x , T MR N fyy 0/8

o TR ATATATA
(c?lf;,%) T T T

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

Figure 51 A THEEFEER T#IE TOP BN ITHRFS . THETFHMEE PWM ER
Bt , OCR1x 1851 BOTTOM #E#1. BRFEMER , /8 TOP EEH BOTTOM K F ,
BOTTOM+1 XE TOP-1 , &%, FAHEM A MM tiE A T IBLEBOTTOM B TOV #r
SR THEER,

Figure 51. T/C BNfFE , T2 MR

clk,o

clky,
(clk,o/1)

TCNTn

(CTC and FPWM) | ToP-1 TOP BOTTOM BOTTOM + 1

TCNTn

(PC and PFC PWM) | TOP -1 TOP TOP -1 TOP -2

TOVn (FPWM)

and ICFn (if used
as TOP)

OCRnNx

(Update at TOP) Old OCRnx Value New OCRnx Value

Figure 52 44 i HHE A RTEPERIE | BT 2 4R RE,

ATMEL o
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Figure 52. T/C BtFE , M MBRN Ty 10/8

clk;,,
(clk, ./8)

110

TCNTn
(CTC and FPWM)

TCNTn

:

(PC and PFC PWM) |

TOVNn (FPWM)

and ICFn (if used
as TOP)

OCRNx
(Update at TOP)

UDUUDUL
i

(TR
:

R
i

UULHUDL

TOP -1

TOP

BOTTOM

BOTTOM + 1

TOP -1

TOP

TOP -1

TOP -2

Old OCRnx Value

New OCRnx Value

ATmegad2(L) m—
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16 (L ERTBR / T BB/ T+
BRHY % BA
T/C1 #|FF85 A - TCCR1A
Bit 7
| COM1A1
®/B R/W
NaE 0

6 5 3 2 1 0
COM1A0 | COM1B1 | COM1BO FOC1A FOC1B WGM11 WGM10 I TCCR1A
R/IW RIW R/IW w w R/W R/IW
0 0 0 0 0 0

» Bit7:6 - COM1A1:0: FiE A Wt BRAHER

* Bit5:4 - COM1B1:0: & B WLt B HER

COM1A1:0 5COM1B1:0 3 5l# %I OC1A 5 OC1BIRFS. TR COM1A1:0(COM1B1:0) Ky
—URHLHEBA "1” , OC1A(OC1B) #i i ThEEFF AN 1/0 3% A ThEE, kAt OC1A(OC1B)
B L HY 51 H S| B BRIE 75 6428 i 4 B LA B A A HH IR B B8 o

OC1A(OC1B) S¥32 5| Bi#HERS ,COM1x1:0 B9ZhEEER WGM13:0 iR BRE. Table 44
HHY WEM13:0RENEBERS CTCER (3E PWM) if COM1x1:0 BIZhBEE Lo

Table 44. LtEHm HES |, 3E PWM

COM1A1/COM1B1 | COM1A0/COM1B0 | B3
0 0 LZEiwO#ERE , OC1A/OC1B RiE#E
0 1 e reEi Bt OC1A/OC1B BB FEUR
1 0 b T E B S OC1A/OC1B( KB T )

1

1

R E A& i OC1A/OCTB (BB BT )

Table 45 45 H WGM13:0 & & 79 tR3E PWM BT COM1x1:0 B ZHEERE Lo

2503F-AVR-12/03
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Table 45. bR HER , RE PWMD

COM1A1/COM1B1

COM1A0/COM1B0O

L

0

0

@ik 084 , OC1A/OC1B KRiEE

0

1

WGM13:0 = 15: LR CELAT OC1A B
OC1B AL AYESIH,. WGM13:0 hEEE
R @i ORE |, OC1A/OC1B KRiE#E

e e E BB SR OC1A/OC1B , OC1A/OC1B
1£ TOP BB

R IEEL R E {2 OC1A/0OC1B , OC1A/OC1B
£ TOP RESE

Note: 1.

% OCR1A/OCR1B %F TOP B COM1A1/COM1B1 Efuft , LLR I #ZRE | B

OC1A/OC1B B 1L / FEBIREER. N PI3 “ RIE PWM B "
Table 4645 1 24 WGM13:01& B 7 #1118 [E PWM & =X, S A8 571 45 IE PWM 42 X B COM1x1:0

Y ZhEETE Lo

Table 46. LR HER | HBASERMBFHEE PWM ER D

COM1A1/COM1B1

COM1A0/COM1B0O

L

0

0

Ei@inO#%4E , OC1A/OC1B R

0

1

WGM13:0 = 9 % 14: bR LEL AT OC1A B ,
OC1B F & A5, WGM13:0 8 HE |
FE@iHORYE , OC1A/OC1B KiEHR

FFiC A LR TEF S OC1A/OC1B |, B&
Fic Bt bR T B & 2 OC1A/OC1B

1

Tt B BRt LE R B B2 OC1A/OC1B |, &
Fie et bR T EEESE OC1A/OC1B

Note: 1.

I P94 “ FAIEIE PWM ER ”,

OCR1A/OCR1B % F TOP H COM1A1/COM1B1 B 2 —MNE&KIER. FAERES

« Bit3 - FOC1A: & A AR
« Bit2-FOC1B: i&i& B A%t H&

FOC1A/FOC1BRAEHWGCM13:0i8E N IEPWMER B HIBE. NSANREBHER , T4k
£ PWM X TX TCCR1A BART , XU SFEE, 4 FOCIA/FOCIB{LE 1 , M AP
BER A T THRTEE, COM1Ix1:0 Wik E%ZET OC1A/OC1B Wk H, *&=
FOC1A/FOC1B U fERIEBES. COM1Ix1:0 {IAY{ERE & HI LA R o

£ CTC X /M OCR1A fEy TOP fH , FOC1A/FOC1B i BEI R &= £ hllfth T4
BB ERES.

FOC1A/FOC1B L &2 A 0,

e Bit1:0 - WGM11:0: B X EER

XB ST TCCR1B &FiFsRM WGM13:2 &S , B TEREIIT RN ITHFI—Iit
B[N ERENBE R R ERNTHEERXN Table 47, T/IC XM THEERF &

100 ATmega3d2(L) m——
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B (RS ) WRERHEBENE CT0) B  REMKEEH (PWM) #X 1L
P91 * THEMst ",

Table 47. K= E£ERX R D

WGM12 | WGM11 | WGM10 OCRIXE | TOV1 Efukt
#®=X | WGM13 | (CTC1) | (PWM11) | (PWM10) | TERES/ it EES TR TOP etz 7]

0 0 0 0 0 EEER OXFFFF | MENE# MAX

1 0 0 0 1 8 (LIS E PWM OxO0FF | TOP BOTTOM

2 0 0 1 0 9 (U AEIELE PWM Ox01FF | TOP BOTTOM

3 0 0 1 1 10 fZAE{Z1E E PWM Ox03FF | TOP BOTTOM

4 0 1 0 0 CTC OCR1A | MENEH MAX

5 0 1 0 1 8 [ RE PWM Ox00FF | TOP TOP

6 0 1 1 0 9 I fRIE PWM Ox01FF | TOP TOP

7 0 1 1 1 10 L IRIE PWM Ox03FF | TOP TOP

8 1 0 0 0 B SHEEE PWM ICR1 BOTTOM BOTTOM

9 1 0 0 1 M SMESE PWM OCR1A | BOTTOM BOTTOM

10 1 0 1 0 HMAEE PWM ICR1 TOP BOTTOM

1 1 0 1 1 MBS E PWM OCR1A | TOP BOTTOM

12 1 1 0 0 CTC ICR1 SEDERT MAX

13 1 1 0 1 *E - - -

14 1 1 1 0 RIE PWM ICR1 TOP TOP

15 1 1 1 1 RIE PWM OCR1A | TOP TOP

Note: 1. CTC1 M PWM11.0 MENLEZFBHEAT , EfEA WGM12:.0, BERMMRANENLERREN,
101

2503F-AVR-12/03
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T/C1 ##F=8& B - TCCR1B

T/C1 - TCNT1H &5 TCNT1L

AIMEL

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

®/5 RIW RIW R RIW RIW RIW RIW RIW

e 0 0 0 0 0 0 0 0

* Bit 7 - ICNC1: Hi AR IR

B ICNC1 [fEaeim ARIRE S HIThaE, et/ ZRSIH ICP1 M ABUER. EEH
=M ICP1 SIBIELTT 4 XEXH, R 4 NRBEEFEE , BAETEALALNEE,
HSLEREIZThRE RS 5 AT IRIGIER 7 4 Nt A,

» Bit 6 — ICES1: #i ARl & iEEF

BALERER ICP1 LB MNLRARRHIREN. ICES B "0” ERMERTEAMEEA
iR ; ICES1 A "1 RN R EBE/ETH AR H AR,

BB ICEST1 MRBHIRI - BH4E  ITRSFENHREREFE ICR1 FE&H. BREHE
BN ICF1, MRILATRMIFERE , W ARREAFAEARL,

% ICR1 A{E TOP {& (L TCCR1A 5 TCCR1B F 725 WGM13:0 {1 Y4k ) & ,ICP1
S@WARRNELRIT , M AR EEER.

e Bit5-{RE{

ZNRE. ARIESHRB[HEHNHREYE , ETCCRIB B |, ZMSAEA "0,
o Bit4:3-WGM13:2: B R E# K

Il TCCR1A FEHHIER,

o Bit2:0 — CS12:0: Bt4pikiF

X 3 Tk T/C HRt#R , I Figure 49 5 Figure 50,

Table 48. Bt4PiRRAIH#ER

CSs12 CS11 CSs10 UL

0 0 0 Fort4R (T/C 21k )

clkyo/1 ( THZ 47 )

clk,o/8 (R BT 4ieg )

clk,o/64 (KRBTSR )

clk, /256 ( 3k B2 55 )

clky/1024 ( RETASIE )

SERT15IM , TEBIRS

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

Al o|lalo|lalo|~

S\ERT1 S|, EFRIES)

IRBRERERR IR | BE T1 SIMBE AR |, SIM ENBBESEFR(LNRS
W) T/IC1IHE , XAV R BB RIZH T,

Bit 7 6 5 4 3 2 1 0
TCNT1[15:8] TCNT1H
TCNT1[7:0] TCNTIL

102 ATmega3d2(L) m——
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W EBREERE 1A - OCR1AH
5 OCR1AL

W B EERR 1B - OCR1BH
5 OCR1BL

BMAHREER1 - ICRIHE
ICR1L

T/IC1 Hl R T 78R -
TIMSK™"

2503F-AVR-12/03

/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/IC1 W BIEFTFE TCNT1, B AT B EX R85 /1H 2K
B8 TH 16 fIITERESHTIREiHEl, HRIE CPU NEFTESEFETHWREMIEES , KA
FHA— 8 InEt S FTH 58 TEMP, TEMP /AR 16 (uS1Fe84LHM |, i¥ M P84
“ihiE) 16 U EF1FRE "

EITHBRZTHRIERTCNTIHABRE EEE KR —IRTCNT150CRIxH LE R B # 1E,

ETCNT1 S FE T — N Er 2R ABEELRITE,

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

ZEFRTHN 16 U BIES TONT1 FESTHITRERTERNLER , —BHETE &
FE-MRHEERPE , S OCIx WH HEBET,

MHLEREFFRKEN 16 L. FRFRIE CPUNSFHSEFTHNEMNRE , BAEH—
A 8 LAt & F T & 738 TEMP, TEMP 2FTRRY 16 U HFFRHAAN , WA P84 “ 151H]
16 U FFHR "o

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

HH\ERSIMICP1(HT/C1 MV RELLL R 2R ) B AR IRM A E S Er  ITHEBRTCNT1HH
EEA ICR1 H, ICR1BIREEAEN ITEERH TOP &

MABRSFFRRKEN 16 L. ARIE CPUNSFHERFHHENE , SAHEH—18
uiEet S F T &FF88 TEMP, TEMP 2FAEH 16 uFFaRLAN , i P84 “ 75 16
(VAR

Bit 7 6 5 4 3 2 1 0
[ ociE2 T TolE2 T TICIE1 | OCIE1A [ OCIE1B | TOIE1 | OCIEO | TOIEO | TiMsk
®/5 RIW RIW RIW RIW RIW RIW RIW RIW
WkE 0 0 0 0 0 0 0 0
Note: 1. ZEFFREE/LNT/CHHPMIZHEIM  ERTHIANTIH#THA HRFEREHN
NI A
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T/C HlitREEFER - TIFR

AIMEL

 Bit5— TICIE1: T/C1 ¥ AJEIR P HFEEE

LIZMHIER "1, BRABEFEDHN | L4488 "7 5, T/IC1 WH AR FsE, —

B TIFR 89 ICF1 Eu CPU BIFF #8017 T/C1 ﬁkﬁﬁﬂwﬂ&“ﬁr( N P42 “ T~ ),
« Bit4 - OCIE1A: T/C1 B8 A PUifid S fsERE

LIZMHIER "1, BRDSHEEPN %R "17 85, T/C1 W H R A ITE R E
€. —B TIFR £#Y OCF1A B{y , CPU EIFF#AMIT T/IC1 Lt R A EEAF MRS EF
(I P42 “ FhHf "),

« Bit3 - OCIE1B: T/C1 # b8 B Pt S iRk

MZMWIER "1, BRAFESEPH | IR "17 6, R T/C1 MR B TE H
WrfERE, — B TIFR L# OCF1B &fI , CPU BIFF 1430 4T T/C1 Hi i ik B ITF T AR S
BFE (R P42 dlfr”),

« Bit2 - TOIE1: T/C1 & Hhir e

MIZVBERA "7, BIRASEEEETH | LBRA "1 &, T/IC1 WP lfEsE, — B
TIFR L& TOV1 Ef , CPU ENFF AT T/C1 m&ﬂh&ﬁﬂﬁﬂhr( P42 “ i)

Bit 7 6 5 4 3 2 1 0

| ocr2 | ToV2 ICF1 | OCF1A | OCF1B | TOV1 | OCF0 | TOovo | TIFR
®/E RIW RIW RIW RIW RIW RIW RIW RIW
e 0 0 0 0 0 0 0 0
Note: IZFFERIE/LNT/CHARENL EARTHRIAXM THATRA  ARUNESBHNTH
PBAE R

o Bit5-ICF1: T/IC1 Bi ARIFE

SNERSIH) ICP1 VIR B 4HaT ICF1 B, b5, = ICR1 fENITEkER/Y TOP EAT , —
BI#ERERXES TOP, ICF1 HE(L,

WAT R AR P TR 2R EY ICF1 BE1ET, AN EBAZE 1" KEBRZIR N,

+ Bit4 - OCF1A: T/C1 L& A EE4RE

% TCNT1 5 OCR1A IEEELTNAT |, ZALHIRHA "7,

PB4 H LR (FOC1A) TA&B AL OCF1A,

AT S LR T B A R T IRS 2FFAT OCF1A BE1ES, AN HEBEAZBE "1” K
ERIZAREAL

 Bit 3 - OCF1B: T/C1 i H L& B EE4R&

% TCNT1 5 OCR1B PEERLThAT , ZALHHIRHA "17,

P& H LR (FOC1B) T4&Ef OCF1B,

MATIREIR L RITE B F RS RF0 OCF1B BE)ET, BAUNAEABE 1" X
BRZARENL

* Bit2-TOV1: T/C1 RHIFE

ZUNIRES TICI W IEARNER. TETE JEE‘WEI CTC#ER At ,T/C1 & H At TOV1
B, WIEEEECEXTH TOV1 FrEMNEN , W P101 Table 47 .

104 ATmegad2(L) m——

2503F-AVR-12/03



] ATmega32(L)

RATRH P ITRSEFE TOV1 BEEE. AN EEAZE "1 KFRIZIFEN.
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AIMEL

SNEPWMERSIE 1o 1Ems@Es e/ itHE EXEHANMT
- ; . BEEITME
ERENER [ iTHAR 2 | HRTER AR (EDES)
- TFREOT , H ERNKEASE (PWM)
- WERLES
o 10 {URHER TS BT
s BHESLERICE SR (TOV2 5 OCF2)
- AV @A 32 kKHz FRBFAEN I 10 HEE

&k Figure 53 % 8 i T/C B9 5 EE . SEBREY S| MRS M P2 “ATmega32 HISIBI” . CPU ATiA
B &Y 110 1788 , 3B /O LA /0 SIS R R, BsFEE /IO FEFEHRESMNENN P116
“8 i T/IC HFFE5 WA ",

Figure 53. 8 {Z T/C K 1EH
/

A

\i

{ TCCRn

count - TOVNn
clear (Int.Req.)
Control Logic
direction clk,

-t TOSC1

A
BOTTOM

TIC

Prescaler Oscillator

' v Y

Timer/Counter
TCNTn | ,—_—l
“ " =0
OCn

% * (Int.Req.)
Waveform

7| Generation

- TOSC2

clk,o

P OCn

>m<
N

DATABUS

<->| OCRn |
Synchronized Status flags

‘ Synchronization Unit

- clk,,

f——clk,q,

Status flags 9 A
< > ASSRn

asynchronous mode
select (ASn)

< Y
\ D

Y

FiFes ERTES / THERES TCNT2, Wt LR F 8 OCR2 H 8 (uBFFeR. HHMiER (BHEER
Int.Req.)o EBEERESDMIIRETFEE TIFR #iE KM, FIADUTAR o] LUEE ErT 25
W RREFE TIMSK 2id# TR®. BFRELEHE TIFR 5 TIMSK,

T/C KyEt &b AT LA B Tl 20 43 3R B9 N EBR E =k B3 B TOSC1/2 SIMEA N RBated | ¥
AATEED D, RS BREAFRSRESSFE ASSR #£5], MHhERBEERET SR
T/ICItERE G MN(BE L) aT 40 R SR AER IR T/CA T EILIRAS . iHiFiERBEE
HREVE RN clkigo

MEFH LR F 78R OCR2 —ES TCNT2 WEE#M TR, RIEREHRAALRE
R4 PWM R R LB H I M OC2 i th T RIERMNES . M P109 “ i tH LR E
T HBRERERESEMLRITEIRES OCF2 , AR~ 45 HERFMIER,
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EX AXWFZFERIREZEMINBEANEINRT. MNEXN ‘" R RENS/ITHBNEFS |
ELBER 2, ERESEFNEFABHENER (HIEA TCNT2 kiFE T/C2 it EEEE
)o Table 49 FESGERFAT,
Table 49. %88

BOTTOM | it#&5it %/ 0x00 BENE R BOTTOM

MAX T #E8 1T 2 OxFF ( T# Iy 255) BTEIAE MAX
TOP THEES T BT 57 51 9 & KBRS BNiE Bl TOP, TOP E A LK B E E OxFF

(MAX) , SR fE TH 788 OCR2 EN#E , B4R THEREXBE

T/C BB IR T/IC AT A ES S RAB RSN IES . clkr, BHREIZEHR MCU B clk o 24
ASSR HF1ZE5HAS2 BT | B4 JRRE F TOSC1 MTOSC2 iEEN IR 2. iFHN 7L
BEFALSZE P119 “ LIRS EESE -ASSR” ; FHAM RSOSSN ABESE
P121 “ ZERT Y / ITERES T 285188 ~

AL T S T/ICHIEE LS H AR B 12k 7T, Figure 54 BIR TSR © Bl RIS 5 1E
=R

Figure 54. it 2 THIEHE

TOVn

DATA BUS > (nreq)
h TOSC1
count
| ok TIC
clear :
TCNTn hd Control Logic [« = Prescaler Oscillator
direction
. P TOSC2

bottom T Ttop
EHHE (AHES):
count fi£ TCNT2 b0 1 SR 1
direction IEIZFINRESBIRIE

clear BEE TCNT2 (HAIENES )
clky, T/C BB 4
top RRTCNT2 ELEE THRAE

bottom &R TCNT2 EL%LF 7 &/ME (0)

BIETREN THARR | IHRBHNE— cky, THBE. M—FR— B4, clk, A5
AEBET IR RA T SR~ 4 |, EAHMNHERMN CS22:0 BE, B EFER IR
(CS22:0 = 0) BT &L, BRFEHRA clky, ,CPU #ATLLIAE TCNT2, CPU BiE
eIt B HMIRAE (B, MERE ) MR ERS.

TTEUF P T/C #84|2F 1785 (TCCR2) B WGM21 F WGM20 RE. TRt HRITHSHA
HEEE OC2 KA ERNX R, BXRITHFIFRE~ENFMAEERESEZPI10“T

EERX 7,
T/ICRHFRIFRETOV2IRIBEWGM21:0 iR EH THEERKIRE, TOV2H LA F~=4£CPU
A BT
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AR ST

5 fhl e i LE R

E TCNT2 ##/EF L LE B TR

fEF%H LB T

AIMEL

8 NILEEREBFIFLEFY TCNT2 Mt H LRI & 788 OCR2 #1TtbER. —B TCNT2 &F
OCR2 , tREEHMAHIERES, EEBEAXEN T —NERSFN S EABEH HEEBRIFE
OCF2 &1, & OCIE2 = 1 ;&N 5| &5 H LB F #fr. SITH MRS EF I OCF2 M B3IE
T, UBIREGEE "1 WERHETES. BIE WGM21:0 F1 COM21:0 iEEMFRRE T
EER , BEEAERTUFALEREEFETRNER, Rt , BEXESRERA max
F bottom 5 RABIRBER A THEHRER (A P110 “ TE#E "), Figure 55 i
b T A ER,

Figure 55. #itH b R%E Tt HEE

DATA BUS

- i t >

OCRn TCNTn

| = (8-bit Comparator ) |

OCILn (Int.Req.)
4
top P —
bottom | Waveform Generator

- OCxy

FOCn >

L]

WGMn1:0 COMn1:.0

£/ PWM #EXrt OCR2 HFER[AMEHEFFR ; MEERE TERAMTRMNEERR
MEANRERELN. NEHALUFER OCR2 FFERS top 3 bottom B ZIFE LK |,
MRS =X FRE PWM BioF |, THERERI,

iAF OCR2 Bt BERBESR , EXTF R, EREMEHIh8ERt , CPU iKY Z OCR2
ZHHFES ; ZUEREHhEER CPU HRIKINZE OCR2 &5,

THETIEPWM HESET | A7 LA 58 Hil % K LR FOC2 B "1 K= £ bR ITHL . 58 LR
EEASEMN OCF2 #1& , i AL ER / BEENSR , BR OC2 SIMMKEN , FRE
HRE T LLRICE —# (COM21:0 JRTE OC2 REfL. FF , EEXEBEIL ).

CPUXI TCNT2 FEBMBERESHE T —NER SR H EAHME L LRICE M R L | BIfEL
FNENRELFELT . XM LLARF OCR2 #liR{L A5 TCNT2 M E /Y BE T it
il

MTEEERXTE TCNT2 FFE T —NENSRMHEARER L RTE |, EEARH L
RT3 TCNT2 B , A& T/C REEET. WREAN TCNT2 WBREST
OCR2 , Lk RICEMEPH T , ERMTEBHREREER. XU , HiITH[RITHESF
T A EX TCNT2 EA BOTTOM,

OC2 MIREBNMIZERERFESMFFRZAMTH. RELHNIRE OC2 N A EREEBE

A TR A58 S5 H R FOC2, BMEEHRTRFREEAN OC2 FHEHFHULE—ERFT
R BE.
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B Pl s 2 T

bR R &

THEBRR
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JEE COM21:0 MEBREBIRERTENE R, COM21:0 Bk B4 K,

R EEER 2 E COM21:0 EENE R, BEAERRA COM21:0 KBET —
LR PUED & £ B B9 5 EEBUIRAS (OC2) ; COM21:0 i&#24] OC2 I HES KR,
Figure 56 3 3% COM21: 018 B B/WI #0858 49 L R, IO 7. /O 1/O gmﬁuwﬁ
ERR. BFRAH T COM21:0 EMAYEA 1/0 ix Q1421785 (DDR M PORT), %
R OC2 IRA&RTIEH 2 AEE OC2 HFF8s , AR OC2 SIf,

Figure 56. LbERPCHD#H H ¥ T/REH

—D

COMn1
COMNO Waveform D O
FOCn Generator
— 1
OCn
OCn o Pin
A
- D Q
3
m PORT
<
i
a »D Q
\ DDR
clk,o

RE COM21:0 I — MMM B R R LRI H LRI EE OC2 BB /0 O
iJam {BR OC2 5|y FahAZETHIES MEF 78 (DDR). #EEM OC2 WALz Al
BAEBIHIESMFFRM DDR_OC2 I ffitsIMRENAH, wOMRSRERE
R TR TR

ﬁ&tbiﬁuﬁaﬁﬁul‘l‘/ui"r OC2 RS H H 2B B ERTH R, EXERL COM21:0
REREL T HARERE | H0 P116 “8 L T/C FER/HEA "

BEEESRFA COM21:0 WARKEZE. CTC M PWM =ZHEXTERXH . XFFF
BWER ,COM21:0 = 0 RBALREE X E TR X ERT2ERIE OC2 FEES. IEPWM
BRAWERmEIES A P115 Table 51 ; HE PWM 89 b4 HHF P116 Table 52 ; #81%
1£1E PWM B Eb % F P116 Table 53 .

W3 COM21:0 FEMEARBEENE—XLRITE, FEPWMESR | aJLlEEER
FOC2 KR &SI BN £ MR,

IHEER -T/C MmELRSIBMNTR - HREFEEXERER (WGM21:0) RLERHHER
(COM21:0) VR HIMIRE, LR EEXNNITBFIEEEWN  WEE~ &R T 5HF
FINEFIE, COM21:0 4 PWM 'f‘*tH;E'E SRR, 3F PWM 3B COM21:0 2 #l4a
HESNZELRER L EREN, FE , 2EFHX (P10 “ LREEBHET ).

SN FEEESE P13 TICHFE ",
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EEEX

CTC( LR Tl k5B BRERT 89 )
1§

BOE PWM =

AIMEL

EHEEX (WGM21:0 = 0) AREENITEEN. EREXTIHHRBIFEwE M, it3 8
LB KRER (TOP = OxFF) , HTFHERH TSR L bIRE R &/ME 0x00 EFHFF
o £ TCNTO R ENE —NEBEET4HE T/C B HFE TOV2 Bz, Bt TOV2 R
Fou, RARREEN , T2FE, EHTENSHHRSEFEBEZES TOV2,
WAIBN GRS ENEN SRR, EEBERATSEALEESKRERN AP
BERT B AFTH T BT EE,

MHLERETAARSER, ERTHEEEEEEA T AR HLEBR~EKE BN
2 5AKXZH CPU BYE,

£ CTC 3 (WGM21:0=2) B OCR2 HEes A T AT It BN 2=, HitHENHE
TCNT2Z T OCR2RTIT#ESEE. OCR2E X Tt B e TOPE , AT ERES M 2 8K,
EXNMNEXFESAFATUREZ R LR ITE W H AR | BEE T ATEHITHNER
£,

CTCEXH B FE 7 Figure 57, iHHERBETCNT2 —ERME TCNT250CR2 IR | A
J& TCNT2 5%,

Figure 57. CTC XK FHE

OCn Interrupt Flag Set

v v

TCNTn / /
ocn ' o
(Toggle) (COMn1:0 = 1)

FIF OCF2 #RETUEITHEMELT TOP BIFL£dil, EPMBRSEFEAUEHR
TOPHIEE, HTFCTCHEIZENE HINEE , EIT BB ULT 2 MR RIENTA DM T
ERYBHRSF TOP BN #EIE BOTTOM MY ERER E /. MREA OCR2 WHENTH
Al TCNT2 WEE |, iTHEFELXA—RERER, T -AREREREAEZE , THET
BREITHEIHZRAE OXFF , REEM 0x00 FF 181+ %E OCR2,

RTHECTCEXTEBEEFHE , TLLRE OC2 B ALREER A £ NTBEBE,
XA LB IRE COM21:0 =1 REK. EHLERBOC2HEZH , BAENAEKORE
R, BEAEREBTENRAIAERN foc, = fux 1o/2 (OCR2 = 0x00), MEHIT
NARHEE : -

£ _ fow 110

ocn = 37N (1+ OCRn)

T8 NRKKMOMAF (1. 8, 32, 64, 128, 256 5 1024),
EEERAT , TOV2 fREM BN R EEITHRM MAX & 0x00 KYE R 26T 89 A HA o

HIE PWM R (WGM21:0 = 3) T ARFAEBNH PWM KB, RE PWM EXSHAt
PWMEXHWFRIZAREEDRIE TSR ITHEBEMBOTTOMITEIMAX , AFIZANE
F|BOTTOM EH . W FEZ BN EERAHER | % H LRSI # OC2 7 TCNT2 5 OCR2
EEAEE , £ BOTTOM REN ; W FRELERHHER , OC2 WaEEFER. H
FHEATEDREER | RIE PWM EX A T /EME 6 A XRHR AR 18 E PWM X

10 ATmegad2(L) m——
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HAEE PWM

2503F-AVR-12/03

B—fE. LSMRESEESRE PWM BERX T+ 2848 THERAT , BRM DAC BA,
ST LURNAZB TR (BB, BE ) WYERY , NTBRERSE R,

ITHEFHRE PWM EXE , ITHHRERNHE-EEMNE MAX , RAEEREN—/NatshEH
BT, EAKEFE SR Figure 58, BFFAIRE TCNTO R RX 2RI FIIRE, HERR
REETZENPWMBIHUKESE PWM i . TCNT2 #3F EMEKFEL KR OCR2
A TCNT2 Wy LE B P,

Figure 58. 1Ri& PWM &6t 7B

OCRn Interrupt Flag Set

OCRnN Update and
TOVn Interrupt Flag Set

v v YY VY Oovy v Yy

- //////L/////L/////L/////L///////////L/////

A A A A\ A\
ocn J (COMN1:0 = 2)
OoCn m (COMN1:0 = 3)

P Y S PSR

it SR BUEIR B MAX B T/C i@ Hidn& TOV2 B, MRFPUTAERE , £ MRS EF P
AR5 72 /7 AT LA BE #T EE R (B

TEFHRE PWM XA |, bR T AT BAfE OC2 SIf L3 PWM K, i& & COM21:0
N2 AUFEEEBEN PWMES ; B 3N~ £RE PWMER (SR P116 Table 52
)o BAETES|H L BRI EESELTNOC2HBIE R EIREB R M H. =% PWMEFEHH
B R OC2 FFE1E OCR2 5 TCNT2 LEREN (RET ) , AREITHEEET (M MAX
255 BOTTOM) 89 BF — N ERTSS R4 B HAE R (B )o

48 PWM SR T SUE T AR HEE) .

, _ fak o
OoCnPWM N - 256

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

OCR2 HFEH NN R EN R RTIEPWMER H — L4515 R . & OCR2ETF BOTTOM
o HIE S MAX+1 NERT BT H B HI E Rk ; OCR2 3 MAX Bt , #R#E COM21:0
HIRE , WMHEENSEFREBRTF,

BIIRE OC2 EHLLR LA #HTZB BB TR (COM21:0 = 1) , AIUBESZLR 50%
WEAMES. OCR2 AN 0 RESHARBMES,, = f, o/2. IMFMELTF CTCERXT
# OC2 x84 , FRIZAETFHRE PWM EXEBTNE A,

MAEE PWM EX (WGM21:0 = 1) RAFPRH T —NMRESREMMIEE PWM K

Mt WEXNETNRIBFIRE, ITREEES M BOTTOM itE MAX , RE XM MAX

FREIEBOTTOM, E— MM LERHEERT , Hiti B EMAX TR ERET TCNT2

FOCR2HYLEE ,OC2HHEZTNEBETF ; MEITIIEREBOTTOM TR E XK E T TCNT2

F OCR2 At , OC2 BN NESHEF, ThETFROBHLELBRHMNEFHER. S

iffﬁ*ﬁtt , MRBEIRETIRBN R RIAXRE/D, BRTHEMNEY  +2ESTEHE
IJO
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T/C i FFHE

AIMEL

MMEE PWM XN PWM BEBEERN 8 thiF, TR Tt EMEE MAX , REFF
BRI, E—NEMSMEHE TCNT2 WEZET MAX. HEFEBRTS N Figure 59,
FTCNT2 WBEAERERE , LRAXNRERE. ZEREMNEEATEHEPWM K H
HA/RE PWM B H . TCNT2 #H3% E#/MER KRR OCR2 1 TCNT2 YL L,

Figure 59. M{SE PWM X e FE

OCn Interrupt Flag Set

OCRnN Update

| TOVn Interrupt Flag Set

-

Y vy \Aj

w /IN NSNS

OCn \—‘ L (COMN1:0 = 2)
OCn ’—‘ ’—‘ T (COMN1:0 = 3)

perod S R

HitatE3iEZE BOTTOM Bt T/C SBHPREN TOV2 B, PR A K= 4 i,

TEFHMEBE PWMERXE , LR E LA LAE OC2 5™~ 4 PWM K : & COM21:0
RER 2 FEZBHEMN PWM | iRE COM21:0 A 3 =4 KRB PWM 55 ( &0 P116
Table 53 ), ZEESIH LB 34 1S SESF OC2 MMIE S MR EHH . OCR2
TCNT2LE R IEEl X £/ OC2 FFE N~ £ MM BESREMERE , N~ £ PWMIE .,
THEFHEMBEERN PWMAERTHTRARNIKE

‘ _ fa o
0CnPCPWM = N -510

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

OCR2EHFZEATMERR THMUBEPWMERMN —LEHER. EEEPWMERT ,
% OCR2 £F BOTTOM , H—ERFRNEEF ; & OCR2 &F MAX , NmBRIFR
SHEE, k[ PWMERNEFHER.

£ Figure 59 HEE 2 MNEH , BREE L ELLREER , OCn I T — NS EHEAI B
2, 2 A2 RIEEFAE BOTTOM BT H, %74 B LR i A R AR 2 LBk

W Figure 59 FT /R , OCR2A R{EM MAX B H A4 #E . 2 OCR2A B MAXBY , 5]
B OCn H0% H 1% 5 BTE M i S LR IR A0 4 AR . RIERAZE BOTTOM
FIEIXIFR |, 2 T/C BERER MAX Bt , 5/ OCn By R XS FE A FIEH
ERENER, WEEAT B ARELRIEKE OCh MBAEHENANR.

«  ERBRM—E OCR2A AMEFFIRIEH , ARMEKXRT —RHLREE. Hits5IAT
REHRIEEKXE OCn AMIRERENIAR,

THEPSHN T/IC AESBE , BEN ck, TARTANSERES. EFRDE
KT, clky B T/C fKHIRM AU, BHREYE T FMIRSIRERBTE, Figure 60
BET TICHERF. BHAHETRABMISE PWMEX IR MAX B ITEFE,

12 ATmega3d2(L) m——
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Figure 60. T/C BtFE , T 5 #zR

clkI o

clky,,
(clk /1)

110

TCNTn MAX -1 MAX BOTTOM BOTTOM + 1

TOVn

Figure 61 45 HAEEI A E R 2R 2RYE | (BTN 2 S 25 BERE,

Figure 61. T/C BtFFE , M SMBRA fy /0/8

o ATV ATAL
(c?IiE/”S) T F T F

TCNTn MAX -1 MAX BOTTOM BOTTOM + 1

TOVn

Figure 62 A 7 BFEX T (BR7T CTC #=X )OCF2 BN ER -

Figure 62. T/C /7B , OCF2 Bfy , A $MBRA fyy 10/8

oo [UUDUUDULDUUDUUDRUDUUBUULUUDUUOL
S || 1 1 1

TCNTnN OCRn -1 OCRn OCRn +1 OCRn + 2

OCRnN OCRn Value

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

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

cIkVo

clkq,
(clk,o/8)

TCNTn
(CTC)

OCRnN

OCFn

:

AT

:

R

:

U

:

R

TOP -1

TOP

BOTTOM

BOTTOM + 1

TOP
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8 i T/C FHFaii A
T/C 2%|%F 78 - TCCR2
Bit 7 6 5 4 3 2 1 0
I FOC2 WGM20 | COM21 | COM20 | WGM21 CS22 Cs21 CS20 I TCCR2
®B/B W R/IW R/W R/W R/W R/W R/W R/W
HRE 0 0 0 0 0 0 0 0

. Bit7-FOC2: B&laHEE

FOC2XfE WGM i5BAIE PWM ER I T ER, B2 , I TRIESKRKB[HHNREY FH
PWM B} , 5 TCCR2 EXNHEE. BE1 5 , K RKERFILNFHTHRIRE, LLRTE M
i S} OC2 fF12 B COM21:0 iR B N BT, EXEFOC2 X U—NIFET |
B IEX 5864 H LB EERN R COM21:0 WiRE,

FOC2 A5 REAHM , b F2EMREA OCR24EHR TOP Y CTC BRX TX ER 2R 1THE
Py

E FOC2 MR EEKIZ A 0,
* Bit 6, 3—WGM21:0: BFEF=EER

XUz T REENITERES | T RES R AE TOP BISKIR |, URFZEMARR, T/CX
BWERE  EEERX , bRCE X EERITHEER (CTC) , UEHHM PWM #EX |
¥ Table 50 5 P110 “ TR 7,

Table 50. BE~EERNEL D

WGM21 | WGM20 OCR2H#y | TOV2 W&
#X | (cTC2) | (PWM2) | T/IC I TEE= TOP | EffrtE | fumtzl
0 0 0 Z8E OxFF | MEDEH | MAX
1 0 1 LS IE PWM OxFF | TOP BOTTOM
2 1 0 CTC OCR2 | M ENEH | MAX
3 1 1 PR PWM OxFF | TOP MAX
Note: 1. %g& CTC2HMPWM2EETHEFEMT ,EEH WGM21:0, B 2INBER L& 5 LA RTAR
o

+ Bit 5:4 — COM21:0: L3 Peid i HiE =

XEVRE T HRIEE R £t S OCO MEF, MR COM01:0 H# —{usks Ef#
Bfz, OCO LALLBRICE f H A7 N 1T T, RNEAEERMEREN 1 UERAH
k8

4 OCO E#ZEF|YES|H £t , COMO1:0 HIThBEMR I T WGMO01:0 MR E. Table 51 4
HT 2 WGMO01:0 iR BN EBE A CTC HH A COMO1:0 Ky ZhEE.

Table 51. LRAWHERX , IE PWM ERX

COoM21 COM20 L
0 0 EENRHORE , OC2 RiEH
0 1 HRIEH £ &£/ OC2 Bz
1 0 LRI E & 4 B OC2 5EFE
1 1 LB el & 4Bt OC2 B

A IIIEI% 115
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Table 52 4411 7 % WGM21:0 & & 1 HRIE PWM #E X if COM21:0 Y IhEE,
Table 52. LbR&HHES | RiE PWM &R ()

CcoM21 comM20 | i%E3
0 0 EENRHORE , OC2 R
0 1 R
1 0 HRICE KR £ 8 OC25EE |, it#E TOP B OCO Ef
1 1 LR ITE & 48 OC2 Bz , 124 % TOP & OCO EFE
Note: 1. —MMFEKIENE OCR2ZE T TOP , H COM21 B, AT LB ITE 45 2B , it 2R 3

TOP BEIBHEME B ., IFAEEFESA P111“ RiEPWMER” .
Table 53 44 7 % WGM21:0 i&E A& IE PWM & BF COM21:0 BIZhEE,

Table 53. LbR#HH#ER | B E PWMERK D

COM21 | COM20 | B
0 0 FERRORE , 75 0C2 ik
0 1 #E
1 0 EAFITBNAE LR EERSES OC2 ; BFITHN AR TENGE
i OC2
1 1 g%g@ﬁ&ﬁﬁittﬁ EEGEN OC2 ; MFIT BN A LR EEE
Note: 1. —MEHHKIER R OCR2Z T TOP , B COM21 E{u, At IE N4k ZrE , it EkE

TOP BIZHEREE R, FAEEFES N P12 “ IS E PWMER " ,

* Bit 2:0 — CS22:0: Bt4hi%ki%
X =7 AR R B F kR T/C UEF4HIR , W Table 54,

Table 54. B4hikiR {15 BF

CS22 cs21 CS20 pi7): ;|
0 0 0 Toutsd , T/ICAIE
0 0 1 Clkros/(GRBETS R )
0 1 0 clkyos/8 (REFZ #1ES )
0 1 1 clkrog/32 (KRB AR )
1 0 0 clkyos/64 (KRBT 2R )
1 0 1 clkrog/128 (R BT #1188 )
1 1 0 clkr,s/256 (R B2 48T )
1 1 1 clkryg/1024 (R B TR S $185 )
ERER/ THHEEFFES - TCNT2
Bit 7 6 5 4 3 2 1 0
| TCNT2[7:0] | TCNT2
®/B R/W R/W R/W R/W R/W R/W R/W R/W
BE 0 0 0 0 0 0 0 0

16 ATmega3d2(L) m—
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AHLEBREER - OCR2
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B T/C F788 W EEX TR 8 U BIEHTRE LA, X TCNT2 F7RHNE1H R
RET—MeEIELLRER, EIHHRSESTHIRFEHR TCNT2 WRERTRELR—
X TCNT2 Al OCR2 Ky LE R It

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

WHLEBRFERTES NS UNEIEE , TEMESITEEEHE TCNT2 #1TLHHKR, TEE
BRI SR £ H bR i |, S AR OC2 SIM L= 4K,

A mEl% 117



ERER / TR T RE
RIRBEFER - ASSR

TERER [ ITHER 2 NRSBRIE

AIMEL

Bit 7 6 5 4 3 2 1 0

| - = = = AS2 | TCN2UB | OCR2UB | TCR2UB | ASSR
®/B R R R R R/W R R R
MAE 0 0 0 0 0 0 0 0

» Bit3-AS2: % T/C2

AS27"0”BI T/C2H1/ORY #hclk, o IR 3h ; AS2 " 1"BS T/C2HIE#EEI TOSC1 S fY &4k iRkS%
BSUKZN, oX3F AS2 B AJEEMEA TCNT2, OCR2 5 TCCR2 AR,

» Bit2 - TCN2UB: T/C2 EfH

TIC2THETRLSERXE , ETCNT2F S TCN2UBE I, YTCNT2 \NEEFHFREH T
EEf5 TCN2UB HEEMEZE, TCN2UB 3 0 REA TCNT2 AL BEAHET

« Bit1- OCR2UB: Wit REFFEE 2 EF

TIC2IHFRFEXR , EOCR2/5|EOCR2UBE L, HOCR2ZNE FHFFREMTE
J& OCR2UB B E#EE. OCR2UB 71 0 &8 OCR2 AILABEAH{E T .

+ Bit 0 - TCR2UB: T/C2 4| HFF8EH+

TIC2THETREFERAT , ETCCR2F S| TCR2UBE I, Y TCCR2ZM\NE FHHFHEH T
EEf5 TCR2UB HTEEMEZE, TCR2UB 3 0 XBI TCCR2 AJLABASET »

MREEHICHREENMHNNMRE LR EF - FEHHSBBEORR , #5I2FL
EH A,

EHL TCNT2, OCR2 # TCCR2 Wl HI R TR, EE TCNT2 SEIM2XFRWE , M
OCR2 #1 TCCR2 NI 2 NE FHFFEH M.

TIC2 IEFRFEBEANEZEMTILR :

24 - EESNRSERX 2B EIREAEEER TCNT2, OCR2 # TCCR2 #iEM R
K, RENSBRNIZR :

1. &2 OCIE2 M TOIE2 LAS% i T/C2 #Y 9 i

2. iRE AS2 LUEAEREEH IR

3. ¥ TCNT2, OCR2 #l TCCR2 E AW HIE

4. YIHEIRLSER  HF TCN2UB, OCR2UB # TCR2UB AE
5. &R T/IC2 W RHTIRE

EEMEFEREPM

. ﬁ%%ﬁﬁ'ﬂﬂiﬁﬁ 32.768 kHz F R B R. 45 TOSC1 R/ IRt |, ATREQIERK T/C2 T
IR, REETNHMTLRRS 4 B0 L

BETCNT2 ,OCR2F TCCR2HHIEH KEANEFE , M/ TOSC AT IEBKEE /5 8t
FIXNMENSES, ERENEEREABNFTER I TEIITHNEEEA
BE, SNSERHEERERUNERS , LB TCNT2 HF2TIH OCR2ME
B, RPRESSERBASSR ARRERBERECRXBEATEBENFES.

. WREAT/C2 4N MCU HBEXRY & Standby EXHREESLM , MFE TCNT2,
OCR2A$[]TCCR2AE¥J’T LR Z BT ReHE AXEREER , SNMCUTEERET/C21E

H 37 B A RERAE R, X530 F A T/C2 9 b3 PU R e e B MICU AHEE  H

ﬂﬂiﬁ%ﬁ OCR2 = TCNT2 LR ICEL R 2 IEH ., MREFEH TR Z 1 (OCR2UB

m .

18 ATmega3d2(L) m——
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ERER / TP R AT 78R
- TIMSK

ERER / THEER FHRETER
- TIFR

2503F-AVR-12/03

R OMCU FHtA TIRIRER |, MALBREEFAMKEZTR2LE , MCU thkiZE &
WEET

MBEBEAT/IC2ENEEERNTY B Standby BXHNMEBELR 4 | MICTEEHRE AL
KEEXNITR, PHBHEEE—/ TOSC1 AHHTEM, MBEMNRERFHIA
REERV BT B /NF —AN TOSC1 A , PR TB A4 |, SSHt T AKRE, WRAFPK
RECEFREAFREX—&H , UUAREIMTAEE :

1. ¥ TCCR2, TCNT2 & OCR2 EA& &M HIE

2. %13 ASSR MMM EHICHREBSE

3. #ABBEEXHY B Standby ER

EEBETRSIERR , T/IC2M 32.768 kHz IK5HEE T —E T4 , BRIEHF AEHER
5 Standby X, AFPNIZEE , IRHHNREN B KL 1 B, Bt , 2
WAPESHLEEN , FMNESR /Standby BRXRERELZE 1 DHEEFER
T/IC2, B, BT BRI BHHNTREY , MERFIEN T/C2 FEB[NRNEET
BEAEH  TEEANREREERNASRHES, APSNENAXESTFRRE,
FARS T B EERNHY E Standby EXHWRELRE : dHEHEFRERE BT —
ANERNBNHREBESEES, MR | EAESETLUSEIT RSN REZHiT
BEDLXEMT — /I etih, BREEF MCU &1 4 et |, EERITHMBRSER. F
MRS TR P4 R 2 G TT 4T SLEEP Ba 2z G,
MNEBEEXEREE 2 FRYE R EIRIEZE TCNT2 TaEiRE R ERAEHKIE. BN TCNT2
HRSH TOSC T4 IRZIH |, MIZEL TCNT2 HFVET —NE5HE 1/0 BRSNS
FHKRTHK. AFRETEN TOSC1 W EHR. NEBEXREET /0 BT B
&, MIREM TCNT2 BENHAKEEXGHNE , BB T—1 TOSC1 EHRKE
Ko NEBEBEXKER TOSC1 WHNREEAAFNE , mMES®EREAEX,
I, RELTCNT2 HERSIR -

1. B—MEERIEER OCR2 8 TCCR2

2. EEFHMENEFRIREES

3. i TCNT2

ERSEXT  PHFRENESEE I NMCESABM—NERSER, 4B
LUEE S iR S BN IT ES BE oI RS EDOXNEM T — o4, WL
BN L SEMSBMYES , MAR2LEER Y,

7 6 5 4 3 2 1 0
I OCIE2 TOIE2 TICIE1 OCIE1A | OCIE1B TOIE1 OCIEO TOIEO I TIMSK
®/B R/W R/W R/IW R/W RIW R/W R/W R/W
NHE 0 0 0 0 0 0 0 0

» Bit 7 — OCIE2: T/C2 %t Lb 8 PUifig A i (S 8E

X OCIE2 MRAFTER/N B MaEsEN | #H "1” 5t , T/C2 M%H LR ITE A ifE
B, M T/IC2 WWELRICE &4 | BN TIFR @ OCF2 BuA , FHIRESEF BURIT,
 Bit 6 — TOIE2: T/C2 % H i {ERE

Y TOIE2 MRBSERN R PMaEsEN | #83 "17 &F , T/C2 KR H P I FARE, % T/C2
REBRH |, BN TIFR Y TOV2 L EuAt , PHTRRSRFEBUMIT,.

7 6 5 4 3 2 1 0
I OCF2 TOV2 ICF1 OCF1A | OCF1B TOV1 OCFO0 TOVO I TIFR
/B R/W R/IW R/W R/W R/W R/W R/W R/IW

A IIIEI% 119
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Y% IhEE 10 H1£8% - SFIOR

AIMEL

HHE 0 0 0 0 0 0 0 0

+ Bit 7 - OCF2: Hi H Lt B#rE 2

4 T/C2 5 OCR2( i Lt R&F 1785 2) WIEILELEY , OCF2 Efu, WNEFMRSEFE
BHEE T BN HEE 1 KES, 4 SREG Iz I, OCIE2 1 OCF2 #RE fuht ,
H B AR 55 R R S Bl AT .

« Bit 6 — TOV2: T/C2 @Rt

HT/C2 BHE , TOV2 B, MITHENFBRSEFLMESES, ik, TOV2
HAILERE 1 KEE, 4 SREG FML |, TOIE2 M TOV2 #ENA , FHIREZERF
BEHIT, £ PWMEXF | Y T/C2 £ 0x00 XEiEH A A , TOV2 B,

Figure 64. T/C2 M5 MR

Clkuo —> C|kT28
Clear 10-BIT T/C PRESCALER

TosC1 A © o < © © <
~ ® © Y re} N
o B I B RN 9
| flE |3 |2 <,
5] = = N N3 I

AS2 N R P 5

o

PSR2 0
l y v ' YVYV

CS20 ;x

CSs21 'k

CS22

TIMER/COUNTER2 CLOCK SOURCE
clky,

T/IC2 o BRI A BT TR Clkppgo TRE M |, Clkyos SR X clk o R, BB
ASSRHIAS2 ,T/C2HFHSIM TOSC1 LW , 18 T/C2 AILAER — N ERTAT 44 RTC,
LA TOSC1 #1 TOSC2 MmO C BiE , SIM EaJ/ME— it &R ( A IR a4t
32.768 kHz B9 R @A 1T THR1L )o THEFETE TOSC1 LEEEMA T EHES,

TIC2 BITTHETR D SE T - Clkyps/8. Clkyps/32. Clkyps/B64, Clkypg/128,  Clikyys/256 F
Clkpps/ 1024 HEANE BT BLI%HE clky,g F10 (FELE THE), B 12 SFIOR #7554 PSR2F & U
B, WA P AT HU BT 2 SR8 IF 46 T4

Bit 7 6 5 4 3 2 1 0
| ApTs2 ADTS1 ADTS0 - ACME PUD PSR2 | PSR10 | SFIOR

®/B R/W R/W R/W R RIW R/W R/W R/W

BE 0 0 0 0 0 0 0 0

» Bit1-PSR2: i &I T/C2

LZMNE 1, T/IC2 DM EN. BETHKE , ZNHEHBES. ZUE 0 TH. R
B CPU B4 4ER T/C2 B4 |, Z{7iEN 0, X T/C2 TEERSERN , B oMEEE
MZPMREZFR 1,

120 ATmega3d2(L) m——
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B{THEEEDO - SPI BATHMSIED SPI £ ATmegad2 MANEHEM AVR B4 1TERM S HITEH,
ATmega32 SPI 94 RNTF :
- £WT , 3 RASHELR
. TNRMABIE
+ LSB BHEKRZES MSB BHERZE
. 7 HATRRN LA
. BRER BN
. SREERSRN
. THMNRERERGE
. ERTHREESEBR (CK2)

Figure 65. SPI 54EE ()

T e

MISO

y =

XTAL MSB LSB M%
l "] 8 BIT SHIFT REGISTER e S 9
READ DATA BUFFER 2
DIVIDER e
12/4/8/16/32/64/128 - g
o)
O
L v v v CLOCK z
SPI CLOCK (MASTER) o

SELECT CLOCK s
1 LOGIC o

S

SPI2X

SPR1

SPRO

4] [¢
X

x [a)]
= ow| X
2 5 8
T MSTR
SPI CONTROL «SPE
! o x — < - o
o w o
& o & sl & & g o g & HE
0 = o »wl o o 2 O O o ®
y v | 1| |&
[ sPI STATUS REGISTER | | SPI CONTROL REGISTER
. 8 8,

v

SPI INTERRUPT INTERNAL
REQUEST DATA BUS

Note: 1. SPI#ISIiIEESIiES M P2 Figure 1 5 P55 Table 25

EHMMALZEIH SPI EHEIN Figure 66 FTRo REDFERM MM F 722 — N E A&
RAER. BIFRENMIN SS SIMAIE , ENE —RBRSRE. ETNAMIEEER
RENBFERAMBMNBUFFIR, THE SCK 5IH L= ErtiBoh AR BIE. M
B BFEMENE MOSI BH , AMHLE MOSI B A ; ML BIRER MHLEY MISO BH M
EHH MISO BA, EVEIFMIN SS HEXRASMINE S,

BB R SPI EHAt , SPIE#EOTR B3NS SS SIM , SHH AP HHARLE, X SPI #
FEHEESEARENEZS SPI i4 |, FF 8 LIS HEBAMN., FiERE SPI B4 Z
I, G RIRE SPIF B, MR ILE SPCR 317839 SPI M fE4E(L SPIE B{y ,
WK E. ENATLAMKEE SPDR EAKRBEUBMEIMNAE |, REZFMILE SS I
SURAHRESRETR. REHRNBEN—BERETEASERE,

A IIIEI% 121
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BEEAMNE , RESSHE , SPIZENF—BERFERRS , HREMISO I=D. &
MRS TRETAER SPI $iiES 1788 SPDR WA, BIfELLAT SCK SIMAR AR
th SPDRIHFEHLTFLEBY  BE SS#HHK, MNFTRE2BHZE , BRERIRE
SPIF B, R ILEt SPCREFF M SPIRMIFERELSPIEEN , iaF= £ HTiER, EiR
B ANBBE MY T U%LERE SPDR EAKIE, KERRNHBEN—ERETEH
BFHRE,

Figure 66. SPI 4l - \HLHY EiE
MSB  MASTER  LSB MSB SLAVE LSB

. MISO  MISO,|
T| 8 BIT SHIFT REGISTER }—7{—7¢| 8 BIT SHIFT REGISTER ﬁ

> A | MOSI__ MOSI: o, y A

! ! SHIFT
SPI i SCK SCK. ENABLE
CLOCK GENERATOR — —
SS SS :

Y

Yy

SPIREMREFARAB-—MENER , MEBRGS AR NE TR, HHRRHR  £RIAN
—EESIBAL R LWL RET N SPI BIEFERIITERAE. MERKHEN ,F
EET—INFHBURRBRER B F SPI BEFEHFEMH A EHBIINFF. BN
B-IFTRER.

THEF SPI MHLEEET , #41B B3 SCK SIMMMAGSHITRE, H T RIENHE
BWIERFXR , SPI Rt TaEET f, /4

SPI 86/ ,MOSI, MISO, SCK # SS 3| MK 4 5 645 £ R Table 55 TR B Eh# 1T E
B, EZANERERFSE P52 InOMNEZIIRE ",

Table 55. SPI 5|RIE %

) B5E, SPIEH BE , SPIMHL
MOSI APRENX |WA

MISO A APREX

SCK AFRENX WA

SS AFREYX TP

Note: ES#E P55“ixM0 B WEZIhat " LT HBI{AE LB AP EXH SPI SI#,

THHAEHEAWNME SPI #RLAEN, UROMAHTEHENKELRE, flF+
DDR_SPI X4/ SKFRH BIE H [ 725X E ; DD_MOSI, DD_MISOMDD_SCK £ % H

122 ATmega3d2(L) m——
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SR BIEAEARE, bk , MOSI v PB5 SIH , W) DD_MOSI /A DDB5 Hi
DDR_SPI /A DDRB HfX,

SCamAmBplR o
SPI _Masterlnit:
; RE MOSI M SCK R, Eft A
| di r17, (1<<DD_MOSI) | ( 1<<DD_SCK)
out DDR_SPI, r17
. fERE SPI EHER | RERTHIERER f ck/ 16
| di r17, (1<<SPE) | (1<<MBTR) | ( 1<<SPR0)
out SPCR, r 17
ret

SPI _MasterTransmit:
. BEHEIEAE (r16)
out SPDR, r 16
Wait_Transnmit:
; EEERER
shis SPSR, SPI F
rinp Wait_Transmt
ret

Cc R@\pE"
void SPI _Masterlnit(void)

{
I* %E MOSI I SCK Rt , Hfh@mA */
DDR _SPI = (1<<DD MOSI)| (1<<DD_SCK);
I* fE8E SPI EHER | BHEEENR fck/ 16 */
SPCR = (1<<SPE)| (1<<MSTR) | ( 1<<SPRO) ;

voi d SPI _MasterTransmt(char cData)

{
I* BEhEEEE </
SPDR = cDat a;
1> ERFERMER </
whi | e(! (SPSR & (1<<SPIF)))

}
Note: 1. BFBRECZL8E 7T EBEHLH,

A IIIEI% 123
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TER B F 5B T SPI DAL A ML, BUR I3 1T 18] S B B3R 42 UK

SComeapie (O

SPI _Sl avelnit:
; REMSOR@mE , Hth@mA
| di ri17, (1<<DD_M SO
out DDR_SPI, r17
; fE8E SPI
| di r17, (1<<SPE)
out SPCR, r 17
ret

SPI _Sl aveRecei ve:
; EEERER
shis SPSR, SPI F
rinmp SPI_SlaveReceive
; REUEREINESE  AFRE
in r16, SPDR
ret

C R piE

voi d SPI_Sl avel ni t (voi d)
{
I* iREMSORME , HlRmA */
DDR SPI = (1<<DD_M SO);
/* {E8E SPI */
SPCR = (1<<SPE);

char SPI _Sl aveRecei ve(voi d)
{

[* SFERER */

whil e(!(SPSR & (1<<SPIF)))

[* REIHE */
return SPDR;
}

Note: 1. BIBRBECLBE 7T EBEHILH,

ATmegad2(L) m—
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SS SIHKZhEE

MHLER M SPIEENMILE , MHLEIRSIE SS BENMA. SS NEFBE SPI#O , MISO
BAmE (AP0 THNNRAERE ) S| , HtEsIMR @ ASIH,. =SS haet
FIEWSIR AMmA , SPIBEEN , FTEEKREE.
SSEIMX FHiEa/FHWHRASFEEER , TUEMNB It KESENMN T EEER
H. HSSHNENSPINIUBSMUERMAEZZEE HEABNUTFRETTENRIE.

RN % SPI B E R ML (MSTR #9 SPCR Bf ) , AP AILURTE SS SIIM 5 A,
#SSMENWH , Wit T LUAEL B /O OTREM SPI R, BARARAR
Xz MALEY SS 51,

MR SSEEBHBA , KFRBENELURIE SPIWERTHE, ERERBHNEN , SSH
WA, BEARHE U SPI RESFHEEBFERNE - MABENFESEREAIMN
o ATRHIEELMZR , SPI REFFZIMUMTaE -

1. &= SPCR K MSTR 1 , {# SPI B ML , AT MOSI 1 SCK 2R #i A
2. SPSR# SPIF B, & SPI FifIe /K , MRS EFEEINT.

Bt , EARME XA SPI ENMKIBER |, 7 BFE SS WAMKA AREMERT | FRUTAR
SRFMZKEEMSTR BN "7, BHEE , AP LJUFEEN , AERERE SPI E4

B,
SPI #1878 - SPCR
Bit 7 6 5 4 3 2 1 0
| SPIE SPE DORD MSTR CPOL CPHA SPR1 SPRO I SPCR
®/BE 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

 Bit 7 — SPIE: SPI Hh AL

Bu/5 , RE SPSR FFEEM SPIF 1 SREG BFEMNLBHMEEEMEN , eIk
SPI H#,

 Bit 6 — SPE: SPI ffgE

SPE E{yfF{FEE SPI, #1T{E{T SPI BEZ I A ME L SPE,

» Bit5- DORD: #iEBF

DORD EB{uA##ER LSB B kA% ; ENHIEHN MSB B LK%,

o Bit4 - MSTR: X/ Mi&iZF

MSTR BAHER EVER , BN HMH. MEMSTRHF "1” ,SSEB R A ,BHAIE ,
N MSTR #8F , %1783 SPSR Y SPIF BEfY. AP AMEFKE MSTR H A EHER,

A IIIEI% 125
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« Bit3 - CPOL: Eiéhifift

CPOL BuRRZHE SCK ABBET ; BNZEHE SCK NMEETF. i§5E Figure 67 5

Figure 68, CPOL ThRESLMT -

Table 56. CPOL Ih&g

CPOL Ban SRR
0 Nbipic) TR
1 TR LR

+ Bit2 — CPHA: Bt4p4a4L

CPHA REHIERE SCK M2 1A RAFIERHE SCK WA R RH. FSE Figure 67 5

Figure 68 .
Table 57. CPHA Th&g
CPHA Bah gxh
0 K RiE
1 ®iE X

» Bits 1, 0 — SPR1, SPRO: SPI ii4iER%H 150

BEEHA SCK EE, SPR1F SPROFMILEEE M, SCK FIES BRI HIAR

RRMTRAT
Table 58. SCK MiESHa=MEBHX R
SPI2X SPR1 SPRO SCK #i%

0 0 0 fos/d
0 0 1 fos/16
0 1 0 fosc/64
0 1 1 fos/128
1 0 0 fos/2
1 0 1 fos/8
1 1 0 fosc/32
1 1 1 f o/64

ATmegad2(L) m—

2503F-AVR-12/03



] ATmega32(L)

SPIRAETF - SPSR

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 Fiftr&

BITRIZERG , SPIF BfL, &Lt EF 727 SPCR #9 SPIE M2 B MRV EN |, SPI
FETEN =4, MR SPIREYL, SSEEN@MA , BHIIK , SPIF tFEN. B AFR
BREEFESPIFEFESE, j,%—“')\ﬁ 'J‘fEly:SPSR %’:#&fﬁw@ SPDR3k % SPIFEE,
» Bit 6 —- WCOL: BiZ2i5&

ERIEHPT SPI BiIEE 785 SPDR B IEFE 2 WCOL, WCOL AT BB £ i SPSR
& 158 SPDR REFE,

+ Bit5..1 —Res: &5

REBAL, RBREREERE,

 Bit 0 — SPI2X: SPI {£i%

Ef/E SPI WEEMBE. ZEREMN (W Table 58) , M| SCK $FE A3k CPU MEM — ¥,
%“ﬁ‘]M*ﬂ: /\ﬁE{%ﬁE fosc/4°

ATmega32 # SPI # O REFAREINEF M EEPROM I THFM L&, ES A P253 1Y
SPI B{TmEMRE

SPI $EF 78 - SPDR

Bit 7 6 5 4 3 2 1 0

| wse LsB ]| sPDR
®/B R/W R/W R/W RIW R/W R/W R/W R/W
HHE X X X X X X X X REL

SPIBEFFRNR/ EEFH AREFERXMHNSPIB UG ERCEAECHKE. BF
FREEDHREAE  REFHRFRIRFEROERETS,

A mEl% 127
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X FRITEHIE , SCK WA MIRMESE 4 A4S, CPHA Ml CPOL #HEAEGHF R,
SPI B & & W Figure 67 5 Figure 68, B — U HIENBHMBAKE T SCKREH
FERTR , MRIEE 2B EERERE, XMNIRE Table 56 5 Table 57 HF %
M5 ER -

Table 59. CPOL 5 CPHA Zh#&g

Ehn gxn SPI #=
CPOL =0,CPHA=0 FHRE(LEFR) RE (TER) 0
CPOL =0, CPHA =1 RE (LEFR) EEE (TR 1
CPOL=1,CPHA=0 R (TRR) ®E (LFR) 2
CPOL =1, CPHA =1 BE (TER) K (LEFR) 3

Figure 67. CPHA =0 i SPI Byf£ 58 =X

e L LT L L L
ez L L L

[ SAMPLE |
| MOSI/MISO

e A OO X
CHANGE 0 >_< >_< >_< >_< >_<

L MISO PIN
I: SS

MSB first (DORD = 0) MSB Bit 6 Bit5 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

o9 T

A

Figure 68. CPHA =1 i SPI Byf£5#& =X

[~ sck (cPoL =0)
mode 1

SRR
B O I O O O R
iy

Il

[~ SAMPLE |
| MOSI/MISO

[~ cHANGE O >_< )_<
MOSI PIN <
aase OO

L MISO PIN

HONA
H

H_ A
H A H

]
>_
[= /

MSB first (DORD = 0) MSB Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 LSB
LSB first (DORD = 1) LsSB Bit 1 Bit 2 Bit 3 Bit4 Bit5 Bit 6 MSB

_
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USART

2503F-AVR-12/03

BARSNRSHITERBFME KRR (USART) B— 1M EERENHRTENRE, TEH
KA :
* EMIRE (BUNBTRENREFFR)

- RIRESRE

o EH MR Gt E S R4

- BEENRERRLER

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

- BHAXFNFRRBERE

o DA IRA A

« RFERER , GEEROBARVCON , URKFEER RS

o SRR RXGRPN, REABFEFERZDN , ARBEWRS RN
« SAEREWER

- EERSERER

Figure 69 1 USART W fE{LAEE ., CPU AILAIEEIRY I/O F 1728 1/0 S|P LA E R R,

Figure 69. USART H1EER "

a

-

*********** *77777777777777{:I3ck7G;n;raTor7

UBRR[H:L]

Y

\

\

\ osc
\

\

| BAUD RATE GENERATOR |«

\

\

\

\

A

DATA PIN
;:D_> RECEIVE SHIFT REGISTER RECOVERY CONTROL

PARITY
CHECKER

UDR (Receive)

| sYnC LoGIC PIN _
h J »| CONTROL XcK
rrr--—->-—.....>-¢_ . ____
‘ Transmitter ‘
\ UDR (Transmit) CO,I?ROL \
| 7 PARITY ‘
" \ GENERATOR \
] I TRANSMIT SHIFT REGISTER PIN Ll x0
aa] CONTROL |
I o |
g " Receiver|
| CLOCK RX
\ RECOVERY CONTROL
\
| L L
| RxD
\
\
\
\

a

Note: 1. 3% P2Figure 1, P61 Table 33 5 P57 Table 27 7T fi# USART K 5|H 2 %,

ELAER USART 20 T =AM EERD : (P RAER | RIXRMNEWE, EHFFRE=
METHE, HHRERTERSEE Eﬂ?4ﬁlﬁﬁ$k$%§&j}MMHf?ﬁﬂfﬁﬁﬁﬁﬂi
HABBMANHESER, XCK (KX %%HT%‘I’)%IHH] I ATRSEEER, RIARBE—
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AVR USART #l AVR UART #
B

R =4

130  ATmega32(L)

AIMEL

NEEHER  BITBUTFR  FRREF[UARLETHNMEXAMENZHEE, B
HBRAURFEZREBEM A 2ERENZESIALER, BT EKREGH S NHE
MELST , ER USART ERHPKRERN, MELTATRIHRENZK, RTIRER
T, BERSEEEEFTARE 2528  BuFEEN - MR RIRRE TR UDR, EIK
BRXFSRERMARNMEX , AR MER  BEIENFERLE R,

USART £ T 5 HES AVR UART T2 # A :
« P USART HFEH|MNAEN

RIS RRERR

RIEBRBRIE

RIEE R RE

BN ERRE
AW, BRSBEEHRERNAENLOE , ERERKERTLAXBREMY

T —NEHEE, ANEAHBNREFRE —NERN FIFO, HitX FEMNEW
FMBERER—X | EEEMNREIRIRE FE M1 DOR , K F 9 MRIE{L RXBS
SHE-EERTEREPE. ttaz,ﬁﬁlxﬁyum%ﬁ%ﬁiww@hxh Ao
BNFFEKERRS

BWBNFEFESRTUMEAE=ZREH, ERNEARWLEEZHRR | BIETLR
ETRIBNSESRZF (8L Flgure 69) , BEEIRNEIFMELMN, NTERET
USART i #E2 & (DOR) B8

THEHEFEVH BT X3, @EIJJ?J‘E%DE%??%%EF M EHZBERE :
CHR9 & UCSZ2
OR &y DOR

AT =B BN KX RSB~ A ERAt#h, USART X 4 HEXWEY : EENT
SER , FENFIER  EVNEISEX | URMINELSERX, USART #HI47 UMSEL
MRS EF 78 C (UCSRC) ATERRTEANETEN, FEEN (REATRISER
) B F UCSRA B1F8H U2X, BARSER (UMSEL = 1) Bt | XCK HEKIB 5 M 51758
(DDR_XCQ)JEEETI%‘F?J?\%EE A= E(EVER)ERBAABLE= MNVER), RERSE
T XCK B

Figure 70 Jy Bt =B BERVAER
Figure 70. 4= 42 EER

UBRR
u2x
fosc

Prescaling UBRR+1 . -
Down-Counter > /2 > /4 12 1o
[ 1
0osC — txclk
DDR_XCK
Y ;
Sync . Edge .
xcki Register "1 Detector 1o
XCK r'y UMSEL
Pin =xcko y - 1
DDR_XCK UCPOL
rxclk
= o sy .
E5HEA .
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FARSFE - RISRRER

BRI FER (U2X)

SAEB A &

2503F-AVR-12/03

txclk KEEFETEF (REBEF )

rxclk EUWREBEEMETH (RIPES)

xcki XCKsIfi@mA (RNEES ), BTRIZMNRE

xcko HiHE| XCK sIMEtsh (RNEES ), ATRDSENBRE
fosc XTAL 1% ( REad4t )

NERATRIEASELS EHER | HS R Figure 70,

USART KR 4FR & 1788 UBRR MR ITEESMHER: , — IR ATRBEN T2 M R S
RERER, BEITHRSEXNREN 1T, HHITHEITR UBRRL FiFHREEN , 283
%A UBRR FFHMNE. HiITHREBNFE— P, S ENERSELESNA Y
EHEd , WS RIBRER A f/(UBRR+1), RAEBEXIRFRKESZNE HATE#T 2, 8
16 WM , BEABRERT ITHEER., RERREFNHERERR TERSISHE
MER T, BFEMELTFERT —NE2, 8RI6MRBHRSH , EERSHBHUMSEL,
U2X 5 DDR_XCK {8 Ef TEE RN RE,

Table 604 i 7 it ERAF 2 (/W) A RITE S — R A N E et 80R THEEX W UBRRER
N

Table 60. RIFEITE LR

EARK

BSENITEAKO

UBRR EITEAR

FHEEER (U2X =0)

fosc

BAUD = 15 UBRR+T)

f
_ _'osc
UBRR = 16BAUD

1

T REER (U2X = 1) f f
BAUD = —9S¢ | ygrr = -95¢__
8(UBRR+1) 8BAUD
B EHER f f
BAUD = —9S¢ | yBrR = —2SC__
2(UBRR+ 1) 2BAUD

Note: 1. HEBRENABHHMERRE (bps).

BAUD K4 ( bps)

fosc REREPME

UBRR UBRRH 5 UBRRL #y#{& (0-4095)
Table 68 44 T FE R L R G AT5P 42 T X R #Y UBRR F1E.
BIFIRE UCSRA FHiFaaH U2X RSB MEE MG, ZURANFS THEEXER, H
IHERSERN | RBIZMR "0

REIZVIERSR D HERN D EMN 16 FEF 8, RS BEFENEEERMMG, aTEK
BRAGEA-FHRFEBNBERTRERAHRE , ALEZEXTEEERBNRS
N SERBIRSRIRE, RERUWKAXNMER,

B MR ERKX B AR & 9E3) , 20 Figure 70 FiRo

i AE] XCK S|MB S\ SRt et RS F TR | AURSREN. BSFFENA
HBEY — MRl , RENATRERSERSR, X—SRSIATHEA CPU K+
HARVIERT , B AAED XCK MR AR R A LT QKRS

f
osc
fxek <=3
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AIMEL
EREf HRENGNREERE , A THLEAMBEEMELRKE BUREEZEBH
FERARPERN (UMSEL = 1)XCK S| B# A Taterim A (MYER ) Satepimd ( EVE
X )o FHEFRDR. BRENRESHENTLCENRZNELHNER . ERTRERTH
% TxD B9 XCK B4 B9 48 i in 33 B 3B 50 A 3% RxD #1TR 8,

Figure 71. FEZEXETHY XCK B FF .

UCPOL=1  XCK \_W

RxD / TxD k
r Sample
UCPOL=0  XCK /—\_0@—\—/—\—/
RxD / TxD k
L Sample

UCRSC & 1785/ UCPOL {3 B TE 52 F XCK B4 9 RN 7 3o SR 4 3 17 SRA% A ok 3 4 HE 2%
#&. 10 Figure 71 Fi7R , % UCPOL=0 &Y , £ XCK MY E AR AT HEIE , E XCKH T
BB ITEIESKAE ; & UCPOL=1 B} ,7E XCK My T FSR S H B8 | 7£ XCK M £ 7R
HATEHIE R,

FITHEVMBBEFMERS N ( FRUSELEN ) ARATUENTERBAERK.
USART #3 LLF 30 fh4A S M EBEBME

1 NMEIRL

5. 6, 7, 83 9 MNKIEMN

TREMN., FREDBREAL

132 ML

HEMARBNUITG ; RESRREFNSEM  BIBEFRSTLUE 9 MUEW | IR
MREVER, MREETREM  RERVHREEHRELY , ZFERERMV, H—I T8
MBEWERE , TUMEAMER T — MTORIEMN , SEARRLL T ZRIRS. Figure
72 RN AIRENVBIEME A S . ES TR TIEN,

Figure 72. Mg =

}: FRAME %

(IDLE) | St/ 0 >< 1 >< 2 >< 3 >< 4 ><[5]>< [6]>< [7]>< [8]><[P]/Sp1 [Sp2]\ (St/IDLE)

St BN, BRAEEF

(n)  HEMHL©O ~ 8)

P REAL , IR FRE G BRE

Sp FIEf , BRASHEEF

IDLE @il LR EHREAH (RxD = TxD) , KB ERAR S AN SRE

132 ATmega3d2(L) m——
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B A9 it
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BRI 4B UCSRB #l UCSRC F#F88HH UCSZ2:0. UPM1:0, USBS ®%E. ##
WEREFERAEBNIRE, &EBNEMREE T REBIREE# THHRELESER.

USART KM UCSZ2:0aE 7 BRIBEMIMI BB ; REEN{Z UPM1:0 H FERES R
ERBAEA . USBS IREME — NS E RV, BRI ZHEE-_NMEIEN , BHib
Mi4EIR (FE) REFE —NERMA "0” RHERME,

REMVHITEERNBEANEMBTRIEE, IREETHRE , WFREREFTER
Ro REBASHFPMHARMT :
> en =A@ @A ®d,®d,Ddy®0
Poyg=0d _®. . 0d®d,®d, ®dy®1
Poven  1BRIOL R
Poa BRBALER
d, 8 n MRER
BRENLTHERE - IMREMLSE - MELEALZE,

A IIIEI% 133
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USART #0181t BATEEZ BB LEX USART #1T#HA L. MRILEIBERE SEBERNIRE , M4
MIRE , AR RIEFEZERBRERTRIER. X TP USART R4 , EAHILE
BAEBTL2RPMREMN (£ RPEEER ).

B WE USART HIRENIZERBHFEEBNITR THIT. TXC RS ATAARKE
—MEFEWMNRERBELTR , RXC RSN ATULARKERERETSRPRELERIE
Rz, EERREHFEZH (EBREHREST R UDR &1 )TXC HREMLIEE.

AT 2 USART 1L BFRAl. FIRRA TR (PIRER ) NRISRE , mMAMSE
MREEN. RERENRBSHEETH. BELAEFERBRSHRETFESR 17116,
HEA UCSRC &&=t , BT UBRRH 5 UCSRC £/ I/O #hik , URSEL i (MSB) 4
MEA

SComiaapiig (O

USART I nit:
. RERKFE
out UBRRH, r17
out UBRRL, r16
 BERES KX R
| di r16, (1<<RXEN)| (1<<TXEN)
out UCSRB, r 16
; REMBE: 8 N, 2 MEUML
| di r16, (1<<URSEL) | (1<<USBS) | (3<<UCSZ0)
out UCSRC, r 16
ret
C g
voi d USART_I nit( unsigned int baud )
{
I* RERFE]
UBRRH = (unsi gned char) (baud>>8);
UBRRL = (unsigned char) baud;
1> BEREESRIZEERE ]
UCSRB = (1<<RXEN) | (1<<TXEN);
1* REWHK: 8 MNHEL, 2 MR
UCSRC = (1<<URSEL) | (1<<USBS) | ( 3<<UCSZ0);
}

Note: 1. ZRBBRECLEE T SEMXM.

EESMNBLEFTRNERNENSH, BIEPHMESE, AMTFSHAREFEREEN
BEBRERHTER. LHRCRBTUNERREERFS , 5HT 110 RRHOK
{LRI\BASE -k,

13¢ ATmega3d2(L) m——
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BMIEXRIX - USART KIXBE ={I UCSRB H1782M &% A 1F (7 TXEN SSE8E USART MIBIE %1%, EAES TxD SIH

R3E 5 3 8 U HIBAY I

2503F-AVR-12/03

9B A 1/0 ThAERN4K USART ZHEERFELA , BN RIXERM BT HSIM,. REREE
REFRIFER, TEEASHEHE. NMREARS REER , BT XCK 5| LAY A&
E 5 BN BIE R IE A BT H

REERENRENRI ZERFRRBHIBRERE. MEIEEN CPU X UDR FF
RN ERE, UBNUFFHRETUREN —MRER , EPNBESEBIBUTFSR. 4
BUSERATZRARS ORBFEERTHRERSR ), R —MBENSKE - MM
BEER , CRMBFTNKE, —BEBUFTERME THHOEE  oBRRIREN KSR
SEREIEAY R

UTRFSH - UDRE IREXRAREHF RN REHRENG 7. HRENBEDT 8 fu
Bf, EA UDR #NMENS/LVFHZHK. SR HTEARABZEEENHRIL
USART, #HLmABHELRENBEFRT R16,

SCammBHIR (O

USART_Transmi t:
. BHREENENTE
shis UCSRA, UDRE
rjinmp USART_Transmt
. FIBIBEHAENEE, REBE
out UDR, r 16
ret

C R piE

voi d USART _Transmit( unsigned char data )

{
1% ZEFREENGERTE |
while ( !( UCSRA & (1<<UDRE)) )

1% (FRIEHAENEE , REHIE *|
UDR = dat a;
}

Note: 1. ZRBBRECLEE T SEMXM.

RAOMEBFRAREHAFNERENHRESN , BELN UDRE IREF/HRIEEFRNE,
MRERTHRESFRZPH , WHEBEAZHRNRETTHEFPHT,

A IIIEI% 135
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& IEAR BN 5 i

AIMEL

MBLE 9 MHIBHBEN (UCSZ=7), NATFHRIENSE 9 WEAEEEE UCSRB
TXB8 ,AAEBRESMNHBEEARERIEFTFERUDR, LA TRFA H XXM EIENHE
Wil ¥, ELRARBFELENBEERIE R17:R16 FEHRT,

SCamra iR ™
USART_Transmi t:
. FRREENERE

shbis UCSRA, UDRE

rjinmp USART_Transmit

. FEEIIMr 1T FEHFTXBS

chi UCSRB, TXB8

sbrc r17,0

shi UCSRB, TXB8

AT 8 (T BAIFHAENEE , RIEHHT
out UDR, r 16

ret
Cc R@\pE"
voi d USART _Transmit( unsigned int data )
{
1% SHRFEERZE *|
while (1 ( UCSRA & (1<<UDRE))) )

|* FE9EFHZFTXBE */
UCSRB &= ~(1<<TXB8);
if ( data & 0x0100 )
UCSRB | = (1<<TXB8);
1> JFRIEHAEEE , REBIE *]
UDR = dat a;
}

Note: 1. XUERHBHNBAEHY. MR UCSRB WABTENATREER , BB Nt —F0
t. Hlmm , MK{LERER UCSRB H178717 TXBS i,

FINUBBEESNEFTA TR RN , ERSBEF AUA TFIHALE,

USART KRB H MRS USART B EF 732 =455 UDRE RAZ MG RITE TXC | H
ANPRS L ER AT A= A FR

BIEFF88% UDRE MENRREEZEHBEBRTUEZ —IMFHNHRE, ZNEREE
HERERME "1 HEEEPRTETERENBENESE, N5URNB[HERE , B
UCSRA BESERZMVNEE "0,

% UCSRB HEHITHHEFFHZP ML UDRIE 7 "1” it , RE UDRE #iE (
B2 FHMfERE ) , SIS~ 4% USART B EEesZ R ITiER. X788 UDR IITEIRE
f7ESE UDRE, ¥XAFMARNEHEEN  ERRESEREPHBRSEFDIS4NE —
NFHEIEE UDR LUEE UDRE ; IE R R IEREFEFEHRZ=F I, SN —BiZFHERF
SR, — NN PETNEIRTE,

LENBENBHREBMTEFSR AR REEFRFOXEMNBEN | RELRIRS
TXC Efi, TXC EEARLERFPIMTNANEE , WA EZMLE "1" KiFE. TXC Ir&fL
X FRAM RS-485 FUEM ¥ M IBERZO T 9 EH. AXENAER , —BERETE | N
RRFSARBOERE B4+ A RBCRE.

136  ATmega3d2(L) m——
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M UCSRB LW R ELE R PMERE(L TXCIE 52 BRI E R "1” 6, BE& TXC
FREMHWEN , USART KELRPUDTFHEINT. —BEHABMRESRERF , TXC &M
BN B3ET , P ERF T 4MIT TXC B BRE,

TRRW =4 ik FARE T £ BN BTHREMAERAMAN KRR, REMEE (UPM1 = 1) 8, RixE
HEEERSERENRE LSS —MFILAUZEEAFTBERREN,
1o, 03 TXENBERE  RASIMANBERAETRERERTRBEERLIL  BREBUEF

BEREEHFERTREEEAENEIE. RIERBILEF  TxD5IMREEER /08,

A IIIEI% 137
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WAEEW - USART #iksR

B 5 B 8 MEHEALAY 5 BB
EiL0

AIMEL

iE{Z UCSRB F 1725 o1 7 (RXEN) BN T 537 USART $ZUkES, B ESFERES RxD
K ZE S B ThEE4R USART ThEERTERM , R ANIBRESHRITRA D, #HITHEZERCEE
RERBHFREBER, BEEARMER, MREARBLSRE , XCK SIH LR at& AR

i lE

—BERELNE —NERWBEBEN  EIFREREREEE. BiRuENE —BESFAR
REMNRAFRY XCK rtep T, EEWE — BB S —MFIEf, RRIHRIE
BOEANBRBNFFR. F-NMELEASWIRKERLZHE, BRIFE-—MELNE  BRE
NEESRRES T N ZEOHREMN. INBUFFRPHANDRREBIRBE TR

o BT EE UDR R Al R B ZRE R R B/,

UTRFSA H - RXC iR KRR A NEBHBENS 7. SBHEMDT 8 et , N
UDR REXARIBI S LN 0. LR, BITARRB AT B EEHEL USART,

SComaapl+ O

USART_Recei ve:
. FEHERBE
shis UCSRA, RXC
rjnp USART_Receive
. MBI PR AR B
in r16, UDR
ret

C R Hl+

unsi gned char USART_Recei ve( void )
{

| * EFERERE]

while ( ! (UCSRA & (1<<RX(C)) )

1% MEHEE R R B3 |
return UDR;
}

Note: 1. AMBBECLEE T HMKI KM,

HEREPEBFHELEH , HHBIKRE RXC RS REFRFEEAEBE IR,

138 ATmega3d2(L) m—
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B9 MNBARAT Y 75 = B MRIRET 9 BB BIEM (UCSZ=7) , M UDR REUE 8 {2 Bl A E L iRENEFF
#% UCSRB Ky RXB8 LAIRB 5 9 U #iE, XMNEHER TRESHREM FE. DOR R
UPE, RAE I REVUCSRARE , 1 #EE T UDRIKB. RENUDRF# 2 T T EWE
MHEE FIFO HRAS |, #t kR #1726 7E FIFO Y TXB8. FE. DOR K UPE 11,
ETRORBREBRT —NEEAUSARTIZUEER | 5 BF a4 4 2 O 17 B 38 BOIR AL,
SCamAmBpIR O
USART_Recei ve:

. FEEREE

shis UCSRA, RXC

rjinmp USART_Receive

. MEHEPRERET, FIWRHKE

in r18, UCSRA

in rl7, UCSRB

in r1l6, UDR

. WRHE , &E- 1

andi r18, (1<<FE)| (1<<DOR)| ( 1<<PE)

breq USART_Recei veNoErr or

ldi  r17, H GH(-1)

| di ri6, LOW-1)

USART_Recei veNoError:
. WIEE 9 WHE , AERE

| sr rl7
andi r17, 0x01
ret

Cc R@\pIEm
unsi gned i nt USART_Recei ve( void )
{

unsi gned char status, resh, resl;
1* EFERBHE]
while ( !'(UCSRA & (1<<RXQ)) )

1* MEHFEPRERT, FIMRHKIEE]

/* frombuffer */

status = UCSRA;

resh = UCSRB;

resl = UDR

|* ZRHLE, &E-1 ]

if ( status & (1<<FE)|(1<<DOR)| (1<<PE) )
return -1,

1> TIEE 9 WHHE, AEiRE ]

resh = (resh >> 1) & 0x01;

return ((resh << 8) | resl);

}
Note: 1. ARBEBRESLEE T MK,

LRl FE#TEMITEZIRIAAERN /O FERNABRRINFFRXM4F. XMHFER
LT B EFRNFA. ERURPHBERT ZPas LBRUEIHRE,

B SRR E R P USART £ 358 —Mr& F SR8 BRI SRR

A IIIEI% 139
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BPERERIRE
TRAKWEE
FibEWE

AIMEL

BRLRIFE (RXC) ARRAZEREFHEPERERZHOHE, HBREFSEHRER
BHAOBER , R 1, HBREPRERA O ITEERIEHOKE ). WREWES
WEIE (RXEN = 0) , EWE 2B RFE , M RXC ES,

B {7 UCSRB MY ZU & R UT{ERENL (RXCIE) J& , RE RXC irHREN (B2 Bl RaE
) MAF4 USART BIRLERAPMT, 8/ MA B THRIBERE , BIEERLE R PR
SEFEFLTM UDR EEBFELE RXC iFE , BN REFHLBREF—EFR , -1
PR %,

USART #8588 = MEIRIRE :  Mi4E IR (FE), HIERH (DOR) RFBRKAE (UPE). ©
WAL TEFFEF UCSRA, BIRHESHEM—ERFEZERE+ P, HTIEE UDR
2WEZHPEE , UCSRA HNAXMEIRBZWEFE (UDR) ZHIIEA, HBIRIFENS —
ME—MRECNBTEELSRHEBSRERENR, ERNTRISHRTROREE , X
FATBIRER AT X EEIRFERENMLEES "0, AN IRIRSE B £ i,

MEIRFRE (FE) R T R ERBREFSEHRHNT N IIEme £ — M ENHRS, £
L IE# (R 1) W FE #4587 0, BN FE FRERN 1, XMRETARENES EX, &
RN A A T4 E, UCSRC F USBS (KRBT SME FE #r&f , BAKRTE
— 1 BRESZBAIEHMNELLN., A TESUEHNEHHERE , B UCSRA FHX —{u
ME 0

BIERHTE (DOR) RPAMTEHKWENRRER T HIEER, HEREFREB (ST
FANRIE ), BRBAUFERXEHRE st — NI ERA  BEEHRTE
T o DOR #R& B BT RAERKIE — R UDR AT —REEW UDR 2BEXRT —1IME
EZHHEM, N TSUEHNEEAERE , B UCSRA BiIX — U A4E 0, = EIEMRK D
WMNBHFFREAERE TS , DORIFEHEE.

FERBERS (PE) B, HERESHEFH T —MBEETERNEFEEIR. MRTE
BT BRE , A UPE IREE. N T SEHNRMEHERE , B UCSRA BHX — 45
B0, AITFESR P134“ REMUMITE " 5 P141 “ FERK:=R" .

FEREER L UPMI BB FERKR. RENER (BRKEERZT ALK )H UPMO
BE. FRRKRERE  REFFITERABRENFTEHILERSRENN T BARTLE
B, RELRNSHENE LU -BF#EZRRERSET. IXERTUBTRRFTER
BHEIRIEAL (UPE) REEZRAIMFRERTB/EIR.

METFT—MMEREPEFRHNBEETBER , HEFBRREMELE (UPM1=1), 1
UPE Bfu, BF#EWEHES (UDR) HULE , X—N—EBEEXK.

SRERME , BiEERERDZIEER, EERRNBEFER, Z1EEKER (RXENFE
) e BUREBRFTESA RD I/ ; EWE TR FIFO b2 WRIH . ZrrashNBEN
EXo

120  ATmega3d2(L) m——
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R FT B2 R R

R BHEER

& 5 A

REFSBE

2503F-AVR-12/03

BIFRRERRT SRR FIFO BRI , BHREER. SBRERHNBEERELR. WRHTH
HMAMEEFRETRIFE HE , WEE—ERE UDR EZ RXC HR&FE. THH
RBETR T WARIFERE PR,

SComEapie (O

USART_Fl ush:
shis UCSRA, RXC
ret
in r16, UDR
rjnmp USART_Fl ush

C R pIem

voi d USART_Fl ush( void )

{
unsi gned char dumy;

while ( UCSRA & (1<<RXC) ) dummy = UDR

}

Note: 1. ARBEBRECLEE T MK KX,

USART & — M atH iR E £ T MBFEIRE L TARLGEFSHEER. NHRESERAT
EHM RxD SIa AN FS STHREMABE RS RAT. BERESBRERRE , #
BY —EERKRTEAANS —RE A MMRESERESENRTIVEE. RSEERN
TEEEME TREDRSRNHHEE. WA ANRRR —WMATE S8 M8,

B £ R B B R A Y BB AT BRI 5 A ERET SR R B K, Figure 73 B 7 X 4 A B HE 0ot
BIAMHRETRE. EETHFEEXATRERRRISEN 16 & , FETHEEXTUNRES
R 8 . KFRARTHTREMEXNEALNE(, FRABEER (U2X =1) HED
TiLEtEER, RxD &ZR (BURBEMERES ) &, REEN 0,

Figure 73. IR XH

RxD IDLE START BITO

sampe | | Dbt ]

(U2X = 0)

f
Sample I "_T_’{ I

(U2x = 1)

LRt RS BN E RxD & E—MES (ZW ) E1E (74 ) VB F B3R |, B
WNEFHIERES . WEMR  RINARE 1 RRE-N0 R, AR, W RESEAX
F 8. 9. 10(EHBER), HXRHF 4, 5. 6(BEEN), RIUMEDTEWE —MEBY
BN, MRX=AREFHNRINIESITREBSESF (SHRR ) , BENVIEANL
ERRFEMBIELEZ  BFREBSET T HSIENBERR, MELNE— B
By, RIREEBEKELS HITHRZEREE, 8- MREVH2SIREFNEST

o

EUNHSEANES ZE  BERETFITFET. BEREETEMR —MRESHK
ERE-IMREL. IMRSVEZERATER 16 MRS, EEEEXTER 8 MR
Ao Figure 74 BR T XN BBUMNFBUNRE, BIMRERIBEET T - 8F , X4
BFETHRREREETHMHREF S,
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Figure 74. ¥z R F B R

RxD BIT n
Sample Fi’( T T T T T T
(U2x =0) 1 3 5 6 7 (8] 91|11 12 13 14 15 16 1
Sample }‘—T—’{ T T T T T
(u2x=1) 2 3 7 8 1

BEZBINBECNEZEELINGEZNSHRIE RRYREN =MEREALH O
RENRH. NTRBXLERHE IEF*#FH%SE@E/J\HEEF SHRRBEXF T
1 MBH 2 AR 3 A RREBEBEE  RAZKLRNIZE 1, MR 2 MRFA
M REEHREBT ,%KZ?%W&EM&%J‘EEOO X MRxDE| i AW ESRE  SHE
ROEAMRE—MEBEER. BRNRESEESEHT , EFERI - TEHHEM.
Hpta38TE - ML, BERERFNEZREMIELL.

Figure 75 HBA TR LM REE |, LR T —MESERNUZEATREEANER.
Figure 75. 1L R T —MNEIA R

RxD STOP 1 (A) ®) ©
Sample Pi’( T T T T T T T T T
(U2x=0) 1 3 5 6 7 [ 8] 9 [10]o01 o1 o0n
Sample }‘—T—’{ T T T
(U2x=1) 2 3 01

SHRANFUELEFEER. BELMUNZBE 0, BBANFIRIFES FE B,

MRBFBE-RHATNSEMRAIBERE | HARESE L — NIRRT KRN, %
EEEAFR  FE—MEBFHRFERTLURETE Figure 75 9 A Ro EEETHEEATE
—MEEFRE[/MSIGERE B R, C RN ZEEE LIS gﬁ{ilﬁo XEEMH R
R R ER Y TAESE R

RPN TAECERRTEEINBIEERRR ARRERCANTEERE. MRKIE
BRSUE IR NS B LS RAZ SRR | HE KB R I~ £ R BB ARENME (N
Table 61) , MABWBR L ESERURL.

TEHHARATARITERERARRSASRUER RIS RN LEE.

(D+1)S

Ysiow = §TT+D. 575,

R _ (D+2)S
fast ~ m

D FHKERTFEBUKENSEM D=5F101)
S B UNFEEHR, ZEEXTS=16, FEEXTS=8
S ATEZHBRANE-INXEFS. SEEXNT S =8 , FFEEXT S =4
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2503F-AVR-12/03

Sy ATEZBRRNPEARFTFS, ZBEAT Sy =9 , FEEKXT S, =5

Roow B AEZHN, RENHERNARESBERERRISRNLE ; R,y RTEZN, &R
KB AR R SR NER S R {E,

Table 61 M Table 625 TR FHN R AIBURFEFRIRE, FEEIENE ZBEEXTHK
BEAFEEANTILERE,

Table 61. ZEEER THENRAXBWBRIFRIRETHE (U2X=0)

D BAMWEIRE
#(HE+BTBM) | Ry (%) | Reel%) (%) BB BABERBIRE (%)

5 9320 | 10667 | +6.67/-6.8 +3.0
6 9412 | 10579 | +5.79/-5.88 +25
7 94.81 10541 | +5.11/-5.19 £2.0
8 9536 | 104.58 | +4.58/-4.54 £2.0
9 9581 | 104.14 | +4.14/-4.19 +15
10 96.17 | 10378 | +3.78/-3.83 +15

Table 62. RXEX THENRAXEBWHIRIFRIRETH (U2X=1)

D BAWERE
#(HE+FTBM) | Ry, (%) | R (%) (%) BENBABERBIRE (%)

5 9412 | 105.66 | +5.66/-5.88 £25
6 94.92 | 10492 | +4.92/-5.08 £2.0
7 9552 | 104.35 | +4.35/-4.48 +15
8 96.00 | 103.90 | +3.90/-4.00 +15
9 96.39 | 10353 | +3.53/-3.61 £15
10 96.70 | 10323 | +3.23/-3.30 £1.0

IREENFRABPRERREREBRERRBINREBINZEALREEFAETEN

HIRTEHE,

FERUERERBRRENATEREARD. B , BRERSHNE XTAL) WREMXT®
ESRERIFERERAX. FARERRTERSNMN —RASBLRZA | EX TERSEM

S  REEFEETRNRERR
FREST., REREEST—

[—F

E Be

ALAEE UBRR B , EBIREBETRER,

ATMEL

RGP AIREEEY 2% WRE=. F-NMRENFEEF
BEIN RGO D MEI G FRIREE, e

143




ZRERBERER

£ MPCM

AIMEL

B UCSRA W £ B ERBEE AL (MPCM) AT AR USART # Uk B35 UK B 19 R dm o33t 1T
g, BLZEMUFEDNWIFEZE  BRLFABRREFR, E—ISLERRS
F,AERBEEENNRTELHTREE  XMIEARNELD TEE CPU LEHNEIE
MK E, MPCMKIRETRWAERNIE BERFASLERBERINRSS ,
CHERBELBRRE,

MRBKEEFFIERNBEMKERNS B SN , BLE—PMELEURTX—MITEN2HIE
EEHER ., MBRFWESFTEZVRMBRENKER O , BAHSE 9 {7 (RXB8) RBER
BIFERMUER, WRBEMREMNN (F—MEIEMIHE 9 NREM ) 1, BBLIX
b, AN ERAE ML,

EZNERBEEXT  SMIMLERATUM - ELERHWHRE. ELEBTFEBiE
UMK ERTF UEAY R — ML IRRR . MRFUTE - MCER | EREFRBEENK
&, MEMHMNGERSZHIXENERERE S —Mbikb,

FHF—MERNENLIEEERIE , SUER 9 MEEWHKR (UCSZ=7), NREHHN

2 bithi (TXB8 = 1) FRIFEE 9 7 (TXB8) B 1, IR R —MERIEMN (TXB = 0) BT

BE, EXTMERT , NMCESSATET 9 M HIEMER.

THERESAERSEEEX THITHRESRNSE

1. FIEMAGERETEEZSLERBEE (UCSRA FFHEMN MPCM &1L ).

2. EREBREEMUME  FIEMNCESESSER A IZELM. MAEES UCSRA
FFEMN RXC EEB L

3. B MMLERHFLEMUDR FEBENNEBCHEBCREMIEFR, MREEF
FEE UCSRA Y MPCM i , BN EFEFT — Mt FHWEIK |, HREF
MPCM H 1,

4. WIUHMNLESFERFAEHNEHREN  ERKRE —NFRbat i, mikLREE
MPCM 77 1 B MAL B 25 72 BE X Le B4

5. HIUNLEBRERIZE—IEENSE , ©FENM MPCM , HEFEIAERL
BET— N tithi, REFE 252N REEHTT,

£/ 5 = 8 MmN B AL , BEFKER , BN ZREMSTELR n M n+1 WA
A ZEHTIHR. BTREFNROE[EAEBNFHRERE  IMPREEFSENTR
ERBREME, MREM 5 = 8 LLFMMEN  RIXBRMZIREMMFILL (USBS = 1),
HAME - ML A TR,

FEFERE - X - BES (SBI M CBI) ki&4F MPCM £, MPCM M TXC #R& A
BE& /0 & , A SBI = CBI S TEELT NMNEES,
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5 UBRRH/ UCSRC 3  UBRRH 537125 UCSRC £/ 1/0 #bait, B iR bt AT ESE = 0 T RE,
178

Ei5E HEZUHITEIHRIE , USART HE851E# WV (URSEL) BH#HBEANSTER. &
URSEL 3 0, ¥ UBRRH{EE#T ; & URSEL 8 1, Xf UCSRC iR BE #1.
THEHABS HNMAHRXFENSES.

SCYymRED Bl ()

. EUBRRH #2
I di ri16, 0x02
out UBRRH, r16

; WEUSBS 5UCSZ1 k1 , ARRIHO
I di r16, (1<<URSEL) | (1<<USBS)| ( 1<<UCSZ1)
out UCSRC, r16

C kIR ™

/* I%EUBRRH J72*/
UBRRH = 0x02;

I* ®EUSBS SUCSz1 ftn1 , ARRFH 0/
UCSRC = (1<<URSEL) | (1<<USBS)| ( 1<<UCsZ1);

Note: 1. ARBBECLEE THEMNLIH.
WBIFFRR , WA BFROSHRTZMLA /0 ik,

A IIIEI% 145
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USART FEssiR

USART I/0 #i#E& 1788 - UDR

AIMEL

¥ UBRRH 2 UCSRC FHFesMiipmNENESR, BEEXRZHNAF  ERXTEERIX
HEER,

RiGF A FEG, —BiRE UBRRH FF3 AN /0 ik, =& Fasibut e —4
RO ERPEA, AR TN FFHENRANIRE UCSRC AEH, 5, %
UCSRC B89 750 B3) THE. FIRIRED AT (HIINFE L2 /P ) BRANZH,

THEHABLSE H MR UCSRC FEHFAR

SComieapieg (O

USART_ReadUCSRC:
;  BEUCSRC
in ri16, UBRRH
in rl16, UCSRC
ret

C R pIem

unsi gned char USART_ReadUCSRC( void )
{
unsi gned char ucsrc;
/* BEUCSRC */
ucsrc = UBRRH,
UCSRC;
return ucsrc;

ucsrc

}

Note: 1. AMBBECLEE T HMKIKXHF,
SCYmAXES7E r16 FiRE UCSRC &,

X UBRRH ABRHRRETR BTN , Y —RETRAIRZFFHREIN 125
FRENEBRTERER.

Bit 7 6 5 4 3 2 1 0
RXBI[7:0] UDR (&)
TXB[7:0] UDR (E)
®/EB R/W R/W R/W R/W R/W R/W R/W R/W
BE 0 0 0 0 0 0 0 0

USART ZEHIEE HEFEZE5M USART ERBFESHFEFEHRLZMEEH /0 itk |, FH
USART #IEZFF85 UDR, F#HIEE A UDR KEFRIBEN R RIEHRIBEE PSS
(TXB) , i UDR BYSEFRIR B HY R B WEIE &+ F 787 (RXB) WA

5. 6., 7THRFREXT , KEANS R L ERFZE , MEWRUFEINREN 0,

REL UCSRA F #2571 UDRE FR R BALE 3 AT AN RIEE 2Rt T B 1E. 2R UDRE
REBEN , BBAEA UDR WEIELHEK USART RIXRZH, YBEEAREXEHRRG
EBUFERNT , REFFIERFENRIREBUTFR. RAERESRTHM TXD 5
ke

BRERS[STRE—NIFR FIFO , —BEWEH[HI U FIFO MoaBHTEHRS. Hib
FEMNX—E#EETFERIL- K -EIES (SBI M CBI), EAMNEHIES (SBIC 1 SBIS)
RtEND , BRIXtATRERE FIFO BIRES,

146 ATmega3d2(L) m——
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USART #HFIIRASTEES A -
UCSRA Bit 7 6 5 4 3 2 1 0
| RXC TXC UDRE FE DOR PE u2x MPCM | UCSRA
®/B R R/W R R R R R/W R/W
WIBE 0 0 1 0 0 0 0 0
« Bit 7 — RXC: USART EI4& R
BEWE ﬂlﬂ%%cFﬁﬂelejE’J?&Eﬁ RXC B , BNES, EWEREZIER | BREHSIHR
T, S RXCESE, RXCHRE ‘Jﬁﬁﬂ%?i#&ﬂ& =R AP (R RXClEuE’J#m*)
o Bit6— TXC: USART RiX4&%K
REBNMBARPHBEREY , BHEEE PR (UDR) RZER TXC B, ITRELE
iﬁﬂFHﬁﬁ TXC HREBHEE ﬂz‘mﬁﬂs 1 #ITERRIBRE, TXC HREF AR ELRZE
SR (3T TXCIELLE’J?H )o
» Bit5— UDRE: USART ¥ {58820
UDRE#REIE H ZIXEHEF(UDR) BB R IFZIH IR, UDREN1IREAERFPEENZE
HZFHITHIEER. UDREARE AT AR EHRFESEES I (X UDRIEM IR ),
£{U/5 UDRE By , XRBLEBCELFE.
 Bit 4 — FE: mi4£i®
MBEREHS[BREVT —NEHFEMEIR , EREFSIFHOT—NEFNE -
EIENRNO0, BBAFEE M. X—U—BEEWEE H%H&E/EF%%(UDR) BUEEL, HBWFEIM
=R 1 HT FE ¥r& 5 0. Xt UCSRA #{TE AR , X—NEE 0,
e Bit3-DOR: HiERH
BiEGHR DOR B, HBWEHSHEH (TS Tﬁﬁ/\i&ﬁ) BERBMNSEFEHRNEHE,
&I et B — N 1R ;fﬁziﬁ,mtljathETo — (L —EAEREDERE S
(UDR) #1%2Hl, X UCSRA :&ﬁs)&ﬁ —EE oo
* Bit 2 - PE: FEREEIR
é%ﬁ&hﬁi (UPM1 =1) , BEKREHEFEBEREIINT N FRHETERBEIRN
UPE Bfi, X— I —BEEXEREKEHESF (UDR) #H1EE.. Xf UCSRA #HTE AR ,iX—
VEEQ,
e Bit1-U2X: {SiE K%
— RN BRLREEREN, FRABSREMFLAES,
WATE 1 RS R DA FM 16 BREl 8, \NMERN N RS EEEN W& EWERR MGG,
* Bit0 - MPCM: 24 EBEEEFES
&Elttu%f?zd;%&ﬁ%%ﬁﬁ;t MPCM BNLfE , USART NS EREINARLTFI
sitﬁiJH—E B A ERIT 2, RIEBTZ MPCM BB, #FMEEESE P145
“ZAERBWER
USART #HFIRASTEEEB -
UCSRB Bit 7 6 5 4 3 2 1 0
| RXCIE TXCIE UDRIE RXEN TXEN ucsz2 RXB8 TXB8 I UCSRB
®/B R/W R/W R/W R/W R/W R/W R R/W
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USART #HFIIRASTEES C -
UCSRC

AIMEL

HHE 0 0 0 0 0 0 0 0

» Bit 7 - RXCIE: & R hifEgE

B /5FERE RXC FHlf, 2 RXCIE N 1, £BHHtrEL SREG BfZ , UCSRA F178%
B RXC 78 1 B ATLA= 4 USART 2R 45 R 7,

e Bit 6 — TXCIE: X & RpMfhge

BENLEERE TXC Flti. X TXCIE I 1, £ FFEIFREN SREG EfZ , UCSRA FE8MH
TXC 787 1 BRI LA 4 USART K% 45 R A,

 Bit 5 - UDRIE: USART #iE & 1788 ze ik

&1V /5 A UDRE F#f, % UDRIE 7 1, £ B lfifr&L SREG Bz , UCSRA F1785
# UDRE 78 1 BFaJ LA 4 USART $IE & 1738 28 R I,

+ Bit4 - RXEN: W ERE

B AE3 USART #1KE5. RxD S|HIAYE A% O ThEE# USART MhAREFTEMR, ZE 1
EIRE TR W EHES |, HE FE. DOR K PE (&Ko

o Bit3 - TXEN: &3XfE4E

B ERE3N USART £i%85. TxD S|HI#YE AL O Ihae# USART ThagrrEfX. TXEN
BERE  RESIMENEEAETREREARNTHEBELIZEL NAEBUSTESRSL
RESNSERTEEERENRIE. XAREILE , TXD SIBREEER /0 Thee,

* Bit2-UCSZ2: FHKE
UCSZ25UCSRCHEFHRMNUCSZ1.04EE—RAIRERBMA S SNBELR(FH
KE).

+ Bit1- RXBS8: BB 8

3t 9 I ABRTWIHITIRMER , RXB8 25 9 MNRIE(, BN UDR B RNHEZAIE L
Ei&H RXB8,

« Bit 0 — TXB8: K% iF{I 8

Xt 9y BT ITIRMER , TXB8 5 9 MNIEN, E UDR 2B EEXN CHITERE,

Bit 7 6 5 4 3 2 1 0

| URSEL | UMSEL | uPm1 UPMO USBS | ucsz1 | ucszo | ucpoL | ucsrc
®/B R/W R/W R/W RIW R/W R/W R/W R/W
HE 1 0 0 0 0 1 1 0

UCSRC &77885 UBRRH 758 AR/ 1/O that, X iZEEEEME , 55N P146 “ i5[4
UBRRH/ UCSRC H#F8 ",
* Bit 7 - URSEL: 788k

B iZf%FR 5B UCSRC 1855 UBRRH F15788, i UCSRC B, Zfuh 1 ; 4
B UCSRC B , URSEL ¥ 1,
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+ Bit 6 —- UMSEL: USART #=X:%£#%
BYX—URERELSHFL THEER,

Table 63. UMSEL Bit Settings

UMSEL I 5o
0 FHRE
1 EEZ:1(3

A mEl% 149
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e Bit5:4 - UPM1:0: FERBER

XA REFERENEXAFERTERE. MREETHTERE  BLERERE &
ERBLEFFEHREFBREM, NE-MERINVHE  BURFBLFE-FE

& , 3}5 UPMO Fri% &M B3 1T L,

Table 64. UPM % &

WMRAICE , FBARRF UCSRA HHY PE BV,

UPM1 UPMO TEER
0 0 =31
0 1 R
1 0 BRE
1 1 FRE

+ Bit 3 - USBS: #1t{yi%i%
BEX — A LR EE b3, BERESAMIX — (U RRE.
Table 65. USBS i&&

USBS

I {3

0

1

1

2

e Bit2:1-UCSZ1:0: Z&KE
UCSZ1:05UCSRBZ& &) UCSZ24& 8 — B AT LLREREMI SN HFBLH(ERK

E).
Table 66. UCSZ i&&
ucsz2 ucsz1 ucszo FRHKE

0 0 0 51
0 0 1 6 1
0 1 0 712
0 1 1 81
1 0 0 2
1 0 1 RE
1 1 0 R
1 1 1 91

+ Bit 0 — UCPOL: B4hifi i

X—uRATELSTHEER, EAFRSEAN  FX—UEE. UCPOLIRET hi Lz
By M ABERSE | ARE S XCK 2B X R,

Table 67. UCPOL iRi&
UCPOL | REBEAIHNZE (TxD SIMAYHME ) BRI RE (RxD SIKAA )
0 XCK EFin XCK TR
1 XCK TR XCK L7

150 ATmega3d2(L) m—
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USART H4$# %5 F83 - UBRRL
# UBRRH

2503F-AVR-12/03

Bit 15 14 13 12 11 10 9 8
URSEL - - - | UBRR[11:8] UBRRH
UBRR[7:0] UBRRL
7 6 5 4 3 2 1 0
®/B R/W R R R R/W R/W R/W R/W
R/W R/W R/W R/W R/W R/W R/W R/W
HE 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

UCSRC &77825 UBRRH S758 1 AR/ 1/O that, X iZEEEEME , 55N P146 “ i5[4
UBRRH/ UCSRC &8 " ,

* Bit15—- URSEL: 8Bt E

B iz %FR 5B UCSRC 855 UBRRH F15788, ik UBRRH B , Z{u 0 ; 4
E UBRRH B , URSEL # 0,

o Bit14:12 — &

XEMERNUGHEATREN. W TESUGHESESHRE , B UBRRH BHREIX LM EFE,

+ Bit 11:0 - UBRR11:0: USART HisXR 51588

XN 12 U EFEREE T USART KB EELE, E+ UBRRH 88 7 USART K4E
541, UBRRLEETIK 8 i, KIEEMUTNER EERHTHRBELAAZIIHK, B
UBRRL 37 BN E #1435 3 9 551 85
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AIMEL

MR ERREERSFMRRY , FHEATREANKIFRTET Table 68 # UBRR £
REXRFE, RPNEAECBERTAKFENRERSERREENRETEY 0.5%.
EEMREHMIUUEZN , BREFHNIRELEER  BRTEERAERER (S
EP143“ RETHETEE" ), REAUBENTARIUE !

Eror] = (e 1)« 100%
Table 68. BRAKF ML TR E UBRR W6+
fosc = 1.0000 MHz fosc = 1.8432 MHz fosc = 2.0000 MHz

- U2xX =10 u2X =1 U2x=0 u2x=1 U2x=0 u2x=1
(bps) UBRR | iRZE UBRR | iRZE UBRR | iRE UBRR | iRE UBRR | iRE UBRR | iRE
2400 25 0.2% 51 0.2% 47 0.0% 95 0.0% 51 0.2% 103 0.2%
4800 12 0.2% 25 0.2% 23 0.0% 47 0.0% 25 0.2% 51 0.2%
9600 6 -7.0% 12 0.2% 11 0.0% 23 0.0% 12 0.2% 25 0.2%
14.4k 3 8.5% 8 -3.5% 7 0.0% 15 0.0% 8 -3.5% 16 2.1%
19.2k 2 8.5% 6 -7.0% 5 0.0% 1 0.0% 6 -7.0% 12 0.2%
28.8k 1 8.5% 3 8.5% 3 0.0% 7 0.0% 3 8.5% 8 -3.5%
38.4k 1 -18.6% 2 8.5% 2 0.0% 5 0.0% 2 8.5% 6 -7.0%
57.6k 0 8.5% 1 8.5% 1 0.0% 3 0.0% 1 8.5% 3 8.5%
76.8k - - 1 -18.6% 1 -25.0% 2 0.0% 1 -18.6% 2 8.5%
115.2k - - 0 8.5% 0 0.0% 1 0.0% 0 8.5% 1 8.5%
230.4k - - - - - - 0 0.0% - - - -
250k - - - - - - -~ -~ - - 0 0.0%
gAM 62.5 kbps 125 kbps 115.2 kbps 230.4 kbps 125 kbps 250 kbps

1.

152

UBRR =0, i®Z = 0.0%
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Table 69. BAEK%2RME TIRE UBRR B F (££)

f,. = 3.6864 MHz f.o. = 4.0000 MHz f.o. = 7.3728 MHz
—— U2X =0 u2X =1 U2x=10 u2x=1 U2x=0 u2x=1
(bps) UBRR | RZE UBRR | RZE UBRR | iRZE UBRR | iRE UBRR | iRE UBRR | iRE
2400 95 0.0% 191 0.0% 103 0.2% 207 0.2% 191 0.0% 383 0.0%
4800 47 0.0% 95 0.0% 51 0.2% 103 0.2% 95 0.0% 191 0.0%
9600 23 0.0% 47 0.0% 25 0.2% 51 0.2% 47 0.0% 95 0.0%
14 .4k 15 0.0% 31 0.0% 16 2.1% 34 -0.8% 31 0.0% 63 0.0%
19.2k 11 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% 1 0.0% 23 0.0%
57.6k 3 0.0% 7 0.0% 3 8.5% 8 -3.5% 7 0.0% 15 0.0%
76.8k 2 0.0% 5 0.0% 2 8.5% 6 -7.0% 5 0.0% 1 0.0%
115.2k 1 0.0% 3 0.0% 1 8.5% 3 8.5% 3 0.0% 7 0.0%
230.4k 0 0.0% 1 0.0% 0 8.5% 1 8.5% 1 0.0% 3 0.0%
250k 0 -7.8% 1 -7.8% 0 0.0% 1 0.0% 1 -7.8% 3 -7.8%
0.5M - - 0 -7.8% - - 0 0.0% 0 -7.8% 1 -7.8%
1M - - - - - - - - - - 0 -7.8%
sgAM 230.4 kbps 460.8 kbps 250 kbps 0.5 Mbps 460.8 kbps 921.6 kbps

1. UBRR =0, iR = 0.0%
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Table 70. BAIRHHRMETIRE UBRR M| F (£&)

f,. = 8.0000 MHz f.o. = 11.0592 MHz f.o. = 14.7456 MHz
—— U2X =0 u2X =1 U2x=10 u2x=1 U2x=0 u2x=1
(bps) UBRR | RZE UBRR | RZE UBRR | iRZE UBRR | iRE UBRR | iRE UBRR | iRE
2400 207 0.2% 416 -0.1% 287 0.0% 575 0.0% 383 0.0% 767 0.0%
4800 103 0.2% 207 0.2% 143 0.0% 287 0.0% 191 0.0% 383 0.0%
9600 51 0.2% 103 0.2% 71 0.0% 143 0.0% 95 0.0% 191 0.0%
14 .4k 34 -0.8% 68 0.6% 47 0.0% 95 0.0% 63 0.0% 127 0.0%
19.2k 25 0.2% 51 0.2% 35 0.0% 71 0.0% 47 0.0% 95 0.0%
28.8k 16 2.1% 34 -0.8% 23 0.0% 47 0.0% 31 0.0% 63 0.0%
38.4k 12 0.2% 25 0.2% 17 0.0% 35 0.0% 23 0.0% 47 0.0%
57.6k 8 -3.5% 16 2.1% 1 0.0% 23 0.0% 15 0.0% 31 0.0%
76.8k 6 -7.0% 12 0.2% 8 0.0% 17 0.0% 11 0.0% 23 0.0%
115.2k 3 8.5% 8 -3.5% 5 0.0% 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%
gAM 0.5 Mbps 1 Mbps 691.2 kbps 1.3824 Mbps 921.6 kbps 1.8432 Mbps
1. UBRR =0, iR = 0.0%
154 ATMmega32(L)

2503F-AVR-12/03




] ATmega32(L)

Table 71. BRAIKHH[METRE UBRR B F (£8)

f... = 16.0000 MHz f... = 18.4320 MHz f.c. =20.0000 MHz
—— U2X =0 u2X =1 U2x=10 u2x=1 U2x=0 u2x=1
(bps) UBRR | RZE UBRR | RZE UBRR | iRZE UBRR | iRE UBRR | iRE UBRR | iRE
2400 416 -0.1% 832 0.0% 479 0.0% 959 0.0% 520 0.0% 1041 | 0.0%
4800 207 0.2% 416 -0.1% 239 0.0% 479 0.0% 259 0.2% 520 | 0.0%
9600 103 0.2% 207 0.2% 19 0.0% 239 0.0% 129 0.2% 259 | 0.2%
14.4k 68 0.6% 138 -0.1% 79 0.0% 159 0.0% 86 -0.2% 173 | -0.2%
19.2k 51 0.2% 103 0.2% 59 0.0% 119 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% - - - - - - - -
gAM 1 Mbps 2 Mbps 1.152 Mbps 2.304 Mbps 1.25 Mbps 2.5 Mbps

1. UBRR =0, iR = 0.0%
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ML BTEQ TWI

AIMEL

B . HE, ERBATMRENERED , AEEFRBL
. ZRINFMMILEE
- BHTUTHEFRESESRERSBER
o 7 {IihtZ=E AEFH 128 ML
- ZREIHHR
o B3k 400 kHz I BUEE MR
. PET B HIRZHEE
-7umﬁa&amm@ﬁwﬁ$
o TR M dHE R 23 3 it
. EERER bk PU AT SAGAE AVR

AL BTEQRKREN FEED TWI RESTHANLEENA, TWI ML AT REIEITHE R BARENEE R
LA LUT 128 NRRIMWIEE EES — 1, XFARL — 284k SCL , —254E SDA, 4
HEHRAZEF N LN EME  SREL -, FEEEIEE WSS SEE b,
TWI HYBRIR T 5.4 fh 69 5

Figure 76. TWI B4 HEE

VCC
Device 1 Device 2 Device 3 | ........ Device n R1 R2

SDA = >

SCL = >
TWI 75T BT SO AT SR B T

Table 72. TWI AT

2 R

EH BHAEILERNRE. ENENESE SCL it

MAL WENI RS

Rk FHBEREBE LIRS

e MBLBREREN R E
156 ATmega32(L) |
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BARER

HREARM AR
RMBEE ()

START/STOP 7S

Mot BB EN

2503F-AVR-12/03

M Figure 76 AT AE H , HREHEN LN BEESERRER. FiE TWI RENSZ40E
ZEHHBRRBNITRRNELRITRN. XEMRII THBOREEERENE S IR,
TWISSHRER "0, TWIREZAFERKEF, HFAENTWISHRE A =AM B4
WHESHEF AT LNBESEENS, T2, IRIIMANELEE , ARS TWI A
SEEM AVR B84SR L,

SREEENSERESMTRERS : SLBERERT 400 pF , METUA 7 LML
b F T Ik, TWI MM BES4FHIHEEL P272 “ L BTEOSME ", XILAHT
FANTENNSTE , —HEELEEET 100 kHz , MBI —FE B LEE 5% 400 kHz,

TWI B4 EBRBENNZESHMEARS. LA , JELBEXTRBFRE | BR
FERHEFLENRET,

Figure 77. ZIEE M

SDA

SCL
Data Stable Data Stable

Data Change

FHEHEELEHELH. TNELEL LAY START EE5UBHEESR  FRL& LA
i STOP E5UEILLHIEEH . £ START 5 STOP RAZE , EERELRLZIN , TR
FHEENERHEL, 3627 START 5 STOP MAZ A A H—NHH START R
X#E# A REPEATED START A , EATENEFTHELLEFNERT BT ZE
%, £ REPEATED START 2/5 , BE/T—/ STOP , FEERE &L TILARS. X
S START R —#M , Bt ERFMH , R ZEEKIXEE , START 5 REPEATED
START#H STARTRR, TR ,STARTSSTOPIRSEZESCLL ST | B KZE
SDA BEFREHH,

Figure 78. START, REPEATED START 5 STOP A7

START STOP START REPEATED START STOP

FRAETE TWI B4k EEEbuta9h o 17 |, &iF 7 {utbutfz. 1 12 READ/WRITE 24
N5 1 UME. R READ/WRITE 7 1, M{TiREE  FNHITERE. MIES
g , BMIEE N SCL (ACK) BHIEN K SDA EHNZ., ZEZMItREHEECERER
TEMBEN , MRiZE ACK BHRIEE SDA AE. REZH ALY STOP RAR
REPEATED START REE#HF B K%, it SEEMNBI S D FFHA SLA+R
SLA+W 9 READ = WRITE {i,
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HEIER

it aNBEIL AR -1 5

ENfRANR

AIMEL

A FTHH MSB BB KRE. MVlibitRikitEEHRIE , BFEER/RE#i 0000 000
ERT it

YHRIET BT | IR MYLNE ACK BB AIK SDA fEHNZ, HEHEERIX
RS B4 S ML TTEUER S EThAE. X Write U7/ B2 5 R0% , FFEHIM
LB 1E ACK BB HK SDA EH A, FRERMMALERE ZRNBFES, TEEE
15 P &% Read (DR BEEN , BEAMRIL MK EFREHNBIELHREL AR,

FRIERW 1111 xxx Xt BMEERE , ERKRER,
Figure 79. ibitE#& =

Addr MSB Addr LSB

X

START

FRIEE TWI B4 EAXNEIEEN ok , S 8 B LR 1 NN, EHEEE
B, ENFERY R START 5 STOP IRAS |, MBZKEMAER, NERBAMIESE I
SCL FAHHI{K SDA LY, M R#EUESE SDA RS A H NACK 55, NS TR
W, SERTREERREEZZRESHEE , NZERIKGENETEAH NACK X&
MRS, HIEH MSB B EKZ.

Figure 80. Hiza®E=X

I I
| Data MSB DataLSB  ACK |
—— | 1.
Aggregate | ) |
SDA N } « i
- 1 N
SDA from i § i
Transmitter  \ 1 « i
,,,,,, : ¢
SDA from /o ) i
receiverR /! !
I I
I I
SCL from | |
Master ! ( B
I I
i 1 2 ! 8 ° i STOP, REPEATED
SLA+R/W ; Data Byte ; START or Next
! ! Data Byte

RIEEEH START R, SLA+R/W, ED— /M HIES K STOP REHEK. RE START
5 STOP RAEMZ=EERIEZEN. TUFIA SCL WESHEERENENSMINWET,
MALATEE HI{K SCL RIE& SCL 1EEEEZFE’JH‘J‘IEL Y ENRE I ERERRT FMIA
R, IMVNEEFTNNREROEBEHER  X—S$HRFEEEAN. MIEK SCL KB
ZFE’JETIEﬂTéE’"F] SCL & HRtAE , ljJ SCL SHEPNERBAENREN, BLRT
A, B3 A SCL Y 5Bt AT R K T™WI BEEEEE,

Figure 811588 T AR M B IE1E 3%, SEESLA+R/W SSTOPZ AIE 2N FH BN AREF
A TSR TE

158 ATmega3d2(L) m—
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ATmega32(L)

Figure 81. BRI IELIE

Addr MSB AddrLSB R/W ACK Data MSB DataLSB ACK

SDA

f b

| |

— -
scL } MMMM }
‘ ‘
I 1 2 7 8 9 1 2 7 8 9 I

START SLA+R/W Data Byte STOP

TWI LA FERL ERZANEN. B EITENRAFEEZNENERNTAREERE

ERIERZEEHRT. SEVNREFEHRNAA :

o EEMMRBEAF—PENTERERE. HEKRFNEANCNREZEENERZILE
R, EPMEBREIRHEAIE. UZLPNWENEZMEMFREW , NI ENFERTIML
BN RERREELEFINNWOENT U, EX LS ENREMMEENFRIZLE
MR | BN IR BRI B L&,

TRV ENTEEFEATEN SCL K, NRIEAEN—FM , XTRIT—MHESE
VAR, X&fbhRSRE,

BENESHEEARMBR ERRE, NAAENENRYRITSRE , 2ERASHRY

HESEFMNAZETAEENFIREN - BEFNAUNETREENPHEEH -1

FRIERNENEHEIR SCL ,FHAUERITERASS /KBEFS5HESCLESS /KEF

BB R £ R,

Figure 82. Zx#| SCLHWRES

I TA o } I TAhigh I
\ \ \ \
\ \ \ \
| | ] |
SCL from \ | [ ! \
| | | |
Master A y | |
\ \
| |
,,,,,, | Lo
SCL from | N L/ \ ™
Master B \ \ \ } } I
[ 1 | | I
| | | |
SCL bus | L/ w |
Line \ \ } } \
T 1 | T
| | |
I TByy | TBpign |
\ Masters Start \ Masters Start
Counting Low Period Counting High Period

W HBE 2 AP NIRRT SDA REIHE . RN SDA RENBESENE
HEBEFEE , ZENNREFE, BIFBERFL -1 EHAESETFH SDA, MA
CEHNRENE  ZENTRREMRER , AUDNEAMIENR RN REHRMEHNENST
fho KREMEHEN AT SDA ER |, B7E 8TV BIE b it B L Rz B13E o L= £ 1Y
HES. FRANSBRIRERE -1 EN. XTERSSAFSHS. IR ENNHE
BRMT U, FRFSBEIBES.
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Figure 83. WXz AN HE

START Master A Loses
SDA from || \ Arbitration, SDA,# SDA
Master A || | _
|| \
|| \
SDA from
\

Master B \ / \ / \

Synchronized
| | \
AETRFATEUTERHRITHE
— REPEATED START &S5 — /N kiE{
—AN STOP REE —MNRIEM
—/N REPEATED START RA&E5—/ STOP A%
NMARHERNZRE ELRER , RIEITSHIXEIEEFRRS, IEREESENRES

FRIENHFEARLABARN SLA+R/W SHESASHR. RIYEFEYR | IENEZELMR
BEHEERENKES  BUNARERTEE L.
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TWI 3R ERA

SCL # SDA 5|B

R RERAT

E&ENHRT

2503F-AVR-12/03

TWIRESR LA FRERA R |, fFigure 84FT R, FTEM THAL 2PN FEFRTUELAVR
WiE S & AT

Figure 84. TWI ERELA

SCL SDA
Slew-rate Spike Slew-rate Spike
Control Filter Control Filter
4 A
4 y
Bus Interface Unit Bit Rate Generator
START / STOP . .
Control Spike Suppression Prescaler
-t -
_ . Address/Data Shift Bit Rate Register
Arbitration detection Register (TWDR) Ack (TWER)
A 4 A
4 y 4
Address Match Unit Control Unit
Address Register Status Register Control Register
(TWAR) i (TWSR) (TWCR)
TWI Unit
State Machine and
Address Comparator Status control

SCL 5SDAJYMCUHY TWIHZEO S| M, 5IEIA %M HIRN R BE — MR RRRFBIZFAH R
TWI HSB. SIRPE 4 A BB B4 RN H) 8 ST A EBR/NT 50 ns (WER], HAE RV DR
B} SCL 5 SDA S| iet , AT LAFERE /O DN ERAY LH Bl | IX#F Al &= S E0RY L HI B/,

TWITHET EVERRT | SRR AR ZH 49 E S5 SCLAVEH . B4R TWIRSHFFSH
TWSRI TS MR BAR LR FFERTWBRIZE. I TWI THEEMNERR , FEEXN
R AITIRE , EMHLE CPU BRI A T TWI 494 SCL SR M 16
f&. EE , MILARERERK SCL RBFHEE , ATFRRE TWI BLBF et EAR,
SCL MMERRF\UTH LKA -

SCL frequency = CPU Clock frequency

16 + 2(TWBR) - 4" FS

« TWBR =TWI Lt RFEFHNHE
TWPS = TWI RS FES M0 M HE
Note: TWI THEEEHNERXR , TWBR ERIZTNTF 10, BN EHNLTE SDA 5 SCL =4 iR

HEARRMES, BBEAT TWI TEEENERT , @MYLEE Start + SLA + R/W £
MR (FEEENEMISEEKERE ).

ZETIREBES U BN FFER TWDR , START/STOP 2R M E & MR EEH4 L
3%, TWDR FHFaATHRHRRERERNWBER LI, BRT 8 U/ TWDR , B4&iEON&
TEE-—NEFESR , Q8T ATRERBERNZH (N)ACK, X (N)ACK FiFsafae
BFEEpR, HJRRHER , 0BT TWI 26 F 738 TWCR REMLHEE ; £X
EEPERS . (N)ACK {EH TWCR BRERE.
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$th 1k PTG 8 5T

#H% T

AIMEL

START/STOP 24Igsfamm=4A MM TWI H4k E# START. REPEATED START &5
STOP IRAS . BN 7E MCU & T RERIRAHET ,START/STOP #4185 I RAEM N TWI B4
LB START/STOP &4 , YR NI H S TWI B& EWEH I UET |, 5 MCU MIKREEIR
AWEE,

MR TWI BLENERE 30 7T B | FERQN B REETSL , UBERE RN

BEFRHREELEHN, MRELHABEARMNIECESLHPRPEKRT BLEH
R, MBE TWI R EI B THT EBWNEE | £ S ERREE,

Mok PUBR S TR MM B4k EER Bt 2R S TWAR FESSFM 7 (it Pelt,
R TWAR FF880 TWI T BN IR B FEEEN TWGCE 7 "17, MELZIN Rtk th
S5 Eib Ut # TR, — Bt CTEAL DD |, 2% 8 o158 B8 A LA 1T 1E 78 3 e 52,
TWIRTBANE R |, th AT AR & E ALK F 4 |, XBURF TWCREFZESHIRE. EIfEMCUL T
RERIRASHTS |, bt TR T ATk sE T4E, —BEH I UBNX DM , AT LUF MCU M
RERIR SR EE

BEH BTSN TWI B4 | HRIE TWI 251 EF2 TWCR MigEEHAMMN A, 2 TWI
B A FZENARFE TRAENEMHN , TWI REERES TWINT B, £ T —et
AR, TWI REFFEE TWSR #HERTREINEHNRABEEFH. FHEHAR ,
TWSR AR N —NMNRRATEHLENIKIRESE. —B TWINT frEME "17, 84
SCL BN , B TWI B ENRELER | LAFRFLESH,
ETHWREIME , TWINT RSB

£ TWI 1£3% 5% START/REPEATED START 5825

£ TWI 42325 SLA+R/W BB 2 /5

ETWI Rt FTH 25

£ TWI BB LB E

ETWIHENF U ZE (B A XM bk FTE )

£ TWI KRB - 1M\ EFT2E

ER ML I4ERT , TWI Uk E| STOP 5% REPEATED START 552/5

BT IEER START = STOP E 5t 5 B 4 48 iR a

162 ATmega3d2(L) m—
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TWI F7851% 83
TWI LE4$ %788 - TWBR

Bit 7 6 5 4 3 2 1 0

I TWBR7 | TWBR6 | TWBR5 | TWBR4 | TWBR3 | TWBR2 | TWBR1 | TWBRO I TWBR
®B/B R/W R/IW R/W R/W R/W R/W R/W R/IW
BE 0 0 0 0 0 0 0 0

* Bits 7..0 - TWI LG R T8

TWBR ALLBREAERDHFE T, LLBFRRERE—NDHEE  EENERX T~ ESCLE
MR, HRBRITEANBEL P162“ LLAGRREFET” .

TWI #2418 F88 - TWCR

Bit 7 6 5 4 3 2 1 0

I TWINT TWEA TWSTA | TWSTO | TWWC TWEN - TWIE I TWCR
®B/B R/W R/W R/W R/W R R/W R R/IW
NBE 0 0 0 0 0 0 0 0

TWCR FRIZHITWIIRE, SRARFERETWI , EXEINSTARTR B & EXRBEENFR
FEEKNBNE , 4& STOPIRRE , URESALKIESE TWDR HFSHEMNEHELNEF
£, XNEESRETLLHBE TWDR TG RIEE | AEFHIES AT TWDR mali2H
EARREER,

o Bit 7 — TWINT: TWI I ifi{RE

HTWITREB T  FENARFEN AR TWINT B, & SREG 8 | &K TWCR
FEEEHN TWIE frEWEN |, I MCU $47 TWI HRfHIFE, 2 TWINT B{zAt , SCL 15
EMEEFHIERK, TWINT HFENBESSLABLHHGE "1” KREK. HITHHRESHT
L2BIFERER "0, EXENR , REX—NUHET , TWI LEFBIE, Hit , &
BFETWINT 2o —EEB ETHRX 78 TWAR RS F 72 TWSR , UARKIER
1725 TWDR BifEl,

+ Bit 6 — TWEA: TWI E8ER &

TWEA #REZEI N ZBOFNF= £, & TWEA B , BT &R4HZEO L H ACK 9 :
1. BHEHMI SEN L BNt EFE

2. TWAR B9 TWGCE &1y AU EI 5 & meny

3. EEN/ MBREX TEKE N ZTHRE

M TWEA BEAILERAENREEL, BUERFERREBUIRG,

« Bit 5 - TWSTA: TWI START IR&IFE

Y CPU RZACHNEL LN ENMNFEEM TWSTA, TWI BHERNSLRE A,
BELZEH , EORELSL L™4E START RS, HEL&I , #OR—ESEF , EZRQN
B —/ STOP R |, RE™4% START UEHBCSHFERNEN. K& START 2584
HIEE TWSTA.

+ Bit4 - TWSTO: TWI STOP JR&#RE

EENERXT , WREMN TWSTO , TWI EOFELEL E=4% STOP R , AfF TWSTO
BzZET. EMIERT , B TWSTO AT O MR IRR SR E B AR T 1t #PIRFS
a8 EFR 4B STOP REF4E |, B TWIIRE —NEXFHARE I HHMIEXBRE
1 SCL 5 SDA A &,

A IIIEI% 163
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TWIRSHFERR - TWSR

TWI B F =8 - TWDR

AIMEL

+ Bit 3 - TWWC: TWI B ZefR&

% TWINT REREHESFFEE TWDR FENN TWWC, H TWINT AEKN , 8—XX
TWDR #9515 8] #R 45 B8 T b AR & o

« Bit2- TWEN: TWI &k

TWEN A FERETWIHRESBSETWIHED , ¥ TWENZEE R "178t , TWISIEINF1/0 3]
2| SCL 5 SDA SIHl , FEERERERRFZRSRNIEERES. MRZAES , TWI
EOEPFEXA |, FrE TWI AR LLE,

+ Bit1-Res: #&

®RE  EEEER 0%,

 Bit 0 — TWIE: TWI i {EEE

X SREG M | LA TWIE B1uAt , RE TWINT 7 "1”, TWI FRBCE,

Bit 7 6 5 4 3 2 1 0
| Tws? TWS6 TWS5 TWS4 TWS3 - TWPS1 | Twpso | Twsr

®/EB R R R R R R R/W R/W

HE 1 1 1 1 1 0 0 0

o Bits 7..3 - TWS: TWI RS

X 5 VARRER TWI BEBMELZPVRS. TRAMNRSKREFAEETANBD ER, T2
M TWSR i HWEETE 5 WRAES 2 N2 ME. BNRSMEIRITE N BB DM
IR "0 XERBSEMNIEY FROMBIRE. ELBHRFHANERT , EFMPERZ
FiEo

+ Bit2 - Res: ##

®RE  EEEER "0,

 Bits 1..0 - TWPS: TWI TR {1

XHuAEE /B, ATFEHLERmM oA .

Table 73. TWI Lb4EER M5 g

TWPS1 TWPSO0 Mo e
0 0 1
0 1 4
1 0 16
1 1 64

AT E LR RER P162 “ LSRR AEBRET " . TWPS1.0 BEEZLAFER,

Bit 7 6 5 4 3 2 1 0

I TWD7 TWD6 TWD5 TWD4 TWD3 TWD2 TWD1 TWDO I TWDR
/B R/W R/W R/IW R/W R/W R/W R/W R/IW
NHE 1 1 1 1 1 1 1 1

164 ATmegad2(L) m—
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TWI( MHL ) ik B 1785 -
TWAR

5 TWI

2503F-AVR-12/03

ERZEERX , TWDR BB TERENFT ; HEWER , TWDR 2B 7 ERIIMWEIE.
HTWIEORERTBMAIE (TWINT B ) BXNSESRUEN, £8P AE
ZH AP TSR EIESES, RE TWINT &1z , TWDR HWHEREREN. £
ERdr , R LNBERRBATES, TWDR AREETELZ LHINGEE—/1NF
T, BRIEMCU RMNEBEREBBEXH TWI Ff6EE, it TWDR MABREEENL.. B
KPR AWE , THFRAIMN , BEL EHIWBBEFLER, ACKWAER TWI
BHEEANEE , CPU TAEEEE ACK.

 Bits 7..0 - TWD: TWI #5558
BERSNTE , HABNELXEN T —INET |, IREBRIINVEIE.

Bit 7 6 5 4 3 2 1 0
| Twae TWA5 TWA4 TWA3 TWA2 TWA1 TWA0 | TWGCE | TWAR

®/E R/W R/W R/W R/W R/W R/W R/W R/W

HE 1 1 1 1 1 1 1 0

TWAR 95 7 (L A MLttt . THETFMIERE | TWIHRAREX M b a3 TR, EANE
RAEE M, EZENRED , TWAR EEHTEEUEEMENFRAES .

TWAR K9 LSB A TiRAI bk (0x00), S RBE— Mttt EER. —BEWTIAbIE
MAEN I — B, BHRIERF U,

 Bits 7..1 — TWA: TWI M\#litt i F 1788
HE N M,

« Bit 0 - TWGCE: TWI /" #&iR Bl fE8k
BE{LF MCU ATLUIR BN TWI B4k 15,

AVRH) TWIHEORERFZFTMETFTHEN, FIENELENH  NERE—INETREET
—/NSTART E5% , &4 —1 TWI Flf, BT TWI EZORE T Hursy , Eitk TwI
BENEFEPTAEMERIRES  FEENARFN T, TWCR FEE8H TWI F§f R
TWIE MISREGHEFREN LR ATFN—RBRET NARFEEWMTWINTFREN =
EWHRTER, R TWIE #0ES , NARFREEXARIE TWINT SrEMK F3EFREN
TWI B&IRAS

L TWINT FREME 1", RRTWIEOTR T H5INERE , SENABRFN N, £
XMERT , TWHRAFEEE TWSR ZE TR Y TWI BERASNE. MARFETU
EE TWCR BVIRASH ¥R AIRASREBER , HETIRE TWCR 5 TWDR &E:8
REET—NTWI BB TWI 0 M iz i T4,

Figure 85 44t M ATEF 5 TWI R OEEN P F. ZHF , TNLE-MREFTLEML,
XEARMR , ATHNEESFESHER  EEHENKBHIE,
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Figure 85. 5

AIMEL

BREERTINARFS TWI D

writes to TWCR
Application to initiate
Action transmission of

1. Application 3. Check TWSR to see if START was
sendt. Application loads SLA+W into
TWDR, and loads appropriate control
signals into TWCR, making sure that
START TWINT is written to one, and TWSTA
is written to zero written to one

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

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

2. TWINT set.
TWI Status code indicates
Hardware START condition sent

Action

Y J
TWI bus START SLA+W Data A STOP

Indicates
6. TWINT set. TWINT set

Status code indicates
data sent, ACK received

4. TWINT set.
Status code indicates
SLA+W sent, ACK
received

TWI BN E -SSR EESTARTE S, BIX TWCREASZEE ,IBRTWIEH
K% START 55, BANENEREIEHA, EEAER TWINT ugﬁu , X 3E
BEE, 4 TWINT B "1” BRIHRE, TWCR F1FEEH TWINT B HE TWI
FeBHEMEE, —BE TWINTEZE , TWI H START S5 B s BIEE R,
START 5858 K% R , TWCR FF888 TWINT #RE&M B , TWCR EF RFHH
R , ®R START Fﬁﬁzljﬁin_o

RARFRKE TWSR ,HBE STARTESERMAE. MR TWSRERAEE ,
MARFUURIT—EEERE , bNMAAERLCERSF, NRRSBSTHE—
¥, NARFE SIS SLA+W g A TWDR, TWDR AR E# it SHIFEREA.
TWDR & A SLA+W j§ , TWCR %M E A EEIE R TWI B H XIE SLA+W 5,
EANENEEHEHRA, EEAEN TWINT VEEN , XIEEEE, 4 TWINT
BE" & B?lttﬁ,..\o TWCR F 178589 TWINT B HiE TWI T2 3 shEmRE,
—B TWINTEZE , TWI Bt arEix,

ik RIE S TWCR%#%%E’J TWINT FREL B , TWDR B A FERS
RRBI BRI ER, RERBELRBAILE SR,

NARFRNKE TWSR ,BEMIBERINALIE, ACK AHIEE, MR TWSR &
TRET , NSARFARRT - EEERE , LNARERLCERF. NRRS
BEWMH—3 , NARFATNBESHEA TWDR, BEE , TWCR “ME A
EEER TWI BH %X TWDR FHEES, BANENEEEEH, £EAE
Bt TWINT (U EEf , XIEFEE, TWCR FEEFM TWINT B EE TWI
LBHEMERE. —B TWINTEE , TWI BIBBESTHNEH.

BIBERIER , TWCR FE8EM TWINT AREMEN , TWSR EF H RSB
ﬁm?&ﬁ@ﬁklﬂtﬁo RAERBIESRBMIL2E R D,

NARFRNKE TWSR BEMU T ERINELIE. ACK AEIEHE, MR TWSR &
TRET , NARFRRIT - EEERE , LnARERLCERF. NRRS
BEWMES—3, TWCR XMEABEEER TWI BHL1L STOP 5. EAMW
BENEEEIEE. EEAEBN TWINTNEEN , XFEEFEE, 4 TWINTE"1”
ERIFRE, TWCR FESEHM TWINT Bz HE TWI T2 B s {EmigE, —

B TWINTEZE , TWI F3h STOP 551X, EE TWINT £ STOP R K
BEFREEBNL.

RERHILRESE  BEEET TWI HEABSBPNAMAERN ., SLEMOT !

M TWI R —RREHSERBEEIT , TWINTHREEM. BEE TWINT BFE | iféhsk
SCL F & HI1K,

166 ATmega3d2(L) m——
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«  TWINTHZEENR APMSIRAST—NTWI L BBPHEXNEER TWI F1E5. F
i, TWDR FERHMYVMHEAT —NELBEAHFELENE,

« YHFAM TWI FEREIEY  MEHETHEENNARFHEL4 % , TWCR#E
ABHE, B TWCRAE , TWINT UM EM. ¥ TWINT B "1” BRI RE, TWIHF
FHa#4TH TWCR R ER B,

THSETLHS CIESHRE, EERRTEABYIELHE L.

CRABEGIRE C R\BARE HEA
Idi  r16, (1<<TW NT)| (1<<TWSTA) | TWCR = (1<<TW NT) | ( 1<<TWSTA) | % START &
(1<<TVEN) (1<<TVEN)
out TWCR, r1l6
waitl: while (!(TWCR & (1<<TWNT))) L& TWINT EfZ , TWINT ELRT
in  ri6, TWR ; START 55 B4 H
sbrs r16, TWNT
rimp waitl
in r16, TWSR if ((TWBR & OxF8) != START) BB TWIRASESE  BEWSHML , o
andi r16, OxF8 ERROR() ; RERBFZT R START & HELE
cpi rl6, START
brne ERROR
ldi  r16, SLAW TVWDR = SLA W FF SLA_W g A TWDR E1785 , TWINT
out TWDR ri6 TWCR = (1<<TWNT) | (1<<TVEN); BT , Bl KiEthut
ldi  r16, (1<<TWNT) | (1<<TVEN)
out TWCR, r16
wai t 2: while (!(TWCR & (1<<TWNT))) Z4& TWINT Ef , TWINT BRURREL
in  rieé, TWCR ; WH SLA+W BRH , RKBEINEES
sbrs r16, TWNT ACK/NACK
rimp wait2
in r16, TWeR if ((TVBR & OxF8) != MI_SLA_ACK) |#Is TWIRASSHER K BEWLOHM W
andi r16, OxF8 ERROR() ; RIRAFETFE MT_SLA ACK HH B4
cpi  r16, MI_SLA ACK
brne ERROR
Idi ri6, DATA TVDR = DATA HEIERA TWDR FE85 , TWINTF
out TWDR ri16 TWCR = (1<<TWNT) | (1<<TVEN); E BBAEHBIE
| di r16, (1<<TWNT) | (1<<TVEN)
out TWCR, r 16
wai t 3: while (!(TWCR & (1<<TWNT))) Z4 TWINT B, TWINT BARREL
in  ri6, TWR ; iE DATA BEXiE , RIKEIRERES
sbrs r16, TWNT ACK/NACK
rimp wait3
in r16, TWBR if ((TWBR & O0xF8) != MI_DATA ACK) B TWIRASESE , BT oM | W
andi ri16, OxF8 ERROR() ; RIRBSFF 2 MT_DATA_ACK ¥ H a4k
cpi  ri16, MI_DATA ACK #
brne ERROR
| di r16, (1<<TW NT)| (1<<TVEN) | TWCR = (1<<TW NT) | (1<<TVEN) | k3% STOP 5
(1<<TWSTO (1<<TWBTO);
out TWCR, r16
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RRB

EPREBRK

AIMEL

TWI AR ITHEF 4 NFRVER  EHAIESF (MT)., ENERSF (MR). MHLKIESR (ST)
RMHLEKES (SR), B—RARFALAERALIMER, Fl0, TWI A MTERXE TWI
EEPROM BEA#IE , A MR # XXM EEPROM £ Bi#iE. MRREFEHECENEFE &
fITATRELE TWI ZEEIE , WL SR EX., NARFREXAMHER,

TEXSHEXRTEFRA, SHEXNRSBEFAHARERENEFBHITHER.
XEREBSTUTHEES

S : START IR%&

Rs : REPEATED START R%&
R:E—t4 (SDANSHETF)
W : E—/ b4 (SDA RIEEBEF )
A : RIZ (SDA RIKETF)

A: TTRZ (SDAREBETF)
Data : 8 V(17

P : STOP IR#&

SLA : M#Lithsit

£ Figure 87 2| Figure 93 1 | BB AXi%EB TWINT IS B R B, RETHRFZAREK
AT TWSR MIBUE , Hb 9 ERRN 0, EXEF NARFSIINITEEN IT/EL
P /TR TWI MRS, TWI A ARER | — B2 TWINT i8S 4EE.

TWINT frERENME , TWSR BRI AR REE LN HRIE, Table 74 2 Table 77 44
HTE—MABMENRGIENEEBTEANAT., IEEXERDTASANVE
M 0,

EENEREER | EHTURMIEZEIE | W Figure 86 FTR. NBAEHER | MM
KiA START 55, SEENIBHEAREH A MT H MR EBRX, R KIE SLA+W
AMT #ER ; IR KX SLA+R N#EH A MR X, ATAFRINRESEZHRIZET D
R "0%

Figure 86. FH KIAEX FTHBIEER

cc

Device 1 Device 2 ) )
MASTER SLAVE Device3 | ... Device n R1 R2
TRANSMITTER RECEIVER

SDA

scL Y

BEE TWCR BFSEFPREATHHREA L STARTES :

TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN - TWIE
& 1 X 1 0 X 1 0 X

TWENARBLAMFEREF LD  TWSTASMAE"1”R K HSTART 55 H TWINT XM B
"1" K3 TWINTHREEE. TWHEBEBFRRNBTEL , —BRLZRM KX START, #
B HTARE TWINT &1 , TWSR BPIRZSHE ) 0x08 ( I Table 74), J# A MT X |, 24

168 ATmega3d2(L) m—
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Table 74. =W A EEXAVIRSH

MEIZE SLA+W, X AIEE X TWDR BEA SLA+W R3EH, TR IR ERBHEESE TWINT

FRE& , TWIRRHSE#H T, XBIE TWCR HEEHFHREATREREK :
TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN = TWIE
& 1 X 0 0 X 1 0 X

L SLA+W KATEHBZWEIBIAMES , EVH TWINTIREBRENM, A ENH TWSR
RSB ATRER 0x18, 0x20 = 0x38, B IRSHIH EFIG R 5 F Table 74,

SLA+W ZE KR AT AT 8 RIE BB S, XBEX TWDR EAIERT, TWDR REHE
TWINT AGREAEA, &N |, HRE 2 , 51785 TWCR WERENMN TWWC EfiL,
TWDR E#jg , TWINT I REERKLE /L%, XBZE TWCR FEEFTEATRETR

TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN = TWIE
& 1 X 0 0 X 1 0 X

XERE—BEEETE, EGRENFH RIETHRIESR™% STOP 5 REPEATED
START {55 . STOP 55 &I TWCR REATREKIN :

TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN = TWIE

& 1 X 0 1 X 1 0 X
REPEATED START 5@ £ TWCR ABEA FRERM :

TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN = TWIE

& 1 X 1 0 X 1 0 X

£ REPEATED START ( R7 0x10) f& , M&EOTUBXRIAEMERBMI , RFKIE
STOP S5 3KiF R HIMHL. REPEATED START B EH AL ERE KRB LBEINEGE
THEM., ENRESFREVIZRBFEX B H# TR,

1P 544 19 i) 32
KA 3t TWCR #yigfe
(TWSR) fi% | 24 BT REM2&BTES TWIN | TWE
WLR 0" | IR i# /5 TWDR STA | STO T A | 2KBITE4T—SNEBBIE
$08 START B &% fnEk SLA+W 0 0 1 X | &% SLA+W
S E ACK 5 NOT ACK
$10 E5 START E&3#% 0% SLA+W 0 0 1 X | @EA*E SLA+W
B 0 0 1 x | 39K E ACK 5 NOT ACK
g SLA+R &% SLA+R
TR ENFWER
$18 SLA+W B K% ; IEREBIE (FF) 0 0 1 X | mAEHRIE | Uk ACK 3 NOT ACK
I E ACK = 1 1 X | BERHEEE START
Fi24E TWDR 5 0 1 1 X | @K% STOP , TWSTO &M
T4 TWDR 5 1 1 1 x | K STOP , REKHE START , TWSTO &
2
T4 TWDR
$20 SLA+W B &% IELIE (F) 0 0 1 X gREHEE , #UK ACK & NOT ACK
#EUE NOT ACK = 1 0 1 X FEEEE START
T4 TWDR = 0 1 1 X | &% STOP , TWSTO &
T4 TWDR = 1 1 1 X ﬁﬂiﬁ STOP , A &% START , TWSTO ¥&
[\
Fig# TWDR
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Table 74. EH AKEEXAIRARE

$28 WEE K% MERE (FF) 0 1 X @ EEMIE , 8K ACK 3 NOT ACK
I3 ACK = 1 1 X | BRHEEES START
T4 TWDR = 0 1 X | g% STOP, TWSTO §&1
Fig#E TWDR = 1 1 x | K STOP , RE K% START , TWSTO &
[
T4 TWDR
$30 WIEE &% MEBIE (FF) 0 1 X | REHE ik ACK 3 NOT ACK
BBEI NOT ACK =% 1 1 X | WRREEE START
Fi#24E TWDR = 0 1 X | &% STOP, TWSTO &1y
T4 TWDR = 1 1 X ﬁﬂiﬁ STOP , A %% START , TWSTO ¥&
VA
Fi#24E TWDR
$38 SLA+W BB B A | TEME TWDR = 0 1 X 2 BT EEHHMBN , HHARISUMYER
1 1 X B ZE RGN &% START
Fi#24E TWDR
Figure 87. EH ZIAEKXMBXFRE
vanemeson | S | sta A | o A P |
to a slave R
$08 $18 $28

170 ATmega32(L)

Next transfer
started with a
repeated start
condition

Not acknowledge
received after the
slave address

Not acknowledge
received after a data
byte

Arbitration lost in slave
address or data byte

Arbitration lost and
addressed as slave

MR

x| e |

= | Other master Other master

AorA continues AorA | continues

$38 $38

Other master
continues

To corresponding
states in slave mode

I:I From master to slave

From slave to master

Any number of data bytes
and their associated acknowledge bits

DATA | A

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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ENEPER

Table 75. FHEWE VIR

EEAERER , TH TSR | 10 Figure 88 AR, H# ATHER | 477
K% START {55, REEHMILRXREREA MT 5 MR M, MBKE SLALW
AMT 5% MBKIE SLAR MHA MR B, ATFREORSTHRR LTS R

Figure 88. HIZEWEX THIHIEER

cC

Device 1 Device 2 ) .
MASTER SLAVE Device3 | ... Device n R1 R2
RECEIVER TRANSMITTER

SDA Y

SCL

BEE TWCR EESRFAEATHHELH STARTE5 :

TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN = TWIE
& 1 X 1 0 X 1 0 X

TWENARMBMLAFEREF LD  TWSTAXAE"1”R KX HSTART 55 B TWINTAAE
"1” K3 TWINTHREET. TWIEBBFBRMETEL , —BEEKZERMAIE START, #
BEHPHFRE TWINT BfL , TWSR BIRZSEE 79 0x08 ( I Table 74), A#H A MR #3 |, &%
MK E SLA+R, X AEE X TWDR BEA SLA+R REH, TERILRERFREEE TWINT
W&, TWIHRRSEHT, XBLE TWCR FEFEHHREATREREHK :

TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN = TWIE
& 1 X 0 0 X 1 0 X

Y SLA+R BETEHBEWEIWIAES , EHMN TWINT HREBIREN. Lt ENH TWSR
RS AT RER 0x38, 0x40 = 0x48, X B RSBH IEFHIIR 5 F Table 75, TWDR R
ETWINT ISR FEERKEINHE. SIBA—BEETX  BEIRENFTERER,
BRERE , MR NBNEZERIIRENFTELIE NACK E5, KIAEST4% STOP &
REPEATED START (S5 4 ® %, STOP (E5@3 % TWCR FBEA TR ESEN :

TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN - TWIE

B 1 X 0 1 X 1 0 X
REPEATED START 5 &7 TWCR A EA TREX :

TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN - TWIE

B 1 X 1 0 X 1 0 X

£ REPEATED START ( R7 0x10) f& , M&EOMUBXRIAEMERBMI , RFKIE
STOP S5 3KiFRIFHHIMHL. REPEATED START B EH I ERE KRB LBEINEGE
THEM., ENRESFREVIZRBFEX B TIER,

- 3 TWCR Byi24E
(TWSR) % | 24 BITEEM 2L BITES TWIN | TWE
WIh "0 | RS /B TWDR STA | STO T A | 2KBITEHT—SRXBNE

RIS HEHOT R

2503F-AVR-12/03
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Table 75. EHFZBRKXAVIRAT (Continued)

$08 START B &% hn& SLA+R 0 0 X @& SLA+R
142K ACK 5 NOT ACK
$10 B4 START E& 3% & SLA+R = 0 0 X | @EK# SLA+R
0 0 X R E ACK 5 NOT ACK
gk SLA+W FF&IE SLA+W
BRI ENNLEES
$38 SLA+R 5 NOT ACK B9{h& | Ti#RE TWDR = 0 0 X | 2 BT AGFHBRE , HH#ARIUMIER
ES 1 0 X | MEEERGEE LR START
FigE TWDR
$40 SLA+R B3 Fi24E TWDR = 0 0 0 | f=s#E , IRE NOT ACK
EIWE ACK 0 0 1
T84 TWDR BEWHE | RE ACK
$48 SLA+R B &% Fi#24E TWDR = 1 ‘1) § FEEES START
BILE NOT ACK Fi2E TWDR & 9 %&3% STOP , TWSTO &1z
1 1 X
FigE TWDR 19 43% STOP , #A/5 43 START , TWSTO &
2
$50 BB EHER 0 0 0 | #WHdE , IRE NOT ACK
ACK BiEE 0 0 ]
EHE BRHIE , IRE ACK
$58 ERE R EHIER (1) ‘1) § EREE START
NOT ACK Ei&[El EHIER M £&5% STOP , TWSTO &1
1 1 X
BRIE ﬁ#zﬁ STOP , RS %3% START , TWSTO f§4&
[\
172 ATmega32(L) |
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ATmega32(L)

Figure 89. T HlIEWEXWRXARES

MR

Successfull T _—
reception S SLA |, R A DATA A DATA iy p

from a slave
receiver
$08 $40 (s50) $58

Next transfer |
started with a Rs SLA H R

repeated start
condition

Not acknowledge W
received after the A P
slave address

$48

MT

Arbitration lost in slave Aor A Other master = 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

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

MR EMNZBUES | MHLB EHEWEEE | W Figure 90 AT R, ATIATIRBIFVIRSFHRIR
HM AR "07

Figure 90. MHlIEWER THEIEER

CcC
Device 1 Device 2 . .
SLAVE MASTER Device3 | ... Device n R1 R2
RECEIVER TRANSMITTER
i 1
SDA A
scL y
NBEHMYIEWESX | TWAR 5 TWCREENT :
TWAR TWAG | TWAS5 \ TWA4 \ TWA3 | TWA2 TWA1 TWAO TWGCE

=l RS MLt i

A mEl% 173
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AIMEL

B 7 L2ENITueT MAAIERIE TWI B O#bhk, 2 LSB & , W TWI 00 R 1%tk
0x00, &N Z0E bk,

TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN = TWIE
& 0 1 0 0 0 1 0 X

TWEN A RBMLABERETWIHEOD, TWEALEBNM SN I UHE B S (M Hlibit sk #%)
FHRE#IAE B ACK, TWSTA fl TWSTO AFEE,

#tsit TWAR F TWCR 2/5 , TWI #OBFHRES , BB HMIbaE ( 2/ it
ik, R TWAR B TWGCE B Mg ) HREEHFuttbit Hrp | HFEBE S @ALR 0 (
BE). B TWINT FFEEN , TWSR MEE THNAVRSE . X Z IR Y 1E 5@ 5 5
F Table 76, 2 TWIEZOLFENER (RZ 0x68 = 0x78) H K EME LMK AT CPU F
HAMAERER,

WMREEHEIER TWEA £, TWI EOEEKE T —METEFE SDARE “ T
Z” ., TWEA S8 TWI EO0FXBEN BN  BERESBEMEMEL, — B
TWEA B # A AR E stk iR BUFNNG RL, bR 21 ATSARIA TWEAZ R TWIEZOMNE
KRB LR,

ERZAEXNANECHRIRERS , TWI ZOMSHEXA, 68T AIBKES |
BEOEFR AR Sk 57 7 #E bt / Mot ot PR B8 CPU, EMREEHAE |
TWHEZOFHRIESCLAKER  EETWCINTHRERE, YAVRAHIREEEZTHETWI
ALEREZHNHE, SAUE AVRIEE RN KB E | I8k SCL AJRES KA EREE
K , EEECHENEE,

Y MCU MiXERIERAER  MEEIERITENR , HIEFEE TWDR HEE
HARMEL FHINGERE—1MNET,

ATmegad2(L) m—
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Table 76. MHLiZWEAVIRAE

JSIFR BR A4 B9 B S

WA X TWCR R4
(TWSR) Hii% | 24 BT &M 2L RITEAH TWIN | TWE
LR 0" | R ¥ /B TWDR STA | STO T A 2 RBITEHT — S NI Zh1E
$60 HOH SLA+W BE2%ER | FgETWDRR | X 0 1 0 | =iz | IRE NOT ACK
ACK B3RE X 0 ] )
24 TWDR BWHE | IRE ACK
$68 SLA+R/W #ER EHHE % | Fig¥E TWDR = X 0 1 0 | f=ukdE | 3RE NOT ACK
M ; BECH SLA+W B2 83E X 0 1 1
114 K12 ]
ACK BiEH F#g4E TWDR EWHEE | IRE ACK
$70 BBt FigfE TWDR = X 0 1 0 | #W%IE , 3RE NOT ACK
ACK BiE@E X 0 ] )
T#g4E TWDR BEWREHE | IRE ACK
$78 SLA+R/W #ER EHMHE % | FigdE TWDR = X 0 1 0 | fushd® , JRE NOT ACK
B EUE <« | o . ;
ACK EIRE Rig4E TWDR EIKERIE | BB ACK
$80 LA BT SLA+W S 4k | T4 TWDR 5 X 0 1 0 | #=gskiZ | JRE NOT ACK
| WIEE MR x | o ; .
ACK BIEEl Fi%# TWDR BUWERIE | EE ACK
$88 LB BT SLA+W S ut | iEHiER 0 0 1 0 | REIRFUMNER ; THIRFIBTH SLA
| RECEHIEN s GCA st . bes;
, = 0 0 1 1 TIHRFRSUMNER ; EBIRGIECH SLA
NOT ACK B3EE EHER . ¥ TWGCE = “1” , GCA t2 A LRl
TRBRFUMNER ; FEIRHIBESH SLA
1 0 1 0 | R GCA ; B&zo et £3% START
BHIER
TR BRI UMNESR ; SEBIRFI B SH SLA
1 0 1 1 . & TWGCE =“1” , GCA t8aJLUR %I ; Bz
PR &% START
BIE

2503F-AVR-12/03
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Table 76. MHLEZBIRKX AR (Continued)

390 MBS AR T U ; MR | RBER X 0 EWHAE | RE NOT ACK
2K X 0
ACKERH BRHE BUIRE | BB ACK
898 DTS EA A BT A SR | MRS o | o TREKIAMNER ; FERIADH SLA
BAREN o | o % GCA
NOT ACK E3&H] BRI T DREKIFUMIUER ; SBRBIETH SLA
; 0 ; B TWGCE = “1", GCA "] iR 3l
BHER PREK I LML ; FEASESH SLA
1 0 % GCA ; B&ZRAY KX START
— TREKI MBS ; BRI A SLA
= . % TWGCE = “1”, GCA A BLiR% ; Bz
BT RIE START
$A0 HEUMY TR E STOP | iRt 0 0 E| E5 - R £
e g;ﬁ?vmm#ﬁ | FERIETH SLA
0 0
TREKI MBS ; BRI SLA
; 0 ; & TWGCE = “1", GCA A LRS!
PREK I LML ; FERASESH SLA
1 0 = GCA ; B&ZRAY KX START
HREIR T AR, ; SEBIRBI BT SLA
; & TWGCE = “17, GCA A BUR% ; BLkZE
PR B &% START
176 ATmega32(L) |
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MR EHS
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Figure 91. MHLIEWBEXWRXARES

ATmega32(L)

Reception of the own H T
slave address and one or S SLA W A DATA A DATA A Pors
more data bytes. All are -
acknowledged

w0 w0
Last data byte received
is not acknowledged A PorsS
Arbitration lost as master
and addressed as slave A

$68
Reception of the general call T
address and one or more data General Call A DATA A DATA A Pors
bytes -

@ $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

$78

o 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

EMNEEER | ML T @ KX |, W Figure 92 Fi R, ATEATRBIBVREF Y

BRIgETM DN "07

Figure 92. MMl ZXE X THEHIELH

VCC
Device 1 Device 2 ) .
SLAVE MASTER Device3 | ... Device n R1 R2
TRANSMITTER RECEIVER
/Y /y
SDA y
scL v
NBIMNEEESX | TWAR 5 TWCRREMNT :
TWAR TWAG | TWAS5 \ TWA4 \ TWA3 | TWA2 TWA1 TWAO TWGCE
& BRA S Mtk

ATMEL
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AIMEL

B 7 L2ENITueT MAAIERIE TWI B O#bhk, 2 LSB & , W TWI 00 R 1%tk
0x00, &N Z0E bk,

TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN = TWIE
& 0 1 0 0 0 1 0 X

TWEN A RBMLABERETWIHEOD, TWEALEBNMLMEE I UHE B S (M libit sk #%)
FHRE#IAE B ACK, TWSTA fl TWSTO AFEE,

#tsit TWAR F TWCR 2/5 , TWI #OBFHRES , BB HMIbaE ( 2/ it
#t , 2R TWAR 9 TWGCE EfVAYiE ) B AEENFubsbnt S A EBFEFECR "1”
(1 )o RE TWI IR EEN , TWSR B E T HHNAVIRASIE . X FAIRZS Y 1E 55 e 57 51
F Table 77, % TWI E D& FEHNERX (IRFS 0xB0) H & EME A MET CPU fFit AN
RiEER,

MBEERMIEREF TWEA 47, TWI EOREZHIEZ G ARZS 0xCO = 0xC8, MO
WA RIUMNER | PREMGEERELEH. NTTENBRINERESS 17, W
RENFEMMEEN (BIKE ACK) , BMEMNEREIELER , it ARRE 0xC8,

TWEASMNN TWIHEOFRBRMN SNt ERAMREUMEL, —B TWEAEN
AT UIR S e ab IR B, BRI , WARIA TWEA B8P TWIH EOMNERLFIEE
3k,

ERZAEXNANECHRIRERS , TWI ZORSHEXA, 68T AIZKES |
BEOEFR AR Sk 5 7 #E bt / ML ok, ot PCB R B8 CPU, EXREERAE |
TWIHZ DR ESCLARKB T EETWCINTHREEE, HAVRITIRE EEZ/TETN
REEZHHEE, SAURE AVRIZEERNKBIATE |, iT4h4k SCL AJRE& K AT ERIFK |
FEHTCEEMNZIE,

Y MCU MXERIEEER  MEEIEREITENR , HIEFEEE TWDR HEE
HARMEL FHINGERE—1MNET,

ATmegad2(L) m—
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Table 77. MYLEEEXHVIRSH

R R4 B9 T
AT 3t TWCR #yigde
(TWSR) % | 24 BT RLE 2% BITEHAM TWIN | TWE
LR 0" | RS ¥ /B TWDR STA | STO T A 2 RBTEHT — SRR 1E
$A8 BT K SLA+R EL 4K gk —FH X 0 1 0 | RE—FHHHKIE , BB NOT ACK
ACK B3R[E B X 0 1 1
;{Eﬂﬁi——?*ﬁﬂ’m KRBT | IR ACK
$B80 SLA+R/W ER =N HE K | ME—FHaK X 0 1 0 | RE—FHHHKIE , BB NOT ACK
W BCH SLAtR EZ&#iE | 55 X 0 1 1
4 & —F R s
ACK B3EE] p REHE , E ACK
$B8 TWDR BHIEE 2K 3% N —FH e X 0 1 0 | RE—FHHHKIE , BB NOT ACK
B ACK R x | o ; :
;{Eﬂﬁi——?*ﬁﬂ’m KRBT | IR ACK
$co TWDR EHIEEZ &% Fi24E TWDR % 0 0 1 0 | IRBIRFUMNER ; TEIRZETH SLA
#IZ) NOT ACK 0 0 ] 4 | BGCA
T4 TWDR 5 TIRERSUHMNER ; EBIRFIESH SLA
. & TWGCE = “1”, GCA taa LR Bl
1 0 1 0
TH#F TWDR 5 |EFIUHMNER ; FEIRSE M SLA
1 0 1 1 | HGCA ; BEERAR START
o PREARFHMNES ; seBIRFI B2 H SLA
A TWDR : & TWGCE =“1”, GCA /LIRS ; Bz
B &% START
$c8 TWDR f—FHHIBE LK% | TRE TWDR 0 0 1 0 | BRI UMNER ; FHIRYECH SLA
(TWAE = “0”); 0 0 ] 4 | ®GCA
B ACK T4R4E TWDR = NI|IFIUHMNER ; 8EBIRZE M SLA
. & TWGCE = “1”, GCA taa LR Bl
1 0 1 0
TH M TWDR 5 N|EFIUHMNER ; FEIRSE M SLA
1 0 1 1 | GCA ; BEERAR START
o PREARFHMNES ; seBIRFI B2 H SLA
A TWDR : & TWGCE = “1”, GCA tB ARG ; Bgkze
B &% START

179
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Table 78. HERASH

AIMEL

Figure 93. MHLZZ#E X X FRZS

Reception of the own H -
slave address and one or S SLA ' R A DATA A DATA A Pors
more data bytes -
$A8 B8
Arbitration lost as master
and addressed as slave A
$BO
Last data byte transmitted. - _ -
Switched to not addressed A All1's Pors
slave (TWEA ='0") - -
$C8
- 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
ANk 3 A [—R\
BRANMRSEREMERKN TWHRSEX , I Table 78,

RS OxF8 R H ALK BEHEXELR , BRFEIRE TWINT 1 "0", XHRSAEELAELER
oW TWI EDRES S RTERMNIHR,

RS 0x00 RRERTEAMIRBRRE T HLHIR. X START 5 STOP HIMEHIRAL
B EEEIRRERE, LR ERI N HE, it MACKZE LI T STARTH STOP,
BEEIRESH TWINT Bfz. A TMERPIRELR , KFAERIFE TWSTO , HiEH
B 1" BUBE TWINT, XFSH TWI EO#ARILAMIER, $FE TWSTO #ER

(TWCR W H MU T Z &

M), A% SDA 1 SCL # B , ERFTL7™4% STOP,

BLF k40 B
- % TWCR # R4
(TWSR) % | 24 BITREM 2% RITEMY TWIN | TWE
BN 0 | RS # /5 TWDR STA | sTO | T A | 2 REBRATEAT — S RRMNAH

$F8 SBERXHRSES T#fE TWDR No TWCR action SRHAHTURER
TWINT =“0"

300 i FIEAR START 5 T4 TWDR 0 1 ! X | REWMALEL ; TaK% STOP BlEL L. B
STOP Bl#2#) B4R LB HIHEE TWSTO

180 ATmega32(L) |
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EREBERT  ATRPENITE  XFF/ LR TWIERNEAEER, fl20ME1TEEPROM
EEHIE. ;‘ﬂ?‘éE’J ﬁ%’fﬁf@?ﬁu"l_*ﬁ%’t

1. ERLTE

2. @MEiF EEPROM itV E

3. ISERIRIBHE

4., FEEMMER

ABBETNENEIIM , Rztbr, BRENLAEIHFMIIEIXEGNNCE , BibHE
TEA MT R RESEAMBMILIRY  BEEA MR ER | B2 5 EAAKE,
ELRSBA | ENATRE BENES | B LR SREZEDHET MBES N
REFERX—AN , BEF-LE5E=F2BAHEEENHE EEPROM HHKIEELH |
MENRBMHHFEVERE RN, FEFORIXREIERES U FT SEKRHIEZHE
&3% REPEATED START E5REIM, £ K% REPEATED START F5/5 , =ML

RIEFELHNERN, THRSAHEAZNRESR.
Figure 94. JL# TW| # X Bk &8 81T EEPROM
Master Transmitter Master Receiver
T P
S SLA+W A ADDRESS A | Rs SLA+R A DATA X P
S = START Rs = REPEATED START P = STOP
Transmitted from Master to Slave Transmitted from Slave to Master

MREESANENEEER —EL L, EMNHHN— NSRS NMITFLRNTHR - N RIEEE,
TWI MR EXMERT , B —MELRE , AFTEPN N ENH#TREMFTRE
KBIR, B HERNGIF MR , BBt AT EALIA B IR 5 B,
Figure 95. {h& R4l

cc

Device 1 Device 2 Device 3
MASTER MASTER SLAVE | eeeeenns Device n R2
TRANSMITTER TRANSMITTER RECEIVER
A A
SDA = Y A >
SCL - A v >
BRATRBERRFELRLHARTRE

FANRESHWENRRESE—PMNRTEES. EXHERT , TEEVNIMIER
ﬂﬁﬁégimﬂ-%o

AANREZWENRNNE —MMIBRTTIENBES S ENHGE., EXERT ,
£7f READ/WRITE Ui EE A £ M. EVNIAEE SDAL ELHE—IEEF
B, MBEHMAENEZRHE "07, WZENELELPEPEIN. KM EVFEERK
*W—riﬂ:ﬂﬁ}ykm*i_t :ﬁ%f*éﬁ?l‘ﬂ)ﬁﬁiﬁ—ﬁ\%ﬁﬁ’g START 55 , XHNMARF
RE.
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s FNRESZHENFRFTEHOM. EXFERT , BLMHRE SLA K£E. EHiH
EESDAL Lt — M REFN , MEETENCLEE 0", WEXENNELL
HEF KM, £ SLA BEMPREBNEVFRIMNER | HREB S REHIR
BEEERHNNENI U, MEHI U , ©FH#EA SR STER |, XEURF SLA
#) READ/WRITE 9 {E, MBEECREI it , FHGBRFIUANMNERNREFE
KR , RE—NEM START 55 , SHNARFERE.

Figure 96 iR 7 B&MEBMNTE , BPHNHRFN TWI HRFE,

Figure 96. H4fhHEL=2

START SLA Data STOP

Arbitration lost in SLA Arbitration lost in Data

Own No 38 .
Address / General Call ‘WI bus will be released and not addressed slave mode will be entered

f | A START condition will be transmitted when the bus becomes free
received

Write 68/78 Jﬁa byte will be received and NOT ACK will be returned

Direction \/ '@a byte will be received and ACK will be returned

Read o | Last data byte will be transmitted and NOT ACK should be received
@'@a byte will be transmitted and ACK should be received

2503F-AVR-12/03
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Bl RS BB BERT IE AR AINO BB S 5048 AINT B9 /TH B, 34 AINO k98 E H 5148 AINT
FHEEEEN , ERRENEE ACO BNEN, iR A RA S B / it
BEE 1 EAMRIA, WA KREATMEECEAN. MM, B UER
HRE RN FF. FHEME R ST b0 RA% hMf, Figure 97 HHREREA
BB g AR,

Figure 97. #&ilLLREFER @

BANDGAP
REFERENCE vee
ACB l
ACD —»
ACIE
AINO

h L | ANALOG
| INTERRUPT _)—» COMPARATOR
/ SELECT IRQ

| T T L—— ACI

A

ACIS1T ACISO ACIC

—
TO T/C1 CAPTURE
TRIGGER MUX

ADC MULTIPLEXER ACO

OUTPUT®

»
>

Notes: 1. JL P185 Table 80 »
2. HEILLBREIMERI 2% W P2 Figure 1 & P55 Table 25

¥ HRINAE 10 18R - SFIOR

Bit 7 6 5 4 3 2 1 0

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

+ Bit3 - ACME: L EES 208 5 AR RE

HwniB%HE "1”, B ADC & FXIRFA (ADCSRA 178517 ADEN X "0") BY , ADC %
BREARNROLRIRERARA A, SR "0” i, AINT EZRIILLRBF[AARB A
i, EFAMRKIESI P186 “ RIULRFZIHWA "

A IIIEI% 183
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Bit 7 6 5 4 3 2 1 0

| Aco | AcBe | Aco Acl ACIE Acic | Acis1 | Aciso | AcsR
®/5 RIW RIW R RIW R/W R/W RIW RIW
e 0 0 N/A 0 0 0 0 0

» Bit 7 - ACD: #HillLL RS EMA

ACD BT , EHEA LB 500 BRI T o ] ATE R RHR IR B UL R IR B LR ES . X
AU TR RERERN TN, % ACD Ut , HFES ACSR F1FE8H
ACIE {(3RZ IEEI LB 2SI, B ACD 3R AT BE & 7= 4 HfT

+ Bit 6 — ACBG: & F#E LI LL BBV sE R E AR

ACBG EBfI/F , BE\LL RS ER M A HEEREARFTEC. B , AINO EEREL L
BREENERBMA. WP FREHEBE ",

« Bit5- ACO: il LRt

B RENREE2EESFEEREES ACO, BESHEISIAT 1-2 Metsh B EIM TR,

» Bit4 - ACI: L LL BB P MIIRE

HILREBFRN M HEM4ALR T H ACIST1 & ACISO E XK iR et ,ACI Efu. 2R ACIE
M SREG HFiFsMNERPMIRE | BB , BBAR LR R P I IRSEFEIELNIT | F
Bt ACI #BEHET, ACI AILUBEE "1” RKiFkR,

* Bit 3 — ACIE: | LB Es b Wi RE

4 ACIE B "1” BRBFHFEHRTFHERPIIRE | hiRB MR |, R ER PRI
o BN PETHREIL,

» Bit 2 - ACIC: # i\ Lb 285 A 2 (R

ACIC B /E A BT EHLL Rkt R T/C1 B A IR IR, BT LR BS A i HE 4 e 432
EETMABRNIZE , NMESLLERSETURA T/C1 W AR EHE B RS
FIBS R b &R IR IhEE, ACIC 7 "0” RHERILL R R AR IhAE 2 & BB R,
NTELRBALAME T/C1 W ARIRPE , ENEEPEAERTFEE TIMSK 8 TICIE1
RIRE L o

18¢  ATmega3d2(L) m——
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 Bits 1, 0 — ACIS1, ACISO: # il L 188 rh it =ik 4%
XA EMEELLREETMINEHS, Table 79 A 7T FREIMIRE,

Table 79. ACIS1/ACISO iR&

ACIS1 ACISO R
0 0 B ER A L BN AT b & R
0 1 R
1 0 EEB B A Y T B IR = A
1 1 Eesk g5 Y £ R = L

EENET ACIS1/ACISO B , HIUEE ACSR F1FeMY P FAE AR E ILEL LB Bg
Wro & 0I7AE A BE7E 3R IX v B 7= 4 AR T

AJLL%E#E ADC7..0 ZHIEE —MRABEL LR/ AR M AR, ADC ER:RTAR
SERIXANIIRE, HA , AT EAXANREE EM4MXE ADC, MREBEMLRI[EMABFME
BE{ (SFIOR HHJ ACME) # &1 , B ADC thE £ <35 (ADCSRA 1785 ADEN 5 0) ,
WA LUES ADMUX ZF1FE58H MUX2.0 RikZBEREMNERBARMANER , ¥0
Table 80, #N5% ACME EE = ADEN & , NEB LRI AR AR AINT,

Table 80. RiALLERBRERBA

ACME ADEN MUX2..0 B bgRammA
0 X XXX AIN1
1 1 XXX AIN1
1 0 000 ADCO
1 0 001 ADC1
1 0 010 ADC2
1 0 011 ADC3
1 0 100 ADC4
1 0 101 ADC5
1 0 110 ADC6
1 0 11 ADC7
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c 10 BE

* 0.5LSB WIFREE

« +2LSB W4EIEE

> 65 - 260 ps KyFHRATE]

- BEoHENEEEFIE 15 kSPS

* 8 BEE M i A RE

« TRESMAEE

o 2 BT 10x 5 200x WESWAEE Y

« WEMZEXNFT ADC EH

* 0-Vcc B ADC A B ESEE

« A% 2.56V ADC SEHBE

o ESERBERERER

- BB APIIRES ADC #iR

* ADC #¥RgE R ilf

o ETHEERENNEFNHER

Note: 1. EPDIPERTHEDMABERHREZN . AFRIE[HFETQFP SMLFHETIER
T,

ATmega328 — MO HZEREBILEADC, ADCE— 8 EEBEMELNZ IS FHRIER &
FREBHO AR 8 BB iR A BERITHRE, RiREEM AL OV (GND) hE K,

SHEXE 16 REPBHERMALAS., AERES@WA (ADC1, ADCO 5 ADC3, ADC2)
BrREEER , £ AD HREIAED WM ABERME 0dB (1x). 20 dB (10x) = 46 dB
(200x) IR R, tRESELMABERZ—MNEA W (ADC1) , M EAE{T ADC 5
AT R Ef AR, REEH 1x 3 10x @i |, /53 8 U o PR, MRFEH 200x #
AIEE 7 Lo PR,

ADC @FE— I REREFHE  UBRERRIESRH AT ADC WBEERRFEE. ADCH
EE N Figure 98 Fi'Ro

ADCHAVCC S| iR it s8R, AVCCEV 2 RAMNRETEERTE+ 0.3V, F5ZE P193
“ADC R FEHDHIRS " Sk T #f a04AT3E 85X N 51 R

FRFAMER 2.56V EEHE , AR AVCC , B T4 2R, BEEBETTLUBNE AREF
S EMM— BB HITHRE  UEF NGRS,

188 ATmega3d2(L) m——
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Figure 98. #EHHRBRHIER

ADC CONVERSION
COMPLETE IRQ

INTERRUPT
FLAGS

ADTS[2:0]
>
>

# ¢ 2 15 T 0

ADC MULTIPLEXER | | ADC CTRL. & STATUS | | ADC DATA REGISTER |

g 8-BIT DATA BUS
<

ADIE

SELECT (ADMUX) REGISTER (ADCSRA) (ADCH/ADCL)
— A
g8 g 33558 EEFEEEE A A 4 A
& w| o | E| 2| 5| = o o g & a| g| g =
x| < < < < < < < < 3
»| TRIGGER g
»| SELECT <
Y Y Y Y YN
’ MUX DECODER ‘ Y YV
PRESCALER
START
A A

GAIN SELECTION

CONVERSION LOGIC

CHANNEL SELECTION

AVCC I:'i X

INTERNAL 2.56V
REFERENCE \ 4 SAMPLE & HOLD

COMPARATOR

|¢
[«

BANDGAP
REFERENCE
ADC7 li
N SINGLE ENDED / DIFFERENTIAL SELECTION
ADC6 I:'i
POS. ADC MULTIPLEXER
ADC5 INPUT . » OUTPUT
MUX l
ADCA4 li
ADC3 I:'i GAIN
NY AMPLIFIER
ADC2
ADC1
ADCO —
NEG.
INPUT
MUX
/

ADC BEBXEEN A ENMANENBEEZRE — 10 UHNHFE, KRDMEREK
GND , & AERKXAREF S|} L BEBR A1 LSB, B3 B ADMUX &858 REFSn i
AT LR AVCC A EB 2.56V S E B EEZE] AREF 5|, £ AREF L/ N & °] LARY
FASZHE#THRBIURES RS HHI L,

Bl ABESEZ2EE T B E ADMUX FF3R1 MUX fIRiEF. £ ADC @A
S|, & GND REIERERSERE , #ATLUEN ADC W EimH A, ADC % A S| AJ ik
MESBHEBARNESA@A

MBEBREZESDEE  BIEBRBERASENNEERFESIBEEED AR, REHRK
B R ADC MiERII A, MRFEARKEE |, Nl ERm M AR,

B i% & ADCSRA 178389 ADEN BIW /531 ADC, RE ¥ ADEN BfuRSZBE KA
ANBE®RBET £ M. ADENEENT ADC HAEHE |, FHIbBINEH AT elERE N 2 5i>x
1 ADC.,
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ADCHRE RN 100 , FHTADCEIEFFEFADCHRADCLA, RIAMBER THBRLER RN
AXF , BAETIRE ADMUX Z 178589 ADLAR % X4 5Fo

MRERFQERENT ERESRESUNEREE  BARERINADCHHREB T,
AMES%EE ADCL , B ADCH , MRIEBESFSEHRFTHARRE —RERNER, —8
B ADCL , ADC N EFFHENTUMBELT, BRI , REVADCL 25 , BIfE
£ ADCH 28I X BE— X ADC BB &R , BEFESNRBECTLEN , NTRIET &
MERTELR, ADCH#iEHf5 , ADC ENA[E}i5E ADCH & ADCL 178,

ADC## g5 5R ] LU & HP T, BNE A T & £ EIRENADCHSADCL Z [BiE R ADC T
EHRBIESESS  HEBELRTEREE | PiNML,

B3 — kR B ADC B4 ADSC 5 "1” AR B 8RR, ERBNBPMVGEEIS B

BHBER  RAEWELHSE, NREERREEPERT S —NEE , B4 ADC 2K
TRBE I FEHIX — iR,
ADCH#H BT R LK R, iR EADCSRAZZE3MADC B3 il X S F L ADATE AT LAfiE BE
HEAtK, 88 ADCSRB F178 M ADC & %R ADTS A LUER A LR ( M ALL R
BlZRPH ADTS W ), UFHEMARESE BN , ADC MO MBS AT
B, XEMRT - AMNEEENERRTEIRRN S L, BRERENEREESNAL
i, BFLABF—RFHREG, NREEERSIRIMRESHXTET — N EBR |, A
LB R, BN ER TR IE RS B R AN 0, PRSI B, X
RALERTERMAER T — Rk, BEF TETRFE S L LR LI
i BJUSPEREEE,

Figure 99. ADC Bzt KB4

ADTS[2:0]

—— P PRESCALER

START CLK o

ADIF — ADATE
SOURCE 1 — I—

""" 5 } CONVERSION
LOGIC

S EDGE
SOURCE n DETECTOR

ADSC

fEH ADC FFREEN AR , AT E EERITHERERFEFFHR T —IX ADC i,
2Ja ADC BEIHEEELEZKRER | SEHTREAX ADC BIESEFHIHTEN. £
—R&&#iEE [ ADCSRA F77858 ADSC B 1 KB31, EUERT , FLEM ADC ik
T T ADC HHiFRE ADIF BB E L,

MRMRE T B3R , B ADCSRA F173a# ADSC Rz #£R¥#., ADSC #R&E
TRARBNEREBERIT 2. FRRRRNMAENN , ERRHTIRS ADSC —
B 1,

188 ATmega3d2(L) m——
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Figure 100. ADC %3 3725

ADEN
START Reset
7-BIT ADC PRESCALER

CK — >

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

-
<
-
<
<
<
-
<
<

A

»

ADPS0
ADPS1
ADPS2

ADC CLOCK SOURCE

ERINZKLT  BREIEEREE— /M50 kHz F| 200 kHz B9 5 A BT LR B R AR E,
MRFAENHBRBERT 10 b4, BBLABARARAALUSETF 200 kHz , LEFESH
ADC #ERBIE— 2058 , © A LLHEMEE 100 kHz B9 CPU B4 R= £ a#EZH
ADC R4, o588 ADCSRA E1E25H ADPS #1TiRE. &1L ADCSRA F1EH
ADEN f${FAE ADC , i D SMEs T AT . READEN 7 1, MoMEBMBFEITH , B
ADEN B E,

ADCSRAFF2RMIADSCEL/E , BimRE T — NADCHHFHN LT iBE3. =
DEBRNFER P192“ Z5EHREE " .

EEHBREE 131 ADC 4 EH. 7 THHRICELIBE , ADC f£4% (ADCSRA F1Fe
#) ADEN E{ ) FHE —IXFHIRFEZE 25 /> ADC B4 EHA,

HEEN ADC HIRERH , RERFERRBIZ/EM 1.5 ADC BT ; ME—IK
ADC M REREFM R EER KRB 2 FH 13.5 M ADC R th, HIERF ,ADCER
WiEA ADC BIEF 785 , B ADIF /5 E L, ADSC ERNESE (R REHRER ). 2FH
H AT ABIRE L ADSC #7& , MTITE ADC 95— L AR B3 — X iR,

EABMMAR  MREHREREMTDMER XRIETHREHMNEHRE 32 FIVE
MEEEN., EFHEXT , REREEMRES EARZEN 2 MADC Bt RE. BT
KRS EEFEZRHING 34 CPU BHHH FH,

ERAZSENX , BAFMRRENER ADC HRTTIR |, BIRERE 25 ADC Fitd, XR2H
THRERE ADC XAERABEHMERE.

EEEEHBERT , Y ADSC B 18, REHER—ER | T—REKRD EFH, i
[EliE N Table 81,
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Figure 101. ADC BtFE , £ —IR¥# (2RFERER)

First Conversion X rsion

1 oo 1 L
Cycle Number \1\2: :12\13\;4\15\16\17\18\19\20\21\22\23\24\25\ [1]2]3
ADC Clock § 3 | ‘ uly
ADEN ] | 3 S
ADSC / \ | W
N R — T
soc I, 7 X S o e
ADCL i /:// / //4‘ WY // T />:<LSB: of Result

‘ b l C
Update

Figure 102. ADC BFE , ¥ X ik

One Conversion  Next Conversion
Cycle Number \ 1] 2 | 3| 4| 5| 6| 7| 8| 9| 10 11| 12| 13i \ 1] 2| 3
ADC Clock | ‘ | |
posc /. 7
ADIF 1 1 .
ADCH /) /) ):// /) 3 /) /) /) /) /) /) /) /) /) /) /) 7 /) /) //ﬁ%< M:SB of Result
ADCL / //>< LSjB of Result

\ Sample & Hold

MUX and REFS
Update

Conversion _/

Complete

Figure 103. ADC B /=& , Bai ik ik

One Conversion

MUX and REFS
Update

__Next Conversion

Ctetumber | 1 2| 3| af s e| 7] 8] o w0 uf a2 1w | ]1]z]

ADC Clock ¥ ‘ ‘

Souee S T

ADATE o | | |

ADIF ﬁ—

ADCH 1. / :/ . // i //D’:< MSB Bf Result

ADCL 111 // // , )// i LSB t;f Result
e\ e coien /" e

MUX and REFS
Update

ATmegad2(L) m—
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Figure 104. ADC BFHE |, EL& ik

One Conversion Next Conversion

T A

Cycle Number 11‘ 12‘ 131 1‘ :2‘ 3‘ 4‘

ADC Clock
ADSC |
ADIF l
ADCH / / / / @‘< MSB (;f Result
ADCL I //}( LSB oiT Result
Conversion /> K \ Sample & Hold
Complete MUX and REFS
Update
Table 81. ADC #5#a 0 [H]
Rt & RE (BHRRE
e e AR ) BREE (FR)
B —IRER 14.5 25
EFHER, Bif 1.5 13
B3R iR 2 13.5
EFERR, £9 1.5/2.5 13/14

EoWBEE LEAZDEHREE  FEERRRNBERILE,

ENRRESRIBITH CKype, BFETF ADC M —%, FIFSREY ADC EOTE CKypeo
BREARESREFNBIZNN. L CKype, NER , BIAFEEGR (B, FIEW
BRHIREERELEGR ) NS RARERANE (EENMDMEN 134 ADC Bt
A ), X CKypep, NEIT , BTFRSHG , FoEA 14 A ADC N4 A, EiELRE
BERN , —RBRREREINBHHFNER , MBET CKype, KR AS , IENBEZNE
o (BDBREE—IRH ) £ 14 4 ADC B9 AR,

ERMENERIEED , YHRN 4kHz HERRHRML. ESHNMEAESERIELMEK
Ko HMAGSEESTHERERTRNMEN , MEMW AR MAKERE K. F= , ADC
R MRS B RTRRS, ki, FEBEETRRESZS , ADCHR#EARNGus , &
FBERERN 12 kSPS,

MRFEAESEBZBEABES B AR |, EHRM ADC %0XxH, YFEHABED
& Et , ADC DS E BRI SN, HTERBRINESRKEREN ADC &
o ZERTR. EFRER (£S5 ADCSRA B ADEN fudh B “0" &R “17) , B
NEAARFEMELE ADC , RRTT BE#R. TREREREN. HFEEN P190 “ F 550
% ADC B#6F 7 o

HEBEERE AR ADMUX 1788 s # MUXn ] REFS1:0@ 1 I B B 17 88550 7 8 48, CPU AT XY I I Bt 25
FERHTRENIG R, XFRIETERESETBEMEARNYRAETZENNZ, £
BRI BEREERNERTRE®T, " BERRFRRTATEEZEEMEHE
BT ,MMRIE ADC B 7t BRI AT [E] . FEEIRTTA (ADCSRA F 17880 ADIF B ) 2
BINERE— AR  BEMEERNIER X TUERTHR. HROFFHNZHR ADSC

A IIIEI% 191
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ADC fii A JBiE

ADC E s KR

ADC & 753 5l 2%

AIMEL

EMEN TN LR, Bt , BiVAFEENMN ADSC 2 51— ADC i+ A H
B  TE#R/E ADMUX LUEERFHNEEBE REER.

FRESMEN  MEASHAENRRRTEEN. A TEEFIEN KRN  £F
T ADMUX FE —EEHS 5 /DD

ZADATER ADENEEN N M SEH ] UEEE A L £, R E B %3 ADMUX
FESNASR  BLAFRRETEHI T —XAEREETIHNRBEERRFTWIRE. EUT
BT ZI AT AR 2 i X ADMUX BHTE# :

1. ADATE 5 ADEN 1 0

2. EHHBEREY  EREMABSHEAEREL —/ ADC Bt EH

3. BMERCE , BREENMERNPIIREES 28

MRE FERINE—TER TEH ADMUX , BRAFRERE T —)X ADC BH4ER,
URTEZ/BENBERIEE, —BRAEEZS,EE , HBEREA 125 s KREZE,
W EFEEGHN 125 ys AFRNB R, SSHFZMNBBRANERER,

YHH%ZE ADC Z2EEF (BT HE ADMUX FEFERFH REFS1:0 fi ) WE — XKL EE
ST AT E B 15 8

ERELBENEEIENATIESHH

THETERERERR , SRESHHRANEERE, £ ADSC EN/EH— ADC Y
HERRTNUERFNELMABRET, EREMENDEREFERNEREBAXE
=

HESFREAT , SRES —RERT R ZIEEEE, £ ADSC BEf1/5H —1 ADC
AR TR ENRABRET, EREMENDEREFEREREBAR
BE, R, LR RERELBNTRT |, T IREVFRREE RRIRAY R LA RTEE AR
MR ABE, UEHNHRGRST RN TBEN.

LYMBESRFBBE BT ANIRBIEEEEFTERNREAE , F-REREREHERR
€. AFREFEFERERER,

ADCHIS % 8 R (Vrer) KB T ADCHI S RSEE . BB BB BTN T Veer , HERT
T OX3FFo Vegr MELE AVCC, MEB 2,56V B IMET AREF SIMKBE.

AVCCHBE —MNETRFT 3 SADCHIE . 4 FI#92 56VE % e [ AL R B K IR (Vo) B3 P26
MRS 4, T RWFER , AREF SERES ADC 4Bk , B AREF 52 H5A M
B RTNEESERENHRBE, Voo, TEITSHANERRSRE AREF 3IHE.
BF Veer IEAES , B RESERA AR,

MR —NEERFEES AREF 5|l BBARPFRTREREMHNERERT BAXLS
HARNERERSHNHSERNERK. R AREF SIMRERBEE[MARLSER , A AL
% AVCC = 2.56V ER B R, SERNEEMNE—IX ADC HIRE R A se T | #
MAFTERRARX —RNERER,

MBRFEREPEE , EFESEHETNEEILI P273 Table 122 TR AVCC,

ADCHYIE A NI ZSEH T LAEREIRE R T T  MMBREHR T CPURARIIOREE
FoI AW, BWEIHIZETE ADC MBREEXRZEREXNTER, HTEAX—#H4
NEBUTHSE
1. 1BE ADC B2FrE , AR THLRS, TEESXNZN R REGR  HA
ADC i gt R RE,
2. HAADC BEER (RZEWER ), —B CPU #i#Efe , ADC EFF ik,

192 ATmega3d2(L) m——
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TR NGRS

BHLIR B AR
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3. MREADCEMRLERzENEBEHMAPM™4% , FBA ADC R RTFHREECPU M
1T ADC HIRERPMRSEF . WRE ADC HiRERZu1 A EH P RTR
WEET CPU , WK MRS EFEEINIT. ADC HiERE™4% ADC ¥
BRERBUIER, CPURNIEZFHNKREESBEMIT.

HABRZRERENK ADC BEREN AN EMKIRERES , ADC F2BXM, FEHA
XERERE AT , IO ADEN BELRKIIFE, IR ADC HiZKERIEX T #E8E , BER
FPETREDHER , BIUKH ADC BERERREASZREBITRE

BIREERE LA A B Figure 105. . FiE 2 A A ADC K% ABE |, # A E| ADCn
MEESEZRCIMaRTRAAHENT D, AE ADC N ABER , BIlESRLY
BT — BB (AABENASHEE ) B3 RERE (SH) 258,

ADC 4t 33 BB LE 4 H BRI IZIE T 10 KQRE/NIEBMES M T 1. X FXHEME S KA
B USRI, EESEEESNMEN , BARENBRBURTX S/H BA K BN
B, XANETEIARERLR A, BUAFEABHEAREKET(CEBNELNES K BRIXT
BUB A3 S/H B A K B fRE o

MEFEAZESERBE , MABRERTE , BIUER/LE kQ IRBMA,

MBS TREHFME (f\pe/2) WESRTREA TEM—NEE | X8 DUE &% R AT Al
MESEMERNKE, HILESH AL ADC 2R RFFEH —MEBEE KSR IEESM

5.

Figure 105. &1l A #.8%

liH
ADCn ~ M
1..100 kQ L
Co= 14 pF
I|L T
i Veel2

BENBRADBHHRFEEBLLEBRY TR (EM) , NTTERELNENEE, WRE
BEEERRS , BATUBIUTHERBDERS -
1. BRlEREEHEY, RIEEMESLANUTENMMz £, HEEISERT%R
NWHFESLD T,
2. %0 Figure 106 PR , AVCC NBX —1 LC MESHFBRER Vo Ei.
3. fEF ADC BFEHIFIZE KKK E CPU M TINERS,
4. WRE ADC wmAMAEHRFHE , FAXTMRIEERRBFTIERENTL
BEFHNTE,

A IIIEI% 193



AIMEL

Figure 106. ADC BJRIE#H

________________________

I

I

I

ol 1

Ol 1
>

I

I

I

T

[a]
P
O]

Analog Ground Plane !

j PA4 (ADC4)
|| Pas (aDcs)
j PA6 (ADC6)
j PA7 (ADC7)
| ] AReEF

REAMZ SR HEFAEENRENMZRE RURREEIEERE, BN ERPNEARRETER
HEFENHNZSMANARNBEENS. ZETHRENNEBLERDE L. EAXRE
TRESENRE , BENRETEE 1LSB LT,

ADC BEE N —N n LM EIE ADC ¥ GND 5 Vi ZRIMNE B ERIRRK 2" 4 (LSBs) TRNHF
B, B/PHERERN O, RANERERN 2"1,
LUTRNASHERT EBERBR 2 ANRE :

"% 58— IR ¥ (0x000 F 0x001) SEA#iRk (0.5 LSB) 2 HIMRE=. BEER: 0
LSB,
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Figure 107. ®BIRZE

Output Codel

————— Ideal ADC

Actual ADC

Vgree Input Voltage

BRIRE ABRREZRE , R — R ¥ (Ox3FE B Ox3FF) SEEER (RAENLT
1.5LSB) 2 AINREB NIBEHIRZE, BAEERN 0LSB,

Figure 108. E#iRE

Output Code A Gain

o BKRIELM (INL)
REZHRH INL, B

2503F-AVR-12/03

Error-:

77777 Ideal ADC

Actual ADC

[

Vger Input Voltage

 FERBRERREZRE  MEXRERSEERBRZBANEXR
#8{E : 0 LSB,
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Figure 109. E{IEL M (INL)

Output Code A

N>

77777 Ideal ADC

Actual ADC

[y

- —
Vger Input Voltage

ZE 7 IEL M (DNL): SRBRIB T (R MNBIL 5 2 (B MRS (8] BE ) S IR0 R8T (1 LSB) Z /Y
m=, Hit{E : 0LSB,

Figure 110. =7 JEL& % (DNL)

Output Code &
Ox3FF
0x000
0 Vger Input Voltage

BUIRE  HTRABERE(CRERUNEE  EMNCENBARE (1LSB) #i
BRANMEENHE, BLIREERN +0.5LSB,

BXNBE  MERGRER (REZRR ) SERRRCENEARE. HRE. BRI
= EPRE, FEMREMIREMR. BREN +0.5LSB,
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ADC H#4 R
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HRERIG (ADIF IE ) , BRIRERBTF A ADC £ R %1785 (ADCL, ADCH),
BOREBNERNT

ADC =
VREF

Kep, Vi REEPEIHABARE |, Vegr NSESE (20 P198 Table 83 5 P199
Table 84 ), 0x000 {AEMEIHBT | Ox3FF R EFTES = s E W IER = 1LSB.
MRFREZEDBEE , £R= .

74 -V - GAIN - 512
Apc = UPos~ Vies)

VREF

KH |, Vpos DHIASIBIERE , Ve AW ASIHIABEE , GAIN HEENERE T , B
Veer ASEBE, ERA2MWHBERETR , M 0x200 (-512d) Bl Ox1FF (+511d). IR A
PEENERMTHRERMERN | ©FRDERERN MSB(ADCH F ADCY ). tNRZH
1,870, ZNR 0, £RRAIE, Figure 111 A HE 2D AR,

Table 82 4 Hi M 14 FE 49 3 5 GAIN BB Z B EH Vopr K925 % AT (ADCn - ADCm) £
WABLE,

Figure 111. Z2NE£EHE

Output Code
Ox1FF

T )2—v—v—v—>
( V._JGAIN Differential Input

T \
-V, /GAIN
il REF Voltage (Volts)

0x200
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Table 82. W A EHHHEBWHEEXR

Vaben #EHB A8 B 3 IE
Vaocm + Vree/GAIN Ox1FF 511
Vapcm + 0.999 Vger/GAIN 0x1FF 511
Vapcm + 0.998 Vger/GAIN O0x1FE 510
Vapem T 0.001 Vgee/GAIN 0x001 1
Vaocm 0x000 0
Vapem - 0.001 Vgee/GAIN 0x3FF -1
Vapcm - 0.999 Vge/GAIN 0x201 -511
Vapem - Veee/GAIN 0x200 -512
1 -

ADMUX = OxED (ADC3 - ADC2 , 10x % , 2.56V SEBE , £XI7F ).
ADC3 LEB K} 300 mV, ADC2 B 500 mV,
ADCR =512 *10 * (300 - 500) / 2560 = -400 = 0x270,

ADCL 1% 0x00 , B ADCH 3 0x9C, 4 ADLAR E 0 %37 :ADCL = 0x70 , ADCH
= 0x02,

Bit 7 6 5 4 3 2 1 0

I REFS1 REFSO0 | ADLAR MUX4 MUX3 MUX2 MUX1 MUXo0 I ADMUX
®B/IB R/W R/IW R/IW R/W R/W R/W R/W R/IW
WNHE 0 0 0 0 0 0 0 0

+ Bit7:6 — REFS1:0: 3E8BE%F

W Table 83 Fi R , BEX/LUALLERSERE, MREXRIBHUE T EMINIRE ,
REFILERMRE R (ADCSRA FFH=M ADIF Bl ) 2 ERESF2RER, MRE
AREF S| EHEIN TS ERE , NESERERTREBEA T

Table 83. ADC ZEBEEF

REFS1 | REFS0 | $ZHEi%E
0 0 AREF , %8 Vref <k
0 1 AVCC , AREF SIHIsMIE R BA
1 0 *E
1 1 2.56V B NEHBEIR , AREF S| IGERER

» Bit5— ADLAR: ADC ##: 4 R AN

ADLAREMADCH#: 4 READCHRIEFTFHR TN ERIER . ADLARBUNERERNE
W3F , BN AERNT. ADLAR M F I ADC BHIBEFEHB/NAE , TLEEAE
BMEAERT, XTX—UNTEERIEL P202 “ADC $HiEE 1788 ~ADCL & ADCH’ ,

198 ATmega3d2(L) m——
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* Bits 4:0 — MUX4:0: #0858 518 3 % 247

BEXJUVEIRE , JAXIEEZS ADC WERINM AR TIAR, HANESBERRHT
BE, AT N Table 84, MRAEKRIBHIRBXLVNE , BARBIKRRER

(ADCSRA FF 1) ADIF Bf ) B REFT B,

Table 84. W ABESIg&HIEEF

ATMEL

MUX4..0 | Hig@aA EEZSWA RETBRA Wi
00000 ADCO
00001 ADC1
00010 ADC2
00011 ADC3 N/A
00100 ADC4
00101 ADC5
00110 ADC6
00111 ADC7
01000 ADCO ADCO 10x
01001 ADC1 ADCO 10x
01010M ADCO ADCO 200x
01011 ADCA1 ADCO 200x
01100 ADC2 ADC2 10x
01101 ADC3 ADC2 10x
011101 ADC2 ADC2 200x
o111Mm ADC3 ADC2 200x
10000 ADCO ADC1 1x
10001 ADC1 ADC1 1x
10010 N/A ADC2 ADC1 1x
10011 ADC3 ADC1 1x
10100 ADC4 ADC1 1x
10101 ADC5 ADC1 1x
10110 ADC6 ADC1 1x
10111 ADC7 ADC1 1x
11000 ADCO ADC2 1x
11001 ADC1 ADC2 1x
11010 ADC2 ADC2 1x
11011 ADC3 ADC2 1x
11100 ADC4 ADC2 1x
11101 ADC5 ADC2 1x
11110 1.22 V (Vgg) N/A
11111 0V (GND)

199



ADC EHIMREFERA -
ADCSRA

AIMEL

Note: 1. PDIP H##ESB[HNES R ABERRN, ZESHERIE TQFP 5 MLF HE{BHEE T/,

Bit 7 6 5 4 3 2 1 0
| ADEN ADSC | ADATE | ADIF ADIE ADPS2 | ADPS1 | ADPS0 | ADCSRA

®/E R/W R/W R/W R/W R/W R/W R/W R/W

NHE 0 0 0 0 0 0 0 0

« Bit 7 — ADEN: ADC {gE

ADENEEIE3IADC , ENMADCINRER Hl . TER RSB X AADCHE L B I IEfE#EAT
R,

« Bit 6 — ADSC: ADC FFi4#:#

R RFHRERXT , ADSC BN EZ—IR ADC #ik, EELZRRERXT , ADSC B
B BRI, IR (£ ADC B3 2/5E ADSC , HEEERE ADC HERE
f ADSC) FE 25 M ADC Bt FH , MARERBR TH 13 N F—IRFEHRMIT ADC
BRI T,

ERGHITERDIRE ADSC FREER "17 , ERI#RE R, ADSC ESF=EEMF
£,

« Bit5—- ADATE: ADC B3ifil & 58k

ADATE BV /E31 ADC Bafi &k IhEE, it X551 L3R B3 ADC i, ik E5RE
I SFIOR 17858/ ADC i % S5 Ri%#R L ADTS Ri&.

+ Bit 4 — ADIF: ADC HifRE

£ ADC B4R , BEWESTESR/WEHE , ADIF EfZ. MR ADIE & SREG EFE’J%E!
FRRTEERENL | ﬂfsu ADC !ﬁ’é?ﬁééﬁﬂi%ﬁﬂﬁ“&rﬂﬂ S 4T |, BBt ADIF B4EE,
5, II—_[LXJﬁl—iI"'JﬂZHT B 1 RKiF ADIFo EIENR yﬂ%ﬂ ADCSRA #1Ti% - ﬂ“aiz
- s?awﬁ BAFNEHPITSMEEE I, XB5ERT SBI & CBlI R,

 Bit 3 - ADIE: ADC "hifi ke

# ADIE & SREG M | E{Z , ADC ¥:i4E R B4R {F AL,

 Bits 2:0 — ADPS2:0: ADC T4 5 8k %4
Hix JLA k¥ E XTAL 5 ADC #i ARt Z B 25 RE F,
Table 85. ADC 5 ik %

ADPS2 ADPS1 ADPSO SR F

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

200 ATmega32(L) m—
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ADC #iEF 78 - ADCL R
ADCH

ADLAR =0

ADLAR =1

¥#INEE 10 8% - SFIOR

2503F-AVR-12/03

Bit 15 14 13 12 1" 10 9 8
- - - - - - ADC9 ADC8 ADCH
ADC7 ADC6 ADC5 ADC4 ADC3 ADC2 ADC1 ADCO ADCL

7 6 5 4 3 2 1 0
®/B R R R R R R R R
R R R R R R R R
HE 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
ADC9 ADC8 ADC7 ADC6 ADC5 ADC4 ADC3 ADC2 ADCH
ADC1 ADCO - - - - - - ADCL
7 6 5 4 3 2 1 0
®/E R R R R R R R R
R R R R R R R R
HE 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

ADC RtERje BMRERFTIRNFEHRZT. UIRRAZSDEE ,4RH 2 WG
EART.

BREVADCL 2J& , ADC #fE 5 Fes —EEE S| ADCH )ik i = o] BU [T AR E#o
b, MRFERERNEXNTT , EERNBEFST 8 Lb4s , MAMNF R ADCH FEH
7o BMAHFEEE ADCL B ADCH.

ADMUX ZEH 12589 ADLAR & MUXn 2 MERERERBESESRTNRRIAR. R
ADLARF 1, BLERNENT , R2 (REHREIRE ) , ER N AT,

« ADC9:0: ADC ¥R

ADC ## 4R | A5 P198 “ADC B4R 7,

Bit 7 6 5 4 3 2 1 0

IADTSZ ADTS1 ADTSO0 - ACME PUD PSR2 PSR10 I SFIOR
B/ R/IW RIW R/IW R R/W R/IW R/IW R/IW
WHE 0 0 0 0 0 0 0 0

« Bit7:5- ADTS2:0: ADC Bzt &R

# ADCSRA F17281 ADATE E1u , ADTS WENHBEM L ADC WM LR . &N |
ADTS HUiR B &R EE W, Bk DM h AR TE R E AR AR A ADC ¥, M— NP EFREE
ENMARIRIFHMFESEVHNMEREAEMAESESE—NLEAR, MR
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ADCSRA Z1785# ADEN 7 1 ,ADC 3Bl B30, Y1 BIELETE R (ADTS[2:0]=0)
Bf, BIffE ADC HififrEELBN B R £ M A SN,

Table 86. ADC Bzl R FIERFE

ADTS2 ADTS1 ADTSO &R
0 0 0 ELHERER
0 0 1 Bl b Eg
0 1 0 SNEBHRETIER O
0 1 1 TEBTER / THERER 0 LR ITRL
1 0 0 ERTER /T EER 0 R
1 0 1 ENER/ THHBLRTE B
1 1 0 ERER / ITHER 1 R

1

1

TERTER / ITHER 1 HREH

* Bit4 —Res: REB{

X—uRE. BRENX—ZEE 0,

ATmegad2(L) m—

2503F-AVR-12/03



] ATmega32(L)

JTAG EQO M A LiEE
F 4t OCD(On-chip

Debug)
BR

Wi 540 - TAP

2503F-AVR-12/03

* 5 IEEE 1149.1 #R 3B JTAG #0O
M IEEE 1149.1 (JTAG) ¥R #EAY0 SRT #iThAE
o AR TLAAE :

- AN R ASNE

- NEBMSNE SRAM

- BESRXH

- BFit#eR

— EEPROM # Flash 685

- FEB OCD XREHMR , 815

— AVR Break 5

- BEFRERE

-Bp

— B — b E RS

— B A ER — 4 it ik 3T B A9 R T R
« B JTAG ¥0Xf Flash, EEPROM. R4 {8 EMHITRE
» AVR Studio® %# oCD

5 |IEEE 11491 FRER B AVRITAG #EOTHT

BN JTAG i1 R ThAEN i PCB

NIEBAMEMEE, BLUNBEMHITRE

F EiEif OCD
TER JTAG EZEONMEER, BxEBT JTAG ZOHTHRE. FRDEAEEN B4
BHED S A P256 “ @B JTAG #O#THRE" , LR P210 “IEEE 1149.1 (JTAG) & &
H#E . FRIAIIAE OCD L& A JTAG XM , RE ATMEL B2 %, ATMEL
TE%kFRXIFE =4 JTAGICE £/,
Figure 1128 JTAGE O ROCDRGMIER ., TAPIRHIZE N FTCKMTMSE S HIFRZS
Hlo TAP BFIFSHEIEE JTAG ETTEES , REEBRKRESTES/EN TDI(HWA ) M
TDO(HH ) 2 B HESE (BAUSER ). BT EHARE T ERHHRESES[TANITAG

HTo

ID 1785, 3 (Bypass) FFas Mt REMEEARK T A TREN XN BET FER. JTAG
WRRED (BRLNMENNELNBRESFEE ) ATRITEE. A REHEENNQEHE
8 AT OCD Zh#e.

JTAGE:OBEMANSIM, LAITAGHIRIFERG X LS| MIA R T N5 RO TAP, X5
M2 :
o TMS: MiAERXEE, oI ARSIIN TAP BHISFZ MRS Z BB E1R,.
TCK : Midet4h, JTAG BRERS TCK FEHM.
o TDLMHABERA --FTEBUIIES T ERIREST 788 (HLE ) WBRTWARE.
TDO : M EA L - BESHTFERIBEFTFHRRTBHOLKIE.
ATmega32 & H3LI IEEE 1149.1 FREIEER A& TAP {55 TRST - Test ReSeT.,
£ JTAGEN B4 BERBENERT , I TAP SIHAEEN®OSIH , TAP 2
B FEMIRS. —H JTAGEN #4%% , H MCUCSR 78 JTDES , TAP WA
SHWNE , JTAG BRABMBEINREERE, LA TAP %#il (TDO) & FRZERE
JTAG TAP B HIBFTBMEIE Bk S TUEZE — N LR BANE LR BEENES (MRS
HPT M40 TDIAA ). BHATERNXMNELMNERE,
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FFHELEERARE , BRT JTAG#ZOSIHIS |, Bid 855 %1% RESET IR , LAER A ER
SR, MREEMSIHRLURNR (FBR) FERNARNERIE |, i 85t 7] LA K RESET
SIMREMNENRS,

Figure 112. 51EHR

1/0 PORT 0 . . .
A
DEVICE BOUNDARY Y
r|' BOUNDARY SCAN CHAIN
TR NG
R e p JTAG PROGRAMMING
i TAP INTERFACE
TCK —»| | CONTROLLER
™S —> 1 A
. v AVR CPU
FLASH  Address €] N TenNAL |
ress SCAN € PC
INSTRUCTION MEMORY Data [»  Chain PC wetion
REGISTER
J
D
REGISTER BREAKPOINT < >
UNIT
M | FLOW CONTROL[ | g
v BYPASS | e—d A UNIT 2 2
X REGISTER DIGITAL g%, 2
2 £
< PERIPHERAL <>ty
- UNITS $ag 8
< - - g
BREAKPOINT o <
SCAN CHAIN [€
v JTAG / AVR CORE
ADDRESS COMMUNICATION
DECODER OCD STATUS > INTERFACE 2
L AND CONTROL £
S
]
s
< O
¥
T
! £
5
[ o
|
A
Y
. . .
1/0 PORT n
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Figure 113. TAP #Z#IgFREHE

1 C Test-Logic-Reset

0
A
0 1 1 1
Run-Test/Idle P Select-DR Scan P Select-IR Scan
0 0
A A
1 1
—— Capture-DR — Capture-IR
0 0
v A
»  ShiftDR D 0 »  Shift-IR D 0
1 1
A 4 A
. 1 . 1
P Exitl-DR P Exitl-IR
0 0
A
Pause-DR :) 0 Pause-IR D 0
1 1
v v
0 Exit2-DR 0 Exit2-IR
1 1
v A 4
Update-DR Update-IR <
1 0 1 0
TAP 2 HIg TAP ZFIZZ R EHR 16 MANERIRSY , CEHELRAEBIE. JTAG mEBE 8

A LERERS, Figure 113 FREARKPRSERIURT TCK EAREIH TMS( 2R TRIE
RBERNMS ) ES5. LBEMNFNAIHIRASR Test-Logic-Reset : MiXEZEEN,

NTRAENBMTGER , LSBRE—IMHTBENB AN,

BRi% Y BPRA N Run-Test/ldle( 1217 - Mk / =R ) | AR JTAG #ZOFE RIS R

mE

«  FETCKH EFREX TMS SIBBRFHA 1,1, 0,0 , ATt A5 F1FES - Shift-
IRIRS. REETCKHW EFARBEI TDI HMAN 4 LN ITAGESEJTAGESSE
22, EHA 3N LSBWERS , TMS KTFIFKBF LURE Shift-IR RS, BHH
MSBAZ N 2 1E L & TMSE I Shift-IRIR S IHEB AJTAGEE S F1E:5. ZESMTDI
SIB AR |, #3KA IRIRZ 0x01 BT TDO SIMETHH, JTAG EHEE—
BENBIESTFE5/ER TDI SIHIE TDO SIHEERE , H BEHIFEHIESTESRNN
Bl B,
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R K LAR RS
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3 TMSSIEIBAFS 1, 1, 0BAEB X3 ARun-Test/ldledR7. 55 fEUpdate-IRIRZE
ERUSFESRMEFEIHITH L. Exit-IR, Pause-IR, 1 Exit2-IR RS R ARZBIRES
*J-LO
ETCKW EFRF TMSHEMES 1, 0, 0 LU ABMIIEEF 1788 — Shift-DR RS, &
WIRAT , TDIMAIEE TCK W EARNRBHEENBIESEFS (BN JTAG
ESHEFHRMITAGETEE )o /T HRE Shift-DRIRZS , TMS 1 A LRERR
MSB A FI B LA M AT BPRIFENELEF, £ TMSIEEK S BF LB I Shift-IR
WASR , WALIEN MSB 3 AKIEFFER. HLIEM TDI SIHBAKIEF TR,
ECwmmDR%KTﬁﬁW\R#ﬁﬁﬁﬁlﬂ%ﬁ%ﬁ%%%ﬁMTm)ﬁW%
X TMS SIEIZ A F S 1, 1, 0 LAE X3 A Run-Test/ldle IR7. MNRPTEMNIRIZEES 78
BHBIENHTEE  BLYEIELET Update-DR IRA. Exit-IR, Pause-IR,
F Exit2-IR 7S A RIZ YR

MRS RAR , IR JTAG ESHNFERAKRESTESRZE T 4# A Run-Test/ldle R7S,

— L JTAG $E S AILATE Run-Test/Idle SRAEFE —EMWNEEHIZ1T. HALMNEVRETRMT

BEEVEZRIRE T,

Note: TMSRIFEA TCKATEh B HIRY S B 7] BUSE TAP $2 #1858 A Test-Logic-ResetIR7S, Lt

1ES TAP B HIZR IR T <o

JTAG B FMIRAES A P209 “SE3# ”
B RPAES N TSR P210 “IEEE 1149.1 (JTAG) i 13 " 4 H,

W Figure 112 FiR , XA L AENEG4ETERUT /LA :
+ AVR CPU MAEB/E £ tiEO LA HEEE

Wi T
« CPUMJTAG R&ZzEMBEEEN
SRR BN RIBRENSNR / SIRESMEEIAE AVR CPU H#E$EZ1T AVR S
BUXI, CPUBREREZEA /O FHEER. LLEFHERRE CPU M JTAG REEBEFEOMN
_%Bﬁo
MRB T URNEBEFREREN R, BSHA., FIEFEHSHAURFNES]
Ro. NeMNAeE—R2aUUBINTHERE :
- MmN EFEMESRER
o EAEFEMESE AN E—NREFEEESS R
. WO EFEESEM A RN RIEEHSNS
s FANEFEEBESME—NTURBRNEFEMSNS (KAEAKSR)
« FNEFEESBI SN E—NTURBRNBEEESS (XEKR)
A, 8 AVR Studio XHEMNARB RN TEHRNIFEN , THEFA —IRESHNER, X
HEREL TESEAAFRNEHE,
B LERAENER JTAG B51E P208 “ K LA T AM JTAG IS~ 4 H.
X JTAGEN 1B 4613 ITYRTEF REMERE JTAG MR BRI O, AT B ARBB LA
OCDEN , #REZFMENSEML T ERS , THEEFES LRARREIE, ER A
FARRSEN L2 ARETE-IMYENMNH EBARRSEHEL, BN , 5 LA
RERLBELBHEETEI T,
AtmelBYAVR JTAG ICE 1 A IEEE 1149.11hi% , %A JTAGE O XN £ R 5 AVRS I
mirEISRN A EERF AT E, JTAG ICE 5 AVR Studio AF#EZO B AFRETENM

206 ATmega32(L) m—
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ﬁtﬁiﬁ?ﬁﬁﬁ’g JTAG 5
T

PRIVATEOQ; $8
PRIVATE1; $9
PRIVATE2; $A

PRIVATES; $B

2503F-AVR-12/03

BRI EFRREN , FCRRUERERANE. JTAG ICE £BIRREHFEITHRRI
KR,

SEEM AVR JTEG ICE &#HiE 17| www.atmel.com AVR £ # Support Tools Z4%. &
B3R AT M Software Eh5 H % %% T 3 AVR Studio.

AVR StudioB& T EXFNEITH T , TERRERABRER LHER. AR TETEN
B RERHAN, BTEXRLE, £k, ENEEHSHARASTSERNERE, It
A, AFERENY BREAK ETRELRZNEFMK , URIEEFNMNBIEFHE IS
R, REAR—1ER (EE ) B,

X LRERN JTAG ESENTHHZBEE , & ATMEL WEMKH , XE ATMEL
NEBMEENFE=F2 K. BETREBUT,

HEAE LR RGN IENE JTAG EF.
HEA LR RGN IENE JTAG ER.
HE A LR RGN IENE JTAG ER.

HE A LR RGN IENE JTAG E5.
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/0 FHERESH LiidE
XN EFERR
R EBiAFESR - OCDR
Bit 7 6 5 4 3 2 1 0
| msB/brD LsB | OcDR
BB R/W R/W R/W R/W R/W R/W R/W R/W
HEE 0 0 0 0 0 0 0 0

OCDR HEH/ABTTHIEHENEFFRRFREET —MNEESEE. CPU BN Z
FEHITERER—NENTAHERIRE. SHER , /0 BiXFF85M A - IDRD — #
BN, BUEREMNAIREZFERC LW T T BiRE, CPUIRE OCDR FF&8 , 74
LSB kB F OCDR 1785 , M MSB &£ IDRD {¢., #if88iL5EB/G5K IDRD i,

- AVR B[H4F  XNFERSHE IO FEETHE, bt , RBEERLM OCDEN
Wymi2 , H BRAER 5 F OCDR FFERAE4#K AL , MCU R & OCDR HF%,
HEHEAFRT , MCU 15 RIEINZFRHER 1/O 76 £ T,

AT HAEARNFERNERBESNIB AR,

MA JTAG NAIRIBEES @i JTAG X AVR B THBMNEEMEA JTAG % O KA SI#—TCK, TMS, TDI #
TDO(BR T BRI ). MEFFEEMAN12VEE, FEEITAGIIR ARk OB EE kimiE
JTAGEN %1y , BEIFRIE MCUCR F1Z88/0 JTD #5 %,

JTAG RiExXx#:
+  Flash wREMNKE

EEPROM {RIZF#KLE

BLAREMNRE

BIEMNREMRE
MEMNHNZEHENHATREESNNT S —#&F, MEBIEN LB1 = LB2 #4w72 , Il OCDEN
IBLNTREBRE | BRIEFEHRITSHER, N2/ BEREISENZNS[HEE
Bl

BEITAGEOREN T AITAGHRREE TN AN B EP256 “BIITAGE AR THRE" .

SE FELAFURABNARTUSE FEN G

IEEE: IEEE Std 1149.1-1990. IEEE Standard Test Access Port and Boundary-scan
Architecture, IEEE, 1993

Colin Maunder: The Board Designers Guide to Testable Logic Circuits, Addison-
Wesley, 1992
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IEEE 1149.1 (JTAG)
BRAE

B « JTAG 0 ( 5 IEEE std. 1149.1 &40t )
- 1B1% JTAG FRAESSH NI R MThes
o AANFIAN OZIRELA R B A A i A S0 B iR 3t T R R N
. XT3 IDCODE &4
« ATEf AVR I AVR_RESET 5+

R #E MRAEE TR FMERT /0 SIMKSEEE | LR EH S HNEENEL BENK
FEEMELBEWILR., ERE—R ,FIEEHE JTAG AR IC &S TDI/TDO &
BITERE , MR — M EWBNSER, ABRsigBixesaEmahm oM, 30
BMNHMS A ERENE AR, RHENERINRBERNSEER TR, BEXihs
® , BRAKREAEAN TAP SERSEI T IR SR L T4 EE R =8N,

[ IEEE 1149.1 E X H KK JTAG $§% IDCODE , BYPASS , SAMPLE/PRE-
LOAD #l EXTEST , AR R B AVRIABM JTAGIE T AVR_RESET , A LA AR ist E1ml e
B, BT IDCODE = JTAG MHIANET , RS HFREBNVBAMNSE RIS H
B 1D, FEMIABRNXIE TREHE AVR T ELCRT. MRRFEN , ZSERFHHANH
AERERE, BHURENXN , ABRAETEL T TEERS. #ASMUN , F{7KO
SIRMEY A R SR ASES , ANTIREA T HIGHZ MR, VEWE , THURE
BEIE T BYPASS , 5 A WA R WRERYIE, B HK RESET 5| MISE X £ 12K
BHEERNEYREX M AVR_RESET ET UL SFRERE MRS,

EXTEST 55 A R ¥ S| BME 5 LA R 33 4 S| B NER B3 . — B EXTEST #nE 2 JTAG
IR 78, REREIEERNHERSHABEXLES M E, RtSHAFER SAM-
PLE/PRELOAD G RigBHBEARN B E R R EIXER EXTEST B RIF B
#o SAMPLE/PRELOAD & SRR 5 IE & T/ERHREUNER S| BIE S IR IR,

NIERTE TAGEN BLUHETF 1/0 Fi7F88 MCUCR B JTD 1L , \NiifERE JTAG Wi 7
Bim 0,

A JTAG EO#HTa R A , JTAG TCK FHMRRFAUS FEANImME, B2
HAERGA S ETF THERS.

BEFESR S RAKBRERXOBBESFER
E & (Bypass) B 1zee
. ERMFRAIFFER
SFFHR
. LR

ERTER ERFFHHBMNETESNEAR. YERFESMERER TDI M TDO 2EHNERN , B
FF Capture-DR #ZHIBFRASMNFEHENM N 0, N EES4at |, ZRFE[TLUAREE
REMTHEE,

B4RBFFH Figure 114 44 T 83 F iR B B FEINVE

Figure 114. B#iR3IFFRAERN

MSB LSB

Bit 31 28 27 12 11 1 0

%% ID | rax ErD | %l ID 1
4 bits 16 bits 11 bits 1 bit
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EUHEH

hREMEE

AIMEL

S
IRASR—NOEHRT | ARSI E OEITIEAR, HXEASA Table 87,
Table 87. JTAG A&

/7T JTAG %<& (Hex)
ATmega32 11T X A 0x0

s BRES

SEBESRANRIRRERM4M 16 21858, Table 88 7IHH T ATmega32 By JTAG 5485,
Table 88. AVR JTAG S8 & &

BHES JTAG BB EE (Hex)

ATmega32 0x9502

o #HIMRE ID
H3&ER ID RARKXEIT B/ 11 24K, Table 89 F5|H 7 ATMEL B JTAG #li& 7 ID,

Table 89. &7 ID

iR JTAG ##7 ID (Hex)

ATMEL 0x01F

ENFFHRERAREMATHNNAKESFR. ATEMNN AVR KOSIMAN=E , £
FFeRE A AR B ARKIM AL JTAG T HIGHZ #YZh&E.

SNFEFRFTAENEY T EABEMSIMIK, BEBLANT FRPIERNEE  BK
ENBFERERHARBEMRAE—PEMRENE (S0 P23 “ /R ). XMRESR
FENAERENE , TSR RE |, W Figure 115 Fii Ko

Figure 115. E{U & 788

To
TDO

From other Internal and
External Reset Sources

From i)—v Internal Reset
D Q

-

ClockDR - AVR_RESET

B RAEEE ARSI MIREEE /O SIMKNBEET | UK EG R EENEL BRI
FIBEMELLZENL R,
TEMERS N P214 “ i R .

210 ATmega32(L) m———
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E:Fiilﬁ?fliﬁﬂ’g JTAG 8

el

EXTEST, $0

IDCODE; $1

SAMPLE_PRELOAD; $2

AVR_RESET; $C

BYPASS; $F

2503F-AVR-12/03

EREFRN 4 S XBZK 16 XKET. THIHNRSURAABBREEXN JTAG
ETo. AVRIZESRIMAER HIGHZ % , 182 AVR_RESET ES AILAEr AR O 5|
A &R

NTAENBLFFR , BEN LSB BEARBARBH,

F5IETH OPCODE L hex R EREETRMN TH. XANER T W MRIESFF
BHOEEBRIESH TDI M TDO Z R EEE,

EXTEST R4IEMM JTAGE S  ARERiD RPAEEERNBIESTESS , WAVRAIEHN
MR B RRIR MR, BE RSSO SIMAEE It EheapE, WHRs], W HHE
R ABEAEE. N TEERNEENEL BRI  BEUSHFEZEBANEOLNT
RSz, — B JTAG IR FF858ET EXTEST fE5#WME; , M RPAWEBFERENA
37 BN 4 IR 5 B fan HH SR
IERDE :

Capture-DR : EUEE S\ 30 5| RIRY 2048 3 S A 2 1 6%

Shift-DR : @it TCK B4 N 2B 165

Update-DR : 3k B 33 #8589 5048 51 F 24 H 518D &

IDCODE R A JTAGHE T , AAKIEZE 2L IDFERENBEST FH. IDFFHRAEMA
5., DHESE5MMA JEDEC BWENHIERSAM. IDCODE B LBEMBMINES,
THERSBHE :

Capture-DR : 3REX IDCODE F 725 B ¥z H fa A Bl Rk

Shift-DR : &3 TCK % IDCODE 336

SAMPLE_PRELOAD 2 4RI ITAGHE T , AREFEMARSE TEMNRIIRT ,fmEk
WHESEFEUARNEA / WESIERERE, ERAESEFREEEISIME, BEEHE
BEMORERIRF 7R,
TERAE :

Capture-DR : BV SR S| BIAY 2032 H 5 A 1334

Shift-DR : &Bid TCK #{z N 2P Hi4E

Update-DR : H#$ N BIEN AR M 877, ERMEHSEHSEEZERSIME,
AVR_RESETRAVREBJITAGHES  AXBHAVREFHABNVEXRBHRITAGEN

Ho TAP BHIBRALBWXFETEM. INMNRA - MR ARBENZTREERES
freR. RESNENTEE 1, EMEBEE, ZEHEENH B A RBIE.

IERSBE :

Shift-DR : @it TCK B B 51728
BYPASS B 4IRIM JTAG BT , AREEZERESEHRENHEFTFS.
TERAE :

Capture-DR : EEZBFFRTHAZEO

Shift-DR : TDI ] TDO Z [B#) E R T3 2 THBAL
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I/O Ff& 2 S A% H
*MFEER
MCU 4l SRAEFFER - MCU ZH 5SS FFR T SEFHER MCU ThagR I, iE R MCU ENHNELIRE
MCUCSR g,
Bit 7 6 5 4 3 2 1 0
| JTD ISC2 = JTRF WDRF | BORF | EXTRF PORF | MCUCSR
®/IB R/W RIW R RIW R/W RIW R/W R/W
VIE 0 0 0 WAL A

« Bit 7 -JTD: i1k JTAG R

AR 0 B |, fNR JTAGEN B4 #mEN JTAG ZEOFERE, MRXNVR 1, JTAG I
AZib, A TEETENZ SR JTAG #0O |, SHFUEE — N8 F5ISkHE JTD 4,
BB A RAE 9N 4 B HR R B BB OR B A JTD,

MR JTAG EORESHM JTAG BRIERE | JTD NiZB V. XHEMNEERN TESR
JTAG 0 TDO S|MM BB R,
+ Bit4 - JTRF: JTAG & fI#r& L

BE JTAG S AVR_RESET N JTAG SN FFHRE 1 INENTH. SHEME JTRF
Bf, FREMHEAERE 0 FEE JTRF,

22 ATmega32(L) m——
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SR

B#EH TR O S| M

2503F-AVR-12/03

SRR LA B IR AT 1/0 SIMBZEET | LR EA F AMEEAEL BRI
FEENELIZ BB,

Figure 116 2R 7T EB LR @I ML RAFE T, ZETIE- MRS T L
PIfERE — PUEXn — SHEER AR R AR T , M—MF=MES  BHES - OCxn,
H#E — ODxn M@ AHHE — IDxn AEN—NFUBNFFRONESIHETHK. £
THHRRFAERROAMSIHRS,

BEFMOBERREAH LR B, Figure 117 AH T —AN0 P47 “I/O %0 ” ARk
MRETEHFIm OS5I, Figure 117 WELESIE T Figure 116 Wiz RPAWAT,

Him R BE-ThEeR  MALIE - ID- X BT PINxn FFMWE (EIDRERDEHR) .,
BRI BT i O & 788 PORT , #i 26Xt N F##E A @ - DD &FiFss , LRIfEAE -
PUExn — X BI FiZ 8 &3iE 3 PUD - DDxn - PORTxno

I O 55 Z D ABFE Figure 117 FUEREBIE AR 2SN | IX4F W LAE 3 1 6% 3 B SSERAY 5| BME.
N TR TEE A AR BRAEEERE  ARETURA IR FZENEL B
ZEREAQ L,

Figure 116. BB L1 ThAEXN (a3 O S| IR0 R34 .

ShiftDR To Next Cell EXTEST Vee
N

Pullup Enable (PUE)

Output Control (OC)

Output Data (OD)

0 FFO LDO 0
0 —D D Port Pin (PXn)
1 D 1

Input Data (ID)<«—®

From Last Cell ClockDR UpdateDR
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AIMEL

Figure 117. EAKOSIMERER (V)

I :
| |
| | e
| | S
| | WDx
| RESET
| OCxn
> _—— e — | — =
| 2 | RDx
p:
| | DE " v
| Pxn d | Q D | a
| ~ [ooxn [ e M <
S S s |&
IDxn | WPX o
RESET
SLEEP C RRx
SYNCHRONIZER
| —————— RPx
| b Q
= °e v & >
| ’7 L 30 ”> 3 :
|______I CLKyo
PUD: PULLUP DISABL_E WDx: WRITE DDRx
PUEXnN: PULLUP ENABLE for pin Pxn RDx: READ DDRXx
OCxn: OUTPUT CONTROL for pin Pxn WPX: WRITE PORTX
ODxn: OUTPUT DATA to pin Pxn RRx: READ PORTx REGISTER
IDxn: INPUT DATA from pin Pxn RPx: READ PORTX PIN
SLEEP: SLEEP CONTROL CLK o 1/0 CLOCK

Note: 1. FIAFEMEIULEA,

FL&IZEOS|IH SCL M SDA ERAEEER — M AANWEREES  M&EOFER - TWIEN,
o Figure 118 Fi7R , TWIEN E S AT AERESZEBH Fiw O H1TH ., EENREHITHEEN
=REHES , H5 Figure 122 AHHNZ B IEHEE S THE,

Notes: 1. TRHZRENHASIBIAY 50ns R EFZEAKE, RERONARZHCLEBA
FEEENE T . EREEREMA TWIEN S5 8K —FREZE# T8 Rt ar L
RIAPREGIE PR

2. TERERHESE OC # TWIEN , BA 3|2z e,

214 ATmega32(L) m—
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ATmega32(L)

Figure 118. A& EORMMIMAREES

b OQ PUExn

OCxn
Pxn L r TWIEN

Slew-rate Limited

IDxn

RESET 5|32 5VEFNERMEBBFUKNIENEVIRE ; UR12VHNEERE
FLUXUREEEHITRZ. Figure 119 FTRKI RN MNP L TBLER T 5V ERES
RSTT , 83@ATF 12V WEHES RSTHV,

Figure 119. R EENNIRY % T

To
Next
ShiftDR Cell
From System Pin > L4 I I > To System Logic
FF1
D Q

(

From ClockDR
Previous
Cell

AVR 224 AT BUB I 18 22 (IR R 2 R e 4PIR I |, t A RC #5237 AAEBRC#R5% 85, SNERAY
W, (8M) &EREE. BRSaRZSE  URBERZS.

Figure 120 BB R#HER MAXIEE — MK RN. HESSHNEENLRAKET M
#RShes / BTER Y S R AT MM B T, KRR RS BV A T XS Emt iy —
#. AR RCIEHHNAHRTRAEN , BAXMRZ XA IABELE,
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Figure 120. #&% a3 MeTsP AL %% T

XTAL1/TOSC1 XTAL2/TOSC2
To
Next To

ShiftbR Cell EXTEST Oscillator Next
ShiftbR Cell

ENABLE OUTPUT ? I I
1
FF1
D Qr*—D Q
lﬁ - -~

From ClockDR UpdateDR
Previous From ClockDR
Cell Previous
Cell

From Digital Logic
o
To System Logic

Table 90 f&i 8 5.5 7 A EBEt 4 5| i) XTAL1, 5 XTAL1/XTAL2 EE#RY#RSH 27 , LA K 32 kHz
R RST SRNAHEF 78R

Table 90. X% AHES NG

EEEES AN BT REEFA AR R4

EXTCLKEN EXTCLK (XTAL1) SAERRted 0

OSCON OSCCK EANT TN 0
SNEBPE AR 2R

RCOSCEN RCCK & RC 1

OSC32EN 0SC32CK HANEBIRST & 4% 2R 0

TOSKON TOSCK 32 kHz Kb iE% 28 0

Notes: 1. FERMERESZ T — MY IRMER E /T4

2. AEERTSEAETASIETIFBNER. XERNFEIM JTAG TCK Bz AE
WEZB, RENSHYETT,

3. NHEEEIBLN#T. ATFETHAERTELN , BN F—NREATRIAR
Mo REEEEN. ENAFPERAHNSNERSEARE—#ENIATN, HTEER
BATRAEWAZIERYS Rt XS EEES , NTFIRSESIBNEHE
BEChUR T, PEERTXIFBLN INTCAP, A RAEELT EFEERANTEEN
XTAL fRHEHE1T , BRIELBLNEZBR EHRE

AFEL LR AR S RABMEXNLREERESRT Figure 121, Figure 122 AHMNI RAKE T5X L
E5HERE, 557 Table 91 Fi A,

X T AR E RN A TLUBIT RS , BNFTENELRASHRFR AR ZROSIH,

216 ATmega32(L) m—
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Figure 121. H#lLLKRET

BANDGAP
REFERENCE vce
ACBG
ACD —>»
AINO
+
ACO
AC_IDLE
ACME | =
ADCEN 2
ADC MULTIPLEXER
OUTPUT
P
Figure 122. &/ TR ADC MEBRALRAR R T
To
Next
ShiftDR Cell EXTEST
From Digital Logic/ . I 0
From Analog Ciruitry To Analog Circuitry/
1 To Digital Logic
0
D Q D Q
1
— G
From ClockDR UpdateDR
Previous

Cell
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Table 91. Wil L BB REHE T

AIMEL

EE5EH | NEBSR—NENSER iR EA FEEAR#HEENRA £ FAHEEEBY S0 A B B9 i HH BB
AC_IDLE | @A R B AEIILLREE | 1 T EEHITH uC KR53
ACO B H ER LR B FRAEERTHUCK | O
BE A
ACME WA R e ERARE ADC 0 KT EEHITH uC 13
LR
ACBG BWA fERERERRE AR 0 KT EEHITH uC K3
A# ADC

Figure 123 44 T EBFIA M XAV G R AN E 58 ADC JREE, Figure 122 FI R R AR L TSXLEFESHE, N T4
FREZEMEN A TLUETT ADC , BEAFMMBNELRASHRFRALZIROSIM,

Figure 123.

MUXEN_7
ADC_7

|

BRI ER

VCCREN ),

AREF )

IREFEN

» To Comparator

PASSEN ),

2>

»

MUXEN_6
ADC_6
MUXEN_5
ADC_5
MUXEN_4
ADC_4

EXTCH, N\

MUXEN_3

ADC_3 : ) I §
MUXEN_2

ADC_2 : J B §
MUXEN_1

G S
MUXEN_O

ADC_0 )

UL

—
—e
—

SCTEST
f :

ADCBGEN

G10) -

»

NEGSEL_2
ADC_2 ;

NEGSEL_1

NEGSEL_O

S5 Table

218

ADC_1
- ST

ACLK
AMPEN

ADC 0

92 BRIEHEIR,

ATmega32(L)

10x

b .

PPPPP

DAC_9..0

ADCEN

—

10-bit DAC
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Table 92. ADC WL RHEES

M ADC —IEH TEANKEEN | LSEENWMALEESER, HCPURE
E5EH% Fm B8R mA £/ ADC R R R E
COMP #i Lo g 0 0
ACLK BWA DIFF R AIRRER A N EU K % 0 0
WA ES
ACTEN LTON fEREMIB = B LR B B IR 0 0
ADCBGEN | #iA EREREREATREET L RBHNA 0 0
PN
ADCEN WA ADC  LHBES 0 0
AMPEN WA WENN LBES 0 0
DAC 9 WA DAC i HEMSE 9 1 1
DAC 8 BWA DAC B HEMSE 8 0 0
DAC 7 wWA DAC B HEME 7 0 0
DAC_6 WA DAC BFHER S 6 L 0 0
DAC 5 WA DAC B FHIEMEE 5 1 0 0
DAC 4 WA DAC i BEMEE 4 0 0
DAC 3 wWA DAC i HEMSE 3 0 0
DAC 2 LIDN DAC B HEMSE 2 0 0
DAC 1 WA DAC BiFHEMSE 111 0 0
DAC_0 WA DAC BFHER S 0 L 0 0
EXTCH BWA 4; ADC # 0 - 3 BEEETIZRE 1 1
E
G10 BWA fE8E 10x B2 0 0
G20 BA fEBE 20x M2 0 0
GNDEN WA A B LR BRI U A E 0 0
ity
HOLD WA KB & REFES. N0 BREE 1 1
BES , 71 HREES, MR
fEREEE | £ ACLK ABIHX/MS
B UFER
IREFEN WA fEREREREAEIRIER DAC By 0 0
AREF 55
MUXEN_7 | @A MASRENN 7 0 0
MUXEN 6 | @A MAZEREMNN 6 0 0
MUXEN 5 | @A WA S 0 0
MUXEN_4 | @A MAZRIBENN 4 0 0
MUXEN_3 | @A MAZEEBENN 3 0 0
MUXEN 2 | @A MASREBENN 2 0 0
MUXEN_1 | @A WA SN 1 0 0

A mEl% 219
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Table 92. ADC i 1134155 (Continued)

M ADC — I EH FEARNHEEN | HHEENWALEESER , ACPURE
EEE#W JE % EA WA 5 ADC I 9% L THE
MUXEN_0 A MAZRENNMO 1 1
NEGSEL_2 | @A EDESHEARNE A S KRN 0 0
72
NEGSEL 1 | @A ESESRARNREAZSRKSEN 0 0
£iI 1
NEGSEL 0 | #A EDESHE AR A A SN 0 0
£70
PASSEN A fEREIE A1) 1 1
PRECH DN tERBm L SFESETM RS (KREX 1 1
)
SCTEST LN FFxeR TEST fEE, 10x @5 0 0
H&3%E ADC 4 S|
ST WA MRMESE AMPEN EE2EH 0 0
AHNACLK BHIE RS |, HE5W
WHFUERNEERE TR
VCCREN WA 3%#E Vee 3 ADC I E AR 0 0

Note: &R IEH#IRE Figure 123 RHETURIERE SR | HE ATRESIRERMF . Figure 123 Fi HH LL IR Ui A Um Y S&H EBRRAY I H
BEMER, ERIETE ADC I, BEREERNB =% —&HE -1,

220

EEAHETRPREER ADC , NHEMEH Table 92 AHMM AE, THERFERNE

SRPFEAZEsEE, ETHAXEANEEZTERENBRENBENER  XEERAEHE

BN RERERIIN, FANXTE>EBFBRELEALLE.

AVR ADC HIHEIN B R T Figure 123 , RUBFZBEXIUMNZELE X, FRBAE

HHRBRREEMNVENDEEERERFTESUNE, XUTUFEREBEISFEITER

BT EEREI - EHFE DAC[9:0] LEMTRE , BRLIRBEBNBENE ; REEHRE

DACI[9:0] LHEIN LPRE , BRILREBNWMENS.

3 F AR EZ NS ATLLEF ADC , BEAFFENEN M ASHEZmARZKOSIH,

£/ ADC BHigig{E

« {5 ADC RIAFUNSIBEE A , MBEE FHREE | BIEETHR,
EEEERXT  FEADCHFE3 — R "W “EEHER (BB 10XLER), BIVAFEMSE
BEADC BEEFEL 200ns , AEBFBREE ; REREWRIT R "W “ EHEEGR,

+  HOLD 5 RER ( X#H#ER ), DAC HEXFIRE T #IEE 0x200,

ERBIF , ZRBIRBENR 5.0V, AREF E#EE Vo F1E ADC EIE 3 /N 1.5V + 5%
HRAES .

The lower limitis:  [1024-1,5V-0,95/5V| = 291 = 0x123
The upper limit is: [1024-1,5V-1,05/5V] = 323 = 0x143

BRIEFEA Table 93 FTREDEREE , BIUER Table 92 KYHEHIE, Table 93 REAH T
PgE+ DAC MmO SIMMBIE, “ 3iF " —JIHA T HREXRFE/LIZR BT FH
ZAEFEAN JTAG ES. AR ARBENHMREN B HNBRERITRE,

ATmegad2(L) m—
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Table 93. £/ ADC W& %

PA3. | PA3. PA3.
$® | E ADCEN | DAC MUXEN | HOLD | PRECH | #ig | &4 ERifERE

1 SAMPLE 1 0x200 0x08 1 1 0 0 0

_PRELO

AD
2 EXTEST 1 0x200 0x08 0 1 0 0 0
3 1 0x200 0x08 1 1 0 0 0
4 1 0x123 0x08 1 1 0 0 0
5 1 0x123 0x08 1 0 0 0 0
6 R 1 0x200 0x08 1 1 0 0 0

COMP 2

&R0
7 1 0x200 0x08 0 1 0 0 0
8 1 0x200 0x08 1 1 0 0 0
9 1 0x143 0x08 1 1 0 0 0
10 1 0x143 0x08 1 0 0 0 0
1" R 1 0x200 0x08 1 1 0 0 0

COMP 2

N

X ANESER X HOLD 155 BB L AT TOK 4= e R, T HIE1E 5 NS,
259 HOLD RENS , TCK R AME D 5 15 T MR UBA RIS t1q more

A IIIEI% 221

2503F-AVR-12/03



AIMEL

ATmega32 I REAHFREF SR DREHENKRIEEKN TDI # TDO ZHMEMEKFN Table 94 FiR. Bit0
LSB ,RE—MEHAE (ME /A )N, REBSIMXFHTHERT TN, Bt w0
AMARERFSEMIROZMERN. SBLEERNAEER —MIA , eWR T HEEN &
S, MAEEEINW—NYESIH, £ Figure 116 B , PXn.Data N F FFO ;
PXn.Control #8 5 F FF1 ; PXn. Pullup_enable 888 F FF2, i 0 C#Y 2, 3. 4, 5 U~ %&
Rz |, BN JTAG ERER X LS| 2 TAP S|,

Table 94. ATmega32 i1 RH#E R F

EMIWEFES | BESER B
140 AC_IDLE tbes
139 ACO

138 ACME

137 ACBG

136 COMP ADC
135 PRIVATE_SIGNAL1("

134 ACLK

133 ACTEN

132 PRIVATE_SIGNAL2®?

131 ADCBGEN

130 ADCEN

129 AMPEN

128 DAC_9

127 DAC_8

126 DAC_7

125 DAC_6

124 DAC_5

123 DAC 4

122 DAC_3

121 DAC 2

120 DAC_1

119 DAC_0

118 EXTCH

117 G10

116 G20

115 GNDEN

114 HOLD

113 IREFEN
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Table 94. ATmega32 i R HA#RF (Continued)

EMIWFS | E5EH B3R
112 MUXEN_7 ADC
111 MUXEN_6

110 MUXEN_5

109 MUXEN_4

108 MUXEN_3

107 MUXEN_2

106 MUXEN_1

105 MUXEN_O

104 NEGSEL_2

103 NEGSEL_1

102 NEGSEL_0

101 PASSEN

100 PRECH

99 SCTEST

98 ST

97 VCCREN

96 PBO0.Data WO B
95 PBO.Control

94 PBO.Pullup_Enable
93 PB1.Data

92 PB1.Control

91 PB1.Pullup_Enable
90 PB2.Data

89 PB2.Control

88 PB2.Pullup_Enable
87 PB3.Data

86 PB3.Control

85 PB3.Pullup_Enable
84 PB4.Data

83 PB4.Control

82 PB4.Pullup_Enable

ATMEL
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Table 94. ATmega32 i R HA#RF (Continued)

EMIWFS | E5EH B3R

81 PB5.Data w0 B

80 PB5.Control

79 PB5.Pullup_Enable

78 PB6.Data

77 PB6.Control

76 PB6.Pullup_Enable

75 PB7.Data

74 PB7.Control

73 PB7.Pullup_Enable

72 RSTT E=RIBtE:
71 RSTHV RARA)
70 EXTCLKEN EREERIS / FRHERES
69 OSCON

68 RCOSCEN

67 OSC32EN

66 EXTCLK (XTAL1) TR A SRS B
65 OSCCK RARN )
64 RCCK

63 0OSC32CK

62 TWIEN TWI

61 PDO0.Data wOaD

60 PDO.Control

59 PDO.Pullup_Enable

58 PD1.Data

57 PD1.Control

56 PD1.Pullup_Enable

55 PD2.Data

54 PD2.Control

53 PD2.Pullup_Enable

52 PD3.Data

51 PD3.Control

50 PD3.Pullup_Enable

49 PD4.Data

48 PD4.Control

47 PD4.Pullup_Enable

ATmegad2(L) m—

2503F-AVR-12/03



] ATmega32(L)

2503F-AVR-12/03

Table 94. ATmega32 i R HA#RF (Continued)

EMIWFS | E5EH B3R
46 PD5.Data w0 D
45 PD5.Control

44 PDS5.Pullup_Enable

43 PD6.Data

42 PD6.Control

41 PD6.Pullup_Enable

40 PD7.Data

39 PD7.Control

38 PD7.Pullup_Enable

37 PCO0.Data wa C
36 PCO0.Control

35 PCO.Pullup_Enable

34 PC1.Data

33 PC1.Control

32 PC1.Pullup_Enable

31 PC6.Data

30 PC6.Control

29 PC6.Pullup_Enable

28 PC7.Data

27 PC7.Control

26 PC7.Pullup_Enable

25 TOSC 32 kHz ER#RH 28
24 TOSCON

23 PA7.Data Wwa A
22 PA7.Control

21 PA7.Pullup_Enable

20 PA6.Data

19 PA6.Control

18 PA6.Pullup_Enable

17 PA5.Data

16 PA5.Control

15 PA5.Pullup_Enable

14 PA4.Data

13 PA4.Control

12 PA4 .Pullup_Enable

ATMEL
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Table 94. ATmega32 i R HA#RF (Continued)

HEMIB S

BE5E%H

B

1

PA3.Data

-
o

PA3.Control

PA3.Pullup_Enable

PA2.Data

PA2.Control

PA2.Pullup_Enable

PA1.Data

PA1.Control

PA1.Pullup_Enable

PAO.Data

= N W OO [N || ©

PAO.Control

0

PAO.Pullup_Enable

WA A

Notes: 1. PRIVATE_SIGNAL1 E28#H 0
2. PRIVATE_SIGNAL2 Z28#R 0

BRAHEEIRIES (BSDL) XA —F0h B LI E R E AR ER N ER AR/

SRR . XMXANERANRN BB ERRG. DRARBIETEFSR
EMIBRFATIRER D E TR X fF 4. BSDL X#H7E ATmega32 HHE M.

ATmegad2(L) m—
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XECISRARF - &
=4z VISR TR e
(RWW, Read-While-
Write) 9 B BRY4mTEEE D

BARRK Flash KA Kk S| &
BF Flash X

MARFKX

S|&& &KX (Boot Loader
Section) - BLS

RWW Flash X} 3JE RWwW
Flash X

RWwW X

2503F-AVR-12/03

Boot Loader N IBIE MCU AR &k T M LHEBEFRBRM T —MEENFE R -E (Read-
While-Write , AT &8 RWW) BRENLHl, X— I EBRE R LE MCU BWEHIT &
W& FRF Flash B Boot Loader , R E# TR AR HHA %K. Boot Loader ATLAEA
ARG EANBEZEDO MBI IMGRBRIEHIENREE (BF ) BA Flash , EMNE
FE 851 VX8, Boot Loader XV F A LB Flash , 2#& Boot Loader XA &,
H M Boot Loader AJ AN H B H# T8N , EE [ EH 2 #BR, Boot Loader 1£fi# 25 %8 8] #Y
KANALUBE 22 #TEE, Boot Loader EEMERFMEN , FEHAUMTIZE
SAFRMTERRPROREM,

« RWW B2

+ REM Boot Loader FiXEE

- BENRSY (HEMMN Boot BiEVXHREZNRFER )

s BIMVHBLNVNATRFEEVER

o BALBITT M Kb

. KBMAELHEE

« B RWW X

Note: 1. TR Flashfi—1 &% ,ABMNETHAR (W P243 Table 111) w3 #EH,
T AR SR RS0 IE & A iR 1E

Flash HFANX#EX , B2 A X Boot Loader X (. Figure 125), BN X K 774& 228 X/
BOOTSZ B4 {u B & , %0 P237 Table 100 5 Figure 125 FiR. BT HMNX A& 89 84
EAL, FIATAEE TR MEZESR S

NAKXRZ Flash FRFM B A RBA X, 5AXRP SR BEN SR Boot 8ixE{L (Boot
BiE{L 0) BE , ¥ P230 Table 96 . HF SPM {8 EM A XTI 2 TKH |, AR
B X R X 1F 1% Boot Loader 18,

MARXAFRZM#MNARE , M Boot Loader B S MR1EHE BLS, X2ENREE BLS
1T SPMESF EM. SPM IES LA RIZEA Flash , @3& BLS & &, Boot Loader
X KR K 58T Boot Loader BiE N (Boot BiENL 1) WE , ¥ M P230 Table 97 ,

CPUREBXIFRWW , 5% CPU &R A Boot Loader B3 TR B EH A= 1E | BUR

TR W N b, BT BIEAMRAIET BOOTSZ B4 UEBNHMNX 2 |, Flash

WAL RN EE R X ERE - B (RWW) XFFERATE - B (NRWW) X, RWW-

M NRWW B9 57 P237 Table 101 1 P229 Figure 125 4. AARHNETERXFIE :
 RWW X A 89 T 1T BR R B VERT 7] LA NRWW X

X NRWW XA T TR BRER , CPU =1k

EE | Boot Loader M TERT , AP BB BEIZEUY F RWW XAHEFM/LE, "RWW
X “ BN RHURE (BRIE ) WBNEMX , MAEF A Boot Loader H#F#TRIZE
11 72 P SRR IR ENAY BRER 40 o

R Boot Loader B4 23 RWW XA E —TU#1T4RTE , M AT LAM Flash #izEURE |
BRETF NRWW XK R, £ Flash wi2HAE , AP REFLATRIEEEXN RWW XH
EipE, MRAFHA4ERFESEFIRERIMT RWW XA (2@ call/jmp/ipm
B ), BETELKLETF—PMRARS, ATEEXMERNELE , EEZILH
MRS E # %2 Boot Loader X, Boot Loader B2 F NRWW X, RE RWW X
AFAREERIFRINRES , FHEFEHESI[EHFRSEFEZSE (SPMCSR) B RWW XACHR
£ RWWSB Efu, wmEBERE , EFEEN VT RWW XBWARBZBSR4ER
RWWSB, E# {5 RWWSBES M P232 “R1FRRF 725124125728 -SPMCR’ ,

A IIIEI% 227
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JE RWW X - NRWW £ Boot Loader B -E#H RWW X E — T 6t , T LUE B T NRWW X8, 2 Boot
Loader RIZEH NRWW Xi} , EEANTTERBRBEREIEF CPU IR,

Table 95. RWW Ry4& =

REDES ZEHIABIMNX | HmEDEF TSI FH RWW 15
? X2 CPUHRIE ? ?
RWW X NRWW X = 2
NRWW X %I B =

Figure 124. RWW 5 NRWW

Read-While-Write
(RWW) Section

Z-pointer
Addresses NRWW

Z-pointer Section
Addresses RWW No Read-While-Write
Section (NRWW) Section

CPU is Halted

during the Operation
Code Located in

NRWW Section
Can be Read during
the Operation

228 ATmega32(L) m——



] ATmega32(L)

S SRF X EN
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Figure 125. f7f8sX ()

Program Memory

BOOTSZ ="11"
c
=]
©
Q
%)
% Application Flash Section
=
<
z
2
=]
@
[
o
; /
O L — R T
2=
Q
%)
2 Application Flash Section
=
2
=
2
E Boot Loader Flash Section
[r2 .
o
z
Program Memory
BOOTSZ ='01"
=4
=]
©
Q
%)
% Application Flash Section
=
k)
=
2
=]
@
1]
@
c /
S - - - - - - =
g =
Q
@ Application Flash Section
=
2
£ :
;. Boot Loader Flash Section
8
[
o L—
o
z
Note: 1.

$0000

End RwWw
Start NRWW

End Application
Start Boot Loader
Flashend

$0000

End Rww
Start NRWW

End Application
Start Boot Loader

Flashend

Read-While-Write Section

No Read-While-Write Section

Read-While-Write Section

No Read-While-Write Section

Program Memory
BOOTSZ ='10

Application Flash Section

Application Flash Section

Boot Loader Flash Section

Program Memory
BOOTSZ ='00

Application flash Section

Boot Loader Flash Section

ERFHSEHRIE P237 Table 100 4 H,

$0000

End RWW
Start NRWW

End Application
Start Boot Loader

Flashend

$0000

End RWW, End Application
Start NRWW, Start Boot Loader

Flashend

MRFFEE Boot Loader Th&E , MEA Flash #A AR R ARBATA, Boot Loader &
AEA IR IRER Boot iEN. M AJEAR & ik &1 E B RT3,

AP
R EA Flash X, Fik MCU #ATRHFH &

RE , BREBEITHEER

A MCU H 4 Boot Loader Flash X

AR MCU AL N A Flash X
A MCU AHKEA Flash X

HHARNBIES N Table 96 5 Table 97, Boot 8#iE ATLUBE Fi#, BITRHATREHIT

DA E
AP /B )

BANEBEHEN (BIEMER 2) FRHEBESY SPM

BTN Flash #1742, SHRL , BAMNE / BYEM (MEMERX 1) BFREEST

LPM/SPM =X Flash #1Ti& / B,

ATMEL
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Table 96. Boot {E 1 0 RIF#EN (KMAKX )

BLBO Mode | BLB02 | BLB01 | f&#"

1 1 1 A SPM/LPM #8514 B A X
2 1 0 TR SPM EESXRMA X ITERE

THRF SPM ESHMAXBTERE , BFAAFETT
Boot Loader X§J LPM 55 MR A X B IE. EFMEE

3 0 O | f4F Boot Loader X , FBAHITRIF KA H0 5T ch i 22811
B,
T ARFIZITT Boot Loader XK LPM 355 MBI A XiEEUEK
4 0 1 2, EHhMEENT Boot Loader X , BRAMITR AR
BT R E LN,

Note: 1. “1" RIRKEGmE , ‘0" RRERE.

Table 97. Boot 87z 1 R # = (Boot Loader X )V
BLB1 mode | BLB12 | BLB11 | &

1 1 1 A SPM/LPM #5158 Boot Loader X
2 1 0 TR SPM #8455 Boot Loader Ki#{TERE

T SPM 345X Boot Loader K#{TER/E , bR AR
ZTTFNAXE LPM 5 M Boot Loader XizERE#E, &
P ENTRAKX , BBAHIT Boot Loader XLHB AT A
BT RZIER,

TRFIZEITT XK LPM 35 M Boot Loader XiHi#k
4 0 1 B, ERmEMNTRARKX , AT Boot Loader X4
B R REIEN,

Note: 1. “1” RIRAKRMEWE , ‘0" RRCFHE.

Bk ESSIMNRA XA AN LU A Boot Loader, X LERETSIH — LA %L E
5Bz, i@ USART =k SPI #O#BWEI THXN@®S. B4, TELSHRE Boot
ENVRBRLNFEEENEEERD Boot KM IAMUE, X# , {5 Boot Loader M EIF/E
BT, MBETRARBE , BFFARITRANRB, MCU KB FEERERLMNMWEE,
2 , — B Boot EMNBLNMRE K EMNEEN —EHEH Boot KA, B
L REEEN BITRHITRZMN 5 ERBE,

230 ATmega32(L) m——
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Table 98. Boot Ef & (M
BOOTRST | &E{Iithut
1 SumE = HAXEN (#uk 0x0000)
0 £ {uM & =Boot Loader £1¥ ( L P237 Table 100 )
Note: 1. “1" RRKGRE , ‘0" RRCHE,

REEFFHBEHSEES - SPMCR A& #:4i| Boot Loader ##/ERYI o

SPMCR 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 Hjf{ERE

SPMIEEfifa , MRS FFRM U BB , SPM P MFEI#K fERE. R ESPMCSR H1787
#9 SPMEN /BE , SPM H TR #INIT,

+ Bit 6 - RWWSB: RWW X{ti5#&

Baix RWW XK B4RE ( REBERIAEA ) #ER , RWWSB #E4E 1, RWWSB
BT EEER RWW X, BREBRETKE , 1R RWWSRE {3 1, RWWSB
BOERR. B, B UMERRELE RWWSB L BHES.

 Bit5— Res: RE{u
£ ATmega32 P RREN , BRIREER "0

+ Bit4 - RWWSRE: RWW XigfE#E

RWW X4 FLRiE(TUEBRE T E A )RS , RWW X B iR E(RWWSB#HEHE"17) M4
FHE, AP #SHXMESIREL R (SPMENES ) FEEHFRERWW X, 1R RWWSRE
A SPMENEI R # B A "1 , N 1E E &M O e BB R H SPMEE S N BIXRFERERWW
X, 2R Flash f{t FREBRFLIRE A (SPMEN B ),RWW X FEEMH ERE, 215 Flash il
#5 RWWSRE BRIt &4 , M Flash tN&igEL L | MR BIBEBIFEK,

 Bit 3 — BLBSET: Boot #iiTE{ii% &

WMFRX—f2 M SPMEN BIRtEf , &4 T REBENEN 9 AR B SPM 55 248 HE RO
I EIEIRE Boot BiE, R1 FHEEM Z EH N EER2HK, HEMRETK ,
HEONHEMARE SPM BT HKIITA , BLBSET B31/EE.

#£ SPMCSR % 72:#) BLBSET M SPMEN Efu /ey = NEHRIEITH LPM B 5 R/RRE
BIEMSBLM (BURT Z 851 20) HEBI BN FFRR. ¥M P236 “ WA H IR
By HENT "

* Bit2-PGWRT: @EA

MRX— M SPMEN Bt EN , RETFEEENONHEBHAN SPM EESHRITRE
Thee | FIEed E P e h FEMNBIEB A Flash, Wit ENE Z FE4 S %% . R1 M RO
WBIEN 2, TERETR , RENNEHEBREE SPM ESBITE ,PGWRT
BEEES, MEMERNREHN NRWW X | EBATTEREIEF CPU =1L,

A IIIEI% 231
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£ B4mErtiG M Flash

AIMEL

+ Bit1- PGERS: W&

MEX—{F SPMEN R EN , #EFEEENONRSEAHAN SPM ETHITIER
RINAE, TUHbHENE Z EHMNEMES. R1 M RO WEIEN 42K, TERKRIBIETRK ,
HE MDA HAR %A SPMIES#HIITE ,PGERSEEIES . RN EXN R AINRWW
X , EENERIZIESEF CPU =F1E,

 Bit 0 — SPMEN: E-RBF1FfEas 4t

X—VEZSEENNAMNNS AR AFELRE SPM S, R FX—M RWWSRE,
BLBSET. PGWRT = PGERS Z —E&E{ , i EFFR | TR SPM i85 HE %%
e L. MRIAEF SPMEN B , BBALET KM SPM 55FIE R1:R0 FHBIEEFEH 2 H
ZIBHBENINITE S, Z i85 LSB M2, SPMESTER , RENEM R EHR
% B SPM BT #HITR , SPMEN BzhEE, ERERMITEIEH SPMEN REFRH 1
BIBRETR.

ERAMFE AR “10001”, “01001”, “00101”, “00011” 5 “00001” Z I\ {E{ALE & £B
T Ko

ZIEHAT SPM G50S4,

Bit 15 14 13 12 11 10 9 8
ZH (R31) Z15 Z14 Z13 Z12 11 Z10 29 Z8
ZL (R30) z7 Z6 z5 Z4 z3 z2 z1 Z0

7 6 5 4 3 2 1 0

BT Flash F#8ERURKWFERNALR (see P243 Table 111 ) #RH , BFITBETEE
HANS2 MK H—AZARNIUNRELT S ; HAAXTARIUN SIS , W
Figure 126 FT R AT TUBBRMASREN T a2 EMIH , FHIRIE Boot Loader X
HERBRINERENIUEENTRSEEEN. —BREBREFTHRES , i s
7, RE ZBH T RAERMART,

W— A Z 58 SPM #ERIZE Boot Loader BiE ., Z B HWABTEZKE, LPM
EPER Z B RKARFibi, ATFXMNESHIUZEFTHFIT , FTEL Z 18489 LSB
{1 (fz 20) tbEEARE T,

222 ATmega32(L) m——
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Flash B B 4RT2

B SPM TR

2503F-AVR-12/03

Figure 126. SPM Ky S 1t ("

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

WITHIN THE FLASH

PROGRAM MEMORY

PAGE

WITHIN A PAGE

PAGE

INSTRUCTION WORD

PCWORD[PAGEMSB:0]:
00

01

02

\ PAGEEND

Note: 1. Figure 126 HAT AN TR R P238 Table 102 H51H,

EFE#HESNETUATNARNIT, FABNRASFR[FHEOHREN —RE#SI[HTH
2, BEENX -8R, SPM ESU—X—1MNFHARNEHRES A G TE .
IR T EPBNBEATUERBRA T ZATR , B ERBRITEREZRTRK.
FR1, ERBRIEEE S
- Bl REEE

RATBRRIR4E
- BITHEBERHE
FR2, ENBREEZE SH

RATBRRIR4E
- BifRREE

RITRBRE
MRERAFEHRTERHN—BD , WERBRZ AT SAIFER P EMB 2 EEER (NRETIE
RIEHPXF ), RAFEEME Flash, £ABFZE 185, Boot Loader It 7T —MNEHEYI -
BN -EHYE , ATAPREEERRITPHNANE , RAENHNEMSENKRE | EEILE
WEWBIEER Flashe MREAFR 2, WEEREALHE  BEANNCLEEKRT, In
B REP X AT ABENL T sk, RIEERBBEMNAERERIUHBNARBRIEN. SLHA
BHGFESN P237 « —MAIRNSISEFLERE " .

RITHBRBRREEEFTRIRE Z 1845 RAMPZ Byt atE 8, RE¥ “X0000011” EA
SPMCSR , & EEHNHEAN T FHAMNIT SPM. R1 M RO PR MIER B, TWibik
YIMBE AN Z FiFaal) PCPAGE, Z igttmy HAbfu 4k 2Rk,

o ERRWW XM : EEBRIREF T LARE NRWW X
BB NRWW X : FERMESRED CPU £1E

A IIIEI% 233



FR T EAPER (TR )

WITRERHE

FIA SPM s i

HEEH BLS NEEERHNFE

£ BmBR By LR RWW X

EX SPM R ESISBFHEM

AIMEL

E-1MESFELEAEEIRE Z BN ES , URFESFEEA RI:RO, REN
“00000001” EA SPMCSR , BREEHEEHN N EAH AT SPM. Z FEHH
PCWORD MWHAAXF UG EAX, TERETK , HEN SPMCSR FiFsmM
RWWSRE IG5 ZF X B8k, REEMNHELBRIGEHFX, BERUNRTERIG
A8 X R R BEXt & a3 1T — IR Bk,

Note: #1R EEPROM £ SPM M FHHEBE#RE , ME FTHEHEE XK.

RTNEREEEZTERE Z 45 RAMPZ WititE 8 , AEF “X0000101” B A
SPMCSR , R EH NI BHIRIMIT SPM. R1 #l RO AV S 2 BE . TU itk
HMB A Z 5178 PCPAGE, Z B4 H M4 28,

EER RWW X : 7 VBRI R # AT LU E NRWW X
. BB NRWW XH®R : EREIREH CPU &1k

MR SPM FHfERE , N SPMCSR Z1788# SPMEN BFEF~ £ i, XEREHMHET
LR AR EI SPMCSR HEEMNEIN, FH SPM fifet , EFhlmEREE
BLS , A% RWW X2 E it B FAG R, MAEshiaEiEN P42 “ Rl .

BETYRTE Boot HiEN 11 A RFKE# Boot Loader XA HEELL FHI KT, It Boot
Loader 2~ & # {THY IR IBELTHIRE Boot Loader ,ERBHET E2EH . IREFIFAEE
3 Boot Loader , i3t Boot 8iEL 11 4wF2 , LABFLEAR /U EXZE T Boot Loader,

EFEHEESRES (MEBBRINE ), X RWW XHWIBRSEE, ARFREFEEREERE
4, RWW Xt SPMCSR F1788H RWWSB B, £ B4Ri2at |, 20 P42 “ Fhl ” PRy
R, REEERNIZBE BLS B, SEZIEFH., RRELERE , £F4 RWW X281 A
P ST RWWSRE B 1 3REZE RWWSB, HlFiEN P237 « —ANE 2 M S| SFC
YRR,

1% & Boot Loader 817 EM B £ B4 RO FHIEMEIE  AB [ “X0001001" B A SPMCSR
HEE AR EEENON RS EARRHIT SPM S, HE—AHFENSIENE Boot
Loader $1E . Fl X M8iE S AT LABR LE MCU 3 B2 FA T2 F #1 Boot Loader BRI E #7,

232 ATmega32(L) m——
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B EEPROM M 1EE SPMCR

BABR 4 75 SR BUS 4 (v R 8 2 fir

Bk Flash B9 AR

2503F-AVR-12/03

Bit 7 6 5 4 3 2 1 0
RO | 1 | 1 |BLB12 | BLB11 | BLB02 | BLB01| 1 | 1 |

T [EH Boot Loader BiE{IRE X Flash 5B EMMiES W Table 96 5 Table 97 ,

MR ROMW 5.21uF 0,3 B SPMCSR 1258 BLBSET # SPMEN B {2 F#y @4
BAARITT SPM 85 , K Boot HIEMFHIRZE, WRETMER Z 84, BHT
FRAMNZE BN Z BHEBEE R 0x0001( 52 10, MAVRERR ). BFEETFRAME
WER , BUESHEMNT ROF 7, 6, 1FEOMNE "1, EREMENMNERESF
Al LA B 15 R ZEA Flash X,

EEPROM B 2FAZEXS Flash H4mTE , th 2P EN MR L A M BIUE WK IRIBE. BUAP
Xt SPMCR & F 2Rt {TEREZ A B B4 E EECR HFEIRMIRSNM EEWE , BRI
LABIRBR

I8 2 7 R B RE A FT BUB T FRAF IR B, IRBIE(UAY , TER 0x0001 B F45 Z Bt H BEN
SPMCSR & 785 #YBLBSET 1 SPMEN, £ SPMCSR#ZEZFEHN =1 CPUBEHAMITH
LPM ESREMEMNESMET BN T FR. RUEMRAESER HEE=ICPUS
HMRRE PITLPMET , EM CPU B RNX BT SPMiET ,BLBSET Ml SPMEN
ﬁﬂiéﬁﬁiﬁﬁﬁgo BLBSET # SPMEN % /& , LPM R R F it o A iR 9 AR
I1 o

Bit 7 6 5 4 3 2 1 0
Rd | - | - |BLB12 | BLB11 | BLB02 | BLB01 | LB2 | LB1 |

EHALMEFTHEZEN LR EMBIEMNNEERL, BEEIELURET K EEY
0x0000 % F44 Z5%t H EE M SPMCRE Z85YBLBSET 1 SPMEN, £ SPMCSRi#EZ
BB =4 CPU AHARITH LPM BB LM EMNFETHNE (FLB) MEIENSE
25, FIEMAMNEBRBLMENFTRENATES A P240 Table 106 .

Bit 7 6 5 4 3 2 1 0
Rd | FLB7 | FLB6 | FLB5 | FLB4 | FLB3 | FLB2 | FLB1 | FLBO |

EUW BB LNSNFTR , EER 0x0003 It T4 Z 84t F B & SPMCR F1788
# BLBSET 1 SPMEN, £ SPMCSR ##ZFEH =1 CPU AHAHITH LPM 155FiE
BUNENFTHE FHB) MBEI BN EFSR. FHEANRARBLNUSHF TR A
FiHES N P240 Table 105 ,

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

WRERNBLUMBUEMAIREEER "0’ REWEREL MM EMAIREREENR
"1%

Voo BT TERER ,CPU M Flash IE® TETERIE |, Flash B9 A A AT 882 AR, XA
BN T R TIREREMIRI Flash —HFHE. FRABERBRENERE R,

B E AR AR E R o] LU EE Flash W8, %£— |, Flash ESREE— M RIKEE, F

=, BEXKE CPU R ELEIRBINTES,

BREUATRITENTLOER Flash BN (RAEPZ—REBT ) :

1. MRRSEFTEZEFH Boot Loader , EiLRFE Boot Loader 8i7E L EABF LE Boot
Loader ¥4 &t

2. BRBEEFZEHE , RIF AVRRESET K : RANARXN  MRIEHESK
M ABICHED |, AT LAERE BOD ThaE ; SN T AERANBE MR B, MRE
BgE#HTHEAETEN , REHSFREEEY , BRELTLTK.

3. EHEEHRERE AVR AL Tia s RIEE R, XBEATLABS IE CPU 5B H 1718
T, BRRY SPMCR F1F85 , MWL LE Flash # T ZiR S5 =,
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5/ SPM B 8Y Flash RBrE  HRRAHEK RC &% 25 H T Flash S itadF#2#|, Table 99 44H T CPU 1514 Flash #Y B2
B YmTRRT A,
Table 99. SPM 42 A H]

Ciiac) B/t BAmEE

Flash B#/E (BY SPM LI T
B, IB, REHEN)

3.7ms 4.5 ms

— MR EISBFLRR - KBRS RAMA ) —RBIES A Fl ash

. YIEHHE™ RAMBE — N EIEE T

; ZIBEEEM Flash WE— M RIESE T

- ARG EOEERRGE

- BZRFLFMET Boot X ( 4 Do_spmTFREF ML)

; EERBERT (RBRAREERAE ) REER1EE NRUVKE R

- EAMNEESE r0. rl, tenpl (r16), temp2 (r17). looplo (r24),

; loophi (r25). spncrval (r20)

; ERFHPTERFERNBNRP MRS

; EEHABIER T M LS FEENER

- BIRBHIEERMT Boot | oader X, SEPUTHEELL,
.equ PAGESI ZEB = PAGESI ZE*2 ; PAGESI ZEBRUFTHBMHAKRND , FRAFHE
iz
.org SMALLBOOTSTART
Wite_page:

; TUEER

| di spntrval , (1<<PCGERS) | (1<<SPMEN)

call Do_spm

; EFERE RVIX
| di spncrval , (1<<RWABRE) | (1<<SPMEN)
call Do_spm

; CFEEN RAMERE Fl ash TEH KX

Idi 1ooplo, |ow PAGESI ZEB) ; BRI EREE

Idi | oophi, high(PAGESI ZEB) : PAGESI ZEB<=256 I RN EE iR E
W | oop:

I d ro, Y+

I d rl, Y+

| di spntrval , (1<<SPMEN)
call Do_spm
adiw ZH ZL, 2

sbiw | oophi:looplo, 2 ; PAGES| ZEB<=256 K& subi
brne WI oop

; WITWRE

subi  ZL, | ow PAGESI ZEB) ; IREEH

sbci  ZH, hi gh( PAGESI ZEB) : PAGESI ZEB<=256 I RN EE iR E

Idi  spncrval, (1<<PGART) | (1<<SPMEN)
call Do_spm

; EHERE RVX
| di spnerval , (1<<RWABRE) | (1<<SPMEN)
call Do_spm

; REBEARE |, HAGERE

Idi |ooplo, |ow PAGESI ZEB) ; MRLEARER
Idi | oophi, high(PAGESI ZEB) ; PAGESI ZEB<=256 I R EZE IR E
subi YL, | ow( PAGESI ZEB) ; IREESH
sbci  YH, hi gh( PAGESI ZEB)
Rdl oop:
Ipm r0, zZ+
I d rl, Y+

cpse r0, rl

23  ATmega32(L) m——
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jmp  FError
sbiw | oophi:looplo, 1 ; PAGESI ZEB<=256 A& subi
brne Rdl oop

; IREE RWVIX
; BRRW XEZTURL R
Ret ur n:
in templ, SPMCR
sbrs tenpl, RWASB . ERWSB R "1" , 8 RWKIE & B AR T
ret
; EFERE RVIX
| di spncrval , (1<<RWABRE) | (1<<SPMEN)
call Do_spm
rinmp Return

Do_spm
. RELFIN SPMRERBELTHK
Wait_spm
in tenpl, SPMCR
sbrc templ, SPMEN
rinp Wait_spm
. WA :sprerval RET SPMIRME
; BIEAET , RIFPIRSIRE
in tenp2, SREG
cli
;. #{R%&E EEPROVERE
Wit _ee:
shic EECR, EEVE
rimp Wit_ee
; SPM mtiE 5l
out SPMCR, spnctrval
spm
; MRE SREG ( MRHMRAZERER , NIEEEHHT)
out SREG, tenp2
ret

ATmega32 5| SRBFSH B Ym T2 3R B AT FA B9 S BRFE Table 100 E Table 102 45 H,
Table 100. Boot X k/MEE & (1
Boot Boot W1 ih
Boot Loader ik ( Boot
KX RIA Flash Flash BARX Loader
BOOTSZ1 | BOOTSZ0 | 7 ik X X XL Mt )
- $0000 - $3F00 -
1 1 256 F | 4 $3EFF gapFF | SOEFF $3F00
- $0000 - $3E00 -
1 0 512% | 8 S3DFF s3FFp | SIDFF $3E00
1024 $0000 - $3C00 -
0 1 = 16 $3BFF $3FFF $3BFF $3C00
2048 $0000 - $3800 -
0 0 - 32 $37FF sapFF | SO7FF $3800

Note: 1. FEI# BOOTSZ B uBELEHS N Figure 125,

Table 101. RWW R (!

Flash X M SuEE
AL - EX (RWW) 224 $0000 - $37FF
JERATE - BX (NRWW) 32 $3800 - $3FFF

A IIIEI% 237
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Note: 1. XTFERAMXMFMARABER P229 “ JF RWW X -NRWW” & P228 “RWW X ",

Table 102. Figure 126 FFTAZEMN KA R Z i85 HIB ST

AR Z BB
TR 7O iR
13 BRSNS (BFITHREN 14 X
PCMSB PC[13:0])
5 AFIAFSHUNESN (—RE644MNF , F
PAGEMSB Z 6 {3 PC [5:0])
Z14 Z EF85 PCMSB MW R, AT &REREA
ZPCMsB 20 , ZPCMSB ZF PCMSB + 1
Z6 Z 517885 PAGEMSB X MM L. AT & BEH
ZPAGEMSB Z0 , ZPAGEMSB ZF PAGEMSB + 1
PCPAGE PC[13:6] 714:27 T_wi:rijﬁri&%%ﬁimjt  EMEBBRATBRESH
TR
PCWORD PC[5:0] Z26:Z1 EFitHETi - MERIBNEPXHITF
ERE (EREIRFAMLAA 0)

Note: 1. Z15: Fit
Z0 : XFrEH SPM @ E8R "0” , X LPM 8B HIER,
XTEREIREYS Z EBHNERIBES A P233 “ £ B4 2T 7R Flash”

233  ATmega32(L) m——
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FHERRmE
BFEBEFHENEN

Table 104 5 HE M Nt RE. BIEM REEETSHBETRTERER 17,

Table 103. #iEmFH

ATmega32 27 6 MNBIEM , RE|EEMRE ('0") ERXBWIWE (“17) BIER AT LIRTG

2503F-AVR-12/03

R AE S IASH #iz MIAE

7 - 1(REE)

6 - 1 ( RgmTE )
BLB12 5 Boot 8 E L 1(Kémi2 )
BLB11 4 Boot 8z 1(Kémi2 )
BLBO02 3 Boot 8i{7E {1 1 ( KmiE )
BLBO1 2 Boot HiE 1z 1 ( REmiE )
LB2 1 BiENL 1 ( REmiE )
LB1 0 BiEAL 1 ( RgmTE )

Note: 1. “1" RRKEWE , ‘0" RRWIRE.
Table 104. BiEMNRIFER

e A A HRipEH
LB & LB2 LB1
1 1 1 REFREEMBRP SN
9 1 0 EHTHSPIITAG BITHREE X F Flash FIEEPROMHAY 33
—HIREWELL | BeuwbiE, O
3 0 0 EHITHSPIJTAG BT EE N A Flash HIEEPROM A9 33
—SRBRBITHEIL | SRS L iz ")
BLBO #= | BLB02 | BLB01
1 1 1 SPM F1 LPM X3 51 F X #9177 18] 3% A5 PR %I
2 1 0 AR SPM X N A X TERE
TR SPM ESHMAXBTERE , BFAFETT
3 0 0 Boot Loader X LPM i8S MR A XIS E, EHHEE
{ZF Boot Loader X , BBAMITR A X KB RT2E1E
B,
R ARUFIZITT Boot Loader XK LPM 155 M Sz A X i EREk
4 0 1 2, EHhMEENT Boot Loader X , BRAMITR AKX
B AR EEIEN,
BLB1 #3 | BLB12 | BLB11
1 1 1 5 SPM/LPM 11518 Boot Loader X

ATMEL
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Table 104. H{ERF KX (Continued)
FsEsEN @ ®RipFER
2 1 0 TR SPM #5453 Boot Loader Kt 1T E#4E
T SPM #5% Boot Loader Kt {TER/E , bR AR
3 0 0 ZITFRIFAXE LPM 55 M Boot Loader XiEEUE IR, &
mffmENTFNAKX | BBAHIT Boot Loader XX H3 At H
W2,
RAVIEITTFRAXE LPM 54 M Boot Loader X iz ER#k
4 0 1 B, EREEMNTRARKX , AT Boot Loader X4
BEE R EZEIEN,
Notes: 1. TEmBHIEN B ERBBELN,
2. 1" RINKRWRIE | "0 RRBRE
SR ATmega32 BRMNE LI F T, Table 105 - Table 106 &8 #h3R T FT A B LA ThAE L
RAMTRIAMREABBLFETHN.,. MBEBLUBHENERREER “0%
Table 105. A4V EFT
BYUEF
hil vE | #R RiAE
OCDEN® 7 fifBE OCD 1 (K4wFE , OCD £H)
JTAGEN® 6 fiERE JTAG 0 (B4R , JTAG ff8E)
SPIEN™ 5 ERERITREFMBETHR 0 ( B4w*2 , SPI ‘i fFERE)
CKOPT® 4 &% 25 R I 1 (R )
EESAVE 3 %ggﬁmﬁw EEPROMIYP | | xum% ) EEPROM WATRE
3 JN (3 o \(3)
BOOTSZA 5 %?()%)Boot XK/ (#HR Table 0 (R )
N NN EE o \(3)
BOOTSZ0 1 %%%)Boot XK/ (%M Table 0 (TR )
BOOTRST 0 RERENEE 1 ( REwIE )
Notes: 1. 7£ SPI H{1T4mE#E X T SPIEN AL A A5,
2. CKOPT ##{uIhsel CKSEL {figERTE , i# M P23 “ B4R~ o
3. BOOTSZ1..0 RIAE N FZ K Boot X/ , # i P237 Table 100
4. FieBI S ITAGEN BLAMIRB R A ,FRET BARX OCDEN 4w#2. ¥ OCDEN /&
YRR EAFRRSENYNEERSEFMENKEERN TET. XAEMIE.
5. MEEAEERE JTAG DO , RRTWEEEUE JTAGEN BLVHRERS , LUEREET
JTAG #0O2 TDO SIM S BR.
Table 106. BLMNEMNFT
& 44 TR T
4] vE | R RiAE
BODLEVEL 7 BOD % BB 1( RmE)
BODEN 6 BOD f#&E 1 (K4w7E , BOD Z/)
SUT1 5 prit= 3 =F L il 1 (KRmiz )V
SUTO 4 bri= 3=kl )| 0 (B4mig )"
CKSEL3 3 TR IR 0 ( B4mig )@
240 ATmega32(L) |
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HEBLANBKIE

FRIRF

RE

2503F-AVR-12/03

=

Table 106. B4R FT

TP A vA VA

FI ws | #R RMINE
CKSEL2 2 %R Bt R 0 (B4 )@
CKSEL1 1 %1% Bt R 0 ( B4z )@
CKSELO 0 3% Bt R 1 (Kemig )@

Notes: 1. X FERIARTEER ,SUT1..0 WBRINMEL HHR KNS IRTE. FHAAEN P28 Table 10 o

2. CKSEL3.0OMYBRINRES T FARCIES 81217 F1 MHz, E4AAN P23 Table 2 .
BUNMPRBTZ S BRSSHEIE, MRBEM 1(LB1) BmENBLVEHE, £
URIEBUE LB SR B 410,

BRBEAREEANELUNERSTF. HARLUNKIEBRSER , ERFFRHRE
TR, PEXTERT EESAVE B4, ©E—BRmEVEEER, EEETHEERF
BR1F EBRTIR L A R BITF

FRE/ Atmel IZFIBRHER — N =FTHHRRRBARE S BHER S, XMBALLE
Eiﬁg%?ﬂﬁﬁiﬁﬂl , AT AR S B E R IR, X=ANFET 23 FEE T =R IK
ATmega32 ¥riRF TR :

1. 0x000: OX1E ( &R~H Atmel 22 R&£E7 )

2. 0x001: 0x95 ( RTBHEE 32 KB Flash 77#2% )

3. 0x002: 0x02 ( 2 0x001 FHH KA H 0x95 BI &R RIXZ ATmega32)

ATmega32 MR RC 7N A E M RN EERTFTREFT . IMNFT U THRR#
3t Z=[E 0x000, 0x0001, 0x0002 K 0x0003 WEMFT , ZBIFRE 1. 2. 4, 8 MHz,
EEMNHE , 1 MHz WAREERKBZI B A OSCCAL iR, BEEHMMEBRER , U
FEFEK , £ P28 “ IR5% BR PR E F 88 ~OSCCAL” -
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HITRIESH , SIMRA R X84 % T 0¥ ATmega32 B9 Flash i2F 174558 | EEPROM BB 1458 | 81T

e U RBLMAHITHITRENRE., BRIESHHEHA , BPEEEDH 250 ns.
B5ER X — 17 ATmega32 W AEXSI A X TRIBE S A M TS| A |, W0 Figure 127 5 Table

107 FiR. RAUKBHIRH S| M0 A FRKRARIE.

XA1/XAQ RE T 48 XTAL1 5| B — N EBKH B FrAITHIRE. E44RIBIEN Table 109,
% WR = OF WABORRAIMENBSRE T BERITHERE. EARVESN Table
110,

Figure 127. }{T4mi2

+5V
RDY/BSY «— PD1

vce
OE ——> PD2 5V
WR ——»{ PD3 AVCC
BS1 ——» PD4

PB7 - PBO [¢«——> DATA
XAO ———»| PD5
XAl ——»| PD6

PAGEL ——— > PD7

+12V —— | RESET
BS2 ——>»| PAO

XTALL

L ——
IGND

Table 107. 5|M1& FRER &Y

REEXESHER | SIS | 10 | Thek
RDY/BSY PD1 O | 0: BARTFHE, 1. SHESHND S,
OE PD2 || MR (KEPER).
WR PD3 || Bhoh (EEFER).
BS1 PD4 || FREF A0 ERENFT, 1" ERESHUFW).
XA0 PD5 | | XTAL 3h4E4Z 0
XA1 PD6 || XTAL sh4EfL 1
PAGEL PD7 | | IREFFHERN EEPROM BiiE R
BS? PAO | zgiii# 200" IEBRMF T, 1" ERE-INSN
DATA PB7-0 | /O | MEKIER L (OF HIERTHH )
Table 108. # A4rf2E P& E MY S| HIZRHE
=) SEcy BE
PAGEL Prog_enable[3] 0
XA1 Prog_enable[2] 0
XAO0 Prog_enable[1] 0
BS1 Prog_enable[0] 0

242 ATmega32(L) m——



Table 109. XA1 Fl XA0 H4mH5

] ATmega32(L)

XA1 | XAO | % XTAL1 FebnBk+3 R 89zh4E
0 0 | fn# Flash = EEPROM it (J&id BS1 WERBMERRMLFTT)
0 1 MRHKIE (B BS1 AERBUERBMENEREFTT )

1

0 | e

1

1 ToigtE | 2R

Table 110. & F 4w
wEFEW RITH®RR
1000 0000 B BRBR
0100 0000 BiRufy
0010 0000 E8iEN
0001 0000 E Flash
0001 0001 E EEPROM
0000 1000 BRR T ARAETT
0000 0100 R B E L
0000 0010 3% Flash
0000 0011 & EEPROM

2503F-AVR-12/03

Table 111. —TTZ@EMFH Flash FHI T

ATMEL

Flash X/ TAD PCWORD "nE PCPAGE | PCMSB
16K & (32K =17 ) 64 F PCI[5:0] 256 PC[13:6] 13
Table 112. —TTE2E W FH EEPROM S TT#
EEPROM X/ AN PCWORD ik PCPAGE EEAMSB
1024 F% 4 F% EEA[1:0] 256 EEA[9:2] 9
243



FITRE
HEARBER

HRTEMREEEEENFE

B ERER

3t Flash #{THRE

AIMEL

B TENE LR AHITHREER -

1. 1 Voo & GND ZE$Rft 4.5 - 5.5V (W E

2. Y¥ RESET #I{f , HE A hE XTAL1 BEF 6}

3. R P242 Table 108 A %I HAI# Prog_enable SIHIEJ "0000" , HE&FZEA 100 ns

4. $ARESETIRf11.5- 125V WEBE, 6 RESET 24 +12VBEFM 100 ns A,
Prog_enable 5| EMT I BLSBSH T EH#HAREEN

MRIEFRABREERIAZ RC , EFARERBEEHEN XTALT B, EXFERT , BR

BN T &L -

1. i&EZ%ITF P242 Table 108 K Prog_enable 5|ff7 “0000”,

2. & Vee & GND BiRMHEBE 4.5- 5.5V BT E RESET Ligf#t 11.5-12.5V B[,

3. &% 100 ns,

4

NBLMNERRE , RIEIMNDETHPIRMEN R SGeatth (CKSEL3:0 = 0b0000), N5 8
ENVEHRE  EREBLAMTARTOHBERET.

B RERM4RHE RESET 5% 000 KB HBEEER.
6. RBEHIINEZHRARERN,

o

ERESRES , NENTSRUREFIFE, N TRUSHNEENZERUATEE :

o NWBMNEHETHITERERER , HSREME X

« YHEEBSAWKIERN OXFF AT LABE , BAXBMENITE L EBR®S)E Flash &
EEPROM( BR3E EESAVE B4R ) WA R,

« REAEHBEHIEEFlash X EEPROM A 256 TR F EERA B SN F T, F£i
FRAETRtEZERX— S,

S EBRIEESERR Flash &2 EEPROM) 176588 AR B EN, R EHEREEBBRLER
ZHHEMNTLENMN, EFERTENBLAY., SHERGSHUAERE Flash 5 /
EEPROM Z BT &Ko

Note: 1. 1R EESAVE B4{#imE , ABLTES S EBRET EEPRPOM T2 M,
g " BAER T RHYRE

T XA1, XAQEXR "10" ABZa S i,

& BS1&R "0%

DATA IR{ER “1000 00007, XEEH EBRGS.

48 XTAL1 B —/NERKH , #HIToH S MR,

4 WR 2t —NaBkod | B4 #8ER, RDY/BSY &K,

Z# RDY/BSY &E , REFREMBTNS T,

@0k whd -~

Flash R TTHIZ R ALK |, 20 P243 Table 111 Fi/Ro 482 Flash B , 12 SR 4 81
EIAREHRXF, IE—BANEFRETUARRESIHE, TENSERER T At
Flash #1T4RTE :

A. tNE " B Flash" &%

1. FXA1, XA0EN "10", Bahas S NE

2. ¥BS1E"D

3. DATA R{EJ “0001 0000” , XZE Flash &%

4. 4 XTALT BEH—NERPUAMKR TS

B. hnE itk K A7 7 75

244 ATmega32(L) m——
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F XA1, XAO EF "00" , J33hithuk bk

5 BS1 & "0, &K bit

DATA IR {E 9 #1275 (0x00 - OXFF)

4 XTALT IR —NERKT , &bt R F T

1
2
3
4
C. MEHBIRMLFET
1. FXA1, XA0EXR "01", B HIE M
2. DATA BE N HIFEEALFT (0x00 - OXFF)
3. 44 XTALT 82— NERKF , MBEBEFT
D. MBEFHEEMNFET
1. FBS1EBR"1", uBHESNFT
2. FXA1, XAO0ENR "01", B EIEMNE
3. DATA BEANBESHMFTT (0x00 - 0xFF)
4. 4 XTAL1 2 —NERT , #THREFZT ME
E. 8iFHIE
1. FMBS1EBR"1", uBHESMFT
2. %A PAGEL RE—/NERKH , 1FEHIE (W Figure 129 E 5K )
F.E€BE E#B%E , BEBENEPXIEFRL T HAENHRESRC N
I ERFNEMATRATL , SMATF FLASH ATk , ¥ P246 Figure 128 ,
METRATUADTF 8 i (st < 256) , BAH TR ERERNBUIEFTHRANSMNATR
Sk,
G. &bt S FT
1. FF XA1, XA0 ER "00” , Bahibut hnEkigE
¥ BS1EHR """, B S it
DATA IR B it L F 5 (0x00 - OxFF)
4 XTALT 2 —/NEROT |, gkt S FT
R —TUEE
& BS1="“0"
&4 WR Bt — Nk | NETRIEHTHE , RDY/BSY T/E
3. Z# RDY/BSY &5 (I Figure 129 ISR )
. EE€ B I HWEE , EFE Flash RIRERKBAENRIBEHRRE
J. ERRTE
1. 1. XA1, XA0BH "0, B nsiesE
2. DATA IE{EH "0000 0000" , X2 B#ERES
3. YA XTAL1 BH—NERH , MEHS , AHBBEESEMN

A

A IIIEI% 245
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Figure 128. X EATUNH L HE UK Flash #4TF 1k

PCMSB PAGEMSB
PROGRAM
COUNTER PCPAGE ‘ PCWORD I
PAGE ADDRESS WORD ADDRESS

WITHIN THE FLASH WITHIN A PAGE

PROGRAM MEMORY PAGE PCWORD[PAGEMSB0]:
PAGE B — INSTRUCTION WORD 00
\ 01
\
\ 02
\ 1
< \\ Ly :
\ .
\ 1
\ .
\ 1
\ .
\ 1
' .
\ .
\ PAGEEND
\_
Note: 1. PCPAGE & PCWORD %I+ P243 Table 111 ,
Figure 129. Flash 42K ()
F
A B c D E B c D E G
DATA 3 $10 XADDR LOWXDATALOW XDATAH\GH ADDR LOWXDATALOWXDATAHlGHX XX XKDDR HlGFX XX
XAL __/ \
XAO0 4/—\_/ \
BS1 / | S — \
e N\ N /\
WR \__/
RDY/BSY \—/_
RESET +12V
oF
PAGEL / \ / \

BS2

Note: 1. FHEZER"XX", EMNKEFZEX N T EERKN Flash RiEM EX .

ATmegad2(L) m—
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% EEPROM # T2 i P243 Table 112 Fi’r , EEPROM tBEATT R #E, 4mFE EEPROM B |, fRiEHIEHITE
FREFXS, XFETURRN —REEH#ITHRE. EEPROM BIEE#ERHEREEEZNT
(R, it RBEMZROAITIES N P245 “ X4 Flash #HITHE ") :

1. A pNEaE< “0001 0001

2. G: gt FHMFF (0x00 - OXFF)

3. B: mME KM FT (000 - OXFF)

4. C: mnEEIE (0x00 - OXFF)

5. E: 818 (44 PAGEL 2 —MNERKF )

K:EES®R3IE 5, BEBENEHNXIER

L : XY EEPROM T # 174w 2

1. ¥ BS1E&“0

2. #AWR BE—Afkoh |, FAX EEPROM #1742 , RDY/BSY 1K
3. %I RDY/BSY TEBN T —R#THRE (55 KFN Figure 130 )

Figure 130. EEPROM 4mi@R ¥

K

/_H
A G B C E B C E L
DATA j( 0x11 %DDR. HIGHXADDR.LOWX DATA X XX XADDRY LOWX DATA X XX
XAl _/ \
XA0 / -/ \
BS1 / \
WR \/
RDY/BSY -/
RESET +12V
OE
PAGEL /_\ /_\
BS2
& EN Flash % Flash 2R ROT (S Ritut MEBAT N P245 “ Xt Flash #HITHRE" ) :
1. A mNEas< “0000 0010
2. G: gt FHMFT (0x00 - OXFF)
3. B: M EAIFF (0x00 - OXFF)
4. Y§OE B“0", BS1E&“0", A/ M DATA i X Flash FE KAz
5. ¥ BS1iE&“1”, A/EM DATA i&Hi Flash ZH S FT
6. ¥¥ OE & “1”
2Bl EEPROM BEEMENSRUOT (HH KU MM T W P245 “ Xt Flash #HITRE " ) :

A IIIEI% 247
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1. A MNE@ S “0000 0011”
2. G: MEMHE T (000 - OxFF)
3. B: nEibHHERF T (0x00 - OXFF)
4. Y5 OE&"0", BS1E&E"0", A/SM DATA it EEPROM HiEF T
5. OEE™”
TR L4 N VR L3 fTim R FBLBMWHRELTROT (DERBBEEAT N P245 “ Xt Flash #HITwRE ") :

1. A: tnEaS “0100 0000”

2. C:MBEBBERET , EE—NUR "0 XRREEHRITHE , ENEZTERK
3. EBS1H“0", BS2 K “0%

4. A WRBME—NABKH , HEZRDY/BSY ZE

LUK B AHITRE NBLESNWRESRNT (T RKBEEEATN P245 “ Xt Flash #HIT4RE ")
1. A: tnE@S “0100 0000”
2. C:MBBESET , EE—UR "0 XRREEHRITHE , ENEZTERK
3. [¥BS1E&"1". BS2E "0, B SMNHKEET
4. 4 WR BEH— NPT HZE RDY/BSY 25
5. ®BS1E"D , &R EMNFT

Figure 131. B4 mE K

Write Fuse Low byte Write Fuse high byte
A c /_/H A c /_H
oara X s X o X xx X s X om Y xx
ey A [\
XA0
Bt /L
BS2
o [\
R \/ \/
RDY/BSY \_/ \_/_
RESET +12v
oOE
PAGEL
Tl B {3 1T 4w AR HEMREBSRNT (FHREBEEAT I P245 “ Xt Flash #HITHRE ")

1. A: IEHT “0010 0000”

2. C:MEHBTEEZT , LnRh "0 XTI ENEERE.
3. AWRIEEH—IM AT H %4 RDY/BSY 5

BUEMN REEBE S 5 BB RIBR,

248 ATmega32(L) m—



] ATmega32(L)

BREUE £ BB REUBRLNRHMEMHNSRINT (MHMRATR P245 “ 3 Flash #HITLRE " )

1. A: &K@ “0000 0100”

2. Y% OE. BS2 #M BS1{E&"0", R/GM DATA BUAL KW HRES ("0" RREHRZ)
3. JFOE&"0" ,BS2FIBS1E“1” , REMDATAREURL B KRS ("0 RREHRE)
4

5 OE B"0" BS2B"0" ,BS1E 1" A M DATA EUE R HVRE (0" KRB
i )

5. % OE & “17

Figure 132. ®R#R{ETEF BS1. BS2 SHL M MBIEMAIX RIXRK

Fuse Low Byte »| 0
DATA
>
Lock Bits |—|0
,—» 1
BS1
Fuse High Byte}|—»| 1
BS2
BEEWRIRFY EEMRIRFTNEZNT (S5t NESE P245 “ X4 Flash #HITHRE " )
1. A pOEAS “0000 1000
2. B : mnEkub{€F 5 0x00 - 0x02
3. S OE. BS1{E&"0", A/SM DATA iBURIRFH
4. HOEE"1
BREWREFT BERREFTWEENT (S SHutNESE P245 “ X Flash #HITHRE " ) :

1. A: 1iE &% “0000 1000”
2. B: mMEFtu{EFT
3. YOEE"0D", BS1&“1", RIEM DATA BV AT

4. JOEEB“1
HiTwBEHE Figure 133. }{T4RfEntfF , BIE—LEANNFER
Exwe
XTALL A N -
tpvxH txLDx

Data & Contol

(DATA, XA0/1, BS1, BS2) < >< ———
t t t
BVPH — PLBX BVWL twLex

PAGEL A tourl I\

twL wH __
vy N d
WR tpLwL N—1
WLRL
. >
RDY/BSY ‘L N

twirH

A mEl% 249
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Figure 134. }{TRIENF , AR FERNMEFH D

LOAD ADDRESS LOAD DATA LOAD DATA LOAD DATA LOAD ADDRESS
(LOW BYTE) (LOW BYTE) (HIGH BYTE) (LOW BYTE)

ipH

ExixH tpLxH
[fe———— e
XTALL / AN / ‘L 4’ jt m

BS1

PAGEL

DATA X ADDRO (Low Byte) X DATA (Low Byte) X DATA (High Byte) X ADDR1 (Low Byte)

XAO

XAl

Note: 1. Figure 133 AR FER (toyxn txux, & txpx) BEA T &R 4%,

Figure 135. }{THRENF , ANFERNIEFS (F—1 )"

LOAD ADDRESS READ DATA READ DATA LOAD ADDRESS
(LOW BYTE) (LOW BYTE) (HIGH BYTE) (LOW BYTE)
/_H /_H

xi oL

-
XTAL1

BS1

tBVDV
-

tOLDV
-—

tOHDZ

-
DATA —< ADDRO (Low Byte) DATA (Low Byte) DATA (High Byte) ADDR1 (Low Byte)

XAO

XA1

Note: 1. Figure 133 AHHIEIFER (BN toyxns  txux R txipx) B TiREAE,
Table 113. H{TRESE , Vcc =5V £10%

B | BB BX
7s B8 & & &= By
Vpp RIEGERERE 1.5 12.5 Y
Ipp IREEREERR 250 pA
tovxH £ XTAL1 A2 AT BIERZEHER 67 ns
ty xH M XTAL1 R XTAL1 & 200 ns
tyxL XTAL1 9 & BB RK3E 150 ns
tyLpx XTAL1 AEZ BEHERESREE 67 ns
tywt M XTAL1 1£ZI WR 1§ 0 ns
tyipPH M XTAL1 X5 PAGEL & 0 ns
toLxH M XTAL1 1KE| PAGEL & 150 ns

250  ATmega32(L) m——
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] ATmega32(L)

SPI &84T T #

Table 113. H1THRESE , Voc =5V +£10% (Continued)

B | BE | BKX
sy 2R B | B | E | 2
tsveH M PAGEL &% XTAL1 & 67 ns
tompL PAGEL J &2 81 BS1 BN 150 ns
ter Bx PAGEL 7 & BYHI R 3E 67 ns
twLex PAGEL H1&2 /5 BS1 R#% 67 ns
toLwL WR 12 /5 BS2/1 R 67 ns
taviL M PAGEL &% WR H1& 67 ns
tLWH BS1 BME WR H1E 150 ns
twLRL M WR &% RDY/BSY H1E 0 1 us
twLRH M WR €% RDY/BSY & () 3.7 4.5 ms
twirH ce | M WRIEZEI RDY/BSY hi& , BHEBREBESRD | 75 9 ms
tyL oL M XTAL1 1&Z] OE K& 0 ns
tavpy BS1 M ZE DATA BX 0 250 ns
toLpy M OE {£ZI DATA B3k 250 ns
tonpz M OE {£E DATA h S MEA 250 ns
Notes: 1. 1E#1T Flash, EEPROM. B4y RHIEMBERIER ty ry B Ro

2. TEHATSHEREBAEN ty ry oe B X

X RESET F{EBFAT , ATLUBEE 4T SPI B4 X Flash &2 EEPROM #1T4R12. SR1TiE
AO23%E SCK, MOSI(#A ) & MISO( #itl )o RESET hEZ/E , NENITHRE / R
BEZRNITHREAFIES., P251 Table 114 5| 7 SPI Gwi2FFESI IS, F2FF
BEHESHEER SPI SIMI% AT A SPI 0,

SPI BITYRTE S| BB &
Table 114. B1TYRTEIRGT

2503F-AVR-12/03

SEsy Sk o] e
MOSI PB5 | EEBEEA
MISO PB6 0 ELBER
SCK PB7 [ TSR

ATMEL

251




SPI BT E %

AIMEL

Figure 136. SPI B{THmERKK (1
+2.7-5.5V

VCC

+2.7-5.5vV®

MOSI ——>»| PB5
AvVCC

MISO «<—— PB6

SCK ——» PB7

—— > XTAL1

—»| RESET

£ —

Notes: 1. MEBF B AIERH RN | BBLARTATE XTAL1 51 B _E3E a0,
2. Ve -0.3V < AVCC <V +0.3V , 1B R AVCC ATE 2.7 - 5.5V SBE W,

Y%7 EEPROM B} , MCU ZEENMREREFXBA-—NEIEREAH , NTIETFEHR
TRREBERS S, SHERRENEFFHERNE EEPROM IR EEEERN OxFF,

RH4iEIE CKSEL B4 E, ST (SCK) M H/ME B 8 M & /) & 8B 0 B BH
BIMTER :

1€ >, < 12 MHz B4 2 4 CPU R4 AR |, fy >12 MHz B35 3 4 CPU B4 E .
& > fy <12 MHz B3 2 4 CPU B8 EH | f, 12 MHz B 3 4> CPU R84 A .

6] ATmega32 BRITEARRIER , HIEE SCK 9 EFHRBUBIE,
M ATmega32 iR BNk IR , ZhIBfE SCK W T MR H. BEMAT N Figure 137 o

ERTREERXTX ATmega32 #HITHRERRKE , MERUTHLSE (W Table 116 A

a4 FHESHER):

1. LBIRF :
£ RESET & SCK 3 "0” &} , 8 Voo & GND 88, E—ERE&EH | HERZTHE
{RIEE L EBAT SCK RIFN K. EXFMERT , SCK h{KZ/FEMNTE RESET fl—
Efod , MAXMRHRELELR 2 4 CPU AR,

2. LHBEZEZEEL20ms ,REE MOSI S| EH A BITHRIZEREIE S LUEBERITH
=,

3. BETRALSFHERBITHREESTIME, AFP2E , EREREMFREIETHNE=
NERHH , BN ETHRE (0x53) FHRBEER, TERBHABRERSSE |
SN ANET SR EER, R 0x53 AR ® , MFEEH RESET 24—
N ERKOR AT B FT R R FREIE T

4. Flash RBIU—R—TTNARX#H 1T, ERITNREFEHEITESH , B3 6 LSB
Wik ER , BIEAF T AREMUMNFEEER. ARIEMKVERYE , REESA
EEEBERFT , 2EREFT. EFEMABIHUNS 7 WUARERE
FEESTUESREEE. WRFTEATZANAN  BLERET —TIHEZH
BERFZED typ riasy WETE (A Table 115), £ Flash Bi&¥ESE R Z 817 @] 8B 1T
WEEOSSERESIR.

252 ATmega32(L) m——
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Flash NEERH

EEPROM M iEs i

2503F-AVR-12/03

5 BT RBEFEEECE , BEANEESNUET N RN EEPROM 4Rig,
EEPROM 2 T REBSAFTHRECH B EKR. MEFRFERAERNAN , B
/AEET%#T_BI_;F&EZW}E%?%EQ\ tWD_EEPROM E’ﬂﬁmﬁj (D—IL. Table 115)0 an:é
FERZENSE , BIEN OXFF WA EERRE,

6. AETRESEKREEM—NMEEETHNNS. BEMNSETHEO MISO #HiH,

7. REBERFALUY RESET NS FIEEERE,

8. THEFI (MRFEE):
¥ RESET & “17,

3 Flash ELFR—THREBRSE | REUTPHABREE OXFF, REBLERE , W
RENBIER AT LERERY, BEXMAEATUBEMANTAET -, ATENTRE
NmEN , X—THNEF— MBI AKERN. Flash BEEAFEARTHIE
OxFF,. Jtt ,Eéﬁﬁ OxFF Htj‘ ,HFEQ\E%?% tWD FLASH ?ﬁgiﬁ?i-_]:_ﬁméﬁﬁo EH?%
R ITFT AN % T EN OXFF | FROURRZIRIE N OXFF 81 T BB E A EIE, Ly roscy
B Table 115, )

X EEPROM EHEAE—NFHHREBIEMEN | EU R RE OxFF, RmEBERT ,
WRENEIEE A ERSEY, X—ETARUMARNTUE T —MFT, HEEIX
I OXFF T BEAFMZERE , 2 BRNEMENRETEN OXFF , FTARERE
79 OxFF B AT BABE IS IX MR E, REXFEA T2 5 BRI EEPROM RNA R B R
Fﬁ)ﬁgﬁﬁtﬂqéﬁﬁ OxFF y Ei&?TT—$4ﬁéﬁEZEﬁ§9\%% tWD EEPROM EIJHT.I.IEJO

Table 115. E T —* Flash 2 EEPROM & jT 2 Bl Ky & /N E 156 A

/e BN ERNE
two_rLasH 4.5ms
twp_eeprom 9.0 ms
two_erase 9.0 ms

Figure 137. SPI &1TRERFHE

SERIAL DATA INPUT MSB LSB
(MOSI)

SERIAL DATA Ol(J'\'/Il'IF;UO'I; MSB >< >< >< >< >< >< >< LSB
sswwoooriey [ [ 1ML LML
S A N N N A B

A mEl% 253



Table 116. SP| B{TRIEBIES

BoER
BT F11 FH2 F¥H3 Fi4 BeE
YRTE(HERE 1010 1100 | 0101 0011 | xxxx xxxx | xxxx xxxx | RESET MKGERERITHE
o EER 1010 1100 | 100x xxxx | xxxx Xxxx | xxxx xxxx | B EEPROM ¥ Flash
REFFMER 0010 HO00 | 00aa aaaa | bbbb bbbb | cooo cooco | MFiity abWBRFEFHEFENH(E
REFET ) BIEN o
NERFFHESER 0100 HOOO | 00xx xxxx | xxbb bbbb | iiii iiii | EFi#bitH b WEFEMET H( ERE
FH)BEAHEI. NABREFTEBEE
aBFW
ERFEHEER 0100 1100 | 00aa aaaa | bbxx xxxx | xxxx xxxx | TE#sit a:b MNHRBRFFHERT
& EEPROM 17425 1010 0000 | 00xx xxaa | bbbb bbbb | cooo ocooo | M EEPROM Hyibit a:b 4bi H##E o
B EEPROM 12k 25 1100 0000 | 00xx xxaa | bbbb bbbb | iiii iiii | [6 EEPROM it a:b &b B AKIE i
BEHUEN 0101 1000 | 0000 0000 | xxxx xxxx | xx00 oooo | EEIEM. 0" NEHE , "1” NKLm
E. M7 P239 Table 103 ,
E8EM 1010 1100 | 111x xxxX | xxXxx xxxx | 11ii iiii | BBIEMN. B ‘0 RI-FEEDEL. 4
T P239 Table 103 ,
PR ET 0011 0000 | 00xx xxxx | xxxx xxbb | oooo oooo | Mithit b iZEFRIRET o.
B2 1010 1100 | 1010 0000 | xxxx xxxx | iiii iiii | ‘0" RIREHE , ‘1" RTEAmE. 1L
P240 Table 106 .
g 4 1010 1100 | 1010 1000 | xxxx xxxx | iiii iiii | ‘0" RACERRE , 1" KRAKRER. 0
SRBLL P240 Table 105 .
gy 0101 0000 | 0000 0000 | xxxx xxxx | oooo oooo | EB#4fI, ‘0" RIRCEHE, “I”"KRFR
- RRTE, AT W P240 Table 106 .
S 0101 1000 | 0000 1000 | xxxx xxxx | oooo oooo | EBLEf, “0" RROEHRE, “I"XK
PR RAGHE, AT R P240 Table 105 .
BRAEFT 0011 1000 | 00xx xxxx | 0000 0000 | cooo ocooo | EKAFT
Note: a=3ttEM , b=#tEM , H=0-1EFT , 1-5FT , o=HEHE , i =HEHA , x=FFE
SPI BR{THRBERM 31 SPI R4 | SN P273 “SPI R F4SHE " o
BYE JTAG EORITHRE & JTAG EO#THREZERE 4 A JTAG TSI :TCK, TMS, TDI & TDO. reset
Ruth S| R A2 El,
R JTAG #OZ B X EYRE JTAGEN B2, S H X MNELARE NimER
Ao A ,MCUCSR FF85H JTD M 4IET. 1R JTD EHE 1, M AT LG/ EB reset
BEP K, 2SFA N ERHZE JTD NFREET . JTAG SIHIEN T B FimiEThae,
I, JTAG SIEIBR T o LLREER 110 2R LB F ISP Thae, BEXE , H JTAGH
FaRABRERNREN , FAERX MR, EXMERT , JTAG SIMRERAEL
biyz: be N
EXFMENH , LSBRE—NBA/ BHBNFFERNAL
SRBHEXN ITAGES ESHTFERNI4N, IXEF 16 MES. ATHEN JTAGESETHESI .
B—XIETHIITATE OPCODE #BEETEF 16 #HERIEH, XFNERTEBER
£ H TDI # TDO Z B AN RS IE T FEE N BIEEE,
254 ATmega32(L) |
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] ATmega32(L)

AVR_RESET ($C)

PROG_ENABLE ($4)

2503F-AVR-12/03

TAP {2 HI2389 Run-Test/Idle R 7S A K™= £ N ERET 8, © B W AEJTAG 752 B #Y Z2 AR
Do BEZIETFHVRSHFFIN Figure 138,

Figure 138. & ETFHRSIFS

..........................

o
\ 4
0 1 1 . 1
Run-Test/Idle — Select-DR Scan P Select-IR Scan f-:------
y : ;
i 0 0
____________ \ A v
1 1
------ Capture-DR — Capture-IR
Ho 0
............ ) AN
. <4 .
----- »  Shift-DR 0 »  ShiftIR D 0
i1 1
____________ Yoo v
. 1 ) 1
P Exitl-DR  #-T=----- L1 Exitl-IR
L0 0
............ ) A
<
Pause-DR 0 Pause-IR 0
P 1
____________ \ A v
L9 ExiteDR 0 Exit2-IR
P 1
____________ \ A v
Update-DR  iq------ Update-IR |«
T 1 0

AVR_RESETHAVRHEEWJITAGEST ,ATHEAVREAZENVERNFBREEMER, X&K
BETRHTTAPWEE. FEKRE 1 UNENTESERAERESESRS. B8
RE—MNMBE 1, SRS IAWBCE, XREMNHHTBE.
SERSR

Shift-DR : £ FFEET M AW TCK s # 1T BAL,

PROG_ENABLE RAVRE FIMNJTAGIE T ,ARBEEEJTAGHRTRE. 16 UM RIEFRET 78
WIEEBEST 7R, FIRER -

Shift-DR : Ymi2EEIR S B ABBEF 78R,
Update-DR : B HERERS S EBNREHRTLER , IRIRSARER A REER.

A IIIEI% 255



PROG_COMMANDS ($5)

PROG_PAGELOAD ($6)

PROG_PAGEREAD ($7)

BiER TR

AIMEL

AVRERHMJTAGIES. ATEZ JTAGEOHMARRESG . 15UNEREG S TES®A
EHRESER. FIREE -

Capture-DR : E—&IETHERMEIBETFSE.

Shift-DR : HIEFERNABTEIWAN TCK B&#TEBMA , FE-—KESHNERE
HBEEFSR  ABAFTHTS.

Update-DR : w2 S E R A E Flash #i A,

Run-Test/ldle : =& —NETERMITNEN G S (TEREE , IL Table 117 ).

AVRE ANJTAGE S, HIH %ELJTAGEDLEH%IEMﬁ B|Flash#IE . 102411
NERFZTEESHAERESES. XRKESET — Flash WELEFESE. RSB
BFEFEHRN 8, SKEHITAGIESTRE , Update-DR RAETRARMNBNFFEEDE
BEHIE, £ Shift-DR IRAH | iﬁﬁﬂ%ﬂﬂﬁ?&lﬂ , BIEEHUFTT REN/E A Flash T
ZEREs | EIRER
Shift-DR:Flash EF T EFRHN AT MBS MAN TCKt# M TDIHB A , BIRE
A1 ZFEH,
Note: JTAG fJPROG_PAGELOAD ETRE Y AVRBH B ITAGHEEN E — Nt T 88
A, MEBATFTHRX &4, WAAERFH ENREEE,

AVRE AMJTAGHE S . HMAER BN JTAGE DL FlashB A A . 10324 E#L Flash

BEHERENRESESR. XEKEST —X Flash i1 8 WELAHESE, AN BUSFES

N8I, EAZHITAGIESTE , Capture-DRIRATRANRERBEIBNSES

£ Shift- DR IRAH , BEAIHRESTE , BIEEIUAFETHT N EMM Flash WEFB[EH

SESRAR -

« Shift-DR:Flash BIEFE X B3 1 FT  AES TCKIHMN TDO B H, TDIM AR
mﬁo

Note: JTAG FYPROG_PAGEREAD ETSREH AVRESH R JTAGHH RS E — N et T BE
A, IRBETHEREX M, WMATFERAFH ZNRERE L,

BIRSFFaRH JTAG 8T HFFERIEE , 10 P256 “ S4RIEMEXK JTAG 55 " Fiid. 54
BEREEXNBESTESN

SNFFHR

. REEREFES

- REGSEFSR
Flash T A F 788
Flash TUik 1788

256 ATmega32(L) m—
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SEUHFFH SEMNFFRERE—INRKESFS  AXRERFREHEEMSH. #AREBEACHELAE
p=RVE- oo

SUFEHFNEXRT OHITRATEUSIMUE, RESEUTFHRNEXRT 0 SRR
TEMWRS. RENHIBLUNRE K ERRENFTESRZE  REDREEVWRSE
FEMNVENNENGEL (R P23 “ /R " ). NEEFERHEHNBERSEF  BtENs
MENA% | 0 P210 Figure 115

REFEREFTFSR IREHREFTERE - 16 UNFEFSR. XNFEENNBIGEREEEES ( ZH#H
1010_0011_0111_0000) #{TLtER . MR FFR/HWAB SHRECEEESHEE , A ES
JTAG #1T4RiB. WHFRELBESUNEN , ARERHEBREXNN BAFE &L,

Figure 139. miEFEREFFEE

TDI

|

$A370

D Qf———» Programming Enable

> -4 >» 0

.

ClockDR & PROG_ENABLE

|

TDO

mEGSTER IRETTEFEHERE—N 15 UNFEFR. XN FERARBTHBARESGS , T
HE—NRSHRITER, JTAG REBIERSEN Table 117, mEGSBANRSFIIE
2, Figure 141,

A IIIEI% 257
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Figure 140. M THFE

4
9

Flash
EEPROM
’; Fuses
o Lock Bits
!
258 ATMmega32( L)
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Table 117. JTAG RiBIES

a=Efuibit, b={Euiit H=0-FFT ,1-E€FW , o=BEHL , i = BEHWA , x=FTEX

ES TDI FF 5l TDO 5l p=35 3

1a. DB 0100011_10000000 XXXXXXX_XXXXXXXX
0110001_10000000 XXXXXXX_XXXXXXXX
0110011_10000000 XXXXXXX_ XXXXXXXX
0110011_10000000 XXXXXXX_ XXXXXXXX

1b. B ERERE SR 0110011_10000000 XXXXXOX_ XXXXXXXX (2)

2a. # A Flash B 0100011_00010000 XXXXXXX_ XXXXXXXX

2b. INELE i bk 0000111_aaaaaaaa XXXXXXX_XXXXXXXX (9)

2c. Mg Rzttt 0000011_bbbbbbbb XXXXXXX_XXXXXXXX

2d. BB RFET 0010011 _iiiiiii XXXXXXX_ XXXXXXXX

2e. MFEHBFESFT 0010111 _iiiiiii XXXXXXX_ XXXXXXXX

2f. BiF LR 0110111_00000000 XXXXXXX_ XXXXXXXX (1)
1110111_00000000 XXXXXXX_ XXXXXXXX
0110111_00000000 XXXXXXX_ XXXXXXXX

2g. B Flash 1T 0110111_00000000 XXXXXXX_XXXXXXXX (1
0110101_00000000 XXXXXXX_ XXXXXXXX
0110111_00000000 XXXXXXX_XXXXXXXX
0110111_00000000 XXXXXXX_XXXXXXXX

2h. KNMEREBLER 0110111_00000000 XXXXXOX_XXXXXXXX (2)

3a. # A Flash &g 0100011_00000010 XXXXXXX_ XXXXXXXX

3b. &S A3k 0000111_aaaaaaaa XXXXXXX_ XXXXXXXX (9)

3c. FERAIHhHE 0000011_bbbbbbbb XXXXXKX_ XXXXXXXX

3d. BBEE. §FT 0110010_00000000 XXXXXXX_ XXXXXXXX
0110110_00000000 XXXXXXX_00000000 BFN
0110111_00000000 XXXXXXX_00000000 SES

0110001_00000000
0110011_00000000
0110011_00000000

XXXXXXX_XXXXXXXX
XXXXXXX_XXXXXXXX
XXXXXXX_XXXXXXXX

4a. 3t A\ EEPROM Bi24E 0100011_00010001 XXXXXXX_ XXXXXXXX

4b. NE S bk 0000111_aaaaaaaa XXXXXXX_XXXXXXXX (9)

4c. MNERAR{L bt 0000011_bbbbbbbb XXXXXXX_XXXXXXXX

4d. INERBTEFT 0010011 _iiiiiiii XXXXXXX_XXXXXXXX

de. BIEHITF 0110111_00000000 XXXXXXX_ XXXXXXXX (1)
1110111_00000000 XXXXXXX_XXXXXXXX
0110111_00000000 XXXXXXX_XXXXXXXX

4f. E EEPROM &1 0110011_00000000 XXXXXXX_XXXXXXXX )

49. RMTTEREBL R 0110011_00000000 XXXXXOX_ XXXXXXXX 2)
5a. ¥ A EEPROM & 1E 0100011_00000011 XXXXXXX_ XXXXXXXX
Sb. MER S Lt it 0000111_aaaaaaaa XXXXXXX_XXXXXXXX (9)

2503

F-AVR-12/03
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Table 117. JTAG 25N E (Continued)
a= Sttt , b= |ttt , H=0-FFHW ,1-KFT ,o=HEAE , i=8%EAA, x=FKEX

Es TDI 731 TDO &3l zE

5c. MRt hE 0000011_bbbbbbbb XXXXXXK_ XXXXXXXX

5d. REBEFT 0110011_bbbbbbbb XXXXXXX_ XXXXXXXX
0110010_00000000 XXXXXXX_ XXXXXXXX
0110011_00000000 XXXXXXX_00000000

6a. HABB LN EBRIE 0100011_01000000 XXXXXXX_ XXXXXXXX

6b. M FHFEEET G 0010011 _iiiiiiii XXXXXXX_ XXXXXXXX (3)

6c. BY BBLMNFT 0110111_00000000 XXXXXXX_ XXXXXXXX (1)
0110101_00000000 XXXXXXX_XXXXXXXX
0110111_00000000 XXXXXXX_ XXXXXXXX
0110111_00000000 XXXXXXX_XXXXXXXX

6d. RMBBLMNRBRLER 0110111_00000000 XXXXXOX_ XXXXXXXX 2)

Ge. MBZFFEEET 0010011 _iiiiiiii XXXXXXX_ XXXXXXXX (3)

of. BALNEFET 0110011_00000000 XXXXXXX_ XXXXXXXX (1)
0110001_00000000 XXXXXXX_ XXXXXXXX
0110011_00000000 XXXXXXX_ XXXXXXXX
0110011_00000000 XXXXXXX_XXXXXXXX

6g. RNBEBLNREER 0110011_00000000 XXXXXOX_ XXXXXXXX 2)

7a. A BHIEMIRE 0100011_00100000 XXHXXXKK_ XXXXXXXX

7b. MEHBEET © 0010011 11iiiiii XXXXXXX_ XXXXXXXX (4)

7c. BHIEN 0110011_00000000 XXXXXXX_XXXXXXXX (1)
0110001_00000000 XXXXXXX_XXXXXXKX
0110011_00000000 XXXXXXX_ XXXXXXXX
0110011_00000000 XXXXXXX_ XXXXXXXX

7d. RMNBMEMNRELE R 0110011_00000000 XXXXXOX_ XXXXXXXX (2)

8a. EABLL | BIEMIRIEMHE 0100011_00000100 XXXXXXX_ XXXXXXXX

8b. LB U NEHFET © 0111110_00000000 XXXXXXX_XXXXXXXX
0111111_00000000 XXXXXXX_00000000

8c. B4 EFT ) 0110010_00000000 XXXXXXX_ XXXXXXXX
0110011_00000000 XXXXXXX_00000000

8d. EBiEN © 0110110_00000000 XXXXXXX_ XXXXXXXX (5)
0110111_00000000 XXXXXXX_XX000000

8e. BIBL MR BIEN 0111110_00000000 XXXXXXX_ XXXXXXXX (5)
0110010_00000000 XXXXXXX_00000000 BuNEFET
0110110_00000000 XXXXXXX_00000000 JBY NIRRT T
0110111_00000000 XXXXXXX_00000000 BIEfL

Qa. # AFRIR F I iRE

0100011_00001000

XXXXXXX_XXXXXXXX

9b. HNEK bk F 5

0000011_bbbbbbbb

XXXXXXX_XXXXXXXX

9c. BFRIRFH

0110010_00000000
0110011_00000000

XXXXXXX_XXXXXXXX
XXXXXXX_00000000

260
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] ATmega32(L)

Table 117. JTAG Rmi2iEH
a= Bt , b= KAzt H

1] %W
O
o
]
=
>
C
[0
o

)
0-BFF 1-BFT, o=HERME , i =HERWA , x=FTEX

e TDI 5

TDO 5l

p: 3

=
=N

10a. H ARKRF T IRBRHE 0100011_00001000

XXXXXXX_XXXXXXXX

10b. fNEk it 4k 5 0000011_bbbbbbbb

XXXXXXX_XXXXXXXX

10c. BREF T 0110110_00000000
0110111_00000000

XXXXXXX_XXXXXXXX
XXXXXXX_00000000

1Ma. MBLREGS 0100011_00000000

0110011_00000000

XXXXXXX_XXXXXXXX
XXXXXXX_XXXXXXXX

Notes: 1.
2. EEFlo="1".
3. MRWIBLN 0" = B4R “17 = RiRTE
4., MHNHBIEN “0"=C RE “1” = KRB
5. ‘0" = BREE “1” = RRTE
6. WNMNBLMNEFTHMME ST P240 Table 105
7. NMHBLARFTHMERE ST P240 Table 106
8. X RIMYENEN F T AV BRET 5T P239 Table 103
9. ZHEHBIE PCMSB & EEAMSB(Table 111 & Table 112) Aytht

2503F-AVR-12/03

ATMEL

MREF - TFS (EEHER) PEEBRET 7 M MSB , BARFTEEX M F5,
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Figure 141. % / BT FHPRESHF 5

1 ' TESt-LOGIC-RESEL M-+ ---ermrsmrmees e
o
. :

0 1 . 1 ; i1

Run-Test/Idle x P| Select-DR Scan -==---==--==----- P Select-IR Scan i-7------
‘ H .............:, ............
0 i 0
Yy b S
1 1
— Capture-DR R Capture-IR
0 § L0
h 4 P b S
. E ) <
> Shift-DR 0 - Shift-IR 0
1 . i1
v A ) AN
. 1 i . 1
—»  Exitl-DR I Exitl-IR  -reeeeeny
0 i L0
y b b S
E : b N
Pause-DR ol : : Pause-IR A
1 : P
v F s b A
9  ExteDr | | i 9 Exie-R
1 P
Y | b A
Update-DR Update-IR ------!
1 o T 0

K2 ¥\ Flash TUH hNER 5 17 8% RE#l Flash UM T FRRBKES T — R Flash ENHMHE, AMBALTFRN 8L,
BREEHUFTHNENIEA Flash TEFER. ERFBAFRBETF  HARE-—FKED
B LSB JF#4 | BIR/E—RIETH MSB 43R, XN EHTREIRERI M EA Flash WE
HERREH T —RBA R,

262 ATmega32(L) m—
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E#l Flash WHEEINF 7

2503F-AVR-12/03

Figure 142. E#l Flash UK F1F88

TDI

State
Machine

STROBES N

ADDRESS |

> -4 >0

|

TDO

Flash
EEPROM
Fuses
Lock Bits

RE#l Flash TR E 7R R KEZ T — X Flash i1 8 WEM M. NEBUFERN 8
v, BIEEHAFTHRWVM Flash BIET/ZH. £—1 8 BHARGEABBUFFR
ME—NFT  BZFTNEPE, £X—NKLE BEBHBERTAFE-FETH LSB
Fs , BBE—FRETH MSB 4R, XNIRME Flash TRERERM T —FERW

B,

Figure 143. E#l Flash TURENE 788

TDI

State
Machine

STROBES N

ADDRESS |

> -4 >0

TDO

ATMEL

Flash
EEPROM
Fuses
Lock Bits
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BRI
HARBRR

BHEREERR

W\

5

IR BRERIRE

4 Flash #1T4RE

AIMEL

PRAERM “a”, “1b" XHHNSEEFES N Table 117,

1. #H A JTAG ¥ AVR_RESET , #i€ 1 B A Reset 1785,
2. # A PROG_ENABLE 54 , #4 1010_0011_0111_0000 3% A Jmi2EAEZ 1255,

# A JTAG % PROG_COMMANDS

BETEERS Ma REILFFEREES

¥ A PROG_ENABLE #£4% , 34 0000_0000_0000_ 0000 #* A4wi2fFEE T 725
HA JTAG #85 AVR_RESET , #iE 0 X A Reset 1755

PoON =

1. 3 A JTAG % PROG_COMMANDS
FERARRES 1a #T S8R
3. A 1bESTRESHERERTR , REZEH tyry ce( A P250 Table 113 ),

N

FEXY Flash #ATRIERT , BAMERIT SR EER , W P266 “ AT SR BRBHE" o
A JTAG $% PROG_COMMANDS

ERRRIES 2a B3 Flash BigE

FERAREES 2b MUt FFT

FERARERES 2c MEUHEFT

ERAREES 2d. 2e &k 2f MBEHE

WMX—RHFERFFESRE 4 MRES

FERARRES 29 #ITRERE

EAYRIEE T 2h K E Flash REREBLE R , HEFHF ty ry( A P250 Table 113)
. BEERE3INT, EFMENRIESHERE

A BUEE 5 PROG_PAGELOAD R REBEESHEEARE

1. ¥t A JTAG % PROG_COMMANDS

2. BEFARERIED 2a B3 Flash B#fE

3. EAYRWERET 2b & 2c ME M iut, PCWORD( M P243 Table 111 ) AFRAF
i, eHIMA 0,

#t A JTAG # PROG_PAGELOAD
—NEFEF—ANFHHFIANEFFNHINENT , HE-KESHLSB FH
ZRTHRRE—FETH MSB,

# A JTAG $% PROG_COMMANDS

ERAREES 29 MITRERKE

FERARBIES 2h RE Flash BRERBTK , HERF tyy ry (A P250 Table 113 ).
ESSRIE8 , EEFIBENBREBERE

© NN~

o &

© ® N
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3EE Flash B A JTAG #% PROG_COMMANDS

FEAmEIES 3a /B3 Flash 2Rk

FRAREES 3b & 3c Mgktut

FRARREES 3dIERHIE

. BEEREIN 4, BEEFTEBIEEEIERY

B PROG_PAGEREAD #8551 LA & 3kt 4% S 30 4R

1. # A JTAG #§+ PROG_COMMANDS

2. {EAYRIEIES 3a B3h Flash &gk

3. EAREES3bR3cKME T, PCWORD (L P243 Table 111 )ABFRAF
HE, A 0,

4. ¥t A JTAG #§$ PROG_PAGEREAD

5. BYN-—TzHHNERFFEFBHREN—BN , HFE—KEFH LSBFHEA , &
KIETFHRE—RESH MSB, F— I BHNETEZEE,

6. £ JTAG ¥+ PROG_COMMANDS

7. EESB®3IE 6, BERMBERIEHEIEE

R N

%} EEPROM #{T4RTE £3f EEPROM #{T4RIEH1 , BMERITES R , W P266 “ TS H BBRIRHE",
B A JTAG % PROG_COMMANDS

FERRREET 4a 531 EEPROM Big{E

FRARERES 4b RMF M ST

FEAREIES 4c RMFUEFET

£ 4d & 4e MEERIE

NRAFMBHREFTRITERIEINS

ERARREIES o BHIE

ERARBIET4gREEEPROMERERBEL T , BE Fty ru(JP250 Table
113 )o

9. EEXHE3E 8, BERFAENBIERBRE
w72 EEPROM B FgEf#H PROG_PAGELOAD %,

Nk~ LN

& HL EEPROM B A JTAG #% PROG_COMMANDS
FERAmERE T 5a B3 EEPROM gk
FERAREIES 5b & 5c mngktbut
FRARREIES 5d EZHIE
ESREIMN4, BEEFMEHREESEIRE

AE | & EEPROM Bt~ gEfEA PROG_PAGEREAD %,

ok wbd-=

A IIIEI% 265
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R4 HITRE 1. # A JTAG 4 PROG_COMMANDS
2. ERREES 6a B BLNEERE

Eméﬁﬁi T 6b MBEBEEFT. NEN O RFENBLUEERE , SUTHR
FARREES 6c BRLMNEET
FEAmEES 6d *Aﬁiéiéu BIER
FEAREES 6e MEBEET , B0
ERAmEES 6f Eféﬁﬁ%?ﬂﬁ
ERAREBES 6g REBLNUBRERETR ,HERF ty.ru( A P250 Table 113)

w

STER , BEF ty ru( L P250 Table 113)
j__

=
RINBLNUERE B 1 RRKRBRE,

© N oA

MBI TRE # A JTAG % PROG_COMMANDS

FERREES 7Ta EABENERE

FERARBRES 7o THREMSR . NEN OXRTSEMBLUEERRE , SUTHE,
FERmRES 7c BHIEN

ERAREES 7Td REBBEVNERERE TR , HEFHF ty ry( A P250 Table 113)

ok wnN =

BRBUS £ BB/ 1. # A JTAG #§+ PROG_COMMANDS

FERARERES 8a #t ABLN / BIEMIRRIE

3. EARERTD 8e KB ARBRLMRBEN
FERARWRES sb RiTMBLNEFET
FERARBES 8c RIBUALMEFT
ERAmERS 8d EBIEN

N

EEWRIRFY # A JTAG % PROG_COMMANDS
FERES 9a BAIRRFHIRRE
FEAmEIE T ob MEF M uk 0x00
FERARERES 9c BE—MFRFT

ik 0x01 ) OXO2 A EEREI M4, DARE-RE=MRRFT

ok wN =

BEEWREFY # A JTAG % PROG_COMMANDS
£/ 10a BT BHIRBFHIRRME
FERAYRIZIES 10b HOEL it 0x00

EAYREET 10c BREUREK F T

PoON~
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B
8 3t BR1E *
TAEBEE oo -55°C ~ +125°C *NOTICE: MRBHBHEEL « BXIRRE" RPN
ST TETRERBRENARART, X2
TR o -65°C ~ +150°C THEMANKR, HARRB[UEAUIETRF
FRSI&HEZT  ARBLEEL T ETEABAE
ENSIHT A EE , BRT RESET............ -0.5V ~ Vo+0.5V WHMAZRHZ T, KB IETEXNIRRETRE
FBEHEHNFD,
RESET S| #IEBEE ..., -0.5V ~ +13.0V
BRARTAEERE c.ooooceeeeeeceeee e 6.0V
BANVO I ERIETRETR ..o, 40.0 mA
Vee 5 GND SIM EMEFRER ..o, 200.0 mA
Bt
Ty =-40°C ~ 85°C, Voo = 2.7V ~ 5.5V ( BRIEB S RER )
"5 2] &t B/ME BEE BAE By
Vi wMAKRE B& XTAL1 S|k -0.5 0.2 V! v
V)1 BMAKBE XTAL1 SR, 4B et b -0.5 0.1 Ve v
Vi, A BE ﬁ? XTAL1 1 RESET 3| 0.6 Vo™ Voo + 0.5 Vv
\Y WMASRE XTAL1 SIRP , SAEBET 4 0.7 V@ Vee +0.5 \
Vigo MASBE RESET 5|H 0.9 V@ Vge + 0.5 v
Y wREE® loL =20 mA, Vg = 5V 0.7 v
oL (#% 0 A,B,C,D) loL = 10 MA, Ve = 3V 0.5 %
Vv HWHmEE lon = -20 MA, Ve = 5V 4.0 %
OH (%A AB,C,D) lop = -10 MA, Ve = 3V 22 %
| BWARBER Vee = 5.5V, SIHIRREBF 1 A
I /0 BIR (&xiE ) H
| BWARBER Vo =5.5V, Sl E®BTF 1 A
IH I/O 5| # (EXE ) M
RrsT Reset 5| M)l £ eapE 30 60 kQ
Rou /O 5| L4 ea 20 50 kQ

2503F-AVR-12/03
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Tp = -40°C ~ 85°C, Voo = 2.7V ~ 5.5V (BRIEBSMiRA )

ns

g &4 B/ME HEE BA{E L 3\A

E% 1 MHz, Vg = 3V
(ATmega32L)

E% 4 MHz, Vg = 3V
(ATmega32L)

IE% 8 MHz, V¢ = 5V
(ATmega32)

22/ 1 MHz, Ve = 3V
(ATmega32L)

22/ 4 MHz, Ve = 3V
(ATmega32L)

22/ 8 MHz, V¢ = 5V
(ATmega32)

WDT 8¢, Voo = 3V <25 20 HA
WDT 1k, Ve = 3V <1 10 A

1.1 mA

3.8 5 mA

12 15 mA

THEER
0.35 mA

1.2 25 mA

5.5 8 mA

HeE O

Vacio

e Vee =5V
WARBRE Vi, = Veo/2 40 mV

lacLk

Bl LR R Ve =5V
AR IR Vi = Vec/2

tacio

HEWIER Voo = 4.0V 500 ns

Notes:

268

1.

N

“BAERARICIHERBRENENNESE

“ R/ME KRR S BNEEUEEN S RIKE
BAERERSZKMEFERDS) TEN/OR O Z A LARK X KM TELHBFR(20 mA Vo =5V LR10mA |, Ve =3V)
ERETEBRUTER

PDIP $% :

1] FRE O/ IOL BRI TAER 400 mA

2] % H A0 - A7 B9 IOL B FFAERE T 200 mA

3] #H B0 -B7,C0-C7,D0-D7 5 XTAL2 &9 IOL EFMFAERE T 300 mA

TQFP 5 MLF #H% ;

1) FrEIR A /Y IOL B R FEERE T 400 mA

2] #% A A0 - A7 B9 I0L EFFAE#EE 200 mA

3] # 0 BO - B4 B9 IOL B M gE#EE 200 mA

4] %0 B3 - B7, XTAL2, DO - D2 #9 IOL H M &E#T 200 mA

5] #% 0 D3 - D7 B9 IOL H M EE#BE 200 mA

6] i A CO - C7 Y IOL B A TAEHE T 200 mA

MR IOLBHE TR KM , VOL MRS B R, TRIE S| B v SAR UL L5 F 4L B9 3= SR - B8 KV BB
BARERERSFZMCEREDS) T8N0 O FHA S H N XZA4TESHBER20 mA Ve =5V AR10mA , Vc=3V) ,
EREETEFRUTER :

PDIP #f%% :

1] FRE %O/ IOH BT EEET 400 mA

2] 3w A A0 - A7 B9 IOH BRI FAERET 200 mA

3] #%HA BO-B7,C0-C7, D0 - D7 }& XTAL2 B IOH SR FEEHE T 300 mA

TQFP 5 MLF $% :

1 FrEIR A8 10H ERMTEERT 400 mA

2] #%H A0 - A7 B9 IOH E M aE#EE 200 mA

3] #% 0 BO - B4 B9 IOH B ML 200 mA

4] ¥ 0 B3 - B7, XTAL2, DO - D2 89 IOH EFMFAE#ET 200 mA

5] #% A D3 - D7 #9 IOH EMTAERE 200 mA

ATmegad2(L) m—
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6] i 0 CO - C7 9 IOH B FF 8 200 mA, 1R IOH BH 7 MX &4 , VOH FIEERIE i5#R. T RIE S| B LA H Eb 51 F itk
A E MR R E KB BT
5 EBEBEXTH&HN Ve N 2.5V,

SEPETEh IR Bh I T Figure 144. S\ZBAt4h 3% 3h K 7
< tohex
toicn —* D <« ftenoL
N/ N
< toex —

= tCLCL

S EReHh IR B
Table 118. SMERETEHIRE)

Ve =2.7V-5.5V Vge = 4.5V -5.5V
(Sas) 28 B/ME BAE B/ME RAE Boy
MeLeL 57 R R 0 8 0 16 MHz
toLoL B9 B 5 125 62.5 ns
tcHex = BB AL E 50 25 ns
toLex KB E] 50 25 ns
toLcH LEFEtiE 1.6 0.5 us
teheL T REETR] 1.6 0.5 us
AtecL R B 2 2 %

Table 119. #\ZB RC K% 88 , BAMRAE (V. =5V)

R kO™ C [pF] f
100 47 87 kHz
33 22 650 kHz
10 22 2.0 MHz
Notes: 1. REVEVESEERN 3kQ-100kQ ,C EDRi%ZA 20 pF, &+ C BEBESIHER ,C ERE
HEFXMEL

2. MERHREASRENTREMFE

A IIIEI% 269
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Table 120 iR TiEEBI ML BT EL LHBANER, ATmega32 BIF L O B 3B H AL 5 H ER,

N FREiES# Figure 145,

Table 120. F&HITELER

n5 B8 &M R/ME BAE LR}
V. WARBE -0.5 0.3 Ve v
Viu WABRBE 0.7 Ve Ve +0.5 v
Vi AR B A A RR R B E 0.05 V@ - Y
Vo M WHEBE 3 mA sink current 0 0.4 v
™M SDA #1 SCL ¥ L a8l 20 +0.1C,3@ 300 ns
to" B Vimin 21 ViLmax B T BB E 10 pF < C,, < 400 pF® 20 +0.1C, @ 250 ns
tgp!" 0 A ST B2 B3 400 761 Y SR U it ) 0 502 ns
I B /0 SIHIRY A B IR 0.1Vge < V; < 0.9V -10 10 WA
c® BN /O S ER - 10 pF
fsoL SCL e R fox™® > max(16fgc, , 250kHz)® 0 400 kHz
fseL < 100 kHz Vee— 04V 1000ns
e Q
3mA C,
Rp LA
fscL > 100 kHz Vec—-04V 300ns
C_ Q
3mA C,
t ‘ fscL <100 kHz 4.0 - us
HD;STA START &M RENR (EE)
fgcL > 100 kHz 0.6 - ps
¢ ‘ fsoL < 100 kHZ® 4.7 - Hs
Low SCL R4 EYEEE FAY A
fscL > 100 kHz(" 1.3 - Hs
¢ N ‘ fseL < 100 kHz 4.0 - us
HIGH SCL BY# By & B A i)
fsoL > 100 kHz 0.6 - us
t L fscL <100 kHz 4.7 - ps
SUSTA | E& STARTS &KHHEIAE
fgcL > 100 kHz 0.6 - ps
fseL < 100 kHz 0 3.45 s
boowr | miEmIeE s .
fscL > 100 kHz 0 0.9 us
¢ fseL < 100 kHz 250 - ns
SUDAT | #3R38 37 B jH)
fscL > 100 kHz 100 - ns
t L fscL <100 kHz 4.0 - ps
SUSTO | STOP £AFHYER LAY (A]
fgcL > 100 kHz 0.6 - ps
tour fseL < 100 kHz 4.7 - us
STOP F START Z [Al #) 5.4 22 I 64 &) fscL > 100 kHz 1.3 - us
Notes: 1. X F ATmega32 , LtZHEHMSE , SXBFLE 100% KINR

1
2. ABYfg > 100 kHz T FE
3. Cp= BEM—KRENBR

4. fy = CPU B4p5mER

270 ATmega32(L) m——
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5.

6.

7.

ERERT ATmega32 FIEMNFLRITEONRE, HMOERIHLBTERNE
1¢R%E;ﬁﬁ_ﬂ§m fSCL E*E[]E.I.c

ATmega32 R BTEOERFENERBENRENRN (1/fse - 2fck)e BRI TEHEHER
fscL = 100 kHz BEME BB F Bt BY ER o BHARTF 6 MHzZo

ATmega32 ML HBITEOKGRFENEBTFNEN (1, - 2fek)o BILTE fox = 8
MHz , B fgo, > 308 kHz BHE B F B AT E™ B R ER, &AM ,ATmega32 AILSH
fit ATmega32 A2k (400 kHz) #H4TEfl. ZEHEMBUHERSEN t o BESHRELT
B EX— R,

Figure 145. & BTELRF

SDA ﬂ

\
fLow fLow *
\
sec. —| |V | -
SUSTA | ¢e——s| tHD;sTA HD:DAT > |« | tgy.paT —

t
Sy ety HIGH e b

| taur

SPI i 451 B&ER1ES N Figure 146 F Figure 147,
Table 121. SPI Bt FS#
K
UL B’ B/ME BAE &
1 SCK FEI# E)! . Table 58
2 SCK & / {&&BF EH 5zt 50%
3 EF/ TrEEE EH 3.6
4 At E E)! 10
5 e E)! 10
6 i F) SCK EH 0.5 * tgex ns
7 SCK % E)! 10
8 SCK Bl S BF E)! 10
9 SS EZI5H ML 15
10 SCK A8 ML 4ty
11 SCK & / & F ML 2ty
12 EFH / TrREtE MHL 1.6 us
13 EUatE ML 10
14 PR3FET 8] ML tox
15 SCK El# it ML 15
16 SCKZISS & M 20 e
17 SS BE=% MHL 10
18 SS {KF SCK ML 2ty

2503F-AVR-12/03
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Figure 146. SPI#ONFEXR (EHER )

SCK ¥
(CPOL = 0) /

SCK 77\ 4 4
(CPOL = 1) . % _
ﬂ

LSB

MISO
e

— -
MOSI \ 4
(Data Output) 3 MsB N LB

Figure 147. SPI #ORFER (MHER )

18
P -t L —
ss \
° A - 10 NEE
L -~ o il il
SCK IS X
(CPOL = 0) Y \ L
11 1 ]
-
SCK TN ] | —t
(CPOL =1) X Y
13 14 13 B
MOSI
B B G i S G S R
] 17
MISO ] 1 N
(Data Output)y 1 MSB \ LsB :?}7
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Rt
Table 122. ADC #15¥ , B i%EE T, = -40°C ~ 85°C
: Eil)
"s | BR &4 B/ME & BK{E LRivs
DY B R MR 10 Bits
BRI
Vier = 4V, Ve = 4V 1.5 LSB
ADC Et4% = 200 kHz
BRI
Vier = 4V, Ve = 4V 3 LSB
ADC Bt% = 1 MHz
HBXIFEE (B4 INL, DNL, BLIRE , Gain, | sipmitm
ERERE ) Vier =4V, Ve =4V 15 LSB
ADC Et4% = 200 kHz '
R 7S D HIAE
BRI
Virer = 4V, Ve = 4V
ADC B = 1 MHz 3 LsB
1R 75 AR X
AR MR
Virer = 4V, Ve = 4V 0.75 LSB
LARIE 25413 ADC Et4$ = 200 kHz
BRI
Virer =4V, Ve = 4V 0.25 LSB
E5 LM ADC B4 = 200 kHz
AR MR
BRIRE Vier = 4V, Ve = 4V 0.75 LSB
ADC B4 = 200 kHz
BRI
REBIRZE Vier = 4V, Vg = 4V 0.75 LSB
ADC B4 = 200 kHz
ENEETRES 50 1000 kHz
At E 13 260 us
AVCC | HEBlEBE Ve -0.3M Ve +03@ | v
VRer SELE 2.0 AVCC Y
ViN MABE GND VRer v
ADC ¥4 0 1023 LSB
MATIR 38.5 kHz
Vit REREB EE A 23 2.56 27 v
RRer SE M A\ BE 32 kQ
RAIN EEPE DN 100 MQ
Notes: 1. AVCC MIS/MER 2.7V.
2. AVCC Hym K{EH 5.5V.
273
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Table 123. ADC #1458 , 2588 T, =-40°C ~ 85°C

;¥
75 e &t B/ME L] BKE B
Gain = 1x 10 Bits
o PR Gain = 10x 10 Bits
Gain = 200x 10 Bits
Gain = 1x
Vrer = 4V, Ve = 5V 17 LSB
ADC Bt = 50 - 200 kHz
Gain = 10x
HBITREE Vger = 4V, Ve = 5V 16 LSB
ADC At = 50 - 200 kHz
Gain = 200x
Vrer = 4V, Ve = 5V 7 LSB
ADC Bt = 50 - 200 kHz
Gain = 1x
Vger = 4V, Ve = 5V 0.75 LSB
ADC Bt = 50 - 200 kHz
Gain = 10x
INL( EAESHEBFIRENREGTNEE ) Vger = 4V, Ve =5V 0.75 LSB
ADC Bt = 50 - 200 kHz
Gain = 200x
Vger = 4V, Ve = 5V 2 LSB
ADC Bt = 50 - 200 kHz
Gain = 1x 1.6 %
WHIRE Gain = 10x 15 %
Gain = 200x 0.2 %
Gain = 1x
Vger = 4V, Ve =5V 1 LSB
ADC Bt = 50 - 200 kHz
Gain = 10x
REIRZE Vrer = 4V, Ve = 5V 1.5 LSB
ADC B = 50 - 200 kHz
Gain = 200x
Vger = 4V, Ve = 5V 45 LSB
ADC At = 50 - 200 kHz
NEETES 50 200 kHz
T ) 65 260 us
AVCC | #EHlBE Vee - 0.30) Ve +03@ | v
VRer SEBE 2.0 AVCC - 0.5 \Y;
Vin WA BE GND Vee Y
Voiee MAZSBE -Vgee/Gain Vree/Gain, v
ADC ¥ -511 511 LSB
AT 4 kHz
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Table 123. ADC 5% , Z58Bi& T, = -40°C ~ 85°C (Continued)
it
"s | BR 30 B/ME & BKE LRivs
Vit HER B EEE 2.3 2.56 2.7 Y
RRer SEmM AREHE 32 kQ
RAIN El s A B PE 100 MQ
Notes: 1. AVCC MI&/MER 2.7V.
2. AVCC B AfER 5.5V.
275
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THEXRSEH T BERE, XERFEEFELIBRIARITNR. AN ERNEHREDR
EFFEHY /O SIMEEN A BRI LR BEEREN R TN, B RN SN IE KR
RABRT £ HIR{E E K.

FEEXTHERSHHTR.

BRESIMEERX , W THEBE. THERR, /0 SIMNARRBERRE, KT
HMABNHTREE, TEREN THEBEMTEHRER,

BUAHSIMABRALBE AN C Vo #ITMHIT. XA, CL HARBR , Vo AT
ERBE | f NS FIIFRME,

SRENBESHN LN ERESHFETHRE, BERTMRIERMFELERESIRH
M TERRESHMRIPEERE TH,

FERATENNRAERSENAZELANERERARE T RENRAMTENITFS
o

Figure 148. RC KB/ MR SRBEMNXR (Vec =5V, T=25c , B 1 MHz)

CALIBRATED 1MHz RC OSCILLATOR FREQUENCY
vs. TEMPERATURE

1.03

1.02
I ——
1.01
| \
\
[ ——— — | =V, = 5.5V
\
0.99
| | ——{V.=5.0V
I ——
o 098 ——
T | \ V.= 4.5V
€ 097 =
u® —— I —{V,.= 4.0V
0.96
— | — V.= 3.6V
0.95
\\ I V.= 3.3V
0.94 —v.=30v
0.93 v, =2.7v
0.92
-40 20 0 20 40 60 80
T(C)
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Figure 149. RC %8 ME 5 THEBEMNRR (Vcc =5V, T=25¢c , BHZE 1 MHz)

CALIBRATED 1MHz RC OSCILLATOR FREQUENCY

vs. OPERATING VOLTAGE

1.03
1.02 T,=-40C T,=-10°C
T,=25C
1.01 T,=45C
1 T,=70°C
0.99
T,=85C
< 0.98
I
2 097
K
0.96
0.95
0.94
0.93
0.92
25 3 35 4 45 5 55
Ve(V)
Figure 150. RC &% 28R 5BEMN XK (Vcc =5V , T=25¢c , B = 2 MHz)
CALIBRATED 2MHz RC OSCILLATOR FREQUENCY
vs. TEMPERATURE
2.1
2.05 f——]
\
\
_\\ \
2 \
R ——
— V.= 5.5V
\ \ cc
= T | I V= 5.0V
T 195 .= 5.
s —
< | I | ——V,,= 4.5V
u — —
19— —— \\ V.= 4.0V
- \\\ V.= 3.6V
\ \\\ _
. — V, = 3.3V
' — ~—V,=3.0v
\\
V,= 2.7V
1.8
-40 -20 0 20 40 60 80
T(C)
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Figure 151. RC fS%s8E 5 THEBEMNRRK (Vcc =5V, T=25¢c , BHZE 2 MHz )

CALIBRATED 2MHz RC OSCILLATOR FREQUENCY
vs. OPERATING VOLTAGE

2.1
2.05 /
T,=-40°C T,=-10C
g T.=25C
) /TA =45C
T, =70°C
0 1.95 T, =85
LL& /
1.8
25 3 35 4 45 5 55
Vee(V)
Figure 152. RC iK% 28R 5BEMN XK (Vcc =5V, T=25¢c , B $ZE 4 MHz)
CALIBRATED 4MHz RC OSCILLATOR FREQUENCY
vs. TEMPERATURE
41
4,05 ——
B — — — v, =55v
e | — _
— V, = 5.0V
3.9 —_— § V.= 4.5V
g 385 ——— — E— V.= 4.0V
E Y E— I \\\ V,.=3.6V
3.75 — I ——|V.=33V
. Vv, =3.0v
3.65 V=27V
36
-40 -20 0 20 40 60 80
T(C)
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Figure 153. RC K%M EBSIRHMEBMXR (Vec =5V, T=25¢ , BAHIZE 4 MHz)

Fre.(MHZ)

3.95

3.9

3.85

3.75

3.7

3.65

3.6

CALIBRATED 4MHz RC OSCILLATOR FREQUENCY

vs. OPERATING VOLTAGE

T, =-40°C

—

—

—
/

T,=85C

3.5 4 4.

Ve(V)

5 5 5.

H
Q
0008

A
mmn
SN
Qg gl

>

5

Figure 154. RC iK% 28R 5BEMN XK (Vcc =5V, T=25¢c , B = 8 MHz)
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Figure 155. RC f&5% s MR EHRHIMEMIRR (Vec =5V, T=25¢c , TH R 8 MHz )

CALIBRATED 8MHz RC OSCILLATOR FREQUENCY
vs. OPERATING VOLTAGE
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TR

Hauk % Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 ik
$3F ($5F) SREG | T H S \ N z 9 8
$3E ($5E) SPH = = = = SP11 SP10 SP9 SP8 10
$3D ($5D) SPL SP7 SP6 SP5 SP4 SP3 SP2 SP1 SPO 10
$3C ($5C) OCRO T/CO L% i & 1788 78
$3B ($5B) GICR INT1 INTO INT2 - - - IVSEL IVCE 45, 65
$3A ($5A) GIFR INTF1 INTFO INTF2 - = = = = 66
$39 ($59) TIMSK OCIE2 TOIE2 TICIE1 OCIE1A OCIE1B TOIE1 OCIEQ TOIEO 78, 104, 120
$38 ($58) TIFR OCF2 TOV2 ICF1 OCF1A OCF1B TOV1 OCF0 TOVO 78, 105, 120
$37 ($57) SPMCR SPMIE RWWSB = RWWSRE BLBSET PGWRT PGERS SPMEN 232
$36 ($56) TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN = TWIE 164
$35 ($55) MCUCR SE SM2 SM1 SMO ISC11 ISC10 1SC01 1SC00 30, 64
$34 (354) MCUCSR JTD ISC2 = JTRF WDRF BORF EXTRF PORF 38, 65, 213
$33 ($53) TCCRO FOCO WGMO00 COMO1 COMO00 WGMO1 CS02 CS01 CS00 76
$32 (352) TCNTO T/CO (8 1) 77

§310) 551)0 OSCCAL yﬁ%éﬁﬁ;ﬁ%ﬁ%ﬁ 28
OCDR hERREFER 209
$30 ($50) SFIOR ADTS2 ADTS1 ADTSO - ACME PUD PSR2 PSR10 54,80,121,184,202
$2F ($4F) TCCR1A COM1A1 COM1A0 COM1B1 COM1B0 FOC1A FOC1B WGM11 WGM10 100
$2E ($4E) TCCR1B ICNC1 ICES1 - WGM13 WGM12 cs12 CcS11 Cs10 103
$2D ($4D) TCNT1H TIC1 - BRBSEREFY 103
$2C ($4C) TCNTIL T/IC1 - BB FFREFT 103
$2B ($4B) OCR1AH TIC1-HHEREEFRABSFEY 104
$2A ($4A) OCR1AL T/C1 - W LERE 788 A RFET 104
$29 ($49) OCR1BH TIC1-HHEREFHRBBHFT 104
$28 ($48) OCR1BL T/IC1 - W LR & 7R B RFT 104
$27 (347) ICR1H TIC1 - MARREEREEFT 104
$26 ($46) ICRI1L TIC1 - MARRBFEHREFT 104
$25 ($45) TCCR2 FOC2 | WGM20 COM21 COM20 WGM21 CS22 CS21 CS20 116
$24 (344) TCNT2 T/C2 (8 1) 117
$23 ($43) OCR2 T/C2 f kB & 1788 118
$22 (342) ASSR = = = = AS2 TCN2UB OCR2UB TCR2UB 119
$21($41) WDTCR - - - WDTOE WDE WDP2 WDP1 WDPO 39
$209 (840) UBRRH URSEL = = = UBRR[11:8] 152
UCSRC URSEL UMSEL UPM1 UPMO USBS ucsz1 UCsz0 UCPOL 149
$1F ($3F) EEARH - - - - - - EEAR9 EEARS 17
$1E ($3E) EEARL EEPROM it 78K F T 17
$1D ($3D) EEDR EEPROM %iE& 788 17
$1C ($3C) EECR = = = = EERIE EEMWE EEWE EERE 17
$1B ($3B) PORTA PORTA7 PORTA6 PORTA5 PORTA4 PORTA3 PORTA2 PORTA1 PORTAQ 61
$1A ($3A) DDRA DDA7 DDA6 DDA5 DDA4 DDA3 DDA2 DDA1 DDAO 61
$19 ($39) PINA PINA7 PINA6 PINA5 PINA4 PINA3 PINA2 PINA1 PINAO 62
$18 ($38) PORTB PORTB7 PORTB6 PORTB5 PORTB4 PORTB3 PORTB2 PORTB1 PORTBO 62
$17 (337) DDRB DDB7 DDB6 DDB5 DDB4 DDB3 DDB2 DDB1 DDBO 62
$16 ($36) PINB PINB7 PINB6 PINB5 PINB4 PINB3 PINB2 PINB1 PINBO 62
$15 ($35) PORTC PORTC7 PORTC6 PORTC5 PORTC4 PORTC3 PORTC2 PORTC1 PORTCO 62
$14 ($34) DDRC DDC7 DDC6 DDC5 DDC4 DDC3 DDC2 DDCH1 DDCO 62
$13 ($33) PINC PINC7 PINC6 PINC5 PINC4 PINC3 PINC2 PINC1 PINCO 62
$12($32) PORTD PORTD7 PORTD6 PORTD5 PORTD4 PORTD3 PORTD2 PORTD1 PORTDO 62
$11($31) DDRD DDD7 DDD6 DDD5 DDD4 DDD3 DDD2 DDD1 DDDO 62
$10 ($30) PIND PIND7 PIND6 PIND5 PIND4 PIND3 PIND2 PIND1 PINDO 63
$OF ($2F) SPDR SPI BEE 7 128
$OE ($2E) SPSR SPIF WCOL = = = = = SPI2X 128
$0D ($2D) SPCR SPIE SPE DORD MSTR CPOL CPHA SPR1 SPRO 126
$0C ($2C) UDR USART /0 $iiz &7 e 147
$0B ($2B) UCSRA RXC TXC UDRE FE DOR PE u2Xx MPCM 148
$0A ($2A) UCSRB RXCIE TXCIE UDRIE RXEN TXEN ucsz2 RXB8 TXB8 148
$09 ($29) UBRRL USART BBEEFHEHREFH 152
$08 ($28) ACSR ACD ACBG ACO ACI ACIE ACIC ACIS1 ACISO 185
$07 ($27) ADMUX REFS1 REFS0 ADLAR MUX4 MUX3 MUX2 MUX1 MUX0 199
$06 ($26) ADCSRA ADEN ADSC ADATE ADIF ADIE ADPS2 ADPS1 ADPS0 201
$05 ($25) ADCH ADC BFEHRHEFT 202
$04 ($24) ADCL ADC BE&HFREFT 202
$03 ($23) TWDR FLETEORRESES 165
$02 ($22) TWAR TWAG | TWAS TWA4 | TWA3 | TWA2 TWA1 TWAQ TWGCE 166

2503F-AVR-12/03
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bk 28 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 "B
$01 ($21) TWSR TWS7 TWS6 TWS5 TWS4 TWS3 = TWPS1 TWPSO 165
§00 ‘ﬁZOI TWBR ﬁ%ﬁﬁ%lﬂii%ﬁ: ﬁﬁ r 164
Notes: 1. 2 OCDEN B4 ikimiE , OSCCAL FEEFEHEIZHu , E4iES N OCDR FFeFE A A,
2. f0fAIiAE UBRRH 5 UCSRC i3 USART Hi%EA,
3. ATHFRBLEHRE , TRRBNRMEZE 0, RE/ /O it o] ST BIRE,
4., —HIRBIHRETUBERSBEAZE 1 KER. TEIENR  , FTRETASHEMEN AVR ,CBI #1 SBI 55 RX — 455K EN ,
E o AN B B ERE N T e 1THRE. CBI # SBI ESAERANEE ReE2utH 0x00 - Ox1F B F1FEER
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BT BRESR B B Loy # 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,CN,V,S 2
SUB Rd, Rr FTRARE Rd < Rd - Rr Z,CNVH 1
SuBl Rd, K BT BN Rd « Rd-K Z,CNV,H 1
SBC Rd, Rr HHHDRE Rd < Rd-Rr-C Z,CNVH 1
SBCI Rd, K LR L BB Rd <« Rd-K-C Z,CN\VH 1
SBIW Rdl,K NFHRE LA Rdh:Rdl < Rdh:Rdl - K ZCNV,S 2
AND Rd, Rr BHRS Rd < Rd e Rr ZNV 1
ANDI Rd, K SUBHBBSRE Rd <~ Rd e K ZNV 1
OR Rd, Rr BHER Rd < Rd v Rr ZNV 1
ORI Rd, K SUBBHBERRE Rd « Rd vK ZNV 1
EOR Rd, Rr FH Rd « Rd @ Rr ZNV 1
COM Rd 1 BT Rd < $FF - Rd Z,CNV 1
NEG Rd 2 fANB Rd « $00 — Rd Z,CNV,H 1
SBR Rd,K REHFROMN Rd < RdvK ZNV 1
CBR Rd,K HEHEVES Rd « Rd e ($FF - K) ZNV 1
INC Rd n—RE Rd < Rd + 1 ZNV 1
DEC Rd BW—RYE Rd < Rd -1 ZNV 1
TST Rd MWXREHEBRA Rd « Rd ¢ Rd ZNV 1
CLR Rd BSEREE Rd « Rd® Rd ZNV 1
SER Rd FiFEREN Rd « $FF None 1
MUL Rd, Rr THSHBRE R1:R0 « Rd x Rr z,C 2
MULS Rd, Rr BHSBTE R1:RO « Rd x Rr Z,C 2
MULSU Rd, Rr BERSBREERSERE R1:R0 « Rd x Rr zZ.C 2
FMUL Rd, Rr TS NBERE R1:R0 « (Rd xRr) << 1 zZC 2
FMULS Rd, Rr BEHSINBRE R1:R0 « (Rd x Rr) << 1 Z,C 2
|_FMULSU Rd,Rr BRSO BERRS I TE R1R0 < (RdxRr) << 1 Z,C 2
BiEs
RJMP k Lisbok g PC« PC+k +1 None 2
1JMP BEBEE (2 PC«Z None 2
JMP k Bk PC « k None 3
RCALL k N FEFEA PC « PC+k+1 None 3
ICALL BERA (2) PC«Z None 3
CALL Kk EETEFAA PC «k None 4
RET FRFIERE PC « Stack None 4
RETI 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 549 Rd - Rr Z,N,V,.CH 1
CcPC Rd,Rr R R Rd-Rr-C Z,N,V,.CH 1
CPI Rd,K SUEBLER Rd - K Z,N,V,.CH 1
SBRC Rr, b FEHEMR "0 MBEF—KIES if (Rr(b)=0) PC <~ PC +20r3 None 1/2/3
SBRS Rr, b FEEN 1" WS T —RiED if (Rr(b)=1) PC « PC +2o0r3 None 1/2/3
SBIC P, b /O FHFHEMHN "0 MBI T —%KiES if (P(b)=0) PC <~ PC + 2 0r 3 None 1/2/3
SBIS P,b /0 FEHB|UN 1" MR FT—KES if (P(b)=1) PC« PC+20r3 None 1/2/3
BRBS s, k REFERNVR "1V MBS T —RES if (SREG(s) = 1) then PC«PC+k + 1 None 1/2
BRBC s, k REFHERMN "0 WL F—KIED if (SREG(s) = 0) then PC«PC+k + 1 None 1/2
BREQ Kk MEN B if (Z=1)then PC« PC+k +1 None 1/2
BRNE k THREN B if (Z=0)then PC « PC+k +1 None 1/2
BRCS k BALALA "1 MIBkEE if (C=1)then PC « PC +k + 1 None 1/2
BRCC k AR "0” IRkEE if (C = 0) then PC «— PC + k + 1 None 1/2
BRSH k AFREFUBE if (C =0) then PC « PC +k + 1 None 1/2
BRLO k NF RIS if (C = 1) then PC < PC + k + 1 None 1/2
BRMI k SU Bk if (N = 1) then PC « PC + k + 1 None 1/2
BRPL k B if (N = 0) then PC « PC +k + 1 None 1/2
BRGE k BRSBRATRET B if (N ® V=0) then PC « PC + k + 1 None 1/2
BRLT k BEHSBANRE if (N® V=1)then PC <« PC+k + 1 None 1/2
BRHS k AR "1 Bk if (H=1) then PC < PC + k + 1 None 1/2
BRHC k SRz "0 MIRkE: if (H=0) then PC « PC +k + 1 None 1/2
BRTS k T 5 "1 gk if (T=1)then PC <« PC+k +1 None 1/2
BRTC k TR "0" ks if (T = 0) then PC « PC +k + 1 None 1/2
BRVS k aBRER "1 MRk if (V=1)then PC < PC +k + 1 None 1/2
BRVC k BBERER R "0” IBkE if (V = 0) then PC «— PC +k + 1 None 1/2
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Bs BAER He B & # R
BRIE k Ll if (1=1)then PC «~ PC +k + 1 None 1/2
| _BRID K 2R A Bk A if (1 =0)then PC < PC + k + 1 None 1/2
BESSES
MOV Rd, Rr FrraE g Rd < Rr None 1
MOVW Rd, Rr BHEEFHRT Rd+1:Rd « Rr+1:Rr None 1
LDI Rd, K gk ENER Rd « K None 1
LD Rd, X MREEITUHE Rd « (X) None 2
LD Rd, X+ nEEEIUKE , REun— Rd « (X), X « X+ 1 None 2
LD Rd, - X b R P EA LI 6 ] X X-1,Rd « (X) None 2
LD Rd, Y gk B S BE Rd « (Y) None 2
LD Rd, Y+ MREEIHBIE R n— Rd <« (Y), Y« Y+1 None 2
LD Rd,-Y bR — R INER B 5 kg Y < Y-1,Rd«(Y) None 2
LDD Rd,Y+q mEERERNEET U KRE Rd « (Y +q) None 2
LD Rd, Z MRAEITUHE Rd « (2) None 2
LD Rd, Z+ MEEEIUTE , REun— Rd « (2), Z « Z+1 None 2
LD Rd, -Z bR — ISR A5 5 AR Z+<Z-1,Rd«(2) None 2
LDD Rd, Z+q MEF R RN EES 2R Rd « (Z+q) None 2
LDS Rd, k M SRAM hig s Rd « (k) None 2
ST X, Rr SARES R FRKE (X) < Rr None 2
ST X+, Rr NAEI U FREEKRE , R h— (X) < Rr, X <~ X + 1 None 2
ST -X,Rr AR — B AR ES u H R EFR R X X-1,(X) «Rr None 2
ST Y, Rr R EES A HE (Y) < Rr None 2
ST Y+, Rr MREEI B R n— (Y) <R Y Y+1 None 2
ST -Y,Rr kRl — 5 DS A T u g Y<Y-1,(Y)«<Rr None 2
STD Y+q,Rr MEHRE RN RES U BE (Y +q)«<Rr None 2
ST Z,Rr ke S R (Z) < Rr None 2
ST Z+, Rr MEEEIUTE , REfun— (Z)«<Rr,Z«Z+1 None 2
ST -Z,Rr bR — IR A5 T AR Z<Z-1,(Z)«Rr None 2
STD Z+q,Rr INEH RS BRI S U iR (Z+q)« Rr None 2
STS k, Rr M SRAM mEE#E (k) < Rr None 2
LPM MERFEENBE RO « (2) None 3
LPM Rd, Z IEEFZEENBE Rd « (2) None 3
LPM Rd, Z+ NERFEANKE , ARt n— Rd « (2),Z « Z+1 None 3
SPM REEFZRNKE (Z) « R1:RO None -
IN Rd, P MO i OiE kIR Rd « P None 1
ouT P, Rr WO P <« Rr None 1
PUSH Rr FHEFRMEAMR Stack « Rr None 2
POP Rd oA NG P ke Rd < Stack None 2
AVNAES
SBI Pb 110 HEHRMLEN 1/0(P,b) « 1 None 2
CBI P,b /0 BB ES I/O(P,b) < 0 None 2
LSL Rd BEEB Rd(n+1) < Rd(n), Rd(0) « 0 Z,CNV 1
LSR Rd BRER Rd(n) < Rd(n+1), Rd(7) « 0 ZCNV 1
ROL Rd HRABRRER Rd(0)«-C,Rd(n+1)« Rd(n),C<Rd(7) Z,CNV 1
ROR Rd HHRHUBERER 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 BEEFHRR Rd(3..0)<-Rd(7..4),Rd(7..4)«Rd(3..0) None 1
BSET s REEN SREG(s) « 1 SREG(s) 1
BCLR s BEES SREG(s) - 0 SREG(s) 1
BST Rr, b NEFBTURA T T < Rr(b) T 1
BLD Rd, b BT RATFHRN Rd(b) « T None 1
SEC piigvAVA A C«1 c 1
CLC HAUNEE C«0 C 1
SEN SRR BT N1 N 1
CLN ARENEE N« 0 N 1
SEZ TR B Z«1 z 1
CcLZ EHRENES Z<0 z 1
SEI /PR 1 | 1
CLI 2RPMER 1<0 | 1
SES SN RFEL BN S« 1 S 1
CLS BN RAGEES S« 0 S 1
SEV 2 ANB G HiRE B Vet v 1
CLV 2 NS R EREEE V<« 0 \ 1
SET SREGHK T Bfx T« 1 T 1
CLT SREGH TEE T« 0 T 1
SEH SREG E’Qﬁii&{tﬁfﬁgﬁ H<« 1 H 1
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e RAEH A WiE BE | snem

CLH SREG WU 2B S He 0 H 1

MCU #HES

NOP =Rk None 1

SLEEP AR (FPRERINAE , W specific descr.) None 1

WDR AN (Xt WDR/timer I specific descr.) None 1

BREAK T SET 5 AR None N/A
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O =
FmiER
Speed (MHz) Power Supply Ordering Code Package Operation Range
8 2.7-55V ATmega32L-8AC 44A [ERIE
ATmega32L-8PC 40P6 (0°C ~ 70°C)
ATmega32L-8MC 44M1
ATmega32L-8Al 44A Tl
ATmega32L-8PI 40P6 (-40°C ~ 85°C)
ATmega32L-8MI 44M1
16 4.5-55V ATmega32-16AC 44A il
ATmega32-16PC 40P6 (0°C ~ 70°C)
ATmega32-16MI 44M1
ATmega32-16Al 44A Tl
ATmega32-16PI 40P6 (-40°C ~ 85°C)
ATmega32-16MC 44M1
HIRRE
44A 44- 5|4 , & (1.0 mm)TQFP
40P6 40- 5|% , 0.600” % , PDIP
44M1 44- 1% 7x7x1.0mm K/, &8 050 mm , MLF
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HHER

44A

44-lead, Thin (1.0mm) Plastic Quad Flat Package
(TQFP), 10x10mm body, 2.0mm footprint, 0.8mm pitch.
Dimension in Millimeters and (Inches)*

JEDEC STANDARD MS-026 ACB

12.25(0.482)
PIN11D -1 11.75(0.462) >

— 0.45(0.018)

0.80(0.0315) BSC — r 0.30(0.012)

1
?

=

JUDTTTTuan

10.10(0.394)
9.90(0.386) ~°

r 1.20(0.047) MAX

0.20(0.008) 0°~7°

ow6ms ) | MOIDL
1 ] i
| 0.75(0.030) 0.15(0.006) | |

0.45(0.018) 0.05(0.002)

|

[~eeal—

4

*Controlling dimension: millimeter

REV.A 04/11/2001

A IIIEI% 287
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40P6

40-lead, Plastic Dual Inline

Package (PDIP), 0.600" wide
Dimension in Millimeters and (Inches)*
JEDEC STANDARD MS-011 AC

52.71(2.075)

51.94(2.045) PIN

1
(1 [] (1T (1]

%

13.97(0.550)
13.46(0.530)

'

LT U Uy ggy LT L

—~—— 48.26(1.900) REF ——»=

4.83(0.190)MAX
| | ) )

I
PLANE J

3.56(0.140) - Lo 38(0.015)MIN
3.05(0.120)
L | l= 0.56(0.022)
[ M 0.38(0.015)
2.54(0.100)BSC 1.27(0.050)
415.88(0.625L
15.24(0.600)
—
~ 15° REF

0.38(0.015) */l

\.\
0.20(0.008)

‘

17.78(0.700)MAX

*Controlling dimension: Inches

REV.A 04/11/2001
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44M1
O\ c
Marked pin#1 identifier O
C
L
iz
[E] 0 a
Y
i pd
-
i
qg »
d /
v
TOP VIEW
-
-«

«—pF— /PIN #1 CORNER SIDE VIEW
(|JUUTIUIOOpE T,
— [ N SYMBOL| MIN | NOM | MAX | NOTE
— (- A 0.80 0.90 | 1.00
- - Al 0.00 002 | 005
— — A3 0.25 REF

g g 018 | 023 | 0.30
> ] D 7.00 BSC

— —] p2 | 500 | 520 | 540
— \ ) E 7.00 BSC

— C E2 500 | 520 | 540
Innninnmm c |o.sossc|

E‘" ‘k 4‘ ‘ L [e] L 0.35 055 0.75

BOTTOM VIEW

NOTE 1. JEDEC STANDARD MO-220, Fig 1 (Saw Singulation), VKKD-1

08/29/01

(MEL 2325 Orchard Parkway TITLE _ DRAWING NO. | REV
44M1, 44-pad ,7 x 7 x 1.0 mm body, lead pitch 0.50mm
|m'O San Jose, CA 95131 Micro lead frame package (MLF) P 44M1 B

A mEl% 289
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ZRARH ATmega32 & GHIREZ. TEAXTHER JTAG I+ IDCODEH #&R 8] B2

IDCODE E# T M TDI 3 AR 33

288 IEEE1149.1 , JTAG #£% IDCODE I{EFEH ; YBAISS ID SiEset , M
ATRE TDI MEZE "1". M\, ELRABENSHRETHERABEELX , 258
TRH"”, EREEEB[HNHIEL Update-DR BT £# "1” FAAES

R ATmega32 FAHEEE LHE—MSH |, N EE TR,

BR5E

BN A IDCODE i v BN # A TAP 2 #8258 Test-Logic-Reset IRASRE R4
ID EFEF8 AREWMEAR  UREESR[GIEEE, =B HEEF ATmega32 BIH EF
HHEBH ID FERX ATmega32 kJE BYPASS . HGH ID FEH[ER
ATmegal32 it , FEEHAEETRBIELEEHHIE. T E TAPIZHIZEM Test-Logic-
Reset RSHBRIAEES N IDCODE 5%

Hith @RS %

MR A E I IRETHEEFFIESHH ID, L ATmega32 MiZ2REEEPHNE—
NE#F. IDCODE £ JTAG i1 EFE889 8T , Update-DR FEIE /S B ID FRiaHsE
FARIHE , BEH ID FER/TFRELE,

ATmegad2(L) m—
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ATmega32 WETEFM wrssvhmERo TR FRFFINENAE. H5EHNOESS,

ZTERK

MARZ Rev. 2503E-09/03
FfR 74 Rev. 2503F-12/03
AIZE (L

MAIRZ Rev. 2503D-02/03
FIR 4 Rev. 2503E-09/03
ke

MAIRZ Rev. 2503C-10/02
F|MR 7 Rev. 2503D-02/03
RYZAL

MARZ Rev. 2503B-10/02
FIfR 7 Rev. 2503C-10/02
2L

MARZ Rev. 2503A-03/02
FIARZ< Rev. 2503B-10/02
3L

2503F-AVR-12/03

1.

B P27 “FREMF N RC I®%% ” .

EMSEH P33 UTAG BEOSHALREARSE ” 8 “ FRBREARSE ",

B3 P35 Table 15 .

B P204 “ WiRTFEER O -TAP” X F JTAGEN B4 M55,

BE# Bit 7 - JTD: 31k JTAG #FEOMEA,

# P240 Table 105 i#f0X T JTAGEN B4 H9ER

B P269 « BRGE  PAXNMRE *, ERFHESTIRIGERD .

£ P292 “ BhiR&K ” FMA—NXTF JTAG 5 IDCODE MfFREIBM 5%,

1 P283 “ HFEBA ” FMA EEARH iy EEARY,

2. P266 “XiFlashi#{TRE” 5 P267 “NEEPROMIITRE” RRINE—F K BKR.

8.

9.

R « ZTHEERHRR ” ] “32 kHz &R ” LA S .

£ Timer 0 5 Timer 2 X T PWM X #HH AR,

P235 “ 3RELIGETEAER (NS ) FINE SPM TN A% EEPROM E,
P11 RS 7 FIMAIERE,

RN P20 « E#E KRN TH EEPROM BiR{E ” 2,

7 P190 “ W53 K% ADC R#IRESF » iR mER B MR ES WA A,

¥ ¥ P216 Table 90

10. 57 INEH P289 “ HEFER ” ,

1.

R P269 “ ERAFIE " .

55 Flash & a5 2N 10,000 B A / BRI,
% SFIOR 172589 Bit nr.4 — ADHSM ,

RN P23 “ BRE IR 7 8o

A mEl% 291
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10.

11.

12.

13.

AIMEL
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