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SEUR B EARESHITRE , ATmega32 WHIERLESE 1 MIPS/MHz , N1 &
UEBREEDENLERE Z BT E.

HIEE Figure 2. &H1ER
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DECODER 1 Y “* aTIMING RESET
l e z
INTERNAL
C?_’I\‘NT;SOL le—»] 'NTEJ?\‘TTU PT CALIBRATED
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AVR NEZEEFENESEN 32 MNEAIHESTESR. MENSTFRPERSEEZET
(ALU) HiES | R —FESTUE -t ARARN G RBMNEINFFSR. XS
HMAKREETRBEE  AAEELEEN CISC MEEFIREEE 10 FHHEFLR,

ATmegad32 B M THR: 32K FTH W REAN A YREFlash(EE RN IRENEESD  BIRWW) ,
1024 =¥ EEPROM , 2K ¥ SRAM ,32 NEA I/0 0% 32 MERITESES AT
BRAEN ITAG O, XBFAAERSEE  =SAEFREXNN R FNER SR/ 1T
82 (T/C), KA / Sheh i , AI4mT2E1T USART , HIRIE T MHLBTED , 8K 10 EH
AEZE S M AR TREEE (TQFP £% ) 9 ADC \EFH AR SBNAIRES N ER
2, — N SPIBTHA  UARANTUBEIH4#HTERNEEER, THETZERERN
CPU 1L T4 , ™ USART, W&iEO. A/D %IR8, SRAM, T/C. SPI im0 MK HH
RERETE , REBANRAEIRHRELET , FIENERT PETNEF S 2 A
FLEIHE, ZEBERXT , RPENSHEZT , ATHAFPRE-INEELE , MERD
BERE AL T IRERIRAS ; ADC BB IHIE R4 LE CPU MR T RP EREFS ADC BUAFR
B /O BRI TE , LARRIK ADC HIRETHFFXREEFE ; Standby X T RAE &A% Rk
SHERIET  HRIEERL TRIERS , FEBHREERINER AN EFRER
B ; ¥ B Standby X TN A FIR S 88 M 75w es k4L T4,

SRR Atmel SBEFEZ KMEFHEBERETN, AKN ISP Flash A FREFF#RE
ISP BRT#O , AEBAREFHTHRE T NBIETT AVR ARZHHEI SR
Fit{TRE. S| SEFUUERAEEZE DN ARRF T E R A Flash 76 X (Application
Flash Memory). £ % # R F Flash 7 f#% X £t 5| § Flash X (Boot Flash Memory)# 72 7 4k 42
1T, 2B T RWW 8E, B34 8 1 RISC CPU SR £ N T 4wT2M Flash ERE—
BHAA, ATmega32 BA—NUEEREANERN , AIFSHMARNEHNARGE T REM
R AH R R R,

ATmega32 EF—BENHESRETRIE , S  CESHER. Blk. BFAR
2 B ER. hERRITMER.

5| ki 1% 89

vCC BF BN BIR

GND it

% 0O A(PA7..PA0O) O A B8 AID iR ER R L AR,
WO AR 8NUNE /OO, EEAHENAIB LA EME, HigHEFEEEXN MR
M TR AMRBAER. EAMAGAN , BRI LR BEHEFERE | KOS R
KRR B ER. EENIES , MERFENHERER , WO AL TSERE.

% 0O B(PB7..PB0) WO BA8MXNE IO O, EEMmENAI LB, HifhE e BB RN 1
M TR AMRBAER. EAMAGAN , BRI LR BEHEFERE | KOS R
KRR B ER. EEMNIES , IERFENHERER , w0 B4 TSERES.
w0 B A A E MRS HRINEE , S A P55,

%0 C(PC7..PCO) WO CRHSMME /OO, EEAHEENANI LA BHE, HifihE e 2B HNIES 1

% AT R AR KE R, R AFERR |, BRI LN BEEMFRE | O WIASBERAL
EeFmEER,. EEuREd , MERSEMMERER , B0 C & TSHERA., R
JTAGHE O AL | BNMEE L HIN S| PC5(TDI), PC3(TMS) 5 PC2(TCK)#I £ 1 s FEEE

BREB HBIER TAP 3554, TDO SIS
w0 C A A AMEMTEREERIIEE , FS A P58,
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%0 D(PD7..PDO0)

RESET

XTALA1
XTAL2

AVCC

AREF

5361+

WO D8 MW@ /0O A, BB AmENNIS LR B, HibHEhREEaXN R &
M, T E MR KER. EREAERRN  HEAR N BEMERE , Wik ORI EBER
ARE R ER. EEVEREP , MERENHERER , w0 D 4T EERS.

im0 D A A AME TR EERIIEE , ES A P60,

S ASIE, FENEBEIHRDIRIBNEEFEFNSIRREEN. IREBER P35
Table 15 , #F&atEI/DNFIIRRBIMFOFRTEERIE T EE N,

R #R5% B K 2R 5 A P A S IR MR BB BR B A U
J= a1 4fR5% PR K 25 B Fi oo

AVCC Rl DASA/DE#RESNER, FEAADCH ,ZoIMNEESV EE. EAADC
RN —MRBIEK RS Vo ERE.

AD BRI EL A A SR

ABFEFHES T —LHEHRBE T UG BENAERSF ZENTENIDEEER, XL
PIFHBREEREZHNCELTE T EBHANH. AL C mEREXNAHEHREALS
VEX , MEEN C mEFEBRNFHLEFACSTENLELR, BHEEEMAERIEHU
REEEHIE R
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AVR CPU AI#&
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AFMEAE LIS AVR ANEH, CPUNETEEFSRRIERFNERHIIT. Altes
MEEBIHRIFERR. BITEE, BHMRARLE DU,

Figure 3. AVR £ 5 EH

‘ Data Bus 8-bit
Program Status
Flash < Counter €] and Control
Program
Memory <
l Interrupt
—X G32 X 8I <> Unit
nstruction eneral >
Register Purpose SPI
l— < Registrers [ Unit
Instruction Watchdo
Decoder Timer o

l

Control Lines

” Analog
Comparator

“| 1/0 Module1

Direct Addressing
Indirect Addressing

Data
le<—>f<>| /0O Module 2
SRAM

<> 1/0 Module n

EEPROM [

1/0 Lines [

\/

RNTREESWHEEURHITHE , AVREAT Harvard &8 , BBV BENREFE
%. BEFEMBENESTEL —RRKEET. CPU ERIT—RETHRMERT —%
BED (EAXHATME ) XMIESRUTESHENNEARZT. BEFEMSBETUE
% URTEM Flash

RIEG B FiFsR X4 2E 3210 8 WBRATEFEFSR , WRNEN -t EH. MK
T A ERAY ALU BR1E, TEHEM ALU BED | ML T FER X4 PV RERE
NWIHR  RAERTEE , FRBPEIE I FFH M. BIAIRNE -ttt AR,
BFHRXMHER 6 NEFFRTUAE 3N 16 UM RET U FEREH AT U BERZE ,
KUSHN U EE, Hh—MEH R MEN B FFRSREW RN U, XL
HIThEE & FaRED N 16 UMY X, Y. Z FF=H

ALUX BB ESRZAURTERENERZANERNEEZEE, ALUB A LUNT R T 7R
B, EEERZERESFFENNBFTIETARRBELR,
BFABBLE / EXR4NBREESNIARESKES , NMEEI B it Z2E, K
SHESKEN 161, TS N EFFMER LTS —5K 16 U 32 LMES.

BFF#EZENINFANX : 5|1SBFKX (Boot X ) MINARFX, XRNMXBAEEZIH
BEMUZHEMNE / BRF. ATENARFXH SPM ETLANTSISEFX.

ERREAIER FREFRE U NEFITHER (PC) RETHtkzHh, iU TERAKE
SRAM , Bt HIREMRZRT SRAM WA/, HENFIREMF B EENRLHERIEH
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ALU - ERZEET

SPo IXAMEHHU T 1/0 =i |, AIARATIRE AR #H#E SRAM ATLUE 5 R EHYF 4
XHFATIR

AVR FEBRZEE N LM FES M,

AVRE — N RIEM F MR, BHFERULTIOZH, REFFEREE LR PMEREAL
BAPMEFHOERERFRINPHEOE, SIPHNLERSEEFHOERD
UEAX , PHiEEuEE  RERES.

I/O %28 HaE 64 NAILEES HH#bHE 4B CPU Mg VIR 4IEF88. SPI UK
Hb 1/0 ThEE, BLETBIBIEZ R BN FESXHF 2 BRIt 0x20 - 0x5F

AVRALU 5E 2 1M BRTESFHREEMEE. FERS5TFHACHE. FER5LAHZE
B ALU ZERFE- M EH. ALURESD N 33K BER, SBENVRE, TR
T XL EHFSENMDBTRENTER. BEAESLESTE,
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REFFR

BRATESRXXHF

ATMEL

REFEHRES TRIOHTHERESHERES . XEFRITUARUNERFREN
KUMEZMHBRE, WIETEMR , FTE ALU SEBFEMRSTFEROANRT. X, £1F
ZRATHAZEZTIINLREST  MMERSESTERE , KABYERES.
ERADHBRSEFIPRSFERT2BMRE , FHRERBFR2BRE. XETHE
FEERMRLE,

AVR H i Z 1785 SREG EXWT :

Bit 7 6 5 4 3 2 1 0

| ] | T | H | s v N 2 c | srec
®/E R/W R/W R/W R/W R/W R/W R/W R/W
MEE 0 0 0 0 0 0 0 0

e Bit7-1: £FPMERE

| BIATFERES B lT. BN PR e E i I iR FI T ER2 4, R 1EFS IR
LHEBPMREBENSS , BFAaTEPl, FE—IFHAER | B, MHRIT RETI
ESE I MEBMUFERETH, | Lo LUB SEI fl CLI IESRBMIES,

» Bit 6 — T: ¥ N =%

UENESBLD MIBSTHA THENEMSFEit, BSTIEFFSEMNE—VELN T, M
BLD B T # N B HFEFESMHE — 1L,

o Bit5- H: ¥#{uizE

MBS HRTIERBERET ¥H M, BIFEXNTF BCDZEEEEFR. #RiES
R EA,

s Bit4-S: BN ,S=NDOV

S HABKREN E2 NI EEFREVHRR, ERIESENHA,

» Bit3-V:2 BB HEE
TE2MWMBZEE, FRESENIREA,

o Bit2 - N: fi¥iis&
RAERRBEBELR NN, ERESENIHA,

e Bit1-2Z: %
RPAERFBEREERNE, FNESTENHA,

e Bit0 - C: H{UIFK
RPAEALEERERE TR, FAETENA,

FERXAE N AVR R RISC ESEMT I NTREFENMRNRENE  F
TFRRXHXFUTHRA / HEAE

B8 R EN , MA-—N 8 AR
WMERA 8 AR ER , MA—1 8 AR
MHEFA 8 U REHR , MA—N 16 UER
- 16 AR AER WA 16 AR
Figure 4 3 CPU 32 MNBRA THFFHRMNLEM,
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Figure 4. AVR CPU BA THEZFES

7 0 Addr.
RO $00
R1 $01
R2 $02
R13 $0D
EA R14 $0E
It R15 $OF
FEe R16 $10
R17 $11

R26 $1A X BFs| , BFW

R27 $1B XBF#|, AaFW

R28 $1C Y HiF| , BFW

R29 $1D Y BFR, AFEY

R30 $1E ZEFH, KFET

R31 $1F ZERFR . BF

AREBBREFTEENMNETHIAERTAMENSEFR  MASHIHENESHR
iTEdE Y AR R
W Figure 4 FiR , BN FEREBE — M RERNFbiL M EZRFEHB - BEZEH

k32 Mit, BEAFFHRNHHYESZIT 2 SRAM , XA FARSRNEHRFFSR
FEHEEMANREY , BAX, Y. ZE5EHRTNERENEOIESESNEH.
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X, Y, ZHEHR

HER IR £

10

ATMEL

& 1788 R26..R31 BT AEBAFFSRIN , £ MER BUIRE ES ut ARt ig4t, X=
MNEET U FF 28~ T Figure 5.

Figure 5. X. Y. Z&F&

15 XH XL
X B8 |7 o]~ 0]
R27 ($1B) R26 ($1A)
15 YH YL
Y H178 K o]~ o]
R29 ($1D) R28 ($1C)
15 ZH zL 0
Z 558 |7 0 |7 0 |
R31 ($1F) R30 ($1E)

EFRENFUERD  XEwIFEHRAULNEEREE , B300—ME 30— 8.
S4BT ESAETE.

HRIBHEIERAXRRERNEHE. BREENTE / FEFNIRE L, #HikiSH RIS
BRI TSR, B33 AVR MR EZR TEKH |, BNEFBURHE AR | #HRIBH K
BERDA

I IEMBIE SRAM kX, EHRET FREFMKMPUERK, AR FEFMNE
BErR T 2 BT AAUE Rk ZE (A | B IBST XIS B & T 0x60 Ay tbit 228, /A PUSH
O N BRIE#H AR ISR — ; T F2F S ENRE bk A e iS4 R =, 6
A POP IES SRR B e | HiRigstil— ; MA RET = RETI 5N FREFH I
IR [E A AR FE £ D0 =,

AVRHEVHER B4 HIOZE R A AN SN FEEERI ., XREANNBSEASEER. B
EERE AVR BHNBIER AN, ASPLRE® T, HEPFFRELH SPH 5788,

Bit 15 14 13 12 11 10 9 8
SP15 SP14 SP13 SP12 SP11 SP10 SP9 SP8 SPH
SP7 SP6 SP5 SP4 SP3 SP2 SP1 SPO SPL
7 6 5 4 3 2 1 0
®B/B R/W R/IW R/W R/W R/IW R/W R/IW R/W
R/W R/IW R/W R/W R/IW R/W R/IW R/W
HHE 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

ATmega32(L) m————



L | ATmega32(L)

ETHRTRF

ENShMLE

X—FHNRESHITIRPHILEEF. AVR CPU B RGEEH clkepy BB METEP EHE
REEERNR IR, S AR L 9217 255,

Figure 6 83 7 B Harvard ¥ REMN HTEUEMIE TIIT , LUK AT LA TR 1/ 8] 19 27
ﬁ%%ﬁdﬁ‘rﬂw&zo XR—MNERKRAKEE S, HEESE 1 MIPS/MHz , EER R HM
IhEE / Bd4d b, JJ E/ThFELL,

Figure 6. F{TEUIEMIETHIT
T1 T2 T3 T4

ok, 4 . )

CPU

1st Instruction Fetch

] ] ]

] ] ]

| ] |

] 1 ]

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

’ ’ ’

] ] ]

] ] ]

2nd Instruction Execute
3rd Instruction Fetch
3rd Instruction Execute
4th Instruction Fetch | | | |

Figure 7 BRI R FFRXHRBILANF. E—THEARE  ALU TR T
FRRERETRE  ARFEREAFIENFERT S

Figure 7. a4 EHI ALU R/E
T T2 T3 T4

Y A N S N N \

CPU
Total Execution Time

]

I

|

I
Register Operands Fetch :
I

ALU Operation Execute :

I

I

Result Write Back : |

AVR BB F IR, S P NEMERFZRRERINPMEE, AN DTS4
HEBCHEREMN, HERLEN  BRSFERNERPUEREL | B , PEFH
DR, BIERFITRE PC FE | 21 S8E BLBO2 % BLB12 HARMNERT .
U TR BB, XM HEE T RN RS M, 0 P240  FREHE " WA,

BFRE#EXANSREEIRENEVOAENPEE, TENQESIRES N P42 “HE",
FIRWRE T FREPELER. MEFRENBIEBE  RERES. RESET EF&S
MEER , F=NHF INTO - AFHETIER 0, BEENEAFEZHFFER (GICR) B
IVSEL , F i & ] AR E 5| S FlashVi 184k , SR P42 ‘" , wBBLUBOOTRST
WAL EN M EBES|S Flash WKL, B4SI P228 “ XFSISEARF - EE
#9 [ B B LA (RWW, Read-While-Write) B9 B BR4RIREESD ” o

FE—FMRERERPMMEREL | HUFF , NMBELL TAREEMN P, A/ RET0E
HEFREN | RRIPUIRE, W FrA R R o A h i S BT P BT IRS R T, Hh
ITRETIERRE | BF1EL
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ATMEL

MBRAE LE AWK P, F—MAS4EMEHBMHIRS, X TXLEHE , BF
THEER B % B SERRAY AP T [0 B AT R IR RR |, [B) B AR 408 BRAR RL Y P T AR & R
MRS A BN HE "1 WARRBER, HhiRER , WRENK P EREMLN
"0, MRS BEN | F —ERSFBRMENIT , AERREER. XUN , nR2H/
FHIIRSHET | WA EREN B 2BMT , BER | B, RABEEHNZ
B HTL SERMORINTT

FRHRBWFMNEREFHKHFHR e —BEME, XEFHFAZTEFHIRS. &
PR HEFMERECZHIRMELRT , FEITSMAE,

AVR EHHHEEREE ERFHEDNIT —KIEST ULLERITHMM LA PR,
EXENR O #EATHNBRSEFNRSETEST2EIRE , FIRER T2 B3IR
£, XETEXTHEBAFBEIRERTRK.

£/ CLI I8 RE I PlTat |, PUTEIETEIAE R, REDUTATUERIT CLIESERE ,
BFEERERT CLIETHRNAEN, FTHHFiHEE T iAEE EEPROM i fAiX
MNEE R L P IT A £ LR %X EEPROM WA KR,

SCYmCRE Bl

in ri6, SREG R SREG

cli o B

sbhi EECR, EEMWE . B3 EEPROM G#EfE
sbi EECR, EEVE

out SREG, r16 ; WESREG (| 1)

C REBfI=

char cSREG

CSREG = SREG, /* fR#AZSREG */

/% BT/

_CLI();

EECR | = (1<<EEMAE); /* /&%) EEPROM G#E/E*|
EECR | = (1<<EEVE);

SREG = cSREG /* MEZSREG (| fZ) */
EA SEI TP  RREGHNE - KESERITEAPH 2 —ELE EBEIR
1To
LR BHIRE

sei . B

sleep ; H#AMMBERN , EHFHEL
; OEE: ERTEAREEN P E MCU RE EH AKERER

C RIBHIFE
_SEI(); I* E2EHHEERE]
_SLEEP(); I* #HAMEES K SHLAHLE]
[* EE . ERITEASERN PETZE MCU & S# AKERESR */

AVR HifIESIES R 4 NeTEPE . 4 DNt BRE | 1B Bk B SSERAY A B AL 22 i
2o HX 4 Mttt HfE PC B3 Atk. HEEBRAT , PEOEN —MBRRES |, LBk
REFZSNNHEM, IRPME SR EABESTHTHRNRE NWELSEARES
WATTEESE MCU F 2ITHITRERF. & PITRER MCU A TRERIEN |, e R et E)
EFREM 4N AR, WALEERITRNKIREXFEZNEEE.
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PHHREIRERE 4 NP EELHIE PC(AANFT ) F#G R | HERIEH =  REFE
2% SREG H | Ef.
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AVR ATmega32 1744 AT YIR ATmega32 HE#EE. AVR EMEERNTENFHEZTN  BEEFE#HSEZR
=) MEFEMHEEZEE, kI, ATmega32 +H EEPROM EMBURERE, X=/F#
EZERBNEMENTEEN,

RENTREN Flash BF ATmega32 B4 32K FHHELRRE Flash , AT EHEFESRE. BRFTEH AVR B
TFiE R 4% 16 {75k 32 £ , B Flash ALRK 16K x 16 HHF K. AFRFNRSEERE
Flash RFZEBHHAK : 2|5 (Boot) BEXMMAREX , HFRER,

FlashiZt& 28 2 D A LLBE 10,0008, ATmega32 VB FITHES (PC) N 14 4 AL AT LT
it 16K FHRFFHEEEE. SISEFXURMEXHNRGZEBENESN P228 “ X #
SIS EARF - EEH R T LLE (RWW, Read-While-Write) B9 B RYRTZEEH” |, T P240
“IEAEESURIR 7 1ER T A SPI 2 JTAG #ZEORIXS Flash BT T H,

ERALUREFTENEFFERBUZE (SE LPM MRBFFHESRESHEREA ).
HIESHTRFERESL P11 BESRITHE "

Figure 8. 27435 &

$0000

Application Flash Section

R ——

Boot Flash Section

$3FFF
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SRAM BiR1E M8

Figure 9 44 T ATmega32 SRAM ZE B fY AL LM,

Bl 2144 NI ERBAE T FESE . /0 FHESERANEHIE SRAM, £2HAH 96
Mt N FFEXHS /0 FMHEs , EER 2048 FH R I LIE SRAM,

BREEHESNIUARNDN 57 EETU. FTREEBNREI U, BETU, FRE
R EEFUNTEEENEET I, FERXHPHNTEFR R26 F| R31 NEEF ULV
HEFR.

BEEIFUSEE TREMNEX,

TREENHEIUEXEBIUITHFFRY M ZAENENKILH 63 Mt
EBTMEME MY EEIHERXP  FERX. YR Z BzEnED,
ATmega32) £ ZR32/NE A 1285, 64 N/OF 18R R 2048/ F 11 I N ERERIESRAM AT LA
BEMELRNFUEXBHTIHR,. FEEXGNEAR P8 BAFESRXMH .

Figure 9. ¥iE/7422M1&

Register File Data Address Space
RO $0000
R1 $0001
R2 $0002
R29 $001D
R30 $001E
rR3z 4 $001F

1/0 Registers
$00 $0020
$01 $0021
$02 $0022
$3D $005D
$3E $005E
$F 41 $005F
Internal SRAM

$0060
$0061
$085E
$085F

AIMNEL 15



BE 70 85 17 R] B i)

EEPROM B 17t =5

EEPROM & / BEi5d

ATMEL

2155 B 5 ) BB IE AR SR HORT . 20 Figure 10 AR , PIEBEKIE SRAM 15 A1 1E 0 A
Clkepy B4R

Figure 10. 5 £ SRAM 7zEUE A

T1 T2 T3

ak S NN N

cPU | | !
Address | Compute Address | X__Address Valid |
I I I
Data | : ! =,
I I I ‘E
I I I
WR | 1/ 1\ =
I I I —
I I 4 -
Data I =
| | T I
I I | &
RD ! L/ :\
T T —
I I I
Memory Access Instruction Next Instruction

ATmega32@& 1024 FTHHWEEPROMBIE 7R, EREN —MILNBEZRAMEFE
M, AARFTIRE, EEPROM WEWELH 100,000 XEEREH, EEPROM Kif[H
Mt FFEHE. KESFFENEHFERERE.

P240 “ SRR " B &M A SPI, JTAG HHTHEERXX EEPROM 4HRi2.

EEPROM Wi R FF8R1 T 1/0 Z=H,

EEPROMM B ifE it B A Table 145 . B ER ThEE R LALE A P B4 SN At AT A F B8 E
T—%%, AF#EE EEPROM EEFENTRE : £ 8RR A EH LB K/ B8
i, e/ T8 Voo EF/ TREEALRIE. it CPU T TETET RIRFAER
HEREE, 550 P20 “ Byt EEPROM BiEE % ” LUE % HI EEPROM $IEE k1Y

L7}-38

R TBHIEEEIRN EEPROM Bi2fE , EENIT—MSENEF. E4SEF EEPROM
BHFERNAR,

$1T EEPROM &ig#ERt , CPU 2ELT#H 4 NEAH , AEBHITEEES . T
EEPROM Bi&{ER} , CPULEILTHE 2 MNAH , RAEBHITELEIES,

16 ATmega32(L) .
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EEPROM ithit 8 #8% - EEARH

F EEARL

EEPROM ¥ #2 % %88 - EEDR

EEPROM #2#I%& #8% - EECR

Bit 15 14 13 12 11 10 9 8
- - - - - - EEAR9 EEARS8 EEARH
EEAR?7 EEAR6 | EEAR5 | EEAR4 | EEAR3 | EEAR2 | EEAR1 EEARO EEARL

7 6 5 4 3 2 1 0
®B/B R R R R R R R/W RIW
R/W R/IW R/IW R/W R/W R/W R/W RIW
WHE 0 0 0 0 0 0 0 X
X X X X X X X X

« Bits 15..10 — Res: f# 8
REN , BREREERE,

* Bits 9..0 - EEAR9..0: EEPROM i3t

EEPROMitb it 2517 85— EEARHHIEEARLIERE T 1024 F T FWEEPROMZE 8], EEPROM itk
HRLMR , M0 E 1023, EEAR WHIBREREEN ., 7EiFE EEPROM Z ISR EH
BT IEmABEE,

Bit 7 6 5 4 3 2 1 0

| wss LsB | EEDR
®/E 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

 Bits 7..0 - EEDR7.0: EEPROM #1313

*F EEPROM BEigE , EEDR EEEE %S| EEAR 2 TR ; X Fit#k{E, EEDR 2
Miti3it EEAR REUH SR

Bit 7 6 5 4 3 2 1 0

| - EERIE | EEMWE | EEWE EERE | EECR
®/E R R R R R/W R/W R/W R/W
MEE 0 0 0 0 0 0 X 0

o Bits 7..4— Res: & &
REBN , ZBREREERSE,

 Bit 3 - EERIE: EEPROM # & iFh i {5 RE

% SREG 9 |1 3 "1" , ME{y EERIE {8 EEPROM & FHHi, F= EERIE NE I
e, % EEWE ;EZ 8 EEPROM E&Z F MBI A K4,

 Bit 2 - EEMWE: EEPROM =#BE{E#E

EEMWE RE T EEWE By 2 & AT LAUSFHEEPROME##4E, Y EEMWE R "1"8¢ , £ 4/ 6
SEHNE . EEWE SEHIES A EEPROM MigE#HE ; & EEMWE R "0“, Mgk
EEWE &M, EEMWE &fi/5 4 NEH , BN EFESE, I EEPROM EYRZEH5t
EEWE Ry #ik

AIMNEL 17
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ATMEL

e Bit1- EEWE: EEPROM BE{&t
EEWE 3 EEPROM BiR{EMFEREES., & EEPROM HEMMEEF2E , EEN
EEWE LA IEE A EEPROM, Bt EEMWE #&E iy , BN EEPROM BI#EFST 4
KE, EBNFUT (EILTMNEA4LTHRFHATEE)

1. ZFEEWENTRE
%15 SPMCSR ## SPMEN N ERE
F#78 EEPROM it E A EEAR( ik )
F# ) EEPROM #iEE A EEDR( A% )
5 EECR H17881 EEMWE B "1" , F&1E2 EEWE

6. fEE{L EEMWE W 4 NERIR , EfZ EEWE
1£ CPU E Flash %S HMR T 8EX EEPROM #1742, £E3) EEPROM Bz
BIEH AT E Flash BIRERBELTR. TT 2) N ERHF I ECISEFH AT CPU
%t Flash #ITwRENFERH, MR CPU XZEH T LE Flash , T}, (2) J&EBE, HSN
P228 ‘X% #F5| S E AR F — EEME AT AT LLE(RWW, Read-While-Write)# Bl R 4w I28E D
AE - NMRELESF 6 ZBEKRET HHT , BIREFLAK. BN EEPROM BEffgER
{ESF B AT, IR —/NEVE EEPROM Y R HTIT T 7 55 — 1 EEPROM ##4E ,EEAR 5 EEDR
EEFER RIS TR , Sli2 EEPROM BAELM, BV <A 2B P IIRE I,
£ BiHREtEZE , EEWE BHES, AR TUERX —VHHENFREREELXTEK.
EEWE Efif§ , CPU EELLFANMNHEABISET T —RER.

S

+ Bit 0 — EERE: EEPROM & AE

EERE HEEPROMILIREM EREE S, MEEPROMMIHIEBF 2 /5 , EB M EERELLE R
BiEiE A EEAR, EEPROM BEMNEMAFTE—LKES , BLESEE, ®EH EEPROM
J& CPU E=IE 4 M ABF AT BMIT T —RES,

A F#iEH EEPROM B MiZEN EEWE, MR —ANBIREEEHRIT, MELEIRE
EEPROM , 1 &% EZ F 1788 EEAR,

A BOEN F WiR% 28 H T EEPROM ERt, Table 13 CPU 8 EEPROM Ky B2 8 B} ],
Table 1. EEPROM 4wT20tE

s BEM RC FHBRANH AR IR

EEPROM B2k (CPU) 8448 8.5 ms

Note: 1. fEFRT4PSR= I 1 MHz , FE&#H CKSEL B4 M E.

ATmega32(L) m————
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TENARES 3 ATHR C EERB AN ARI EEPROM WERME. EILBRHHTA%E
PATIXLREBN IR I P AL, RERIEHKH%E Boot Loader, & Boot Loader 77
Nl EEPROM EEBEEEEFERIZTH SPM iS4 Ro
SCYmREB BIRE
EEPROM wri te:
EHF LN TREEFE
shi ¢ EECR, EEVEE
rinp EEPROM write
REM I EFFAE (r18:r17)
out EEARH, r18
out EEARL, r17
FFBAIECA B #7745 (1 16)
out EEDR r16
. E{/EEMAE
shi EECR EEMAE
;. EZEEVE KE BHRIE
shi EECR, EEVE
ret

C R#GHIE

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

{
| * FHFL—KEERELEFE *|
whi | e( EECR & ( 1<<EEVE))

1> REHH BT rar* ]
EEAR = ui Addr ess;

EEDR = ucDat a;

1* EEEMAE */

EECR | = (1<<EEMVE) ;

I* ETEEVE XEZIGHEE*]
EECR | = (1<<EEVE);

AIMNEL 19



EHBHKRERN T EEPROM
ERE

P51t EEPROM BB = %

/O %R

ATMEL

TE 1R A FAC4mHM C EEORIEREN EEPROM |, E R RIEFI T LERITIX LR
BHERIEPRE,
LB HIRE
EEPROM r ead:
. EFL-ATGRELE
sbi ¢ EECR, EEVEE
rj np EEPROM read
. IREMHEFFES (r18:117)
out EEARH, r18
out EEARL, rl7
. IREEERE K5 RIE
shi EECR, EERE
. AREE AR
in r 16, EEDR
ret

C R HI=E
unsi gned char EEPROM read(unsi gned i nt ui Address)
{
|* SHFLE—XGEREZRK *|
whi | e( EECR & (1<<EEVE))

1% IREH A

EEAR = ui Address;

|* %EEERE W ESHRIE]
EECR | = (1<<EERE);

1* BHREZFHEEEHRIE *|
return EEDR;

}

ERFHMITESRIESH EEPROM WEBIR{EEREH T, EEPROM MER/E4ksE | HiE
EENSIHRNBEZHI TR, BEERELERE [/ ETFHEZT , SHAHIEL TS
PEBEER, BtERITEBESZEINS R EEPROM B,

EHRBEESE , CPU F EEPROM B[R THEFREE , &K EEPROM BIBMBRIF (=
K)o XFEREMEAIMRIE EEPROM B4 tE2BE, EMEEFAMHBNRY IR,

BT HBEESKER EEPROM BIERAERM IR | —RHEEKT EEPROM B2EME
ENREKEE ; —RCPUARBELRTEEEIE,

EEPROM BB A RIB AT ABN LA T 535 8R -
LB E R RIEAVR RESET 55 R K. iX A LUBEIS EAE/E AV 38 B840 I 88 3% BOD
R3EH, MR BOD BEELEFEERMAUSEANARENEE, EEREIRYS
RETEN , REHEREHBS , GREMTEESE R,

ATmega32 1Y 1/0 ZE B E XL P283 “ FfFga#ik ” .

ATmega32 Fi B 1/0 AN BB E T 1/0Z= 18, FREM /O EAR A LA IN 50UTH
SRIGE LE 32 MNEBRAIESESMN /O 2 RMEREFE, #but7 0x00 - Ox1F B9 /0 FF
T A SBI Ml CBI i EE#H T T4t , ™ SBIS M SBIC M ARKERE —NHE. E
ZNRESAETE, FH IN Fl OUT 5Tt tbit AFE 0x00 - Ox3F Z[H, MREHK
SRAM —#3@3S LD M ST #8515\ 1/0 1788 , MRyt Z 40k 0x20,

20 ATmega32(L) .
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NTEREFRFR , RERANRNE 0", MAREM /0 FEF[N R ITERME,

—RBFEMNERRBIE "1" KXW, BXTENR  SEMASH AVR 7@ ,
CBI M SBl EFRENELERENCHRTRE , EMALATEEXERBHENFF
2%, CBI 5 SBI % 2% 0x00 & Ox1F N HFFEBRBE R,

/10 MR BRHFFREERAMETRITNE,

AIMNEL 21



FGend ¥ R B IR T
N RERES

/0 K44 - clkyo

FHEMNBEE - clkagy

ATMEL

Figure 11 HAVRIEEMHRERE S, XENGHTFTERN T, 7 TEREINFE ,
LB A R R ERE R I T E TENERA RS E0 P30 “ 8ESE K MR
B ", IERSEER Figure 11,

Figure 11. B4

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

Clkpe
clkyo AVR Clock clkepy
Control Unit
CIkASV ClkFLASH
4 A
Reset Logic Watchdog Timer
1 A
Source Clock Watchdog Clock
Clock Watchdog
Multiplexer Oscillator
A A A A

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

CPURTHH SRREAVRAIKI FREME  MBRAFFR XM, REFERRREFHIKEH
HBEFMERR. L1k CPU R RERNKE L THEMITE,

VO RTEr A FEEM /O EIR | IERTBR/ 1TEkEF. SPI # USART, /O B &4k A F 2\ 8 o
B, EXENERELENARTRHHFSEERN , FILEIME /0 BHF=1E 7T XEFEBR
ALABEIME, A, USI ERIERZUHRNELE ck, WBERTHERFSIIAN ,
FEBX N E A RERE R TH A LLEE T4E,

Flash Bt4hi2 4] Flash O MigE, AP EE S CPU 4RI ERRBUS.

REEMBRNAFRSENER / ITREREZANER 32 kHz P S 4K, EHLER
27 [ T EER BN EE R R R X T DR T BN R R — A Kad it

ADCEBZTHIR 4, X4 7] LATE ADC T 4R AR {2 LE CPU I 1/O B4 LA PR AR Bk 7 B 3% 7=
EWRE | MNMIEE ADC HIRBE,

22 ATmega32(L) m————————



HRE B EPIR

ATmega32/ 85 BT L& Flash /8 £ (13 TR R A BH49 IR AP A ZIAVR B 40 &
3R, BORIMENNER,

Table 2. BHiRERE (V)

O BRI CKSEL3..0
SERRE / BERS R 1111 - 1010
FAERME ST B iR 1001
& RC K% 2R 1000 - 0101
REM NI RC %588 0100 - 0001
SAEBatih 0000

Note: 1. WFAEMBLEY , 1" RTKRRE , 0" RREHE

TR HETREEEMIHRTNE, 2 CPU BEBEAREBEARELF , Bk
B RARN B I RERN | RIERTSRETIBRITES Z0# ARERS, ZCPU
MENTFF IR TR |, BB FINAIIER i (8] BMRIEFE MCU FHA IE R THE 2 ol sRiRA 2ARE
B, XMNEFNENENBENRRHIRTR. BTGB RE WDT #R5% 25
BEBHT Table 3. BEIHIERHI[MMRE TEBERE , ¥R P283 “ FiFmd ” .

Table 3. & ¥#K% R ALK

BAMBHEE (Voo =5.0V) | BBEMEHEE (Ve = 3.0V) Bt B IS
4.1 ms 4.3 ms 4K (4,096)
65 ms 69 ms 64K (65,536)

AE BB CKSEL = “0001” , SUT =107, XAMHREFIREMNETEERNE RC K738 ,
BERBEARK, XFHPREBRIEAFALUER ISP KA THRESRSIAMENHIR,

AIMNEL 23



REIRT

ATMEL

XTAL1 5 XTAL2 7518 BER AiRH 2R R m KRB A M A M4 |, 20 Figure 12 PR
EMEHERAIAEALE RS , W AR IREE. B2 CKOPT ARIERX M it
BABERNNWHBZ—, ¥ CKOPT #RER RSB EHH I~ HiEENIKRS. Xih
BRXESTREHE , UREEET XTAL2 B3 = /Natsh EhEEM1ER. mEXIE
XA RBE LR, HREF CKOPT AXRGBRERSH |, ®HINAHESEELR N,
HESRAKBRETHE  BERAREEALRKRE , MATEE EMatihEHes,

X FiEHRET , CKOPT RGN ERAMMEN 8 MHz , CKOPT 4rfEAtH 16 MHz, C1
MC2HHBEE—#H  FTEFANRREERIERSE. RENRESHERN KA EIRSS
X, EEZHERNRENBERIZFEER, Table 4 AH THXN RERBEAMN — L5
M. X THEEIRSS  NiZERA BRENKE. ERSIFESNEXRNMERBERUR
K7 MATHENEES , BSESRARIREHNAFM;.

Figure 12. &% 3R EZER

Cc2

Iy XTAL2
c1 T
St IxTALL

GND

Il

I

FHERTUIETF=TRNERX , 5—HHE—MIIHNETE, TEEXEIBFL
{ CKSEL3..1 3Ri%&4F , %0 Table 4 FiR,

Table 4. REIRH 22 THEER

A RERTEZE C1 M C2 MiEESE
CKOPT | CKSEL3..1 HREE (MHz) (pF)
1 101 04-0.9 -
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. WEBIFNERTRHE , ReeA THEERS.

24 ATmega32(L) m————————
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th Table 5 Fi7R , 84247 CKSELO MK SUT1..0 B TR B sh6tHE,
Table 5. R{&IRS 25 A £PIE XS N B9 /5 3 BF 8]

&= (RS IE
FHESTEERTH BAFIE (Ve =
CKSELO | SUT1..0 Ezet A 5.0V) HERE
0 00 258 CK™ 4.1 ms ﬁﬁmﬁg  BRREE
0 01 258 CK™) 65 ms ﬁﬁﬁ*’f‘% , SRR L
0 10 1K CK®@ - P&EEHRER , BOD fAE
0 11 1K CK®@ 4.1 ms ﬁﬁﬁﬁ% BRI L
1 00 1K CK® 65 ms ﬁﬁﬁﬁ‘%  BREN L
1 01 16K CK - A%EARH=R , BOD fERE
1 10 16K CK 4.1 ms gﬁﬁ%% , BRREL
1 11 16K CK 65 ms gﬁf‘%%ﬁ BRI L
Notes: 1. XLRMALAT THEMRFARBETHRAMER , MASHHWARRESEN T RLA
MEFEENER. FEAT R,
2. XERMENMERRBF[ZITH , TURIESHNMERBRE, B IEMEFRE

AIMNEL

ET&AME  MARBNNWARBEEX TRAMS TEEN HER T RE,

25



B R E RS

S8 RC 5% 88

ATMEL

R TR 32.768 kHz R B EIENSZHN TR | HTUFHBEL L CKSEL iRE&H “1001”
LU IR EM REIRH RS, REMNIEREA R Figure 12 FiR. B EL L CKOPT B4
2, AP AT LUERE XTALT F XTAL2 FIAEZBER , NI EBRAZBEBEE ., AIBEBHIRIEK
{8 36 pF,

BB TEINMRHEEZE , BEIEHBELAM SUT BBE |, 20 Table 6 FiRo.
Table 6. K47 &4 3R% 2549 /5 st iE]

FeEXANYREX | SUROESAER
SUT1..0 9 J3 Zh 1Al RHE (Voo = 5.0V) | ¥EFRZE
00 1K CK" 41ms BIRRELF , =2 BOD fEaE
01 1K CK(™ 65 ms BREE LA
10 32K CK 65 ms BHNMRELRE
1 RE

Note: 1. XURTABATEINPNMRRBEENNAMSE FEEZNER,

3 F Bt 18] R EUR A R AT AE A Figure 13 B9SLER RC K575, MERTLUBEL SR f=
1/(3RC) B THEE T LT, BR C ELE 22 pF, BEmEL LM CKOPT , AT LAE
B XTAL1 #1 GND Z B 5 36 pF B , N EFABRMR. BRIRIMEXIRGEFN
M IEUAROMAIEE R M CHESKEES | ESE/NE RC RKFENHFM.

Figure 13. /A& RC Eii&

Voo

R NC XTAL2
t XTALL

C=

j GND

EHBRTUTETANENER  SMAETECHRFREE. THEEXBESHEL
i CKSEL3..0 3£ HY , 2 Table 7 Ffi o

26 ATmega32(L) .
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REMN R A RC #©% 3%

Table 7. #1\Zf RC #5588 T/EE R

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

BETEIMEERZE , BINEBRBLA SUT BE , 40 Table 8 FiRo

Table 8. #\#f RC &% 830 /S 3Bt H]

FEEXMNERER | SUNNEIAER
SUT1..0 el =L BHE (Voo = 5.0V) | ¥R
00 18 CK - BOD {4
01 18 CK 41ms BR PR A
10 18 CK 65 ms BRES LA
11 6 CK(" 41 ms BIRHOE EFH |, 22 BOD fE#E

Note: 1. XUEETRBEAT THEMBRAKEE T HRAFRANER.

FREWNHA A RC IHERBETEEM 1.0, 2.0, 4.0 5 8.0 MHz Hyat4h, XLEEHRE R
5V, 25°C THIMRMEUE, XMt o UMER RERtY | REIRE Table 9 XBL£ 1
CKSEL#1T4mZEN 7T, 3£ 421X Nt 84 (BL B FBEXT CKOPT # 1T4R 12 ) 2 E M L BN SBES44
T, ENVREESITEZT MEZE OSCCAL F1F28 , HII AN RC IRHEMIRE. £
5V, 25°C MSER 1.0 MHz B , XFFRE T ARMIRME £ 3% WHEE ; A
www.atmel.com/avr RFTAHIN G E T EFMEE, FAEET  EEERE +1% . 4
FERAXMEZSRENRGHSN  BENANAERECHNENNHENSENRHEMNN
fKiE. ESNEXNGERENERBESA P242 “REFET 7,

Table 9. S AIREM RC X% 28 TEER

CKSEL3..0 EIER (MHZ)
0001™M 1.0
0010 2.0
0011 4.0
0100 8.0

Note: 1. HJ BHIRE.
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RHERIRE R 738 - OSCCAL

ATMEL

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

Table 10. MEP#RE RC &% 27495 3 B A

FeafSEaEXNE & R FSNER B R
SUT1..0 Zhat i (Vee = 5.0V) HERZE
00 6 CK - BOD {8k
01 6 CK 41ms BRI E A
10 6 CK 65 ms BREE LA
11 3

Note: 1. HJ BHIRE.

Bit 7 6 5 4 3 2 1 0

| cAL7 CAL6 CAL5 | CAL4 | CAL3 | CAL2 CALA1 CALO | OScCAL
®/B R/W R/W R/W R/W R/W R/W R/W R/W
RE RERE

 Bits 7..0 — CAL7..0: iK% B EHIE

FHREHRES AX Ntk i AN AR 8 TR T SUBEBRB TEF T Z T RN
BMERE, SN 1 MHz WRERE (FFIARENSFT |, it 0x00) B3 NEE
OSCCAL F#F88. MRFENI RCIRHEFTETHMER HERFELTAIME : 8
SBEIHERFIRIAHKE AR ERERFE Flash & EEPROM 2/, XLEHE
AT LUEE IR ER , AREMNEE OSCCAL FE85. % OSCCAL N EN IR URKIKM
ETHh, ENESNFTASTHREFNABIRZROMERTERK, BEA OxFF BIBERSM
R, RENIRHEEANRNIHE EEPROM M Flash E&f, HE EEPROM # Flash BY#24E
R A EF AR ERBIIRMIAEN 10% , BNBREE TR, EXZRFHIX
1.0, 2.0, 4.0718.0 MHziX WAL BT THRE , HASARN TR RIE |, M Table 117 Ko

Table 11. AP RC IRSHESIMERBHE .

OSCCAL % | B/E , SRFARNESHL (%) | BXHEER , FHRENED L (%)
$00 50 100
$7F 75 150
$FF 100 200

28 ATmega32(L) .



TERAR / i BRiRSE AR

AT MAERET SRS S, XTAL1 % Figure 14 FRREVHEEITESRE, Bt | B4 W
CKSEL %4042 H “0000”, &5 44 CKOPT #4wi2 , AP B A LAME A N ZBH XTAL1
GND 2 [E#Y 36 pF &,

Figure 14. A SRR EER

NC ——— XTAL2

EXTERNAL
CLOCK
SIGNAL

XTALA1

GND

-

ERTEXMESHSRCE , B EIHBL SUT BXE , I Table 12 FiRo
Table 12. S\ZBatsh 9 /3 30 A 1E)

REEEXSEaEXN U FSER B
SUT1..0 Azt (Vee = 5.0V) HERX
00 6 CK - BOD f£&¢
01 6 CK 4.1ms BR PR EF
10 6 CK 65 ms BRES LA
11 RE

7T HRIEMCU BEBRRE T , TRERANZINE TR ITH AR, THEFRRTET
2% FFEREAR, NIZE MCU RIFE DR RS ER At 40 B 557 SR

N FHEERSS / RFET5IH (TOSC1 #1 TOSC2) M9 AVR b IE8S , RAETTUEESIX
FANSIRERE | TENRBER, IRH 24X 32.768 kHz B R FEET L. TEIL
£ TOSC1 S|l ARZE S
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HREEREIRED AR AT AR RS MCU siR B EAMER | WRENE. AVR E5FF

MERERX , ATAFREACHNAZERIBIA,

HARBRERNNRGR2ENEFEEE MCUCR B9 SE |, RAEH1T SLEEP 5. E&H—ih
B (ZRER, ADCIEFIFIEN, #EaEN, F8ER, Standby EX MY & Standby
13X ) B MCUCR #9 SM2, SM1 # SMO JRE , 10 Table 13 Pi7R. fERERY R BT AT SURF I
ABEREXH MCU %EE, 2 FzhatE |, 240 4 Nt BEE , MCU ® A LLUE 1T Sl
BIRT . AFIREZ SLEEP W T —REDS. RENTFTLRTFFHEXHM SRAM R
B, MREEERLRBHPRETENM , N MCU KR EE 5 F @ EF BHIT.

P22 Figure 11 /1487 ATmega32 FEIMN I RERHE 2 F,. LB ERFE S ENERER

NIEEEA,
MCU #4I#% %8 - MCUCR BHEFHRIETEHREENEEINL,
Bit 7 6 5 4 3 2 1 0
| SE | SM2 | SM1 | SMo ISC11 1SC10 1SC01 I1SC00 | MCUCR
®/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

30

« Bit 7 — SE: {kKEEfE&E

B T MCU #£#1T SLEEP EE$R# AKEEER , SE BB M. I T HFRHFAIKEE
RNERFANEETH , BIWUE SLEEP EESH B — &S E[ SE., MCU —B%REEN
ENs&BR SE.

* Bits 6...4 — SM2..0: {fRIEERR &R 2, 1F10

B0 Table 13 FR , X4 TR EAMNREER,

Table 13. REEEIIERF

SM2 SM1 SMo PREE#EE
0 ZERER

1 ADC = HI#E =
0 EEER

1 BN
0

1

0

*E

*E

Standby!" &=

1 1 ¥ & Standby" &z

Note: 1. {NTEEANIBEERIEIRESAT Standby XS B Standby R F 7 A,

0
0
1
1
0
0
1

0
0
0
0
1
1
1
1
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ADC = HES

FeEEN

=t S

Standby &=

% SM2..0 3 000 B} , SLEEP IE$ £ MCU #HAZRER, FHERXT , CPU FLLE
1T, M SPI. USART, ##lLLi88., ADC, W&k SETHEA, Em‘%ﬁ/ﬁi&%ﬁ R
SRS T, X ANBEEAE T RS L T Clkgpy N Clkp agy , EL At B £ M 4R EE T 46,

REMEGRHS USART E£HRISERE AN HEE T LAGE MCU, INREFRFTEMNELLLL
KRESRHTREE MCU , A TRIA IR |, ALY L RSN BIR, HERBEMNELI LRSI
HIFIRASZF1E28 ACSR B9 ACD., IR ADC fFRE , #AMER BB B3 — Rk,

3 SM2..0 7y 001 B} , SLEEP 55 MCU # AR EM#HER, EHEXT , CPUE
LIEiE1T , ™ ADC., SAERrRHf, FLIZEOuEE, EAT85/ 158 2 MBI MMksE T4k,
XANERERRELET clkyo. clkepy M clke agy , ELAETEh M 4EEE T 4£,

WEXESRT ADC HWIRFINE  FEEKRBEES. ADC MR | #H ALK F
B3B3 —k AD ¥, ADC Ei-}é’e ERAPMT, AHBEN., FiIAEN. BOD £, L&k
FEO M PCE BT, ERTET / 1TERES 2 U, SPM/EEPROM #& i, SAZBEEF Fff
INTO =% INT1 , SRAAZBAMT INT2 AT LA MCU M ADC M7= #) i 48 =X MR B2

% SM2..0 4 010 &Y , SLEEP B MCU AR BENX, EUHERXT , HEFREE
ik , MONERAPBT, P Ot U R B 10 ( MREERERIE ) HETH, ABHAKE
fu, EMWEN. BOD &, RMLZO MR AT, SAEBBFHE INTO = INT1, =
SNERFR BT INT2 AT BASE MCU BB iR ER . XNERENFLETARANNY K RAeRS
RESR AT ABREE T 4E,

HERABBEPE G MCU N2 EXREER , XTRIGFINEFEF —ERNRTE, &
HES I P64 “ SAERHMT " .

MBE DN B K FE SR - B HIE MR BB G — MR BT |, UL B R A TR ESR 3 HIRE T Ko
MEEFEH S AL CKSEL EXHNEMEMR —HH , 201 P23 “ IR ",

% SM2..0 7y 011 B , SLEEP #5[ MCU # A BER, X—EX5EEERR
—RAE

WMRERER /1T HRER 2 AR PSRy  EIEF 738 ASSR K AS2 Bfv ,MIERZR /TR 2 &
MERR AT HEE 1T, BRT IR RES X |, EAER / ITER 2 AR H P T LR T E&
BT 5 AT LURF MCU MIRER 5 MR BE | RE TIMSK 288 7 iX il , ME SREG £/
T ERE(Y | B AL

NMRRSERBIRRIEHN  BNERAEBER  MAREBER. BNEEBER
T,H5AS280, I MCUMREBERS ENGFNFFRBERXBENLHN.

IXANERRE N LE T ER clkagy ANFIERIR S |, RERDERATUE T 4,

% SM2..0 73 110 BY , SLEEP #8446 MCU B A Standby 3, X —EXSEHEERK
M- TRZAE T8RSN THE. ARENBIFE 6 MetteEAY.
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¥ B Standby 3 % SM2.0 9 111 B , SLEEP ¥ E MCU # AF RH Standby X, X— X548
EFERAE-—NTEAZAETRZH/ERTHE, HRENRIAFE 6 Mot FH,

Table 14. £ 71 [ERERRAR I T 75 3h 89 B £ LA 2 MR BE R

TRy ted Ehes e RE SR
fi2Re SEPENI!‘I
S| B ol > %ﬁg E?rg TWI | &6 | ROM | A "
5 & o 2 2 NE | B N-o | hht | B8 | HER | D H
MEMS | 3 S = 5 5| mi A ZZ22 mE 2 | # | c| IO
ZERE X| X| X X | x@ X X X X | X| X
ADC K 7= #] @) ®)
g X | X X | X X X X X | X
EepER X@®) X
HepEx X@ X@ | x® X | x@
ié"’}?)dbyﬁ X X® | X
T EW
Standby & X@ 1 X | x@ | x® X | x@
£
Notes: 1. B4R SRR 4ATR L RS
2. ASSR #y AS2 By
3. INT2 REEFHRT INT1 5 INTO
B/MEIhFE R ERIE AVR RS RENENEEZEBLANEE, — k3 ER AR AEREER
HEGERTEEDPERRE TE, TEEMNINEESLMEIL, THNWEREZHHREERLUE
R ERA TN,
ERFEREE fEBERT , ADC EEERERNTHETIE, A THRENZE K THAEBREXNZNEEE L

ADC., EFEZENE —RERNT BNEKR, BAESR P187 “ ERERSE ",
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=R BOD

FARHRE

FiRENER

WO S

JTAG 05k LR RS

EZEAERN , MRREEAELREE  TURHEXA, £ ADC RENFEXTHE
ik, EHMEREXNEMLERBEREIXAN, MREDLREBEHATAPREREE
B, NFREALAEREXTHREXAE, ENRBEERE LR —BEfR, BZR
P184 “ #EHLLLIRER " A T SR A B B AR L EL R 2R o

WRRGRBEMFLERNET BOD , X MER B AT AKX, RG24 BODEN #4miE
MfERET BOD g , ©FESMKREER THE T, ERBRVAREREXT , x4
BT S SERNBALE, BSE P37 “HERN " T BNAEE BOD,

fFH BOD, #EEALLEREEH ADC R A EERNIPEEEER, BXEEREPELT  WE
AR AT, EFMFREERAFPMNESESERRECETUUEAT. MREHERAE
REESEHE2FEEN  HMH AT UFER, B30 P39 FREHBEE " U THREHR
BRI M,

MRREEFZERENR , XMERBAILKRHE, B , MEEMKRIEER TEFET
B, NTEEBER. ERBANEREXT , XMERFESEERVBRALE, BSE
P39 “ B VMERER " AT BB E R MERER.

HAREBERS , FAAENROSIHBNZREN VERER I NDE. HEENREETRS
B RAE. FEREERT /0 B4 clk,o M ADC B4t clkape BEFLIET |, AR TSR
WELT , NRIEMABERSEELR. EREERTRABERMELEN , ARKQN
KBRS, AT ULIhAEM ESIMIES A P51 “ BFMAFRMERER ", MRERAS
TREEREREN , LA ATRER S , G BT UFNIZEER Vo2, BURMAZHELH
FEINBER,

MBI SEL AL OCDEN AL T /5 B RS | Lt A s & B e E e eh R 1%
BT, ERERXPI ERELERNBALE, THE=HERSE
-«  T4m#E OCDEN

T4mTE JTAGEN
- EfI MCUCSR #y JTD
= JTAG #OERET JTAG TAP 25208 B R ITHRIE M |, 5| TDO FHAZ, RS
TDO SIMNEZNEMFBESE EA B | RN, S|RHEN5IM DI I8 — LS

fE, EERESESTLTENT —INGHEE TDO SIfigE L HE, B &E{ MCUCSR
F1EEH JTD HAX JTAG BLIREBAILAELE JTAG 0,
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REEHSEN
{7 AVR

SR

3« ATmega32(L)

ATMEL

SENHEN /0 FERHBHIRENNAE K BENENRELFHBINT. SNEELH
ERMMBLEIT B JMP 55, UEEFREIEMLEHRE, MRBFKEZARRAF
WIThEE , PR ERLIH — RN EFRBFAES. XM EBFEREEATYENEEN
TRARFX , PliEEMN T Boot XK — s&ERI K — WIRHR, Figure 15 R ENMZE
HEE, Table 15 MEX T EMNMHEENBESSH,

SEMRARE /0 iwAMEIEM AIAE. LI FEREMeFiLFEEZTRE.
FIENENETHEAZE , SHRIH —NERITHRESURE | FRIPEMHARIEK,
XL EAHRESBE MCU EE T A —ENMALBEFREFRENBE, ERITH
BSHY R At A @ B 417 SUT 5 CKSEL iR E. MR RIMNIERIES A P23 “ B4R 7 5

ATmega32 & 5 NEMIR :

« LtEEY, BREEET LBEMIIR Veor B, MCU £,

. AEE{L, 5 RESET LM EBFRFEN R AT &P RER MCU £,

- BINAEMN. BAFEAXEE THENSEHNENRE,

o HHERNEN. EERMNEMINEEELE  BRRBERTEESRMEMITR Vgor BT
MCU Bl & {L,

JTAG AVR &1, EUFFERN 1 Bf MCU £, ¥R P210 “IEEE 1149.1 (JTAG) i1
REHE

Figure 15. E{1i8%

DATA BUS

<

MCU Control and Status
Register (MCUCSR)
Lo LLf L L
Rl
vee Power-on ol @ x5l 2™
Reset Circuit
BODEN Brown-put_
BODLEVEL Reset Circuit
m
Pull-up Resistor a
\ 4
— SPIKE o \ —<
RESET FILTER »| Reset Circuit 1| s Q <Z(
H:L/ &
—R
[ m z
o £
JTAG Reset Watchdog IEI.:J
Register Timer o
[}
T [=
z
3
Watchdog O
Oscillator
A
>
Clock CK Delay Counters
Generator TIMEOUT
CKSEL[3:0] —4]\
suT[:0] — |
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Table 15. E{u4&t

::|
i
"5 | 3% 4 B/ME | BAE | BN
THEEMIREE (BE
BHEEIE L7 ) 14 23 v
Veor N
LEHEMNIREE (BE 13 23 v
AEIERKE D : '
VRrsT RESET [1BR®BE 0.1 Ve 0.9V \Y,
trsT RESET &/MkH R E 1.5 us
v EEONEMIREEP | BODLEVEL =1 25 2.7 3.2 v
BOT BODLEVEL=0 | 3.7 | 4.0 4.2
t RIS N EMAIKE | BODLEVEL =1 2 us
BOD T E/ N SEERT R BODLEVEL = 0 2 s
Viysr | BERNBHAER 50 mv

Notes: 1. BETEEN , REBERT Vpor MEMNT 2K E,
2. —UEERHM Voo TEELEARTRM /D THEBER ER, XEBFEEF MK I B H#T
T Vee = Vgor IR |, RIEE Voo TRILGBELZEEIEZA-EREERNE
fiIo ATmega32L HKIMiA%HH BODLEVEL=1, ATmega32 HKIMiX&4R
BODLEVEL=0, BODLEVEL=1 F&MF ATmega32,
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L@BEM (POR) Bk AR B4, KAUBFES A Table 15, TS Vo K
TRMNET POR BIAk4%E, POR BIERFALARMABHEM , HERARLN BIFHBE,

POR B RRRIEZRME LB SN, Voo R R EBREBEGRA IR IR, EiHERR
HZ BBt —ERFANEMRS. 2 Voo TR, REETRNIR , RESET 53
=8

Figure 16. MCU /3313372 , RESET iE# 3 V..

Vv
RESET RST

-7 Veor
Vee J
1
1
1
(I,
1
1
1
1

1

TIME-OUT E‘ trour ’l
1
1

R | |

Figure 17. MCU /B31378 , RESET sk s kil
N A

RESET 5 % Vest

1
< tour >

TIME-OUT

1

1

|

INTERNAL |
RESET

ATmega32(L) m————



SERE A

RN

ATmega32(L)

AEBE ST RESET SIMMERT =4, HEMESFEENEAT R NONEE
& (2 Table 15) AR EAETR |, BMEIE 8 ERHHERERT. HHMESKE
EHTIREE Ve EFR ) Y | troyr KR EEFF 14, MRS MCU BIEZ).

Figure 18. THEERBHRRXENBEN

Vee

RESET

1 1
N 'VRST .
1 1
1 1
1 1
1 1
|
I : < tTOUT
TIME-OUT : : |
|
|

|
|
INTERNAL 4 |
RESET

ATmega32 E4 K A BOD(Brown-out Detection) B8 , BX SEEH it & BFERIFT LR
KMNITHELSERD Voo T, i RBFBEI B2 BODLEVEL RigE , 2.7V
(BODLEVEL *4%#2 ) , 4.0V (BODLEVEL E4##& )o BOD M fit % 85T EHRFEEELUH
BREBRRIEHEE, XABRFIEETTABER RN Voors = Veor + Viyst/2 AR Vgor. = Vgor
- Vhvst/20

BOD &K FFXHIEL (UBODEN##|, ZBODAEAL/S (BODEN#ME) , — BV FHEE|

ﬁﬂivaE.ZFJ«}{—F (VBOT- , Figure 19) , BOD Eﬁiﬁﬂﬂw;\aﬁo é' VCC J:ﬂ'ﬂﬁﬂﬁ EE.$J'1JZ
B (Vgor , Figure 19) | ZEBYIHERERTT 1R , — BB At troyr , MCUBMRE T4E,

WR Voo —ERTFREEFHRISN Table 15 FRRAIETE tgop , BOD BT RN &
EBE.

Figure 19. T#ESREBHR A EEBERNE N

Vee
| |
I I
| |
RESET ! !
| |
I I
l l
I I
TIME-OUT ! ~ trout
| |
| |
| |
INTERNAL ‘ |
RESET ! }
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BRER

MCU #BHARE T 78R -
MCUCSR

ATMEL

EMRENSRERT~ AR 14 CK AN EMET. FEROPH TEA | EaT
ERNEBEFFEX troyr 188 ES N P39 AT BB THENSRHN EARELR,

Figure 20. THESBHPREFRITHEN

Vee
RESET
—>» [«— 1 CK Cycle
WDT
TIME-OUT n
"
1
1 e— t 4"
RESET : TouT
TIME-OUT

1
1
INTERNAL | |
RESET

MCU 2 HFRSFFaREM T AXEIE MCU ENEMRNESR.

Bit 7 6 5 4 3 2 1 0

| s7o | 1sc2 | - | JTRF | WDRF | BORF | EXTRF | PORF | McucsrR
®/B R/W R/W R R/W R/W R/W R/W R/W
IRE 0 0 0 WAL A

+ Bit4 - JTRF: JTAG £fIif&

B JTAG 5 AVR_RESET WL JTAG SN EFFREN , #51%k MCU &1z , HE
JTRF Ef, FHEMEFEEES , L lBEE "0” K&K,

» Bit 3- WDRF: B 1fAE iz

BRSENEEREN, LREEMFHFEEES  wallEEE "0” KiEFKR.

» Bit 2 - BORF: RN EMIEE
EEHRENENEENEN, FEEMHEEEE BN E "0” K&,

» Bit 1 — EXTRF: AP EALIRE
NABENEERNBEN, LHEMGFEEES , bt UBIE 0" KER.

+ Bit0 - PORF: LB E{Uff+
EBEENREREN, REEBEE 0" KER,

NTEAXEEMRERRMNEMESE  AFNZR PR FRENRE  REFHE
o MREHMEMRECIHRUFTEREN  WEEEVFRTUBIRESVIRERT
o
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FAEMKSBEE

B B ERES S A S 3 ]

BrER2

BRENEEH SR -
WDTCR

ATmega32 EE R NEERELER  ATESKRN , SERENEULRIEIHADCHBH A
ADC HJ 2.56V E A8 itk N BERRE AR ™= 4,

BEEENZ R JEEIME TR, BaIEtE ST Table 16, 71 7 BEIIFE , AT
2 HI 2R ENTERITI

1. BOD fiE8E ( 841 BODEN #4mT2 )

2. REREEREEIELEREE (ACSR F1788M ACBG Bf1 )

3. ADC ffge

Eit , % BOD #Z 1LY , By ACBG HiffsE ADC FEEHE KR, N THRERBEER
HIZh#E , AP AT ER=F&4 | HER AEBER 25X A2 ER,

Table 16. F#FBEEEFERAVISE

BN | BRE | BX
s 28 = = & L 30)
Veg REREARBE 115 | 1.23 | 1.35 Y
tsg BEREER /S i Ed A 40 70 us
lsg REFRE AR TN#E 10 A

EAERSRAMIMA 1 Mhz FAIRHEBRESN . XR Voo =5V RVHEEE, ESRE
BREUTHEMV cEF THHRBEE, BYRES NRENSRNMDHRTURTE R
S ayetEEFE 20 P40 Table 17 FiR. BIHEMIET WDR AR EN B TRER 5.
A BB AEN SRR ES VAN ERNREEEN, EMFEE 8 MNET. WRRE
RetEVERNS , — ENRABESSMER , ATmega32 MEM , AMITENEMEREG@IN
BF. E4NENRENMNFE P38 B,

AT EERcAZLEENRENS , EENAEARLAR - M RHENELFH. R
Bl ESREHTER.

Figure 21. &I 1MER 2]

WATCHDOG _ WATCHDOG
OSCILLATOR < PRESCALER
XX X| X| X|X| XX
HEEEEHHEE
WATCHDOG 218(3|3|3|3|3|g
RESET °l1°|°|3|s
YYVVYVYVY
WDPO 2\
WDP1 §\
WDP2
WDE
MCU RESET
Bit 7 6 5 4 3 2 1 0
| - - - WDTOE | WDE WDP2 WDP1 WDPO | WDTCR
®/IE R R R RIW R/W RIW RIW R/W
BE 0 0 0 0 0 0 0 0
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» Bits 7..5-Res: &8
REBN , HBREREERNS,

e Bit4 - WDTOE: B[ 1fI<{HkE

&S WDE it 4MEB N WDTOE , BN FRERIEE IR, — BB , BHHEZSEN 4N
AP EHEBES, H2E8% WDE NIRBARZIEE A,

. Bit3 - WDE: B[ 1¥i{E#E

WDE R "1“&t , B AR , ENE N EELL, REE WDTOE K "1“&f WDE F8EE
T, UTAXABITRHNSE

1. EE-—-NMESAX WDTOE # WDE E "1, Bl WDE E£& 5 "1¢

2. EEEN 4 ARz WDE B "0”

* Bits 2..0 - WDP2, WDP1, WDPO: B 1 Er Mo Mg 2,10

WDP2, WDP1 #l WDPO REE I AER ST o 4528 , Ef 2 5{E KA R YR B H
Table 18 Fi Ro

Table 17. &I 1HER 2570 2 M 25 1E 1

Ve =3.0VETERE | Vo =5.0VETHER
WDP2 | WDP1 | WDPO WDT #E% 28 AH Ay R AR #9 % i

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

THEHNAF2 3 ACHmM C KT T XM WDT f9#RE. ERBREFMLTRAFEHZT (
it/ )  EMERT TERFNPHF2RE.

Cm R HIRE

ATmega32(L) m————
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WDT_of f:

. E/WTOE A WDE

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

; KATVDT

Idi ri16, (0<<WDE)

out WDTCR, r16

ret

C Ru3HI%E

voi d WDT_of f (voi d)

{
| * E{/\WTOE AVDE */

[* FXHEIWDT */
WDTCR = 0x00;

WDTCR = (1<<WDTOE) | (1<<WDE);

AIMNEL
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ATMEL

AH5 i BHATmegal328 AL, BB —RIVAVRBP AL EBES N P11 “EN S h L=

ATmega32 Hy i [E &

Table 18. S MO E

BF
OF o) byt @ IR FRBTE
1 $000(" RESET AMSIMBFSIRNEN , LBEN , BER
MEN , BENAEN , UK JTAG AVR 11
2 $002 INTO SAERFHRIER O
3 $004 INT1 SAEBRETIER 1
4 $006 INT2 SAERFRTIER 2
5 $008 TIMER2 COMP | FEATES / IT21E8 2 LEERITEL
6 $00A TIMER2 OVF EREE / ITHRER 2 8 H
7 $00C TIMER1 CAPT | EBI2R/THEER 1 BHHR
8 $00E TIMER1 COMPA | TEBTER / iT#KER 1 LR ITE A
9 $010 TIMER1 COMPB | ErT2S / 15185 1 LR ITh B
10 $012 TIMER1 OVF ERTER /T EER 1 R
1" $014 TIMERO COMP | FEATES / IT#4E8 0 LEER L
12 $016 TIMERO OVF ENTEE / ITERER 08 H
13 $018 SPI, STC SPI BT R
14 $01A USART,RXC | USART, Rx &X
15 $01C USART, UDRE | USART ¥iE& 17852
16 $01E USART, TXC USART , Tx &%
17 $020 ADC ADC #iss
18 $022 EE_RDY EEPROM Fh#k
19 $024 ANA_COMP Bl g
20 $026 TWI ML BTED
21 $028 SPM_RDY REERFEHBATHRE
Notes: 1. &% BOOTRST #4mi2T ,MCU S /GTEFBk#: | Boot Loader, S M P228 “ &

¥SISREARF - EEMRENTEIE (RWW, Read-While-Write) #) B B4mfEHESD ” o
2. YHEFFRCICRMIVSELENAT , PHim 25 % E Boot KMV IA I, BB BN HPETE
ERSERRitHE 3 TR P bt 5 Boot X2 gt ak 2 o

Table 1944 7 FEIMIBOOTRST/IVSELIRE FTHEMN MR EMNNE. IREF KT
TEERERHT , P ERSEEN, ARPUELEEERF, B  NREMNEENT
NMAX K mEMAFHEEMNT Boot X , NENEEZFANEEERF. RAKSREM
I 38
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Table 19. ST EENENHEE 1

BOOTRST IVSEL | &E{rihut P DT [ S 4 v
1 0 $0000 $0002
1 1 $0000 Boot X & {uibit + $0002
0 0 Boot X &tk $0002
0 1 Boot X &\ itk Boot X & btk + $0002
Note: 1. Boot K& it %|F P237 Table 100 o X FI&£ 41 BOOTRST ,“1” RRKEWE |, “07
KTERE.
ATmega32 HEW SV M FMREMNT :
it #"s e A
$000 jmp  RESET ; ERHEE
$002 imp  EXT_INTO ; |RQQ HEfEE
$004 jmp  EXT_INT1 ; | RQL HEfEE
$006 jmp  EXT_INT2 ; R HHEE
$008 jmp  TIM2_COWP o Tinmer2 LERFPETEE
$00A jmp  TIM_OVF o Tinmer2 SGHPETEE
$00C jmp  TIM_CAPT o Timerl fRPHEE
$00E jmp  TIML_COWA o Timerl LB ARETEE
$010 jmp  TIM_COWB ; Timerl HR BHEEE
$012 jmp  TIM_OVF ; Timerl SBHPEEE
$014 jmp  TIM_COW ; Timer0 LERFPHTEE
$016 jnmp  TIM_OVF o Timer0 GBHTPHEE
$018 jmp  SPI_STC ; SPl FRRMERTHEE
$01A jmp  USART_RXC ; USART RX £5RAHfi[E &
$01C jnp  USART_UDRE ; UDR ZEAMfE=E
$01E jmp  USART_TXC ; USART TX £XRHiEE
$020 jmp ADC ; ADC HiRZRPHEEE
$022 jmp EE_RDY ; EEPROM R4 b i m &
$024 jnp  ANA COWP ;BRI P T &
$026 jnmp  TW ; AEBTEOPHNEE
$028 jmp  SPM _RDY ; SPMB& P iimE
$02A RESET: Idi ri16, hi gh(RAMEND) ; FRF
$02B out SPH r16 ; IREBHREH N RAMB TS
$02C Idi  r16, | ow( RAVEND)
$02D out SPL,r16
$02E sei  (EREAR BT
$02F <instr> Xxxx
AIMNEL 43
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M4 {7 BOOTRST K4wTE , Boot XH 4K 77 , HE 1788 GICR #Y IVSEL &{uht , 82

BENENMMTHRENT :

it Eaas) KRB 38R

$000 RESET: Idi ri16, hi gh(RAMEND) ; FRF

$001 out SPH r16 ; IREBHREH N RAMBTRE

$002 Idi  r16, | ow( RAVEND)

$003 out  SPL,r16

$004 sei  (EREAR BT

$005 <instr> Xxxx

.org $3802

$3802 jmp  EXT_INTO ; | RQ HHiEmE

$3804 jmp  EXT_INT1 ; | RQL HEfEE

$3828 jnmp  SPM RDY ;. SPMBL P iimE
L5224 BOOTRST 24%fE , B Boot X 4K F et , HEMEMMPUEENT -

ik Esas) KRB 5% B8

.org $002

$002 jnmp  EXT_INTO ; |RQD HHEE

$004 jmp  EXT_INT1 ; |RQL HEIEE

$028 jmp  SPM RDY ; SPMRLE @£

.org $3800

$3800 RESET: Idi ri16, hi gh(RAVEND) ; TR

$3801 out SPH,ri16 ;IREHER IS N RAMBITRED

$3802 Idi  r16, | ow RANEND)

$3803 out SPL,ri16

$3804 sei  fEREFPIT

$3805 <instr> xxx

L1411 BOOTRST E4i2
BENENMMPHRENT

ik o s
.org $3800

$3800 jnp
$3802 j mp
$3804 i
$3828 i mp
$382A RESET: | di
$382B out
$382C | di
$382D out
$382E sei
$382F

, Boot Xy 4K &7 |

B2 1788 GICR ¥ IVSEL E{uat |, £

R 15 B8

RESET . Reset A&
EXT_I NTO ; |RQ HHiEE
EXT_I NT1 ; |RQL HiEE
SPM_RDY . SPMBEFHTEE

r 16, hi gh( RAMEND) ;
SPH, r 16
r16, | ow( RAMEND)
SPL, r16

IER

; IREHEARIEH Y RAMBYTRED

; fEREPMR

<instr> Xxxx

ATmega32(L) m————
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ENAXH Boot Kz EB3IH
i

BERARMESITEFER - GICR

BRADIZHTFRERETHEOERNKE L,

Bit 7 6 5 4 3 2 1 0

| T INTO INT2 = = = IVSEL IVCE | GIcrR
®/E R/W R/W R/W R R R R/W R/W
HEE 0 0 0 0 0 0 0 0

» Bit1 - IVSEL: Hifm &%

% IVSEL 7 "0“ B} , PHFEEN T Flash FE AV EA ML ; 2 IVSEL 73 "1“ &, P lfE
BB % Boot XMi2iAtbit, SEBREY Boot XiBtAtbit B 1 BOOTSZ BE, E4iE
2% P228“ SIS RARF - EERRER AT LE (RWW, Read-While-Write) B9 B &4
BEEN ", ATHHILELERATHHEER , SR IVSEL N FEEERMTIRE -

1. BfIPaEEREEN IVCE

2. ERENANNHEHRESEENHIESA IVSEL , BN IVCE B "0”

BT LRFSIR PR B2 L, H3E , B IVCE A M MERELT , H—BERSE

B IVSEL #E2 G T —&KiEA., WRZE IVSEL Bi24E , NIFMEEA IVCE 2EH

AN EARRERZL, FEIENR AERAPHE BN RIL BRESES[OMIBEH

FZUBRENTMm,

Note: ZErhifiEl &/ T BootX , B Boot8iEMBLBO2#4RIE , 1T B A X A TR B ch M 4l 2L 1k
cEHEE BV TRAKX , B Boot 8iE BLB12 #4112 , MNIT Boot X KR A b i
Wk, BX Boot IEMMNATES I P228 “ XIFSISHEARF - EEMNER TR
(RWW, Read-While-Write) f B B mTBEES ~ o
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+ Bit 0 — IVCE: H i BI& AL

3 |VSEL B IVCE 4B (. 1 IVCE = IVSEL BigE2/E 4 M at4dEAH |, IVCE #
BHEE, WHEAR , B IVCE [F&-rhp, BT :

TR AR

Move_i nterrupts:
; fEREHP A EAYE TR
Idi ri16, (1<<IVCE)
out G CR rl6
. TR R E boot Fl ash X
Idi ri16, (1<<IVSEL)
out G CR rl6
ret

C REBfI=

voi d Move_interrupts(void)

{
1> fEREPHTE B AE */
G CR = (1<<I VCE);
[* i E%BE boot Flash X */
G CR = (1<<IVSEL);
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/0 ¥w A
TR

ERBRKF /0 HiRO

ERBERABF /O EAK , FTIE AVR /0 iIg AMEEEIEMIE - Sk - BIRE, XEKE
A SBI= CBl ETHERLEMAN AR (RERKOBF, Bib/FaE LA BME ) T4
TEMBTHMEMON GG (RERIROBE, Zib/ FeE LN B ), WEEPeEax
MEIEShEE D |, AT SRR K BB |, B3R5I LED, FREMIR OSIMEBEESHET
K LB, HERPZIRES Voo MtAHE , W Figure 22 AR, ES I P269 “ &
SEBHE UTHREENSEIIE.

Figure 22. 1/0 5|HIE M REE

pu

Pxn L 2 *

Logic

° |
I
|
pin | See Figure 23
| "General Digital I/O" for
‘ Details

ATAENSTESMVUEARIRE  NEW X XRRFONFES , M/PhEW ‘n” KK
VN EFEES, ERERFEEERTRE, fflil , PORTB3 X RHO BWE 3, MATHIE
AKX R PORTxn. ¥E 1/0 FEE/MENTIF P61 “/0 ix AFFE8MIHA 7 .

BNHEOEBBE = 110 7R - BIEF T - PORTx, HIEH @EF TSR - DDRx M
WO ASIH - PINX. RS ESNRELSREESRNE/ SEES , MkOmASIER
RigHFE, EREEHIIENE , W PINk FESE—VEAZE "1“ NERKES
FESMNMHNBELE "0 51 NREBEIL, HF1FEE SFIOR B EHE {7 PUD &
B P i O S| I #Y £ hr e R R4 AL Ut

FERNBREF /0 R ABESN PA7 “ EABRAKZF /0 MiKO . SHHOSIHRS
SBIhREE MY , W P52 IROME AR TR, BN B MERKN EMAHBALLT 5|
IS —ThRe.

ERERLSIMNE IR 2FMEMETE—mONsIHATERAKRF /0 BH,

wORNEEE ERBEANE /O 3O, Figure 23 A —N1/0 %% A 5| BIAY 5 EA,
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Figure 23. @A = 110"

14 b PUD
—< =
2 ol
DDxn
9a: S
= L o
RESET
RDx
[: )
= 2
/‘ dl
Pxn ’ Q D
X \I PORTxn B <
Do <—|_ |<T:
T WPx @)
RESET
»— SLEEP : RRX
SYNCHRONIZER
| —————— RPx
— > D QF—D Q —|—| ;’
= | PIN; |
| ’7 L q "> Q |
|_ _____ i clkyo
- WDx: WRITE DDRx
PUD: PULLUP DISABLE RDX: READ DDRx
SLEEP:  SLEEP CONTROL WPX: WRITE POR
Clkvo: 1/0 CLOCK RRx: READ PORTX REGISTER
RPX: READ PORTX PIN

Note: 1. WPx, WDx, RRx, RPx  RDx X T [ —ix O8I Fr & 5| I # =R —## . clk,o, SLEEP M
PUD RIS Fr B B9k O #B R — R Y.

SNEOSIHEERS =/NF1FSE{L : DDxn, PORTxn H PINxn , &l P61 “I/O im0 ZH1E88
Ki%BA ” TR, DDxn {uF DDRx & 128 , PORTxn X F PORTx &1F8% , PINxn ¥ F
PINx 1785,

DDxn ARiEFESIBN A B, DDxn "1“Bt, PxnBER@E , SNEE RN @A

%Iﬂﬂ]mlﬁﬁﬂ’ﬁﬁlﬁ a PORTxn y "1*, LRI EBPEFFfERE, MRFEXRAXN LHEBMAE ,
AL PORTxn BFE jZ%»Ht/l\%IﬂiﬂEEEjﬁﬁTtH ENVNFSIHASHES , O
HIRBRHEIET,

LHolHEE N et |, & PORTxn 3 "1, SIM@HS BT ("), B HEEF (0%,

£ (SEA) =2 (DDxn, PORTxn} 0b00) %t S B F ({DDxn, PORTxn} = 0b11) F P
ﬂﬁxmsﬂ:&ﬁtﬂmﬁ EHI s FERE ({DDxn, PORTxn} = 0b01) =% HIKEBEF ({DDxn,
PORTxn} = 0b10) izﬁﬁmﬁiw%%ﬁ—/l\ﬁio BE , LEEfERTETNES
B, BENSHERETEERESEFMEER timE. MBEFEABRTE2XET , T
BB SFIOR F1785H PUD REZILFrA S OM LRI B,

ELimANAEEBEFzEYRtEERIFENRE, AR SAEESES ({DDxn,
PORTxn} = 0b00) 4 H & EF ({DDxn, PORTxn} = 0b11) 4E1 # 8 F %K,

ATmega32(L) m————
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REEI B L BIE

Table 20 545 7 SIMIBV = HIE S,

Table 20. ¥% A 5| MIEE

PUD e
DDxn | PORTxn | (in SFIOR) | /O i3] B8R
0 0 X WA No EEA (Hi-2)
0 1 0 PN Yes | #H\EPERER RIS IT5 HEBR
0 1 1 BWA No B (Hi-2)
1 0 X L] No RHEBT (RER)
1 1 X Wi No MESBET GRER)

Fie tn{AIEE & DDxn , & AT LUEIE 3R EX PINXn B 1788 R IR S 5IM 88 F, 40 Figure 23 Fi 7R ,
PINxn RN MISHAIENBIERAR T —NED R, XHERL AT LUE % 72 A EBET £
RERERENENEEENATIIHMEFTLMERNESTRE. HRRRSIAT
SER, Figure 24 NIEWMSIMBRNELS RN FE, RAMKIMERIER D BN thg max
*ﬂ tpd,min°

Figure 24. ER 5| IERT Y B 25

SYSTEM CLK
INSTRUCTIONS Py XXX X Xkx X innz e X

SYNC LATCH | v
PINXN 3 3
ri7 § 0x00 | | >< OXFF
§< tpd, max ‘i
i i tpd, min i
< >

THZESE - IMRENYTERACERANRY AR, Yt ESHERBIEFESRRXH
§ ; M ESIESRESTULBEHEN , B+ SYNC LATCH 55 XFIR, Bt
HHENESEHSE  RAEEREENREN P EARBIFE PINxn FF88. Wty nax
Mty min TR, SIM ENESHRIGERRT 12 ~ 17 N RERTH,

W Figure 25 A R, RV FHSI B TR EEEREES out MIREUESR in ZREAE
—NEtEP EHAR EIRE | 0 nop T . out IEHENEH EFHREN SYNC LATCH 5.
BB [E) SRRV IEIR B B] t 4 J9 — D REGTAT 8
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Figure 25. VR IR TSI B FHIRE S

ssevec__ [ L [ L [ L[ L

ri6 ! OXFF

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

SYNC LATCH |

PINXxn
ri7 § 0x00 § X oxFF
tpd
“«—

ATmega32(L) m————
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R A ERENERER

RERESIHNLE

THNGFERTIMAENKRAO BHSIHMOM 1, FESIM 2 M3, ARFSIM 4 2 7 1%
BAMA  FENSIH6M7RELNBHE, AR SIMNBRERENR, METEHITE
RYFREE , BANEREMBAETZEBAT — nop EH.

SComizapie (O

; EX EWEBBEMEESEFH

; RmOSIHEN S M

| di r16, (1<<PB7)| (1<<PBS6) | (1<<PB1) | ( 1<<PBO0)

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

out DDRB, r 17

;. RTEZEAnop S

nop

; REUR A S|

in r16, PI NB

C R\BpHIEO

unsi gned char i;

[* ENEHBEMEESETHE */

I* RHOSIMEXF™ */

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

_NGP();

[* BEEURASIH */

i = PINB;

Note: 1. EILREFEERATHNEFR. HENENTEENMNEEIBRNNERE. BEH
B5IMO0, 1, 657, BEEFEAMREER, EXML 2, 3HE, BEEHELRNOS
1 7583,

#0 Figure 23 FiR , MW AES (BESAAENH A ) TS, Ehi SLEEP
ESH MCU RIERHISERMIEDER, BBERUR Standby BR T8 | LB L7
AR Z IR A B R V2 BN EA SN SER,

SIRIMEN S\ BB i i ABY SLEEP S5 KX, BENMHMIRE LR , SLEEP F5HA
B, SIMIAYE —haefERErY SLEEP ity T =3hae , M P52 “ImAMSE e " £
R AR

MRZEEET (1) HRE-MIIRER " LFn, TERASMEMZEEFTLERE
DM AR R UTSIM L BME A R TR R RE | BN R RERE K e ERRT | 48
R AR EMDIKE "17. XEZENSIMEPERRER THRELE "0 2F, B
B RRE T SIMEEREMN "0” 2 71" BIE1t.

MREASIMARBER  BUARXLESIME T - MNEERT, BRMEXFRR | ERE KR
BATASHAFRARER  OERFERLASIHRAHEN LT MERAZESIH
EHEBFEAERES (S, THEEX, ZRERX) HEER.

REENRIEAASIHERBEETN A ERERANIB L BHE, BEIZNREM
LHEBEFEER, MREVHNDEEERERNZNEANB LR THEME, T
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WEBEESRASIMS Vo, 3 GND EE | BRIXE TSI BB AR B et B3
H BT
% OB 58 = Thae BRTYBABFIOMAEZI  ASHHOSIMEEE S =148, Figure 26 %83 7 B Figure

23 LB R O S| M2 HIES RIMAKE “ BN, XEFERNES T2
EFFERmASIKE  EREATUEAERES TAVRRIAE RO SIMH —#RHSA.

PUOEXn A

PUOVxn

Figure 26. O/ E—ZhAe ™

PUD
DDOExn
L DDOVxn
b3 E
p: —
oD
Qe
WDx
PVOEXn
RESET
PVOVXN : RDx
I (n
fl 2
Pxn m
Q D
PoRTin |<£
5 <
DIEOExn Qcin
WPx o
_|—o<}— DIEOVXn RESET
1
RRx
o SLEEP I:

SYNCHRONIZER

>
= » Dixn
@ AlOxn
PUOExn: Pxn PULL-UP OVERRIDE ENABLE PUD: PULLUP DISABLE
PUOVxn: Pxn PULL-UP OVERRIDE VALUE WDx: WRITE DDRx
DDOExn: Pxn DATA DIRECTION OVERRIDE ENABLE RDx: READ DDRx
DDOVxn: Pxn DATA DIRECTION OVERRIDE VALUE RRX: READ PORTx REGISTER
PVOExn: Pxn PORT VALUE OVERRIDE ENABLE WPX: WRITE PORTX
PVOVxn: Pxn PORT VALUE OVERRIDE VALUE RPx: READ PORTXx PIN
DIEOExn: Pxn DIGITAL INPUT-ENABLE OVERRIDE ENABLE ok, 1/O CLOCK
DIEOVxn: Pxn DIGITAL INPUT-ENABLE OVERRIDE VALUE Dixn: DIGITAL INPUT PIN n ON PORTx
SLEEP: SLEEP CONTROL AlOxn: ANALOG INPUT/OUTPUT PIN n ON PORTx

Note: 1. WPx, WDx, RRx, RPxFIRDx3 F [& — N O WP B 5| MR 2 —# 9, clko, SLEEPAH]
PUD UXSPRAE R A ER R — 1. HMESRANE - SIMENR.

Table 21 AERESHIF T, RAPXBLH Figure 26 H5|HMIm AR, XEEHES
B T IhREERT AW,
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Table 21. FE_ThatEHE S —MIEA

EE5EH el %
PUOE EhreapH EWRESEN , LNEBHEMFENEZET PUOY ; BFib
B R {E57F% , Nl {DDxn, PORTxn, PUD} = 0b010 &Y E$iI
BB PR fERE,
PUOV EHrERR # PUOE &1 , MFi& DDxn. PORTxn f PUD 15
EHE BRMUMAERE , PUOV &y /BEEet LR BEE
N
DDOE BiEHE MRRESEN , WiAmHIRIEEEH DDOV 24 ; &
B WESEE , WIS FEEER DDxn F1FE542H,
DDOV BEAE # DDOE &{u , Ml DDOV B{u / FErtm HIXFh iE 8L
EHE [ Z I | A% DDxn FiEesmiR B W4T,
PVOE % O #dE MRXMEFEN , B HIESIELE , IwOBIERH
B R PVOV #4l ; & PVOE B , BRI 4L , i O
EHZ 1288 PORTxn #4l,
PVOV % O 5UE % PVOE &M , WwOEIRERN PVOV , MTEFFES
EHE PORTxn f{Ai& &,
DIEOE B A fFAE MREXMEFEN , BRFMAELEH DIEOV 24 ; &
B DIECEEE \BiF M A EHMCUAIRASHE (IEEE
=, ERER ).
DIEQV A PN ] ¥% DIEOE &1y , DIEOV B / AENH T AFERE/
BExE 21k, MAE MCU RSN ( EFER |, BEER
)o
DI BFEBmA WESHE_UENHTFERA. ERF , XMEEE
RS ANRE  FEERSSEZH. BREHFRMA
AERSE , SMNE-EERNERA B CSNRE S,
AlO BEES BAA /i, ESEESSIMESMEE , MAT)
WA AEXRE®HO.

THHJLVNTEEEBEAEMNEANEZDERURBRINES. BRESERXEZ

ThRERY % B

AIMNEL
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¥ BRIbAE /0 178 - SFIOR

Bit 7 6 5 4 3 2 1 0

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

e Bit2-PUD: &Mt #fH

E{uet, ENfEfFF 738 DDxn M PORTxn B & 7 fE#E L HL B FE ({DDxn, PORTxn} =
0b01) , |/oiﬁuﬂﬁt}i%ﬁﬂ1ﬂ$&§fmo ES N P48 “BLESIM”

WA AMSE_ThaE w0 AR ADC #Eili AK$E =Iha /T\:J:Table22o MRHOAWNBOSIMERNGEH |
WM TREY R | BN iking

Table 22. O A BYSE = IhRE

%O SR by |
PA7 ADC7 (ADC % ABHE 7)
PAB ADCG6 (ADC % Ai®iE 6)
PA5 ADCS5 (ADC i AJBi& 5)
PA4 ADC4 (ADC i AJBiE 4)
PA3 ADC3 (ADC % AJBE 3)
PA2 ADC2 (ADC 3 AEHE 2)
PA1 ADC1 (ADC % ABE 1)
PAO ADCO (ADC % AJ&3E 0)

Table 23 M Table 24 44 Tiwm O A % =I5 P52 Figure 26 EHESHIXIRX R,
Table 23. PA7.PA4 NE_ThEE EHES

ESER 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 ADCT 3 A ADCS6 #i A ADC5 A ADC4 #i A

54 ATmega32(L) .
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W0 B WS =Thae

Table 24. PA3.PAO IE—HREEHES

BE5EH 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 - - - -
AIO ADC3 i A ADC2 # A ADC1 A ADCO #i A
%O B W58 = IhaeS| T Table 25,
Table 25. %O B f95E —Ihee
W O 5 |- Jamby |-
PB7 SCK (SPI B4 #y R 1TR 45 )
PB6 MISO (SPI B&mEHBHA / ML HES )
PB5 MOSI (SPI B& M =M E / MURAES )
PB4 SS (SPI MHLi%Z3IH )
PR3 AINT (LR A )
OCO (T/CO %t Lb B e Fe a i )
B2 AINO (BB LLERIER A )
INT2 ( SAEBR BT 2 5 A )
PB1 T1 (T/IC1 AEBITERERHA )
PBO TO (T/CO S\EBItEERHMA )
XCK (USART SAERET S A / HiH )
SIHEEWNT :

« SCK-#0B,Bit7

SCK : SPI BEM EM ettt ML ARO. TEFMHERES , Fi¢ DDB7 &
B XA SIERRIRE R R A, THETENER | XS HIES @ H DDB7 2

#Hl, REBHNMARR , LN HEEH PORTB7 #4l,

« MISO - ¥%H B, Bit 6

MISO: SPI BEM EHMEHFERMA , MIEBEHER O, TEFTEVER , i DDB6 i&
B XA SIERIRB AR A . TETFMANERE | XS EIES I H DDB6 2

#Hl, REBHNM AR , LN HEEH PORTB6 4,

AIMNEL
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« MOSI-#0 B, Bit5

MOSI: SPIBEMENHERE , ANEER ARO. TEFMIERE |, Fie DDB5 i&
B, XANSIHERE R A HITETFEVERN |, XA SIEEEIES @ H DDB5
2E, RBRN@MAR , EhHEER PORTBS 4,

. SS-#0 B, Bit 4

SS: MHLERB A, TEFMERE , it DDB4 B |, XS MEFEE R @
Ao HULSIBINKRT SPI #8E. THEFENERS | XNSIENEIES REH DDB4S #73
#Hl, REBHNMARE , LN HEEH PORTBS #4l,

« AIN1/0CO - #%A B, Bit 3

AIN1 | BB it A, BLEZSIB @ AR , CIMrARE EHI B | BB FiROhEE
S8l LR BS T REAE I 28,

OCO , Wb RITE A H - PB3 SIBIAI4ERN T/CO LR PCEl Ay ShEB% . SSERiZThaeRT |
PB3 S| A MELE R (iR DDB3 A 1) o £ PWME XM ERTHEERF , OCO S| HIES
Ho

« AINO/INT2 - #% 0O B, Bit 2

AINO , BB IEfM A, BB ZSIB A AR , YIKTNEB LRI earE | Bh L2k O ThAE
SE 8l bR BS T REAE I 28,

INT2 , A\EBRETIR 2 : PB2 SIBYER MCU B A SR R RTR

e T1-¥%0 B, Bit 1
T1, T/IC1 it E=RIR.

* TO/XCK - #xH B, Bit 0
TO , T/CO it#zEiR,

XCK ,USART #\&Batid, #1385 6151785 (DDBO) 12 & ad 44 % i (DDBO &1 ) E R A
(DDBOBEE )o REY USART TEERILERA , XCK 5IBIEE.

Table 26 5 Table 27 441 73w O B 5 = IhAES P52 Figure 26 EFEBHM RKXHK, SPI
MSTR INPUT #SPI SLAVE OUTPUT ¥ T MISO{E 5 , TiMOSIA LA % & H SPI MSTR
OUTPUT # SPI SLAVE INPUT,
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Table 26. PB7..PB4 HE —ThEEERES
&5 —
B 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 it SPI M#L% H SPI E#% 0
DIECE | 0 0 0 0
DIEOV | 0 0 0 0
DI SCK #i A SPI EHEA SPI M#L5 A SPISS
AIO - - - -
Table 27. PB3..PBO STt EHES
5
B PB3/0OCO/AIN1 PB2/INT2/AINO PB1/T1 PBO/TO/XCK
PUOE |0 0 0 0
PUOV |0 0 0 0
DDOE | 0 0 0 0
DDOV | 0 0 0 0
PVOE | OCO f&E 0 0 UMSEL
PVOV | OCO 0 0 XCK i i
DIEOE | 0 INT2 f5E8E 0 0
DIEOV | 0 1 0 0
DI - INT2 %A TI@A XCK A /TO %A
AlO AIN1T A AINO % A - -

AIMNEL
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w0 C S ZIhee R T Table 28, & JTAG #OfE&E , BMEHIME L , 54 PC5(TDI).
PC3(TMS) 5 PC2(TCK) #9 £ 31 &8 BR R BUBCE

Table 28. %A C K58 —Ihag

W05 - —famby ) )-
PC7 TOSC2 ( Em#RHRR S| 2)
PC6 TOSC1 ( ER#RH 2R SIH 1)
PC5 TDI (JTAG MiREkIBH A )
PC4 TDO (JTAG MR FiEH H )
PC3 TMS (JTAG Mid R k=R )
PC2 TCK (JTAG M rtés )
PC1 SDA (FEBRITELBERA /WEE)
PCO SCL ( FA% SRIT B&RTHL )

BoIMEERENT

« TOSC2-u#%0 C, Bit7

TOSC2 , BRI #RS% 251 M) 2: L 787 ASSR H AS2 fUiE 1 , fE8E T/C2 I adsh | SIR
PC7 SimOMFT , AR ABRMN R EH . EXMERT , BERE 3 5%5M1E
BX , &SI REMER /O SIM.

« TOSC1 -0 C, Bit 6

TOSC1 , ERRHESSIH 1: 151735 ASSR I AS2 & 1 , AL T/C2 R L at4th | S|
PC6 Sim O A, MAIRHESRASZHNREHE, EXHERXT , REIRSE551% 5|48
BX |, iZSIBIAEEER 1/0 IR,

« TDI-#%0O C, Bit5

TDI ,JTAGHRBEH A BITHABREBAESTESRBEFTFE(FFHEE). HITAG
BEOMFRE , ZSIBIREEER /0 SIH,

« TDO -i%A C, Bit 4

TDO , JTAG MREBIERA : BITRARBERALESSFEHRIABESTES (AHEE ), 4
JTAG #OFERE , ZSIBITEEER /0 SIHM,

TDO SIMERR TAP RESBERAN =L, BEABBBIERS

« TMS-i%0O C, Bit3

TMS |, JTAGH A ERXIER : ZSIMER TAPE GBS RS I ENEM . HITAGREO fERE |
ZSI B ARELER 110 SIH,

« TCK-1%0 C, Bit2

TCK , JTAG JiR B4 : JTAG THEERPZERX T, L JTAG FOMERE , ZSIMTEEER
I/O SI#f,

+ SDA -i%0O C, Bit1

SDA L BRTIEORE  YFERTWCRH TWEN{LE 1 FAEF L& S1TEO |, SIH PC1
TEmOMEE , BRAMESRTEONSITHIE /O 51, EiZEXT , ESIMLFERE

58 ATmega32(L) .
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WIS ERMEIET 50 ns WA S , BiZSIMBRERENF RIS, HiZsIH
ERAML%ETIED , H9H PORTC {u#& L,

 SCL-¥%A C,Bit0
SCL ,FAk BTN H TWCR HZE88M TWEN & 1 FeEF L B1TH 0 , 5IH PCO
REROEE K BRAWRLBITEONSITRE /0 SIM, £iZEXT , EoIlLERARS
ERERIFEME T 50 ns Wi AE S , BZSIMABRNERENFTFRIEBI[ESN . ZHZ5| B
BAF&E1TiEQ |, 398 PORTCO g4l L,

Table 29 # Table 30 44 Tiv 0 C 3 =IhBES P52 Figure 26 EHE SN NX R,

Table 29. PC7..PC4 WE—ThREERES

g; 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 M —aEERES ()
=5
F] 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™S TCK SDA A SCL #A
Note: 1. fEEEE , W& SBTEOMSERHESIH PCO 5 PC1 R RES, XERDHARTH. 3

A, FHRRBREEEPLHN AIO BEHKOS TWI BT EBERZE,
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WA D W =IhAE w0 D IS = IhaedlF Table 31,

Table 31. %O D B9EE = IhaE

WOSI| | SE=IhiE
PD7 OC2 (T/C2 it b R ITEL s i )
PD6 ICP1 (T/C1 % ASEHESI B )
PD5 OC1A (T/C1 LR A ITEL S )
PD4 OC1B (T/C1 % Lb% B ITEi4 i )

PD3 INT1 ( AEBHMT 1 A )
PD2 INTO ( SAEBH BT O W95 A )
PD1 TXD (USART #i S| R )
PDO RXD (USART % A S| f )

BoMEERENT

« OC2-i%MA D, Bit7

0OC2 ,T/C2 bR El % i : PD7 SIBIES T/C2 fai HHEE R A ER M A . EIZTHEE T S|
ERME (DDD7 & 1) . £ PWM B ERTEFTIEER , OC2 SIfERRIH,

« ICP -0 D, Bit6

ICP1 — % A$2SIH : PD6 ERN T/C1 K% A2 SIH,

« OC1A -0 D, Bit5

OC1A , S H B ICE A% :PD5 SIBIMER T/C1 f HH LB A SNEZB%I A . 1EZIhEET S| B
fEX s (DDD5 & 1) » £ PWM EXHERBRZhEEF , OC1A SIRMER T H.

+ OC1B -0 D, Bit 4

OC1A , S H B ICE A% :PD5 SIBIMER T/C1 i HH LB A SNEZB% A o TEZIhEET S B
YER %L (DDD5 & 1) » £ PWM XK ERBREEF , OC1A SIRIER I,

* INT1-3%0 D, Bit3

INT1 , S\EBeRiT 1, PD3 SlAIERN MCU BI A ZBHBTIR .

« INTO - i1 D, Bit 2
INTO , S\EB/hiT 0, PD2 SIAIERN MCU BI S EZBH BTIR

- TXD - 301 D, Bit 1

TXD R USARTHIERIB RIXSIHI, 2{EsE T USARTR%ESR/E | IX oI M#E 4R BN E
H , ket DDD1 F#E4EA .

« RXD-i#%0O D, Bit0

RXD 2 USART kB =R SI B, 2 fEAE T USARTRYIZINEE S X/ SIEsa s ig B N
H , ket DDDO F#E2/EM . {82 PORTDO {3524 EH s E,
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Table 32 5 Table 33 Rfim A D K% =85S P52 Figure 26 WERFESXRHKET — &,

Table 32. PD7..PD4 (% —Th&E

BEEH PD7/0C2 PD6/ICP PD5/0OC1A PD4/0C1B
PUOE 0 0 0 0
PUOV 0 0 0 0
DDOE 0 0 0 0
DDOV 0 0 0 0
PVOE OC2 fEgE 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 KI5 = Ih&E
BE5EH 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 fiE8E INTO fiE&E 0 0
DIEOV 1 1 0 0
DI INT1 A INTO A - RXD
AlO - - - -
/0 % O B85 HY 1% BA
WO A BT 738 - PORTA
Bit 7 6 5 4 2 0
I PORTA7 PORTAG6 PORTAS PORTA4 PORTA3 PORTA2 PORTA1 PORTAO0 I PORTA
®/B R/W R/W R/W R/W R/W R/W R/W
IRE 0 0 0 0 0 0
IRA ABIEASEFFRR - DDRA
Bit 7 6 5 4 2 0
I DDA7 DDA6 DDAS DDA4 DDA3 DDA2 DDA1 DDAO I DDRA
®/B R/W R/W R/W R/W R/W R/W R/W
IRE 0 0 0 0 0 0
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WA A®BASI B4 - PINA

Bit 7 6 5 4 3 2 1 0
I PINA7 PINAG6 PINAS PINA4 PINA3 PINA2 PINA1 PINAO | PINA
®/IBE 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
w0 B BIEHFFER - PORTB
Bit 7 6 5 4 3 2 1 0
I PORTB7 PORTB6 PORTBS5 PORTB4 PORTB3 PORTB2 PORTB1 PORTBO0 I PORTB
®/IE 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
%0 B BIE S @ F 78 - DDRB
Bit 7 6 5 4 3 2 1 0
I DDB7 DDB6 DDB5 DDB4 DDB3 DDB2 DDB1 DDBO | DDRB
®/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
0O B W AS|IEsil - 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 HIEFFE - PORTC
Bit 7 6 5 4 3 2 1 0
I PORTC7 PORTC6 PORTC5 PORTC4 PORTC3 PORTC2 PORTC1 PORTCO I PORTC
®/B R/W R/W R/W R/W R/W R/W R/W R/W
HE 0 0 0 0 0 0 0 0
w0 C BIFH5 mEFFE - DDRC
Bit 7 6 5 4 3 2 1 0
I DDC7 DDC6 DDC5 DDC4 DDC3 DDC2 DDC1 DDCO | DDRC
®/B 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
w0 C W A S|t - 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
BE N/A N/A N/A N/A N/A N/A N/A N/A
w0 D HIFEFEEF - PORTD
Bit 7 6 5 4 3 2 1 0
I PORTD7 PORTD6 PORTD5 PORTD4 PORTD3 PORTD2 PORTD1 PORTDO I PORTD
®/B R/W R/W R/W R/W R/W R/W R/W R/W
WEE 0 0 0 0 0 0 0 0
w0 D HIEF S EEFFER - DDRD
Bit 7 6 5 4 3 2 1 0

| DDD7 | DDD6 | DDD5 | DDD4 | DDD3 | DDD2 | DDD1 | DDDO | DDRD
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%/ RIW RIW RIW RIW RIW RIW RIW RIW
kA 0 0 0 0 0 0 0 0
im0 D W ASIEMt - PIND
Bit 7 6 5 4 3 2 1 0
| PiND7 | PIND6 | PIND5 | PIND4 | PIND3 [ PIND2 | PIND1 [ PINDO | PIND
®/5 R R R R R R R R
kA N/A N/A N/A N/A N/A N/A N/A N/A

AIMNEL 63



SAER AP BT

MCU #2#%& %8 - MCUCR

ATMEL

IR ETES SIH) INTO, INT1 5 INT2 fitk., REMFRE T KT, BIESIH INTO..2 BE
N, REBFRETEENTL , Pt g, XMERTLARSEEREHE,
BEidiRE MCU #2413 1788 MCUCR 5 MCU 24| 5IRA %1288 MCUCSR , HliaJLAR
TRR, EFAR , REREBFAL (INT2 R L DR ), HHNBHEELEHBEE
RETALAR (INTOINTY) , RESIHBEFRE , PR~ %. FEEXR INTO 5 INT1 &E{E
STERRREFARALR , /O R XTI/, 0 P22 “ i RERE D " WEAM AFE,
INTO/INT1 B T RN INT2U R RS H . BF 2R |, X L ] SR SRS 38 4 M EEER
G, EEERSRE (BRTZERER) G /0 R EFLERN,

BEEPFAFAMEDE , MNMFH MCU N8 EXKREN K ERIEBFRE—EMNE ,
AR MCU R FEHBRBEE, BTFUEMNAAMBRMUFXN, £ 5.0V, 25°C H&KRMHE
T, BINANGHRESEEN 1 us, BEIIANGSEENTE , B4ESE P269 “ 25
BT, AREXFERTHIATSENEF , AIRGESHEIEILRHKE , MCU
RoRE, BHLBRABLM SUT RE , W P22 * RS RETHIED " iR, BES
HIATRAREILRE , BESHIBRERZAFHELRT , MCU IFRE , EFHEL5IK
T, ERNWBF ARG EB KN EUEMCULRRETRE  REft A BF P,

MCU #5782 S h iR 2% 5BA MCU Zhae

Bit 7 6 5 4 3 2 1 0

I sE | sm2 | sm1 | smo | Isc11 | Isc1o 1SCO01 ISC00 | MCUCR
®/B 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

« Bit3,2-1SC11, ISC10: Fpfat & 5 R4l 1 Bit1 5 Bit0

IR SREG FFarfY | AR AR RIEY Rt B R BV AYTE , SNEDAP I 1 FB IR INT1 33
Ko R FAUM Table 34 AR, HAMILAHE MCU B 5ER4 INT1 5| ERYEBF, IR
EETORMEAAANEFRAME IR | LKL E KT — ot E 5 A9 Bk R Ad
RN, SRR R ERIEARR P, MREREEFMEFN , BARBEFLHR
FEYHAETHITER.

Table 34. M 1 it % 512

ISC11 Isc10 | iHEA
0 0 INT1 AR EB R = £ P EHER
0 1 INT1 S|l EEEH B EBF (LRSI & F’f
1 0 INT1 B TR £ RS HMER
1 1 INT1 B EFR 7= £ RS R ITiER

« Bit1,0-1SCO01, ISC00: A} 0 fit & 5 X 34l Bit 1 5 Bit0

ISR SREG FF 8789 | FRA AL M AE R AP BT R AR AL B BV iF o AR 75 40 Table 35 AR
SAERFR BT O FASIRD INTO BUR . RN A B MCU B 5ER4F INTO 5| LAY B F, Rk
BTnfmr AR EFRMMETR , BBARLEE B AT —aded 38R Bkos & AR
T, SRR KR R RERIEAL R R, NREREBTMRAR  BLAEBFLTREF
FHEETHATER.
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MCU 4| 5REF 4= -
MCUCSR

EATMESIFESR - GICR

Table 35. i O filk 75 K42l

ISC01 ISC00 | %A
0 0 INTO J{K e B 7= 4 h & R
0 1 INTO SIH) EEEH BB BT T AT S| K il
1 0 INTO B9 T B3R 7= £ R 5 F T iE R
1 1 INTO By EFHIRF=EF L HTiER

Bit 7 6 5 4 3 2 1 0

| 4o ISC2 = JTRF WDRF | BORF | EXTRF | PORF | MCUCSR
®/E R/W R/W R R/W R/W R/W R/W R/W
RE 0 0 0 WA EA

» Bit 6 — I1SC2: H il 2 il & 5= H

R SREG HEF&M | iiEM GICR FHEH[MENN P ABRMEMNIE , FLHAPH 2 H
S\ERSIHED INT2 BUE, £I1SC2E 0, INT2 W TN RERBUEHR, &I1SC2E 1, INT2H E
FARBCEFE, INT2 WA FRERSH, LEINT25IH E=4E T E KT Table 36
FRRBIBEN PSS XD, BikFETIRBEFHH , BEFESXARZILFESTK ,
REFTEF=EPH, MEREFNSIMAE , eS| XFHiER, X ISC2HETRELE
P, HLEINEEESEES GICR BERMEMNPITFEREN INT2 , REBHE ISC2,
BE , TESICEEFRFRETHZANETN GIFR FESEMNHAMNPIIREM INTF2 B '’
FHES,

Table 36. &5 (/D) HHT4SH

B | BB | BX
"s | 3% %4 111 1=} 11 By
tyy | B2 (M) RO R NBOR TR 50 ns
Bit 7 6 5 4 3 2 1 0
| INT1 INTO INT2 = = = IVSEL IVCE | GICR
®/IE R/W R/W RIW R R R RIW R/W
WBE 0 0 0 0 0 0 0 0

o Bit7 —INT1: ASBHHTiER 1 ERE

Y INT1 R "1, MERASFEEE SREG 1Y | IREEN , KA ZBSII PR FERET .
MCU&E A2 HIR A FEE5— MCUCSR Y AT B BB 4240142 1/0 (ISC115ISC10)RE
RETRE LR, THR , B2 INT1 EFfEm, REMAE , B INT1 SIMHMEE N
Wl RESIHBEFEETHENEL , FEE= 4,

» Bit 6 — INTO: AR HTiER 0 fE&E

Y INTO K "1, MERAFEEE SREG 1Y | IREEBN , M IAEBSII PR FERET o
MCU & A2 #IR A FEE85— MCUCSR Y A T B BB 32 41 04 1/0 (1ISC0151SCO0)RE
RETRE LR, THR , B2 INTO EFflAm, REMAE , B INTO SIMHMEE N
Wl RESIHBEFEETHENEL , FEE= 4,
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+ Bit5— INT2: \ZBrh &R 2 EaE

M INT2 R "1, MBRASZFEE SREG 1 | fREEN , MMM ERSI B M AAERET o
MCU & A #IR S F 15785 - MCUCSRHY R TR BB R #2251 27 1/0 (ISC2 5 ISC2) REH
WRE LR, THRR , &R INT2 BFaxl, REMFs , BIfFE INT2 SIM#EE N
H, RESIMBFEETHNNEL , FEE>=%,

Bit 7 6 5 4 3 2 1 0

| iNTF INTFO INTF2 = = = = - | crr
®/B R/W R/W R/W R R R R R
HEE 0 0 0 0 0 0 0 0

« Bit 7 — INTF1: A& ifsr= 1

INT1 SR B8 & 4 BR AR B AR FRITIE R |, FFiE (A8 RV AP BTAR S INTF 10 2015R SREG Y
AR GICRF 723 RIRY AT BEREAL INT1 59 717, MCU BN Bk 4% BIME NI Ry R /e 8 o ¥ A
MRS EFZEEREANEE. W, HFEMEBALEREA 1" KEE,

 Bit 6 — INTFO: A\ if4s& 0

INTO S| EB & A BR AR B AR FR T IE R |, B {48 R AP BTAR S INTFO, 405R SREG B
| AK GICR F 725 NI RV FR T BEREAL INTO S "1” , MCU BBl 4% B A8 NI R R /o) & o ¥ A
MRS EF 2 EEREANEE. W HFEMEALEREA "” KEE. 3 INTO &
BN B RUE , ZIREREEE.

« Bit 5 - INTF2: AAZ S ifsr 2

INT2 5| B B8 & 4 BR AR B AR FR T IE R |, B (A8 R RY FP TR S INTF2, 205R SREG Y
I AK GICRF 725 R RV R T BEREAL INT2 59 717, MCU BN B 4% BIME NI Ry R /o) 8 o ¥ A
WiBRSRBF 2 ERREEHFEE, A REMEALELEA "1” KEE. T8, 4
INT2 R 2R At A R EERERE AT SN AAZTHER, X2SBINTF2HRERE
EEHNEEET , ¥ P51 “ BFMALREMERER ",
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BB PWM IhaERY 8 {1
ENER /TR0

B

EX

T/ICO R—MNEAMREEIE 8 (UEM SR/ ITHEER, HEERIWT .
- BEEITHE

o WBRICE R ERTERENES (B3N )

« TR , HAEFEH PWM

« WRRER

* NEPEHITHER

* 10 {UAIRT P T oSSR

* JRHMLLB TR P #TR (TOVO A OCFO)

Figure 27 9 8 I E AT 35 / IT 2R A RI{LAE R . SKBRSIMIBESIIESE P2 “ATmega32 Ky 5|
"o CPU AILATSAIAY 1/O B iFas , BIE UMM , SUEKE R, /0 FEat MU ES T
P76 “8 L ERIER / It B FIF=RMHEA "

Figure 27. 8 fiZ T/C K #EH

< | TCCRn
count . TOVn
clear " (Int.Req.)
— Control Logic
direction clk, Clock Select
Edge P
Detector n
BOTTOM
' Vv Y ( From Prescaler )
% Timer/Counter
s} TCNTn |
< [=0] ot
<DE f (Int.Req.)
VL|
— Waveform »| ocn
— I Generation
A
<> OCRn

T/C(TCNTO) # % i LL R B #7288 (OCRO) 7 8 U F 1787, FHIER (AP EE N Int.Req. ) &
SHEENBFPIITETFER TIFR BERMR. FIE FEIE A SUET E N 88 iR RS 728
TIMSK B3 TRE®. BT TIFR M TIMSK SR SHMERSE THE  EitA &
BHH.

T/C AT LB IS 71 0 37 25 FR R SRR 4p R IR 3 | S0 28T TO SIBIEY S SR e 4R K IR 3 A4
1 3R5B AR R 6 B — A R S L08R SRIE N ( RERMK )T/C BIERE, WRRE
R IR T/IC A TE, BT eERERA 8 HE L E R 2R clkrgo

NEFWHBLLRFERE OCRO —ES T/IC WHREHITHE. LBNERTARST4E
PWMK SR H LR SIBI OCO EF- AL EMME P68 “MHbRE T KM
BiE, HRCEEGHTFEMLLBIRE OCF0, MARE AL £ 5 H LB P i iE R,

AT ZFEERESMUBANKRERT. NEHN "B T TICHFES , FELLED
NO, ERESERFHNEMFABEHOEN SR TCNTOXRIGRE T/COITHEEE &5,

AIMNEL 67



T/C HYRS44IIR

THERET

BHLERET

ATMEL

Table 37 WESGEAF £ 3
Table 37. ©X
BOTTOM | it#k&5itZl 0x00 AFENIEE BOTTOM,
MAX T ERER 1T B OXFF ( T3t HI#Y 255) B3 BIIA E MAX,
TOP BRI R BF IR &R ARER EIEZE TOP, TOP BT LN EEE OxFF
(MAX) , 27 THF28 OCRO EMEE , E4FHTIHEERNBE

T/C T AR L T RA S F L o445, AR 2 AT RZFZBERERN |, Matsh
EEBEEHRNMT T/C 41251788 TCCRO MY BT %I CS02:0 #4IM, P79 “T/CO &
T/IC1 BT 28025~ MRS o M A 1FERNER,

SNUT/ICHEERD N URENNEITEE T, Figure 28 Bl AITEESM AL BENER,
Figure 28. it#EE T HIEH

TOVn

e
DATA BUS (Int. Req.)
-} -
t Clock Select
__ count Edge B -
clear clk,, Detector
TCNTn -t Control Logic |«
<d|rect|on
( From Prescaler )
BOTTOMT TTOP

EHHE (AHES):
count f£ TCNTO b0 1 208 1,
direction EFiNREDRFIRE,

clear JEBR TCNTO (HFIEMNALEE ).
clky, TIC BB , clkrg o
top KRR TCNTO ELEE T HRAES

bottom /R TCNTO EL3AF 7 &/ME (0)o

BREFENIEER |, ITBEHNE - cky ZIES. M—Z8 — &%, clky, THA
R EB TSR SN ER AT SR 4, BB HIERM CS02:.0 WE. &AEFN IR
(CS02:0 = 0) EBTEREMF LE, BRFEHEE clky ,CPU A LLiAE TCNT0, CPU Big
EEEITBRBR HABIRME (HEE. MBEERE ) WIRERS.

ITEUF B T/C #54|2F 1785 (TCCRO) 8 WGMO1 1 WGMO00 RE. IR HRITH S
HEE® OCO MR BEREMX R, AXRITHRFIMRE~ENFMERSESE PO T
EERX ",

T/CiaH PR ETOVORITEWGMO1:0 R EM THEEXKIZRE. TOVORI LA F=4£CPU
Sl

S Lb R BSFFLEFT TCNTO F % i b R B 1285 OCRO#E 1T . —BTCNT0ZFOCRO , kb
RERAHCEES, EEEAENT — N EN S E A H LLERARE OCF0 B, &
et OCIEO = 1 H SREG £ B MitRE& | Bz , CPU S~ A H bR, HITHMT
REZEFET OCFO BaEE , IFBEIHME "1” WARXKREES. BIEH WGM01:0 M
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Bl E R

E TCNTO /BN I bR TR

EREHERET

COMO1:0 RENFRMN THEER , REXERFNACEESS~ETENRE, BT, K
R4 BRERIA max M bottom 55 RABIRE R4 THRERER (P70« THEERX "),

Figure 29 A LR #E T HER,

Figure 29. it R&E T HER
DATA BUS

I = (8-hit Comparator ) I

OCFn (Int.Req.)
>

y

top »

bottom | Waveform Generator

1

WGMn1:0 COMN1:0

1 OCn

FOCn -

FH PWM Xt OCRO HE[/ANEHSEFS  MELEE THEREIAMNCTETEFSER
MEHINEEREE LR, WE AL EH OCRO F1FE 5 top = bottom BRI FEH#K |
MTTBH L= £ AR PWM B |, SEBR T THRko+,

E OCRO HFsRBERBER , EXF R, EREME M IhsERt , CPU I HAYZ OCRO
ZnHFES ; ZUEREHhEEs CPU HRKINZE OCRO A&,

THETFIE PWM EXE |, ATSUEN X B HIA HEEE N FOCO B "1” NARR=ELRT
fii, BEILLBETERETAENMN OCFO #7& , iR ES / FEENET , B2 OCO 3IFH
B, FREMNKE T LLRICE —# (COM01:0 RE OCOA REfI, BFE , E£ "0-"1
REEAL ).

CPU X TCNTO FEBNERESE T —NEN a4 B B I LR ITE N & £ | Bt
FMEREESRFILET . XM AT LLANRE OCRO #141L RIS TCNTO HER HRE T At
K,

ATFHEEZEERXTE TCNTO SBFET — N ER SR AR L ERICE | EEHAH S
EEREF A TCNTO aBXEE , Fie T/IC kN EREETES. MRBEAK TCNTO H
BEZET OCRO , LBREEMBEEKRT , ERFTERNERAELER, XK0lh , FEITEES
HITEFITHRINTEX TCNTO EAZT BOTTOM W#HIE,

OCOMIRBNIZERBHIES MFTFER TR, RELMIRE OCOMN T EZREZEBRE
N T A A5E & H R FOC0, BEMEERTREA LR OCO FERF/ELL—EBERFT
HEE,

EE COMO1:0 MERBIEERTENEHH, COMO1:0 Bk F I BNAEK,
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A HEX MR~ &

THERK

EEEX

ATMEL

tER ICEE K 2 Hlfz COMO01:0 EEXRERE, KK ERFA COMO1:0 KEET —IR
EEBR PR & 4E B A9 5 HE EEBRIRZS (OCO0) ; COMO1:0 i&#2%] OCO S| B4 5 5 H KR
Figure 30 3 % COMO01:01& BZ MM B LB BIER ., /O FFE5. /OfLM /O SIMI LB &R
T BHPRLEHT S COMO1:0 FIMHEA 1/0 i D2 4|% 7735 (DDR M PORT). %K
OCO RAEITIEN ZMEP OCO FiFR , MA= OCO 5lffl, REEMA OCO HFiFH/EE.,

Figure 30. LB PCHD i & T /RIEE

—D

COMn1
COMRO Waveform D O
FOCn Generator
o 1
OCn
—i > Pi
OCn 0 in
A
- D Q
2
m PORT
<
2
 / DDR
clk,o

R COM01:0 A RE | BEA /0 O BUKE & £ 8505 H LR ThREERK, 1B OCO
I AL R A B NABRKRIESBES1FES DDR 24, £#H OCO MEEZEAERE
SHIFF EFEM DDR_OCO ik SIMiRE R MY . wOThee SR A £/ TE
BXER,

W EEBRIZEAIRIT AV OCO MRAERB A B AR THHAIL. EEZFEL COMO1:0
RERESTHMRMERR  FR P76 ‘8 U EN R/ T HBRFHEI|NUA ",

BRRERFA COMO1:0 WAHEEEZBE#EN, CTC #XM PWM BEXTHMX 5. 3
FREMNESR |, RE COM01:0 =0 RBPLREEHE A EMEFEAERTL2ERE OCO FiEF
83, 3F PWM EXH LB H HIES N P76 Table 39 ; RiE PWM MILbBR@mHRT P77
Table 40 ; tHZ{E1E PWM B Lb R 5 B 4E P77 Table 41 B#R,

3 COMO1:0 FRMEARFEEMNE —RERTE. XTI PWMEX , TTEUES EA
FOCO RIZEIF= 4 M R

IHEER - T/C MimELRSIBNTH - BEFEAEER (WGM01:0) R &R H HER
(COMO1:0) B HIAIRE, bR EERXFT T HFINEETN |, MEE=EERXT T RF
FINEFEMmM, COMO01:0 4 PWM i RE N KW, IE PWM EX BT COMO1:0 25!
MERENZELRERAENEN, B , REBEFHR (P70 “ LREEHEET” ),

BN FEEESE P74 “T/IC BtFE " Z Figure 34, Figure 35, Figure 36 5 Figure
37,

EZBEEN (WGM01:0 = 0) AEREEMN THEERER, EHEXTITHEF FwE M. i3 8
LB KRER (TOP = OxFF) , A THERH TSR L bIRE R &/ME 0x00 EFHFF
¥, £ TCNTO RENE —MNEN ST E T/C R HARE TOVO Bz, it TOVO BR &
Fou, ARREEN , T2FEE., EHTENSHHRSEFEBEZES TOVO ,
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CTC( LB IE I EEER AR )
N

BRE PWM =

AN EIRHREESEMNSZNI PR, AEBERATREMTAZTERKRERN , AP
BE B B AHTEY LT AR BB,

AR T RN LR, ERFAHEEESBERN TR AR B LR ERE
NixeEAAZH CPU BHE,

£ CTC &3 (WGM01:0=2) T~ OCRO FESA T AT IT BN o =, it RSN HE
TCNTOZEF OCROATIT#ESES . OCROEN TITHEEMW TOPE , RENITHEBEN D=L,
ENMEXESAFPATURES iEF LR CE A E MR | wE T ABEHITHNER
£,

CTCHE R FR R Figure 31, it HRESHETCNTO—EEMNE TCNTOS OCROTE |, &
Ja TCNTO BZ&,

Figure 31. CTC EXrFHE

OCn Interrupt Flag Set

OCn
(Toggle) _

S -

FIF OCFO #rETUEITHEMELT TOP WL, EPMBRSEFETUESR
TOPHIB{E, BH FCTCHEREFEXNE HINEE  FEIT B AL D MR RIKH T2 e T
ERYEHESF TOP BN #ZIE BOTTOM HBERE/ M, MREAR OCRO BE/NFH
AT TCNTO BOEE , it B eI EX—RHERER, E T —AREBREEREAEZH , ITHET
BARXITHRBIZRAE OxFF , REBM 0x00 F A1t EE OCFO0,

RNTECTCEXTEHEEFHL , TLURE OCO EBALRER X £ NETEEBE,
XA LUENIRE COM01:0 =1 REMK. EHLERBOCOMEZH , BEAENEKOKRE
N, BEEEREBTENRAIAEN foco = fuk 1o/2 (OCRO = 0x00), MEHIT
NREE - -

(COMN1:0 = 1)

Period ‘

fs fo 1o
OCn = 2.N.(1+OCRn)

FENRKXRAOMEF (1. 8. 64, 256 = 1024),
EEEBEERXT , TOVO irENEMAZEEITHEM MAX R 0x00 #Y E B 258344 B 1,

PR PWM X (WGMO01:0 = 3) AT ARFESHH PWM KB, RiE PWM EXSHAt
PWMERWAE 2 R2EERIFTESR, ItHENBOTTOMITEIMAX ARG ENEZ
BOTTOME#HFFE. M FEEM LR M EEN | LRSI OCOZE TCNT0 5 OCRO It
ERES , £ BOTTOM W& ; ¥ FRELEHEES , OCO WIIEEFHEKR., BT
AT EREER | RE PWM R K TR A NBHEWEMIEE PWM EXE —
Z. LEMBRESEESRE PWM EX+2EE8THRAT , BRA DAC MNA. &M
ALUR/NAER TS (B, B ) WYWEBRYT , N ERSZER A,

THETRE PWM R, iTHSEHOBE—E-MNE MAX , REEREH — 69 EHY
BE. BEAVRIFE N Figure 32, BHAIRE TCNTO RRIX 22D RIIRE. FEEE
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MAEE PWM X

ATMEL

MEs7TEEN PWMEHUAR B PWM iiH. TCNTO #H3 FMEKF LK OCRO
A TCNTO Y Lb B P,

Figure 32. & PWM #E X it FH

OCRn Interrupt Flag Set

OCRnN Update and
TOVn Interrupt Flag Set

I N B |
oCn L] | (COMNL:0 = 2)
OCn m (COMN1:0 = 3)

o s s a—hi—psofpr

TR BRBUEIR B MAX BY T/C i@ Hi#R& TOVO B, MRFPETFERE MRS EF AL
EHLLRE.

THEFHRE PWMERE | bR EB T A LA OCO 5If L3 PWM K, i&E COMO01:0
N2 AUFEERBHN PWM E5 ; 8 3 A4 RE PWM KB (SR P77 Table 40
Yo BREESIM LB M HESELTFOCOMNEIE R EIREB N H, =4 PWMIKAIHL
B2 OCO0 F1F857£ OCR0O 5 TCNTO EEN BN (REE ) , AREITHEES (M MAX
255 BOTTOM) 89 3R — N E AT BSR40 B HAE S (B )o

WA PWMSIRTESNTARITESST

, _ e o
OoCnPWM N - 256

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

OCRO HEH/ NN RER R RIEPWMER H) — 45 5%1E R . & OCROZEF BOTTOM
W HILESE MAX+1 N ER ST # BRI EROF ; OCRO A MAX B | #83#& COMO01:0
WRE , WHENSEFRIEEF,

B % E OCO LR ICE AT #ITIZEBF MK (COMO1:0 = 1) , AILMEE 522 EH 50%
REAMES. OCRO N 0 RMEEHEHREME foc = fox o/2. X MFERLT CTC BN
T# OCO MRIRME , TREZAHE TRIE PWM EX BB REHH,

MAEE PWM #EX (WGMO01:0 =1) RAFPREH T — M RESBEMHMIEE PWM KEE
W&, WEXETXNRIFIRE, ITrIERES M BOTTOM itE MAX , ARE XM MAX
FREZE BOTTOM, E— LR EHERX T |, Hite 83 MAXITEETE X4 T TCNTO
S5 OCROKIEE ,OCOEBHIREF ; MAEITRIEEEBOTTOMITEET & X4 T TCNTO
5 OCRO W , OCOREBEMNASHE, IETFREAMELRNNEFER, SERE
BAEMLE  MRHIRETRENEAIARE N, ERTERNHHNEY  +o0EESTHEIIEZE
#lo

MAEE PWM R PWM BEEBER 8 thi, TS Tl ENESR MAX , REF
BRI, E—NERSEERE TCNTO WEZ T MAX, RERTS MR Figure 33,
F TCNTO WHEAERERTR , LLHANRRIRIRE, AEREE T ZE PWM B
HARE PWM B H . TCNTO #3% E#/MER KRR OCRO 5 TCNTO ML ITEL
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T/IC RFHE

Figure 33. M{EE PWM EXHEFE

OCn Interrupt Flag Set

OCRn Update

TOVn Interrupt Flag Set

-
-«
-t

g
-
-l

Al

A\

AN

A A Y A A Y

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

Hitaf8RA E] BOTTOM B T/C i@ AR &AL TOVO B, LEHREAL Al K™= £ P i,

I1’Eﬂ=$ﬁ1ﬁﬂé}IE PWM XAt | bR 2 T AT BAFE OCO SIBI~= % PWM 5B : ¥ COMO01:0

RERN 2 FFEEEMMLE PWM , iRE COM01:0 h 3 4 RE PWM 55 ( 31 P77
Table 41), BRES|IH L BE M HESEMLIUNF OCO WEIE R E&E Rt . OCRO M
TCNTOLLER Lt X £/ OCO FF e~ £ MMM BESREMERE , AT~ £ PWMIE
THEFHEMEEERN PWMRETHTRLARNIKRE

" _ oo
OCnPCPWM N-510

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

OCROBZHEHATMERR THMUBEPWMERMN —LEHER. EEEPWMERT ,
% OCRO &£F BOTTOM , i —ERIFTHEET ; & OCRO EF MAX , N HRIFTH
SHE, k[ PWMERNEFHER.

£ Figure 33 (B 2 NAH , BARRB LA ELRITE , OCn tEIM T —MNE KA BE

2, 5B 8 RRIEE A BOTTOM Bl X ., &ﬁtlsﬁmam‘*ﬁ‘ﬁﬁ %/RAHjiWEE
0 Figure 33 FT R , OCROA FIEM MAX 23 3 HAb#i#E . 2 OCROA B MAX &Y , 5]
B OCn B3 H K% S ST E M F T LR IR A & R AR, % RIER K BOTTOM
MM, & T/C WEER MAX B , S5IH OCn W% H R XM & FEAFIZHK
tt%?IEEEE’JéE%O

- ENZB/M—1 OCROA EMEFHIEH , HAMEXRT —XHREE. REE LS
ARE OCn AIABRENIAR,

T/IC REL B , Rt Hat4d clkyy TARTANHERES W TEMR. BHRERAT

RS IRERATE. Figure 34 A TEAK T/C THNF , URKR T HALEE PWM
BH 2N EAbERERIT MAX BT IE 80T 51,
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Figure 34. T/C 7B , T2 MR

clk

110

clky,
(clk, /1)

/10

TCNTn MAX - 1 MAX BOTTOM BOTTOM + 1

TOVn

Figure 35 FT R A MHEM TIERF , BB S .

Figure 35. T/C BYF & , TS $BR A foy 110/8

o (USSR RS
sl T

TCNTn MAX -1 MAX BOTTOM BOTTOM + 1

TOVn

Figure 36 A T &MEX T (BRT CTC #=xX )OCFO EER -

Figure 36. T/C B{/FB , OCFO BfL , T SRR A fyy 10/8

o TS AT AT
(c?llﬁfw T T T

TCNTn OCRn -1 OCRn OCRn +1 OCRnN + 2

OCRnN OCRn Value

OCFn
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Figure 37 4T CTC =X~ OCF0 B TCNTO BEBRIVE R

Figure 37. T/C B/F@ , CTC &= , MO BN fy 10/8

clk, o H
T

clk,,,
(clk,/8)

110

R
;

LUUBHL
;

R
;

ATmega32(L)

UULDUL

TCNTn |
(CTC)

TOP -1

TOP

BOTTOM

BOTTOM + 1

OCRn

TOP

OCFn
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8 (VIERZR / TR F 788
#9i54BA

T/C #2415 1788 - TCCRO

ATMEL

Bit 7 6 5 4 3 2 1 0

I FOCO0 WGMO00 | COMO1 | COMO0 | WGMO1 CS02 CSo01 CS00 I TCCRO
/B 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 - FOCO: &% H L&

FOCOXTE WGMOO 5FBIEPWMIERX BT T BN, ER , N TRIESKKBHHNREMY &£
£ PWM B} , E TCCRO EXHES, WHE 15 , REA LN AHITHEIRE,
B e i SR OCO % B COMO1:0 By B HABMMI BT, 3= FOCO ZK4el—
NEFEES , EEXESHHLEREERNRE COM01:0 HWiRE.
FOCORAS| K E MM , b FR2ERAOCRIENTOPHCTCER TH ERSEHITES
KR 1E,

& FOCO KYIREEKIZA 0,

o Bit6,3 - WGMO01:0: HFEF=4EER

XUz T REENITERES | T REEN B RE TOP , URAEMHEF, T/C XEMN
BXE  ZEEX , ERER X EERITHESEER (CTC) , URHT PWM E | 0
Table 38 5 P70 “ TR ",

Table 38. EE~EEXNUEIL M

WGMO01 | WGMO0 OCROME | TOVO W&
#xX | (CTCO) | (PWMO) | T/C IR TOP Fatia [vd:SE
0 0 0 8’ OxFF | MENE# MAX
1 0 1 PWM , A& E OxFF | TOP BOTTOM
2 1 0 CTC OCRO | MEIE#H | MAX
3 1 1 IR PWM OxFF | TOP MAX
Note: 1. fIEX CTCOMPWMOELFHBEFEMT , EfEMA WGM01:0, B2 ThEEN V& 5 LA FTAR

RRE,

 Bit 5:4 — COMO01:0: L3 PTie i 4 =X

XBAMRE T LR EE &£ rtm HSIE OCO WEF, 1R COMO01:0 Fi — £ 20E0
B, OCO LEBRIEMHMN AR ETIE, ANEFERFFEFERMNERENR 1 LU
gesa AKX ES .

% OCO EERYE S| Lt , COMO1:0 BIZhEEMKH T WGMO1:0 BYiRiE. Table 39 4
H7T Y WGMOT:0 BN EZEERS CTC Xt COM01:0 KIZhEE, .

Table 39. L& H HES |, IE PWM &K

COMo1 COMO00 L
0 0 EENRHORE , T5 OCO HiEE
0 1 EERIC e & 4 B OCO B
1 0 LR B & 4 B OCO EFE
1 1 BRI E & 4 B OCO B fi
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Table 40 44 7 2 WGMO01:0 i&E R HIE PWM #E = it COMO01:0 Y ZhEE,
Table 40. Lt HER | RE PWM 1 (1

COMOo1 comMo0 | iitHA
0 0 EEWNRORE , 75 OCO HiEHE
0 1 RE
1 0 HR PEE & 4 B OCOA EE |, 124 %I TOP &t OCO Bfu
1 1 R ITEL & 4B OCOA B , iH¥kZ| TOP Bt OCO FSE

Note: 1. —MEHERE OCROZT TOP , H COMO1 &1, I LB PE G4 28 | itk E
TOP B OCO WBIEREE M, FHAERBFESA P71 “ E PWM E”

Table 41 451 7 2 WGMO01:0 iR E N M IEE PWM &8 COMO01:0 E’JIjJﬁm

Table 41. bW HER |, VB E PWM ER ()

COMO01 | COMO00 | i%Ed
0 0 EENIKORE , 75 OCO HiEHE
0 1 R
1 0 EFFitHe 2 £ LRTENES OCO ; BFiTHRE £ £ LR TERNE
{2 OCO
1 1 g%ggﬁ&wﬁitbﬁﬁmﬁﬁﬁ OCO ; BFitHnt R £ LR TEEE

Note: 1. —MEH%ERE OCROZT TOP , H COMO1 B, I LB PCE G4 288 | itk E
TOP B OCO WaIEREE M, FMERBFSNA P72 “ IS E PWM ER ",

+ Bit2:0 — CS02:0: BH§pi%k#F

FAFi&#F T/C ByatsdiR,

Table 42. B4k %4y 15 BF

CS02 | CS01 | CS00 | ¥
0 0 0 Tutsh , T/IC FIE
0 0 1 clkyo/1 CRBEMDH )
0 1 0 clk,o/8 (RETRS i8R )
0 1 1 clk;o/64 (R BT M2 )
1 0 0 clk,o/256 (R E W55 )
1 0 1 clk,o/1024 (RB 5 MR )
1 1 0 Bt TO SIEM A |, TRERALA
1 1 1 Bt TO SIfM@ A |, EFnftR

WME T/CO EASNERETE , BIE TO MEEN AL , E LNBFTLMARASE IS TR,
MAX—BHTEIRAZHIEH.

T/C &1F8% - TCNTO

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

®/IB R/W R/W R/W RIW R/W R/W R/W R/W

DHE 0 0 0 0 0 0 0 0
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WHEBRFFER - OCRO

T/C Rl RR 787 - TIMSK

T/C HififrE&F 78R - TIFR

ATMEL

BN T/C FEESBUTUEEMITHREN 8 MBIEHRTIRB L., X TCNTO FES[ME R
FHET -/ et4EIELE R, FEITHESETHERPIENR TCNTO WHEE TREE L —
X TCNTO 1 OCRO HY LB Pt

Bit 7 6 5 4 3 2 1 0

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

AHLERFFRES - 8 UNKIE , TR SITHARRE TCNTO TR, TS
£ BT LA SR A ol LH LR AP T, S0 AASRFE OCO Bl L= 4R

Bit 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/W R/IW R/W R/W R/W R/W
NHE 0 0 0 0 0 0 0 0

* Bit1 - OCIEO: T/CO % Lk B Prilig A T RE

X OCIEQ FRASEEMN LB PUTEAEN | #7717 it , T/CO By H L B Pe e A T i BE
U T/COMHRIEE X4 |, BN TIFR /Y OCFO0 Efuit , FHIRSRF B UMIT.

 Bit 0 — TOIEO: T/CO & i sh M fE &k

X TOIEQ MRS FEH/N LB MEREN | #5717 it , T/CO KR H PUTFERE, 2 T/CO
KEwE | BN TIFR 8 TOVO LB AT , PR RSB FBUNIT.

Bit 7 6 5 4 3 2 1 0

I OCF2 TOV2 ICF1 OCF1A | OCF1B TOV1 OCFO0 TOVO I TIFR
/B R/W R/W R/IW R/W R/W R/W R/W R/IW
NHE 0 0 0 0 0 0 0 0

« Bit1- OCFO: fiH Lk B#RE 0

% T/CO 5 OCRO( % X B 1758 0) WETERE , OCFO B, MAEHMBSRFE
BHES  hAUNEE 1KES, % SREG R I, OCIEQ(T/CO b Itz A pi 48
) ¥ OCFO0 #E AT , PHTIRZEFBEINT,

» Bit 0 — TOVO: T/CO R HiFE

% T/CO BT , TOVO B, HITHRNMNFERSEFNLMIEFES. I, TOVO
A BEEE 1 RKEE., &4 SREG Hf9z 1, TOIEQ(T/CO & HifEEE ) #1 TOVO #BiE
et , PERSRF BT, EHRMLEE PWM EXH | 24 T/CO £ 0x00 RZTiEH A
met , TOVO B,
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T/ICO 5 T/IC1 HITRD R Tic1 5T/co tA— Mo ilER BTN EFRNSHiEE. FRASERT T/C1

i
P £ 44

DTHEREN

SAEBRERIR

5 T1ICO0,

M CSn2:0 =18t , RERNZATEPERMER T/C WEtR | Xt E T/C REMBA TR
fok o » SREMNEHFRMEE, MOFHRATNBE 4 PFENRBES fou 1o/8-
fok 10/64+ Tork 10/256 B fok yo/10240

DB RIMMIIZTH, LR , HIREMY T T/C WeikEZE , BelHTC1 &
TICOREZE, ATMS MR R Z T/ICHMERNER MO MBSWRBFTEST S M &
BRIAMLXENER, —MNHEENGIFREEENESMEREHABT S MEFES (6>
CSn2:0 > 1)K BHRE : MITRTBEERE RIS — IR F RIT BRI RETE 2] 1 EINHIADNRSERH AR |
Hh N ZFHSHMETF (8. 64, 256 = 1024),

BEENUMAHREKRESL TIC SRFEITRAEN, ERLFIFEZ -1 TIC REHE
EAX Mo , BEhsfsmE i naume SEERN T/C.

B T1/TO 5| B4R A9 S\ ZBa 40 R °T BUR 4 T/C B4 clkpq/clkroo SIMBAS BEESNRE
B &R B EIXI IR T1/TO #ATREE., REFMEL (R ) E5EFLBRMET. Figure 38
SHHET TUTO IS ERESLRRMEBENNEERSER. FEEAANBRERS cko
M EBKRIRSN ., YRt AER , BiEER T B ERIERN,

CSn2:0 = 7 B AR 2546 U B — N IE B A= 4 — N clkpq BROF ; CSn2:0 = 6 BF — Nk
TR — D clky, BOF,

Figure 38. T1/TO S|SR4

Tn D Q D Q [ N D Q }$ (o
Select Logic)
il |
clk

110
Synchronization Edge Detector

MT 5 LRSS0 SN BN EE , SIM T1/T0 ENBEFRFEELER 2.5 8 3.5 4
REET P A S REEIT B BR AT R,

£ 11 o (AL 403 A SEE T1/TO RISIREE S — A REM S EHE T 81T BN
H B8R T/C Bt OB I K

HAREEBE R | NBB R EEARAAT — A RSN ER. £E=HS 50% &
SAERE SR AN T R IRI — ¥ (Foyon < Fu 10/2)e BITHURRMEERME
RRIX -3 | THRRNIINADE B2 RERRMEN % (Nyquist REEE ), R
T, MTFIRFE (@4, BRESHE ) AFRESRNRENBRER S2HNER |
RUNBHHNEEAERREAT £ /2.5

SAER B SR T IE AT 5 8 2R
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%R INEE 10 F1EES - SFIOR

ATMEL

Figure 39. T/CO 5 T/C1 Fipsags ()

clk

110 10-BIT T/C PRESCALER
Clear

PSR10

CK/8
CK/64
CK/256
CK/1024

TQ PTTTTTTTTTTTTTUA ' @1
1 Synchronization T 0
'R Y ¥ v v l Y VY Y VY VYYVY
CS10 'A\ CS00
CS11 bk CS01
CSs12 '\ CS02

! '

TIMER/COUNTER1 CLOCK SOURCE TIMER/COUNTERO CLOCK SOURCE

clkyy clkyg

Note: 1. % AGSIHE (T1/TO) WREZBHE M Figure 38

Bit 7 6 5 4 3 2 1 0

I ADTS2 ADTS1 ADTS0 - ACME PUD PSR2 PSR10 I SFIOR
B/IE R/W R/W R/W R R/W R/W R/W R/W
WRE 0 0 0 0 0 0 0 0

» Bit 0 - PSR10: T/C1 5 T/CO i #ss &1

BfIA T/IC1 5 T/CO WD MREN, RETHEX —NEBEABNEE. EATRE
S5 REMZE, T/IC1 5 T/CO HAR Mo M , EM O MBRENNAANERRHE

2, ZUERER 0.

80 ATmega32(L) .



L | ATmega32(L)

16 (L ERTES / THERES 1

161iE’J TICHURIBERNEFEN (SHEE), REENGESNE. HEERIOT
« HIFM 16 {rigit (BDAYF 16 fZHY PWM)

¢ 2 MM LR R T

s MEAWRHLERFFR

s —MNAAHRET

« WARRSFEOHER

« BEREREXENERTESR (HPHER)

o TFHRBHR , HUEBB PWM

« XK PWM A

« MBRER

* ABEHITHER

* 4 MY AR (TOV1, OCF1A, OCF1B 5 ICF1)

ANASHNFEENUELNBEBANATART. ME " RRTICFS , ME X &R
mUERBEES, ERESRFHNEATEN. FENAM. WA TCNT1 RRiEE T/C1
ITHEBRES.

16 fiZ T/C MBI {LAE R R T Figure 40, I/0 S| BIEYSERR LB iES M. P2 Figure 1 . CPU T i
FEY /O FE8s , 2 /O M /O SRR, SRt &4 1/0 FiEsR 5 EMR P100
“16 (LERTER / TR FFRMIHA ",

Figure 40. 16 £ T/C #&£& (")

Count TOVn
1
Clear (Int.Req.)
— Control Logic
Direction clk Clock Select

Tn

Edge
A A Detector [ n
TOP BOTTOM
Yvy / T\

( From Prescaler)

A Timer/Counter A
TCNTn | | | (=0 ]
* A ﬁ OCnA
| (Int.Req.)
L | Waver
= ; p| ravelorm »|ocnA
Generation
OCRnA 2 ;
H (]
| [ Fixed ocnB
| TOP (Int.Req.)
w0 | Values
2 — | o | Waveform »loCnB
2] | Generation
= |
<DE |
OCRnB ! ( From Analog
L= |
| Comparator Ouput )
| ICFn (Int.Req.)
i |
| .
n Edge P Noise
ICI‘?n | Detector Canceler
| | ICPn
| TCCRNA | | TCCRnB |

Note: 1. iHZ#& P2 Figure 1 , P55 Table 25 1 P60 Table 31 LA3kK#§ T/C1 W 5| BIE L,
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CEEA

EX

REK

82

ATMEL

ERTES / ITHES TCNT1, bR E 1788 OCR1A/B SHi AR S 728 ICR1 ¥R 16 X
B1FER. HR 16 NFFHRL4IBITSHNLSER 0 P84 “15H 16 (L EFFEER " T/C &
#|251788 TCCR1A/B K 8 {uZH#EsS , ’%E CPU HRIMPRE, HHiiER ( BPEER
Int.Req.) EEEHMIRESTERS TIFR1 #ERB, FIETRM ST RTHERSTES
TIMSK1 g3di#2 %], BPRAEH TIFR1 5 TIMSK1,

T/C v B PR SR a5 8 791 40 470 8 S IB S T 51 i A B9 A BB £ 3R 3h . SR T/CERE 18 hn(
R ) N ETER R A R0R a0 B2 BER R F, )R B IEF IR T/IC & FFLE
RS FHEEZEERNBHERN clkro

ME i LR EF 728 OCR1A/B —ES T/C WEMER, RERERALRERTE
PWM 7 5 t LER S B OC1A/B i N TR MKW E 5, S P89 “MH LR E T o LR
Pfi gt Rk AT B LR TEAR & OCF1A/B , Ak £ H L R T iER,

LR ARSI ICP1 SR UL R AR A S| (I P184 “ BELLLRER " ) B ARHREH
FEAE (RmALR ) B, YR T/IC ERERIMABRTESREAETEER, WABRETS
B RFIRRET (RFEHRE ) URERS T,

ERLREEKXT , TOP E= T/C WHRAERH OCRI1A F7F8. ICR1 FEF: , &—
BEEHEREN., & PWM ERX T A OCR1A £ TOP i , OCR1A 18T AE
E PWM #i i, {BitbEt OCRIA 2R EE K , TOP HAEETEEFBINE, 4HF
E—-NEEW TOP BT LR ICR1 88 , A M OCR1A KA#E PWM K% H o
UTESGERFAYT :

Table 43. EX

BOTTOM 1+ # 28511t 0x0000 ATEDE R BOTTOM

MAX 1T 28311T 2] OxFFFF ( T3t %8 65535) B EIIEE] MAX
TR T BT BUF SN R K EREEE TOP, TOP ER LA EEE 0x00FF,
TOP 0x01FF 2} 0x03FF , S 2Zf% T 51228 OCRIAS ICR1 EMHE  E4AEBR T T4
E

16 T/C R MBI A 16 L AVRT/C U F AR ERMW. SEM T HHESLLRTHIMRA5E
ERE

BREENBRTMEFRENNATE 16 £ T/C XK /0 FERA It
BEENRTHEFRERNAE 16 L T/C XN FERMEN
o i A
ThEEEHER , BEEEHERNNESSTFRET
PWM10 & WGM10
PWM11 &8 WGM11
CTC1 &8 WGM12
16 {2 T/C R EFFERFARMT FHML
TCCR1A 11l A FOC1A 5 FOC1B
TCCR1B #iIA WGM13

16 i T/C HY — LeBut E R LB BN T R mHF A M.
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e 16 (v 788

TCNT1, OCR1A/B5ICR1 2AVR CPU B 8 Ui B & AT LG RIMY 16 (L 1788, R B
16 (LB FERFTEMRIRE. BN E -8 un FEHEARTEHES 8
#. BN 16 LENSBRMEN 16 NEFEFELAMEN G FFHR. HRIEFTHTLAME 16
iR EEE, 4 CPUBAKIEE 16 NFEHRNEZTR , AN 8 uRESERE
ISR FERHNE 8 NEBAK— 16 N EIE , @SB AT 16 UEHERP. 4 CPUIE
16 (VHFEFSHMNEETH , 8FTAREREFTRENBNSME T GBI F 1788
q:lo

HIEFFER 16 LiF B &SP RIS 1FEEE. X OCR1A/B FEEMIRBERM TS RIGAT 2
F85

E 16 U FESR/E , NABAZTFERNSNFET, Mk 16 NFESMNNAREZEE
BWRNET,

THEHGIRIRE T AR 16 A ERN R FFRR. REBRRIFSAXEEF IR FERA
BT, EENERENEERTFX OCR1A/B 5 ICR1 1228115, A “C” i858t
YRIZEIL HBIA IR 16 fIR1E.

SCRRBHRE ("

; ETCNT1 % 0x01FF
Idi r17,0x01

I di r16, OXFF

out TCNT1H, r 17

out TCNT1L,r 16

; N TCNT1i#Ari17:r16
in rl16, TCNT1L

in rl7, TCNT1H

C REGHIEM

unsigned int i;

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

/* fFTCNTT1 ZAi */

i = TCNT1;

Note: 1. ARBBREBLTET SEH LM

LR AIRRH TCNT1 WIREMETE r17:r16 FiEsrxd H.

ARE 16 NHFFRNBRR-—NMEFARERFEFEEN. £X 16 UFFRREN , &
HEERBPHEN , FLEEFRFRE 16 AT FROPRIED ZE K EXEEN P
TR EFNFFRIEAMN 16 VFFR , NMEXT N FFR. URXHEREK
4, BAFMREFIRNFEHRFHNBTECELRE , ERETREFN 16 L FFRNREHE
Ro
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THHHIRA L TR TCNT1 FFEEANINWERIRIE, X OCR1A/B = ICR1 iRk
Al LAE AR 5%
SCémRm B2 ™
TI ML6_ReadTCNT1:
RIz2 BB
in rl18, SREG
. BEHH
cli
; FFTCNT1 #Ar17:1r16
in rl16, TCNT1L
in rl17, TCNT1H
REL B E
out SREG r18
ret

Cc Rm\piE
unsigned int TIM6_ReadTCNT1( void )
{

unsi gned char sreg;

unsigned int i;

| * REF2EHM RS
sreg = SREG

|* B
_QQ;

[* fFTCNTT1 ZEAi */
i = TCNT1;

|* RE2EHM RS
SREG = sreg;

return i;

}
Note: 1. ARBEBRESLER T SEN KX
CmRBAIRRH TCNT1 WIREMETE r17:r16 FiEsrx H.
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I FERNER

T/C BHEHIR

PG

THEMHIRALTE TCNT1 FESMNERIZME, X OCR1AB = ICR1 HWEIRETLIEE
BB S *.

SCimm iR o

TIML6_WiteTCNT1:
; REFLBHIRE
in r18, SREG
. B
cli
. IRETCONTT F/r17:r16
out TCNT1H, r17
out TCNT1L, r16
. REZEFPHEHE
out SREG r18
ret

C RBpIE"

void TIML6_WiteTCNT1 ( unsigned int i )
{
unsi gned char sreg;
unsigned int i;
|* RFZ2EFPHEE *]
sreg = SREG
1% ZSFHHF *]
_CLiQ);
[* ZETCNTT Zi */
TCNT1 = i;
1* BEZEFPHEE ]
SREG = sreg;

}

Note: 1. ABEBRECLEE T SEH KXo
LA BIREP r17:r16 FERXNFRFH R TCNT1 WEARIE.

WRNAR-M6 UFFREABEMEMANSTERSFTHEE , URFE-XEF
o BEHINERREEIMER TRAFER.

T/ICERHRATLAKREAER , B AR B AER , LT T/C %1% F85 B(TCCR1B) By B ik 2
i (CS12:0) RE., B4R ST2MEFHHERI P79 “T/CO &5 T/IC1 IFR D 80iEg 7 -

16 L TICHI = EER D R ATYRTZH 16 U @ 1HEER# T Figure 41 441 T it BBRSHEHINE
B TEE.

AIMNEL 85



86

ATMEL

Figure 41. it 2 THIEE

DATA BUS (s-bit)
- »-
TOVn
(Int.Req.)
Clock Select
_ Count Edge -
[ ToNTaH @by | TCNTNL (8-biy Clear | ek, Detector
-t Directi Control Logic [
TCNTn (16-bit Counter) | Drection
( From Prescaler)
TTOP TBOTTOM
= 0 h b ==l .
EEHER (NEESF) :

Count TCNT1 hn 1 SR 1
Direction WERNRIEE 2 BIRIE

Clear TCNT1 BE
clky, ERTES / TSN ES
TOP KR TCNT1 T EEA R KE

BOTTOM %& TCNT1 iR &k S /M (0)

16 (L 1T 2R B REF BIFAN 8 13 I/O FFAE S8 B : TCNT1H W & 81 , TCNT1L H1K 8 i, CPU
HeEE#Ei5R TCNT1H F7#F85, CPU 15[A TCNT1H B, SEBRiF R A 2 If Bt B 725
(TEMP), EXTCNTILEY |, G FEERNABREF A TCNTIHIERE ; MXITCNTILRAIT
B4R, TCNTTH H I S E[NNBFTEH . XHE CPU AIE— Mt A RSB
o 8 UBHIERLTRIT 16 LITHEENIL, BRE, MAREEIZITRBEETHN—
EATRE R . EXEREERL TN TCNT1 EABBEATRAANER, E4ENET S
F X L4 BRI R 1T AR IR

BETHERXNRE , £F— clkyy BRI EIRE , TTRESBH#ITEE. 01 38 1 8B1E.
clkr, H A 49 IE 4RV CS12:01R E. 2 CS12:0= 0/Y , 1T E=RF L1, 733 CPUX TCNT1
BIRELS clkyy REFEELR. CPUBRELITHFEZTNEMBBRENRERIBE.

THHERN T BUF SIBUR T % 788 TCCR1A fl TCCR1B H#Rr&EM WGM13:0 BiRE. it#
ERENETT (T ) AXEEE OCIx LR RES R BREFEN KR, TRFIISHK
FrEERNERERES L P11« THEERX ",

B WGM13:0 BE 7T it RN THEEX 2/ , TOVI WEN S RBREET. TOV1 A
BARSK™ 4% CPU Hiffi,
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BARARE T

AR AR

T/C H9% AR S 5T o] A SRRV S | 09 B F o R AR 12 LA 3t B )tk B[R] B9 2% 46 B
Z. NPEMHRENMEFESHSIM ICP1 A , BT BSEMLRIBRLETHKKI, BHE
FRETARITESR, SZHRESHETEE , ARNSEHIZRTE,

MARBRETHERNL Figure 42, BFFERETHABREANE S ARERT. &F
FRSNUPNNE 0" RNENER / ITHRBRS.

Figure 42. M AR ¥ T HER
DATA BUS (s-bit)

| TEMP @b |
| icRnH(@bi) | IcrRnL (8-biy | | TONTnH(8-biy | TCNTNL (8-bit
»| WRITE ICRn (16-bit Register) TCNTn (16-bit Counter)
+ ACO* ACIC* ICNC ICES
P Analog - ¢ ¢
Comparator Noise Edge

» ICFn (Int.Req.)

Canceler Detector

ICPn -

S|l ICP1 EHZBBET (BH ) XETEL , IEMLLRSEFHE ACO BELETE
it , FEXANEFZFRIBARMEFATESE | W ABREBORE 16 (VA TCNT1 EiEH
L2 AR FFE ICRT , Fetia ABRIREN ICF1 B, WRILE ICIE1 =1, @
ABRFER T AW AR, PHHITE ICF1 B3E8 , EtEIHREEEX
N IO NEBEAZE"1”EFE,

EE ICRT R EEREFET ICRIL , AEBEIRSZEY ICR1H, BIEEZTH , §FZTHES
NEFV IRt EEEE TEMP, CPU &RE ICR1H Bt 358 TEMP Z1788,

3 ICR1 FESBNEH B REE T RE~EER, et ICR1 HAEITEREEN TOPE., B
ICR1 Z BT B A EIRIE WGM13:0 LA IFIX MR, X ICR1 FEBFHITEIRER LA LF
SFTEAICRIHIOE , AEBREFTEA ICR1L,

ESN P84 “ ihlE 16 (U FFES " L THMEZWX T MR 16 N FFH[/WER,

WA TR EEARIRR ICP1, T/C1 & 7] AAERLL LB S th4E o i A FH 3R 22 TRV AR
Ro B B R B R LRI B SRS F 788 ACSR IR L B A1 {2 ACIC R
HIEX-R. BXENR , AEMARE TERER —RE AR, HiEdREaREs
X AR AR EIAT — B TR AELUB S HIUE IR & R

ICP1 5 ACORIRE RS T1 5| RMEH (P79 Figure 38 ), f£ A RYIZ NN 25t — ¥,
BREERRFNFERG  FLRRNR[AT2MATANZEEIEHSIA 4 MNRET A
HER, EXEMR , BREMEA ICR1 EX TOP BURFF=ERII , T/C HEREHIH
BRSFLR KBRS R ERE
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M AFEAR to A OB B4 2 H S| B ICP1 B9 5 FURARK

BREIHREY - MIENRFREAREERENGME, CHMAMEESHIT4RE
Ho REYH4RREEMRENHEHHS 2FALBRNR,

B TCCR1B K ICNC1 FERER S IR . MRERFIFIRGE , R AREZLE ICR
FIEFT B FXBHNN 4 M REF A BWLER . RFENFIREANR R,
i 7~ 32 70 29 4 25 B9 #20

ERARMARRETHRARERE D BEEBNLERTRRLOEBEHASH. SH4E
EfFRXE, MRAEBFET —RAEMHHIAZINZFIRE ICR1 9HIE , ICR1 BB
EEER , N ESI EBNBRER,

EAM AR P , EF MR TREFAIRE ICR1 FiFiE. REMABRPMLL
RENRE , BHRAF AR SHE ERZTH P IRFTE R EX,

EEMHARRE TEEX TR HETREIEHPHE TOP E,

MNEABESH AL ERERFBREHERTAM LD, FHIEIEE ICR1 FLARREK
THRBNESLR, REWARE , ICF1 KFHERHBEE (EX N /0 LEE "1”), HX
FENEHE , BERATFMERE , WAEX ICF1 #HITREBFE,

16 LR FLE LR TCNT1 EOCRIXHAR ,—BRXNeIHE  kRS[LE~ 4 —1
EEES. ABE OCFIx TN —NER SN EN, R OCIE1Ix=1, OCF1x BfI
Fol&mE LR H . FHHITE OCFIx REBZEET , AEFBIRHFEEMERNH 1/0
NBEAZE "1 A UEE, B WGM13:0 5 COM1Ix1:0 WAEIRE |, B A E8H
EEESERTENEFR. BEXER[FAA TOP #1 BOTTOM EE4BERELEEX T
WERRE (P11« THEER ),

RMEERETAN—MIRRENL T/CH TOP & (BNt HEB/H DR ), 1A, TOPE
& SR E OB R R A 2R £ R A .

Figure 43 (A W LR B T FER. FEB/SML LN PIE 0" RRBMHES (n=1KRT
TIC1), X" R HEERETT (A/B), ERIEHH LR R TE D ARAFRT.
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Bl HE R

E TCNT1 #4EFE 1 LE B T

EREHERET

Figure 43. HiH bt RE T HER
DATA BUS (s8-bit)

37 3 t >
\ TEMP (8-bit) \
—] l ¥ ¥
| ocrnxH Buf. (8-bit) | OCRnxL Buf. (8-bit) | [ TonTnH (8-bity | TONTAL (8-bit) |
OCRnNx Buffer (16-bit Register) TCNTnN (16-bit Counter)
*
—¥
[ ocrnxH 8-biy | ocRnxL (8-bi)
OCRnNX (16-bit Register)
| — (16-bit Comparator ) |
——m OCFnx (Int.Req.)
A
TOP —
Waveform Generator »-| OCnx

BOTTOM ———

g g

WGMn3:0 COMnx1:0

A T/C THE 12 7 PWM EXFHEE—TeT , OCRIXx BESRAINEHFFE ; ME
FEIHEERXMTENESER (CTC) WEHIIREREIER, WMEF AT LIEI OCRIX &
235 TOP = BOTTOM MEISEH |, BHIEF=ETN T PWM KB |, SEHBRER,

8 OCRIx BEEBRRBRES , HETR, FRENE HInEERT ,CPU 5 R 2 OCR1x
FrEFR  ZIEXNEAINEER CPU HRIANIZ OCRIXx A&, OCRIX( #MHELE )
FEBSNABTIEERETEFEHIET (TIC F2BINUFFEREFH N TCNT1 = ICR1
WA ), FTEL OCRIx THIEE TEMP 8, B2 HM 16 M FFEE—HE TIRIUR
FHRE—IFIH, ATLHRRBELEHTH , HEES OCRIx RAJUEN TEMP &F1FE:5
XXM, BAEEEAWNREET OCRIxH, ¥ CPU NBIEBEASETM /0 thutat |
TEMP FFSHBMARENBEFEH. ETRERKFT OCRIxL, LR 2 F TEMP &FF
BNEFZTRIEHENZ OCRIX £4:85 , MR OCRIx LR FEFHR.

ES N P84 “ iRl 16 U FERR " LT EZ X T WA R 16 L FEFERNEE.

THETFIE PWM ERXE |, ATLAUEE X 58 % B LR FOCIx B 1" AR K= E LR
fii, BBEILLRITETSENMN OCFIx fr& , RS EH / FEENSS , ER OC1x o|HF
BWEH  HFRENELETHREE —# (COMx1:0 RE OC1x 2B, FE , ERXEX
1)

CPUXTCNT1 HEHNERIELHEIELERICEN AL, XMSHER ARG OCRIXWE
{t 75 TCNT1 HERE R B E T AR A& 7 o

ATFHEEZEERXTE TCNT1 SFET — N ER S AR I LRIE | EEHAH S
R HBETCNTIREBRRE , FET/ICREEEZT. BEATCNTIHWHEZTOCRIX,
LBRCEREZET  ERTERNEEAEER, £ PWMERT | 3 TOP I AEHK
Ert , FERF TCNT1 1 TOP HENHKE. BNSEXR—RLLRER , TSI
B OXFFFF, 2Kt | i BB THRFIT R TER TCNT1EAS T BOTTOMBEIE.

OCIxMREBENZERERFEAOFTEFR TR, HELMRE OCIXNEEREER
BT R A58 H) % H LR FOC1x, BIEERTRTERERNKE OCIx HFFEHFEL—ER
FERNBIE.
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COM1x1:0 MELEBBFEERH T ENE I, COM1x1:0 B RZ R I BIE o

R IEER RS COM1Ix1:0 EEREIIRE, BEKERFIA COM1Ix1:0 KEET —
IR R ITHL & £ B B9 56 EEBR OC1x RAS ; COM1x1:0 ik OC1x Sl % A kIR
Figure 44 3 % COM1x1:0 iR B WA B HEH FLRER, 1/0 F7F28. /O ZF 1/0 5| HI A
BHERT. BRRAEHETE COMIX1:0 ¥IMHEMA /0 ix Q12 %|ZF 785 (DDR # PORT).
#KR OCIx RAMIEHRRNIE OC1x FHFEE , MAR OCIx SIHKRS. REE N
COM1x B 1728 EM A7 "0%

Figure 44. L RICEMHE T/RER

— D

COMnx1
COMnNX0 Waveform D Q
FOCnx Generator
. 1
OCnx
OCnx :> Pin
0
A
=D Q
[}
2 PORT
<
g
 J DDR
clk,o

RE COM1Ix1:.0 F£AE , RIERERNAHILRIDEMKER OCIx WEA /0 O
B, B2 OC1ix SIMMTEIEXZZ THIES B EF 728 (DDR). M OC1x S|kif HAMK
BB BIAABEE HIES MEFF/H DDR_OCIx MUt SIMHZE N . —MER TIhae
ERSRERER/NIEERNTX , BHA—EHIS ¥R Table 44, Table 45 5 Table
46 o

A BUZEBAYIRIT 21 OCIx M 2 BT B Rt T4, EEXBRL COM1x1:0 &
EERLERENTHEEXATRREN , W P100 “16 ENER / ITHRFTEFRNEA ",

COM1x1:0 FNE % A IR £ T,

BREEERFA COMIX1:0 WAHEEEZBEEN. CTCEXM PWMEXTEMXS. 3
FRREWESR i&E COM1x1:0 =0 RALREE X £ B A ERTFL2RIE OCIXEE
22, EPWMERXHN LB H HES N P99 Table 44 ; HREPWMEY LLR i T P100 Table
45 ; H{IEIE PWM B9 EE &R 5 F P100 Table 46

& COM1Ix1:0 FHMEAKEFHNE —RELREE. XTI PWM BX , TEUERE
A FOC1x I EIF= 43R0

THEER - T/C MEBLERSIMNTH - AEEAEER (WGM13:0) RbBH HER
(COM1x1:0) IR HIMIRE, BB HRFIEEEW , MRE~EERNXT T
FHINAEEE, COM1x1:0 #& PWM i 2ENRME. IE PWM #ERXEF COM1x1:0
BHEHERANZELREEAEMEN, BFE , RIREFER (P11 LR EHEmHE
jTE! ” )O

BN FEEESE PO7 “ ENER / ITHSENFE ",
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CTC( LB IE R EEER AR )
N

EBEN (WGM13:0 =0) AHEENITEER, EHERXTIHHRBFEHEM, TEH
K{ESE (TOP = OxFFFF) B F#E)G it ¥R 855 & #h iR [E] B & /)ME 0x0000 EF F 8. &
TCNT1IREBHRE —NEN ST ET/ICREFIRETOVIB ML, LI TOVIERRE17 , R
RREEN , F2ET, ERTENSZPHRSEFES B3ES TOV1 , Bt TES
BRUHREENSNIHE, EEBEXATEEMAZTERKERN , AR BB AR
A1t ERE BB

EEBEATHABREAREZEA, EXENENBEANEANEERBEFEED
BN O PR, MREFEARAK  XAERAENREH DM RS FEERT BRAARH
RETHDPR,

WHLERBE T AR= £, BRTHECEZEERX TR AM B LEBRR=ERE ,
HeEAAXZH CPU RHEL,

£ CTC #3 (WGM13:0=4 = 12) 2 OCR1A = ICR1 A T AT it e 2 =R,
LT BB EE TCNT1 &£ F OCRI1A(WGM13:0 = 4) & F ICR1 (WGM13:0 = 12) Bfit
E8EE. OCRI1A = ICR1 EXTIitHEEH TOP E , TENITHEBEN 2 #HE, XMER
FE/AFULURE S 12 5 LB ITE 4 AR | BfE{L 7 ABMSH TR

CTCHER K} F B Figure 45, ITEEBRHETCNT1 —EEMEITCNT150CR1A HRICR1
T , R/ TCNT1ES,

Figure 45. CTC EXfrtFHE

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

OCnA !
(Toggle) ———

FIF OCF1A = ICF1 #rE T LA T ES B EIL R TOP B~ £ i, EHMBRSEFRER
LAEH TOP B, BT CTC BRVRENREAINEE , EITHEEULT 2 MR RRIEHTR
S8 THERM BHE S TOP B 2R BOTTOM WEENE/N . MREE AH OCR1A 5
ICR1 BB/ DT HET TCNT1 BE It BN ELA —RERER. £ T —REREE X
£ 28, TR BT EITHRIIFZKAE OXFFFF |, RSB M 0x0000 FF#4it# 3 OCR1A
=® ICR1, EFZERT , X—BUHERINMFLEN, BRNSERERTE PWM E
X , ZEXFEHA OCRIA EX TOP {H (WGM13:0 = 15) , B A tb&f OCR1A AMEH,

ATHECTCERNTBIREFME , TURBEOCIAES AR TR % £tk T BHEF,
XA LB % E COM1A1:0 = 1 REMR. EHERS OCIAMEZH , BAEFHRKQD
WE N E (DDR_OCIA=1), HEKEREBFTENTRMENRN focia = fux 10/2
(OCR1A = 0x0000), MEHMTLAREE : -

(COMnA1:.0=1)

) _ faik_ 1o
OCnA — 2.N.(1+ OCRnA

TENARERMAMEF (1. 8. 64. 256 = 1024),
EEBERT , TOV1 iEMNB AR EEITHERMN MAX ZH 0x0000 K E R 87 B4 A HA,

AIMNEL 91



HRE PWM =X
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PIE PWM X (WGM13:0 =5, 6, 7. 14 = 15) ATARZLESH PWM K, HRIE
PWMERXSHMPWMERNFTEZAR2EEDRE THERN. TN BOTTOM T2
TOP ,AFIENEIZE BOTTOM EFFF . M FEZEM LR M HE | % H LB SI# OC1x
£ TCNT1 5 OCR1x EELRTEN , £ TOP BEE ; W FRE bR H HER |, OCRIXH
MEEFER. BTERATEORBEER | RE PWM B A T SRR L5 A N FHE A A
IS E PWM B E — %, LEMBRESEESREPWMERN+2ESTHRAT B
FMDAC R . B AT BUR/NASB8sfF (BB R B ) WYWEB RS  MNMBERSE KA.

TEFIREPWM ERE ,PWM DR TEERN 8, 9 10 £ , tbATH ICR1 = OCR1A
ENL, B/ND#EER 2 b4 (ICR1 5 OCR1A &5 0x0003) , ZFA D PER 16 L (ICR1
= OCR1A &H MAX), PWM 2SR HKTHTRITE :

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

TEFIRE PWM ERXAT |, iHHREENHE —E R NEIEEL{E 0xO0FF, 0x01FF, 0x03FF
(WGM13:0 =5, 6 & 7)., ICR1 (WGM13:0 = 14) & OCR1A (WGM13:0 = 15) , REH&EFE
EH — Nt EHE S, ERMEFRA Figure 46, RFPAH T LA OCR1A = ICR1
SREN TOP ERTHIHIE PWM EBX, BRI TCNT1 RRX22DPBIRE, HE
HEREETEEN PWM WHURRE PWM i, TCNT1 fH3k EHEKFLERR
OCR1x 1 TCNT1 Y CE LR, LB ICEE OC1x HEiFRE BN o

Figure 46. RiE PWM #EX it FHE

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

\ \
TCNTnN
A\
ocCnx || (COMNXL:0 = 2)
ocCnx | ] [ ] (COMNXL:0 = 3)

e S PR S

T EEMM{EIA I TOP B T/C i HARE& TOV1 BfZ, B/ E TOP E2H OCR1A & ICR1
EMH , Il OC1A B ICF1 #rE 5 TOV1 EE— P EtsAIE L, IR PHERE |, AT
EFMRSEFERELN TOP UK EEHKE,

HETOPER HIRIEFHOVTOPERNFAAELLRFFESNEE. BNMTCNT150CR1x
TE&HMHERITE, FABEERN TOP B, B{EE OCRIXx HESEARENKRERN
SRR "0,

EX TOP B E#H ICR1 5 OCR1IA WL BRI RN, ICR1 HFESRFENEHFESR.
XERE LT UL MR BRENT S M TENRHR | 4 ICR1 BF—NIHRE
REEEFEAN ICR1 B{EL TCNT1 HEEDWER., FRRITHRSBFELR—RER
T, £ T —REREBRREZR , TRBFBFTEITHREIZRKE OXFFFF , AEBM
0x0000 FF#Ait#h BRI LR ICE B, T OCRIA HESENENEHFEFEE, X — MR
E OCR1A AT LABERI B A, EAKBIBHMA OCR1A EHEF1EE5, £ TCNT1 5 TOP [T
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S E PWM =X

BER T — et AR , OCRIA LREFFRNNBRE M F RN BERER. £E—
At E R TONT1 BB S , T TOV1 FREHIRE

ERAEE TOP B RFFEA ICR1 FEFEN TOP, X# OCR1A BiaLLAF7&E OC1A
W PWM IR, B2 , 1R PWM BT/ (BYHE TOPE), OCRI1A BINE
BHEEFESTIX /\)*mo

TEFHREPWMIER AT |, EbE 8 7T vl BAFE OC1x I B i H PWME . i&iE COM1x1:0
N2 AL EEEEN PWM E5 ; B 3 MAB=4KE PWM KB (S0 P99 Table 44
)o LEAN , EEIE MY S| L HE 5 & ST OC1x HEIE S 8 DDR_OC1X i%i&E 7 i
Ho P4 PWM EFEHHIER OC1x FHFE87E OCR1IXx 5 TCNT1 EEREMN (REE ),
D REITHESESE (M TOP &} BOTTOM) K FB— N ER B AHEE (B )

WHA PWM SIRTESOTARITESE

. _ o
OCnxPWM N-(1+TOP)

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

OCR1x HEFsa NIMMRER AT HRE PWM B —L&HKIER. & OCRIx &F
BOTTOM(0x0000) , i i 3 £ S TOP+1 /N E B 2R BV 49 A HIRY E fkF ; OCR1IX A TOP
B, B4E COM1Ix1:0 WiRE , MHENSRFRERF.

BEIRE OC1A EHLRLTENH#TEBBTFHRR (COMIA10=1), ATAEH LR
50% By AR5 . XAAEM T OCRIA AIRE L TOP EH1RIR (WGM13:0 = 15), OCR1A
71 0(0x0000) BHE T B REIMNE focia = fux yof20 X MFMRLITF CTC #EXTH OC1A
HREE , TRZLETRE PWM EXEEREN,

MAEE PWM X (WGM13:0=1, 2, 3. 10 M) NAFRHT - RESHBEEN.
MADEBRE PWMRFEN A Z. SHEAMMREEEREL , EXETRNEERE, it
BRIERE S M BOTTOM itE| TOP , ARE XM TOP £iEEE| BOTTOM, £ —f%#Y Lb R
HERXT |, Hited2sE TOP 1+4;5w1a TCNT1 5 OCR1x [Ef , OCIX BB REETF ;
ﬁﬁﬁwaﬁﬁﬁ BOTTOM it#et®E TCNT1 5 OCR1x IEfg , OCIx HEBEMNNESHF, T
EFRELERAENNEFHER, SERBREMRL 5(5(%41;523‘*145—133{ WBRAMRE
N BEXNFEET2ES TFBNESS

$E1¢1I‘<IE PWM XK PWM 2 REEHRN 8, 93K 10 1 , A ICR1 5 OCR1A E X,
B/ PR 7 2 b4 (ICR1 5 OCR1A R A 0x0003) , & A2 #E A 16 (ICR1 5 OCR1A
lﬁj] MAX)o PWM D #RMHBTHTRITE :

Iog(TOP +1)

THETHMEBE PWM EXT , THENHBE-—BERZMEIEEE OxO0FF, O0x01FF,
0x03FF (WGM13:0 =1, 2 3), ICR1 (WGM13:0 = 10) & OCR1A (WGM13:0 = 11) , &
EREiITHAE., £—NENES4E TCNT1 EZTF TOP &, E48tFEER Figure
47, BHRAHE T HERH OCRIA ICR1 RE XL TOPER M MEMIEIE PWMESR , B AR
# TCNT1 R RXENLRFERE, FEEBNIE T ZEN PWM A H AR K E PWM
B, TCNT1 % EMEKEFLERR OCRIXx # TCNT1 B ITE LR, LB TE /G OC1x
AP R B o
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Figure 47. HB{EE PWM EXHEFE

OCRNX/TOP Update and
OCnA Interrupt Flag Set

or ICFn Interrupt Flag Set
(Interrupt on TOP)

TOVn Interrupt Flag Set
(Interrupt on Bottom)

.
v
TCNTn |

; ¥ ¥ ' :
OCnx (COMNX1:0 = 2)

OCnx

1T B ER{EIA E] BOTTOM Bt T/C 5@ H45&E TOV1 B, & TOP BH OCR1A = ICR1 &
X, E OCRIx BFSSBINEHFABEEHNE —/NHEHE OC1A = ICF1 Fr&
B, FREEBNERIA = £,

ZTOPERAFRIEFHTOPER N FRAELRFFHRNKE. BNTCNT150CR1xX
FEHAMERTE, FABEEWN TOP Ei , BEE OCRIXx EEHRBSEAKRENKREAN
SRR N "0’ 1E Figure 47 AHME=AEAHF , £ T/C BT TFHUBERRFHET
TOPESH TAXNHH L. HEEEE T OCRIXFFEENEHMETE., BT OCR1x B E At
ZIHERES / ITHESEE TOP 26t , Eitt PWM WEREHEE T , &It TF b, 7
2, TEMENKERRTLE—TOPE , M EARNFHNEKETRTHN TOP H. &
XHEMERE , —MNEABAFENRERKERE , fiHERAINHRT .

BEETICETHNHE TOP # , RFARUSHRE EEX K EMUBERN, & TOP
FREFE , BAXMM THEEXKFRIZEX 5],

ITHEFHEMEE PWM ERXET , LERETTALAE OCIx S E PWM B, i&E
COM1x1:0 8 2 AJ A= 4 Z @K PWM ,i% & COM1x1:0 7 3 AT A= 4 = [(] PWM (£ 1. P99
Table 44 ), EEIF N\YIE S| B 5 HE B X AP0 OC1x FEIES B DDR_OCIXIiRE N
i, OCR1x #l TCNT1 LbRICEL &K 4R OC1x FES[FE=EMHMNIBESREMIRE ,
M=% PWM B, THEFHEALEEERE PWM RERTHOTLARNIKE :

, _ fakuo
0CnxPCPWM = 5N TOP

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

OCR1Ix B 17284 THRERT KRB THHMSE PWMERXH — 4% B R, EZBPWMETR
T , & OCRIx &F BOTTOM , i —ERFHNEBF ; F OCRIx ETF TOP , fHn
RENSHE, KB PWM EREFHER, MR OCRI1A ARENX TOP & (WGM13:0 =
11) E COM1A1:0=1, OC1A % 52t 50% HAERES.

MM SMEEE PWM & (WGM13:0 = 8 5 9) - LA RIFRABSRIE IE PWM = - A LA~
SEREN. HUSMERERN PWMEF. SHMAEEEREL , HHEE PWM E
RETWRIKIRE, ITEI8EEE M BOTTOM itZEl TOP , RFE XM TOP #IREZ
BOTTOM, E— MWLt BRHEERT |, Hitet8543E TOPiH#EtE TCNT1 5 OCR1x L |
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OCIXFEFBHEBRTF ; MEITATEABOTTOMITEEITCNT1 50CRIXEHE ,OCIxFE
NAESEF, TEFROMELERENEFER. SERBEREMRL  XRBRETRSE
HERAMEBE N, BENHEET2EESTFENES,

IS EEE PWM BX SHEMEE PWM EXHWEEXFIE T OCRIx HFERNWEH T
& , ¥ Figure 47 5 Figure 48,

& E4EIE PWM XA PWM 2 #3201 H ICR1 25 OCR1IAE N, RN D#EERH 2
4 (ICR1 = OCR1A & 0x0003) , ZRAZ LR 16 £ (ICR1 H OCR1A i&H MAX),
PWM B R HATATXNITE :

_ log(TOP+1)

QPFCPWM Iog(2)

TEFHISE PWMERE |, ITHB[HHRE—ERMNE ICR1 (WGM13:0 = 8) 5, OCR1A
(WGM13:0=9) , REREITH L [. E— PN ENSENHETCNT1EE T TOPE., E4H
i BN Figure 48, BHAE 7 HEMA OCR1A = ICR1 REX TOP ERKHEMIEIE
PWME ., BFRAITCNTIR RXEXNL R ERE, FERERNIZE T EBHPWME
HURRE PWM i, TCNT1 f#H3 EBEKTFLKR TR OCRIx M TCNT1 B9 EEL LK o
LEECE & Rt , OC1x FHIFREFHEB Lo

Figure 48. MU SHMEEIE PWM RXAIESFE

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

OCRnx / TOP Update
and

TOVnN Interrupt Flag Set
(Interrupt on Bottom)

y
oCnx M (COMNXL:0 = 2)
OCnx ['1. ] ] (covxo=3

£ OCRIx FHFHmBEIRNE P AXNBIHEFNE - EAHE T/C BHEARE TOV1 B
fiI, & TOP B OCR1A & ICR1 EEX , M2 TCNT1 i %| TOP {8t OC1A = CF1 EfiL,
X LE R AR AV B A SRAE R IT RERA B TOP 5 BOTTOM BY 7 4 Fr i

3 TOP EET A FURIERTH TOPBA /N F i/ LR B 7 8 (9. BN TCNT15O0CR1x
AP R IR,

I Figure 48 Fi7R , SHMEEERNERITBHE , HHRIEE PWM B4 RE B IERT
ENEHFYANFES, XEHT OCR1x £ BOTTOM BSREH , L ASTEMEK
EHA&HESE, Rt HEoP AN  BERTMEEEAEN,

FERAEE TOP BN HKIFFEA ICR1 FESENX TOP, X# OCRI1A B ALLAF & OC1A
WHPWMIE, B2 , 1R PWM ENTHEL (B HE TOP E), OCR1A HIMNE)
BUFEEFEESTXMNNA.
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THEFHEMIEE PWM EXET |, LbRETHLAE OC1x S LY PWM B, ®E
COM1IX1:0 W 2 AT A= EBH PWMES ; A3NMAL~=4EREPWMEF. (31 P100
Table ). EEEFH HESEHLIT OCIx WEIEBFERE N M H. =4 PWM RFEHH
B2 OC1x FERE OCRIX SHFIEHH TCNT1 EENEN (RET ) , SBRFICHHN
TCNT1 EEAES (RENL )o WHMN PWM MEALUEIS M T ANITESE

" _ fakwo
OCnxPFCPWM ~ 5 N. TOP

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

OCR1x F17854 THRE R EE T HMIEE PWMERH —LEBHER. AEEPWMER
T, & OCRIx £F BOTTOM , i —ERFAKBF ; & OCRIx EF TOP , Nt
RENEBEF, k@ PWMEXNEFMEKR. R OCR1A AKRENX TOP & (WGM13:0
=9) H COM1A1:.0=1, OC1A % 5Z A 50% WAES.

ERER / TR AR BE , AMee ckyy RTINS EEES. BPiEA TAMEE
RS KA E A OCRIX EAEBRFHIHIEER OCRIX HiFe: ( TETREHHFEKER
Bt ). Figure 49 45 T E{Z OCF1x KIEt /= E.

Figure 49. T/C (i FE , OCF1x EfL , T2 s

clk

110

clk
(clk

Tn
|/o/ 1

TCNTn OCRnx - 1 OCRnNX OCRnx + 1 OCRNX + 2

OCRNx OCRnx Value

OCFnx

Figure 50 44 i BRI B R4 20 3R |, (BT 2 S E E.
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Figure 50. T/C Bt/FH , Bz OCF1x , A ERN fyy 10/8

o [||[LDULDLL

R

[T

ATmega32(L)

LRTATATLR

NI I B

(clk,/8)

TCNTn B OCRnx -1 OCRnNx OCRnx + 1 OCRnx + 2
OCRnNx OCRnx Value

OCFnx

Figure 51 A THEEFTRER TR TOP ER W ITHFS, TETFHEMISE PWM EX
Bf , OCR1x ZF1£251E BOTTOM #E#1, BRFE4RE , 8 TOP EEH BOTTOM K% |
BOTTOM+1 & TOP-1 , &%, AN BN tiE A T HL1E BOTTOM B TOV1 ¥R

HHTHERN,

Figure 51. T/C Bf =& , T2 MR

cIkI/O

clkq,
(clk, /1)

110

TCNTn
(CTC and FPWM) |

TCNTnN
(PC and PFC PWM) |

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

TOP -1

TOP BOTTOM

BOTTOM + 1

TOP -1

TOP TOP -1

TOP -2

OCRNx
(Update at TOP)

Old OCRnx Value

New OCRnx Value

Figure 52 45 HiAHEI RV B 50 4R |, (BT D A BERE
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Figure 52. T/C BtFFE , M SMERN fyy /0/8

o JUIIUOUUORUUUUDNUUUDUUDun Dutunt
S ] 1 1 1

TCNTn
(CTC and FPWM)

clk

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
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16 (L ER 8] / T BB TE
ES6Y 1% BF
T/C1 #5788 A - TCCR1A
Bit 7 6 5 4 3 2 1 0
I COM1A1 COM1A0 COM1B1 COM1BO FOC1A FOC1B WGM11 WGM10 I TCCR1A
®/BE R/W R/W R/W R/W W W R/W R/W
BE 0 0 0 0 0 0 0 0

» Bit7:6 - COM1A1:0: i€ A WL B HESR

» Bit5:4 - COM1B1:0: i B Wt B HESR

COM1A1:05COM1B1:0 4 512 %] OC1A 5 0C1BIRZ ., 2R COM1A1:0(COM1B1:0) Y
—HAMEEA "1”, OC1A(OC1B) #i i ThREFFENA 1/0 i O ThAE. AT OC1A(OC1B)
FE LAY A S| B BHE 75 e 42 o A B o DA R A e IR B B

OC1A(OC1B) S¥1E S| BI#EIER ,COM1x1:0 BIZhEEEH WGM13:0 BIiREBIRE. Table 44
LAHE WGM13:0 RENEBERXS CTC X (3E PWM) Bf COM1x1:0 I ZhBEE Lo

Table 44. LER#HER |, IF PWM

COM1A1/COM1B1 | COM1A0/COM1BO | B8
0 0 L@ O#1E , OC1A/OC1B KRiE#E
0 1 bR e st OC1A/OC1B BB FREUR
1 0 LR ERES OC1A/OC1B( Hil HIKEF )
1 1 e Ei At B2 OC1A/OC1B (M EEF )

Table 45 4 WGM13:0 % & RIE PWM X Bt COM1x1:0 BITHAREE Mo
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Table 45. L& HER | RiE PWMD

COM1A1/COM1B1

COM1A0/COM1B0O

L

0

0

L@ O#4E , OC1A/OC1B RiE#E

0

1

WGM13:0 = 15: LLRIEEL AT OC1A LR
OC1B R L AYESIH, WGM13:0 nEEE
AR E&ER O#81E , OC1A/OC1B KRiEH#E

LB T EL BB E OC1A/OC1B , OC1A/OC1B
1£ TOP Bt &2

1

R TE Rt E{Z OC1A/OC1B , OC1A/OC1B
£ TOP BES

Note: 1. ¥ OCR1A/OCR1B ZF TOP BE COM1A1/COM1B1 EfuAt , LLRIEHZRE |, B
OC1A/OC1B HiENL / BB BREB M. FM PI3 “ RIE PWM X~ ,

Table 4645 i Z WGM13:01% B F A7 1& IE PWME KX S M85 IE PWM AR Bt COM1x1:0

Y ThEETE Lo

Table 46. L RAHER |, HAISE RMBMIEE PWM ER

COM1A1/COM1B1

COM1A0/COM1BO

L

0

0

Zi@is QR4 , OC1A/OC1B KRiEE

0

1

WGM13:0 = 9 = 14: LR PEEi At OC1A B
OC1B A 5 AYES|H, WGM13:0 h HEE
RE@EIwOEE , OC1A/OC1B KRiERE

FF et bR TEEFEE OC1A/OC1B , B&
Fie et bR T B & 2 OC1A/OC1B

1

F e #at LR ITEL G E L OC1A/OC1B , &
Fic et tE R TEEZE OC1A/OC1B

Note: 1. OCR1A/OCR1B %F TOP H COM1A1/COM1B1 BU B —MEH BN . i MEEES
L P94 “ M{IIEE PWM R~

« Bit3 - FOC1A: EE A 2l
« Bit2 - FOC1B: & B 2L

FOC1A/FOC1BRAEHWGCM13:058E N IEPWMER B BIBE. NESAREBERR , T4
£ PWM #X T3 TCCR1A BAR , XFMMLTES, 2 FOCIA/FOCIB L& 1 , I AP
BERF S THTHREHE, COMIx1:0 WigE%ZT OC1A/OCIB Wi H, *=
FOC1A/FOC1B UERIEBES. COM1Ix1:0 IHIERE R I LL A MR

E CTC X T H OCR1A ¥y TOP fE , FOC1A/FOC1B it BEIF &£ hifth T4
SERRERT BT

FOC1A/FOC1B fu & 215 0,

e Bit1:0—-WGM11:0: A E#ER

XMUSTF TCCR1B &HiFaRM WGM13:2 4 & , A THEHIH =R 1T B 5—1It
W/ ERENBERL R ER/NTHEERXIN Table 47, T/IC XFNTHEERF &
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BERX (ITHER)  LREEREEENSR (CTC) B |, R=FERXFH (PWM) #EX L

PO1“ THEER ",

Table 47. R £ &KX AR ()

WGM12 | WGM11 | WGM10 OCRIX E | TOV1 Bt
#X | WGM13 | (CTC1) | (PWM11) | (PWM10) | ERIES/ it BEs THE#R TOP ezl #

0 0 0 0 0 @ OXFFFF | MENE# MAX

1 0 0 0 1 8 (LA IELE PWM Ox00FF | TOP BOTTOM

2 0 0 1 0 9 (UAE{IELE PWM Ox01FF | TOP BOTTOM

3 0 0 1 1 10 fL ML & IE PWM Ox03FF | TOP BOTTOM

4 0 1 0 0 CTC OCR1A | MENE# MAX

5 0 1 0 1 8 U tRE PWM Ox00FF | TOP TOP

6 0 1 1 0 9 [ RIE PWM Ox01FF | TOP TOP

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

8 1 0 0 0 M SMESE PWM ICR1 BOTTOM BOTTOM

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

10 1 0 1 0 MAEE PWM ICR1 TOP BOTTOM

1 1 0 1 1 {8 1E PWM OCR1A | TOP BOTTOM

12 1 1 0 0 CTC ICR1 MENVEH MAX

13 1 1 0 1 - - - -

14 1 1 1 0 RIE PWM ICR1 TOP TOP

15 1 1 1 1 IR PWM OCR1A | TOP TOP

Note: 1. CTC1 M PWM11:.0 WENLELFBHEAT , EfEA WCM12:.0, BERFM MRANENNLERFREN,
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T/C1 ###|%& 1788 B - TCCR1B

T/C1 - TCNT1H 5 TCNT1L

ATMEL

Bit 7 6 5 4 3 2 1 0

I ICNC1 ICES1 - WGM13 | WGM12 Cs12 cs11 Cs10 I TCCR1B
®B/B R/W R/IW R R/W R/IW R/W R/W R/W
WHE 0 0 0 0 0 0 0 0

« Bit7 - ICNC1: Fi ARG = 1 HI85

B ICNC1 [HEREM A IR F M EIThAE, LAt/ ERSIHED ICP1 MM AR R, HIEH
EM ICP1 SIBIELEHIT 4 AFRE, WR 4 NFREEHEE , BAESSEALARNES,
H It FE B X ThREF S5 AHIRMGER T 4 N atsd B HA,

+ Bit 6 — ICES1: S AR &R

BALEFRERA ICP1 ERYHNLR AR BIREN. ICES A "0" EFRHNETHREAMERA
4R ; ICEST N "1" ERMNREBEEFH LA B AR,

R ICES1 MREMIRE —NBHE T HRENHREREF D ICR1 Fi7sE. BREM4E
SEN ICF1, MRIEHMIERE , WMABREHFMER,

% ICR1 AfE TOP & (. TCCR1A 5 TCCR1B &1Z88% WGM13:0 {u#93%5R ) & ,ICP1
SHAMRIEERTT , MM AR IIEEHER,

+ Bit5-{RE

ZURE. ARIESTRBENREY , ETCCRIB I , ZUMABEA "0%

o Bit4:3-WGM13:2: B A 4E#ER
Il TCCR1A FES3H M IR,

+ Bit2:0 - CS12:0: BH§pikiF
X 3 ATIiEE T/C Wet8pR , W Figure 49 5 Figure 50,

Table 48. BHPIEIZR AR
CsS12 | CS11 | CS10 | iit®8

0 0 0 FathiR (T/IC =1k )
clkyo/1 ( TT 543 )
clk,o/8 (RETS iR )
clk,o/64 (RBTAZ M2 )
clk,o/256 ( R B TS 4gR )
clk,o/1024 (KRB 5 2R )
SNERT1EIM , FRRREE
SN T1 I, EFRERS)

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

A lolalo|lalo| ~

EFRERANSRRE |, BIE T1 SIMWE AL |, SIMENZBESBERLDRS
|z T/C1 itk , XAV AP BT R4 RIEZHT K.

Bit 7 6 5 4 3 2 1 0
TCNT1[15:8] TCNT1H
TCNT1[7:0] TCNTIL
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W8 HFER 1A - OCR1AH
5 OCR1AL

W8 HFERR 1B - OCR1BH
5 OCR1BL

MAHRTESR1 - ICRIHE
ICR1L

T/IC1 i R T 88 -
TIMSK("

B/IE 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

TCNTIHSTCNTILARK 7 T/C1 I EIEZFESER TCNT1, BZ A1 A E XN E ot /1T
BSETHY 16 UITHESHTIRBIFR, FRIE CPU RNEZETSEFTHEMES |, #M|
FH—/ 8 I EFTEFE TEMP, TEMP 2fFEM 16 (USFLLHM ¥ M P84
“i5iE) 16 L HF1FRR "

EIT BRI THEERTCNTIHARE TEEE KX —IXTCNT150CR1xH L& IL i 2 1k,

ETCNT1 FFHRFET - ENREHEELRITE,

Bit 7 6 5 4 3 2 1 0
OCR1A[15:8] OCR1AH
OCR1A[7:0] OCR1AL
®/B RIW RIW RIW RIW RIW RIW RIW RIW
HaE 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
BB RIW RIW RIW RIW RIW RIW RIW RIW
HaE 0 0 0 0 0 0 0 0

ZHFFRTH 16 VHES TOCNT1 FERFNITREHRTESNLR , —BHRECTE F
FE—MaEERPE , S OCIx Wi HBE BT,

WMHELEBREERRKER 16 I, ARIE CPU NEFZHERFZTHENEE , KAEHR—
N8I B FTH 1788 TEMP, TEMP iAW 16 U FZ5 A | ¥ M P84 “ 7R
16 (U HFFRR ",

Bit 7 6 5 4 3 2 1 0
ICR1[15:8] ICR1H
ICR1[7:0] ICR1L
®B/B R/W R/W R/W R/W R/W R/W R/W R/IW
NHE 0 0 0 0 0 0 0 0

LHAZBSIBICP1(BRT/C1 B LL RS ) B AR RMAE S~ EN |, ITHESTCNT1 Y
EEAICR1 #, ICR1HREBETIERNITEESH TOP E,

WMABRSERERKERN 16 L. HRIE CPUNEZTHSRFZTHWER L , KAEHA—18
et S FTEF88 TEMP, TEMP 2FiEM 16 UFEFE AN , ¥ P84 “ 178 16
NEFER" .

Bit 7 6 5 4 3 2 1 0
[ociE2 ] TOlE2 | TICIE1 | OCIE1A | OCIE1B | TOIE1 | OCIEO | TOIEO | TIMSK
®/5 RIW RIW RIW RIW RIW RIW RIW RIW
WAE 0 0 0 0 0 0 0 0
Note: 1. ZFEFHRIEB/LANT/ICHIFRIRSMY  BATHIANTIL#TREA  HRUFEZTEN
N ANEAE B
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« Bit5— TICIE1: T/C1 i A2 b s

MIZMIERN "1, BIRASTESRFM | IR 17 5, T/IC1 MM AR P {ERE, —
B TIFR 89 ICF1 Eﬁ CPU BIFF #8017 T/C1 ﬁkﬁ?ﬂwﬁﬂ&xﬁr‘( P42 “ Fllf " ),
« Bit4 - OCIE1A: T/C1 i LE8 A PUifil i fERE

MIZMVHEIRR "1, BRASTESDH | IHIER "17 61, T/C1 B H LR A ITHE A #ifE
Bt —B TIFR £# OCF1A & , CPU ENFHNIT T/IC1 I H LR A B F T IRS BT
(W P42 “HHlfT”),

« Bit 3 - OCIE1B: T/C1 @ HiLb%: B PUEL A MrfERE

MIZVEIRR "1, BRAFEEDHN | RN "17 8t , £E8E T/C1 By H Lk B Pt &
WrfEfE, — B TIFR £# OCF1B &BfI , CPU BIFF A 4T T/C1 % H L3 B PRt & i AR S5
BF (P42 FHlr),

e Bit2-TOIE1: T/C1 &8 hpMifEgE

HizuHigh "1, BRSFEFESIFH | LHIgR 17 i, T/IC1 R PHIERE. —
TIFR L& TOV1 Eﬁ CPU ENFF #5047 T/C1 }ﬁtﬂﬂF&ﬁHE’*&F( N P42 “Hii "),

Bit 7 6 5 4 3 2 1 0
| OCF2 TOV2 ICF1 OCF1A OCF1B TOV1 OCFO0 TOVO I TIFR
®/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
Note: ZFEBREES/LANT/ICHIRERMN , EEATHIAN T1AH#THE ERKUFESEN /NG
HOLAiR BA

» Bit 5—ICF1: T/C1 i A¥HIRFRE

SNEBSIH) ICP1 HINHER EHAT ICF1 B, ko , 2 ICR1 ERITERESH TOP &R, —
Bit#B8Ei% % TOP, ICF1 &L,

AT R AR P TBRSS 2P AT ICF1 BE1ET, h A I EBAEE 1" RKBBRZIR SN,

+ Bit4 - OCF1A: T/C1 it bR A EE4RE

4 TCNT1 5 OCR1A IEE AR INBY |, ZALHIRA "17

P8 %% H L (FOC1A) T4 & OCF1A,

MAToR S LR TR A BT IRS R At OCF1A BElESE, WA UNEEAZE "1” K
ERIZARENL

 Bit 3 - OCF1B: T/C1 faiH tb%&k B EE4r&

4 TCNT1 5 OCR1B LB A INBY |, ZALHIRA "17

8 %1% H L (FOC1B) T4 & OCF1B,

TR %5 LR T E B TR 278t OCF1B BaliESE, AU EEAZBE "1” K
ERIZARENL

* Bit2-TOV1: T/C1 BHIFE

ZNURES TICI W IESREX. TETEEERXFM CTCERXE ,T/C1 B H TOV
B, WIEETERXTH TOV1 FREMES , N P101 Table 47
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RATRHPMRSEFN TOV1 B3)EE, A UNAEBEAZE 1" KERIZIFEAL.
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8 i PWM SR
YRR ERT B8R / 1T %4aR 2

5

ATMEL

TIC2R—NMNBARBEE 8 EN/ITHEs , HXERHINT :
- BEEITHEE

« WBREEEEENS (BFHER)

o TR, EAERABKTIAHE (PWM)

« MERER

10 (IRt SR ER

« BRHEHBRIEEAFMIR (TOV2 5 OCF2)

o AFEANBN 32 kHz FRBIRMEF UM 1/0 B4R

Figure 53 7 8 L TIC I S HER . LRSI MEEZS N P2 “ATmega32 M9 5|#) " . CPU A5
BEY 1/O F1FE ,BIE /O 1L 1/0 SIMAEAERR. BRHFEK IO FERSMNENA P116
“8 i T/IC FEEFHEA ",

Figure 53. 8 i T/C 51EHE
/

A

\i

{ TCCRn

count . TOVn

clear 7 (Int.Req.)
Control Logic
direction clk,,

n
A - TOsC1
BOTTOM TOP TIC
Prescaler Oscillator

rvy

Timer/Counter A
TCNTn | =0 | |=OXFF|

| TOSC2

ocn clkyo

(Int.Req.)
9 v Waveform
2 = > »
m Generation ocn
< i
<
[a)
| OCRn |
) [ — clk,,
Synchronized Status flags L _
Synchronization Unit
; —clk,q,
Status flags
- > ASSRn I | 4
asynchronous mode
select (ASn)
- y >
A J

ERTES / THHRES TCNT2, fHEHLREFFEE OCR2 K 8 (U F8S, FHER (RAHPEENR
Int.Req.)o EBIEEREHHIIRETFES TIFR #AE R, FIADUTER T LUE E /T 25
W EBR T TIMSK BIAH1THEMR. BHAREE TIFR 5 TIMSK,

T/C B 8p a AR B T2 302 A SRt 49 = B R TOSC1/2 SIMMEA N RS a4 | iF
NAT FEHRD ., L BRIERARSIRATIELE ASSR 24|, Bt4piER B EERLES| R
T/CitBEEM(FR ) B BT R, SR ERBR RN T/CA FEILIRES, B4 ERiBEE
RV HEMA clkryo

WE R H H B FFSE OCR2 —ES TCNT2 AR TR, B A ESEFBALRE

R4 PWM R R LB H 5 M OC2 Mt I RFENES. M P109 “ L RE
T HRERERELEMLRIEERE OCF2 , AR A5 H LR P UIER.
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EX

T/C HYEHE4IIR

ITHERE T

AT SFERIREZSMIUBANKERRT. NEN 1" R NEMNES/ITRENFS
EUEIR 2, ERESEFNECFABBOERN (HlEH TCNT2 KGR T/C2 1T EEEE
)o Table 49 HEXEAFAT,
Table 49. %89

BOTTOM | it#&8it % 0x00 BFEE R BOTTOM

MAX TR 1T 2 OxFF ( T3 HIfY 255) B EDIEEI MAX

TOP THEER T BN BUF S s K ERTEDA | TOP, TOP {E R BN Bl EE OxFF
(MAX) , SR f7fE T H 1787 OCR2 EN#E , BB THEEXBE

T/IC AHASEZ R HABR LR, clk, WREIREN MCU B8 clk,go =
ASSR F1Z85HI AS2 BURT | BH4HRERE F TOSC1 # TOSC2 EEN IR H 2. iFAN RS
RETTLLSE P19 “ RSRAEFERS -ASSR’ ; FHAN RS MEBNANRESE
P121 “ EERT SR / ITEREE TN 2 40088 ~

BIT/ICHEEE D N AIREAIME T E T, Figure 54 BN T MR M T Bl BEEH 5 1E
B,

Figure 54. itHEE T HER

TOVn

DATA BUS (IntReq.)

e

-
clear clk
TCNTn - Control Logic |- L Prescaler

direction

bottom T Ttop
E5HE (REPES) :
count fi£ TCNT2 b0 1 R 1
direction EFRNBESRIRE

-t TOSC1
count

TIC
Oscillator

P TOSC2

clear BE TCNT2 (HFMBEMAES )
clky, T/C By B4
top KRN TCNT2 ERKE THRAE

bottom  F®R TCNT2 EZL&E 7T &/ME (0)

BETENTEER | ITBREHNE A cky, ZIEE. M—308 —8R4E, clky, ATLLHA
M EBE R AT R~ % |, B4R HIERENT CS22:0 BE, REIEF T HIR
(CS22:0 = 0) EBTRRF L, BRFEHRE clky, ,CPU EE LA E TCNT2, CPU B
it SR iR (OBF. MRRE ) BIEERS.

THBUF SR T/C #4515 788 (TCCR2) By WGM21 Fl WGM20 RE, BRI BT Hh E5H
H LR OC2 MIRFER RBEHNXR R AXRIUTHFIINRFEFENFAFEHFSE P10 T
EER "

T/CiaH PR ETOV2RIFEWGCM21:0 REM THEEXKIRE. TOV2AI LA TF~4£CPU
Sali
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BHLERET

Bl HE R

E TCNT2 ##4EF 1E LE B T

EREHERET

ATMEL

8 NILEERBFIFLEEFT TCNT2 Mt LR ICEL & 788 OCR2 #1TLEER. —B TCNT2 &F
OCR2 , tRBARAHTEES, EEBEAENT —NENSENAREH HEBRIRE
OCF2 &fi, & OCIE2 = 1 i ¥ 5| K H LB A Wi . ATHETIRSEFAT OCF2 [ B3)E
T, WA BEYRAE 1" EXHITEE. RIE WGM21:0 M1 COM21:0 RENFRE T
EER | BEAESTURACREES~ETRMNER. B, REAERERA max
# bottom E 5 RAEBRBER M THEHRER (M P110 “ TEE "), Figure 55 i
teg g T A ER,

Figure 55. fiti bR BT HER
DATA BUS

OCRn TCNTn

} I

| = (8-bit Comparator ) |

OCFn (Int.Req.)
-

A

top »

bottom g Waveform Generator OCxy

P

WGMnN1:0 COMN1:0

FOCn >

FH PWM XA OCR2 HE[/ANEHSEFS  MELEE THEEIANCTETEFSER
MEHINBEREE LR, WE AL EH OCR2 F172E 5 top = bottom BRI FEH#EK |
MTTBH L= £ AR PWM BROF | SEBRERI,

E OCR2 HFsRBERMBER , EXT R, EREME M IhsERt , CPU iKY Z OCR2
ZnHFES ; ZUEREHEER CPU HRIKNZE OCR2 A&,

TETFIEPWM ERETS |, ATBART B8 &% B L& FOC2 B "1” KEE L RIEE, 8E bR
EEASEN OCF2 #5& , BFAER / BEERE , (ER OC2 S| FHMERH , FRE
MAEET LR ITE —# (COM21:0 }RE OC2 RE., BE , EREREBEWL ).

CPUX TCNT2 FEBNERESHE T —NEN a4 B HE I LR ITE N & £ | Bt
RERNBEERXFILET . XMEMATLLANRS OCR2 #41L IS TCNT2 HER HRET At
K,

BATFEEZEERXTE TCNT2 SBFET — N ER SR AR L LRICE | EEHAH S
BT REE TCNT2 BN , 78 T/IC RBEET. MRBEAKN TCNT2 WEEST
OCR2 , kBRICE MM ZRE T , &R T EBIRFERELER, KLUt , EiTHESHTHRSE
T FEX TCNT2 EA BOTTOM,

OC2 WIRBERZEREBHRFEFOFFRZAMTH. RELHNIRE OC2 WHEZREEER

AT A ARG A HER FOC2, BMEERT R A LR OC2 HFERH/ELL—EBERFE
HEE,
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B e far T

A HEX MR~ &

THERK

AR COM21:0 MELRHAFEHAENE FH . COM21:0 KRR AN E K,

R EEER EF COM21:0 EEREMEL, BEXERFA COM21:0 REBET —
e PUED & £ B B9 5 EEBUIRAS (OC2) ; COM21:0 i&#24] OC2 3l HE S KSR,
Figure 56 7 3% COM21:01& B /A 09 B 4 19 L R, /0 B 175, /O /0 I K LUE
HERR. BPRAEHTE COM21:0 EMMAEA 1/0 ik D324 ZF 1785 (DDR H PORT), i#%
R OC2 ARSI 2RI OC2 H1285 , MA= OC2 3Ii.

Figure 56. LR I-Hpf H & T REE

—D

COMn1
COMnNO Waveform D Q
EOCn Generator
— 1
OCn
1 p;
OCn 0 in
A
»D Q
3
m PORT
g
[a) > D Q
A ) DDR
clk,o

HE COM21:0 I — N A MNEN , B A LR M EERINEE OC2 MAEBERA I/0 O
IjJHbo B2 OC2 S| FaNAZETHIES mZE 7S (DDR). EMEMA OC2 hEEz &l
BAEEIHKRESRFFEHN DDR_OC2 M fF kS ENME. R OMESKEE A%
BN IERRNER,

WHLEBZENIZRITATF OC2 REEMEZAE E#H TR, EXEXEL COM21:0
BRERBA T HMIRMERT  F0 P16 ‘8L T/C FES[HA ",

BIERAEBFA COM21:0 WAREZE., CTC M PWM =iiEXTAEMXSl, X FFF
BEHER ,COM21:0 =0 RPLLREBR X EM B X ESRTRERIE OC2 FFE5. IEPWM
*;‘tﬂﬁtt?#‘ﬁﬂjﬁ L P115 Table 51 ; {RI&E PWM M Lb B & HF P116 Table 52 ; #8{u
{&1E PWM BV L5 T P116 Table 53 o

W COM21:0 HEMEAKRFEENE — X LERTE, XFIEPWMESR , JABEIFEH
FOC2 3kaa &l Bl = £ MR,

THEERN -T/C MmEHLERSIMPITH - BEFEAEER (WGM21:0) k& HE
(COM21:0) MR HIMIRE, EBMEERXT T BFIEERTM | MEE= BT T RF
FINEFM, COM21:0 ## PWM i RERMM. IF PWM EX BT COM21:0 2 Hl5
HEANZELRERAEREN, BE , A2EFHK (P110 “ EBREEHHEET ),

BN FERESE P13 “TICHER "
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EEHEX

CTC( Lb B Pell i EBR E R8T )
EX

RE PWM #E =X

ATMEL

EBEN (WGM21:0 = 0) A REEMNTHEER, EHEXTIHHE T EwE M. i3 8
e R RER (TOP = OxFF) , B FHEGE T M £ 1R E B &/ME 0x00 EFHFF
¥, £ TCNTO HEWE — N ERTEFAT4E T/C BHFRE TOV2 B, AT TOV2 ERE
FOof, RARREEEN , F2ET. EHTENSBHTHMBRSERFEB B3ES TOV2 ,
LHALBE GRS ENSBNIHER, EEEEXTEEFLEESKERN , AR TN
BERT B AR T B BT B,

WHLERBRTALAR= £, ERTHECEEEX TAARELEE=EEE  BHR
2 5B AXZM CPU BKE,

#£ CTC &3 (WGM21:0 = 2) £ OCR2 Hfss A T T T MBS 0 PR, L1 BRI ME
TCNT2% T OCR2 it #277EF, OCR2EN T IH BRI TOPE , FRENITHERI 9 PR,
BRMEXESAFTUAREZHER L RTCEA HBOHER | L TABSAITHRNE
1o

CTCHER MR FB A Figure 57, iTERESBETCNT2 —ER MBI TCNT2 5 0OCR2 LE , A
J& TCNT2 5%,

Figure 57. CTC EXrFHE

OCn Interrupt Flag Set

OCn \ Y
(Toggle)

FIF OCF2 fREMUEITHEHRELT TOP BL£ i, EFMBRSEFEAUEHR
TOPHIEE, HTFCTCHEIZENE HINEE , BB UL D MR RIEMVTA D MET T
ER BHRSF TOP BN #EIE BOTTOM MIEER E/ D, MREA OCR2 WHENTH
BT TCNT2 BB |, iTHESEXR—RHERER, £ T —AREBREEREAEZH |, ITHET
BREUTBEBIHRKE OXFF , RIFEM 0x00 FF A1tk E OCR2,

H T CTC MR TEIRMMHH , TLIGE OC2 EEX LR TR R ENKTBHEE,
XA BAEIE 8B COM21:0 = 1 KRR, EMEHE OC2 Btz d | BEBGRHORE
i, WKL BB LN R ARERN foo, = fy yo/2 (OCR2 = 0x00). MK T
ARBE : -

(COMN1:0 = 1)

P foi 1o
OCn — 2.N.(1+OCRn)

TENARMSHFET (1. 8. 32, 64, 128, 256 & 1024),
EEBREXT , TOV2 fRENEMKREEITHERM MAX ZEN 0x00 BYTE AT 25 0 81 A i

PIE PWM R (WGM21:0 = 3) Al AR~ ESMH PWM B, RE PWM EXS5HAt
PWMERHW R ZARELE DRI THEAR, TTHEMBOTTOMITEIMAX , R/ EIE
FBOTTOME#FH 1. W FEZ B LR M HER | B LRSI OC27 TCNT2 5 OCR2
T EES , £ BOTTOM RE ; ¥ FRELEHEHES , 0C2 WEIEEFHEKR. H
FEATRDFFER | RIE PWM EX M TR FERANFHRNEMIEE PWM ERX
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MRS E PWM X

B—1E. EEHRESEESRE PWM ERX+9EETHREY , RN DAC MA,
B A LUR AR TR (R, B ) WYEBRY , NMBERSE KA,

THEFHRE PWM ERXE , iTHRENBRE—BEENE MAX , RAREEEN — N4 EH
BE, B4R FR A Figure 58, RARIRE TCNTO RRIX 22D RKIRIE, HEER
REETEEN PWMEIEURARB PWM HiH. TCNT2 #3F EMEKkFLERT OCR2
A TCNT2 By LE B e,

Figure 58. & PWM #E X il 7 H

OCRn Interrupt Flag Set

OCRnN Update and
TOVn Interrupt Flag Set

w VI

S S N ! !
oCn L L] | (COMNL:0 = 2)
ocn [ T (comnt0=3

R R Y S AP

IHet B EEIA R MAX B T/C iR HEARE TOV2 Bz, MMERMELE , P MRS ER DT
BREEBFUUAEFHFHERE,

THEFHRIE PWM ERET | L8 T AT LAE OC2 S| L& H PWM B2, i&E COM21:0
N2 AUFEEEN PWMES ; 7 3MAIL=4£RE PWMER (21 P116 Table 52
Yo BARTES|IM L BRI WM EESESLTFOC2HRIFEARIRE N f . =4EPWMKEFHH
R OC2FHFSH{EOCR2 5 TCNT2 EEREN (REFT ) , AREITHEEE (M MAX
25 BOTTOM) 89 3R — N E AT BSR40 B HAE S (B )o

WA PWM SIRTESO T ARITESE

, _ e o
OoCnPWM N - 256

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

OCR2 HEH/ NN REN R RIEPWMER H) — 45 5%1E R . & OCR2ZEF BOTTOM
W HILESE MAX+1 N ER ST # BB EROF ; OCR2 A MAX Bt | #8#& COM21:0
WRE , WMHENSEFRIEEF,

B RE OC2 HLLRICEA#ITEEBFMKR (COM21:0 = 1) , AIMEE 522 R 50%
WEAMES. OCR2 AN 0 ESABRBMEL,, = f, o/2. XMFMXLT CTCERXT
K OC2 BR#®RfF , TRZA&ETRE PWM B E/NE .

MAEE PWM #EX (WGM21:0 = 1) RAFPREH T — 1M RESBEMHMIEE PWM K
W%, EXETXNRIFIRE, ITRIERES M BOTTOM itE MAX , AE XM MAX
FRE 2 BOTTOM, E— ML RHEERXT |, Hite 83 MAXITEETE R 4E T TCNT2
FOCR2HIEEL ,OC2HFEZRIELET ; MAEITEIEBFEBOTTOMITEET & X4 T TCNT2
F OCR2 ItE , OC2 BN NBESF, TETREOBMELEERNEFHER. SERH
BAEMLE  MRHIRETRENEAIFARE N, ERTERNHHEY  +o0EESTHEIIEZE
#lo
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T/IC RFHE

ATMEL

MAIEE PWM EXH PWM BEBERN 8 bid, iTaiss Tt RMEER MAX , REFF
BRI, E—NERSEMERE TCNT2 HEST MAX, RFER TSI Figure 59,
F TCNT2 HEEARERERT , LHBEXNRIFIRE, XERMEET 8 PWM B
HFM&EE PWM B, TCNT2 #H3% ERY/MESR IR TR OCR2 M TCNT2 MY LEER ITH,

Figure 59. M EIE PWM EXHEFE

OCn Interrupt Flag Set

OCRnN Update

TOVn Interrupt Flag Set

-

\ AR A

w NN

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

perod I A R

HitafERAE BOTTOM BY T/C i@ AR &AL TOV2 B, MHREAL A AR £ il

THETFHEMBIE PWMERET , L% LA BAFE OC2 5|4 PWM B F : & COM21:0
RIER 2 FHEZEHEMH PWM |, RE COM21:0 J 3 =4£KRE PWM 55 (A P116
Table 53 ), B487£ 5| L 53 HE B ESAN OC2 WEIES ERE N . OCR2
TCNT2 LERICE K £ BT OC2 B F e~ E BB T RB M IRME  NT~EPWM KR,
THEFHRMBEERF PWMRRTHTRARNRKE :

" _ oo
OCnPCPWM N-510

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

OCR2 H 7SR THRENR KR T HAE EPWMERH —LER/HER. EEBEPWMERT |
# OCR2 £TF BOTTOM , i —ERFNEBF ; H OCR2 FT MAX , N HREFH
BEF, &M@ PWMEXMIEFHER,

£ Figure 59 9% 2 NEAH , BRRBERELRIEE , OCn tBHHI T —MNE ENEAYBE
T, EENRFRIEREE BOTTOM MMAIX . %A LR RN AR AER & HI B

« W Figure 59 Fi’R ,OCR2A IEM MAX R H b E#E. & OCR2A BN MAX &Y , 5]
B OCn W R Z SR EE FiC R EENERMEE, RRIEKRFE BOTTOM
FAMEXIFR , & T/C MEER MAX B, SIH OCn K% H X XARFE FEAFiCH
HREERHLER, KRBT BRAZELRITE X% OCn HNABTRENNR,

ER BN —N L OCR2A AWEFRICH , FEMERT —KLLREE, EWSIAT
RELRERERE OCn AIABRENIR,

THEPEHN T/IC AES B , B EN ck, TARTANSEREES. EFDE
AT, clky B T/C fHERAEHFAEUR, BHREYE T FMiIRSIRERBTE, Figure 60
BET TIC WERNF, BHELEHTBREMEE PWM EXEILE MAX BRI BT,
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clk

110

clk
(clk

™

wo!1)

TCNTn

MAX -1

MAX

BOTTOM

BOTTOM + 1

TOVn

Figure 61 45 i ABEI MY E R 2R 204 | BTN D SRR ERE,

Figure 61. T/C BYFE& , TS $BR A foy 110/8

clk,o H
T

clky,
(clk ./8)

/10

[N

:

[ERATATAE

:

R
;

[

TCNTn

TOVn

MAX -1

MAX

BOTTOM

BOTTOM + 1

Figure 62 44 7 & f#EXX T (BR T CTC #3 )OCF2 BWEE R

Figure 62. T/C B{/F® , OCF2 BfL , M2 $MBRNA fy 10/8

clk, H

[T

AT

[T

AR

<3| I I I
(clk,o/8)
TCNTn B OCRn -1 OCRn OCRn+1 OCRn +2
OCRn OCRn Value
OCFn
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Figure 63 441 T CTC # =X T OCF2 B # TCNT2 SEBRIE R o

Figure 63. T/C B{/F® , CTC =X , MO BN fy 10/8

o A
(C?QE/“S) T T T

TCNTn

TOP -1 TOP BOTTOM BOTTOM + 1
(CTC)

OCRn TOP

OCFn
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8 f T/C FiFaik A
T/C #2%|F 7 - TCCR2
Bit 7 6 5 4 3 2 1 0
| Foc2 | wem2o | com21 | com20 | weM21 | cCs22 cs21 cs20 | TccR2
®/B w R/W R/W R/W R/W R/W R/W R/W
NAE 0 0 0 0 0 0 0 0

« Bit7-FOC2: B4 EE

FOC2XfE WGM iEBAIE PWM EBER I T ER, B2 , A TRIESKRKRBHHNREYE FH
PWM B} ,BE TCCR2 EXNHEE, BE1 /5 , B AL NILAFTHERRE, LLRTE M
i SIH) OC2 fF12 8 COM21:0 iR ER MMM EBTE, EXE FOC2 K U—MBIFET ,
B E X158 $l H LR EERN R COM21:0 WiRE,

FOC2 R &5l KM , b F2EEMA OCR2 4N TOP K CTC X T EN BRI ITE
=

T3 O

& FOC2 RYIREEKIZA 0,

o Bit6, 3— WGM21:0: R

XL RS T BER T BFS , T RES &R AE TOP BIRIR , ARFEMRF. T/ICX
BFHERE  BEER , LR ERERITHBFER (CTC) , URFHM PWM #EX
¥ Table 50 5 P110 “ TR ",

Table 50. EFE~=EERME L O

WGM21 | WGM20 OCR2Ky | TOV2 Wil
# | (CTC2) | (PWM2) | T/IC Y T4EHE= TOP | EfmiE | {urZl
0 0 0 =i’ OxFF | MEIEH | MAX
1 0 1 S E PWM OxFF | TOP BOTTOM
2 1 0 CTC OCR2 | MEVE#H | MAX
3 1 1 RIE PWM OxFF | TOP MAX
Note: 1. %;& CTC2HMPWM2EETBFEAT ,EfEA WGM21:0, BRIBEN N E SLAFIR
Bo

+ Bit 5:4 - COM21:0: Lt T i i =K

XEMRE T B CE & £ rtm HSIE OCO WEF, R COM01:0 i — £ Z0E0
B, OCO LEBRIE MM AR FEITITE, RANEFEEFMERER 1 AFEEH H
Xz,

% OCO EHFWIESIH Lot , COMO1:0 BIZHREME T WGMO01:0 fiRIE., Table 51 44
H7TH WGMO1:0RENEBEERE CTC it COMO01:0 BIZhEE,

Table 51. &M EE |, IF PWM ER

com21 com20 | i%HA
0 0 EEMmORE , OC2 RiE#
0 1 LR e Ee & £ A OC2 BUR
1 0 LR ITE & £8 OC2 ER
1 1 HERICE & £t OC2 B
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Table 52 44 7 2 WGM21:0 & B 7 HIE PWM #E = Bt COM21:0 Y ZhEE,
Table 52. bR HER | RE PWM K (1

Ccom21 COM20 | i%EA
0 0 EXEMIHORE , OC2 K
0 1 RE
1 0 LB IeE & £ 8t OC2 EE |, 1H#ZI TOP Bt OCO &1
1 1 HRIE &R OC2 B , i1%(% TOP &t OCO /FE

Note: 1. —MEERERE OCR2Z T TOP , H COM21 B, thAt R PB4 288 | it 2k E
TOP BHISHES S AR, FMEEFESN P11 “ PEPWMER " .

Table 53 44 7 % WGM21:0 i€ E A MM IE PWM & COM21:0 BYZhEE,

Table 53. bR HER |, HUMEE PWM ER ()

COM21 | COM20 | i%Ed
0 0 EENRORE , T5 0C2 Mk
0 1 R
1 0 EAFIT BN R ELREENES OC2 ; BFITHNAELRITENE
i OC2
1 1 g?(;?fi&ﬁﬁitbﬁ CEFFEN OC2 ; BBFIHEE K E LR I fFE

Note: 1. —MEERERE OCR2Z T TOP , H COM21 B, thAt LR PB4 22 B8 | it 2k 3
TOP B ZHER LB R, FMAEEES N P112 “ HAIEE PWMER " ,

o Bit2:0 — CS22:0: 4Pk #F

X =R R RV A FEE T/C YEH4FIR , W Table 54,

Table 54. B4k iR ik BF

Cs22 cs21 Ccs20 | i%EA
0 0 0 Tht4d , T/IC FIE
0 0 1 clkyos/(REBETS 5 )
0 1 0 clkrog/8 (RE TS HMES )
0 1 1 clkrog/32 (REF S IR )
1 0 0 clkr,g/64 (RE TS8R )
1 0 1 clkrog/128 (R BT 87158 )
1 1 0 clkyo4/256 ( KRBT 428 )
1 1 1 clkyp5/1024 (R BT $7125 )
ERER /iHHEEEFFER - TCNT2
Bit 7 6 5 4 3 2 1 0
| TCNT2[7:0] ] Tent2
®’/IB R/W R/W R/W R/W R/W R/W R/W R/W
WHE 0 0 0 0 0 0 0 0
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WHEBRFFRR - OCR2

BN T/C FEESBUTUEEMITHREN 8 MBIEHRTIRB L., X TCNT2 FES[MEHR
FHET -/t EIELERIEE, EITHESETHSRPIER TCNT2 WHEE TREE L —
X TCNT2 1 OCR2 Ky L8 PEiit,

Bit 7 6 5 4 3 2 1 0

| OCR2[7:0] | ocr2
®/E 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

AHLERFFRES - 8 UNKIE , THMGSITHAERRE TCNT2 #THR, TEE
AT BAR SR At LU P T, S0 A SRAE OC2 5| £ 4R
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ERNER /TN FIIRE
FPREFFER - ASSR

ERNER/ THEER 2 NRIBRE

ATMEL

Bit 7 6 5 4 3 2 1 0

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

» Bit3-AS2: &% T/C2

AS27"0"BI T/C2H /OBt 4% clk,o I3 ; AS2"1"B T/C2HE#EEITOSC1 S| I K R HR5%
BJ|IWD, HE AS2 BABEHRIA TCNT2, OCR2 5 TCCR2 WA &,

+ Bit2 - TCN2UB: T/C2 &

TIC2THETFRFERE , ETCNT2HSI2TCN2UBE I, YTCNT2 NEFZHFEREH T
EEf5 TCN2UB HTFEHEE, TCN2UB 3 0 REA TCNT2 AL BEAHET .

» Bit1-OCR2UB: it BRFEES 2

TIC2TETREF#ER T , BEOCR2G5|#2 OCR2UBE i, HOCR2NE ZHFEEHTE
J& OCR2UB HiEH4EE, OCR2UB 7y 0 &BH OCR2 AILABEAHE T,

» Bit 0 - TCR2UB: T/C2 #4IFF8EH+

TIC2THETFRSERR , ETCCR2MSIZ2TCR2UBE L, HTCCR2ZNEFZHFFREH
EEfE TCR2UB HEEH4EE, TCR2UB A 0 %8 TCCR2 AILABEAFET »
MEEEMCHREIEMNHNMES LREMA—NFEHREFGSIBHRIBORKE , Hol 2T &%
EH i,

EH TCNT2, OCR2 #] TCCR2 WMl #I R TR, 2E TCNT2 BEIM 2XBRIE , ™
OCR2 #1 TCCR2 N 2 NE FZHF 5 IHH .

TIC2 IETRIBANEEERNTI/LR :

- BL ERSARSERNZRNEREITEEER TCNT2, OCR2 fl TCCR2 HiEH K
%, ZENLRMER :

1. &2 OCIE2 M TOIE2 LAX ] T/C2 #Y F i

®E AS2 LLUER & EM R HIR

% TCNT2, OCR2 #l TCCR2 B AHHI Bz

Y3 RLER - 45 TCN2UB, OCR2UB Hl TCR2UB &%

SEBR T/C2 H FFHfFARE
6. FBEMFEFEREPU
7SR IFEH 32.768 kHz F R &R, 44 TOSC1 R IR 4F , AIRERER T/C2 T
EfEiR. REETRHXTERIES 4 £ L,

« ETCNT2 ,OCR2M TCCR2IIEIEE XX ANE 7R ,MANTOSC1 it & [EBKE f5 = 8
FRANNENETFES. ERENEFSEEABNETERZATHERITINRESA
BE, INMNFEREEREMRUNERSR , BB TCNT2 HF2TH OCR2HME
BE, BSREEFFEH ASSR ARKEHERETCLEAIBNFFES.

MEEMA T/C2 A MCU BEEX | B Standby EXHIMREESR M |, WFE TCNT2,
OCR2AFITCCR2AEF & R 2 B N Heit NiX LERIRE R , BNIMCURTRESTET/C21%
BEM 2 AKERER, XX TFH T/C2 (WL I H ¥ E MCU REEE |

NEFEH OCR2 = TCNT2 I LLRICE 2 ZE LM, MBEEEFH TR ZH (OCR2UB

Al
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ERER / TP HTR AT IFER
- TIMSK

TERER / ITHER PHIIR RS FER
- TIFR

F O)MCU #HtA TIRIEER | BMALBREEFPIKZERSLE , MCU thkiZE%E
@EETO

. MREBAT/C2ERNEEERNHY B Standby B R WM EER 4 | SFUT B EH A XL
KEERNWIR, PHIBEEE—/ TOSC1 AH#HITE ., MBEMNERED|THFHA
KRERHIRTEI/NF —/N TOSC1 B , PR B A% , ST E%RE, WRAFRK
RECEFREABREX—&4 , AIUXWMOTHEE
1. % TCCR2. TCNT2 =& OCR2 EA&ENEHIE
2. £ ASSR HNMEHILHREBTE
3. HAFBEARY & Standby R

. EUMBRTRSIHEER  T/IC2H 32.768 kHzZ IRHBN—EI/E , BRIEHEAERER
= Standby X, AFPMNIZEE , IRHHMNIREN A ATRERKIE 1 D, Bt , 2
WAPESGEBEEN |, MBS /Standby EXMERELZE 1 WEEER
T/IC2, ER , AT EIIRENHNTIREY K RENFIEN T/IC2 FEJ[NAEEHT
BEALEH  TEANRREAERASNSES, AFSNEFRAXETFRRBE,
FAFLS R EEEXRY R Standby EXHWMEBEE . DK SEHRREE  EF—
ANERNSBNHREBNESS . tME1HE | EAES LU RENBE 2 H it
BELXEMT —MNetsh, BREEfF MCU E1E 4 MNadsd |, EBERITHMBRSEF, &
WIRS B F LR 2 ETFAMIT SLEEP B9 2 EHNREF.

o MEBBERGEZFHENBERIRETCNT2 ATRERE T EBWPEIE. B TCNT2 2
HBFEH TOSC B4 IREIAY |, MiEL TCNT2 A48T — N SHER 1/0 MRS S
FBRTHK. AFRKETFHEN TOSC1 W EAR. NEBBEXGRET /0 (i EHH
&, TIZEIM TCNT2 BHE R # AKREXHNE , EET—1 TOSC1 L AR E
Ko MNEBHERXKREER TOSC1 WHNRZE£AAMNY , MESH®EREEX, B
I, iE=E TCNT2 HEERSIR -

1. E—NMEEHHEZ OCR2 5 TCCR2
2. ERHEMNEFRILREESE
3. i TCNT2

ERIEAT , PR SHELSTE S NMEEREARN—NER AR, ELERA
LORE S| AR S B A I BB B BT AR ED N EM T — N efed, Mk
REIMIELSERRNHEL , MARLERR .

Bit 7 6 5 4 3 2 1 0

I OCIE2 TOIE2 TICIE1 OCIE1A | OCIE1B TOIE1 OCIEO TOIEO I TIMSK
B/IE 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 — OCIE2: T/C2 % H b 5 DTl = i 5 B

Y OCIE2 MRS T EBN LB PUMERENL | #H "17 8t , T/C2 W B LR ITHE A F R
BEo FT/C2HEHREITE XL |, Bl TIFR ) OCF2 BfuAt , MRS EFBURIT,

+ Bit 6 — TOIE2: T/C2 & hMifERE

XM TOIE2 MRS TR LB PUrFEREN | #R "17 8t , T/C2 R P I ERE, 24 T/C2
KEHE B TIFR 8 TOV2 (VB , FITIRS B FBUIRIT,

Bit 7 6 5 4 3 2 1 0
I OCF2 TOV2 ICF1 OCF1A | OCF1B TOV1 OCFo0 TOVO I TIFR
B/IE R/W R/W R/W R/W R/W R/W R/W R/W
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¥ BRIDAE 10 H1EER - SFIOR

ATMEL

HRE 0 0 0 0 0 0 0 0

+ Bit7 — OCF2: Hi L B#rE 2

H T/C2 5 OCR2( ih Lt B EF %28 2) WELEL AT , OCF2 BEf, WWNTEFMBRSZEFE
BHEE A UBEIXNEE 1XEE, & SREG #/I{Z|, OCIE2 1 OCF2 & AT |
FITIRS B EFBEHIT,

« Bit 6 - TOV2: T/IC2 HifrE

HT/C2 BHR, TOV2 Efl, MITHEWHMRSEFLMEHFES, ik, TOV2
HAILEBEEE 1 RKEE, & SREG FffZ |, TOIE2 # TOV2 #EMNA , FHRSERF
BRMIT, EPWMERF |, 24 T/C2 £ 0x00 T B F MAT , TOV2 B,

Figure 64. T/C2 HYFii % 525

cIk”O — > ClkTZS
Clear 10-BIT T/C PRESCALER
TOSC1 — A ) ~ < %) © <
~ () © [ Tel SN
h 2|8 |5 % S
5 N I
AS2 S R A o<
o
PSR2 0
l y v F YVYV
CS20 ;k
CSs21 r&
CS22

TIMER/COUNTER2 CLOCK SOURCE
clky,

T/C2 5 BRI A BTEPFE R clkppgo BREHE | Clkog SRE X clk,o EFE. BB
ASSRHKIAS2 , T/IC2 5| TOSC1 RF W) , 18 T/C2 AT AMER — N Eatatéh RTC,
ItEt TOSC1 1 TOSC2 MmO C BiE , S EaTsME— N etsh @ik ( AEBIRH 2R 4%
32.768 kHz ¥ R B AH 1T TIRML )o FTHEE TOSC1 L EEEMAIBTHES,

T/C2 W ATRETR D SE T : Clkyps/8. Clkrpe/32. Clkyps/64. Clkpps/128,  clkype/256 H
Clkrps/1024 4 BEANE BT BAESR Clky s K10 (£ 1E THE), (& 17 SFIORZ 17 8849 PSR & 11 1
Ses , M A AP WA 8 T 2 85 88 7T 1 T,

Bit 7 6 5 4 3 2 1 0

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

« Bit1- PSR2: Mg & { T/IC2

HZME 1, T/C2 MAMERER. REZTKE , ZUBBEHAEST. ZULE 0 XM &R
#8 CPU BHER4EN T/C2 BYEY | ZAVIEN 0, & T/C2 THEFSEAN , EXMOHHEE
ZAREFN 1o

120 ATmega32(L) .



L | ATmega32(L)

B{THIEED - SPI BITHBEED SPI AYF ATmega32 FISMEREM AVR BAR(TEENES RIBLH.
ATmega32 SPI 4R :
s @WMI, 3KESHIEER
. THRMAALERAE
- LSB B4 &% MSB & L &5%
. 7 AR AR
. RRERBIRS
. SRR
. AR EBRRRE
s EERENNEEEZEER (CKI2)

Figure 65. SPI 5#ER ()

| =2
MISO
y wso
M MOSI
XTAL MSB LSB o -
e - ‘e ° s ©
l 8 BIT SHIFT REGISTER S
READ DATA BUFFER 3
DIVIDER 7
1214/8116/32/64/128 E
o
O
¥ C =
SPI CLOCK (MASTER) CLOEK T
SELECT CLOCK S SCK
LOGIC
x| = DA 'y 3 Y =a
N| x| x SS
A =]
BB
w
2 5 3
T MSTR
SPI CONTROL «SPE
1 o x I < — o
o
SRS & 8 oow 3 b g oE oYL
mi““‘% »| o O 2 O O » »
A4 Y
| SPI STATUS REGISTER | | SPI CONTROL REGISTER
. 8 8,
v

SPIINTERRUPT INTERNAL
REQUEST DATA BUS

Note: 1. SPI#9SIIEESIES A P2 Figure 1 5 P55 Table 25 .

EHMMALZEIB SPI £ Figure 66 FTR. REBER N B F 728 — D EHLAT &
AR, BIHFTENMIN SS 5IMHE , EHNEF—RBRIE. ENMMNIFEER
RENBBERAMBNBUTFIR. THE SCK SIH L= ErtshBoh AR BIE, £
BB MENE MOSI B, MMALEY MOSI B A ; MHLEYEIE B MALE MISO B |, )
EHH MISO BA, EHNBEIFMIEN SS HEXRIASMINES,

BLES SPI EHEY , SPI#EOT B3RS SS SIM , XMHAFRERLE. ¥ SPI ¥
BHEEFHRSARRENRS SPI B4 |, ¥ 8 LSHBREB AN, FHERE SPI [HE
Ik, RS RIRE SPIF B, WRILET SPCR FF8RM SPI M fERE{L SPIE Bz , F
MR AE, TV AT UMREFE SPDR EAKBUBMIIMIAE |, HERFMIL SS #
BUEBABEIRIETH. REERNBES - ERETEFFFRE,
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EEANMYE , RESS AE , SPI EON —BERFERRS , HREMISO A=F. &
MRS TRETAER SPI $iiESH 1788 SPDR MWHNA, BIfELLAE SCK SIMAE R AR
% , SPDRIVBIEHLTLEBY , EE SSHHEK. —IMNFhxEeBHZE , EEERFE
SPIF &, MR L SPCREZESH SPIR M EEM SPIEE N , e~ HhliERk, FEiE
BBANBTFE MY T AH%LERE SPDR BEAKIE, RERRNHBEN—BERETEH
BEEHRE,

Figure 66. SPI 4l - ANHLH EiE
MSB  MASTER ‘ SB SLAVE LSB

' MISO  MISO'!
T| 8 BIT SHIFT REGISTER PH| 8 BIT SHIFT REGISTER
A Y
> MOSI MOSI > A
SHIFT
SPI w | SCK SCK | ENABLE
CLOCK GENERATOR [ > = =

Y

SPI RGN REFARAB—NMENER , MEBRRGEERNE TR, 2R  ERIAN
—EESIBUBRLILERET X SPI BEFFRNITERE, MEEBHER T
BEET-NMNFHBULRER ZABEISF SPI BEFFHREMYpZRINZRHF BN
F-NFIREX

THET SPI MHUERET | #26BEX SCK S| A RS HTRE, I TRIEXNNHE
SHWIEFEFRLE , SPI R REEET 1, /4

SPI AL/ ,MOSI, MISO, SCK 1 SS Z| I $3E /5 B 451 iR Table 55 iR B B T HL
B, FZENEHERESE P2 wOMNE-INEE ",

Table 55. SPI 5|1 E%;

Sk JE, SPIEH, BE, SPI ML
MOSI AREMX WA

MISO PN AREX

SCK APREX LN

SS AFREX TP

Note: iEZ%& P55“ ik B A9 ZIhaE " BLT MU0 E L A 7 2 /Y SPI SR,

THEHHGREB\ WM SPI AL EN , URNAFHTEHENKRELE, FlF+
DDR_SPI /MM LFRHY E#E 5 M B #7858 & ; DD_MOSI, DD_MISOF DD_SCK 444 H

ATmega32(L) m————
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SR BERERE, tLmid , MOSI 3y PB5 3|#1, Il DD _MOSI EA DDB5 B ,
DDR_SPI |/ DDRB Bt
SCamRmpIRR (O
SPI _Masterlnit:
; IRE MOSI M SCK Rk , bk A
| di r17, (1<<DD_MOS| ) | (1<<DD_SCK)
out DDR SPI,r17
; fEBE SPI ENER | REBRIHIEER fck/ 16
| di r17, (1<<SPE) | ( 1<<MBTR) | ( 1<<SPR0)
out SPCR, r 17
ret

SPI _MasterTransmi t:
. BEBIELRE (r16)
out SPDR, r 16
Wait_Transmt:
; ERERER
shis SPSR, SPI F
rinp Wait_Transmt
ret

Cc R@pIE"
void SPI _Masterlnit(void)

{
I+ & MOSI M SCK Rt , HfthimA */
DDR SPI = (1<<DD_MOSI )| (1<<DD_SCK);
[* fEBESPI EHER | REREIERN fck/ 16 */
SPCR = (1<<SPE)| (1<<MsTR) | ( 1<<SPRO) ;

voi d SPI _MasterTransmit(char cData)

{
I+ BEBEEm </
SPDR = cDat a;
I* BEEMER */
whil e(! (SPSR & (1<<SPI F)))

}
Note: 1. BFRECLTE T EWAILXH,
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TER B 75 B IR SPI AR A ML, SAUR a{AT R 17 ] S MY B3R 1R K

SComm IR o

SPI _Sl avel nit:
; REMSORMmE , HtthiA
| di r17, (1<<DD_M SO
out DDR_SPI, r17
; fEBE SPI
| di r17, (1<<SPE)
out SPCR, r 17
ret

SPI _SI aveRecei ve:
; EEEBER
shis SPSR, SPI F
rjimp SPI_Sl aveReceive
; REUERBINHE  AEERE
in ri16, SPDR
ret

C e piR ")
voi d SPI_Sl avel nit (voi d)
{
I* ®REMSOREE  HithtwA */
DDR SPI = (1<<DD M SO);
/* fERE SPI */
SPCR = (1<<SPE);

char SPI _Sl aveRecei ve(voi d)

{
I+ FEFEBLER +/
whi | e(! (SPSR & (1<<SPI F)))

I+ REBKE */
return SPDR;
}

Note: 1. BIRBRECLITE T EBWAILH,
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SS SIEPEYZhBE
MR

EHER

SPI #4217 8% - SPCR

Y SPIEENMAE , MHLEZSIE SS B_ANAMA. SS HKIFHE SPIED , MISO
BAmE (AP ST0THNNRAGRE ) SIH , HtsIMR @ ASIE, =SS hEet
FRIEMSIME AEmA , SPIBBEN , THEERHKIE.

SSEIMX THBES/FTHTNRELEEER , TEMEMMAI 1 2B SEN A K £ 2R
H. HSS HESPINLIENEMBEUMEEEE HERFBUTFRETTENERE,

X SP| BB EHLET (MSTR B9 SPCR &1z ) , AR ATLLURTE SS SIMIM A [,

£ SSEENME , NSIMTLAAELEN /0 O A SPI R4, HANARAR
Xz MALEY SS SIHf.

WME SSEEARBA , BDIAGRERNESLRIE SPINERE T, EREMBENEN, SSH
WA, BHEIARHIK , W SPI RELSTHEEFERAGE—INFENTESER AN
WMo NTBFIEEL IR | SPI AL TEH4E ¢

1. 7EF SPCR Y MSTR i , fi£ SPI FRAAMML , T MOSI 1 SCK T RH A,

2. SPSR Y SPIF &I, #& SPI i< /UK , NP RSEFREEMT,
Bt , AP RAE SPI THHBIEE S |, HEFE SS WAKKN T BT | TR
SEFNZERE MSTR 22BN "1, EHET , ARSI HEEN , LEHF8E SPI 41
ER,

Bit 7 6 5 4 3 2 1 0

| sPEe SPE DORD MSTR CPOL CPHA SPR1 SPRO | SPCR
®/B R/W R/W R/W RIW R/W R/W R/W R/W
NHkE 0 0 0 0 0 0 0 0

 Bit 7 — SPIE: SPI thpf{EaE

BEfIf5 , RE SPSR F 172 SPIF Ml SREG ZEFRNL BT MEREMNEMN , Meslk
SPI H#,

 Bit 6 — SPE: SPI fiE&E

SPE BN fFERE SPl, # 1T SPI R{E2 BT AME L SPE,

« Bit5—- DORD: BiB R
DORD B{UATHIEMN LSB B k&% ; ENHIERN MSB Bt Xki%.

o Bit4 - MSTR: ¥/ Mik#F

MSTR B AR EVER , TN HM. MEMSTRF "1” ,SSEB R A ,BHAIE ,
N MSTR #8F , 51785 SPSR Y SPIF Ef. AP AMEFKE MSTR #H A EHER,
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» Bit 3 - CPOL: Bl

CPOL BfuRRZHE SCK AEBEE ; BN Z=HET SCK RIKEF, ESE Figure 67 5
Figure 68, CPOL HRERE &M :

Table 56. CPOL Zh#E

CcPOL Bhn Z35n
0 EFHm TRER
1 T FE5R EFAm

+ Bit 2 — CPHA: B84
CPHA REHIERE SCK KB40 REE R SCK HEFA XM, S E Figure67 5

Figure 68 .
Table 57. CPHA Ih&E
CPHA Bin g3xR
0 K RE
1 ®RiE SRR

+ Bits 1,0 — SPR1, SPRO: SPI it ER%E 150
HEEHE SCKER, SPR1 M SPRO MMAEEF M, SCK iR 5M BT HME

KRUWTRAR :
Table 58. SCK F#k% 28 RHI X R
SPI2X SPR1 SPRO SCK #i%

0 0 0 fooc/4
0 0 1 f.oc/16
0 1 0 foec/64
0 1 1 f.o/128
1 0 0 fose/2
1 0 1 fosc/8
1 1 0 foeo/32
1 1 1 f.o/64
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SPI'RZEF#&F - SPSR

SPI B#E#F 78 - SPDR

Bit 7 6 5 4 3 2 1 0

| spF WCOL - - - - - SPI2X | SPSR
®/B R R R R R R R R/W
EE 0 0 0 0 0 0 0 0

« Bit 7 — SPIF: SPI HifitF%

BITRRELRG , SPIF B, &IbatZ 1788 SPCR #Y SPIE M& B MifEsE L EL , SPI
RRTEN= 4, MR SPIREN , SSEERBMA , BHEPK , SPIF hfFE, #AFK
RERBRFESPIFEZES, & A LEIE &2 SPSR |, £ 158 SPDR K3 SPIF/EE,

+ Bit 6 - WCOL: B¥ZefrE

EREYFX SPI #iEZ 1785 SPDR EHIENE X WCOL, WCOL fJ LU &% SPSR
ZiZ&15 9 SPDR k&=,

e Bit5..1 - Res: &%

REBN , EZBRERERERSE,

« Bit 0 — SPI2X: SPI {3

BN SPI WIRE MG, FHREH (I Table 58) , N SCK $MF ANk CPU SRH — ¥,
BAMYL , RBERIE foq. /40

ATmega32 #9 SPI # O AREIMEF M EEPROM W T EHM LEH, iES W P253 1
SPI BITREFM KR

Bit 7 6 5 4 3 2 1 0

| wss LsB | SPDR
®/E R/W R/W R/W R/W R/W R/W R/W R/W
WRE X X X X X X X X REN

SPIMESFFRENE/ EFESR AREFEREXMHNSPIBUTFRCAEHARE. BF
FRERIBRERE  REFFRFRIFERNERE TSR,
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HEES XN FRTHIE , SCK WA HMBMAE 4 H4, CPHA 1 CPOL #4I4E 405,

128

SPI Bz % & =X M. Figure 67 5 Figure 68, B — I HENBHMBAKET SCKRREMH
FEHER , MMRIEEZBHRREFEHRIERE. XNIRE Table 56 5 Table 57 Hi5#
AR -

Table 59. CPOL 5 CPHA Zh&g

gwn g&%xn SPI #=
CPOL=0,CPHA=0 EHE(EFHR) RE (THER) 0
CPOL =0, CPHA = 1 RE (LEFHR) KB (TR 1
CPOL=1,CPHA=0 SRR (TR RE (LEFR) 2
CPOL=1,CPHA=1 RE (THER) R (LEFR) 3

Figure 67. CPHA =0 Bt SPI Byt H#E =X

[~ sck (cpoL = 0)
mode 0

gigigipipipipipl
i ipininipiginipin
_ X v
X O

/

[ CHANGE 0
MOSI PIN

CHANGE 0 _<
| MISOPIN
T

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

Ao R A A X
AR A A A

Figure 68. CPHA = 1 B} SPI f9& &=

e LT LT LT L L L
mode 1

SCK (CPOL = 1) —

| mode 3

[ SAMPLE |

L MOSI/MISO

et MO KOO OO KK
MOSI PIN

o, AR KOO K KOO K K-

L MISO PIN

I /
MSB first (DORD = 0) MSB Bit6 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
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BEBRARSNRLETHREINE LS (USART) B— 1M EERENBTENRE. TEH
)=
s EMITRME (MUMNETERMEESER)

- RIRRSERE

o THRMBRENSNESRE

- BRENREREES

« %#5,6,7,8 RNINMHKEBEMM 1 4R 2 MELAL

s BHZENSERRIRE

o BuEEEA

o DI IRA N

o REEE , GIEERNERVEAN , UARBPEERRE

o SRV RN RXERADW, REAKIBESEREPN , URERE R P
s ZAERBAER

o FERFRLBIRMEN

Figure 69 § USART W E{LAER, CPU R LLiFEIRY /O FFERM 1/0 SIIUEER R,

Figure 69. USART A1 R

a
-
C *7777777777777&&(6&&50?‘
| UBRR[H:L] ‘
\ osc ‘
\ v \
\ |
| BAUD RATE GENERATOR |« ‘
\ |
| [ coscte——| |
SYNC LOGIC PIN
! v »| CoNTROL [*1T7%| XCK
| |
rrreeee ey
| Transmitter ‘
| ! ™
| UDR (Transmit) CONTROL |
7 PARITY ‘
" \ GENERATOR \
=1 PIN l
= TRANSMIT SHIFT REGISTER CONTROL ‘ »| TxD
<C >
] [ T
al | Receiver |
‘ CLOCK RX \
\ RECOVERY CONTROL \
\ |
\ |
DATA PIN
\ RECEIVE SHIFT REGISTER RECOVERY CONTROL —| RxD
\ |
\ Y \
! PARITY
} UDR (Receive) CHECKER }
. ___ L fffffffffffffffffff ]
UCSRA UCSRB UCSRC

Note: 1. {55 # P2Figure 1. P61 Table 33 5 P57 Table 27 7T fi# USART 5|4 %,

BEAER USART 2R 7T =T EED (M RAER | RixSRMERE, 2HFFRE=
NETHE, MR ERETERLSEE  BYCTHRERRERRNMIESRAEFRER
HABEARNMELSER, XCK(REHRH ) SIHRARTRSEEER, RIXR[IFE—
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Bt

=4
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NEENER  BITRUSER  FSBRESUARLETENWMENAENZEFZE. BE
HEBRAREFEE R EHEM AL RIEW 2 B 5| AR, BTEWEREARMKRE
MEHLT , ©R USART BRIAKEZRN., RELTATRIHENEK, RTRES
7T, BRSRESEFERE 228  BUFERN—IPREBRE R UDR. i
EXFESRERMARNNEN T ETURANER , BHEIENFTERRER.

USART M1 R 5 HES AVR UART T£H# A :
«  FiA USART FEFEMNME XL

BRRELERS

RixBEBRYE

RIEZPEIWIhEE

B EERE
AW, BRESEPREFRN AN  EREESKERLT2EWHRSMK

BT —NEAR. FNEHPENBREFRE—MERN FIFO, BtX FEMNERK
FMBIEREER—X | EEEMNREIRIFE FE #1 DOR , AR F 9 MNRIEL RXBS
SHIE—REFRTFERERE, HitXRIERER UDR S5 2 81 FRAS AL,
BNFEXERRS

BEWBNFFS —IJ«M’EjJ F=ZREH, ERNEABWIEZHRE , BUETLR

ETEITBNSESR2T (S Figure 69) , BRI BIFHH LB, NMIERET

USART #En$IET = (DOR) MIEES .

THREENHEHRE TS , BEENENESERFTNNEHEERE :
CHR9 &y UCSZ2
OR &y DOR

B4R =B N A B M URES = £ ERlpT4P, USART X4 EXN MRt . EXEN R
SERX , FENFSER , TNESERX , URMIESER. USART #2H42 UMSEL
MRS E 788 C (UCSRC) AT EERTEANELSERX, FEFEX (REATRSER
) 2#2F UCSRA F1F8aM U2X, FARLSEN (UMSEL = 1) Bt ,XCK HEE S [ Fi78=
(DDR_XCK) R E B4R 2 N EB ™= £ (EHE R ) iE R AIANBE= (MHER), NEFSE
X T XCK BEX.

Figure 70 7 Et8 =42 EBNER,
Figure 70. F$pr=42E1EH

UBRR
u2x
fosc

Prescaling UBRR+1 | |
Down-Counter > /2 > 4 2 1o
4 1
OSC — txclk
DDR_XCK
A ;
Sync . Edge .
xcki Register o Detector 1o
XCK yy UMSEL
Pin =xcko \ i - 1
DDR_XCK UCPOL
rxclk
= o 2w .
FEEWA :
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FARN#=E - REREER

R ITEER (U2X)

S ER Bt b

txclk KABFEER (NIPES)

rxclk {ZUWEBSERLRTE (REPES)

xcki XCKSIf#A (REES ), ATRSMIBRE

xcko % E| XCK SIM RIS (RNEES ), BTRSENBRE
fosc XTAL 1 ( R4 )

NEATRIEXSRS ENER |, 2R Figure 70,

USART KR4S F 1788 UBRR FIRRFITHEEHEERE  —EWR IRENT D MES KIS
ERERR. BFITHENRENSITEH , YHITHEIZH UBRRL HEH[MEN , 283
%A UBRR FEFHEMNE., HITHIIBEFE -t | T ENRBELESNEH
rHed , WA RIRE R f/(UBRR+1), KAESRXIRGER L ESRNE HATH#HT 2. 8
= 16 WD, EABREURT IEER, RERLAEB[NREBEER TEVRSESEE
MEL T, BIFEWELTER T —MNE2, SH16MNRSHRSY, , EERSEBUMSEL,
U2X 5 DDR_XCK {yig EMH THERERRE.

Table 6044 H T It E R BRI/ AR ITES — T A AR TEE R UBRRER
/Aitc

Table 60. F4FRITE LN

fERAER BAERNITEAR O UBRR BT E AR
FLEFEERX (U2X=0) f £
BAUD = —95C __|uBRR = —95¢ __4
16(UBRR + 1) 16BAUD
FEEEER (U2X=1) f f
BAUD = —295¢ | yBRR = -95¢__
8(UBRR+ 1) 8BAUD
B EHER f f
BAUD = —95C | yBRR = -95¢__ 4
S(UBRR+ 1) 2BAUD

Note: 1. WBRENAESWHUEERE (bps).
BAUD 43 ( bps)
fosc REREPME
UBRR UBRRH 5 UBRRL H9#k{E (0-4095)
Table 68 44 T FE R L RS ATEP 4R T X M HY UBRR $E.
BITiEE UCSRA F178aH U2X AIBAMEEHEEME, ZURANFS TEEXER. H
IHEERSERN | RBZVRA "0

REZVIERERD BN D IMEM 16 BFE 8, RS BENERERMNMG, HATEK
FRREA-FHNXEHENBERTRERNHRE  AHEZEXATEEERBHRS
M SERBINRERIRE, REARWEEXNMER,

B MHURERK BB &0 9K3) |, 40 Figure 70 FiRo

i AZE] XCK S|MB S\ ERet st RS 7 TR , AURSREM. BSFHEHNA
HBEY —MNaRNER , RENATRERSERSR, X—SBSIATHEA CPU KA
FARVIERT , B EHNER XCK By R AR 95 R R AT AR

fosc

fxek <=7
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CEASEZE- 33

i

AIMEL
EXEfARENHNREMRE , ATHLEERMEZEBMERKE  BIUREEZEHN
FARSERR (UMSEL = 1)XCK 3|l A Faterim A (MHER ) Sietsdid (=&
X )o FHHLA, BENRESHEBENTZEANXARNELINER  EXEHEHH
% TxD B9 XCK B & B 48 I 32 i X B0 48 S A% RxD #1748,

Figure 71. FEZ R BTHY XCK B FF .

UCPOL=1  XCK m

RxD / TxD \

- Sample
RxD / TxD k

o Sample

UCRSC ZF 128589 UCPOL {1 % fif F XCK B 4% 9 AN i v 3 B 8 2 17 AL 0 S 3 5 H 3%
#&. W Figure 71 PR , 2 UCPOL=0 BY , £ XCK Ky LA R kTR bz , E XCKH T
R ITEIERME ; 2 UCPOL=1 B} ,7£ XCK I FRRA M H B IE £ XCK 9 EHR
BEATERIE KA

FITHEMBBEFNERS N ( FHRUSELY ) ARATHENTERBUEK.
USART ##Z LT 30 fA S M HEmMER -

1 NN

5, 6, 7. 8 9 MNKIEN

EREA, FREF BRI

13 2 ML

BREWLGBRVITS ; RESRBEFNREN BEZHKSTUE 9 MUEM , LR
MRSMER, MRERTREN  REVHEZERIEN , RERERM, 4 -1 TB
BB EMA RS A BME R T — AV BIE M, REE LA T ZRIRS. Figure
72 RN A RENVBIBME WA S, ESFHAR T,

Figure 72. Mgz
‘L FRAME %

(IDLE) | St/ 0 >< 1 >< 2 >< 3 >< 4 ><[5]>< [6]>< [7]>< [8]><[P]/Sp1 [Sp2], (St/IDLE)

St BT, RENEBRTF

(n) WIENL (0 ~ 8)

P REA , TARFTRERBRE

Sp ik , BENSHF

IDLE @il EREHEEH (RxD & TxD) , LBERNLTNSEF
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BREMHIHE

BEmMA LB UCSRB Ml UCSRC HF85HH UCSZ2:0, UPM1:0, USBS i&%E. 1#
WEREFERAERNIRE, RENEMREE B EE# THREAESER,

USARTHFEKAL UCSZ2:0 T E 7 BIBEMIA BBV ; REER L UPM1:0 A FEsES R
ERBAKA ; USBS IREME — AL RN, BRI ZEE-_MEIEM , EHit
Mi4E iR (FE) RESE—MNERMAN "0 BN E,

REUNIHEENBEN S MBTRREE. NREET RS NURREREEER
K. BB SHEMOXRDT :
> ven = dr @ ®dDd,®d, ®dy®O
Pogg = dp_19©..0d3@0d, ®d;®dy® 1
Powen BRILER
Pogd ARBATLR
d,  EnAEER
RIAAL T RIS — MBS B — MEIL R 2,

AIMNEL 133



USART HI#I3R1L

ATMEL

BAITERE BB KEXN USART #ATHMR{L. MRIESRERE SHRIFRMNRE , M50
MIRE , URREZZERBERSRIRER. X TP USART #R1E | EAHRILE
BRAERE2RTPMIREM (£ RPIBEER ).

EMWE USART BIRENIZERBREEBNIBERL THIT. TXC RS A SAARLE
—MEEUMHNAERBELER , RXC REMAIMARLREKREPSRHRELERE
R, ERRREREZ (EERERIEST 78R UDR 81 )TXC RS LTEE

LR R USART #ItR{tEFRAl. PIRRA TR (FTMHER ) WRLSRE , MAME
MREEN. BEFRENRRSHA . BLAEFERBESBRETHFESE 17116,
HE A UCSRC #1858t , BT UBRRH 5 UCSRC #/ I/0 #hiit , URSEL i (MSB) 44
BN
SCammBpIR O
USART_I ni t:
. RERFE
out UBRRH, r17
out UBRRL, r16
. BB S RIS
I di r16, (1<<RXEN)| (1<<TXEN)
out UCSRB, r 16
. REME: 8 N, 2 MEUL
| di r16, (1<<URSEL) | (1<<USBS) | (3<<UCSZz0)
out UCSRC, r 16
ret
Cc Rm\pIR"
voi d USART_I nit( unsigned int baud )
{
1* RERFE*]
UBRRH = (unsigned char) (baud>>8);
UBRRL = (unsigned char) baud;
|* BRRESFSREF R
UCSRB = (1<<RXEN) | ( 1<<TXEN);
1> REMBE: 8 NIEM, 2 MELL*]
UCSRC = (1<<URSEL) | ( 1<<USBS) | ( 3<<UCSZ0) ;
}

Note: 1. ARBEBRESLEE T SEM KX

EELNNBCEFTRNERNENSH. BILPHMESE, AMTFSHNRAEFEREEN
BERSRHGESR. LGB AIUNEREREEIREFD  A5ET /0 BRHOH
{LRIBAEE .
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BB AKX - USART Kix2%

R3E 5 3 8 MBIV AY I

B{Z UCSRB F1Z83M & IEX AL TXEN FfERE USART HEIE L%, fEREE TxD Sl
BB 1/0 ThEEEN# USART TheeFrENY , R A KXW BRTHRESIM, ZEHEZHE
BREBHFEREE, TEEXSMEN, MEFERARP ZIEE |, #iNTF XCK 5| L&Y a4

55 BN SR R X R Bt o

RFERENRFENRF R EEFRGEIHRELRE. MBIRENA CPU X UDR FiF
BRNERE, YBUTERUVAREHT —MBES  FHNBENEBIBATFR, &
BUFFRLATEZRRS ORBEEERTHRERRRE ), o —MBEN&E —MFLLA
BEER  ERMBFTHRE, —EBUTFERMNE THNRE  BoBRRIRENREER

STRBIFENRIE,

UTEFSH—IX UDRE HRERARBFXNRERENG F. SRENHBELT 8 1
Bf, EA UDR MNMUENS/LAHHZE, S8, ATARRB 2B LENRKL

USART, ELARABHPERENBIEFHT R16,

SCamEa iR ™
USART_Transmi t:
. ERREENERNTE

sbis UCSRA, UDRE

rjinmp USART_Transmt

. FHBEHAZNEE , REHE
out UDR, r 16

ret

C RmpiE®

voi d USART_Transmit( unsigned char data )
{

1% FHREEHERZE |

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

1% JFBIEHAZMES | KEHHE *|
UDR = dat a;

}

Note: 1. ARBEBRESLEE T SEM KX

BMERFRAREFAMNELENHIEN , BEKRN UDRE IS EFREENEN
MRERTHRESFRZPH , WHREBAZPRNREETTHEFPHT,

AIMNEL
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RIE 9 BRI AT IR

BRI S I

ATMEL

WMREZE 9 BB EIEN (UCSZ =7), NEFBIENSE 9 B AF 7/ UCSRB 1Y
TXBS , A/ FEHES MR B A R MIE S8 UDR, LUT R4 R 3% 0 i1 SR A0 BiE
DABIT, 1ECHATEHEREWBIBEHAE R17:-R16 BFEH.

SCemiaapie (™
USART_Transmi t:
. FHREEENE

shis UCSRA, UDRE

rinmp USART _Transmt

. JFEIIMr 1T FEAFTXBS
chi UCSRB, TXB8

sbrc rl17,0

sbi UCSRB, TXB8

i T 8 (B AT, RIEH AT
out UDR, r 16

ret

C RmpIE"
voi d USART_Transmit( unsigned int data )

{
1> EHXEZHENL *]
while ( !( UCSRA & (1<<UDRE))) )

I* J7% 9 (xE#FTXB8 */
UCSRB &= ~(1<<TXB8);
if ( data & 0x0100 )

UCSRB | = (1<<TXB8);
1% FFHBEHALERRE , REHE ]
UDR = dat a;

Note: 1. XL HBHEM, R UCSRB WARENATREEN , AT U#H -S4
1t. Bl , #Rk1{LiE R UCSRB F1F231 TXBS i,

9 UNBBEBESNBETATRRIBUW , ERZERF P TUATHLE,

USART X E S BHMEENL: USART B IEF FE5 =48 UDRE RAAMEL RIRE TXC ,H
ANBREALEB AT BAF= 4 F i,

BIEHFERZ UDRE MENRTARETRESTUESZ - NINERE, ZNEREE
R ZE HﬂﬂzE 17 HEEAEHNRTEZTELENBENES, IEERNEGHRE B
UCSRA %ﬁ%ﬁﬁu{ig—ﬁ 0%,

% UCSRB FESHMHIESFR =P UfEE(L UDRIE 3 "1" Bt , RE UDRE &L (
BeRBhifEsE ) , SN~ 4% USART IR FE8 = h B R, Xt%ﬁﬁs UDR HUITE#RE
&= UDRE, éx}%ﬂh&ﬁfﬂﬁﬁﬁ‘i&ﬁﬁ Eﬁ&ﬁ%ﬁ%ﬁ e TR S R R AE —
N IEE) UDR LLESE UDRE :E%Emltﬁaﬁ%ﬁ =i, BN —BZHER
SR, — NPT ER L,

UBABEMBEAEBMNSTFS  ANAESHSEF LETHNEEN , £EERFE
TXC B, TXC EEXAELRPMHITEHENES , B EZNVE "1” KEZ, TXC IREMN
X FRAW RS-485 PR E RN TEE#ED +ﬁ*ﬁ‘ﬁﬁ EXERAE , —BEETE N
BARFAARKBOES B & H i ABBIRES
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% UCSRB |k #)% B4 SR WAL TXCIE 52 BRI (AT 19BN "1” Y, B TXC
FREAMEN , USART ZEERPUIGRAIT, — BRARIRSER , TXC iRt
HWEHAER | RULERF T AT TXC A BRI,

FRRBEBE FARE & BRI BTHREMAE AN RV, REMEE (UPM1 =1) 8, RixE
HEBBREAERENGE —VSE - MLEAZEBEATBRRA.

=, §: 3 TXENBEERE , RAASIMANBERAEERERERTRBEERIL  BREBNEF
BEREEHFERTRBEEAENEE. RIEREILERF  TxD5IMREEER /0 IEE,
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BIEEW - USART #ZUkss

B 5 3 8 MR Y 5 KW
i

ATMEL

B UCSRB 7 8aV#ZE W L 1F1L (RXEN) BN A /5 37 USART #Ui88. #IKBRERE/S RxD
HYEE S| IZh 4R USART ZhREFRERM BN RN RITR A D, #HITRIEEK S
FEREHFRER, BEEARNEN, WREARDSERE , XCK 5| LA EAR
Il

—BEEWESRLNE —NERARRA  ETREREYE. BRUENE — BRSSP
RERRSREY XCK R TR , ERWE —mMBENE — ML, BRIINVEE
WEAZBBUTFR E-NMELULSEBERRZRE, BRIE-MELEUE  E2RE
UHEEFRMREET — P TENEEM. INBUFERPTHABRTIRERIERE HE
B, EIFIRE UDR R AJ SR BRI E RN N EH,
UTRFLEH - RXC HRERARAL NBRBENHF. SBEMDT 8 unt , N
UDR BEVM MM SN 0, HR , HITARNKB 28 & R E4HKIL USART,
SCamARBHIT O
USART_Recei ve

. FEHERBE

shis UCSRA, RXC

rjnmp USART_Receive

. MEEPRBREIHE

in rl6, UDR

ret

C R&plF ™
unsi gned char USART_Recei ve( void )

{
1* SFENHHE
while (! (UCSRA & (1<<RXQ)) )

1% ME g8 TR B 545 * |
return UDR;
}

Note: 1. ARBBRECLEE T HMKH.
EREPHFHEEZEH , HHBEIRE RXC FREREFBFEEAERE IR,
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BA 9 ANBREE LAY 75 3R Wb

B SRS R Pl

MRIFET 9 MNHITBEHEIEM (UCSZ=7) , £M UDR HUE 8 U 2 BI A E KB FE
£% UCSRB HJ RXB8 LUIRB 5 9 (VB IE., X/MHNIBEHER FIRSIREM FE, DOR &
UPE, IRAEITEENUCSRAZRE , HiEE T UDRIKE, i2ENUDRZ (% 2 T & TR E

PES FIFO RURA , M AT BEREME FIFO R TXB8, FE., DOR K UPE {i.

BETRORBREBRT — M2 N USART W EE | 1% 89 a0 a1k 22 O {7 2048 ROIR AS AL

SComm iR o

USART_Recei ve:
. FEHERBE
shis UCSRA, RXC
rjinp USART_Receive
. MEBMEPREZRE, F 9 WMRKE
in r18, UCSRA
in rl7, UCSRB
in rl6, UDR
; HRAE, ARE- 1
andi r 18, (1<<FE)| (1<<DOR) | ( 1<<PE)
breq USART_Recei veNoError
| di rl7, H GH(-1)
| di ri6, LON-1)
USART_Recei veNoErr or :
. WEE 9 HE, AERE

| sr rl7
andi rl17, 0x01
ret

c R@HIRED

unsi gned i nt USART_Receive( void )
{
unsi gned char status, resh, resl;
| * SEFEREE]
while ( '(UCSRA & (1<<RXQ)) )

|* MEHEHRTEBZRE, FIMRKHE

/* frombuffer */

status = UCSRA,

resh = UCSRB;

resl = UDR

I+ ZORHEE, &E-1 %]

if ( status & (1<<FE)|(1<<DOR)| (1<<PE) )
return -1,

|* IEE 9 WHAF, AEERE ]

resh = (resh >> 1) & 0x01;

return ((resh << 8) | resl);

}

Note: 1. ABEBRESLEE T MK KX,

LRl FHE#TEMTEZIRAEN /0O FFERNABRRIFFRXM4F. XMFER

TP EFENFA. ERTRPHBER T ZPas UIBUGIHHRIE,
USART #2858 — MR & B SR8 B R IRV IR

AIMNEL
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BB EIRR &

FRKKER

E-flab -3 8

ATMEL

BWLE SRR (RXC) ARRARBEPSRFREEERRHNEE, HBEEEPEFER
RHOBER , R 1, HEEEFRZENR O( AT ERRHNEIE ). MREKSR
WEIE (RXEN = 0) , HWEHBRLWRIRT , M RXC EFE.

B UCSRB ML RAAMIEREL (RXCIE) /& , RE RXC #irE BN (B2 /Pl R ag
) MR £ USART ZURL R, E/APMAXETHRBERE , BEERERTER
SEFEFLAHMMN UDR BEBMIELE RXC & , RUNRAEFMLERF 4R , —1
HE PR A,

USART ZWEE =NMEIRIFE WidSiIR (FE). HIBEE (DOR) RFBRK L (UPE), ©
&L T F 788 UCSRA, HiXESHEM—ERFEEKRE PP, HTIRE UDR
2WEE PSR, UCSRA AL EIREWRE S (UDR) ZHIIERA. HIRFENS —
ME—HRENBTEELIRGSRERBR. ERATRIESFER"ROHREME T
RITERERATN X EEIRTEFMENNLEE "0 FTENEIRFEETEE™ £ H I,

MR IRIRE (FE) R\ T FREZRE PHEFH T — NI EmME —MEEVRRS., F
IEAIIE®S (9 1) W FE #5385 0, BN FEAREN 1. XMRETRARBMELSEKR, &
WAPH, BATA T ALE, UCSRC # USBS IR BRI FE FREA , BRBRT 8
—f W AMATERMNFELM. AT SUEHNREERE , B UCSRA IHX —fu4
2ﬁi\|§ 00

BIERHRE (DOR) RAM THIKWENERREN T HIEER. HEWEFRHEB (ST
AR ), BRBUFERXERE SRR —MIREY , BEERH~E
T . DOR #REALE M BN R BAEHKIE —/RIZE UDR M T —)RIZE UDR 2 BEX T — 8
EZHNHEM. N TSUEHNR4FEFRE , B UCSRA FIX— I AME 0, HEIBEMIRLD
MBI FFREABRETRSE , DOR IREHESR,

FERRWERS (PE) B | SBEFRTN T —mBFEETRRNESTEHER, NRFE
RETERRE , A UPE UADEE. 7 T SEMRM4HERE , B UCSRA X — &M
B0, AITESR P134“ REMUMITE " 5 P141“ FERK:R".

AERBERCUPMI B E 2 FERKR. REAER (BREERF KK ) H UPMO
WE, FRRKEEES  RERFBFITEAABRENTBALERSHREMBN I BURITLL
R, BRELRNSHENE LU - BF#EZKREPSET. IERTUBTRRTER
BHEIRINEA (UPE) REEZERHMFRERTR/ER.

MET—IMMEREAR[FEHOBEETEER , HEFEBREMEE (UPM1=1), I
UPE B{y., BE2/#EUEHES (UDR) #UEE , X——EA K.

SRESENLE , BIERWRNZEER, EERRNBIEFELX, ZiE#KEE (RXENF
)G BUERFTELSR RxD 51/ ; #KEHR FIFO bR, ZHaRhrBEs
=Ko
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RIRT R B BR

R BIEEEW

RE 7Tt

REFRSBE

BRI ER R ER FIFO #WRIHT , B EREUE 2, Efﬁkikliﬂiﬂﬁ?&ﬁ%%o ZID%EE:FtH
BmAREERRETRFE R , WFEE—ERHN UDR EZF RXC iR&FE, THEHH
REBRR T 2040 Rl B2 U B R 2R

SComm iR o

USART_FI ush:
shis UCSRA, RXC
ret
in r16, UDR
rjnp USART_FI ush

C RumpiE "

voi d USART_Fl ush( void )
{

unsi gned char dumy;

while ( UCSRA & (1<<RXC) ) dummy = UDR
}

Note: 1. ARBREESLEE T MK XK,

USART A— Mt REZ T MBFEMRE R TARLEZRSHERER, HHRESERT
B M RxD SIME AN FS STHREMRNBHRE R, BIEREZBRERE , #
BE —EERKRTIEAANS —LRE A MMRESERESENRTIME. RSERN
THBEGH T NERAS R, WA NRER — WA SR WA,

R IRE B B M AN BTHRENMS N4 EI SR EK, Figure 73 BR T X ALIEM
BRMNARESRE, EEIEEXTERERZREEN 16 5, FEIEEX TR RS
M8 fE, KEFARTHTRHEMERNWRLZHNE(L, FRBEER (U2X =1) RS
TIAfEEK, RxD&KZR (B BEMERES ) 8t , REER 0.

Figure 73. BRI K

SR ERRREENRREANNRE
e Db b DD

St IR E BN E RxD & E—1 A& (ZW ) 21K (748 ) WEFBEEZR |, EBIa e
ANFSIEHRES . MEMR , BIONARE 1 RRE—0 X, RE HHRESBAR
B8, 9, 10(EBER ), FIXHF 4, 5. 6(FEER ), KHUMEEHEWE —MEBH
B, MBEX=AREFNANRES I EEEELT (ZHRR) , BAEMSBEAN
ERBEFMPIELES  BUBSET I HSIENBETHR, MR E —NERE
ek R A E#%*'Uﬁﬁi&iﬁﬂﬂ*&lﬁi#ﬁ#“?&l&ﬁﬁo B-TEANBESIREAHENESY
&0

BN SERRURSZE  BEMRETEATFHBT. BEMRELTER —MRENXK
BEREs - HEL. SMMSHIEEBEEATES 16 MRS, #EERXTER 8 MR
o Figure 74 ER T BB UMTBUN R, BIREQIBEB T T - F , X
BFETHRERELTHMHRSFS.
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RS ITEBE

ATMEL

Figure 74. BIER FEALA XM

RxD BITn
SRR ! brrtd
(U2x =0) 12 7[8]9]10]11 12 13 14 15 16 1

Sample I<—T—>|

(U2X = 1) 1

LHdbdb T

BEZWINBECNEBBTNAENSHRRRE. KRRNREHN=NMERECLH O
REBHRSF, NTREAXLERE  BFXEFSHESNEER. SHRREXFEIHE
B MRE2ANHAAE S NMREFEBRESRT , BARKKNURAEE 1. MR 2 M MHHRE
N RHEEHREBE  BARBNURENEE0, XWMRDIIMEANESRKE , SHE
ROEARER —MEBRK. BIERELSEESHT , BEIRRE - TEHOBEM,
Hpt@ETE - MELL, BEERRBRBEMNELL,

Figure 75 B8 T E LUK RHF | LR T —MESEAMKRE TREANER.

Figure 75. F1E{U & T — MR RAE

RxD STOP 1 (A) (B) (©)
Sample }<¢’1 T
(U2x =0) 12 7 [ 8] 9 10]o1 o1 on

Sample H—T—H

(U2x = 1) 1

N = W =

EEE

bbb

SHRANEULUEFEER, BFELMLNEE O, BANBE RIS FE BV,

WRBFBF-RHATNSEEBE |, WA REE L - PNBENRT HHOBEM. £
EBERF , E-MEETFHRE LT URET Figure 75 5 A Ko ERFEIERKATE
—MEBERERLIIEEE B R, C RUNZRBFLMNERNVE, XNBHNVHRE
R R TAESE R

BERBENITECERATERINBERRRNBEFEZEANTEERERE, WRRE
LU R B A RARMBIEM |, RE BN ERREREEERNME (R
Table 61) , BBAEWRBR T ESRIRNVES .

THHNLAXNTARITEREGARRSNHERR[REROLE.

(D+1)S

Ysiow = §TT+D.5+5,

5 - _(D*2)S
fast = (D+1)S + S,

D FHKERFBUKENSMD=5F101%)
S BUNRHEH. EBEXATS=16, FEREXTS=8
S ATZBRRNE-NREFS. BEERAT S =8 , FEEXT S =4
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Sy ATEBRRNFPEAREFEFS, ZEBEAT Sy =9 , FEEXT S, =5

Roow = AEZH, RENHKREMARREZRRRIGENLE ; Ry RTEZN. KR
K HIER AR R SERERR SR E,

Table 61 # Table 62%|HH 7T R F N R AIBREREFERHRIRE, EEITENRE ZEEXATHK
BRAUEEARNETLEE,

Table 61. HBEX THENFABKBJ[REFRIRETE (U2X = 0)

D BAWEIRE
#(BIE+FEM) | Ryow(%) | Reast(%) (%) HENR X ERERIRE (%)

5 93.20 106.67 +6.67/-6.8 +3.0
6 94.12 105.79 +5.79/-5.88 +25
7 94.81 105.11 +5.11/-5.19 +20
8 95.36 104.58 +4.58/-4.54 +20
9 95.81 104.14 +4.14/-4.19 +15
10 96.17 103.78 +3.78/-3.83 +15

Table 62. RXERX THENRAKBWBRIFRIRETH (U2X=1)

D BAWERE
#(HE+TBM) | Ry (%) | R (%) (%) BENRABEREIRE (%)

5 9412 | 105.66 | +5.66/-5.88 +25
6 94.92 | 10492 | +4.92/-5.08 £2.0
7 9552 | 10435 | +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

LREENRABRRERREREBRERRFNREBNRALREETASTEN
IR TEHM,

FERUESRRERRENATERREARND. B, BRSERENH XTAL) RWREMT S
ESERIERERAX, BARRKTERSENHN - RSB LEBE  BX TiEREMm
5, BREERBAEANRERR , RGP AREEY 2% WR=E. E-NMRENEER
HFEHZT, RERRERT —ERBEIN RGN 2GR FHRER, et
ALAHE UBRR B , EBIREEETAER,
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ZRERBRER

&£/ MPCM

ATMEL

B UCSRA K Z 4L I B3 BE NI (MPCM) I BAXS USART $2 Uk 25452 W B 19 B 38 it 47
Wik, A& EMUESNMWNHAE R FEABKEFE, E—IZLEBERRE
B, AERESRENRTELHTES , XM TEERNRL 7TEE CPU L BHHKE
MR HE, MPCMIUMREFREMR LB IE BEEASLESBEESEXNRES ,
CWERAELEMTRE,

MRERESEFTERNBEMKERN 538 , BAE—MELEURTZ—MEBENEHE
ERHES. MRBEKESEFTIZERNEENKERN 9O , BBLHSE 9 {1 (RXBS) KEBER
BEL2MUES., MRBEEWKEMN (F—MEIEMRE 9 MNREM) 1, BAX
EHbHER | 7N BB,

EZAERBEREXT , SMIMLERATUM PN ELERRWHRE. ELEBTHEBiE
HEWRESEPF U R — ML E R, WRFUFRE - MEER | SRHEFRREENEK
&, MEMHMNGERSZHXLEMETZRE S —Mbik,

FF—MERENHLEEERE , CUUER 9 MEEWHER (UCSZ=7), NNRELHH

E— N btmi (TXB8 = 1) FAIFEE 9 1 (TXBS) B 1, IR R —MERIEM (TXB = 0) T

BE, EXFWERT , NS SR ITET 9 U HIEmE R,

THEHEANESAEBEREEEX THITHREIRNW SR

1. FAENLGESRHIEEZALEREEER (UCSRA F12858 MPCM B1I ).

2. EREBREEMUME  FIEMNCESESER A EEE M. MAEES UCSRA
FEEM RXC EEBAL

3. B IMILESRHLIRIN UDR FESNARCHEECRERES., MRES
#EE UCSRA Y MPCM i , BNEFEFT — Mt ZFHHEIR , HRE
MPCM H 1,

4. WIS UHOMNLERFEVRFMEHNEHREN  BERKRE— Rt ta, makLREE
MPCM 177 1 B9 MAL I8 2545 B BE X LE B3R

5 WIUNLERERIRE—NIEREMNSE , ©FENM MPCM , #ES#EAERL
BET—/ N tuitti, REFE 25 2ENETREGEHRTT,

5/ 5 = 8 LM N2 AL , BEFKER , BN ZKERSHEMLR n M n+1 WA
A ZEH TR BT REBENREREAHRBNFARERE  XIPREEFLNIR
FERBREME, WREM 5 X 8 LLFMNER  RIEFMIZRER ML (USBS=1),
HAgysE —ME A TRl ®,

FEMFERIE - 15K - BIET (SBI # CBIl) K##%E MPCM {2, MPCM H1 TXC #r&{E A48
B /0 8 , /A SBI K CBI B TRELSTNMHEES,
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58] UBRRH/ UCSRC
785

Bi5H

UBRRH 5% 288 UCSRC /A /0 ##it, Btk 5Bt it E5E Z U TR,

HEZEURTEIHRE , USART FFHERN (URSEL) BHIHBEANETEFR. &
URSEL 73 0, ¥ UBRRH{EE#T ; & URSEL /1, Xf UCSRC & BE #1.

THEABLS HNFAHRXRANFER.
SComm iR o

;B UBRRH 2
I di r16, 0x02
out UBRRH, r 16

. #EUSBS SUCSZ1 ftHh1 , AERMH0
I di r16, (1<<URSEL) | ( 1<<USBS)| ( 1<<UCSZ1)
out UCSRC, r16

C RmpiE "

/* I%EUBRRH J72*/
UBRRH = 0x02;

I* ®EUSBS SUCSZ1 WK1 , ARRTH 0%/
UCSRC = (1<<URSEL)| (1<<USBS)| (1<<UCSZ1);

Note: 1. ZRBBRECLEE T HMXMH.
MPIFFRR , NFHEFRNBHFRAZWILA /0 ik,
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USART & {Faafiid

USART I/0 B8 & #8% - UDR

ATMEL

*f UBRRH 5 UCSRC BHZBNEFTANRNER. BEASHEAT  EATEBEX
EBEE,

BRiFRIBNFEG, —HBIRE UBRRH FFRABNE /0 thit, HEHFFestbutEa —
RENHAPHIEA , YR THHFFENEZATRE UCSRC REF, FE , &
UCSRC WP =510 B3 T, FEIRIRERR BT (HlNEE £ Z 0T ) BTA N,
TEABS E N UCSRC FFERE.
SCamRmBpIRE (O
USART_ReadUCSRC:
;  BEUCSRC
in r16, UBRRH

in rl6, UCSRC
ret

C RmplE "

unsi gned char USART_ReadUCSRC( void )
{

unsi gned char ucsrc;
/* BEUCSRC */
ucsrc = UBRRH;
ucsrc = UCSRC,
return ucsrc;

}
Note: 1. ARBEBRESLEE T MK KX,
JCYmRHBTE r16 F3R[E UCSRC {E.

* UBRRH ABHIRBERRENTHK , LA —FRETRETRZFFREUN | ZF
FRENEBTEREM.

Bit 7 6 5 4 3 2 1 0
RXB[7:0] UDR (%)
TXB[7:0] UDR (E)
/5 RIW RIW RIW RIW RIW R/W RIW RIW
HaE 0 0 0 0 0 0 0 0

USART ZIEHEEHEFFE5M USART ERBEEAHFEFHERZMEEH /0 itk , FH
USART #iEFEFEH UDR, HHIEE A UDR BIEBRIBEN R X ERIBEE HEE1EES
(TXB) , 3 UDR BI3EFRIREH) R BWHIER HF 788 (RXB) HAA.

5, 6, 7THRHFRERXT , REANSUERERLH  MEWRBENWFESIRENR 0.

HELH UCSRA EH 72 UDRE FrE BN G W UAR & X B esi#t 1T B2, 10 UDRE
REBN , BFAE A UDR WEHIESH USART RIEBRZR, UBMIBEBEARXEEFREST ,
EBNTER/NE , AR TIERENSI L EBUSES. RAEEIESTHM TxD 3
P H o

BWERSRITE—NER FIFO , —BFEWREAHBFBHW T FIFO RMARETCHRS. Hit
FENIX—FHATERE - BK- 5159 (SBI F CBI), EAULERES (SBIC F SBIS)
Rt ENL , BRX A TEERZE FIFO BIRES,
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USART B HFIRSHFFERA -

UCSRA

USART ##HFIRASHFEB -
UCSRB

Bit 7 6 5 4 3 2 1 0

I RXC TXC UDRE FE DOR PE u2x MPCM I UCSRA
B/B R R/IW R R R R R/W RIW
HE 0 0 1 0 0 0 0 0

 Bit 7 — RXC: USART I 4 k

iﬁwgﬁlﬂ%ﬁﬂh*ﬁ‘iﬁﬁtﬂﬂ’mﬁﬁ RXC B , BNES, ZUETEIERT | BURE HESH R
i, B RXCIEE, RXC h\“—“‘l)ﬂ;&?ﬂﬂ%u& =R AU ( W3 RXCIE fu M #R )o

e Bit6—TXC: USART £iX4&%

REBMEPBEPNEEREY | BN EXE PSS (UDR) HZErt TXC B, ITERREE

RAPUTET TXC REBEBESE m‘JL,{EJ:tsw&maBﬂsJﬁo TXC fREATARFE X
gE SR AT (XY TXC|E1iE’J}*L)

» Bit 5— UDRE: USART ¥iE &5 8520

UDRE#REIE H A IX EHES(UDR) R B E R IF I INH IR, UDRER1IREBEHEIRZE |
AR FHITHIRER. UDREARE A AR~ ERIFESEES =P (X UDRIEM AR ),

£1I/5 UDRE EfI , RPRIEBRELFE.

+ Bit4 - FE: mi4&i®

T SR 52U 48 2R IR 'JE’JT 4\$ﬁﬁmﬁ%‘éi§é , NERERBRFN T —NERHFNE -
IR0, BRA FE B, iX—{I— Eﬁx&lﬁﬂ?ﬁl&%/qﬂ%ﬁ(UDR) BUEE, HEWEIM
FIE R 1 HT FE f3&R 0o X UCSRA #{TBEARN , X—NEE 0,

e Bit3 - DOR: HiEHH

BiER et DOR Biu. HBWEHEH (B Tﬂﬁ/\ﬁzﬁ ), BUBNEFESRXERE,
&I at A0 M B — N TRV 1R ﬁﬂ%?fétﬂﬁ?ﬂin 11 Eﬁx&EKUEL&%ﬂF%ﬁ
(UDR) #{1%Hl, Xf UCSRA J&ﬁ—%)kﬁ —NEE 00

» Bit2 - PE: HBREHIR

HABRELEEE (UPM1 =1), BEREHSEFFEREN T N EZHEFBRRE RN
UPE B, X—fI—BEAEXEEZEWEHE (UDR) #iEE, X UCSRA #HTE AR ,iX—
VEE 0,
« Bit1-U2X: f5EXX

—(RXNRLTREEENH, FRARSBRENTLMLES,
B 1 AR ESEFMN 16 BRE 8 , MNMERNERL BEEXWEHEREME,

+ Bit0 - MPCM: Z4EREFER

BEHMEESZAEEEEER. MPCM BfIf5 , USART UK EIKEIM BRLE RS
EiﬂjilH.:. B ARG E 2R, BEBTE MPCM g BWE N, FHAEEESE P145
“ZABERBITES .

Bit 7 6 5 4 3 2 1 0
I RXCIE TXCIE UDRIE RXEN TXEN ucsz2 RXB8 TXB8 I UCSRB
B/B R/W R/IW R/IW R/W R/W R/W R RIW
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HRE 0 0 0 0 0 0 0 0

 Bit 7 — RXCIE: U4 R th i ERE

B fEfEEE RXC i, 2 RXCIE 1, 2B UiFrEN SREG &1 , UCSRA F178%
B RXC 780 1 BRI BA= 4 USART IR EE 3R .

» Bit 6 — TXCIE: XL RpMifEsE

BEERE TXC |, X TXCIE B 1, 2 FHHIFREN SREG Ef , UCSRA F1E281
TXC I”A 1 BRI LA 4 USART &% 45 R A i,

+ Bit 5 - UDRIE: USART ¥ig & ez h s

BV /5 fEfE UDRE i, % UDRIE H 1, 2R HirE{ SREG &2 , UCSRA F1F88
# UDRE 788 1 Bt AI LA 4 USART $iE F 1288 2= i,

e Bit4 — RXEN: EU{ERE

BN EE3 USART #UEs. RxD SIHI#YE Bix O Theed USART TheErrER, ZEik
BB RIFIZEWE HES , H#E FE., DOR K PE #fRE&EL XK.

o Bit3 - TXEN: &3%{HE

BN EE3 USART £3#£85. TxD SIBIAYE i O IhEE# USART ZhaErrELX, TXEN
BEE  RESIMENBEAEEREREARTHEBELZIL DA EBUTESRSX
BEENSESTEEERENRIE. XAFEZILE , TxD SIBREEER 110 Thie,

e Bit2-UCSZ2: &K E

UCSZ25UCSRCEHEZEHUCSZ1:0E 4 E — R LLRERFEMAMEENBIEMNE(ZR
KE ).

« Bit1 - RXBS: ZIHIEN 8

3t 9 (L BITWIHITIRERT , RXB8 25 9 MNRIE{, BN UDR BEMERNMBKFERIE T
Ei%£H RXB8,

+ Bit 0 - TXB8: XX IE{ 8

Xt 9 M ER{TIHITIRIERS ,TXB8 B2 9 M IE(L. BE UDR 2 HI B AEN EHITERE,

Bit 7 6 5 4 3 2 1 0

I URSEL | UMSEL UPM1 UPMO USBS ucsz1 ucszo UCPOLI UCSRC
®B/B R/W R/IW R/IW R/W R/W R/W R/W RIW
HHE 1 0 0 0 0 1 1 0

UCSRC &772885 UBRRH &8t HAEEIM 1/0 i, XiZEFRMIFE , B3R P146 “ 5[4
UBRRH/ UCSRC H#F87 .
+ Bit7 - URSEL: BfFaa&1%

B iR R UCSRC 17283 UBRRH ZE88, ik UCSRC BT, Zful 1 ; 4
B UCSRC B , URSEL 1 1,
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+ Bit 6 —- UMSEL: USART # %1%
BEX—RERELHFL THEER,
Table 63. UMSEL Bit Settings

UMSEL #HX
0 FERE
1 BFERE
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 Bit5:4 — UPM1:0: F{EKEE

XA REFERENEXACRTERE. MREETHTERE , BAEREHRE &
ERBLEDTEHREFBREMN, FE-—MERINVHE  BRBBLKTLE-FB
{8, #5 UPMO FRR EMVE# TR, WMRATITE , BBARF UCSRA Y PE EfL.

Table 64. UPM iR &

UPM1 UPMO TEEX
0 0 =g
0 1 *E
1 0 BRE
1 1 IR

» Bit 3 - USBS: F1t{yi%#E
B X — A LLR EE I3, EWESAMIX — (U MYiRE.
Table 65. USBS i&&

USBS ELEfH
0 1
1 2

e Bit2:1-UCSZ1:0: Z&KE

UCSZ1:05UCSRBEFZ8 ) UCSZ24 & — AT IRERBEM BT ENBBELHR(FHK
E).

Table 66. UCSZ i &

ucsz2 ucszi1 ucszo FRKE
0 0 0 51
0 0 1 6 1z
0 1 0 71
0 1 1 8 fu
1 0 0 RE
1 0 1 RE
1 1 0 2
1 1 1 91

+ Bit 0 — UCPOL: Bt4hif it

X—URATRSIHEER, EAFSENN  FX—EF. UCPOLRET MHHKE
AR MM ABIERE | UARED e XCK 2B IR R,

Table 67. UCPOL iZE&

UCPOL | REBIRNZE (TxD SIMNAL ) BRBIRAREE (RxD SIBIEA )
0 XCK L7 XCK TBn
1 XCK T E&in XCK L7
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USART jR4s® F 737 - UBRRL
1 UBRRH

Bit 15 14 13 12 1 10 9 8
URSEL - - -] UBRR[11:8] UBRRH
UBRR[7:0] UBRRL
7 6 5 4 3 2 1 0
BB RIW R R R RIW RIW RIW RIW
RIW RIW RIW RIW RIW RIW RIW RIW
HaE 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

UCSRC £772885 UBRRH &8t AEEIM 1/0 ik, XiZEFRMFE , B3R P146 “ 5[4
UBRRH/ UCSRC &8 " ,

* Bit15- URSEL: &84 H

B %4 %5 B UCSRC F12855 UBRRH F1788, i UBRRH B , Z{ul 0 ; 4
E UBRRH B , URSEL # 0,

e Bit14:12 — R&E

XENERUEHEAMREN. W TESUENHRHRE , B UBRRH X EMES,

* Bit11:0 — UBRR11:0: USART HiGREEH

XN 12 N FFESREET USART WREERELR, HEF UBRRH @& 7 USART F4EE
Z41I, UBRRLEE T 8 1, HIEEMUTNER EERHTHREBEAAHZIHIT, B
UBRRL R 3 ENE #4957 88,
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FRERRRBIRSEMERE  FTEXTHREANKFRITED Table 68  UBRR #Y
RERT4, RPNEABERTHEFENEERSEREEERNRETFET 0.5%.
FENREHEEULESH  BEAESNNBEELRE  SIRETEARAEREN (5
EP143“ RS ITETE" ). RETUBIMTARNITE :

Eror] = (g ) 1001,
Table 68. &K% 2842 T ik E UBRR B HIF
f,sc = 1.0000 MHz f,oc = 1.8432 MHz f,sc = 2.0000 MHz

N U2X=0 U2X =1 U2X=0 U2X =1 U2X=0 U2Xx =1
(bps) UBRR | RZE UBRR | RZE UBRR | iRZE UBRR | iRE UBRR | iRE UBRR | iRE
2400 25 0.2% 51 0.2% 47 0.0% 95 0.0% 51 0.2% 103 0.2%
4800 12 0.2% 25 0.2% 23 0.0% 47 0.0% 25 0.2% 51 0.2%
9600 6 -7.0% 12 0.2% 11 0.0% 23 0.0% 12 0.2% 25 0.2%
14.4k 3 8.5% 8 -3.5% 7 0.0% 15 0.0% 8 -3.5% 16 2.1%
19.2k 2 8.5% 6 -7.0% 5 0.0% 11 0.0% 6 -7.0% 12 0.2%
28.8k 1 8.5% 3 8.5% 3 0.0% 7 0.0% 3 8.5% 8 -3.5%
38.4k 1 -18.6% 2 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%
gxR0 62.5 kbps 125 kbps 115.2 kbps 230.4 kbps 125 kbps 250 kbps

1.

152

UBRR =0, IRZ = 0.0%

ATmega32(L) m————



L | ATmega32(L)

Table 69. BAIKHEMETRE UBRR B F (£)

f,sc = 3.6864 MHz f,sc = 4.0000 MHz foec = 7.3728 MHz
N~ U2x=0 U2X =1 U2X=0 u2x =1 U2x=0 U2Xx =1
(bps) UBRR | RZ UBRR | RZ UBRR | RE 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% 1 0.0% 6 -7.0% 12 0.2% 11 0.0% 23 0.0%
57.6k 3 0.0% 7 0.0% 3 8.5% 8 -3.5% 7 0.0% 15 0.0%
76.8k 2 0.0% 5 0.0% 2 8.5% 6 -7.0% 5 0.0% 11 0.0%
115.2k 1 0.0% 3 0.0% 1 8.5% 3 8.5% 3 0.0% 7 0.0%
230.4k 0 0.0% 1 0.0% 0 8.5% 1 8.5% 1 0.0% 3 0.0%
250k 0 -7.8% 1 -7.8% 0 0.0% 1 0.0% 1 -7.8% 3 -7.8%
0.5M - - 0 -7.8% - - 0 0.0% 0 -7.8% 1 -7.8%
1M - - - - - - - - - - 0 -7.8%
gxR0 230.4 kbps 460.8 kbps 250 kbps 0.5 Mbps 460.8 kbps 921.6 kbps

1. UBRR =0, i = 0.0%
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Table 70. BAIRHEME T RE UBRR Bl F (£R)

f,c = 8.0000 MHz fooc = 11.0592 MHz f,c = 14.7456 MHz
N~ U2x=0 U2X =1 U2X=0 u2x =1 U2x=0 U2Xx =1
(bps) UBRR | RZ UBRR | RZ UBRR | RE 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% 11 0.0% 23 0.0% 15 0.0% 31 0.0%
76.8k 6 -7.0% 12 0.2% 8 0.0% 17 0.0% 1 0.0% 23 0.0%
115.2k 3 8.5% 8 -3.5% 5 0.0% 11 0.0% 7 0.0% 15 0.0%
230.4k 1 8.5% 3 8.5% 2 0.0% 5 0.0% 3 0.0% 7 0.0%
250k 1 0.0% 3 0.0% 2 -7.8% 5 -7.8% 3 -7.8% 6 5.3%
0.5M 0 0.0% 1 0.0% - - 2 -7.8% 1 -7.8% 3 -7.8%
1M - - 0 0.0% - - - - 0 -7.8% 1 -7.8%
gAM 0.5 Mbps 1 Mbps 691.2 kbps 1.3824 Mbps 921.6 kbps 1.8432 Mbps

1. UBRR =0, i®% = 0.0%
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Table 71. BAIRHHRMETRE UBRR B F (£)

f,c = 16.0000 MHz f,. = 18.4320 MHz f,c = 20.0000 MHz
N~ U2x=0 U2X =1 U2X=0 u2x =1 U2x=0 U2Xx =1
(bps) UBRR | RZ UBRR | RZ UBRR | RE 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% 119 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% - - - - - - - -
gxR0 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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- 8 HRBAMRFNERNZED , ABEFHIRLE
o ZRFEMAMMULIRE

s BUATUIHETEABENRBREEER

o 7 {UbhEZE R 128 MM

s XEZIHHER

« B3k 400 kHz B REEHRE

s PEZHHWETESIER

o TTLAHD4] B LR RIERY MR T N 4125

o S WHEHMPL LR 23 ik

o MERRATihht PUf v DAL RE AVR

P&EO TWI RES THENLGERNA. TWI BN ATFRERITTERBFHRNEER

LR AL 128 NMEINIREEES -8, XFRE -2 SCL, —2#¥E SDA, 4
HEARAFTERNLABEHE  SR& L1 AEERIEL LN RZHBEEACHMIL,
TWI MR T B &R R,

Figure 76. TWI B4 K&

cC

Device 1 Device 2 Device3 | ........ Device n

R1

R2

A

A

\/

UTESCEERTMEHRN,
Table 72. TWI ja5C

\/

L

BHMELEREIRE. EVEMES4 SCL it

WENTURYRZ

FHERDBL EMRR

MELEIBIEIRZ

R
P& BTEOSKREN
SDA
SCL
TWI J5C
L 37
EH
ML
REE
I
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BE 1 A Ag =
ERBIE (1)

START/STOP R7Z&

Ht BARSER

M Figure 76 AILAE H A WRLEHEN LN BESESRFERE, i TWI ZEWB[ENE
LB MBRITIRITEREBRFAEN. XERIZA TN EOREFREXBHNERSINEE,
TWISHRER "0 , TWIREZAFERKES, EFENTWISHRE N =AM B4
WHESHEF , AT ENBEESEENS, 5, IRIEMENELKERE , ARS TWI &
LIEER AVR S LR,

SELEENSHHREZINTRERSE : BABBERT 400 pF , MEA A 7 M
kB AT FHE, TWIEAMBSEMHAFER P272 “ MASRTEOBSM " XILAHT
AN TENAE , —HRELEERT 100 kHz , MBI —F R ELEE &K 400 kHz.

TWI B4 EBBENNZESHMKARS. ML AEN , JELBEXTRFRE | B
FERHEFLENRET,

Figure 77. HEE MM

SDA

SCL
Data Stable Data Stable

Data Change

FHNEDISELEEBEESH. ENESLLEAXE START EEUBHERELSH ; £EE&LEL
i STOP S5 LUEIL#HIEEH. £ START 5 STOP RAZHE , EEBRERLN , TR
HHEIHREIEL, 50|27 START 5 STOP RAZ AKX H—MNEHH START R4
X## A REPEATED START R% , EATENEFARFLLEFHWER T B FH 1%
%, £ REPEATED START 2/ , BE/T—1 STOP , EERE LA FILHRS. X
5 START 2Z2—#M , A ERFM+ , mBZEHHKIRA , START 5 REPEATED
START ¥ START &R, I TTFFR ,START SSTOPIRARESCLL W&t B KT
SDA BB FREHH,

Figure 78. START. REPEATED START & STOP R7&

START STOP START REPEATED START STOP

FRETE TWI B EEXRbat AR o i , A 7 {usbitfz, 1 {42 READ/WRITE #4|
N5 1UMNENM. N8R READ/WRITE B 1, MHITIREE ; BUHITERE. MIEF
e, BMIEE N SCL (ACK) AHEN K SDA EHNZE ., ZZMIITHEHECERER
TEWMEN , MRIZE ACK BRI SDA hE. REEHAIUAE STOP AR
REPEATED START RASEH A B A E, it B IIEMI U S5 5% R SLA+R =
SLA+W B READ = WRITE {i,
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HUtFFH MSB BEAMAZE, MYl RigiTEBHSE , EEERE i 0000 000
ERT bt

YRIE B | PRSI MILRE ACK BHER K SDA fEH M E . HENFELRE
IR S B4 2 MHLE AT A 3B 0. 3 Write {7/ S0 25 &35 | FPA MM
B ACK BB AK SDA EHIARL, PREMMIIZEREIRRHBESD, TEER
R R R IE Read DR BEEX , BN WRILAMMIKEF RN BIESHRELHPR,

FREM 1111 xxx Wbt BEERE |, LUENRER,
Figure 79. bt @

Addr MSB AddrLSB  R/W

e o e o
WAVAVAN

START

PREE TWI B4 EAENHESIH o UK , SF 8 UBBEUR 1 MEEM. EHRELE
B, EN LR R START 5 STOP RS |, MiRER AR K, MEZHMIESE 9 P
SCL AHHAK SDA EIK, IR EUERME SDA NS MK H NACK 55, R E
W, AEHTRERRLEZZRESHHE , MZERIZENFTHERE NACK K&
HEE=R. BIEH MSB B LR,

Figure 80. ZiEZHEX

Data MSB DataLSB  ACK
. Y
Aggregate S7_><
I
SDA N\ (« !
. | [
SDA from N §b< i
Transmitter 1 é; |
,,,,,, ! .
SDA from VR D) i
receiverR __ / i
I I
I I
SCL from | |
Master ! 1 R
I I
i 1 2 7 8 9 : STOP, REPEATED
SLA+R/W ! Data Byte ! START or Next
I

Data Byte

REEEMH START R, SLA+R/W, ED—MRIEI R STOP RSAK. RE START
5 STOP MW ZEEERIFEN. AWURA SCL N&SIERIIAENSMNNETF.
ML AES HE SCL EEL{% SCL 1&%¢E’JH‘J‘IETJO HENIRER S HEEAX TMHLA
R, MMALEZHIN B E SRR IR, X—FERFEEFTRAN. MK SCL K8
ZFE’JE‘J‘IEHTAE’"F] SCL S s ayefHE , ljj SCL SEFNERHEVREN, BLRT
H, B SCL My A= AR TWI BIEEEEE.

Figure 81188 7 Ay B3R5 1% . X B SLA+R/W S STOP Z XN FH BB M ARF
BT BORTE o
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Figure 81. BEREMEIEMLIE

Addr MSB AddrLSB R/W ACK Data MSB DataLSB ACK

SDA

IV AVANYAVAVANE BV AVANYAVAVANY ST

1 2 7 8 9 1 2 7 8 9

START SLA+R/W Data Byte STOP

TWI M AT E& ERZSNEN. B EIENRAFEESIINEANFHRRERE  t
ERIEREEFRIT, SENREFERNEE

ﬁ,fzjﬁ,\ﬁﬁﬁ:ﬁ- MENTEREZE, YERENRACNRZERENGNF LA
¥, IMERIBUEANMER, YRFHNENRAEMFERRY , NILEIFERE M
BARNREBIREGELEFNONENT I, BXESENRNEER TR IZIE
MR E |, BRI BIR IR Bk LR iE,

TR EN ATREE A TR SCL ML, FRIEAEN—BM , KPR —HESE
PN E R, X2ELARERE,

BEN& SR ARER LR FE, HAENENNSHITSHRE , SERAEHRY
HEBFNEETHAEENTREN - REFRHBUETREENHRRKH -
PR ENEE SCL , EFHITUARBITERASGS /REF5HE SCLESE /REF
AY B ] 2= 5o

Figure 82. Zx#l SCL WAL

I TA I I TA

low | high }
\ \ \ \
[ [ [ [
[ [ | \
SCL from [ [ \ \
Master A ‘ L } }
[ [
[ [
,,,,,, \ [
SCL from | \ L/ \ N
Master B \ ) V| | 1
[ 1 I
: N o
| \
SCL bus | L | |
Line \ \ } } [
I 1 | I
[ [ [
| TB\ow | } TBh\gh |
\ Masters Start \ Masters Start
Counting Low Period Counting High Period

wHBE RPN MBS YT SDA KK 2R M SDA REIHHES ENHE
HEBEFTEE  ZENMAREFR, BEIXIBERELE - IMIHNHEHELTH SDA, MHA
CEPRMBERE  ZEVNFLREHR #_LEI]E’UJM*ME‘Q S X T )
i, SkEMPERMENAMG SDA BE , 815 BAY B Rtk 845 R 2 F1E 1 b= A A
HES, FANSEEIRERE - EN. XTRSEAFSHE. IRV ENNHE
BHMILT L , HEFSFEIBES,
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Figure 83. WAL ZERIFEL

Master A Loses

| Arbitration, SDA,# SDA
SDA from

Master A

SDA from
Master B \ / \ / \

Synchronized

AETAFEUATERBITHE
« —/NREPEATED START IRA&S —MNRIEL

— STOP RS — MR
« —/NREPEATED START JRAS —4 STOP K&
MARENZE ERER , RIEFSHIXLEIEEZPRRS. XEREESENREH
FIENBEERATNHEMERN SLA+RW SHRIESHSER. BTN : FIEMEELMR
SEHREBENEES  EURBRLERTEE L,
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TWI IR ERR

SCL # SDA 5|

LR RERET

B&iENST

TWIERB LN FERA R , WFigure 84FFR. FR BN THL%& 2 P F 1785 T AUESAVR
BIE B &R ITIHE,

Figure 84. TWI &Rk

SCL SDA
Slew-rate Spike Slew-rate Spike
Control Filter Control Filter
[ A
y
Bus Interface Unit Bit Rate Generator
START / STOP
Control Spike Suppression Prescaler
- »
_ . Address/Data Shift Bit Rate Register
Arbitration detection Register (TWDR) Ack (TWER)
A [ A
y
Address Match Unit Control Unit
Address Register . - Status Register Control Register
(TWAR) (TWSR) (TWCR)
TWI Unit
State Machine and
Address Comparator Status control

SCL 5SDARMCUR TWIHO 5|, SIHE A HRF[EE —NREMNRRBIZ[UB R
TWIMSE, SIRPRY S A SR B4R RSP B 8 T A EBR/N T 50 ns BER], HAMAYIROR
B SCL 5 SDA 5| fad | RJLAGERE I/O O M ERAY LRI P | IXAF AT B SRRy B e,

TWITHEFENERS | SR L LB EEHES SCLNARY, B4R TWHIRSHFFS
TWSRHA S MR MU R LS REFFH TWBRIZE. Y TWI THEEMNNERS , FEEN
b4 RS MBETIRE , EMHLE CPU B3R R MK TF TWI BHh4k SCL SR 16
&, EE , MLATRESIEK SCL KEFHIATE , NTIERIE TWI BENEHri B,
SCL HSMERFUATHARTE -

SCL frequency = CPU Clock frequency

16 + 2(TWBR) - 4" WFPS

TWBR = TWI Lt R FER[NHE
TWPS = TWI RS FFEM oM ERE
Note: TWI T{EEEHERM , TWBR B IZF/NTF 10, ENEHALTE SDA 5 SCL =4 4EIRHA
HERBERES. RBEHIAT TWI TEEENEXT , @MYL Start + SLA+ RIW §
RHE (FEEENEMNNESELERE),

ZRETAENIES U B 7R TWDR , START/STOP #2428 B & MRV EEHH
B, TWDR EEFESATERAESZERNEES b, BT 8 U TWDR , B&EOE
TTEE—NEESR , 887 HATAESBRMZR (N)ACK, X4 (N)ACK F1EEETHEH
ERFEZHE, YElRHdEs , eaiBEE TWI 4|57 TWCR RBUHBESE ; £X
EHIER , (N)ACK EH TWCR HRERE,
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START/STOP #Z&ISBMFT~EFEM TWI B4k EH START. REPEATED START &5
STOP RS . BIEIE MCU &b FARERIRAET , START/STOP #2 &85 I ARAEH A M TWI E L&
FH START/STOP & , ¥R MEE D4 TWI Bk W EH I et | 5F MCU MIRERIR
AELEE,

MR TWI LENERXE 20 T HfEERm , FERQN ERRRFEETEL , IBERST AN
BYMERREGELENN. MRELABETRNIECHESLNBTERT BLE2H
R, MBA TWI 252 THITEBNEE , AF-ESBHNRESE.

o hk PUED B A MM Bk EERBIN It RERS TWAR S1E885 8 7 it 48 e,
ME TWAR F1Z88600 TWI BRI 2R B 6ERESI TWGCE 1 "17 , WAL EUREIA it to
25 Bt TR, —Bithut FCE AT |, 354 8 TN 18 2108 A B 1T IE ¥ i M T,
TWIRTBAM R |, th A AR R EN A F ik | XEURF TWCREFEESMIEE, BIEMCULTF
RERIRZASEY |, etk P8 T A ke T4E, — B EH IS U BIX N4 |, BT LT MCU M
RERR S EE

El B TIET TWI B4 | HRIE TWI 24151788 TWCR iR BEHAMMN M, 2 TWI
B TFHEEENARF TAENESHR , TWI RERENS TWINT BN, £ T —1 8
AR, TWI RESEFFEE TWSR R REXNEHNWRSBEREH.,. FHEeHBEAE ,
TWSR AR N —NMNRIATEHREWEKIRESF. —B TWINT HiEME "17, 8L
SCL BMEHIE |, 5 TWI & LM iE&£Snm | AP BFAESS,
ETHRREIE , TWINT FREMNEN :
« £ TWI #£3% 5 START/REPEATED START 825

£ TWI {£325 SLA+R/W BB 25

T TWI XTIt FS 2G5

T TWI BEhRBREKZ G

ETWI HBENTF U2 (BRI aE ITE )

£ TWI BB -1\ EET 2B

YER ML IT4ERT , TWI Uk E| STOP = REPEATED START 582/5

BT IEER START =X STOP S5 L B &4 iR aT
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TWI B854 BA
TWI Le4$RFEE - TWBR

Bit 7 6 5 4 3 2 1 0

I TWBR7 | TWBR6 | TWBR5 | TWBR4 | TWBR3 | TWBR2 | TWBR1 | TWBRO I TWBR
®B/B R/IW R/IW RIW R/W R/W R/W R/W RIW
HHE 0 0 0 0 0 0 0 0

o Bits 7..0 - TWI Lt RFF58

TWBR NELRERRER/ PR F. EBRRERR - oMR  EEVEX T ESCLE
MR, RRITEQANEN P162 LR RERET”

TWI £ 4|2 F88 - TWCR

Bit 7 6 5 4 3 2 1 0

I TWINT TWEA TWSTA | TWSTO | TWWC TWEN - TWIE I TWCR
®B/B R/IW R/IW R/IW R/W R R/W R RIW
HHE 0 0 0 0 0 0 0 0

TWCR FRIZ#HITWIEE, B RANRMERETWI @I EINSTARTR E& LB EMIFE
FHEBREENE , 74 STOP IRA , ARESARIEE TWDR HE8mti8H BL&NEZ
E, INFES[EALLHE TWDR TEiFREE | XRNHEIESAZ TWDR MK
EARRER,

o Bit 7 — TWINT: TWI i lfiiRE

HTWI EREBIIE  FLENAREN AR TWINT &I, & SREG 9 | /7&K TWCR
F1FEEM TWIE FRSBEN , W MCU $4T TWI hHFHIFRR, 2 TWINT E{uat , SCL {5
SHEEFHERK. TWINT FENBESSLABEHEHE "1” REK. HITHERESHT
2BIFERER "0, EXENR , REX—NVHES , TWI ZEIFHBIE, FHik , &
BT TWINT 2Bl —EEB A TR bt F 73 TWAR | IRESFFEH TWSR , URHKIER
1738 TWDR #Yif51H,

« Bit 6 —- TWEA: TWI {f8ER2&

TWEA FREZRHEI M ZE RO =4, & TWEA B , B FREFEDO L H ACK BloF :
1. DHEBMIEu SEN LB EFES

2. TWAR B9 TWGCE E{u iU ZI 5 #&meny

3. EEN/ ABBER TEKRE —NF T EHRE

FTWEA BE A UERG TN BELL, BENEHRGEFRE iR,

 Bit 5 - TWSTA: TWI START REHFE

% CPU RZHCANEL LM ENMEREMN TWSTA, TWI BERMUELREAA.
EREZW , BORELSL L4 START RE. BEELIC , BOR—ESFE , EERN
B|—/ STOP KA , RIG7=4£ START UFHAECHEMN EH. Ki& START 258+
BAEE TWSTA,

¢ Bit4 - TWSTO: TWI STOP RFEHRZE

EEHNERXT , MRES TWSTO , TWI BOFEEL E74 STOP IRA |, R/E TWSTO
BEEE, EMNERT |, B TWSTO LR O M IRRSIRE B R EF 1R,
HWEtEZ% EFR4H STOP RASLE | B TWIHRE —PMEXIFHRE I HAMIER AR
M SCL 5 SDA ISR,
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TWIHRAFFSH - TWSR

TWI B IEFF88 - TWDR

ATMEL

+ Bit 3- TWWC: TWI BHZir&

% TWINT RERBEHEFFEE TWDR FEMN TWWC, 3 TWINT At , 8—XX
TWDR K E 14 B &5 E AR &,

+ Bit2 - TWEN: TWI {£&E

TWEN X B FERETWIHRESEZETWIED, Y TWENMHES A "178F , TWIS|ER1/0 35|
{03 SCL 5 SDA SIf , fERERERERFIBFSRIEE KT, WRIZLABEST , TWI
BEOEPSEREA |, FiE TWI EHFHAELE,

e Bit1-Res: &

®RE | EEEER 0%,

o Bit 0 — TWIE: TWI H {5

Y SREGH | AR TWIE EfA , RE TWINT R "1”, TWI RETEBUE,

Bit 7 6 5 4 3 2 1 0

I TWS7 TWS6 TWSS TWS4 TWS3 - TWPS1 | TWPS0 I TWSR
B/B R R R R R R R/W RIW
WHE 1 1 1 1 1 0 0 0

e Bits 7..3 - TWS: TWI RS

X 5 ARRE TWI BEMELPVRS, TRMNRSKREFAEEANIEDER, T2
M TWSR i HWE SR 5 MRBES 2 N AE. BARSMETIZITE N BB DM
AR "0 XERBRNIRT FRDIMB[IRE, ELBERFENERT , EFMPERZ
FiEo

e Bit2-Res: &

®RE | EEEER "0,

+ Bits 1..0 - TWPS: TWI T % 5i{

XEAAE /B, ATEs SRS ME T

Table 73. TWI tb43 R4 58S

TWPS1 TWPSO0 o ERE
0 0 1
0 1 4
1 0 16
1 1 64

MATE S REN P162 “ LR K ERE T . TWPST1.0 BEEZAXPER,

Bit 7 6 5 4 3 2 1 0

I TWD7 TWD6 TWD5 TWD4 TWD3 TWD2 TWD1 TWDO I TWDR
B/IE R/W R/W R/W R/W R/W R/W R/W R/W
NBE 1 1 1 1 1 1 1 1
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TWI( ML) dbhik #1725 -
TWAR

58 TWI

EREER , TWDREBETERENFT ; FEWEN , TWDR @& T E#REINHIE.
HTWIEOREHRTBMAUIE (TWINT B ) XN SERRUEN, EF—RTMAxE
ZH AP T BB {L IR S 788, RE TWINT &1 , TWDR WHBIERRREN. £
BBHe , 5% PN RIERNBASES., TWDR SR8 TEL LHINBEEFE—1F
T, BRIEMCU BINEBREBERNME TWI e EE, et TWDR AR AEN . H
KB AWM , ENFDRAMY , BEL EHIMWBEFRIELELR, ACKHLAER TWI
ZBHEEAFEE , CPU TEEEREHR ACK,

 Bits 7..0 - TWD: TWI ¥iE5 7558
BERSHTE , EABRNERENT—IFT , A2 BRIINEKIE.

Bit 7 6 5 4 3 2 1 0

I TWA6 TWAS5 TWA4 TWA3 TWA2 TWA1 TWAO TWGCE I TWAR
B/B R/IW R/IW R/IW R/W R/W R/IW R/IW R/W
WHE 1 1 1 1 1 1 1 0

TWAR & 7 L MLt THAETFMAERE |, TWIRRIBX N bk #H TR, EHAE
XAEEW, ESENREP , TWAR FEHTRENBEHMEENHRIES,

TWAR # LSB A FiR B3I #E#b ik (0x00), &H AE— Mt b RES, — BEWEIR it
MAH MU —B , DS BB R P,

* Bits 7..1 - TWA: TWI \#litb 1t 1588
HEIMYL L,

e Bit0 - TWGCE: TWI /"3&iR Bl 58k
B/ MCU AT LR BI TWI H & 1%,

AVRH TWIHEORERBFTMETHMN, FIENEKESH  NERE—INETREET
—/NSTART E85% , HMEFE—N TWI £/, AT TWI EO2ET e , Bitk Twi
BEOEFTAENMBERIES  FEENARFN T, TWCR FEE5H TWI Rl
TWIEMSREGHEFEREMN LRI ATFN—RRET NARFEEMM TWINTFREN =
EWHETER, R TWIE #ES , NARFREEXARIE TWINT SREMH 7 3EFREM
TWI B&RA,

Y TWINT FREMNVE 178, RRTWIEOTR T HeWERE  SENREFN BN, £
XMERT , TWHRSHFE8E TWSR 28 7T RBELHH TWI BLRSNE. MARFATLL
EE TWCR FVRAST [ HBI et RAR B EY , Fi@TRE TWCR 5 TWDR F1788 |
REET—NTWI BB TWI 0 Mz T4,

Figure 8544 i N AR F S TWI E MEEN G F. &P | ENRE-—NBBEFTEM.
XERARME , ATHNERSAESHHER  EERENABHE.
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Figure 85. LRI HEERHPNARFS TWI H#ED

1. Application 3. Check TWSR to see if START was 5. Check TWSR to see if SLA+W was .
: L . . 7. Check TWSR to see if data was sent
writes to TWCR sendt. Application loads SLA+W into sent and ACK received. .
o L ) s ) and ACK received.
Application to initiate TWDR, and loads appropriate control Application loads data into TWDR, and - )
: o h ) " : . . Application loads appropriate control
Action transmission of signals into TWCR, making sure that loads appropriate control signals into . :
START TWINT is written t d TWSTA TWCR, making sure that TWINT is signals to send STOP into TWCR,
IS written to one, an ' 9 making sure that TWINT is written to one
is written to zero written to one

3
TWI bus START - SLA+W ‘ A J Data ‘ A J STOP ‘

H

Indicates
2. TWINT set. 4. TWINT set. 6. TWINT set. . TWINT set
Lo Status code indicates L
TWI Status code indicates SLA+W sent. ACK Status code indicates
Hardware START condition sent S data sent, ACK received
Action received

1. TWIERINE -SSR RESTARTES, BEX TWCREABEE ,ERTWIEH
X% START 55, EANEBENERHEIEH, EEAER TWINT NEE , X3E
HFEE, A TWINT B "1” BERIUIFE, TWCR F1E8589 TWINT EHE TWI
TeBEMRE, —BE TWINTES , TWI H START E5BaHELH.

2. STARTEE5#AK#E/E , TWCR 17258 TWINT $rELEN , TWCR B A HH
WA , £ START 585K K%,

3. NARFNRK TWSR ,BE STARTEEERIIAE. MR TWSRERAETE
MARFUURT—EEERE , bNAABRCERF, NRRSBESHEB—
B}, MARFEMSIF SLA+W 2 A TWDR, TWDR A ER Eit SEHEREH,
TWDRE A SLA+W J§ , TWCR %M E A4S EMEIE R TWI EH KIE SLA+W 5,
BEANEBENEREIRAE, EEAERN TWINTNEEN , XEETE, 4 TWINT
B "1 BRILFRE, TWCR H12258 TWINT BN HIE TWI A& B SE AR 4E,
—B TWINTBEE , TWI Baitbat G £Ei%,

4. #HBEEF , TWCRFZEEM TWINTAREMEN , TWDR EH A FHEVIRSH |
RAMHERINEE, RSRBELRBMIE2E M D,

5. NARFNKE TWSR , AEMUBERINELE, ACK WEIEE, MR TWSR E
TREE , SARFURHIT - EEERE , LnARFRLCERF. MRRS
BEMB—3 , NARFATNBESHEA TWDR, BEE , TWCR AME A4
EEER TWI EH XX TWDR FHBES. SBANENEEEKEH, £EAE
B TWINT U EE , XFEEEE, TWCR FEEEFR TWINT B HE TWI R
LBFEMERE, —B TWINTEZ , TWI BIRIBEESHEH,

6. BIEEXEE TWCRFEZE8M TWINT HREMEN , TWSR BEFH A FHAIRSH |
RRBEARINEE. RESRBELRBMIE2E MWD,

7. NAERFNRK TWSR AT BERINAE., ACK HHIEE, MR TWSR &
TREE , NARFURHIT - EEERE , LNnARFRLCERF, WRRS
BEMB—3, TWCR XMBEABFEEE TR TWI BHLiE STOP 5. BEAMW
BENEEmEIEA, EEAER TWINTVEEN , XEFEE, A TWINTE"1”
ERIARE. TWCR HFEET M TWINT B HE TWI AL BaEmigE. —
B TWINTEZE , TWI B3 STOP 55815, EE TWINT £ STOP R KX
BT&ENM.

RERHILLEFEE  BEEET TWI HBEEHSEINMEARAN, SL£0T
o HTWI TR —IKNIBEHASERER , TWINTIREENM. BEZ TWINT BE |, it4hsk
SCL F &K,
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«  TWINTHZEENR AFPFSAAST—NTWI AL BEPHEANEER TWI F1E8. F
W, TWDR FEEHMYUMBEAT —NELBAHFELENE,

« YA TWI FEHREIEY  MBEHEHTEENNARFHEEL4% , TWCR#E
A#IE, B TWCR B, TWINT UM EfI, ¥ TWINT B "1” BRI FRE, TWI
FFHa#ITH TWCR i EREE,

THSETLHS CIESHRE, EERRTEABIELHE L.

CRRBHIE C RBHIE HEA
| di r16, (1<<TWNT)| (1<<TWSTA) | TWCR = (1<<TW NT) | (1<<TWBTA) | %Y START E&
(1<<TVEEN) ( 1<<TVEEN)
out TWCR, r16
wai t 1: while (!(TWCR & (1<<TWNT))) Z4 TWINT Bz, TWINT BAERR
in  ri6 TWR ; START 5 E 4
sbrs r16, TWNT
rimp waitl
in r16, TWER if ((TWBR & OxF8) != START) B TWIRASZEE , BRToMA , W
andi r16, OxF8 ERROR() ; BIREFF R START HHELE
cpi  ri16, START
brne ERROR
ldi  ri6 SLAW TWDR = SLA_W % SLA_W A TWDR %1785 , TWINT
out TWDR, r16 TWCR = (1<<TWNT) | (1<<TVEN); VEE , Bah kA
| di r16, (1<<TWNT) | (1<<TVEN)
out TWCR, r16
wai t 2: while (!(TWCR & (1<<TWNT))) Z4& TWINT B, TWINT BURTREL
in  rieé, TWCR ; WE SLA+W BEAH , RKZINEES
sbrs r16, TWNT ACK/NACK
rjinp wait2
in r16, TWSR if ((TWBR & OxF8) != MI_SLA ACK) |16 TWIRASHER  BRMSHM , 0
andi ri16, OxF8 ERROR() ; ERBFFRE MT_SLA_ACK ¥ Hi484b 38
cpi  r16, MI_SLA ACK
brne ERROR
ldi  ri16, DATA TVDR = DATA fHEIER A TWDR 51788 , TWINT 5
out TWDR, r16 TWCR = (1<<TWNT) | (1<<TVEN); = B RERE
| di r16, (1<<TWNT) | (1<<TVEN)
out TWCR, r1l6
wai t 3: while (! (TWR & (1<<TWNT))) Z4 TWINT B , TWINT BRIERREL
in  ri6, TWCR ; BiE DATAEXRE , RKFINERES
sbrs ri16, TWNT ACK/NACK
rinmp wait3
in  ri16, TWER if ((TWR & OxF8) != MI_DATA ACK) |1616 TWI RS S FEE , BB ME , W
andi ri16, OxF8 ERROR() ; RRBFETE MT_DATA_ACK i HiE4b
cpi  r16, Mr_DATA ACK b2
brne ERROR
| di r16, (1<<TWNT)| (1<<TVEN) | TWCR = (1<<TW NT) | (1<<TVEN) | %3% STOP =&
(1<<TWBTO) (1<<TWBTO) ;
out TWCR, r 16
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TWI AJLTHETF 4 N FENER : EHEIESR (MT), EVERES (MR), M\HLEIXES (ST)
RMHERER (SR). A—RMARFANUEALMER, Sl , TWI aTA MT EX4 TWI
EEPROM BEA#1#E , A MR#EXM EEPROM ZEUIE. MERZHPEHETHEE ,©
fITATRESS TWI ZEEEE , TR AT LA SR B, NARFRAEXAMHPER,

TEXSHEXRTEFREE, SHRXARSHEFARARERENE P HITHER.
XEFIETUTHEES !

S : START IR%&

Rs : REPEATED START R7&
R:E—/H4 (SDARSBETF)
W : E—/ b4 (SDA RIEEBRTF )
A : RI%Z1y (SDA RIEHBRTF)

A : TR (SDAHEERTF)
Data : 8 (u£i#E

P : STOP ®R%

SLA : M#Lithsit

£ Figure 87 F| Figure 93 /7 , BB FAARi%8E TWINT SrEE KRB . BEFHBFARE
A~ TWSR WBE , HP 9N ERA 0, EiXLihn NARFESAHITEEN IT/EN
PR/ SER TWI 5. TWIERHER | — B2 TWINT SrB8REGES.

TWINT FREEBME , TWSR KRS ARREFE LN HIR1E, Table 74 Bl Table 77 4
HTE—MABMENRGEITENEERTEANAT., TEEXERPASANVE
WA 0o

EENEEES | ENALAEMYLEIEEIE , W0 Figure 86 AT Ro N AEHER , BW
£3% START 55, &Mt 8RN REHA MT H MR #X, MREZE SLA+W i#
AMT #R ; MREE SLA+R MH A MR #X, ATHFTRAMRASFHIBIGETR DR
A "0%

Figure 86. EHAIAEX THHIEER

cc

Device 1 Device 2 A .
MASTER SLAVE Device3 | ... Device n R1 R2
TRANSMITTER RECEIVER

SDA

scL Y

BE#E TWCR Fst P EATIIHERH START 55 :

TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN - TWIE
& 1 X 1 0 X 1 0 X

TWENZARMEAFERER L ED , TWSTAKME"1" KK HSTART 55 H TWINTAME

"1” R TWINTAREBE, TWIZEFAREMNEBETEL  —BELZTERF AL START, #
B WIARE TWINT B , TWSR BIRZSH R 0x08 ( I Table 74), ABA MT X | &4
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Table 74. =V EEEXHVIRSH

TMAKIE SLA+W, X AEE X TWDR B A SLA+W KM, TR BERBREEE TWINT
h,_\ . TWI B BsE# 1T, XBEE TWCR FEETREATRETR :

TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN - TWIE
& 1 X 0 0 X 1 0 X

HSLA+W KA TEHBWEBWIAMES , ENH TWINTHREBREN. LA EVH TWSR
WA A RER 0x18, 0x20 =K 0x38, XT%h,L\E%E’JIEFﬁ"lﬁ]F'@ |F Table 74,

SLA+W KA IR AT AT 8 KA BB 2, XB I TWDR EAIERI, TWDR REE
TWINT AERAFRIBEA, BN |, HEEZRE , FEF28 TWCR WERIEN TWWC B,
TWDR E#/g , TWINT L REERMLE/L X, XBIE TWCR FERHFEATRETR

TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN - TWIE
& 1 X 0 0 X 1 0 X

XERBE—EBEEETE, BEREENFTRETARESRT4% STOP =& REPEATED
START {E& , STOP 8@ #E TWCR H#EATREXRN :

TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN - TWIE

B 1 X 0 1 X 1 0 X
REPEATED START £5i&d# TWCR # B A TR ERH ;

TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN - TWIE

B 1 X 1 0 X 1 0 X

£ REPEATED START ( A7 0x10) & , W& EOTUBRIGEMERAMI , R KE
STOP S5 K5 R HIMHL. REPEATED START B EH TUEREKE *ﬁ%’“ﬂ%ﬂﬂﬁ%#
TEMI., ENRERFRENZEREER BT,

I PR R 4 19 )
WA 3 TWCR HYigE
(TWSR) % | 2k BT REM 2 & BITHM TWIN | TWE
AR 0" | BOIRES ¥ /B TWDR STA | STO T A 2 RBITEHMT — % NXEMZIE
$08 START B &% hnEk SLA+W 0 0 1 X | @EE SLA+W
194Uk E| ACK 5 NOT ACK
$10 B4 START E4#% &k SLA+W 0 0 1 X | @A SLA+W
B 0 0 1 x| $#EWE ACK 2 NOT ACK
g SLA+R JF&I% SLA+R
B EMTWAER
$18 SLA+W B K3 ; IERBAE (FF) 0 0 1 X mEBEHIE | 8k ACK 3 NOT ACK
EIRE| ACK % ] 0 ’ X | SEEEE START
Fi#24E TWDR = 0 1 1 X | Jg&%* STOP, TWSTO &1y
Fi#24E TWDR = 1 1 1 X | WK STOP, R/FK¥- START , TWSTO H&
iz
Fi#24E TWDR
$20 SLA+W B &% MBREHEE (FW) 0 0 1 X mAEHKIE | #ik ACK 3 NOT ACK
12 NOT ACK % 1 0 1 X | WERHEEE START
Fi24E TWDR = 0 1 1 X | )&% STOP , TWSTO &1
Tig4E TWDR = 1 1 1 X giv:ﬁ STOP , AR/G&X3% START , TWSTO H&
Fi#24E TWDR
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Table 74. =W A EEXAVIRSH

$28 WIEE K% MEBIE (FF) 0 0 1 X | mE I | #IK ACK 5 NOT ACK
BILE ACK = 1 0 1 X | MEREEE START
Fi24E TWDR 5 0 1 1 X | @K% STOP, TWSTO &M
Fi24E TWDR 5 1 1 1 X | FFERE STOP , R/F K% START , TWSTO F&
L2
T84 TWDR
$30 WIEE K% IEBIE (FH) 0 0 1 X | SEEHIE | K ACK 5 NOT ACK
#UE NOT ACK =® 1 0 1 X FEIFEEE START
T4 TWDR = 0 1 1 X | JgK% STOP , TWSTO & 1u
T4 TWDR = 1 1 1 X ﬁiﬁﬁ STOP , RIEX 3% START , TWSTO H&
[\
T4 TWDR
$38 SLA+W SHEN B LK | TEE TWDR R 0 0 1 X 2 KRBT ERENEBH , HEARFUMIES
1 0 1 X | RE&ZEREFMAE START
T4 TWDR
Figure 87. M ZIAEXMEXFTRS
Successiul | S | SLA | ow A | “DATA A P |
to a slave . -— ==
$08 $18 $28

Next transfer
started with a

repeated start
condition

Not acknowledge
received after the
slave address

MR

Not acknowledge
received after a data A P

byte

Arbitration lost in slave
address or data byte

Other master Other master
AorA | continues AorA | continues

$38 $38

Arbitration lost and
addressed as slave

Other master
continues

To corresponding
states in slave mode

Any number of data bytes
and their associated acknowledge bits

From master to slave | DATA | A

I:I From slave to master This number (contained in TWSR) corresponds
to a defined state of the Two-wire Serial Bus. The
prescaler bits are zero or masked to zero
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EHEPRR

Table 75. =Y IFREXAVIRSH

EENBERES | EHTAMMNYIEREIE , 00 Figure 88 FiR. AHAENER | BM
k3& START 5, EESNMIEHEIRERA MT 5 MR 8, MRLE SLA+W 3t
AMT #ER ; MREE SLA+R N#EA MR #=,, XTI RASEZWRIZEM D M
R "0,

Figure 88. THZEUWEX THHEELR

cc

Device 1 Device 2 ) ’
MASTER SLAVE Device3 | ... Device n R1 R2
RECEIVER TRANSMITTER

SDA

scL y

Exd7E TWCR B8 EA FHIRME R H START 55 -

TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN - TWIE
& 1 X 1 0 X 1 0 X

TWENXRE M LAERER & IED , TWSTAXIE"1"K A HSTART 5B TWINTAME
"1" KX TWINT#REFS, TWIBEFBRNBRITEL , —BELZE R AL START, #
B ETHRE TWINT B , TWSR BPIRZSEE R 0x08 ( I Table 74)s F#A MREX |, &4
MEIE SLA+R, X I @ENX TWDR BEA SLA+R REXH, ERIIRESHAHES TWINT
FRE , TWIERSERTT, XBEIE TWCR HEHRHEATRETER :

TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN - TWIE
& 1 X 0 0 X 1 0 X

L SLA+R RIETEHBZWBTINES , TN TWINT FREBREN. BLREHA TWSR
WA IEER 0x38, 0x40 B 0x48, X BIRBSBHIEBIIR 5] F Table 75, TWDR RE&
ETWINT IER TR MBI ERE. IR EBEEETE  BRRENFTERER,
BRERE , MR NEBIEZEKREIRENFTEXRE NACK 55, K#ESF~™4% STOP =
REPEATED START (S84 ® %, STOP (E5@i3 % TWCR A BEA TR ESKI :

TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN = TWIE

& 1 X 0 1 X 1 0 X
REPEATED START {5&d 1 TWCR AE A FRERM :

TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN = TWIE

& 1 X 1 0 X 1 0 X

£ REPEATED START ( R7 0x10) f§ , M&EOMUBXRIAEMERBMI , R KX
STOP 553K} E# I M#l. REPEATED START B8 W AILAE T E Kk B &L 4 &4
TEMIL., EVRERR EVZREEE 31T,

- % TWCR #9124
(TWSR) 1% | 2% BRITHEN 2 & BITEH TWIN | TWE

B 0m | RS

S P BR A Y Wi L

® /B TWDR STA | STO T A | 2&%BITEGT —SRXEHBIE

AIMNEL 171



Table 75. EHZEWEXAIRAT (Continued)

$08 START B %% hnEk SLA+R 0 0 FRHE SLA+R
1953 ACK 5 NOT ACK
$10 B4 START E%3% 0% SLA+R = 0 0 &% SLAR
0 0 FFERE ACK 5 NOT ACK
gk SLA+W FF&IZE SLA+W
BRI ENLEER
$38 SLA+R = NOT ACK H{h# | R4 TWDR = 0 0 2 REBRIT RSB , o AKRS uEMALAE R
ESL 1 0 BEZREMAE START
FigfE TWDR
$40 SLA+R B &% Fi24E TWDR 5 0 0 W | JRE NOT ACK
#EURE ACK 0 0
F#24E TWDR EWHIE | RE ACK
$48 SLA+R B &% T4 TWDR = (1) (1’ FRIXEEE START
HEWE NOT ACK F#4E TWDR =& I$ %% STOP , TWSTO ¥F&
1 1
Ti#g4E TWDR %1% STOP , ARIE%3% START , TWSTO H&E
iz
$50 EWEBE BRHER 0 0 B | BE NOT ACK
ACK EiEE 0 0
EHAE BEIWEE , RE ACK
$58 BRI E BEER 1 (1’ FEFEES START
NOT ACK Ei&R[El BEHIESR G %&5% STOP , TWSTO &1
1 1
EHE ﬁtﬁ STOP , #AfE 4% START , TWSTO i§&
[\
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Figure 89. EHEWRKXWEXNIRE

MR

Successfull i
reception S SLA . R A DATA A DATA A P

from a slave
receiver
$08 $40 (s50) $58

Next transfer i
started with a Rgs SLA b R

repeated start
condition

Not acknowledge
received after the A P
slave address

$48
" " . MT
Arbitration lost in slave AorE | Othermaster = Other master
address or data byte or continues continues
$38 $38
Arbitration lost and A Other master
addressed as slave continues

To corresponding
states in slave mode

- 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

MALEEB R EMNERER | MLB EVERESE , W0 Figure 90 FTR. ATFATREIFRBSFHIRIL
HI o R "0%

Figure 90. MHLIZEWIEX TR BEER

cC
Device 1 Device 2 ) .
SLAVE MASTER Device3 | ... Device n R1 R2
RECEIVER TRANSMITTER
/y /Y
SDA y
scL v
NEFHMIZWESX | TWAR 5 TWCRRENT :
TWAR TWA6 | TWAS5 ] TWA4 ‘ TWA3 | TWA2 TWA1 TWAO TWGCE

i} BR A& MLtk i
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ATMEL

B 7 LE2ENIF U AALIERIE TWI B O tbhk, 2 LSB &4 , M| TWI 320 W 57 /% btk
0x00, &I ZBE$& it

TWCR TWINT TWEA TWSTA TWSTO TwWwcC TWEN - TWIE
& 0 1 0 0 0 1 0 X

TWENARBMNMAERETWIEO, TWEA L EEM A ENFUHEI B S (MRS %)
FHEEHIAE 2 ACK, TWSTA fl TWSTO H#FiEE,

1L TWAR Ml TWCR 2/ , TWI EOEFHBES , EZBS WML ( it
it , 08R TWAR B TWGCE BN HE ) HIEEH I uttbut Heh | HFEFHEHEAR 0 (
B ). RJE TWINT #rEEMN , TWSR NBE THMMRASE, X F IR A IE 50055
F Table 76, % TWI #OLFENER (IR 0x68 = 0x78) H & LM K MAET CPU fF
B AMPIEZRE,

MRAEABSRED TWEA £, TWI BEOEZKIE T —MNEHERM6E SDARE “ TN
%" , TWEA S48 TWI EOFXBENECSHML  BRASKESMEL, — B
TWEA B 7 o] SUR S bR BI R E Bz, thgh 2% | AT AR TWEAZ i TWIEOME
S hiRE XK,

ERZEERNANECHRIRERNE |, TWI EOMRSERA, BFEE T MIEBEBES
BONFIA Lo eh ke im Sy Bt at / ALt Hont PR ER CPU, EHRERHAE |
TWIEOFRIESCLAKBEF ,EETWCINTHREETE., YAVRIHHIREEEEZITHETWI
AR ESHNHIE,. SEAMRE AVRIEENKBIATE |, (94 SCL AlaEaKatERE
& , RERTCHENEE,

4 MCU MXEREEAREN  MEETHEEXTENR , BIEFFEE TWDR NHE
HATRMEL FHANRE—NFT,

ATmega32(L) m————
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Table 76. MYLIZREXAVIRSH

RIA Sk R0 W T

AT 3t TWCR Hyi2E
(TWSR) fly | 24k BT RE&M2& BITEHN TWIN | TWE
WHLR 0" | RES ¥ /B TWDR STA | STO T A 2 RBITEHT — S NRERIZHE
$60 BT K SLA+W B2 F#24E TWDR = X 0 1 0 | #skiZ | JRE NOT ACK
ACK B3&@ X 0 ] )
T4 TWDR EIWRHEE | IRE ACK
$68 SLA+R/W EREHMMFE K | FT#EETWDR H X 0 1 0 | #dE , IRE NOT ACK
W ; BT SLA+W B 24 X 0 ] )
g . e s
ACK IR Ti24E TWDR BWHE , JR@E ACK
$70 U E S ut Fi24E TWDR % X 0 1 0 | #musiE | IRE NOT ACK
ACK B3RE X 0 1 ]
T84 TWDR BERHE , RE ACK
$78 SLA+R/W #ER EH M HE % | Fig4E TWDR = X 0 1 0 | f=ukdE | 3RE NOT ACK
% ; EWE <« | o ] ;
ACK BiEE %4 TWDR BEURIE | EE ACK
$80 LABTLAE 2 H SLA+W # 34k | T4 TWDR 5 X 0 1 0 | fskdE , JRE NOT ACK
| BEE2HER x| o . ;
ACKERHE T4 TWDR BRI | EE ACK
$88 BB DM SLA+W B3 ut | BB%iER 0 0 1 0 %ﬁ ERFUHMIER ; TBIRFIBSH SLA
, BT A BB 0 0 1 1 ﬂ]?ﬁeﬁﬂ*—riﬂ:Mm#;‘ﬁ AE953R 5 B 289 SLA
NOT ACK 2i&[El EMIER & TWGCE = “1” GCA AT SUIR B
t’Hﬁe Uﬁk—rilt»\mffi‘ﬁ THIRFIECH SLA
1 0 1 0 |2 GCA ; BEZRN &% START
EHER
TRBRFUMIES ; BEBIRFIB EB’J LA
1 0 1 1 : ¥ TWGCE = “1” GCA WA BUR B ; Bz
B &% START
EHE

AIMNEL
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Table 76. MHL#ZEWIEXAIRAT (Continued)

$90 LA B ARSI B | ERER X 0 1 0 | #skdE , JRE NOT ACK
C 2k X 0 1 1
ACK BiEE IR BEUIE | EE ACK
$98 DA BA NI u ; iE | REER 0 0 1 0 | MBI ARFUMIER ; FHIRGIECH SLA
BRHIEN o | o ; . | SGCA
NOT ACK ERE ERER THRER T HMIER ; BIRZIETH SLA
: ¥ TWGCE = “1” , GCA A LLiRZl
1 0 1 0
EHESR THREIRFUMNER ; FTEIRBIBZH SLA
1 0 1 4 | FGCA ; BREZERATLRE START
. PR R IUMIER ; 8EBIRFIETH SLA
L . ¥ TWGCE = “1” , GCA th i LR S ; Hgze
PR EY &% START
$A0 EUMP e EWE STOP | ik 0 0 1 0 . RES £
SE% START * g%?]:ﬁ%—itMMﬁit  FHIRFIESH SLA
0 0 1 1
PREARFHMNAES ; sEBIRFIE 2K SLA
: ¥ TWGCE =“1” , GCA t A LLR Bl
1 0 1 0
THREIRFUMNER ; FTEIRGIBE2H SLA
1 0 1 4 | FGCA ; REZERATARE START

PHRBFFUMIESR ; sEB IR B/ SLA
: & TWGCE = “1”, GCA thaJLUR I ; Bz
PR B & 3% START
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Figure 91. MM X & XIS

ATmega32(L)

Reception of the own H T
slave address and one or S SLA W A DATA A DATA A PorsS
more data bytes. All are B
acknowledged

= =
Last data byte received
is not acknowledged A Pors
Arbitration lost as master
and addressed as slave A

$68
Reception of the general call -
address and one or more data General Call A DATA A DATA A PorsS
bytes - ==

$90 $90 $A0
Last data byte received is
not acknowledged A PorsS
$98

Arbitration lost as master and
addressed as slave by general call A

$78

- Any number of data bytes
From master to slave DATA A

I:I From slave to master

O,

and their associated acknowledge bits

This number (contained in TWSR) corresponds
to a defined state of the Two-wire Serial Bus. The
prescaler bits are zero or masked to zero

EMNEREER | ML T @ ENREERSE |, W Figure 92 FF R, AT TR BIMVREF1Y
RIREF D ALR "07

Figure 92. MHLRIEEX THERIEL A

VCC
Device 1 Device 2 . )
SLAVE MASTER Device3 | ... Device n R1 R2
TRANSMITTER RECEIVER
A A
SDA A
scL Y
NBIMNEEESX |, TWAR 5 TWCREENT :
TWAR TWAG | TWA5 ‘ TWA4 ‘ TWA3 TWA2 TWA1 TWAO TWGCE
L] H AR & ML sk

AIMNEL
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ATMEL

B 7 LE2ENIF U AALIERIE TWI B O tbhk, 2 LSB &4 , M| TWI 320 W 57 /% btk
0x00, &I ZBE$& it

TWCR TWINT TWEA TWSTA TWSTO TwWwcC TWEN - TWIE
& 0 1 0 0 0 1 0 X

TWENARBMNMAERETWIEO, TWEA L EENMAEENFUHEI B (MRS %)
FHEEHIAE 2 ACK, TWSTA fl TWSTO H#FiEE,

%1t TWAR Ml TWCR 2Jg , TWI ZOBFHRES , BRI B2 HMYLaE ( &
H, WNR TWAR B TWGCE B HiE ) HIEENF abbat Hh  HEBES@MALR "1”
() ARJETWI FHFFREEN , TWSRIEE T HNAVIRSE . X FIRAH3H 1E 50 5751
F Table 77, 2 TWI # O F ENERX CIRZS 0xBO) H & E MR KL MET CPU it AMAL
MREABMIERES TWEA £, TWI O RETHEZ F#H AIRZS 0xCO = 0xC8, #EN
WMRBKXIUMNER , ZRETEELELEH, NTEVBRIINHKIES RN 17, W
REINEEMMBIEN (B KE ACK) , BMEMIEZREELE R |, thit AIRE 0xC8,

TWEASNR TWIEOFRBRMNE MY BERESSEUMEL, — B TWEAEBX
AL E R B A, b2 , TURA TWEA ZabF TWI EOMNSLTRE
H3K,

ERZEAEIANECHRIEERS , TWI O RA, B8 T MAIIZRES |
BONFIA Lo eh ke im S B that / MLt Hont PEDFKRER CPU, EHRERHAE |
TWIHE O RIESCLAKET ,EETWCINTHREEE, YAVRAHREEEEITRET
KEFEZHEE. ERAURE AVRIRERNKBHITE |, it494k SCL AlaE &Kot EMREFE |
FREHTCEEMNZIE,

H MCU MXEREEAREN  MEETHEEXTENR , BIEFFEHE TWDR NHE
HATRMEL FHANRE—NFT,
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Table 77. MHLKIZEERX KRS

LR R4 B U T
R 3 TWCR 124
(TWSR) T % | 24k BT E LT 2L BITEHH TWIN | TWE
WALR 0" | RS ¥ /B TWDR STA | STO T A 2 RBITEHT — S NRERIZHE
$A8 BT SLA+R E&4iEIK gk — I X 0 1 0 | Rk —FHFHHKIE | EI NOT ACK
ACK BiRE #R X 0 1 1
%ﬂ’éﬁ—-ﬁwy KRB | B ACK
$80 SLA+R/W ER THMHE % | MBE—FFHEK X 0 1 0 | AE—FFHEHHKIE , BB NOT ACK
W B SLA+R B2 | #BR X 0 1 1
e & —FH %
ACK B3R p KEHIE , EWACK
$B88 TWDR BRIEC 2 £5% o —FHH X 0 1 0 | AE—FFHEHHKIE , BB NOT ACK
B E ACK B X 0 ] 1
%ﬂ’éﬁ—-?ﬂ’ﬂi‘i REBIE | B ACK
$Co TWDR BHIEC 2 45% Fi24E TWDR & 0 0 1 0 | BRI UMIER ; FHIRGIECH SLA
U E) NOT ACK 0 0 ; ) = GCA
Ti24E TWDR = THRERFUMNESR ; BEBIRFIBESH SLA
; & TWGCE =“1” , GCA tzaJLLiR 5l
1 0 1 0
TH M TWDR % TIRBFRIHMIER ; FEIRZE DM SLA
1 0 1 1 = GCA ; BLZ TR &% START
_ PHRE R SUMIE ; 4EBIRFI BT H SLA
FHRfE TWDR : & TWGCE =“1” , GCA thaJLLiRgl ; Bz
Bt &R 3% START
$Cs TWDR #—FHFHRIIEELK% | FI2E TWDR & 0 0 1 0 | yEIARFTUMIER ; FHIRGIECH SLA
(TWAE = “0); 0 0 1 1 =® GCA
EIKE ACK T84 TWDR 5 |EFIUMNER ; 8EBIRZIESH SLA
; & TWGCE =“1” , GCA tzaJLLiR 5l
1 0 1 0
TH# M TWDR % IRBFRIHMIER ; FEIRZESH SLA
1 0 1 1 = GCA ; BLZZ e &% START
_ PHRE R SHMIE ; 4EBIRFI BT H SLA
FHRfE TWDR : & TWGCE =“1”, GCA tBa[LLiRg ; Bikze
Bt &% START
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Figure 93. MALAEEX R XFRES

Reception of the own

T
slave address and one or S | SLA i R A DATA | | DATA A | PorsS |
more data bytes -—— =
$A8 $B8
Arbitration lost as master
and addressed as slave A
$BO
Last data byte transmitted. - " -
Switched to not addressed All 1's PorS

slave (TWEA ='0")

Any number of data bytes

I:I From master to slave _D_A-EA_ | A and their associated acknowledge bits
I:I From slave to master This nul_‘nher (contained in TWSR) co(responds
@ Drasonler it are gort of masked to et
HiR7s ARMNRSEERERNN TWHRASEXL , R Table 78,
RS OxF8 RPHFNKEHEXER | Iﬂﬂv FETFRE TWINT 8 "0%. XMRASTRELAEER
o TWI DR ES SRTRANRIRER,
R Ox00 RRERTEAESBPEET BLEIR, 4 START 5 STOP HIMELL IR
%m‘uéf%‘* RRA KA, LN E U R BAE, it FACK 2B I 7 STARTZ STOP,
BLBIRFSBTWINT B, N TMERPMELER , BAMBEMNMZE TWSTO , HEL
E "1” LUESE TWINT, XS TWI #%l:lﬁ)kﬂi—rﬂtmmi“t & TWSTO BEE
(TWCR WY E A RS2 800 ) , AR SDA Hl SCL #BM , ERT A4 STOP,
Table 78. EEIRA®B
I FR R 44 /9 1)
- ¥ TWCR Byi24E
(TWSR) Mg | 2k BITELEM2 L BITEMS TWIN | TWE
WIR 0" | BORES % /B TWDR STA | STO T A | 2%BTEHT—SRXEMBNE
$F8 REHEXRBSER T84 TWDR No TWCR action EEGHTHIELR
TWINT = “0”
$00 mFIEEH START 5 T2 TWDR 0 1 1 X | AMAEES  FAKRE STOP EEL ., &
STOP 5|2/ B4 iR SHERBMHFE TWSTO
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TN TWI EXAER -8

ZEHNRENHR

ERLEERT  AERBENIE  LICFLHTWIERERRNASENR, Hla1MEITEEPROM
EWBE, ARNXMERSIEUATSER

1. EBWMMSRBE

2. A& iF EEPROM iEUM LB

3. AMTERIRERE

4. FBEFEBMER

AEBETMNENEAZIMN , K2t BXENLMNEFMVIRECERROMNVE , BHItE
EFEAMTER ; REHRELTBEMNEE  FEFH MRER | BEESFRAAHRE,
ELRETD | ENNSTRENEBENES  BUEESBNZEZHT. MBEZEM
REFERX—HN , EE-SE5E=S2EHECEVHE EEPROM FHHEREL ,
MEVEENBEMNERERN, FEFOREREISERE MU FT SEREHEZE
%% REPEATED START 553X K, £X1% REPEATED START 58 /5 , Tl dt4t
RELLEHNEFHN, TRAHEENRESR,

Figure 94. JLit TWI #E R B & 158 81T EEPROM

Master Transmitter Master Receiver
/'/\\ /_\/\\
S SLA+W A ADDRESS A | Rs SLA+R A DATA Z P
S = START Rs = REPEATED START P = STOP
Transmitted from Master to Slave Transmitted from Slave to Master

WRESANENEEER —BL&L |, EMNHPH - MRS MNMEFLERFF B — N BERE,
TWI MUBREXFERT B —MEBTRE , ATETHN DN ENHTEEMTLE
RBE. BEMHBHGFOTAR , ZOIPERNENNIRE@MBRBRREBE.
Figure 95. {H& Rl

cc

Device 1 Device 2 Device 3 .
MASTER MASTER SLAVE | s Device n R1 R2
TRANSMITTER TRANSMITTER RECEIVER

SDA ==

ScL -« Y >

BILRTERNERATEREHPRTRE :

c FANREZHENENS—MMHBHTES. EXHERT , TIEEVIMNETR
MEERENES,
FAANEEZWENBNTE —PMNNHTAROBIES T RMNGE, EXMHERT ,
27 READ/WRITE (uSiHiERI A EHhR. FHIXEESDAL LAE—1TSEF
B, MBREMEVELAE "0", MZEVELSLPBPELN. KM ENFERR
RAEFUNMINER | REFELEEZREFLEE—NFH START 55 , XHNARF
RIE
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s FANRESZSHENFRFROBMI. EXMERT , BEMRE SLA £4£. EHIR
BESDAL Lt — NS EPn , MAHTENELKHAE 0", MZENFELL
HREPEM, £ SLA BEMPBEIMHEVFIRIMNES , AREHSREHR
BEEEFHNNEN I U, MEHIT U , ©FH#EASRFH STER |, XEURTF SLA
# READ/WRITE N KB, MRECRHEI U |, HHEHRIIRESUHHMNINERNDEFE
KZEW , RE—NHH START E5 |, XHNARFRE.

Figure 96 iR 7 B & MBMER , BHRHEKFR TWI RS E,
Figure 96. E4 &S

START SLA Data STOP

Arbitration lost in SLA Arbitration lost in Data

Own
Address / General Call
received

No 38

| TWI bus will be released and not addressed slave mode will be entered
| A START condition will be transmitted when the bus becomes free

Yes

Direction Write 68/78 Jﬁa byte will be received and NOT ACK will be returned
N~ |Pata 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
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BN nat s d

¥ #RINEE 10 185 - SFIOR

BRI LL B BR XS IEAR AINO FYES ARk AINT ER TR, = AINO LR EBELLRIR AIN1
LHBEEESN  EULRBFNREE ACO BB, HLBR2[H % H I ARAMA ERER / it
WER 1 MNEAREREE, A LRFBETHABCTEN, MIBNFUH. AP TLLEE
HRB|/RALFAR, THRAERRET(LHLRRAK DI, Figure 97 HLERZB|/REN
EZEERNER,

Figure 97. #E#lLLREEER @

BANDGAP
REFERENCE VCC
ACB l
ACD —»
ACIE
AINO

A

h || ANALOG
| INTERRUPT _)—» COMPARATOR
/ SELECT IRQ
L >
AINT —ES——« T T ACI

ACIS1 ACISO ACIC

ACME
ADEN >
ADC MULTIPLEXER ACO

@
OUTPUT N ﬂ

Notes: 1. Il P185 Table 80 »
2. BB ENER S M P2 Figure 1 & P55 Table 25

TO T/C1 CAPTURE
TRIGGER MUX

»
'

Bit 7 6 5 4 3 2 1 0

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

» Bit3 - ACME: H#\LLREE 238 & AR RE

)38 "1, B ADC 4T X FIRZS (ADCSRA H 178K ADEN  "0") &Y , ADC %
B2 AR B REE R AARB A, SN "0” B, AINT ERZBILLRERN AARE A
i, BXAMARNIESN P186 “ BELLRBSITHA ",
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ACSR
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Bit 7 6 5 4 3 2 1 0

I ACD ACBG ACO ACI ACIE ACIC ACIS1 ACISO I ACSR
B/B R/W R/IW R RIW R/W R/W R/W RIW
WHE 0 0 N/A 0 0 0 0 0

« Bit7 - ACD: &\l RESEH

ACD BAIAT , #EHl LIRS M B IRME I, AT AR RHRIZ B A K B RS, X
LU DS TR R ZERAEN TR, R ACD Ut , BFUES ACSR F1FE81
ACIE I RE BRI RS HT, BN ACD 3R A AEA = 4 H T,

» Bit 6 — ACBG: % ZREL L BB REREHEIR

ACBG BfIff , Bl LR IER M A AR EMRATEMR . BN |, AINO ERZELILE
BRENERBA. LP39“ FRNEHEBE",

« Bit5- ACO: B\ LL B8 H

Bl RENHHAL TR FEIZES ACO., BSHEISIAT 1-2 Netéh B IER

» Bit4 - ACI: I LLBRBEHPMERE

LR HE4A A T H ACIST & ACISO BN irERXet ,ACI B, 15 ACIE
M SREG FEHBNLBIMIRE | LB  BLAEULREFI MBS EFEESLURIT B
Bf ACI #BEHEFE., ACI BAUEEE "1” K5k,

» Bit3 - ACIE: ERE\ LB ER P M E BE

3 ACIE fui& "1” BRBFHFRTHERPIRE | himBE M , BRI LR 2R PRI
o BN FPETHEL,

» Bit 2 - ACIC: LB 275 A 1R (5B

ACIC BfI/E R E T I LL RS kA K T/C1 B3 A IR IhAE, LLAT LR BT AY 4 HH 4 B 432
EETMABRNIRZE , NMESLEERSETURA T/C1 @ AR DL BA RS
HIBS R A &R IERIIAE, ACIC 1 "0” BHELILLERES R A IR ThRE 2 B R B R B R,
N TELREBF AL T/C1 B AFIRPN , EEEF AT FEE TIMSK 89 TICIE1
AIRBL o
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BLlEBRRSTEA

+ Bits 1, 0 — ACIS1, ACISO: ##\ L R8s rh i Xk 1%
XAV EMEAELLLRETMNESH, Table 79 AH T FEIMNIRE.

Table 79. ACIS1/ACISO iZE

ACIS1 ACISO Gt Eoo
0 0 bk B 4 AL BN AT AR R
0 1 -
1 0 EeBR R I T RS = A R B
1 1 HeREs 5 Y E AR = T

FEHEL ACIS1/ACISO B , BIUEE ACSR Firarhy M EaE (I R LR LE R 2R
Mo BNE TR R IX P LA =4 T,

A LUER ADC7..0 ZFHEE — M RA BB LR B[O AR E ALk, ADC ERBF AR
SERIXNIEE. HR , R THERAXNIIEEE TH4FKE ADC, MREMLLREFERASME
BE{ (SFIOR F1#9 ACME) # &1y , B ADC th 22 % # (ADCSRA F1F85# ADEN 5 0) ,
N T LB ADMUX ZHEE8M MUX2.0 SRIEFREREM LRSS AMMANER |, ¥0
Table 80, R ACME ;= ADEN Efz , MR LLRIFH AR B A AIN1,

Table 80. BiALLRZRE A% A

ACME ADEN MUX2..0 | #EELERIBHRBA

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 0 111 ADC7
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s 1011 BE

* 0.5LSB MLk tE

- +2SB WAKIEE

* 65 - 260 ps MK E

. BEDYERIEEREIA 15 kSPS

- 8 MmN IRA AEE

. THRESRMAEE

o 2 BRTEEMIEN 10x 5 200x HES W AEE O

« AEMZEFFT ADC &I

* 0-Vcc 89 ADC AR EBE

- %Ry 2.56V ADC BEBE

o VELEFRIREL B RHRES

- B BshfE PEDREE ADC iR

» ADC RiR& R

- ETHEIRERNREIHER

Note: 1. ZPDIPHETHMESMABERFREN K, IRIEBHFETQFP EMLFHETER
I{’EO

ATmega328 — MO HZERBILEADC, ADC5—8BEMIELI 2R E FesiER: A
MEBwmO AR 8 FEmMm ABERITERE., BigEERMALL OV (GND) hEE,

THREXE 16 RESBHERMAAS. MEESMWMA (ADC1, ADCO 5 ADC3, ADC2)
BrmEEEL , £ AD HIRATAED WM ABERM 0dB (1x). 20 dB (10x) = 46 dB
(200x) IR R, LRESELMABERZ —MNEA W (ADC1) , 1 EAE{T ADC i
AT R Ef A, RMEA 1x ;R 10x @i |, 53 s uo PR, MRFEH 200x i
CECEINEVE 22N

ADC BIFE—MNEERFHE | BREFKRIREPH AR ADC HWEERIFEE, ADCH
HEE M Figure 98 Fi7Ro

ADCHAVCCS| il #3hiR HEB R, AVCCEV ZBMmETEERT+ 0.3V, iESZE P193
“ADC BB HIES ” R 7 R Al 23X AN S| B,

PRPMER 2.56V BVEERE , AR AVCC |, v TRtz M. EEBETLEYE AREF
S| En— MR RHEATHER , UEFIHRES,
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Figure 98. R IR HIEE

ADC CONVERSION
COMPLETE IRQ

INTERRUPT
FLAGS

ADTS[2:0]

g 8-BIT DATA BUS
<

Y

v v s 1

ADC MULTIPLEXER ADC CTRL. & STATUS ADC DATA REGISTER
SELECT (ADMUX) REGISTER (ADCSRA) (ADCH/ADCL)

ADIF
ADIE

a ol @ =l o 9| 2| 2
= ] = 2 9 9 2 el 9l 2 2
»| TRIGGER g
» SELECT <
YYYVYY
’ MUX DECODER ‘ Y VYY
PRESCALER |[¢——
START
Y Y

CONVERSION LOGIC

GAIN SELECTION

l€
[<
CHANNEL SELECTION

Avcclji X
INTERNAL 2.56V
REFERENCE v SAMPLE & HOLD

COMPARATOR
AREF 10-BIT DAC

GND

?
1

BANDGAP
REFERENCE

ADC?
N SINGLE ENDED / DIFFERENTIAL SELECTION

ADC6

POS. ADC MULTIPLEXER
ADCS5 NPUT * » OUTPUT

MUX l
ADC4
ADC3 GAIN

NY AMPLIFIER

ADC2

ADC1

ADCO

HITITTI

/
\6
NEG.
INPUT
MUX
L —

ADC BEZXEBEENEEZFMANENBEERRK —N 10 MWK FE. RDMERRK
GND , &R KEARFKRAREFSIH B EBR E1LSB, B3 EADMUX EF1F258 REFSn {1
AI LR AVCC SAED 2.56V S Z B EEEE AREF SIf, £ AREF EAA N &= o] LART
FASZRE#THRBIURSES H MR

EMmABESEZ,EETLUERE ADMUX BF8EM MUX fIR%E, {17 ADC @A
SR , 18 GND REIERERSE®BE , BB LMERN ADC B & im A, ADC %A S| B Alik
HZE 5 BRI ESR G Ao

MBIEBREDBEE  BIEERFERAAGSESNNEERFEIBEEEDHAR, REHRK
BN ADC R A, MREARIFKEE , Mot EEm AR,

B3R E ADCSRA Z1785H ADEN Bl 0] /531 ADC., RE Y ADEN B SEBHE R
ABEIRBFTEM, ADEN FEZRT ADC HAFESE , BB IEH ATAEERER 251x
il ADC,
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ADCH#IERN10 ,FH TADCEIEZFESADCHRADCLA, BRIABER FTHERER R
AXIFF , BAETIEE ADMUX Z17850 ADLAR TR EXFF,

MRERFQERENT ERERESUNKEREBE  BARELEADCHHEB T,
ANES%E ADCL , Bit ADCH , MRIEBRESFFERPNANBIRE —XBRNER, — B
4 ADCL , ADC N IEFEFHRNITURMMBELT, bR , EEADCL 2/5 , BIfE
£ ADCH 2RI X BE— X ADC &R , BESESNBELCTLER , NTIRIE T #%
BRERTE%, ADCH #igH 5 , ADC Bl EXifE ADCH & ADCL H1738.

ADC## g5 5k ] LAl & HP T, BN T H A £ E I BNADCHESADCLZ BIMERADCT
ERBIESEESS  ARLELRTEEEE | P NML,

B ADC Z313#{I ADSC (VB "1” AJAEs B X, EHHENEPLNRERNS B
B ER  REHERHES. NRERGRIBHERT S —1NEE , 384 ADC 27X
TBEH SERIX — R,

ADCH T ETE R X IR, IR EADCSRAZ ZE5HADC B 31 fill & R F M ADATE T] LAfE BE
Bz %, iRiE ADCSRB FF85H ADC fill & %24 ADTS W LUE R AR AR (N ALL IR
KRB ADTS R ). HFMEMNALLXES~4 EBRrt , ADC Mo MesEH I 1A
B, XRHT - /NEEENBERE T B RN G L, HRERGEAEMEZESNAE
7 TR —RAFNER, MREHHESBPALESPXTET —MEBHR , XN
E¥A A, BMESENTIEZILRNSBHMEREMNRN 0, PHRENFE N, X
HAUUERTERMNER A —XER, BRI TETXRXPMEH KX E LN
B MIEHRREES,

Figure 99. ADC Bzt KB %

ADTS[2:0]
—— P PRESCALER
START CLK e
ADIF e ADATE
SOURCE1 —— I_
""" 5 } CONVERSION
LOGIC

S e EDGE
SOURCE n DETECTOR

ADSC

£ ADC FRIFREEN AR , AT E EE#ITHERBREREEFF R T —IX ADC &R,
2J/a ADC BT HEAEESEERER S8R TRERY ADC BRIESFEFSIHTET. £
—RE:EIS [ ADCSRA F1783 ADSC E 1 X530, EERT |, FLEH ADC it
T T ADC FifiiRE& ADIF 2B BN

MRERE T Boftk , E{L ADCSRA F1FEH ADSC B3 ki, ADSC #r&ik
AARRNERREEERTZH, TERBRENMMBHN |, FEHRH#TIES ADSC —
BEA 1,
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Figure 100. ADC % 325

ADEN
START Reset
7-BIT ADC PRESCALER

CK — >

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

)
-

' v

-
-

AR A

&

ADPSO0
ADPS1
ADPS2

ADC CLOCK SOURCE

ERINRGT \FBOELHEKEE— M50 kHzE| 200 kHz 3 AR IR BB AR E.
MRFAENHRBERT 10 tb4F |, BBLWMARMMERALLETF 200 kHz , LUESESH
KR,

ADC B BIE— N2 , ©RSAHEMET 100 kHz B9 CPU BH#RF=4£ M
ADC Bt4$, T35 ES ADCSRA E 1785/ ADPS #1Ti& B, &I ADCSRA F1EEEH

ADEN fF{F8E ADC , DR FAITEH. RE ADEN K 1, Mo MESFISTEITE , BEF
ADEN &E,

ADCSRAZEFZEHADSCEN G , RinEHRET — MDCHRM AN EARTFRES . =
PREBRERL P192 “ EHEEEE"

EREBREZ 131 ADC B4 B, 7 THHRIELIBEE , ADC f£8% (ADCSRA HF1Fsr
#) ADEN E{y ) FHE —IRFHIRFE 25 /> ADC 844 B H,

EZEN ADC HIERBRF EHERBFERBRBHZEHN 1.5 ADC B4 FFE ; ME—X
ADC X RBEN R EERRBNZEH 13.5 N ADC I, BIRERG ,ADCER
BOE A ADC BiEF 1785 , B ADIF #r& B, ADSC RIRNEE (S REIGER ), 2FH
HE LB R B ADSC #77& , WM ADC HNE— N EFAR B —RFHN R,

FREAEN  MEAEHLENENMTDMES. XRIE T AL SHENERES 2 BINIE
MREEMN, EERXT , RERBEMAESLEARZEN 2 MNADC L%, /T
XUELSZEEETINN 3 CPU KA HA,

FRESEN , BEZI#EFE IR ADC Bt TR |, §IREHRE 25 ADC 4, X2H
FE/REHRE ADC XA BEFFE.

EESEEERXT , YADSC R 18, REHBE—ER | T—RERD EFHR, i
B i& W Table 81,
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Figure 101. ADC BFE , £ —RER (2 RFEREN)

First Conversion e o

| Lo | L
Cycle Number \1\2: :12‘13‘1‘4‘15‘16‘17‘18‘19‘20‘21‘22‘23‘24‘25‘ [1]2]s
ADC Clock § 3 | ‘ (14
ADEN ] | 3 S
ADSC / \ | W
| o | R

:f/ T,

ancH T

< MSB of Result

apcL T, i,

. I |
4\ MUX and REFS

Update

4\ Sample & Hold

Figure 102. ADC RFE , $ X%k

One Conversion

< LsB of Result

Conversion _f> \

Complete MUX and REFS
Update

Next Conversion

Cycle Number | 1] 2] 3| 4| 5| 6| 7] 8| 9] 10

ADC Clock | ‘ | ‘

ADSC / W
\ \ | \

ADIF 1 1 .

ADCH /) /) ):// /) 3 /) /) /) /) /) /) /) /) /) /) /) /) /) /%< MéB of Result
3 /) /) /:(/ /) /) /) /) /) /) /) /) /) /)

ADCL //

N

11111/ //}f( LSB of Result

<\ \ Sample & Hold
MUX and REFS

Update

Figure 103. ADC B =E , Baifil K ik

One Conversion

Conversion _/

Complete

MUX and REFS
Update

__Next Conversion

Cycle Number | 1] 2] 3| 4| 5| 6| 7] 8] 9] 10| 11] 12| 13i | 1] 2|

ADC Clock B ‘ ‘

Souree S Wiig

ADATE - 1 1 |

ADIF ﬁ—

wock T < s of Resu

ADCL T 77 (" LSB of Resut
e\ e o S e

MUX and REFS
Update
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E5WHEE

REBEEREAR

Figure 104. ADC B FB , JELL kiR

One Conversion Next Conversion

T A

11\ 12\ 131 1\2\ 3\4\

Cycle Number
ADC Clock
ADSC |
ADIF l
ADCH T //}( MSB of Resul
ADCL / /}( LSB oiT Result
Conversion / K \ Sample & Hold
Complete MUX and REFS
Update
Table 81. ADC 3 #and[H]
X¥ & REF (BIERE
£ et BRR ) HRetm (BH)
IR 145 25
EEHR , Big 15 13
Bz R iR 2 135
EEER, 22 1.5/2.5 13/14

LEAZDEEEE , FEERERRNBERLE,

25 RMSNEIE CKpo, IS ZTF ADC M —¥, B 2% ADC O CKapey
DR IR SRS BB R, M CK,po, HIER | BEELAS B2 5® (B, FiEH
BHRS S —RES R ) TSR RBREAONE (BENTS RN 13 ADC &
A ). % CRypep, HBE , TR, FLEMA 14 N ADC BHshEH, TEESLE
RERE |, —RBEREREYAEHFNER  MET CKype, KEHB | FIANEHE
7 (BIBRE —R5N ) FHEA 14 4 ADC W A,

EFRENERIEET , YHRN 4kHz WHEBZRBRL. ESHNMRATELERIELMR
Ko UM AESEEsTHERFRNMEN | NEHRABMAKERKRSE. &, ADC
REMERZEBRTRRE. ki, FEBETREZYL , ADC AR 6 s, &
FBERERN 12 kSPS,

MRERAEDEHEERBES B MR B KGR , RN ADC MAXH. HEAB3
fi R E , ADC MR ERREMEN. AT EERINNESZREEREN ADC Bt
M ZERER, EBRER (T 7 ADCSRA #Y ADEN fu# B “0" &N “17) , &
BEARBEMEE ADC , RITY BE#R. FERERERER. (FFENL P190 “ 5 M
K ADC HHRBtfF ” o

ADMUX ZEF 1285 MUXn R REFS1:0 @ I it 1E2535 I 7 .8 %, CPU A XY bl B 25
FESHITRENLIE R, XRIE T EHRSBFBEEMEERNYBREAETREHNZ, E
REN I BEREARNERIREMNET, — BERBRFRRTIATBERBEMEH
BT AMRIE ADC B7t 2RI EHERTE, EHRTHK (ADCSRA F1F85H ADIF B ) 2
AN RE— IS EAY  BEMEARNER X TUEFHFITR, HFRONTFHRINZA ADSC
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ADC "= #4185
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BENVENT -0 EAR, Bt , BiVAFEENMN ADSC 2G5/ —/ ADC K44 B H
B TER/E ADMUX SLUEERHNEEREER,

FRAEMEN  MEAEHXENRARTHREN, B TREFRENERNE D  EF
¥ ADMUX B2 —EZ4& 510D,

% ADATE R ADENEREN , NP MEH AT EEENZ A £, RE L E KEADMUX
EESRNAR  BLAFRPBRETEHI T —AEGREETIHNIREERRHWIRE. EUT
R ZI AT A L2 1% ADMUX BT E# :

1. ADATE 5 ADEN ¥ 0

2. EHBEREY K BEREMEAZEHELAEREL —/ ADC Bt EH

3. BMERZE , BREENMERNPIIREETS 28

R E FEEINE—FTER T EH ADMUX |, BRAFIZEBIFE T —% ADC BH4EM.

YURZNBENBRINIR, " BREEDEE , BEREM 125 us RREZE,
LR ERBEEHN 125 ys ITNEF KR, REFZNERANKRRER,

L& ADC ZEE/G (BI HZE ADMUX FFRHH REFS1:0 i ) WS —RERtLEE
SFRIE AT BB

ERELBENFEEENATESAH

THRETERERERN  EREBHHRRENEEEE, £ ADSC BfIFH— ADC &t
HERRTAEERNELRMABRET, BREMENDEREFRNEREBAXE
-

EEEEGRERT  BREF - RERABRZINEAERBE, £ ADSC EN/EH—1 ADC
R AR AT SUE RN ELRABET, ERRUNEN P ERESGRBEREBUE
BE, A, WRF—RBREZEIHFRT , T RNBERER KB ZUFHEENE
s ABE, UWENHRT REXNTEEN.

LUERBE S MHBE BT RBENDEEERRNE | E—REREREBER
& ArBRSAZE-—RERER,

ADCHIZEBEIR(Vrer) R T ADCHHERIRTEE, BERIHRBEETET T Veer , HERT
¥ Ox3FFo, Vger ATBAR AVCC, HIEF 2.56V EHESH /M ET AREF SV EBEE,

AVCCE —MNERFF X SADCHIE., FHI2.56VSE B EHEERE AR (V) B I ER
BARESFT=4E, TR WHER , AREF #E#ES ADC HiE , BiYE AREF Stz @4
BHAAURESZEHENREME., Ve TEEEH AR RIGRE AREF SIHINE,
BT Vier WHERRE , B REEER AR,

MRFN—EEBRET AREF SIH , ILAF R ERHMNEART EAXL2S
BAERNERERENTSERNER, R AREF SR ARBZBEMARSER AP TU
EE AVCC = 256V EREHER, SERIETENE—IX ADC L Ruge R HE 2
WAFTEFRAX—RNEHRER,

MREAEDEE , EFSZEHEETNEERN P273 Table 122 #FTREY AVCC,

ADCHIME S MHIBSEE T A ERBEREN T TR  NmBERER T CPURIAEI/OIRE R
FoI AN, BEMEISAE ADC BREEXRERAERXNTHER, A TEAX—E5H
NEBUTSE
1. TE ADC ERfFRE , BSR B THRIRS, ITEEXNZ IR REGR | HE
ADC ¥ 45 R M ERE,
2. HAADC BRIEER (HZEWER ), —B CPU #i#Ef2 , ADC FEFF ik,
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3. MREADCHMRGERZBIIAHEMP M™%  FRLADC HHRF¥REE CPU Hi
1T ADC ¥IRERPMTARSSIEF . R ADC R4 Rz 518 H AR R
HWEET CPU , MM FHIRSZEFEEIIIT. ADC HIRE R4 ADC ¥
MERFUIER, CPUFIEIFHMKEETEIMT,

HARZEREAK ADC BRER AN EMKEENE , ADC T2BAZXMA, EHA
XERIEE AT , #BUCK ADEN FEUBREIIE. MR ADC HiZKEREX T , B
FEZTREDHEBR , BIUKH ADC BERERREEASEZRBIETRE.

bt N BB E AV U s A BB ER L Figure 105. . RNiE R A A/E ADC W% ABE |, # A Z| ADCn
NWELVESEZECIHBER R AHENTMN, HAE ADC W ABER , BIES RS
BT — PN RBEME (MABENAS B ) K3 FERE (SH) BF.
ADC4t 3 BRLc s PR32 T 10 KQRE/NWERES M T 1. N FXHENES KT
B LRERIT, ZEESEEESNMERN , BARENBEREURTX S/H ER K HERE
B, XMETEAEEELBR AR, BAFFEARMEEREKEZCEENELES  BRXT
LUR A3 S/IH BB B HY B8 faf4E 5l o
MRFEAESEBZEE , M AERERTE , BiIVER/LE kQ BIREHE,

REBTREFHAE (fpo/2) WESBEREATEM—EE | KRB FTRA
WESBRMERNAE, EIBESHAB ADC 2 B B 1748 F — MBI M 28 K8 B 3

B5.

Figure 105. &l A 3%

lin
ADCn ~ AVAVAY
1..100 kQ L
Cop= 14 pF
i —Jj
| Veel2

B E I HIHEAR BENBRADBHHRFEEBL~EBETH®H EM) , NTTEREDNENEE, R
BBEEERRS , BATMUBI AT HERBDRS -
1. BERlERBEENE, RIEEDGES&AUTELMZ L, AFEElSEETR
NWHFESLD T,
2. 0 Figure 106 Fi7R , AVCC RIEN —/LC MESHFRER Vo EE.,
3. A ADC BFE#IFIZRKFEERE CPU N TR,

4. WREADC HmAKAERFHE  BAKARIEEHRRBTIRPENT2
BEFNEIR,
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Figure 106. ADC HRiE#ER

________________________

VCC
Analog Ground Plane !

[a]
=z
O]

j PA4 (ADC4)
|| Pas (aDCS)
j PAG6 (ADC6)
:::] PA7 (ADC7)
| ] AREF

10pH

100nF

REHELTE BELBEENREMZEE RAEREEIEERE. BUERTHNERRE=TEE
HEENINZSMANERNBENS, ZETHARENNELERPRE, £AXKE
TREGENRYG , BENRETREER 1LSB LT,

ADC BEE N = n UM B iH ADC R GND 5 Vger Z RV B EFRIRAK 2" 4 (LSBs) TRINEKF
B, B/WERBR O, RFAMNERBER 21,
UTFNAANSBERT SEBEBRZANRE !

"% : 3 —IX¥k (0x000 | 0x001) SEAFK#R (0.5LSB) 2HHRE=. BRABR: 0
LSB.
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Figure 107. RBIRZE

Output Codeh

————— Ideal ADC
Actual ADC

Vger Input Voltage

- WEHRIRE FBRREZR , &E R (Ox3FE F) Ox3FF) SRR (RXEUT
1.5LSB) AN RER N ERIRE, EEEN OLSB,

Figure 108. E#HiRE

Output CodeA Gain
Error-:

————— Ideal ADC

Actual ADC

[

Vgree Input Voltage

BAAJELM (INL) . RERBRERIRECE , MASKRERSERRRZEHER
RZHH INL, ¥EFE{E : 0LSB,
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Figure 109. EIELM (INL)

Output Code A

>

77777 Ideal ADC

Actual ADC

[

Vgeg Input Voltage

«  E7 LM (DNL): SKRREBIE (MM RIT 3 i 2 B RV 15 B BE ) SEE e B 3T (1 LSB) 2 A &Y
m=. EitfE : 0LSB,

Figure 110. Z4 JE4 1 (DNL)

Output Code &
Ox3FF
0x000
0 Vger Input Voltage

- EBUiRE  BTHRABEHECRERMVOEE , ENTEMNBASRE (1 LSB) #Hi#
WMAMEENHRE, ELIRESERN +£0.5LSB,
BITREE - TESRER (RL2 PR ) SELERCANEARE, HFRE. BHIR
=, EDRE, FEMURELIZEMR, BAEERN +0.5LSB,
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ADC 4R

BMRERG (ADIF ARG ), BRIREREIFA ADC &£ R & 1788 (ADCL, ADCH),
BRBEBRNERAOT .

V- 1024
ADC = IN_ "~
VReF

XAF, Vi ABOEPSIMOMABRE , Veer NSELRE (S A P198 Table 83 5 P199
Table 84 ), 0x000 fRZXMELM BT | Ox3FF REXFTESZ BEMNEERE 1LSB,
MRERESBEE , 4182 .

_ (Vpos— Vneg) - GAIN - 512

VREF

KH |, Vpos DHIASIBIEBRE , Ve ABASIHIABE , GAIN REENERETF , B
Vier ASEBE, ERA2WHBERERTR , M 0x200 (-512d) Bl Ox1FF (+511d). TR A
FPHREXNLERRITRERMERN , ©H D14 R MSB( ADCH 1 ADC9 ), TNRIZMH
1, 8880 ; ZURN0, ERNIE, Figure 111 AHED W ABNED,

Table 82 45 H H ik EH B EE N GAIN ESEBEN Vi HE2DH AX (ADCn - ADCm) HY
MABER,

ADC

Figure 111. Z5 N E5EH

Output Code
OX1FF

\ >2—v—v—v—>
( V__JGAIN Differential Input

[ I
- Ve /GAIN
i : REF Voltage (Volts)

0x200
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Table 82. W ABEHALEBHNMAEXR

Vabcn e ik M+ SIE
Vaper + Vaer/GAIN Ox1FF 511
Vapem + 0.999 Veer/GAIN Ox1FF 511
Vapen + 0.998 Veer/GAIN OX1FE 510
Vaper + 0.001 Veer/GAIN 0x001 1
Vaner 0x000 0
Vaper - 0.001 Veer/GAIN 0X3FF 1
Vaper - 0.999 Veer/GAIN 0x201 511
Vapem - Veer/GAIN 0x200 512
il -

ADMUX = OxED (ADC3 - ADC2 , 10x %5 , 2.56V S E®BE , £XI7F ).
ADC3 E®B K 300 mV , ADC2 BBEJ 500 mV,
ADCR =512 * 10 * (300 - 500) / 2560 = -400 = 0x270,

ADCL %5 0x00 , B ADCH &9 0x9C, 45 ADLAR E 0 AX{7F:ADCL = 0x70 , ADCH
= 0x02,

Bit 7 6 5 4 3 2 1 0

I REFS1 REFS0 | ADLAR MUX4 MUX3 MUX2 MUX1 MUXo0 I ADMUX
®B/B R/W R/W R/W R/W R/W R/W R/W R/IW
NHE 0 0 0 0 0 0 0 0

» Bit7:6 —- REFS1:0: 3Z 8 Ei%F

i Table 83 Fi R , BEX /AT LRSS EBRE, MBREHBEERPIHET T SIINIRE
AESTYaiskiks R (ADCSRA FF8M ADIF B ) 2ERESLEER, MRE
AREF S| EREM T NS ELRE , NS SEBEMTREBOER T

Table 83. ADC ZEBEEEF

REFS1 | REFS0 3 HEkiE
0 0 AREF , I8 Vref X
0 1 AVCC , AREF S|BIS\iniE i BR
1 0 RE
1 1 2.56V WA REEBEIR , AREF SIS INERBER

+ Bit5—- ADLAR: ADC ##rg R EFIF
ADLAREMADCH &£ READCHEFER TN EFEMRFER . ADLARENRERERNE

XIFF , BUAAETTF. ADLAR WA R BRI ADC BESFFHRNAR , TEREHR
BRIEE#IT. XTFX—MNTEHEREN P202 “ADC $#E %735 ~ADCL & ADCH” ,
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o Bits 4:0 - MUX4:0: #1088 538 25 % 3

BEXJUVHIRE , AJAXIERES ADC (RN AR TIER, HANES BERSEH#IT

W, @I Table 84, MREHMEBPREXLUMNE, BARBIEHRER

(ADCSRA 17258 ADIF B ) EHFINEES BX.

Table 84. i ABESHERIERE
MUX4.0 | RR@EA EZS5WMA RESBA W
00000 ADCO
00001 ADC1
00010 ADC2
00011 ADC3 N/A
00100 ADC4
00101 ADC5
00110 ADC6
00111 ADC7
01000 ADCO ADCO 10x
01001 ADC1 ADCO 10x
01010M ADCO ADCO 200x
01011 ADC1 ADCO 200x
01100 ADC2 ADC2 10x
01101 ADC3 ADC2 10x
01110M ADC2 ADC2 200x
01111M ADC3 ADC2 200x
10000 ADCO ADC1 1x
10001 ADC1 ADC1 1x
10010 N/A ADC2 ADC1 1x
10011 ADC3 ADC1 1x
10100 ADC4 ADC1 1x
10101 ADC5 ADC1 1x
10110 ADC6 ADC1 1x
10111 ADC7 ADC1 1x
11000 ADCO ADC2 1x
11001 ADC1 ADC2 1x
11010 ADC2 ADC2 1x
11011 ADC3 ADC2 1x
11100 ADC4 ADC2 1x
11101 ADC5 ADC2 1x
11110 1.22V (Vgg) N/A
11111 0V (GND)

AIMEL




ADC BEHIFMREFFERA -
ADCSRA

ATMEL

Note: 1. PDIP HESBHMNES R ABERSN, ZFHRIE TQFP 5 MLF H&EB{BHEE ITE,

Bit 7 6 5 4 3 2 1 0

I ADEN ADSC ADATE ADIF ADIE ADPS2 | ADPS1 ADPS0 I ADCSRA
B/B R/W R/IW R/IW R/W R/W R/W R/W RIW
WHE 0 0 0 0 0 0 0 0

« Bit7 - ADEN: ADC f5&¢

ADENEENZ3IADC , ZNADCIHAER I, TR PR FADCIF I BN 1k IE1E# 1T
R,

« Bit6 - ADSC: ADC FFia#:#:

EERERERT | ADSC BAFEEI—X ADC i, HEELZRERT | ADSC Bf
HMEE R, £ X (£ ADC Bl Z/EEf ADSC , HEEMEEE ADC HENE
{2 ADSC) EE 25 M ADC 49 AR , MARIEEBR TH 13 N F—REHRNIT ADC
DRI TE,

EH BT IR P IEE ADSC HREE R "1, ERIHRE R, ADSC BEFR=4EEA3)
£,

e Bit5- ADATE: ADC Bzl % 58k

ADATE B /331 ADC B3I itk ThAE, MAES M LA B3 ADC R, ik E5RE
I SFIOR & Z25/ ADC ft R 55 REE{ ADTS iR E.

« Bit4 - ADIF: ADC HMitRE

£ ADC #¥ 4R , ERESTEREERG , ADIF B, R ADIE & SREG FHI£F
FIETEERENL | thiE{Z , ADC ¥ RAPMTIRSEFENB LT , Bt ADIF B4HES, It
A, BB OREE 1 K& ADIF, EXEMR , IRX ADCSRA #1TiE - 18X
- BRE , AL BN RIS EEIE, XBERAT SBI & CBlI T,

 Bit 3 — ADIE: ADC Il fERE

Z ADIE &2 SREG My | E{Z , ADC #:it4E R BN {E AL,

» Bits 2:0 - ADPS2:0: ADC T Sigs kiR
Hix JLALSR#E XTAL 5 ADC # AR 2 B 285 B F.
Table 85. ADC i % Sk

ADPS2 ADPS1 ADPS0 PHRF
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
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ADC ¥iE& 738 - ADCL &

ADCH
ADLAR =0
Bit 15 14 13 12 11 10 9 8
- - - - - - ADC9 ADC8 ADCH
ADC7 ADC6 ADC5 ADC4 ADC3 ADC2 ADC1 ADCO ADCL
7 6 5 4 3 2 1 0
®/B R R R R R R R R
R R R R R R R R
WHE 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
ADLAR =1
Bit 15 14 13 12 1" 10 9 8
ADC9 ADCS8 ADC7 ADC6 ADC5 ADC4 ADC3 ADC2 ADCH
ADC1 ADCO - - - - - - ADCL
7 6 5 4 3 2 1 0
®/EB R R R R R R R R
R R R R R R R R
WHE 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

ADC HRMERG HRERFTIRNFER 2P WRRAZSBEE S RE 2 WG
FEAERT.

EHADCL 2/ , ADC BUESF 78 —EE % 3| ADCH th#fi B F o LU T HRIBEH .
I, MBHBERNEXNTT , BERNBETFTST 8 tb4F , BLXFEIRE ADCH F 2%
T . BN e ADCL BiE ADCH,

ADMUX ZF1Z258) ADLAR & MUXn ¥ MERERERESTESFHNRTIAR. R
ADLAR A 1, BBALRAENT ; RZ (REREIRE ) , LR N AT

+ ADC9:0: ADC it g
ADC B ER | T P198 “ADC #i#&ER ",

¥ BRIDAE 10 FEER - SFIOR

Bit 7 6 5 4 3 2 1 0

I ADTS2 ADTS1 ADTSO0 - ACME PUD PSR2 PSR10 I SFIOR
/B R/W R/W R/IW R R/W R/W R/W R/IW
NHE 0 0 0 0 0 0 0 0

+ Bit7:5—-ADTS2:0: ADC Hzhfil &R
# ADCSRA F 172219 ADATE &1z , ADTS WESHEM A ADC BN &R : BN |

ADTS iR BIR BB No HMIAP I P IR EEH £ FHRAR ADC ¥t M— NP ETARESE
ENMRRURIPHIREECHNMRREEMREAES=E - LR, MR
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ADCSRA 1785 ADEN 7 1 ,ADC ¥R #/53), 1R EELZITER (ADTS[2:0]=0)
i, BN ADC FIifFEE LR BNt R £MAEH,

Table 86. ADC H 3zt KRk

ADTS2 ADTS1 ADTSO fih ROR
0 0 0 ELERER
0 0 1 Bl kes
0 1 0 SAERFRRTIER O
0 1 1 ERTER / ITHER 0 LR IEE
1 0 0 ERTER / ITHER 0 R H
1 0 1 TERRR / ITTHREBR LR T B
1 1 0 ERTER /T EER 1 8E
1 1 1 TERTER /1T IER 1 IR B

+ Bit4 - Res: R#1f
X—RE, BEREMNX—UNE 0,
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JTAG #O A LR
%% OCD(On-chip
Debug)

BR

AR FRED - TAP

* 5 IEEE 1149.1 5r A ZH JTAG #0
MM IEEE 1149.1 (JTAG) #rifEf0h R Hizhee
o JERBEALAGM :

- AR ASE

- REBMSEE SRAM

- BESRXH

- BFITHER

— EEPROM #] Flash Z6& 8%

- FEB OCD XEEEHMa , 815

— AVR Break 1%

- BERBR NI

- 8%

— B — b iSEE N REF R

— B el — A it i S B O SR T R
« BX JTAG ¥0O3 Flash, EEPROM, 3y f8{EMIHITME
+ AVR Studio® % OCD

5 IEEE 1149.1 # R AN AVRIJTAG EEOWATF

B JTAG A R hAEN s PCB
. NWIEBRMEMET, BLUMNBEMHITRE

k£ OCD
TER JTAG EOWEEER, BxET JTAG ZOHTHRE. D RAEEMN Bk
BRE S BIS I P256 “ @3t JTAG #O# T4 " LR P210 “IEEE 1149.1 (JTAG) i &
H# ., AR IIAE OCD LLE AR JTAG 5k , R ATMEL B39 KX, ATMEL
FHEERXIFE =5 JTAGICE £~ /&,
Figure 1128JTAGE O ROCDRSGHER . TAPEHIZE N ZTCKMTMSE S HIHVRAS
Vo TAP ZBHIZESHEILE JTAG BT EFES , RELEBRBIESEFEH[MER TDI(AA ) H
TDO(% i ) 2 RAIMIFESE (BIUSFERS ). BT ESARE T EHRBEIESTANITAG

B

ID F1F85. 53 (Bypass) FF MU RAMEAR T ATREN AN BIES 738, JTAG
WIRED (SRLNMENNELNBRES 7R ) ATRITEE. A REHEENNQEE
8 2T OCD h&e,

EJH]TQGEDE4\§IW° BUJTAGHIARIBR I | X LS| IR L 7 Wit 77 8i% O TAP, X L5
X .

TMS : MR LR, LS ARSI TAP 25238 & MRS Z R iR,
«  TCK: Mixrti., JTAGBERS TCKREALH.

TOLNHEERA - FEBRNVIES TR BEFTFR (AHRE) NBTHARE.
« TDO: MHAHBEHL - BESTTERIBEFTFRBITBHOHKE.
ATmega32 & B3R IEEE 1149.1 R EEEM AL TAP {55 TRST - Test ReSeT,

£ JTAGEN B4 A& EBRENERT , 4 TAP SIEI R EERIRASIH , TAP 24|
B TFEMIRS, —H JTAGEN #4%7% , H MCUCSR 51728/ JTD FE , TAP i AS
SEHN S , JTAG U RPENREIREERE, W TAP it (TDO) & FEZERS ,
JTAG TAP B HIBSFBUEE , Bt ATUEZE — N LN BEERE LR EENEH (EHE
HERT -4 TDIAA ). BHAERXMELNBRE,

AIMNEL 203



204

ATMEL

XFHEBIRRS , BRT JTAG #O SIS, X8R E %2 RESET /M , SAERLN S
SR, MREMEIMRIURIR (FER ) FEN A XM |, 73250 o LUHEK RESET
SR E BN RS

Figure 112. F1EH

/0 PORT O

. o o
A
DEVICE BOUNDARY Y
r|' BOUNDARY SCAN CHAIN
™ oo
DO fj, { JTAG PROGRAMMING
i TAP INTERFACE
TCK —»| | CONTROLLER
™S —» 1 £
|
) v AVR CPU

INTERNAL |
FLASH Address [ scan  |€

PC
INSTRUCTION MEMORY Data [ chAIN

D
REGISTER BREAKPOINT >
UNIT
M [>{ FLow conTROL>| .
v sl P X UNIT < 2
X REGISTER - ez, H
< PERIPHERAL e E L] T3 Bopy
< UNITS z % 5 K]
BREAKPOINT | o 2
SCAN CHAIN [€—
v JTAG / AVR CORE

y MMUNICATION
ADDRESS COINTERFiCEO
DECODER OCD STATUS

L AND CONTROL

Y

A
Control & Clock lines

1/0 PORT n
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Figure 113. TAP 24183 RSHE

ATmega32(L)

1 C; Test-Logic-Reset

0
A
0 C Run-Test/Idle 1 P Select-DR Scan
0
A
1
—— Capture-DR
0
A 4
> Shift-DR

P Select-IR Scan

0
A
1
——  Capture-IR
0
A
> Shift-IR

Pause-DR

Update-DR

1 0

Update-IR

A

1 0

TAP ZFIBE R EE 16 MW ERREIY , EEHE L RAEBE, JTAG mESBRK B
FERRARS, Figure 113 IR FPRSEREURT TCK EABRH TMS( E R FHRIE
REFKGENHS ) E5. LBENFEHNIHRIRESR Test-Logic-Reset : MiXEBBEN,

NFRENBLGESR , LSBEE—NHITBEAB AN,
FRIZ H AR Run-Test/ldle( 21T - Wik / 2= ) , BER) JTAG EOFEAT R T UHEHR

/(1 S

ETCKW EFARBER TMS SIBIRFEH A 1, 1,0, 0 , AT # AR5 D 1E8 - Shift-

IRRAE. REETCKHW EARABEITDI M AN LN ITAGESE JTAGESSTE
85, EWA 3N LSBHEESF , TMS HFARIFEBEFE LRI Shift-IR RS, BEHH
MSB N 2 EH & TMS B FF Shift-IRIRSHEHEB A JTAGIKE S F 1285, ZESMTDI
SIEB AR |, #IRA IR IR 0x01 NEE TDO SIMETEEH, JTAG ES&E—4
BENHRIESFF[/ERN TDI SIHIZE TDO SIMKNERE , H BRFIFREBIESESNA

BB B%
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fERIL S
R R B RS

ATMEL

3 TMSSIEI#AFS 1, 1, 0LAEB X3 ARun-Test/IdledRA. FESEUpdate-IRIRAE
SRS ESEHNEIHTHH, Exit-IR, Pause-IR, F Exit2-IR JRA R ARIZIIRAS
*J-IJO

« HETCKWLEFARI TMSHEMES 1,0, 0 LU ABNIKIEZF1FES — Shift-DR RA.
BERAT , TDIMATIEE TCK W EAR MBI SHEENHIESES (BT JTAG
ESEHFHEN JTAG ETERE ). 7T RE Shift-DRIRZAS , TMS i AXMERR
MSB AW FI B LS AT BAREFENELETF, ETMS B K S BF LB I Shift-IR
WAR, WAZIEN MSB 3 ABKRIEFFE. HBEM TDI SIHBAKRES RN,
£ Capture-DRRASTHIRHW ., HUHTAHARNWAZKRIESEZRMWEHIEM TDO S|%
H:IIO
5t TMS SIEI# ARSI 1, 1, 0 LAB X # A Run-Test/Idle IR7A&. RATIENHIEST 7SS
EHBIENHTEE  BLBIESELET Update-DRIRFS, Exit-IR, Pause-IR,
F Exit2-IR R3S A KRB RS,

MRS RATR , IR JTAG ESHNFERAKREZTESR ZET4# A Run-Test/ldle R7,

— L JTAG ES I BTE Run-Test/ldle RAER —EMNIHEEHZ1T. HARUNAPRSHRT

EAMEZRRAET.

Note:  TMSRIFE TCK AR E MY = BB FE 7] LUEE TAP $2 #8538 A Test-Logic-ResetIR%S, It

Y55 TAP 24188 BRAB T X,

JTAG SEH FEMIZBAES M P209 “ S E @ " .
DR PEES N TEERE P210 “IEEE 1149.1 (JTAG) i R " haH,

W Figure 112 iR , XA L AENEGETERUTIILESERK :

AVR CPU FMAZRHNE & o0 EmiileE
. HRET

CPU M JTAG &z A EE#ED
SHFREBRNFTEIRRENESH /  BREBEEI AN AVR CPU HifHEZ1T AVR BT
BLEY, CPUBRNEREA /0 Ei35, ILEMEIE CPU M JTAG REREFEON
_%Bﬁo
WMRBETAUSTEFAERENS., EPWHMA., B EFEHSRURFEMNESH]
Ro. Felde4E— USRI mMTHEE :
s MONEFEMESER
s ZSAEFE#HSMANE - NRIEEES R
o BN EFEHESEMN SN EFENRIEEE ISR
s FAINERFEESHNAME—NTURBRNEFEMESENS (XEKS)
- FAERFEESEN SN E - NTURBRNBEE#SENS (KEKR)
A , B AVR Studio XHFMWIARBZANTERTEN , TEEFA—IREZHNER. X
HRBL TEELBAFNERE,
FERRENEE JTAG B5E P208 “ K LB T A JTAG IS " 4 H.
HAFT JTAGEN BL A TURE T REMERE JTAG Mt IA RO, WAERTARIEE LT
OCDEN , #REZFFMENSEML T ERS , THEEES LRARREIE, ERE
FRARRENZ2EME  ARETEIYENMNH LR REHEIL, BN , 5 LA
RERLBLELB/EETREI T,

AtmelBYAVR JTAG ICE 1 F IEEE 1149.11hiX , A JTAGE O£ R 5 AVRS L
WizslEEn A LR F AT E, JTAGICE 5 AVR Studio AFEARAFRETENK
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itiﬁiﬁ:’éﬁﬁﬂ’g JTAG &

T
PRIVATEOQ; $8
PRIVATE1; $9
PRIVATE2; $A

PRIVATE3; $B

IR EIRZEHN , FCRHAEERARE, JTAG ICE EBARREHEITHISIH
KR,

TR AVR JTEG ICE &#liE 15| www.atmel.com AVR ER K Support Tools Z4 &
B 3E BT M Software #4 # 52 %% T 8 AVR Studio.

AVR Studio @& TFIE XA EBITH T , FERIRRBLERCHER. AP ALUSITEM
B, RERHA, STEXMRL. £, EASEMSEMARABRTEARNERE, 1
S\, AFZETNER BREAK ERRELRSNMEFMR , URIREM /N IEF 54270
KR, RAK—MER (EE ) <o

X LREN JTAG BESEMTHHREEE , & ATMEL WEMKH | XFE ATMEL
NEBNEENE=HT TR, ETREDBUT,

R BRI RENIENE JTAG 5T,
R BRI REHIENE JTAG T,
R ERERSEHNIENE JTAG R,
AR BRI RGN IENE JTAG IR,

AIMNEL 207



/0 FHBRE S F LR
XN FFA

FLiRiA#FFE - OCDR

FA JTAG W RIBRE D

SE B

ATMEL

Bit 7 6 5 4 3 2 1 0
| msB/IDRD LSB | OCDR

®/E R/W R/W R/W R/W R/W R/W R/W R/W

MEE 0 0 0 0 0 0 0 0

OCDR EEHASTTHEHSNEFTRRSFRE®T —MNEEEE. CPU BN Z
HAOBRERF—IMFTEHEFHLR[. SER, /0 i FF88M A — IDRD — #

E t , Ak & A B[R TR C L8t 1T 7T BiR4E, CPU iEHL OCDR &H&Fss6Y , 71

LSB 3k B F OCDR %1785 , M MSB &£ IDRD {u., {885 ERE5/K IDRD i,

E—EAVR B4YF XNEESESHEIO EEETHE, it , REEEB L OCDEN
BUREE | #Hﬁﬁﬁ%ﬁwm OCDR Z 1725 REfERE , MCU RIS £ OCDR 1785,
EEHJ%)RT , MCU 15| B9 2FRER 1/0 452 7T,

RFMMERAXNEFEFERNELIES NIRRT,
BN JTAG ¥ AVR S84 ITRIBREEMFE A JTAG i O S| B—TCK, TMS, TDI A

TDO(BR T RS M), BT EEHFINMN12VEE, FREJTAGIIR FEiK O ZEE LHRE
JTAGEN B4 11 , EHRIE MCUCR F1288/ JTD #58.,

JTAG w2 #H -
Flash 2 F1 R %K

«  EEPROM 42K
1B R FIRLE

- BEMSENRR

MEMHNZEHMHATEEERNWT S —#, MRBIEN LB1 = LB2 #H4wiE , Il OCDEN
BUNTEERRE  RIEEAHRTEHER. INMNZ2HHRAERENZENSF GRS
Bl

BEJTAGENEEN T AJTAGHREESHIFARNAREP256 “BEJTAGEOMTHE" .

EZXTHRAENAIR TS E TEA SCHE :

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)
BHRAE

B

Rt

WEG TR

ERTTR

SRR FER

 JTAG #0 ( 5 IEEE std. 1149.1 &5/t )

* 1R1E JTAG #RAESH NI R ThEE

« WA ROREAR A A VERNEL R TEENAE
- XIST%K IDCODE i+

« BATF&{I AVR iy AVR_RESET 54

DRAEETUARFMERF /O SIMMZBEBRT , UREFFINEENEL BN
FEEMNELZENDR, ERE—%R ,FMEEE JTAG hEEM IC &S TDI/TDO &5
BRITERE , WER— N EHBNFFS. ABEHEFEEXLERGEEMESIH , H0
ENEMBHERINEAER, BHSENBERINHKENHEERTRHER. BYXHA
X, BRAHERIEHOAD TAP ESHEM 7 N B8R £ T4 BiE R B ENIR,.

4N IEEE 1149.1 & X B SR JTAG 65 IDCODE , BYPASS , SAMPLE/PRE-
LOAD M EXTEST , AR REAVRFAEN JTAGIES AVR_RESET , A LA A 3K izt EN Rl B
4%, BT IDCODE & JTAG WEIAET , HEFFHREBNIBRAEFT2ETEZSH
# 1D, ENREXHE TEEFE AVR & TEMRS. MBREEEN , ZHBHNHATH
RFRERE, BEMRERE , ASRETEEL TFABRERS. #ASMR | FERD
SIS AT ZHASHES , ANIEI T HIGHZ ESH TR, YEMNFE , AL H
EIRIEDS BYPASS , R A WHREER AN E, B H{K RESET 5|z E S &5k
REEFRMEYRELRH AVR_RESET 5 LU B RBRE MRS,

EXTEST {55 A R # S| BE 5 LA R 33 4 i S| B NER BIE . — B EXTEST # N2 JTAG
IR 78, RKEREIEEFHRNHERSHAEE XL M E, BtSAFER SAM-
PLE/PRELOAD 5 KiIgBHERNBENRE R EXMERA EXTEST 1B KB
#]o SAMPLE/PRELOAD i FRTE/S F IE ¥ TAERT IR EVANER S| BIE 5 BV 1R BR

MHIRYmTE TAGEN B4 AL HEBEE 1/0 1788 MCUCR B9 JTD i , \NHERE JTAG iR 1A
B0,

A JTAG EOHTH R , JTAG TCK FHMRRFAUS T EANImME, B
HAERSA B HTF TERS

SRR ABERERINBRESTFSRR
« % (Bypass) FiFen
BHRBIF TR
- EUFFSH
LR

SREFRHBUTFRAR. HERFEFHRBERERN TDI M TDO 2 RWERKET , B
FF Capture-DR ZHIZFASFEEREEM N 0, N EMEBFHAT |, ZHRFESTLARSBE
RENFAME,

Figure 114 44 T 88 IR B HFFENE .

Figure 114. SEHIRBIFFHRNER

MSB LSB

Bit 31 28 27 12 1 1 0

%% D Fﬁ«t | g4 | #I#iR ID 1
4 bits 16 bits 11 bits 1 bit
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RS

ATMEL

S

MAESE—PMANVHKBT , ARLESSHVIEITHRE, MHXRAESA Table 87,
Table 87. JTAG A&

RRA JTAG RS (Hex)

ATmega32 f&iThR A 0x0

- BRREE
SHEBEESERNRIABIEM4M 16 14X, Table 88 BIH T ATmega32 i JTAG S84 H 5,
Table 88. AVR JTAG SS4{-&E &

SRS JTAG BHEF (Hex)
ATmega32 0x9502
o H3ER ID

H)i&EE ID EFFKXSIT B 11 {258, Table 89 F%IH T ATMEL B JTAG #Ii&7 ID,

Table 89. #Ii&® ID

it JTAG #l#&7 ID (Hex)
ATMEL 0x01F
SNTFFHERARENSHFNNAKET 7. BTSN AVR IASIHMA=ES, 81

BEFETURERTMH TiE JTAG 55 HIGHZ B9 ThEE,

SENFEHTIATNEITHABEMSIMAIEK, REBLVN TIIHERNRE , B
SUFEHFEREGARFEMRES - NEWRLHNE (S P23 “[HR" ). XMEST
FRNEHIRESEF  FTASR AT ZRE |, W Figure 115 Fit /R

Figure 115. EUF 78

To
TDO

From other Internal and
External Reset Sources

From 47:_)—» Internal Reset
D Q

o

ClockDR - AVR_RESET

B REEET LIRS AR E /0 SIMMNEBET | URESFINEZNEL B
FERENELB BB R,
SEMERS A P214 “ B R,
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E TiaSRAMEY JTAG 18
T

EXTEST,; $0

IDCODE; $1

SAMPLE_PRELOAD; $2

AVR_RESET; $C

BYPASS; $F

ETHFHEN 45, X2 16 RiES. THIENRSLRABRERRN JTAG
BT, AVRIZEXRIMAER HIGHZ % , 182 AVR_RESET S AT LA A O 5|
R &S

NTHRAENBLTFR , BEN LSB BEARBARBH,

BXIETH OPCODE # hex BRERERTEMAN TH. XANHER T BN KIBEFF
BHIEEELIESH TDI 1 TDO Z B K E.

EXTEST R4IEIMM JTAGE S , AREBRI RPAREEENBIESTESS , WAVRAIEH
M B IR IR, B RMAE LA O SIMAEE It Eheapa, wiiEsl, @EHE
REABIEAEE. N TEERINEZNELERRE  EUSHFEEEBzANZEOHLT
HifgE2F, —B JTAG IR FE8EET EXTEST i85 #ME: |, B APAEESERENRN
A AN 3 B4 oI,
TERAE :

Capture-DR : BN A 2B S| BIRY B3R H 0 A $334E

Shift-DR : &Bid TCK ¥4z N 2P 4%

Update-DR : R BHE#E IR A B HSI B =

IDCODE RA[IEH JTAGHES | ARERE 2 IDEERENKRIETEE. IDFER|HARAK
5. SHFES®S5HH JEDEC AENHIERSHK. IDCODE 2 LBHEMNERINE S,
IERSE :

Capture-DR : 3REX IDCODE Z {7 28 Y R #E 5 A 2h R 6%

Shift-DR : iBd TCK #1x IDCODE &%

SAMPLE_PRELOAD R #FKHM JTAGES , AREFREMAETENGIIRT , MK
MEBIEARAMA /S REURR., ERAHIESEEZISIM L. 2RAH
HEHEFRIBETFR
ITHERSE :

Capture-DR : EUEES\EZB S| BIAY 2032 H a0 A $3 34

Shift-DR : &3 TCK B A Fi3iE6E

Update-DR : &N BIEN AT W87, BEREHMEHSEEZETCIM L,
AVR_RESETRAVREBJITAGHES  AXRBHAVREF#ABVEXRBEHRITAGEN

B TAP BAHBTAMKRIESEM, XNRA—MNUEERREN T Rt ERIES
7. AEEAENTEE 1 SUMEEE. RSN ERESE,

TERAE :

Shift-DR : B TCK B{uE 1788
BYPASS R4ARIM JTAG BT , AXRKERERFERENREFTES.
THERDE :

Capture-DR : EEREFFEPEAEZEO

Shift-DR : TDI 1 TDO 2 RN S FFEE BN
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I/O FiEEsh 5 RN
*HNFEER
MCU &I SRS FFE - MCU BH SRS FFERIEEHEA MCU TheEM RN, E1RM MCU ENHNEMIRE
MCUCSR 2.
Bit 7 6 5 4 3 2 1 0
| JTD ISC2 = JTRF WDRF | BORF | EXTRF PORF | MCUCSR
®/B R/W RIW R RIW R/W R/W R/W R/W
WRE 0 0 0 A 15 B

o Bit7-JTD: 1 JTAG 0

WA 0 B, 2R JTAGEN B4 #REN JTAG EOFRE, MEXMRA 1, JTAG #
AZilb, ATBRELTENZIESHMFRE JTAG 0O |, KBS —etE FIRHEE JTD i,
B ARAE 9N 4 B HR AR E BB FR B A JTD,

ME JTAG EORESHM JTAG HERIERE |, JTD NiZEM. XHEMNEERITESR
JTAG #0 TDO SIHIKBS Bl
o Bit4 - JTRF: JTAG EfI#REA

B JTAG#ET AVR_RESET 3 JTAG S HFHRE 1 IAENUS . DA EMF JTRF
Efl, LBREMNREAERE 0 FEE JTRF,
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b SRHeE

HEHF RO S B

B R HEEE T B MR ANMF /0 SIMKNZBEET |, AR EFFIMNEZNRL BRI
FEBENELIZEND R,

Figure 116 £ 7R T EB LA MR E SIM G REHE LT, ZERBE-—TMRST L
RIfERE — PUEXn - hEEMVPMEL R E T , M—MFH=ME5 : MHES - OCxn, &
H#E — ODxn MA@ AKSE — IDxn AEN —ANFUBNFFRONE I ML THK. £
THHRRHAERROMSIHRS,

BIEFMNERREA LI RTHEEBE, Figure 117 A4H T —/4N0 P47 “/O %0 ” FRiR
R Fiw OS5I, Figure 117 WELESE T Figure 116 B RPAWAT,

Lim & B E ZIhEeRt AR — ID - XN TF PINxn FE50E ({E IDRERSER),
W BEX N T iR 0 5788 PORT , SIS F#IES @ - DD FiFss , LhfFERE -
PUExn — S R FiBEKRA T PUD - DDxn - PORTxn,

U O 55 — TN ABFE Figure 117 FIERFIELAE SN | IX4F 0] LAE I #4832 SSRRAY 5| BI{EL

FFRELTHEE | SAEPSI AR LN B A EENER | RIGE T URA R FIZB EMED B
ZEMED L,

Figure 116. B8 L1 ThAEXX (6% O S| IRV E R4 .

ShiftbR To Next Cell EXTEST Vee
N

Pullup Enable (PUE)

Output Control (OC)

Output Data (OD)

0 FFO LDO
0 —D D Port Pin (PXn)
1 D Q D Q

Input Data (ID) e

From Last Cell ClockDR UpdateDR
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Figure 117. BAKO3IMEER O

T T T T T T |
| g X PUEXn Y PUD
| <I‘ | \ —
| : e
| | e
| RE!SET Wox
| | OCxn
> _——— | — -
| 2 RDx
< | L,
| | %)
| Pxn d | Q D | 8
| ~ | ODxn cormn | <
A P i |&
IDxn | WPXx |
RESET
SLEEP C RRx
SYNCHRONIZER
| —————— RPx
e ———4D Q
= S I é >
| FL 3| ”> 3 :
|______I ClKyo
PUD: PULLUP DISABL_E WDx: WRITE DDRx
PUEXxn: PULLUP ENABLE for pin Pxn RDx: READ DDRx
OCxn: OUTPUT CONTROL for pin Pxn WPXx: 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 y0: /O CLOCK

Note: 1. FWAFRFABHIRA,

PO S| SCL ] SDA EHHESEE — M INNEFHIES . m&ZEOFEE - TWIEN,
i Figure 118 AT/~ , TWIEN S5 AJAERESZBHRFHRAFTH. EERBEFITHEEN
=RENHEE , H5 Figure 122 AHIEBHEEE L THIE,

Notes: 1. SH&E RN ASIHIE 50ns RIEER SR MEAEE, BFRONPBEIBCLEYH
FREEENE T, EREEREMA TWIEN S5 8K —REREHRITiE Z et ar L
RAR B REIEPER,

2. TERrH#ERE OC # TWIEN , &S| e,
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HHrt e 5| B

ATmega32(L)

Figure 118. AWML EORMNFAAREES

b c< PUExn

OCxn
r TWIEN

Slew-rate Limited

Pxn &

IDxn

RESETS|MEZ5VEFNEEREEBEFUTIIRENEMNERE ; UR12VHESERE
BL XY S BEEHITHE. Figure 119 FI R REMNWHE L TBEER T 5V ENES
RSTT , tiEA T 12V WE{ES RSTHV,

Figure 119. REEXLMIKY % T

To
Next
ShiftDR Cell

From System Pin > 4 I I
FF1 J

D Q
From ClockDR

Previous
Cell

> To System Logic

AVR 254 I OB IR 4 (R ¥ 2 PRt 4008 T , t1 A W RCHRSE 38, SAEBRCHRSH 8% SN &RAt
W, (8M) &EiRrRE. BRSERZsE  URBERZS.

Figure 120 it AR R MAXIFE —MIRH RN, FRESHZENLRAKET M
o ee AP A I HNDE B A TN L T, KRR RNEFEA RS Er 98—
¥. AR RC I&7=|[M A HRT RPN , BAXMRZI[IBABERE,
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Figure 120. &% =54 L R REE T

XTAL1/TOSC1 XTAL2/TOSC2
To
Next To
ShiftDR Cell EXTEST Oscillator Next
ShiftDR Cell g
j=2}
L
0 £
Q
ENABLE OUTPUT 1
o
=

From Digital Logic

-

From ClockDR UpdateDR

Previous
Cell

From

FF1 J

-

ClockDR

Previous

Cell

Table 90 &8 B4 7 SN ZBRt P S| XTAL1, 5 XTAL1/XTAL2 EZMIRF R , SAR 32 kHz

P RS SRV R S 788

Table 90. X% MNP ES (NG
EREES A K8 BT REAR AR
EXTCLKEN EXTCLK (XTAL1) SAEBRtih 0
OSCON OSCCK IR K 0

NIRRT 25

RCOSCEN RCCK S\EB RC 1
OSC32EN 0SC32CK ASMES RIS 2R 0
TOSKON TOSCK 32 kHz Rt iRSE 25 0

Notes: 1. FERBFELES T —MORHPIRER Eat4d

2.

3.

PR L TREIFITMMNER. XREANRERN JTAG TCK i zEE
MRER, QEARHET,

N RERYBRLMU#HIT, ATETHNFREITBLM , BT —MNATRIAN
NREREEN, BEUAFEARNGNERASEARSE —HNEDT, fTEER
BATREATRELR  QHEEO SN ERES MRS R SIMMNEHE
BRI, ARETIIFBRLAM INTCAP, FREVARPAKRELEEERNTEEN
XTAL #R5% 82217 , BRIFLBLUCLBE EBRRE,

S R AHEHEXNEEREES RT Figure 121, Figure 122 AHKII R PH R T5iX L
E5MHERE, 557 Table 91 Fi%8A,

X T AR E RN R T LGB RS, BAFTENELMASHRFRARZROSIM,
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Figure 121. #HE#lLLR2F

BANDGAP
REFERENCE

ACBG

AINO

ACME
ADC MULTIPLEXER
OUTPUT

ATmega32(L)

vcC

ACD —>»

ACO

AC_IDLE

Pl
Figure 122. EfA FTLLR e ADC WBER L RAHERE 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

AIMNEL
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Table 91. I LLEEBRMWD FRITHE LT

BEEHF | NEESR—NENSERA yi7y: ;| TR R HEERI A FEREENRARNSLHRE
AC_IDLE | #A R B AEIELLREE | 1 KT EEHITH uC 13
ACO i ELL LR BS A i FRAEERTHUCK | O
BEYEE A
ACME WA 1’ [EMARE ADC 0 RETF EEHITH uC KR53
Edali ok
ACBG BWA fERERERRE TR 0 KT EEHITH uC KR53
A#5 ADC

Figure 123 44 T EBFTEHEXIEH TN ESH ADC [REE, Figure 122 FIRAI R EEE T SXEESHEE, W T4
FEREZMEN R T LUBTF ADC , RAFMAENELE A SHK T AL ZiE OS5I,

Figure 123. IR

VCCREN
AREF
IREFEN
3
—— 5 To Comparator b

MUXEN._7 PASSEN

ADC_7 J J/
MUXEN_6

abc e, V4
MUXEN_5

abc s, V4
MUXEN_4 ADCBGEN

ADC_4 :?/ \ SCTEST

EXTCH ,, N ’ PRECH  peecn
MUXEN_3 >

aoc s, V4

MUXEN_1
ADC_1 : ) ° G0,

MUXEN_O
ADC_0 /) h
NEGSEL_2 10x
ADC_2 j’ -
NEGSEL_1
ADC_1
= - ST
NEGSEL_0
ADC._0 ACLK
- AMPEN

S5 1 Table 92 EfRIEHER,
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Table 92. ADC Wi RHAMES

M ADC —{lEH TEARKEEN  HEENWMALEESER , HCPURE
FEEH Fm L PN £/ ADC B3 HE
COMP Lk e Es 0 0
ACLK WA DX BRIEKES NI B 0 0
MRS5S
ACTEN WA EREMIE & B LR BBV B B 0 0
ADCBGEN | #iA ERERE R E EIREET L RIBN A 0 0
LN
ADCEN BWA ADC Wy L85 0 0
AMPEN LN BRENWW LBEES 0 0
DAC 9 BWA DAC BiFZHEME 9 1 1
DAC_8 WA DAC BFHERSE 8 L 0 0
DAC 7 wWA DAC BiFHEMSE 7 0 0
DAC 6 wWA DAC #FHEMSE 6 0 0
DAC 5 LIDN DAC B HEMSE 5 0 0
DAC 4 WA DAC BiFHEMSE 4 0 0
DAC 3 LTDN DAC BiFHEMSE 3¢ 0 0
DAC 2 WA DAC BiFHEMSE 2 0 0
DAC 1 WA DAC BiFHEMSE 11 0 0
DAC 0 WA DAC #FHEMSE 0 0 0
EXTCH BWA Jg‘; ADC 19 0 - 3 BB EEEIEKE 1 1
G10 WA 8L 10x 25 0 0
G20 A 8 20x 25 0 0
GNDEN BWA N B R ER Y S A RE 0 0
E
HOLD WA Rt &RIFES. 70 BEREE 1 1
WES , B'1 HREES. IR
fEREEZE | £ ACLK A B BHXAME
B RBER
IREFEN BWA fERERERE RS DAC 1 0 0
AREF 55
MUXEN_7 | @A MAZEEBENN 7 0 0
MUXEN_6 | @A MAZRIBENN6 0 0
MUXEN_5 | A MAZSRBENNS 0 0
MUXEN_4 | @A MASENN 4 0 0
MUXEN_3 | @A MASIEBEN 3 0 0
MUXEN 2 | @A WA ZERERMM 2 0 0
MUXEN_1 | @A LIPNE -2 R A 0 0

AIMNEL
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Table 92. ADC Wiz R1A#E1ES (Continued)

MADC —{IEH THEAN#HEEN | LHHEOMAEEFEA, B CPURE
5% b iR EA WA 5 ADC Bl a9% R {E
MUXEN 0 | @A MASIENMO 1 1
NEGSEL_2 | ®WA ESESRBMARNEAZSHEEN 0 0
fiI 2
NEGSEL 1 | @A ENESRMARNAAZSRKSEN 0 0
£i7 1
NEGSEL 0 | @A EDESHEARNE A ZEEN 0 0
70
PASSEN HWA fEREIE ML 5] 1 1
PRECH WA bR m B iFESET RS (KA 1 1
)
SCTEST A FFREEA TEST 88, 10x =5 0 0
H &% E ADC_4 S|i
ST WA MRWESE AMPEN TE2EH 0 0
AN ACLK BHiE RS |, HEW
WML ERNERERET XK
VCCREN LN 1% Vee y ADC E &R 0 0

Note: EFREH#hIZE Figure 123 FHETUFERE SR , HE ATRERIREEM, Figure 123 Fia i LR B8 4 A UK Y S&H BB R i
BZMikiE, ERIEE ADC I, REREARN=F2 —&F—1.

220

EEREIRPEREMER ADC , NHEMER Table 92 AHMNMAE, FHERFERE

SREPFEAZESEE, ETHAXERNESTERENRENBENER  XEEAEE

BT RBRERIEN, FANXTESEBRBELEA T,

AVR ADC KIHEIN B RTF Figure 123 , RUBFBHEIIUMNZ NELE L, FHBRAE

EFHRBRREEMPVEDLEEERERFTEUNE, XU AFERBEISFEITER

BIRE ARSI - 3= DAC[9:0] LHEMTIRE , BARLLRFBOMERNE ; RRERF

DAC[9:0] Lietn ERRE , BERLEERFNHE NS,

3 F AR EZEMEN IR TLLEBF ADC , EAFFENEN S ASEFZmARZROSIH,

£/ ADC BtiEic{E

« fERA ADC RIAFURSIHIBEE A , MBEZEIE FWEE | B IEESHZR,

« HEE#ERXT  FREADCHIFES —X "W EHER(EFI10XLR). BIVAFERSE
BE ADC EERFZEL 200ns , AEBITHIRME  RBERWNIT X "W “ EEEiR,
HOLD {58 N 1KeT ( XE#EX ), DAC BEXMFRE T E{E 0x200,

ERBIF , EREFDER 5.0V, AREF EEE Vo FE ADC B 3 MM 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

BIEAEF Table 93 FRREEMEUE | BiUEA Table 92 WHEESIE, Table 93 RAH T
FiEsES DAC Mk OSIMMEE, “zhE” — PR T EEXRFE/LID R KT FS
ZHEFEAN JTAG BT, EBARENHMREN B HOBEH1TRE.,
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Table 93. £/ ADC W& %

PA3. | PA3. PA3.
$;|® | BHE ADCEN | DAC MUXEN | HOLD | PRECH | i | ¥4l FhifEge

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
11 R 1 0x200 0x08 1 1 0 0 0

COMP 2

&R A1

FERXANEERX HOLD E5 MR FA RGN TCK =4 49K, BTFEEES NS R
B HOLD RIEFNE , TCK B AMED 5 E T ML HERAZ KRIFETE t04 maxe
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ATmegal32 B RAFRF  &RpRAMENKRIEERN TDI # TDO ZEKNEFHKFM Table 94 AR, Bit0 X

222

LSB ,RE—MEHEHE (A /A )N, REBSIMXFHTHBRT AN, Bt %m0
ARNPRBERAFSHMFEOZERN, ELBEEAPEER -0 , SR THBENS
S, MAEEZINW— N YWESIH, £ Figure 116 B, PXn.Data N F FFO ;
PXn.Control &2 F FF1 ; PXn. Pullup_enable #8F FF2, #H C# 2, 3. 4, 5T
RisEz R |, BR JTAG ERERT X LS| B2 TAP SIH,

Table 94. ATmega32 L AR F

EMIWEFES | BSEH B
140 AC_IDLE teges
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 X F (Continued)

EMINFS | FEEH 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_0

104 NEGSEL_2

103 NEGSEL_1

102 NEGSEL_0

101 PASSEN

100 PRECH

99 SCTEST

98 ST

97 VCCREN

96 PBO0.Data WwH B
95 PBO0.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

AIMNEL
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Table 94. ATmega32 i R X F (Continued)

EMINFS | FEEH B3R

81 PB5.Data %O 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 B8
71 RSTHV RN )
70 EXTCLKEN EREERH | RHERIES
69 OSCON

68 RCOSCEN

67 OSC32EN

66 EXTCLK (XTAL1) ENEST L PN ST
65 OSCCK RN )
64 RCCK

63 0OSC32CK

62 TWIEN TWI

61 PDO0.Data WO D

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
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Table 94. ATmega32 i R X F (Continued)

EMINFS | FEEH B3R
46 PD5.Data %0 D
45 PD5.Control

44 PD5.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 WwHA 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 ERiRH 28
24 TOSCON

23 PA7.Data wa A
22 PA7.Control

21 PA7 .Pullup_Enable

20 PA6.Data

19 PAG.Control

18 PAG.Pullup_Enable

17 PA5.Data

16 PA5.Control

15 PAS5.Pullup_Enable

14 PA4 .Data

13 PA4.Control

12 PA4.Pullup_Enable

AIMNEL
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Table 94. ATmega32 i R X F (Continued)
BEMINFS  BFEEH B3R

11 PA3.Data WO A
PA3.Control
PA3.Pullup_Enable
PA2.Data
PA2.Control
PA2.Pullup_Enable
PA1.Data
PA1.Control
PA1.Pullup_Enable
PAOQ.Data
PAO.Control

0 PAO.Pullup_Enable

Notes: 1. PRIVATE_SIGNAL1 E283#H 0
2. PRIVATE_SIGNAL2 Z2H#ER 0

-
o

= N W > OO | | N |0 ©

B RAKEHERIE S X BRAFERIES (BSDL) XA —FA B LN RE RBRFERANRERNEREF/D
SAMWNEEN R, XHXANERANRN B3NN A ERRMt. BRABBEST TR
EMIBIRFATHEER T E T X . BSDL X## ATmega32 FHER.
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XBSIGRARRF - &
ER R AT Lk
(RWW, Read-While-
Write) H B RmIERE D

BR

B Flash KU R B &
#BF Flash X

MARFKX

5| & & F KX (Boot Loader
Section) - BLS

RWW Flash X % 3E RWW
Flash X

RWW X

Boot Loader A MCUAR SR THM L HEBEFRBREM T —NEENREIE- B (Read-
While-Write , AT f&l#5 RWW) BRENLHl. X— 4 EBRA R LE MCU ST &
T3 & F#EF Flash B Boot Loader , R E it 1T MR FH K. Boot Loader AJLAEMA
FAEGEENBEZOMMEXNIMGRBRIBHIENRE (2F ) BA Flash , EMNE
176 252 BN H8,, Boot Loader XHYFEF AT LA EE A Flash , ‘2#E Boot Loader K& 5,
A Boot Loader AT E B H#1T1EHX , EEFEH 2, Boot Loader IZ %85z [E #Y
KAONALLBN B4 u#tTEE, Boot Loader EEWMERFMZ , FEH WL RE ,
LRAPRHTERRPROREME,

+ RWW BHE

« RJEM Boot Loader FXE R

. BENRSM (F2MMN Boot RNV R FNRBERT)

s AMVMWBLVATHREENARE

o BILBITT M K4

- KBNS

- BMM RWW X#

Note: 1. TR Flashty—NE% , ABANFTERK (A P243 Table 111) , EmELEPEA.
TR A G TS0 IE & R E

Flash AN X , B A X H Boot Loader X (M. Figure 125), BN XK 176% 2281 K/
BOOTSZ 84 & , 30 P237 Table 100 5 Figure 125 FiR. AT AN X A E 8981
EN, AU EETRRNMEBER .

M AKX 2 Flash FRE6 R AR X, A XK R ESES A Boot 81 (Boot
BiE{ 0) E , ¥ P230 Table 96 . BT SPM {55 EM A XTI 2TTKEY |, PR
A XA RE K174 Boot Loader 118,

M A XA RkFM#MARE , @ Boot Loader B S R1FEIE BLS, X2ENREE BLS
E1T8F SPMEES T BM. SPM ES A LLIGRIEA Flash , @3& BLS & &, Boot Loader
XK R R 58T Boot Loader 8iE I (Boot BiEL 1) WE , ¥ M P230 Table 97

CPUREXIFRWW , 5% CPU & EFI A Boot Loader M TR BEFHHZ 1L | BUR

FHRHEBHRB Mk, BT AIEFTRMES BOOTSZ BLMNEBNHEMNX 2 , Flash

TS AN EENX—RE - B (RWW) KHFERAE - B (NRWW) X, RWW-

F NRWW B4 51 P237 Table 101 #1 P229 Figure 125 A, MK EEXFIR -
X RWW X A 9 T TR BR S B R AR AT AT LA NRWW X

3 NRWW X Tt TR ERERT , CPU 1L

JXE , Boot Loader B THErY , A BN EEIREMY T RWW XA EMARE, "RWW
X “IEHREmE (BERRE ) WBNMEEKX , MARF A Boot Loader M4 #TRIBE
#1372 A SRR IR BNV AR EB o

R Boot Loader B 23 RWW XK E —TT#1T4wEE , WA LM Flash IREUKE |
BRERF NRWW XAK KRB, 7 Flash fmIZEE , AP R4S TRIESEX RWW X
BEiFE, MRAFHFA4ERFESEPREEERMCT RWW XA ( 208N call/jmp/ipm
EREHFH ), REATRSKLET N RARS. ATEBEXMBERNRE , FERZ LS
W e IS 2 3% 2 Boot Loader X, Boot Loader B 24 F NRWW FiEX, RE RWW X
R FREERTFRIVIRES , EHREFEMESB[EFARSFEE (SPMCSR) ¥ RWW XACHR
FN RWWSB Efi, MBERE , EEERN T RWW XA 2B R4 ER
RWWSB, E&4mMAERRWWSBIES M P232 “R1FRRF1F4 25124/ F 785 -SPMCR” ,
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JE RWW X - NRWW 1£ Boot Loader B4 E 3 RWW X FE —TUrt |, af SR EZ F NRWW XHI 8, 2 Boot
Loader RIZEH NRWW Xit , FENTTERRBEREIEF CPU BIER,

Table 95. RWW H45 5

RESRES ZEHFUBIX | GEREERH TS > RWW 15
? X2 CPUERIL ? ?
RWW X NRWW X = =
NRWW X 7 = =

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
f during the Operation
Code Located in
NRWW Section

Can be Read during
the Operation
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S| $RF X EN

Figure 125. 788X ()

Program Memory Program Memory
BOOTSZ ='11" BOOTSZ ='10"
B $0000 B $0000

=4 c

S i)

o 5

%) %)

% Application Flash Section %’ Application Flash Section

= =

o ]

= £

S S

3 E

1] (5]

@ @

5 I End RwWw s - - _ _ _ _ _ End RWwW

S Start NRWW s Start NRWW

%) n

2 Application Flash Section £ Application Flash Section

= =

% 2 End Application
- =

= End Application = g RS Start Boot Loader
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Note: 1. EEHHISEIE P237 Table 100 F4AH,

MRFFEE Boot Loader IhAE , MEA Flash AL B AKRBFTA, Boot Loader EH
AEALAMIIEER Boot BiEN. AP ANUARFEEFFDNRBERF FX.

AP UL

o RIFEA Flash X , ik MCU #THRH4HR

s TR MCU #H4 Boot Loader Flash X

« T AE MCU AHMNA Flash X

« AW MCU AHE Flash X

FHARNRES N Table 96 5 Table 97, Boot BiEM ATLUES &k, BITHHTREHRIT
RE , BEREESSHBRGSER. BANSHEN (MIEMER 2) FRFEST SPM
S Flash #1T49wE. SHEL , EAMNE / BHEM (BIENMER 1) b RREES

LPM/SPM 343t Flash #4171 / BifE.
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Table 96. Boot 8iE v 0 RIF#EX (KMAKX )"
BLBO0 Mode | BLB02 | BLB01 | &
1 1 1 A SPM/LPM $ES AR R A X
2 1 0 AW SPM BTN N AXHTERE

TR SPM ESTNAR#ITERE , WFAYETT
Boot Loader XH LPM 55 MM A XIEEEIE. EHMiEE

3 0 O | {4 F Boot Loader K , B84 175 B K A TDE ch i 2211
B,
R ARUFIZITT Boot Loader XK LPM 155 M Sz A X i EREk
4 0 1 . BEPifE 2T Boot Loader X , BBARMITHAKXAK
Bt TR E LW,

Note: 1. “1”" RIRAKRHEEmE , ‘0" RRERE.

Table 97. Boot 8 1 R##& = (Boot Loader X )
BLB1 mode | BLB12 | BLB11 | &#
1 1 1 A1 SPM/LPM 1§ 1518 Boot Loader X
2 1 0 TR SPM £ Boot Loader Xt {TERME

TR SPM #55X Boot Loader K#{TE#R/E , LR R
BT TRAXH LPM 55 M Boot Loader XiEEI##E, &

3 0 O | mimBHFRAKR . BAHIT Boot Loader X fLm T
W 225 IE
AARMFIZT TR ARXE LPM 15 M Boot Loader XiEEER
4 0 1 B, EhMmENTRARX , B8B4#MIT Boot Loader XX
AB A B R BRI,
Note: 1. “1” RRKBERE , ‘0" R RERE,
HEACISEF BT Bt 1S M R X8 A 1975 3 AL A Boot Loader, X IR ER] LAH — t itk =

B30, ki@ USART = SPI #OEKE THXNTT. B4, ATLUEN ST Boot
SEBuNFEBSENEEIED Boot Kb, X8 | E4I/F Boot Loader M EIF S
BT, METHARBE K BEFFABIRTHARB, MCU AEFERTBLNNIRE,
R , — B Boot EMNBLNHRE , EMNREN —EHEE Boot XA, L
L REEBEE BITRHITRIZN 5 EREE,
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RIFEF 17 SR 5 785 -
SPMCR

Table 98. Boot Ef /&L ()
BOOTRST | &{uithut
1 SEE = MAXEN (#it 0x0000)
0 S U@ E =Boot Loader £1u ( Il P237 Table 100 )
Note: 1. “1” RIRKEWE , ‘0" RTERE.

SPMCR @£ 124l Boot Loader & i,

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
MHE 0 0 0 0 0 0 0 0

« Bit 7 — SPMIE: SPM Hjifi 5

SPMIE Bf1 /5 zzu%%*%ﬁ%%a’ﬂumﬁu SPM FHFEN#KR {FRE, RESPMCSR & 1788
K SPMEN 5B% , SPM iR IT

» Bit 6 —- RWWSB: RWW Xit#rE

Bz RWW XM BRRE ( NBRHAEBEA ) #ER , RWWSB #EH#E 1, RWWSB
B TEERE RWW X, BREREZRE , 1R RWWSRE ¥ 1, RWWSB
BUERR. B, B TUmERERNE RWWSB uﬁz;b/ﬁm

+ Bit5- Res: {f&{u
£ ATmega32 FRREBN , REER "0

+ Bit4 - RWWSRE: RWW Xi&f#gE

RWWIX&h?éﬁ&(ﬁiﬁF?:‘Z_ﬁE)\)thT RWW X #Y i VF(RWWSB?&EE#FE‘W ) IFR
PFRE, AP SRS SMESIRIEL %(SPMEN@ T ) FREEHFRERWW X, t1ER RWWSRE
S FSPMEN B BB A"1” , M| 7E E #27& B9 O a4 B B A B9 SPMIE S B X ERERWW
X, 1% Flash ITCFRBBRHAEB A (SPMEN &1 ),RWW X FREMW FRE. TR Flash 0
# 5 RWWSRE Big#ERRt &4 |, N Flash MNEEEL L | MENKRBERIEE KX,

+ Bit 3 - BLBSET: Boot #iEE{Ii% &

WMRIX—{H SPMEN B EMN , £ETEEENENMTHEAHRNAN SPMESTL2ERERO
PR IEIRE Boot BiEI, R1 FHEIEM Z B4 M E B AK, BIEMNIRETK ,
HREONEHERREE SPM i85 # TR, BLBSET B315ES.,

£ SPMCSR Z1783# BLBSET 1 SPMEN BN =/EHRNZETH LPM 15552 H

BIEMSBLMN (BURT Z 551 20) HEF BN FFRR. £M P236 “ AR AR
B ANBENT "

* Bit2-PGWRT: BEA

MEIX—{IH SPMEN BIAtE , X4 FEEEN T4 EAHAH SPM ;»‘a BITME
Ihee | hltﬁﬁiﬁ%ﬁqwﬁmmﬁak Flash, Tttt ERE Z #8¥tH B 2. R1 M RO
E’J?ﬂzﬁﬂlﬂ#&’@ﬁ%o MERETR , RELMTHEAEREE SPM S %EZWTE-I PGWRT
BHES, MRABXNEN NRWW X |, EENRNERELREH CPU FLE,
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e Bit1- PGERS: T{#k

MRX—{H SPMEN BERTEN , RETFREENENHEBHANL SPM IESHITRE
BIhRE, TUbHtENE Z BN SAIE2. R1 F RO BIBIEN# 28, TUERRBRIEETR ,
HRAE AR BB A& B SPMIE S #HITR ,PGERSEZIESE ., RN EXN &R HINRWW
X , EENUERIZIESEF CPU £F1E,

+ Bit 0 - SPMEN: R FFEa=FaE

X—UEEEENDOA RS BB RNFELRE SPM 5, R FX—M RWWSRE,
BLBSET. PGWRT = PGERS z —[@&E{ , M 7R | # T kM SPM 55 Bk
&L, MRIEF SPMEN B , BBAET KM SPM E5FIE R1:R0 FHHBIEFH 2B
ZIBHBENINI RE RS, Z 1841 LSB A, SPMESTER , RENM ¥ EHR
% B SPM i8S #UAITR , SPMEN B3IiEE., ERERANTENLEH SPMEN RiFH 1
BRI BRETR.

ERAEMFEAR “10001”, “01001”, “00101”, “00011” = “00001” Z S\ {E{A4E & #B
T

Z iEH AT SPM s sS4k,

Bit 15 14 13 12 11 10 9 8
ZH (R31) Z15 Z14 Z13 Z12 Z11 Z10 29 Z8
ZL (R30) z7 Z6 z5 Z4 Z3 z2 Z1 Z0

7 6 5 4 3 2 1 0

BT Flash F# 882U ERNALR (see P243 Table 111 ) B3R , BFITHSB[UEE
BAANE2 MR H—AXIATAITUNEREIS ; HAARARIHNSHHS , @
Figure 126 Fi’R. B F BRI N EREN T Ut 2 EIRIIH , B ILIRIE Boot Loader 3
HERBRINERENIUERNTIRREEN, —BRBEREFBED |, it B4k 81
=7, REZESTLLAEEMAIERT

ME—FEMA Z i55H SPM B 4ER 1% E Boot Loader ${EL, Z IEEHNBHMZAHE, LPM
ETHER Z BHRkAEba. ATXMETHTURFIwHIT , PR Z EHH LSB
fi (£ Z0) tBEARI T,
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Flash B9 B4R12

B SPM HATR#ER

Figure 126. SPM #9341

BIT 15

ZPCMSB

ZPAGEMSB

10

Z - REGISTER I

0

PROGRAM
COUNTER

PAGE ADDRESS
WITHIN THE FLASH

PROGRAM MEMORY

PCMSB

PAGEMSB

PCPAGE

PCWORD

PAGE

WORD ADDRESS
WITHIN A PAGE

PAGE

INSTRUCTION WORD

PCWORD[PAGEMSB:0]:
00

01

02

\ PAGEEND

Note: 1. Figure 126 HATAK TR ETE P238 Table 102 H5l i,

RSB E AT 7 AT, 15 I I 5T 4 B 7 1O BB Y — TUAZ A 88 17 40
BE, BAEX-TER, SPM ESL—R— TN RGHES AN TS,
I BB S A TUE TR D2 HRA , €T UETHRAASRIEZ R
FRE1, EARBHSENE

Bl B
TR

HAT TSR
FR2, EARBREEENE
 RTTRBER

B S
. RITHSRE
MRABERETM — 8 , WA T2 8 SAVT T R E A R (4RI T e
RESXE ), AEBSE Flash, AAE 18, Boot Loader R T — KA -
5% - B, AFBPRAEERRARHNE , AR NEMSENNE , BEEES
WENBESE Flash, MREALE 2, WA RRAKIE , BHACEHBRT. I
P TR X A ABEALF 4o RIEAE TURMAI SR AEcR FHEARR 0 TR B X R0, TR
BHHITES N P237 * — RN SRFLHRB ",

MITTTEREBRESAZEERE Z £S5 RAMPZ ititE 8 , ABF “X0000011” B A
SPMCSR , & EHEHN M BHIRIIT SPM. R1 #l RO AV S 2 BE, Ttk
KMB A Z 51728 PCPAGE, Z IE4H M H M2,

R RWW X : 7 VBRI 72 & AT LA EL NRWW X
. BB NRWW XK : £2/ETRE+ CPU =1k
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FERIETEPER (TTNE )

WITRERHE

FA SPM s i

EFEH BLS NEEER N EE

£ B4REMBLEIEI RWW X

B SPM iR ESISEFHEN

ATMEL

E—MESTFEAETERE Z BHNHUER , URNESFEA R1:R0, REN
“00000001” EA SPMCSR , e EHEMN AN ABHANHNIT SPM, Z FF&HEH
PCWORD WHRAAXFUIGREAHAX, RERETK , RiEN SPMCSR FFEM
RWWSRE 1 Iaat & X Bah R, REEMNELSEBRIGREHFX, BRUNETFERIG
AT X R R e Xt B a3 1T — IR Bk,

Note:  #15R EEPROM 7£ SPM T T HHE E#E , MB FTHHBEE K.

HITNEREEAEERE Z 855 RAMPZ HibiutE 8 , AFF “X0000101” B A
SPMCSR , R EEEHNE/N a4 AR A HIT SPM. R1 1 RO RV BIBH ZBE . Tt
HMB A Z 51780 PCPAGE, Z IE4 M H M4 28,

o EBRRWW XHTT : 72 TUEBRI 2 A AT BUEEL NRWW X
BB NRWW XN : ERENREAF CPU =1k

MR SPM FHifERE , N SPMCSR Z 1785/ SPMEN ;E B~ £ i, XEWRBFH4T
AR A sk B3 SPMCSR EHEEMEN, FH SPM Hifst , Tl mERE
BLS , MU % RWW Xi 2 It R F IR T, MBIl mEE R P42 “ Fl ",

BT YmTE Boot HIE 11 A RKE#H Boot Loader XAt EEL FHI K E, X Boot
Loader 74 B # THIRIG/EATRIRE A Boot Loader ,EREE T EEH,. MREFIFAEE
3% Boot Loader , Z 1 X Boot 817E 11 4mF2 , LAPFLER/NMUOEE T Boot Loader,

EEHEIRY (REBERIRNE ), X RWW X REEE, AFRFRGEBREERAL
4, RWW XICfFE SPMCSR Z 178589 RWWSB B 1, £ B4mT2ht , 0 P42 “ Al " A
R, FETEERNIZBE BLS b, REZIEFH,. BEERE , £F4 RWW X2H A
PESAN RWWSRE B 1 &&5Z RWWSB, fil Fig L P237 « —ME 2K 5| S8 FC
WmARB,

i% & Boot Loader 8iEMN H L EL ROIE FHLEMERE , AB [ “X0001001"E A SPMCSR
HiEsE  HEZESNONR#BAHARIT SPM 5, H—aliFRINSIEMNE Boot
Loader 817, FAXNBIEN ATLARE IE MCU Xt 5z Fi 72 F # Boot Loader Fi44FH E #i,
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E EEPROM fp 1t E SPMCR

P 75 R EUR £ (v M B e fir

Bk Flash B9 B 8%

Bit 7 6 5 4 3 2 1 0
RO | 1 | 1 |BLB12 | BLB11 | BLB02 | BLB01| 1 | 1 |

T [EH Boot Loader 8iEIRE X Flash R & MMiES M Table 96 5 Table 97 ,

MR ROM 5.2 K 0, ATE SPMCSR #7783 BLBSET # SPMEN Efzz FH T4
BAEARITT SPM 385 , R Boot BIELFHMImZ. WRERER Z 84, BHT
HRAMNER  BUUY Z BHEER 0x0001( 512 10, N REMRR ). BHEETHREM
WEE  BUESHEMNN RO R 7, 6, 1 FE ONLE "1, EHRESMEMHNIES
AT LA B B EIEA Flash K,

EEPROM B#/EABEX Flash W42 , tt A EXN B L MBI EM K IRIRE, BIXAF
EX SPMCR ZFE8#H{TERIECHIE £ E EECR FEBRANIRANM EEWE |, BRI
LAGEBR

18 44y FBE A AT OB 2 IR B, EBIEMRT , BB 0x0001 B F4 Z I8t HEEMNM
SPMCSR & 17859 BLBSET M SPMEN, £ SPMCSRIZ#EZ JGH =N CPU A H RN 1THY
LPM S ESIEMNNERNMEE BNFFS. ENEMNRELER HEE=/CPUA
HR&E BITLPMEES ,SEN/ CPUBABREERITSPMIE® ,BLBSET #l SPMEN
B EHES. BLBSET Ml SPMEN JEE /G , LPM FIRRIES F M AT ER 19 AR
I{FO

Bit 7 6 5 4 3 2 1 0
Rd | - | - |BLB12 | BLB11 | BLB02 | BLBO1 | LB2 | LB1 |

ERBALMEZTHEZEN ERZISIEMHNEERL, EEINBLMEET , EEY
Ox0000 % F45 Z35 %t H H BN SPMCRE Z85FIBLBSET #1 SPMEN, ZESPMCSRi##{EZ
BEH=4 CPU AMARITH LPM ESFILBALMEMNFTHNE (FLB) MBI ENSE
2. FEMAMNEBARBLMENFTRANATIES 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 | EEN 0x0003 I F4 Z 84t H BiE I SPMCR F1788
# BLBSET # SPMEN, £ SPMCSR ##EZEH =1 CPU A AHRITH LPM 15 5L
BN SMNFTHEFHB) MRF BN EEFES. FEANHEARBLUENF TR A
T i§5 M P240 Table 105 o

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

WRENBLUNMBEMLHIRREER "0", AMEEENBLUMBENMNRIEEER
"1"

Ve I F TEBER ,CPU M Flash IEE TAETERIE | Flash B A& AT 88 32 BB HF, x4
B RN F R A FIRR KRG IB L Flash —BFE. FTAEERARENBERE R,

B E AR AT E R o] LR Flash W&, %¥— , Flash EIREE— M RIEKEE, F

=, BEKXIKR CPU KRB LEIRMNITIES.

BREUATRITEBITESR Flash R (RAHEST 2 —RMEBT ) :

1. MBREFTEEFEH Boot Loader , il YmTE Boot Loader 8iE i LABH It Boot
Loader 34 #7

2. BRBEFTZEHE , RIFAVRRESET K : FANAERN : MIRIEBEESK
AEBFHTE , ATLAfEEE BOD ZhaE ; BN A LMERAIRE L RIP B, MRE
EREHRTHFRETEN , RAERFRBER® , BREELT K.

3. EEBEHERE AVR AL TiRBARERREN, XHF T IE CPU #1533 M1THE
T, BRRY SPMCR &F78% , MM LE Flash AR IRBE LU=,
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fiEF SPM B Flash RBrHE  HRRHER RC k%28 A T Flash S itatF#2E|, Table 99 44H T CPU 514 Flash #y &2
RURIERTE o
Table 99. SPM 4Rt [H]

% B/MRREE BB EE

Flash B#E (@3 SPM 2T TR
BR. B, REHIENM)

3.7ms 4.5ms

— MRS SFRFICEARS - ABIFZRF RAMA Y —TUKIES A Fl ash
. YIEHIER RAMHE—MESET
;ZIEHIEB Flash WE—MBEE T
- RIS OREERLE
- ZRFLSFMET Boot X ( £4 Do_spmFREFEUMLL)
; EAREIRES (TBRRANITEERE) RE8IRBE NRWXKH KRB
;- (EFAMEEER (r0, rl, tenpl (r16). tenp2 (r17). looplo (r24).
; loophi (r25). spncrval (r20)
; ERFPTFERESFFRABNRFNRE
; EASEABADNER TR LT EENER
- BRIEPETEIERNMT Boot | oader X, =& PEHELL,

.equ PAGESI ZEB = PAGESI ZE*2 ; PAGES| ZEB RUZFTHRHEMNMMNA KN , FRUFRE
i
.org SMALLBOOTSTART
Wite_page:
. RERKR

| di spncrval , (1<<PGERS) | (1<<SPMEN)
call Do_spm

; EHMERE RVX
| di spnerval , (1<<RWABRE) | (1<<SPMEN)
call Do_spm

o OBEM RAMERE Fl ash WEFKX

Idi |ooplo, |ow PAGESI ZEB) ; MRLEHRER

Idi | oophi, high(PAGESI ZEB) ; PAGESI ZEB<=256 I R EE IR E
W oop:

Id ro, Y+

Id rl, Y+

| di spncrval , (1<<SPMEN)

call Do_spm

adiw ZH: ZL, 2

sbiw | oophi:looplo, 2 ; PAGES| ZEB<=256 B}iE#E M subi

brne WI oop

; BITRE

subi  ZL, | ow PAGESI ZEB) ; IREEE

sbci  ZH, hi gh( PAGESI ZEB) ; PAGESI ZEB<=256 I RN EE IR E

| di spnetrval , (1<<PGART) | (1<<SPMEN)

call Do_spm

; B RVIX

| di spntrval , (1<<RWABRE) | (1<<SPMEN)

call Do_spm

; REBEARSE , HAGREE

Idi |ooplo, |ow PAGESI ZEB) ; MR EHRESR
Idi | oophi, high(PAGESI ZEB) ; PAGESI ZEB<=256 I N EE IR E
subi YL, | ow PAGESI ZEB) ; IREEE
sbci  YH, hi gh( PAGESI ZEB)
Rdl oop:
Il pm r0, Z+
I d rl, Y+

cpse r0, ril
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jmp  FError
sbiw | oophi:looplo, 1 ; PAGES| ZEB<=256 BiE £/ subi
brne Rdl oop

; IREE RWVIX
; BRRW XEZLA LR EIERE
Ret ur n:
in tenmpl, SPMCR
sbrs tenpl, RW\SB ; A RWSB R "1" , i85 RWKIE & B AR T
ret
; B RVIX
| di spnerval , (1<<RWABRE) | (1<<SPMEN)
call Do_spm
rinmp Return

Do_spm
; RELHN SPMBERBTELRER
Wit _spm
in templ, SPMCR
sbrc tenpl, SPMEN
rinp Wait_spm
. WA :sprerval RET SPMIRME
; BRIEHE , REFPRSIFE
in temp2, SREG
cli
; ¥{R)%H EEPROMER{E
Wit _ee:
sbic EECR, EEVE
rinp Wit_ee
; SPM &tiE F 5l
out SPMCR, spnctrval
spm
; MRE SREG ( MRHMIRA AR , W EEEEHHT)
out SREG, tenp2
ret

ATmega32 5| S RF S B YmT2 52 T AT S B/ 7E Table 100 | Table 102 44 H,
Table 100. Boot X k/MEE & (1
Boot Boot &= {uith
Boot Loader #it ( Boot
XX BIA Flash Flash BARX Loader B
BOOTSZ1 | BOOTSZ0 | it X X &R bk ik )
- $0000 - $3F00 -
1 1 256 F | 4 $3EFF $3FFF $3EFF $3F00
- $0000 - $3E00 -
1 0 512% | 8 $3DFF $3FFF $3DFF $3E00
1024 $0000 - $3C00-
0 1 = 16 $3BFF $3FFF $3BFF $3C00
2048 $0000 - $3800 -
0 0 = 32 $37FF $3FFF $37FF $3800

Note: 1. FEH BOOTSZ A4 {uEEES M Figure 125,

Table 101. RWW #pE M

Flash X M FusEE
REE - BX (RWW) 224 $0000 - $37FF
JERRTE - EX (NRWW) 32 $3800 - $3FFF
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Note: 1. XFAEANAXHIFAHEAFR P229 “ IE RWW K -NRWW” 5 P228 “RWW X 7,

Table 102. Figure 126 HFTAEEMNHAR Z FE5THIBR S

HHEIH Z 384
TR #O R
13 EFITHRENESN (BFITHRSEN 141
PCMSB PC[13:0])
5 ATRRZEIFUNESN (—RE64MNE , E
PAGEMSB = 6 {2 PC [5:0])
Z14 Z 5785 PCMSB XY RMv. AT &EEH
ZPCMSB Z0 , ZPCMSB ZF PCMSB + 1
Z6 251785 PAGEMSB Xt Rz, AT REHEA
ZPAGEMSB 70 , ZPAGEMSB ZF PAGEMSB + 1
PCPAGE PC[13:6] 714:27 Erﬁrﬁ&%ﬁﬁt&m  ETERANTERES
TR
PCWORD PC[5:0] 76:Z1 BFITHSEFhi  MIEFIRREFXITE
ER (EREIREPLIA 0)

Note: 1. Z15: &it
Z0 : }FFEK SPM &R "0” , X LPM S ALEE,
RTEEENSEYF Z BEHHERESN P233 “ £ B4REN 17 E Flash”
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iR
BFRBEFHENEL

ATmega32 12t T 6 MNIEM , RE\EEKRRE (‘0") ERZIBEWGEmWE (“17) BIER 7T B

Table 104 BB Nt RE. BIEM RBEES SR BERTEER 17,

Table 103. B{EMFEH

bag/=|

RN1F

#iRfFI VASH #ir MIAE

7 - 1 ( RERTE )

6 - 1 (RBRRE)
BLB12 5 Boot #i{7E L 1 ( REmiE )
BLB11 4 Boot $iE 1z 1 ( KRmiE )
BLB02 3 Boot HiE 1z 1 ( RmiE )
BLBO1 2 Boot #{E 1z 1 ( REmTE )
LB2 1 BiEAL 1 ( RgRTE )
LB1 0 BiE 1 (RBRE)

Note: 1. “1" RRKREWE , ‘0" RTBIWE
Table 104. 8iEMRIFER

FhEERtEN @ R RE
LB = LB2 LB1
1 1 1 RE R RS
9 1 0 EHTHSPIITAG $ﬁéﬁ%§{f§iﬁﬂp Flash #lEEPROM#Y 3
— SRR |, Beamsie, O
3 0 0 EHATHSPINTAG B 1TRER X F Flash M EEPROM Y3

— SRR RBIEREL |, IENABLRYE

BLBO #= | BLB02 | BLB01
1 1 1
2 1 0

SPM #1 LPM X3 57 F X #1778 5% B PR %1
TR SPM X B A Xt TERME

TR SPM ESTNAR#ITERE , WFAYETT
Boot Loader X# LPM i8S MM A XIEEHIE. EPlimE
fIF Boot Loader X , ARAHIT R A XA RBAT P22 1E
B,

T AFIZ1TF Boot Loader XHY LPM 155 MBI A X iz Bk
7, BEhim 2T Boot Loader X , BRAMITR AKX
B PRI,

BLB1 #3 | BLB12 | BLB11
1 1 1

S SPM/LPM #5118 Boot Loader X
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Table 104. H{EMRFHER (Continued)

FEEEEEN @ L ¥aktii]

2 1 0 R SPM E S Boot Loader X# {TE#4E
TR SPM 54X Boot Loader X#1TE#R/E , th N ARIF

3 0 0 ETTRARXM LPM M Boot Loader XIEEREE. &
FEENTRNAKX , B4 IT Boot Loader X5 A e
gl 0
TARWFEITTFR AKX LPM 385 M Boot Loader XiszEL#}

4 0 1 . FEPMmEMNTRARX , AT Boot Loader X4
B PR R I,

Notes: 1. TELmESENHIEREBIBELAL,

2. ‘" RAKRBURE , ‘0" RTRHWBRE

ATmega32 BF MBL I F T, Table 105 - Table 106 f&j & iR T A B 4L VK ThEELL
RAN2 IR BB LFHN, WRELMEHENIZREER “0%

Table 105. B4 EFT

BYET
il e | #HR EIAE
OCDEN® 7 fififE OCD 1 (K472, OCDZEH)
JTAGEN®) 6 fF8E JTAG 0 (B4wiE , JTAG fE#E)
SPIEN™ 5 ERERITREFAMBETH 0 (B4R , SPI wmi2{ERE)
CKOPT® 4 PR5% BRI I 1 (R )
EESAVE 3 %gg\ﬁmﬁﬁ EEPROMESP | | iR ) EEPROM WATRE
¥ N (33 o \(3)
BOOTSZA 9 ;%?)Boot XK/ (# MW Table 0 (4T )
- $5°4 JN (33 (3)
BOOTSZ0 ] ;%?:)Boot XK/ (M Table 0 (#4m7E )C
BOOTRST 0 EREENEE 1 ( RERIE )
Notes: 1. 7£ SPI SB{THREE X T SPIEN AL M AR A5 M,
2. CKOPT B4 {UIhEEH CKSEL fiRERE , ¥ P23 “ B4R~ o
3. BOOTSZ1..0 BIAE N R K Boot X/ , % P237 Table 100 o
4., TR S ITAGEN BLAMIEB R A ,FRET FRX OCDEN 4%, ¥ OCDEN /&
UARRREAFERENYNELS S EMENKEER TE1T. XSEME,
5. MERAERE JTAG 0 , NRTREEUE JTAGEN BL M NERERES , SUHBREET

JTAG #02 TDO 5| i &S 8.
Table 106. ALK FT

p L LR TR R IA

FH s | #Hk RiNE

BODLEVEL 7 BOD fitt & B8 1(RRE)

BODEN 6 BOD f#¢ 1 (k4m#2 , BOD £/ )
SUT1 5 % 12 3 2 i i) 1 (Kemiz )V

S) 4 %R B E 0 (B4 )

CKSEL3 3 3% Bt 4R 0 (B4mig )@

ATmega32(L) m————
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HEBLUHBIE

FRIR

3

Table 106. BL VKL FT

JBY (R

FY s | R MINE
CKSEL2 2 1% st 4R 0 ( B4tz )@
CKSEL1 1 %1% Bt 4R 0 ( B4z )@
CKSELO 0 4% Bt 4R 1 (Kimi2 )@

Notes: 1. X FERIARTEHIR ,SUT1..0 WERIABEL LB AMZSHATE, FHAZEM P28 Table 10 .

2. CKSEL3.0OMYBRINRES B T FARCIKE 81217 T1 MHz, 4R AN P23 Table 2 .
BUNHRBTZIEHEBRGSSHNEIE, MEBEM 1(LB1) BEENBLMEHE. £
RIEBIEM B EREBB LA,

SEHAGRERERNSBLUNERSE, HABLVNRTRSER  ETEHRHER
BR, TEXTEAT EESAVE B4, ©—BWmREVAEEA, EEEIEERF
B E B R IB 2 th BT

FREH Atmel HIEFHISRHEE P =FZFTHRRABARX 2S4S, XMBAIUE
Eiﬁ%ﬂ#ﬁﬁﬁiﬂy AT TER A ERIEE, X=ANFT 23 EFEE TF=MRILK
ATmega32 ¥riRFET A -

1. 0x000: Ox1E ( &k/~H Atmel R R4 )

2. 0x001: 0x95 ( "RARSH 2 E 32 KB Flash 77f#2% )

3. 0x002: 0x02 ( % 0x001 FHHIAA N 0x95 Bt R TIX = ATmega32)

ATmega32 NE RCIKZ RN EN N T ENREBRETREFZT . INFF L FIRIR
3t ZE[E 0x000, 0x0001, 0x0002 K 0x0003 &M FET , P BIFRE 1. 2. 4. 8 MHz,
EEMHE , 1 MHz AR EEHK BB OSCCAL 78, EEEHMMERER , N
EFHEK , i P28 “ RFHEFIREFFEF —OSCCAL” ,
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# ﬁ‘ﬁ%ﬁ& SRS & t"‘"?ﬁﬁ?tﬂﬂR‘JATmegawE’JFlashhrﬁﬁ%‘ﬁﬁ EEPROM HIE1ZH588 | 126580 E

IIIIJ T-l
FEEH
242

W RIBLAEATHTRRARSG, BEREHE , BOREESDH 250 ns.

11X — T ATmega32 B AEXSIBI A H TREEFE SN B FH TSI A |, 40 Figure 127 5 Table
107 FiR. RAKEHERKSIEIR A RERNFIE,

XA1/XAQ RTE T 44 XTAL1 SIB — N ERKFP R FrTHIRIE. EARIBIEN Table 109,
4 WR = OF MABKHNFIMENGSRET ERTHERIE, EAGSESNA Table
110,

Figure 127. }{Tiwi2

+5V

RDY/BSY <—— PD1
vee
OE ——>| PD2 +5v
WR ——>{ PD3 AvCC
BS1 ——>|
PD4 PB7 - PBO [¢——> DATA
XA0 ——»| PD5
XAL ——»| PD6

PAGEL ——>»{ PD7

+12V —— > RESET
BS2 ——»| PAOD

XTALL

I -

Table 107. S|H)& FRAREF

REEIGESNHES | SIHEH | /0 | Thek
RDY/BSY PD1 O | 0: BRILTF®wRE, 1. SHESFHNG
OE PD2 || WS (EBFEER).
WR PD3 || Bk (RBEFER).
BS1 PD4 || FREFR 0" EREMFT, 1" EBRESMFT).
XAO PD5 | | XTAL 3h4E{z 0
XA1 PD6 || XTAL Bh4EfL 1
PAGEL PD7 | | MERFF#HEEF EEPROM BiER
BS2 PAO | zg%# 200" RBEMNFET , 1" EBE-ANSN
DATA PB7-0 | /0 | MAHIEEL (OE &L )
Table 108. # A4riZR P EEMY S| HIZRHE
SIR ®/5 BE
PAGEL Prog_enable[3] 0
XA1 Prog_enable[2] 0
XAOQ Prog_enable[1] 0
BS1 Prog_enable[0] 0

ATmega32(L) m————
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Table 109. XA1 Fl XAO0 K 4mH5

XA1 | XA0 | 4 XTAL1 KEhnbkohB & B9 zh4E
0 0 | hN# Flash =k EEPROM #tbiit (BN BS1 BEESMEREMFT )
0 1 IERHKIE (B BS1 RERBUERBMLNFREFT )
1 0 | MmEdS
1 1 TRE , =M
Table 110. W& F 4w
WEFEW BTG S
1000 0000 SR ERR
0100 0000 Biassfy
0010 0000 BHiEN
0001 0000 E Flash
0001 0001 E EEPROM
0000 1000 BEARIRFHABERT
0000 0100 BB LA FBER
0000 0010 i#% Flash
0000 0011 i EEPROM
Table 111. —TWBEMF M Flash PHITTE
Flash X/} RN PCWORD s PCPAGE | PCMSB
16K & (32K ¥ ) 64 F PC[5:0] 256 PC[13:6] 13
Table 112. —TIZEHFH EEPROM HFH WK
EEPROM X/p i, N PCWORD Uik PCPAGE | EEAMSB
1024 FF5 471 EEA[1:0] 256 EEA[9:2] 9
AIMEL



FHiTYRE
HAREERX

HTERREREE BN EE

B ERER

4 Flash #1T4RE

ATMEL

BY TEMNEZ#EAHTHREES

1. £ Voo & GND Z B2t 4.5 - 5.5V WEE

¥ RESET #I1E , AEDH®E XTAL1 BF 6 )X

fF P242 Table 108 &% K9 # Prog_enable SIBIE S "0000" , #ZFZE4 100 ns
4 RESET 124 11.5- 12.5V 8 JE . £ /8 RESET 124 +12V B8 /#9100 ns A
Prog_enable 5| ERT I B LS BUSH T EH#H AREEN
MREFHNIBRAESZAIE RC , ETATRERMEHEH XTAL Bof, EXMERT , NX
T EE ¢

1. i&EZ%ITF P242 Table 108 K Prog_enable 5|7 “0000”,

2. ¥ Ve 5 GND B4R EB[E 4.5 - 5.5V 8t RESET LiEf 11.5- 12,5V BE,
3. &1 100ns,

4., WRLNERRE , RIEISFETEPIRIERN RS A4 (CKSEL3:0 = 0b0000), 1R
ENERE , ERTBLAAMTRITEHBRIES,

B RS H IR E RESET 5/ 000 KB HimfEE R,

6. FETEHINEELH AREER,

AownN

o

E*ﬁ&l.fsqﬂ BB E R REFRE, ﬁT%iAn*&Eﬁiﬁ&F%FuTlﬁ
NENFEETHITRIBRMEN , HNFEME—

« HFREBANKIEN OxFF AT B | Iﬁtﬁdixe?h T2 #RETE Flash &
EEPROM( FR3E EESAVE BLUHRE ) NN B

RABEMBRIZE Flash & EEPROM #9256 i F BER Tt BT, 1%
RIRFTRHEEZERX—R

B BBRIRESER Flash X EEPROMY) 12 B8 AR BIE L, BFFHEEEEBRER
ZHBENTEEN, R EBERIAEMEBLN, SHERDDSLMERE Flash 5 / =
EEPROM Z B £ &Ko

Note: 1. R EESAVE BLEmE , BBL TS EBREY EEPRPOM A %M,
g " SR8 v SHERE

T XA1, XA0EBXR "0 LAEZfn S InEk.

fFBS1iERN "0%

DATA IR{ER “1000 00007, X2 BEBRGS.

44 XTAL1 R —/NEROF |, #{TaS MR,

4 WR 2t — Nk | BaS A EEK, RDY/BSY &K,

Z#& RDY/BSY &E , RETEEMBEFTHGH,

S

Flash ;EJ«)JI_E’J%/EVHM#_%E’J 1N P243 Table 111 Pii7R. 4w#E Flash B |, 72 = I 81
FARESARS, XE—BANEFRETLRN SRR, TENSERER T maw
Flash #1T4R12 :

A. & " B Flash" @8

1. FXA1, XA0ER "0", Bahd Sk

2. ’M¥BS1E"0D

3. DATA RE{E} “0001 0000” , X2 E Flash 5%

4. 45 XTAL1 Eﬁ%\mﬂﬂoﬂlﬂubuﬁupn

B. tn# ity st Kz 7 75

2¢  ATmega32(L) m————————
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& XA1, XAO &R "00" , Fahitbit hngk

¥ BS1E "0, Kbt

DATA B {& 9 e 3K {2 %5 (0x00 - OxFF)

44 XTALT R —ANEROF , &t RA 75

1

2

3

4

C. MEBFERMNFT

1. FXA1, XA0EN "01", BB N
2. DATA B{E R HFEXALFT (0x00 - OXFF)
3. YA XTAL1 BH—NERH , MEBFEET
D. MBEBESMLFT

1. ¥BS1EBR"”, aBBESNFEY

2. ¥ XA1, XA0 BN "01", BEIEME

3. DATA BENBTESMFT (0x00 - OXFF)

4. 45 XTALT BE—NERK | #THIBEFZ T INE

E. 8iE8E

1. ¥BS1ER"”, aBHBESMNFEY

2. 4 PAGEL 2 —NERF , 8IFEEHIE (A Figure 129 5 KK )

F.EEBE E®RE, BENEPXEHRRTHAENHRERC MK
waEEFRMEMNATRATU , SMHATF FLASH TTHIF 4t |, i¥ W P246 Figure 128
WMRERTAFTUADTF 8 1 (Tt < 256) , AR TR EREM MU EFTHIHNSVNATR
Fiit,

G. hngkibit S 75

1. FF XA1, XAO0ER "00” , Bahibut tnEkigE

2. FBS1ER", RS

3. DATA B{ERN i &EMF T (0x00 - OXFF)

4. 45 XTAL1 RE—NERP , ISt SN FET

H. 418 — R E¥=E

1. & BS1=“0

2. A WRERMH—MABP | WETHBIEHTHRE , RDY/BSY TE

3. %4 RDY/BSY & & (M Figure 129 HESKF)

I. 24 B 3 H W84 , EFE Flash fRi2%E R EMA N KIEHRERE
J. ERmE

1. 1. XA1, XAO0ER "0", Bahdn S INEIRE

2. DATA IE{E3 "0000 0000" , X R FiBEES

3. A XTAL1 BH—NERF , MEHS , AHBBEEESEN
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Figure 128. MW AHL LK Flash #1TF 1k

CMSB PAGEMSB
PROGRAM
AR PCPAGE | PcworD
PAGE ADDRESS WORD ADDRESS
WITHIN THE FLASH WITHIN A PAGE
PROGRAM MEMORY PAGE PCWORD[PAGEMSB0]:
PAGE B — INSTRUCTION WORD 00
\ 01
\

\ 02

\ 1

< \

X L>| !

\ .

\ 1

\ .

\ 1

\ 1

1

\ 1

\ 1

1

\ .

\ PAGEEND
\

Note: 1. PCPAGE & PCWORD %IF P243 Table 111 ,

Figure 129. Flash 2 ()

E

/—M

A B C D E B C D E G H

DATA X $10 XADDR LOWX DATA LOW XDATA HIGH ADDR LOWX DATA LOWXDATA HIGHX XX X\DDR HIGFX XX
XA1 / \

XA0 4/—\_/ \
BS1 /—\—/—\
XTALL _/_\_/_\_/_\_/_\—/_\_/_\_/_\ /_\
wR \/
RDY/BSY \—/_
RESET +12v
OE
PAGEL /_\ /_\

BS2

Note: 1. FRAEZER"XX", EMNAEFZINN T HIE R Flash SRR K.

246 ATmega32(L) .




L | ATmega32(L)

%} EEPROM #{T4RE

i&H Flash

B HL EEPROM

i P243 Table 112 Fi’~ , EEPROM tEATURE, 4mFfE EEPROM B |, fmiEEIESITE
FREHX S, XEAURNN —RAHEHRTHE. EEPROM BIEF#EBHEEEZNT
(e, it RBGEMENMETIES N P245 “ 3 Flash BHITRIE ") -

1
2
3
4
5
K:
L
1
2
3

. A nE#&$ “0001 0001”

G : hnEtb ik S 427 T (0x00 - OXFF)
B : MNEk K F 5 (0x00 - OXFF)
C : MNEEAE (0x00 - OXFF)

E : BiEHIE (45 PAGEL 2 —NERKF )
ESSR3IE S, ERENEPXER

: ¥t EEPROM W #1T4R 72

¥ BS1 & “0”
4 WR B2 — Ao |, FFEX EEPROM TU# 174572 , RDY/BSY 3K
Z£% RDY/BSY ZE BN T —R#1T4RE (55 KFEN Figure 130)

Figure 130. EEPROM 4mi&iK ¥

K

f_JH
A G B c E B c E L
DATA :X o1 Yoor. HicH(aopr. Low) para Y xx Xaoor.iowf oaa X xx
XAL _/—\
xa0 [
BS1 [\
XTALL _/_\_/_\_/_\_/_\—/_\_/_\
R \/
RDY/BSY \—/—
RESET +12v
OE
PAGEL [\ [\

BS2

% Flash F# NIRRT (S RUEMHRMAT A P245 “ 34 Flash #HITHRE " ) :

2

A : hNE @+ “0000 0010”

G : &Mk S F T (0x00 - OXFF)

B : fnEk it ut KA F 5 (0x00 - OXFF)

¥ OE & “0”, BS1 & “0”, A/GM DATA il Flash FHEK M F
£F BS1 & “1”, SA/SM DATA & H Flash ZH S FT

¥ OF & “1”

BEFEHESBNSROT (S Ribub MBAT N P245 “ X4 Flash #HIT4RIE " ) :
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1. A: tnE@S “0000 0011”
2. G: hnEbutFHMIFF (0x00 - OXFF)
3. B: m#Ebut{KAF T (0x00 - OXFF)
4. Y OEE"0", BS1E"0", A/SM DATA it EEPROM HIEF T
5. FOEE™”
TS LV RRALHTRE B4 BENNRESROT (WP RBBEEHATT N P245 “ 33 Flash B ITHRRE ")

1. A: tNE®HS “0100 0000”

2. C: MEHBFEEET  EE—MNRN "0 RIEEHRHITEHERE , BNETERKR
3. EBS1#“0", BS2 K “0%

4. 4 WRBE—ANABKF , H%% RDYBSY S

B L UK B ALHTRE NBLBUNRESROT (WP RBBEEHAT N P245 “ 3F Flash BITHRRE ")
1. A: tNE#HS “0100 0000”

C: MEHBBPRET , ZE—UN "0 RREEHTHE , BNEEEK

fFBS1&E"1"., BS2E"0", EESNMNKEFTT

%4 WR B — Nk # %4 RDY/BSY 25

¥ BS1E"0, ERIEMFT

Al A

Figure 131. BL{U4REKFE

Write Fuse Low byte Write Fuse high byte
A C /_H A c /_H
DATA :X si0 X oam X xx X s X o X xx
i/ \ [\
XA
Bs1 /L
BS2
o [\ [\
R \/ \/
ROV/BSY -/ __/
RESET +12V
oF
PAGEL
N ITRE HEVNRESROT (S RBFEEEMAT A P245 “ X Flash #HTHRE ")

1. A: IEdH “0010 0000
2. C: MBBEBEERET , LnH "0 XREBEVLEERRE.
3. 4 WR RSN HZE RDY/BSY TS

(R R BB H BERS T RER,

=

248 ATmega32(L) .
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RBUE £ (VMBI E

BRERIRFT

BREFEFRT

HITREB

BEEBLMREMHNSRINT (BSMNEMET A P245 “ 3 Flash #HITHRE" ) :

1.
2.
3.
4

5.

A : nE# % “0000 0100”
49 OE. BS2 M1 BS1&"0" , RIEM DATA REUALEMNHRE (0" RREHRE)
FOEE"0" ,BS2HBS1E*1" , #4/5 MDATARBUS L B KRS ("0 R REHE)

f$OE &"0” ,BS2{&"0” ,BS1 & “1” , RIS M DATA ERBIE L AVRAS ("0 RRE
Wiz )

5 OF B 1",

Figure 132. iR BS1, BS2 SHBLNMRBIEMMI KK R

Fuse Low Byte »| 0

DATA

Lock Bits »| O

,—)1

BS1

Fuse High Byte|—»| 1

BS2

EEARIRETREENT (S5t ngis#E P245 “ 3 Flash TR " ) :

1.

2
3.
4

A : fnE < “0000 1000”

B : Mgkt HHEF T 0x00 - 0x02

§ OE. BS1E"0", A/SM DATA EEUFRIRFE T
¥ OE&"1”

EEREZTNEENT (S5t ngis £ P245 “ 3 Flash T2 " ) :

1.

2
3.
4

A : &< “0000 1000”

B : Mgt utKFE

% OE & "0", BS1 & “1” , A/5 M DATA REBEZT
%% OE & “1

Figure 133. }{THRENF , SFE—LEANNFER

Exwe
XTALL A N -
tpvxH txLDx
Data & Contol e
(DATA, XA0/1, BS1, BS2) < >< e —_—
tBvpH tpex | tBvwL
TN twiex
PAGEL ZCT N —
YL wH __
— N d
WR tpLwi N—
o WLRL p—
RDY/BSY \L B 1
WLRH
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Figure 134. #{THRENEF , B FERGMEFF O

LOAD ADDRESS LOAD DATA LOAD DATA LOAD DATA LOAD ADDRESS
(LOW BYTE) (LOW BYTE) (HIGH BYTE) (LOW BYTE)

ipH

ExixH toLxH
XX, L
XTALL / . / 4\ * F m

BS1

PAGEL

DATA X ADDRO (Low Byte) X DATA (Low Byte) X DATA (High Byte) X ADDRI1 (Low Byte)

XAO

XA1

Note: 1. Figure 133 AHMBFER (toyxys txux, & txpx) BEA T sk,

Figure 135. F{THi2NF , AFERNIEFS (B—157T )"

LOAD ADDRESS READ DATA READ DATA LOAD ADDRESS
(LOW BYTE) (LOW BYTE) (HIGH BYTE) (LOW BYTE)
/—H /—H

t)(LOL

-
XTALL

BS1

tsvDv
—

tC)LDV
‘

tOHDZ
-

DATA —< ADDRO (Low Byte) >—j< DATA (Low Byte) DATA (High Byte) ADDRI1 (Low Byte)

XAO

XAL

Note: 1. Figure 133 AHMFER (B toyxys  txux, X txpx) BEA FiEERE.

Table 113. H{TRWESE , Vec =5V £10%

B/ | BE BX
(Sas) 23 & & /=1 By
Vpp IR fEREEE 11.5 12.5 %
Ipp IRIREREEIR 250 LA
tovxH £ XTAL1 A B2 AT BEREZEH AR 67 ns
tyLxH M XTAL1 &) XTAL1 & 200 ns
tyrxL XTAL1 5 & B #9 B 3T 150 ns
tyi px XTAL1 FEZ EHIERIZ SRS 67 ns
tyiwL M XTAL1 EE] WR & 0 ns
tyLpH M XTAL1 {&€ %] PAGEL & 0 ns
tpL xH M XTAL1 EE] PAGEL & 150 ns

250 ATmega32(L) .
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SPI BT T H

SPI B1T4wiE S| BB 5

Table 113. H{THESH , Voo =5V £ 10% (Continued)

B | BB | BX
;s B3 & B & By
tavPH M PAGEL &% XTAL1 & 67 ns
tonpL PAGEL &2 5l BS1 B 150 ns
teLBx PAGEL & BYBY R 3E 67 ns
twiex PAGEL #{E2 /& BS1 R¥F 67 ns
toLwL WR R1{EZJ5 BS2/1 R 67 ns
taviL M PAGEL 1&ZI WR H1& 67 ns
tyLwH BS1 BXZE WR H1E 150 ns
twLRL M WR {2 RDY/BSY H1E 0 1 us
twiLRrH M WR {£F| RDY/BSY & (! 3.7 4.5 ms
twirH ce | M WRIEZI RDY/BSY 17 | iS5 SRR AE @) 7.5 9 ms
tyLoL M XTAL1 £Z] OE N1E 0 ns
tavpy BS1 HEME DATA B 0 250 ns
toLpy M OE {£%I DATA B3k 250 ns
tonpz M OE {£%) DATA N &S 250 ns

Notes: 1. TE#T Flash, EEPROM. B RHEM BRI ty ry BXo
2. ERITER BERRIER tyy ry ce B

X RESET NEBFET , ATLAEE 4T SPI B4 X Flash &2 EEPROM # 17412, $H1TiE
Ra@%E SCK, MOSI(#A ) & MISO(#itl )o RESET REZfE , RENITHRE / BER
BEZBIRITHREAIFIES. P251 Table 114 5IH 7 SPI %2FTESIHIA MRS, REFT
BB HERERA SPI SIM%E AT HE SPI 0.,

Table 114. RT{RTZ S

Sac) )] o B8
MOSI PB5 I EZBEEA
MISO PB6 0 EEHERH
SCK PB7 I LR

AIMNEL 251



SPI RITHRBR

ATMEL

Figure 136. SPI {THRERKK (!

+2.7 - 5.5V

vee
+2.7-55v®@

MOSI ——>»| PB5
AVCC

MISO «<— PB6

SCK ——»| PB7

— > XTALL

—» RESET

£ —

Notes: 1. MRSHHBAFRIRZEFIZHME , BBLBMTRAE XTAL1 5| B LiEEr 4R,
2. Vg -0.3V < AVCC < Vg +0.3V , B2 AVCC ARTE 2.7 - 5.5V SBE A,

Ym72 EEPROM B , MCU ZBENWREREPXBA—NEIBEREAH , NIEEHR
ISR BRGES. SHERBRENEFFHEIRR EEPROM BB EEERF OXFF,

A $PiE3E CKSEL B4 B E, BRITHF (SCK) B HJ/ME B F At B R &/ &S B e B
EWMTER:

& :>fy <12 MHz B8 2 4 CPU ¥R SR |, f, >12 MHz 814 3 4 CPU B4 B H,

& > fy <12 MHz B3 2 4 CPU B9 @ | f, >12 MHz BY R 3 4 CPU B% B A,

[ ATmega32 BITEABIER , HIFEE SCK 1 L HRBUBIF
M ATmega32 EEUEIER , BIETE SCK W TR, NFHAT N Figure 137
ERTREENTX ATmegal32 HITHRERRKE  RIEEUATHEZER (I Table 116 #
B4 FHESER):
1. LHIRE :

£ RESET & SCK 3 "0 BY , @ Voo & GND 8, E—(RGH | wiESET8E

RIEE LA SCK REFERK, EXFBERT , SCK HKZ/FRNE RESET i—
ERF , MAXMNKFELELR 2 4 CPU B4 A,

2. LBZFEEFEED20ms  REME MOSI S| HH AR TRERREIE T UERBITR

3. BETASBERETHEEST I, ASLE  EXRGREEISSNES
AR BoAFHEHRE (0x53) BRRERER, FERBHABERSE |
AW 4 AT H LML IR, MR 0x53 KBRIR , WEEH RESET Rt —
NE B BT S5 B TR (BRI

4. Flash W —R—RMARHT, ERITMRRFERTISSH | BT 6 LSB
BAER | BEAT TN AUMRTFEA. HRENKNOERY Nk
EibiERMEETS  CEEBTH. BRERTED RIS 7 LUREE
FEEERISSRENE. NETEASHNSR , BAERET —AREZH
RIZBEED typ sy WETE (R Table 115), 7 Flash SIAER R 2 5115 8 247
RN ASHURREIR.
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Flash W ERH

EEPROM MBI

5. RETHURHBFEEEZE , EENEESFHUFET R LM EEPROM 4wiE,
EEPROM Z# 2 T EREEAFRECH B3R, MEFTERAERNAN , B
AEBRET —RBEZINEFED typ eeprow BIETE (R Table 115), X F&
FERZENSR , BIEN OXFF WA EERRE,

6. TENRESKREBEM—NEHEETHANST. HEMNBTHED MISO fHil,

7. WL RFALE RESET M SR EERE,

8. THEFI (MRFE):

% RESET & “17,

¥ Flash E4AFE —TTHRBRASH , ETRFAFNABEEE OxFF, REERE , i
IRENBENTUEBIRH, BSXM A EZTUBEANATUET -, B TFE/NMNTRER
RHREN , X—TFNEA— Mt A UARER, Flash BEERSER THIE
OXFF, Bt , 74w OXFF it AR ZEDEEF typ plasy T EHT T —RANER. BT 2
FEBREPMENE TN OXFF , FTARREIE S OxFF B AT AR IXMEE. two rLasH
H{ER Table 115, -

X EEPROM EHEAE - NMNEFHRERER | Rt RE 0XFF, RRBLERT ,
BRENBIEATUEREY, X—AEZTARYHANTRAE T —NFT, BEEAX
BiE OXFF 3. BRAFRNIZZERE , £ BREMENETER OXFF , FTmERE
79 OxFF B Al SABK I X MEVE. FRXFERA T £ F 8BERet EEPROM AR EREWE R
APRERELNERE OXFF , EHT T —FTHRBEZHAEDERF two ceprom 1 BT EL
twp_eeprom FIEIL Table 115, -

Table 115. ET— Flash = EEPROM # 7T 2 B &/ 38t A

;s B/ESRE
twp_FLasH 4.5 ms
two_eeprom 9.0 ms
two_ErAsE 9.0 ms

Figure 137. SPI R{T{RERFE

SERIAL DATA(l&lgg; M‘SB >< >< >< >< >< >< >< LSB
SERIAL DATA Ol(J'\'/Il'IF;l(JJ'I; MSB >< >< >< >< >< >< >< LSB

e S i M M My
S S SR AN N B N B
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Table 116. SPI 1TSS

ATMEL

EOER
s FH 1 32 ¥ 3 Fi 4 B
YRiZfERE 1010 1100 | 0101 0011 | xxxx xxxx | xxxx xxxx | RESET BH{KGERERITHRE
o EER 1010 1100 100x xxxxX | xxxx xxxX | xxxx xxxx | B EEPROM & Flash
BERFEME 0010 HOOO | 0Oaa aaaa | bbbb bbbb | cooco cooco | MFEibitH a:b WRRFIFEEFIEIH(E
REFET ) BIEH o
IEEFEEER T 0100 HOOO | 00xx xxxx | xxbb bbbb | iiii iiii | BEFHiitN b WERFEMRT H ERE
FH)EAHKEI, NABRETBE
BEHY
ERFEMHER 0100 1100 | 0Oaa aaaa | bbxx xxxx | xxxx xxxx | {cibit a:b MMBRFEFERT
i& EEPROM 1725 1010 0000 | 00xx xxaa | bbbb bbbb | cooo ocooo | M EEPROM Kyitbit a:b 4bi HEKIE o
E EEPROM 17425 1100 0000 | 00xx xxaa | bbbb bbbb | iiii iiii | [@ EEPROM it a:b 4B AKIE i
EHEMN 0101 1000 | 0000 0000 | xxxx xxxx | xx00 oooo | EHIEN. 0" NEMWRE , "1” FKLR
B, AT P239 Table 103 ,
EBIEN 1010 1100 | 111x xxxx | xxxx xxxx | 11ii iiii | BYIEMN. B0 RRERHEN. A
I P239 Table 103 ,
EFRIRES 0011 0000 | 00xx xxxx | xxxx xxbb | cooo oooo | Mithit b iZEFRIRET o.
Bl 1010 1100 | 1010 0000 | xxxx xxxx | iiii iiii | ‘O’ RRCHE , ‘1" RTEAHERE. 1L
P240 Table 106 .
B 1010 1100 | 1010 1000 | xxxx xxxx | iiii iiii | “0" RTFCHRE , ‘" RTAHRE. I
SR P240 Table 105 .
S 0101 0000 | 0000 0000 | xxxx xxxx | 0ooo oooo | EB#4I, ‘0" RIRCHE, “I”KFR
- KRR, AT P240 Table 106 .
S 0101 1000 | 0000 1000 | xxxx xxxx | oooo oooo | EBLEN, ‘0" KRARCHE , “I"&K
R RARGE, MR P240 Table 105 ,
BREFT 0011 1000 | 00xx xxxx | 0000 0000 | oooo oooo | ERMEFT
Note: a=3itE , b=#KWT , H=0-1€FY , 1-5FT , o=HEHLE , i =HEWA , x=FEE
SPI R{THmE SN 3t SPI #ER4EM | ES N P273 “SPI RS " .
BY JTAG #EORITHRE @ JTAG EO#HTHEZERE 4 4 JTAG T ASIM :TCK, TMS, TDI & TDO. reset
R uth S| R AR H
B JTAG #O 2B B A EYRE JTAGEN B2, S E NXMNELARE HimER
Ao lEAh ,MCUCSR 78 H JTD U 4FUEE, 1R JTD E4E 1, W AT BAUF A reset
BHEIPEK. 23Fm N APZE JTD UFBES T, JTAG SIHIEN O] A FREIhAE,
ke, JTAG SIBIBR T AT LA B/EER 110 2 SNE T LA F ISP TheE, BEEXE , H JTAG A
T REABIERNREN , FARERAX MR, EXMERT , JTAG SIMREAEL
biyz: be 8
EXFMENLH , LSBRE—NBA/BHBMNFFHRNAL
SiRBHEXN JTAG S BETHESHNI4M, IXF 16 5T, ATHREN JTAGESETEIIE,

F—-RETHHITAIE OPCODE MEETE R 16 #HIFXIIH, XZWHEARTHFK
1= TDI M TDO iz [B] AR K 20 35 5 17 Br A 0 R B % o
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AVR_RESET ($C)

PROG_ENABLE ($4)

TAP 2229 Run-Test/Idle R 7S A K= £ N ERET 89 © th 7] A JTAG FF 32 1B #9 22 R
Do HEEBETFHREHFIIN Figure 138,

Figure 138. XETFHVRSHFFI

1 : | TESt-LOQIC-RESEL ir-+m-r=mmrsmmmsmmmr s
o
A 4
0 1 1 - 1
Run-Test/Idle ——P{ Select-DR Scan P Select-IR Scan  p--------t
y 1 ;
i 0 0
............ Vo, y
1: : 1
;-1 Capture-DR ! — Capture-IR
Lo 0
R ). TR
oo ) <. )
i i-pl ShiftDR i 30 > Shift-IR 0
i1 1
o goTTTEeEEet !'"""""'.
N . i1 . 1
Dl EXItI-DR bt | L Exitl-IR
L0 0
............ Yoo
-,
Pause-DR 30 Pause-IR 0
P 1
____________ ) A A\ 4
------ 00 Exit2-DR 0 Exit2-IR
P 1
____________ D AN v
Update-DR  i------* Update-IR |«
T 1 0

AVR_RESETHAVRBEEWJITAGES ,ATHEAVREASMNEXNSBREEMER, X&
BETHEHRTTAPHEE., FKAE 1 NNENSESMEAERES®FS. — B8t
RE—NBE 1, SMRASMZBBE. XKENHE R8T,

SERASR

« Shift-DR : EUFFHRBEI M AN TCK B8 1TBAL,

PROG_ENABLE RAVRE AN JTAGIE S ,AXREREITAGHRRE. 16N REFRET 728
BIRERESFRR. EHIRER -

Shift-DR : w2 EAEIRE M B ARIESF 7R,
« Update-DR : mEFRENES ERAKER TR , RREERENH AREER,
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PROG_COMMANDS ($5)

PROG_PAGELOAD ($6)

PROG_PAGEREAD ($7)

WiESF R

ATMEL

AVR % A JTAGE S, ATES JTAGEORARRED T, 15NN EERGSFEHREA
EBEE TR, FIRDE .
« Capture-DR : E—RETHERMBEEBESTER.
«  Shift-DR: HIEFEHNABTELHMAN TCK 4T , NE—RESHERE
HBESFE  ABAFTNGR.
« Update-DR : 2@ S E R A E Flash i A,
Run-Test/ldle : =4 —PMEHEPRBATMEN TGS (FERFEE , I Table 117 ).

AVREFAHJTAGE T, HIheE R B JTAGE O EEFHIE M BIFlashBIETR, 10244
NEREFTEEHRMAERESES. XREKEST — Flash WELEESE. A8
EESRN 8. SAZHITAG i8S TRE , Update-DRRABFRAXRMNBNFEESHE
EHIE, £ Shift-DR REF , BEIABRESIE , HIBFEHUFETHT RE(/E A Flash I
EWEE  ERE R

+  Shift-DR:Flash EF T FFEENABTEBELHMAN TCKEHMN TDIFBA , BIRE

A1 EH,
Note: JTAG FWPROG_PAGELOAD {57 REH AVREFH 2 JTAG RS S — N et T BE
Ao MBERAFTHRIX—4 , MWM4AERET ENHREE L,

AVRE AMIJTAGHE S . HMAER BN JTAGE DL FlashB A A, 103247 E#L Flash
EEEREABRESERS. XRKEZT — Flash i1 8 WELNREEE, AHBLFFER
N8I, SAZEHITAGIESTRE , Capture-DRIRASTEAREREKRFEIBNTEFS
£ Shift-DRIRASH , BENZIRESIE , BEEIUFT REMM Flash TE & H |
SEIRAR -
Shift-DR:Flash & X B3z 1 % , B @S TCK M TDO F 8B H, TDIFHAZ
H%O

Note: JTAG HIPROG_PAGEREAD SR E Y AVRBH R ITAGHHEEEN E — NS4t 88
o MRBAFHRIX—FM4 , WXAERFITENRRE L.,

WIESEEEM JTAG B9 FFEEE , 10 P256 “ S4HRIZMEXH JTAG 54" ik, 5%
BREMXNBESTFSRRN
. EUFEFES
. IRREERES TR
- EEGSEHES
« Flash TE&AF 72
Flash TUit H 1785
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MEERRT TR

FEDTHER

SENFFRE—MNBRABESFEFSR  AREFRPRECSH, #AREBEAZHELAE
-RA--L Lo

ENFEFERNEARAT OMEYTHABEMSIHAE, AESVFEFERNERT 0 SHHL
FEMRS. RENGIBLUNRE  ERRENVLTFSRZE , RBENREEMRTE
BV ENREIRE (I P23 “ IR " ). NBEFERHENEERHNE BtENS
MENVA 4 | 0 P210 Figure 115,

ImRERTERE— 16 ANFER. ITNFERNABNSHEFERES ( =HH
1010_0011_0111_0000) #{TLtB. MR FFHRNABTSHEMEEESHEE , BATAEY
JTAG #1THRiE. WEFRELBEMNEN , ABRERHEEEAN AR EEN,

Figure 139. REFEREF 78

TDI

|

$A370

—» Programming Enable

> -4 > 0
O
O

.

ClockDR & PROG_ENABLE

l

TDO

REMTHFHERE N 15 UNFFR. XNFERAXRBTHBARESS , T
HE—PNRSHIITER. JTAG REESEN Table 117, REBWSBANWRESFSIE
S Figure 141,
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Figure 140. W N EEE

-
9

S

T

R

[¢]

B

E

S

Flash
EEPROM

A Fuses
o Lock Bits
R

E

S

S

!

D

A

T

A

PA—

TDO
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Table 117. JTAG Rmi2igH

a= Uit b={Kutkit K H=0-FFH ,1-EFT ,o=FHFEAL  i=HEBEA , x=%TZX

ES TDI FF 5l TDO 35l AR

1a. SR 0100011_10000000 XXXXXXX_ XXXXXXXX
0110001_10000000 XXXXXXX_ XXXXXXXX
0110011_10000000 XXXXXXX_XXXXXXXX
0110011_10000000 XXXXXXX_XXXXXXXX

1b. S BERE RN 0110011_10000000 XXXXXOX_XXXXXXXX (2)

2a. 3t A Flash BigfE 0100011_00010000 XXXXXXX_ XXXXXXXX

2b. INEE itk 0000111_aaaaaaaa XXXXXXX_ XXXXXXXX 9)

2c. hNERAE L 4k 0000011_bbbbbbbb XXXXXXX_ XXXXXXXX

2d. MRBFERFT 0010011_iiiiiiii XXXXXXX_ XXXXXXXX

2e. MBBTESFH 0010111 _iiiiiiii XXXXXXX_ XXXXXXXX

2f. i 5 0110111_00000000 XXXXXXX_XXXXXXXX (1)
1110111_00000000 XXXXXXX_XXXXXXXX
0110111_00000000 XXXXXXX_XXXXXXXX

2g. B Flash @ 0110111_00000000 XXXXXXX_XXXXXKKX (1)
0110101_00000000 XXXXXXX_XXXXXXXX
0110111_00000000 XXXXXXX_ XXXXXXXX
0110111_00000000 XXXXXXX_ XXXXXXXX

2h. RMITERBL R 0110111_00000000 XXXXXOX_ XXXXXXXX 2)

3a. # A Flash &g E 0100011_00000010 XXXXXXX_ XXXXXXXX

3b. HNER S {41k 0000111_aaaaaaaa XXXXXXX_XXXXXXXX 9)

3c. EER AL HE 0000011_bbbbbbbb XXXXXXX_XXXXXXXX

3d. BHER. 5FT 0110010_00000000 XXXXXXK_ XXKXXXXX
0110110_00000000 XXXXXXX_00000000 KFH
0110111_00000000 XXXXXXX_00000000 B5FW

4a. # A\ EEPROM Big4E

0100011_00010001

XXXXXXX _XXXXXXXX

4b. MNEKRZ L uk

0000111_aaaaaaaa

XXXXXXX_XXXXXXXX

4c. MNERAR AL b 1k

0000011_bbbbbbbb

XXXXXXX_XXXXXXXX

4d. EHFEET

XXXXXXX_XXXXXXXX

4e. BIEBITF

0110111_00000000
1110111_00000000
0110111_00000000

XXXXXXX_XXXXXXXX
XXXXXXX_XXXXXXXX
XXXXXXX_XXXXXXXX

(1)

4f. E EEPROM I

0110011_00000000
0110001_00000000
0110011_00000000
0110011_00000000

XXXXXXX_XXXXXXXX
XXXXXXX_XXXXXXXX
XXXXXXX_XXXXXXXX
XXXXXXX_XXXXXXXX

(1)

49. RUMEREBSE

0110011_00000000

XXXXXOX_ XXXXXXXX

(2)

5a. # A EEPROM ik

0100011_00000011

XXXXXXX_ XXXXXXXX

Sb. MNEk &Lt ik

0000111_aaaaaaaa

XXXXXXX_XXXXXXXX

AIMNEL
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Table 117. JTAG {mi2ig %

(Continue
a=Efutbit, b = {Kfustbst , H=0- '.E?f?"—‘ﬁ -EFT o= HIEHE i BERA, x=EENXL

Ee TDI 31 TDO &3l xR

5c. PNE AR AL 1t 0000011_bbbbbbbb XXXXXXX_XXXXXXXX

5d. BBEFT 0110011_bbbbbbbb XXXXXXX_XXXXXXXX
0110010_00000000 XXXXXXX_XXXXXXXX
0110011_00000000 XXXXXXX_00000000

6a. HEABBLMIRE 0100011_01000000 XXXXXXX_XXXXXXXX

6b. MEHKFEEFT © 0010011_iiiiiiii XXXXXXX_ XXXXXXXX (3)

6c. BY REBLUFT 0110111_00000000 XXXXXXX_XXXXXXXX (1)
0110101_00000000 XXXXXXX_XXXXXXXX
0110111_00000000 XXXXXXX_XXXXXXXX
0110111_00000000 XXXXXXX_ XXXXXXXX

6d. WNEBEBLNREER 0110111_00000000 XXXXXOX_XXXXXXXX 2)

6e. MEBFEFET O 0010011_iiiiiiii XXXXXXX_ XXXXXXXX (3)

6f. BRLUSFT 0110011_00000000 XXXXXXX_XXXXXXXX 1
0110001_00000000 XXXXXXX_XXXXXXXX
0110011_00000000 XXXXXXX_XXXXXXXX
0110011_00000000 XXXXXXX_ XXXXXXXX

6g. WNBEBLNREER 0110011_00000000 XXXXXOX_XXXXXXXX (2)

7a. HABHEMIRE 0100011_00100000 XXXXXXX_ XXXXXXXX

7b. MEFRHKEFT O 0010011 11iiiiii XXXXXXX_XXXXXXXX (4)

7c. BEIEN 0110011_00000000 XXXXXXX_XXXXXXXX (1)
0110001_00000000 XXXXXXX_XXXXXXXX
0110011_00000000 XXXXXXX_XXXXXXXX
0110011_00000000 XXXXXXX_XXXXXXXX

7d. RNEMENRTLE 0110011_00000000 XXXXXOX_ XXXXXXXX (2)

8a. Mt AR LA / BIEIRIRIE 0100011_00000100 XXXXXXX_XXXXXXXX

8b. AL EHFET O 0111110_00000000 XXXXXXX_ XXXXXXXX
0111111_00000000 XXXXXXX_00000000

8c. B4 MEFT O 0110010_00000000 XXXXXXX_ XXXXXXXX
0110011_00000000 XXXXXXX_00000000

8d. iEBiE N © 0110110_00000000 XXXXXXX_ XXXXXXXX (5)
0110111_00000000 XXXXXXX_XX000000

8e. BB RBEM 0111110_00000000 XXXXXXX_ XXXXXXXX (5)
0110010_00000000 XXXXXXX_00000000 BeNEFT
0110110_00000000 XXXXXXX_00000000 BURFT
0110111_00000000 XXXXXXX_00000000 BiE N

9a. B AR FHRRE 0100011_00001000 XXXXXXX_ XXXXXXXX

9b. fnEk bt FF5 0000011_bbbbbbbb XXXXXXX_XXXXXXXX

9c. RFRRFT 0110010_00000000 XXXXXXX_XXXXXXXX
0110011_00000000 XXXXXXX_00000000
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Table 117. JTAG @RS
a= St , b= KUt , H=0-5F

BFT, o= HEHE i =HEBA x=FKEL

Ee

TDI 51

TDO 53]

10a. # AR 77 IREME

0100011_00001000

XXXXXXX_XXXXXXXX

10b. HOEk b3k 715

0000011_bbbbbbbb

XUXXXXX_XXXXXXXX

10c. RREFT

0110110_00000000
0110111_00000000

XUXXXXX_XXXXXXXX
XXXXXXX_00000000

NMa. B ERETS

0100011_00000000
0110011_00000000

XUXXXXX_XXXXXXXX
XXXXXXX_XXXXXXXX

Notes:

MREF—PBT

F3 (EEER) FEEBRET 7 MSB , BARFREX MR TFI.

©CONoOO N =

EE3o="1.

RIS LA “0” = BRI “17 = Rmiz

HEMBIEN 0" = B RI2 “1” = KR

‘0" = BRIE “17 = Rimi2

SRR B LA EF ARSI TF P240 Table 105

3 R R IR 4 AR F T I BR 595 F P240 Table 106

X B89 8 E AL F 7 B AL AR &Y 51 F P239 Table 103

ZBEHEY PCMSB K& EEAMSB(Table 111 & Table 112) B9tk

AIMNEL
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Figure 141. 3% / ZEBEFHRESNFS

1 »‘ Test-Logic-Reset 4
o
v el '
0 1 > 1 E Pl
Run-Test/Idle ~ P Select-DR Scan -=---=r--==r--ee- P Select-IR Scan §-=------
y B , ............
0 i0
yr b A
1 1:
— Capture-DR ;----1  Capture-IR
0 Lo
y bl . A
. : , <
> Shift-DR 0 i Shift-IR 0
1 . i1
v S ) AT
) 1 I . 1
—P Exitl-DR HIRRE Exitl-IR  -eeeee
0 § L0
A Pl b A
P R
Pause-DR of : : Pause-IR i 0
1 § i1
v F e b A
Q Exit2-DR | | - 9 Exit2-IR
1 P
Y | e b A
Update-DR < Update-IR ------!
1 0 BT 0o

E#l Flash WE N FIFE7 E#l Flash TR FEREKEZS T — W Flash WELAESE, NIPBUFFEEN 811,
BEBFHUETH NEMEA Flash TE R, ERABAFEESE AAARE-—KES
B LSB FF 4 , BIBE—RIESH MSB &R, XN ERITRERER MNEE Flash TTE
B EM T —RERNEE.
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E#l Flash TWHEZEF 787

Figure 142. FE#l Flash U EF 788

STROBES

State

Machine
oI
ADDRESS

Flash
EEPROM
Fuses
Lock Bits

> - > 0

|

TDO

RE# Flash TURENEF FR B KEZ T — X Flash i1 8 WEM K. NEBLFEFHRN 8
v, BIEEHAFT N ENUM Flash BIETR/ZH. F£—1 8 AHARGEABBUFFR
ME-—NFH  BRFTNRPH, £X—MKLE  BIEBHERANE-FESH LSB
Fih , BI&E—RETH MSB 4R, XNEMEA Flash TRBEEREHE T —FBERN
#ie.

Figure 143. E#l Flash U NS 1788

STROBES

State

Machine
TDI
ADDRESS |

Flash
EEPROM
Fuses
Lock Bits

> - > 0

TDO
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mEEE XL “1a”, “1b” XS EES A Table 117,

HARBER 1. # A JTAG % AVR_RESET , 3} 1 B A Reset 51785,
2. # A PROG_ENABLE £ , i€ 1010_0011_0111_0000 X A 4mi2 FAEE 1755,

EBHEEER 1. # A JTAG #§% PROG_COMMANDS
2. BETREES 11a RBELEFEREES
3. # A PROG_ENABLE {4 , #%f 0000_0000_0000_0000 # A 4mi2FsEF 785
4. # A JTAG #% AVR_RESET , #18 0 3£ A Reset 1785
RATE A RERERE 1. # A JTAG ¥+ PROG_COMMANDS
2. FAREED 1aHITEFEBR
3. HEA1bETRESHERESRTR , REZFH tyry ce( A P250 Table 113 ),
3t Flash #1T4RE fEXS Flash #AT4RIEET , BTERITSHBER |, W P266 “ HITTHBEBRBHE"

B A JTAG #% PROG_COMMANDS

fERYmIZIED 2a 53 Flash Bi4E

FRARERES 20 MBS FH

FRAWERES 2c eIt EFET

FEAREES 2d. 2e & 2f MERHKE

WNX—TNFERFFEERME 4 MIRES

FRARRES 29 HITRERE

FERARBEIED 2h BE Flash REBRBE R , REF tyyru( A P250 Table 113)
EEREIR 7, BEEMENKESRERE

AILUBN EF PROG_PAGELOAD EESRBEESHEESRE :

1. # A JTAG ¥ PROG_COMMANDS

2. BUFERRERS 2a B3 Flash Bi#E

3. FEARRERES 2b & 2c MW ibit, PCWORD( AL P243 Table 111 ) B FRAF
i, BRAMA 0.

# A JTAG #8% PROG_PAGELOAD
—ANEH—ANFTTHHERANREFZMRIBEIR , AE—KETH LSBFEA ,
ERTHRE—FESH MSB,

B A JTAG #% PROG_COMMANDS

FERREEDS 29 T BERE

EAREET 2h R E Flash BRERB TR , HEFRF tyy gy (A P250 Table 113 ).
EESR3IE 8 , BERFBENBIEHEmE

© O NGO AWM=

o A

©®~N o
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i&H Flash

%} EEPROM #{T4mE

B HL EEPROM

ok wDbd-~

B A JTAG % PROG_COMMANDS
ERYRIZIES 3a B3 Flash i24E
FERARREES 3b & 3c Mngitut
FEARREES 3d RHKE
ESREIMN4, BEEMEHREESEIEEH

B3 A PROG_PAGEREAD 15 W LA & %t & 5 30 3E -

1.
2.
3.

4.
5.

6.
7.

Bt A JTAG % PROG_COMMANDS

EAYmIZIE S 3a B3h Flash iR/

FAREES3bR3cKRME At PCWORD (I P243 Table 111 ) F IR F
H, AR 0,

¥ A JTAG % PROG_PAGEREAD
BEN-—RAZHPNMERFFBEREE—2R , AF—KETHLSBFHA , H
KIEFRE—XRIESH MSB, E—MBHNFZTERE,

£/ JTAG ¥4 PROG_COMMANDS

EEPYR3IE 6, BEEMEREEEIEEH

X EEPROM #1T4RT2RT , AAEMIT A EER , I P266 “ 1T/ IBERIRIE” -

N oAM=

9.

# A JTAG % PROG_COMMANDS
FERRREIET 4a 53 EEPROM Big{E
FERRERES 4b RN HUFFT
FRARERES 4c KM EFT
5 4d & 4e MNE IR
FNRAFRBHREFZTRTRIEL4RS
FERmBED 4f BHIE

ERAREE T 49K EEEPROMEBRERBEL T K , BE Fty rny(MP250 Table
113 )o

ESESRI I8, EFFAENBEREmE

/w72 EEPROM BRI FEEfEA PROG_PAGELOAD %,

ok wbd-~

A JTAG % PROG_COMMANDS
FRYRmZEIET 5a B3 EEPROM ®RigE
FERAREES 5b & 5c Mngtbut
FERRRZES 5d EZHE
ESREIMN4, BEEMEHREEEIEEH

AE |, & EEPROM Rt R gEfE A PROG_PAGEREAD E®,
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B LA ITRE 1. # A JTAG ¥+ PROG_COMMANDS
2. FERREES 6a BHBLNERE

ERmWEIET 6b MBRHKE|EFT. MEN 0 RTIENBLUTERE , T4
2o

FERmERS 6c BRLNEFT

ERARREBIES 6d RERLNUBERERETTH , BHESF tyru( A P250 Table 113)
FERREES 6e MBEBET/FT , B0 RTBLYUERE , B 1 RTRKREE,
ERREES 6f BRLNEFET

FEARBET 6 REBLNUBERERBTR , NEHF ty ry( I P250 Table 113)

w

© N oA

¥ 8l B B 1T R TR B A JTAG #% PROG_COMMANDS

FRARERES 7a EABIENERE

FRAREES 7o ITRENSR. MENORTHENBLNEERE , SV THE,
ERRERES 7c BYIEMN

FEARBRES TdREMENVNERERETK , NERF ty ry( I P250 Table 113)

ok wbdh-=

BEEUR £V 8 EN 1. A JTAG ¥ PROG_COMMANDS

ERYRIZIE D 8a M ABLN / BiEMILR/E

3. FARREBED 8e RKIEMFEBLNRBIEMN
ERRREIES 8b RKizBBLNEFET
ERARREIES 8c RIEMBLMVIEFET
ERRREIES 8d =EBUE N

N

BREWRIRFET B A JTAG #% PROG_COMMANDS
FEAES 9a BARRF T IRIBHE
FEAREES 9b Mngkibut 0x00
FEAREES 9GcitE —MRIRET

TEuiE Ox01 2 OX02 e EEIREIFM 4 , P HIRFERFE=ZMRIRET

ok wbd-=

BEEIREFT # A JTAG #% PROG_COMMANDS
FH 10a S BIREFZTiRIRME
fERYRIZIES 10b M3t 0x00

ERYmIZIE T 10c BEUREF T

N~
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B
43 W PR1E *
TAEBEE oo -55°C ~ +125°C *NOTICE: MISREEBISHEBE « BXIRRE" RFFAHIH
KM 2T TETREER BTN K AR, X2
TR o -65°C ~ +150°C THEMONKR, HARRB[HAUIETRF
FSIEHEZT  IRBEEL T ETEHABAE
BN EIMXI A EE , BRT RESET............ -0.5V ~ V0.5V HEMRMEZ T KEEIETLIRRETEE
SFMBHHFR,
RESET SIMIF B EBEE ... -0.5V ~ +13.0V
BRI .o 6.0V
B0 SI ERETRETR ..o 40.0 mA
Vee 5 GND BB ERERER ..o 200.0 mA
B
Ty =-40°C ~ 85°C, Voo = 2.7V ~ 5.5V ( BRIEBHRER )
Ciac) e e B/ME BLAE BRAE By
Vi wMAKRE Bk XTAL1 5| B -0.5 0.2 Vel v
VL1 BMAKEE XTAL1 SIRP , SAEReT4 0.5 0.1 Vg™ \Y
Vi BASBE ﬁ? XTAL1 # RESET 3| 0.6 Ve Voo + 0.5 Vv
Vi RMARBE XTAL1 SIRP , ShEBat b 0.7 V@ Vge + 0.5 v
A BMABBE RESET 3| 0.9 V@ Ve + 0.5 v
Vv BWHERE® lo =20 mA, Vg = 5V 0.7 %
oL (%0 AB,C,D) lop =10 MA, Ve = 3V 0.5 v
v WEERE® lon = -20 MA, Ve = 5V 4.0 %
OH (#0 A,B,C,D) lop =-10 MA, Ve = 3V 22 v
| WARBER Vee = 5.5V, SIHIRRET 1 A
I 1/0 5|k (£FE) H
| BWARER Vec=5.5V, Sl &8 F 1 A
H 1/0 SIR (E3IE) H
Rrst Reset 5| M EH7 B /E 30 60 kQ
Rou /0 SR LHr B pE 20 50 kQ
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Tp=-40°C ~ 85°C, Voo =2.7V ~ 5.5V (BRIEZB HAiEA )

Sae) 2 &4 B/ME BRAEME BAE L 31,
E® 1 MHz, Vg =3V
(ATmega3d2L) 11 mA
IE® 4 MHz, Vo = 3V
(ATmega3d2L) 38 5 mA
IE% 8 MHz, Vg = 5V
(ATmega32) 12 15 mA
TR Z2iR 1 MHz, V¢ = 3V
= z,Vee =
lec (ATmega32L) 0.35 mA
ZEPN 4 MHz, V¢ = 3V
(ATmega32L) 12 2:5 mA
ZEPN 8 MHz, V¢ = 5V
(ATmega32) 55 8 mA
WDT &€, Ve = 3V <25 20 A
Rl WDT *—*1; vCC =3V <1 10 “A
=, Vcc H
B RS Vee =5V
Vaco | gAREEE Vip = Vo2 40 mv
ﬁ?utbﬁ% VCC =5V
otk | g ARER Vi = Vool -0 50 nA
¢ B LR Ve = 2.7V 750 s
ACID fEHIER Ve = 4.0V 500

Notes: 1. "BAE R EERERNENNES R
2. “&/ME RRIESI BN IR E N & N RIEE

3. BARERTERAZRMFCERS)TEMN/OM O ER A AR UK MR X4 TESHETRQ0MA Ve =5V BLIER10mA |, Ve =3V)
ERETERUTER
PDIP #f%% :

1] PR O/ IOL BFTEERE 400 mA

2] #% 0 A0 - A7 B9 IOL B FFAEREIT 200 mA

3] #% M0 B0 -B7,C0-C7,D0-D7 5 XTAL2 #9 IOL B FMFAEREIT 300 mA
TQFP 5 MLF $% :

1] FrEuER O/ IOL BEFTAERET 400 mA

2] %0 A0 - A7 #9 IOL EFTAEHET 200 mA

3] #% 0 BO - B4 #Y IOL B M 8EHES 200 mA

4] %0 B3 - B7, XTAL2, DO - D2 &9 IOL E M 85883 200 mA

5] #% 0 D3 - D7 #9 IOL S AT AERIT 200 mA

6] #H CO - C7 &Y IOL H T AT 200 mA

MR IOL BH TMREM , VOL WEB ISR, FRIESIBI AT AR UK EL 5 F bbb B9 R KB BT

4. BARERERSEFLHCEREDS) TEMN/OHO A LU H LM HZFTESHBER(20 mA Voo =5V IR10mA | Vi =3V) |,
EREEEFUTER :
PDIP % :

1 FrEwR A /K 1I0H ERMTEERT 400 mA

2] % AO - A7 B9 IOH EFITAERE T 200 mA

3] #% M0 BO - B7,C0 - C7, DO - D7 & XTAL2 # IOH R FFAEREY 300 mA
TQFP 5 MLF 3 :

1] FREw O/ IOH BT EEET 400 mA

2] i A A0 - A7 B9 IO0H EFTEERS 200 mA

3] # 0 BO - B4 #Y IOH B FMFAERT 200 mA

4] %% 0 B3 - B7, XTAL2, DO - D2 #9 IOH B F A gE#E1S 200 mA

5] #% 0 D3 - D7 #9 I0H B TEERE 200 mA
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6] 3% 0 CO - C7 K9 IOH B R T 8ERE 200 mA, 1R IOH B H 7 NH% &4 ,VOH W REB I ¥R, TRIE S| B AT SA% i Eb 51 F ot

Rb RO i SR T AR BT
5. BEERTHRN Voo 2.5V

ShER A 3K Bh IR T Figure 144. S\ZBET4hIRZ)

«— tohex
‘ *+— toneL
« tereL >

S EBEt R IR Bh
Table 118. \&Fad&pIX Z)
Ve =2.7V-5.5V Vce = 4.5V - 5.5V
;s B33 B/ME BX{E B/ME BKE LRivj
MeLeL 5% AR R 0 8 0 16 MHz
toLeL B £ ) 5 125 62.5 ns
tcHex = BT E 50 25 ns
toLex KBTS E 50 25 ns
toLch EF et 1.6 0.5 us
toHeL T REETR] 1.6 0.5 us
AteioL i A HI 2L 2 2 %
Table 119. #\#f RC &% 88 , BB (Vo = 5V)
R [kQ]™ C [pF] f
100 47 87 kHz
33 22 650 kHz
10 22 2.0 MHz
Notes: 1. REVEVESEE RN 3kQ-100kQ ,C EDRii%A 20 pF. *H C BHIIESIHES ,C EE

HERAMEL
FREABEEXSREN TR AR
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Pk RITEE O

Table 120 #iR T EEBFHL BT ELE EWBRHFNER, ATmega32 WRLZEDFERBHIA S HHER,
N FRFS5i1ESE Figure 145,

Table 120. F4&BITELER

(iR ¥ &4 B/ME BXE LR}
Vi WARKBE -0.5 0.3 Ve v
Viu WMASBRE 0.7 Ve Vge + 0.5 v
Vi) HEEHAE M ARRFEE 0.05 Vc® - \Y
(VL KB E 3 mA sink current 0 0.4 v
t( SDA 1 SCL #9 L Ftast i) 20 +0.1C,®@ 300 ns
T b
t.(" B Vinmin 2 ViLmax H9 % H T R A 10 pF < C, < 400 pF® 20 +0.1C,®@ 250 ns
tgp(!) L PN 4- 2k D ENE 4T 0 50 ns
I B /O SIHIEH A BR 0.1Vee < V; < 0.9V -10 10 WA
c” FMN/O SIMMWER - 10 pF
fsoL SCL R 4hsR fo® > max(16fge,, 250kHz)®) 0 400 kHz
fscL < 100 kHz Veoc— 04V 1000ns
o Q
3mA Cy
Rp LHIBMEE
fscL > 100 kHz Voo - 04V 300ns
—_ Q
3mA Cp
¢ ‘ fscl < 100 kHz 4.0 - us
HDISTA | START &M RIFE (ES)
fseL > 100 kHz 0.6 - us
¢ ‘ fscl < 100 kHZ® 4.7 - us
Low SCL B4 HY K B F B[R]
fsol > 100 kHz 1.3 - us
t . ‘ fsoL < 100 kHz 4.0 - us
HIGH SCL B4 & BT B[R
fseL > 100 kHz 0.6 - us
¢ L fscl < 100 kHz 4.7 - us
SUSTA | B & STARTS KAV A
fseL > 100 kHz 0.6 - s
fseL < 100 kHz 0 3.45 us
ooAT | iR R A sct
fscL > 100 kHz 0 0.9 us
¢ fseL < 100 kHz 250 - ns
SUDAT | #3438 37 A )
fseL > 100 kHz 100 - ns
¢ ‘ fscl < 100 kHz 4.0 - us
SUSTO | STOP k9% LA H]
fscL > 100 kHz 0.6 - us
tour fseL < 100 kHz 4.7 - us
STOP # START 2 [6] #) 5.4 Z2 R 6 &) fsoL > 100 kHz 1.3 - us
Notes: 1. X T ATmega32 , tZHERFMSH , ZBLT 100% KNIR

1
2. RBEYfsq > 100 kHz HFFE
3. Cp= HEM—RENER

4. fox = CPU K48
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SPI i Fr 41

5. WEREAT ATmega32 FIEMNFLBITERANRAE, HMAERIRLBTELNER
HRETHZ MM fgo, EREDT,
6. ATmega32 B RITEAKR=EMNBBFRER (1/fsc, - 2/ffck)e BUR T EHHR
fscL = 100 kHz BHME BB R BB ER o BTART 6 MHzZo
7. ATmega32 ML BITEOSSRFTENEBEFRBER (1fse, - 2Mfck)e BLTE fo = 8
MHz , B fgc, > 308 kHz BHE BRI RIFTEKHEER, Rl ,ATmega32 AILLSH
ft ATmega32 A £ (400 kHz) #TER. EEMBUHEFTSEN t oy ESHREHLT

BHEIX — R

Figure 145. W& BT E&RF

— e of

tHIGH

—

t

fLow
SCL
ISUSTA ¢ e | thp;sTA

HD;DAT

fLow

|« | lsypaT A
SDAﬂ 7777777
T | taue
Bx{E 8153 W Figure 146 1 Figure 147,
Table 121. SPI B FS
BX
U1 B RME BAE =

1 SCK B EH I Table 58

2 SCK & / {&E®BF EH 522t 50%

3 EF 7 TEEEE =4 3.6

4 2R E EZ8 10

5 FREERT i E)! 10

6 i3 SCK E2) 0.5 * tgck ns

7 SCK Bl i EH 10

8 SCKEmtissF EM 10

9 SS EE M 15

10 SCK A ML 4ty

11 SCK & /KB F ML 2+ ty

12 EFH /T EEETE MHL 1.6 us

13 f=RvA: gL ML 10

14 AR IFE ) ML to

15 SCK F#a ML 15

16 SCKEISS & MAL 20 "

17 SS BI=% MH 10

18 SS €% SCK ML 2ty
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Figure 146. SPI #ZORFER (EHER)

SS

SCK £
(CPOL = 0) 4 \

SCK N ] ]
(CPOL =1) X

ol ]
MISO
7 8
—> -
MOSI N 1
(Data Output) 3} Mse 1 N LsB

Figure 147. SPI #EORFER ( MHE )

18
_ - > —
s\
9 ,\j » 10 “15‘
L -~} o il il
SCK L ,\
(CPOL = 0) Y \ o
11 11
e
SCK X ] | —t—
(CPOL =1) L /
13 14 2|
MOSI
T TR S G S gy G I
15 17
™ B
MISO 4 ,\/
(Data Output) { MSB N LSB X %
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s
Table 122. ADC %2 , B iRiBE T, = -40°C ~ 85°C
: bid)
#E | 8K E30 B/ME & BK{E By
DYR AR MR 10 Bits
BRI
Vier = 4V, Ve = 4V 1.5 LSB
ADC B4 = 200 kHz
BRI
Vier = 4V, Ve = 4V 3 LSB
ADC Et4# = 1 MHz
HBXIREE (B4 INL, DNL, BILIRE , Gain, | mipmitm
5RERE ) Vier = 4V, Vg = 4V 15 LsB
ADC B4 = 200 kHz '
W5 75 HD AR =X
B R EGR
Vier = 4V, Ve = 4V
ADC ¢ = 1 MHz 3 LsB
IR 7S IR X
BRI
Virer = 4V, Ve = 4V 0.75 LSB
Ro kLt ADC R4 = 200 kHz
B R EGR
Virer = 4V, Ve = 4V 0.25 LSB
- E 25413 ADC B4 = 200 kHz
BRI
BEIRE Vgee = 4V, Ve = 4V 0.75 LSB
ADC Bf#f = 200 kHz
B R GR
REIRZE Vrer = 4V, Ve = 4V 0.75 LSB
ADC B4 = 200 kHz
A f SR 50 1000 kHz
A ) 13 260 us
AVCC | BHlBE Vee - 0.30) Vee +03@ | v
VRer SEBE 2.0 AvVCC \Y
Vin WA BE GND Vrer %
ADC it 0 1023 LSB
PN 38.5 kHz
Vit R EEE 2.3 2.56 2.7 Y
RRer SEmM AIREHE 32 kQ
RAIN EEPE DN 100 MQ
Notes: 1. AVCC MIS/MER 2.7V.
2. AVCC B K{EH 5.5V.
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Table 123. ADC #BM28 , 25 8E T, =-40°C ~ 85°C
ikl
&5 ¥ %4 B/ME L] BA{E By
Gain = 1x 10 Bits
PR Gain = 10x 10 Bits
Gain = 200x 10 Bits
Gain = 1x
Vger = 4V, Ve =5V 17 LSB
ADC Bt = 50 - 200 kHz
Gain = 10x
BIRERE Vgee = 4V, Ve =5V 16 LSB
ADC B4 = 50 - 200 kHz
Gain = 200x
Vger = 4V, Ve = 5V 7 LSB
ADC B4 = 50 - 200 kHz
Gain = 1x
Vrer = 4V, Ve = 5V 0.75 LSB
ADC B4 = 50 - 200 kHz
Gain = 10x
INL( EIMESHEBIREGERNEE ) Vger = 4V, Ve = 5V 0.75 LSB
ADC B4 = 50 - 200 kHz
Gain = 200x
Vrer = 4V, Ve = 5V 2 LSB
ADC B4 = 50 - 200 kHz
Gain = 1x 1.6 %
WRIRE Gain = 10x 15 %
Gain = 200x 0.2 %
Gain = 1x
Vrer = 4V, Ve = 5V 1 LSB
ADC B4 = 50 - 200 kHz
Gain = 10x
REIRZE Vger = 4V, Ve = 5V 15 LSB
ADC B4 = 50 - 200 kHz
Gain = 200x
Vrer = 4V, Ve = 5V 45 LSB
ADC B4 = 50 - 200 kHz
NEETES 50 200 kHz
At ) 65 260 us
AVCC | HEBlEBE Ve -0.3M Ve +03@ | v
VRer SEHLE 2.0 AVCC-0.5 Y
ViN MABE GND Vee v
Voire MAZESBE -Vgee/Gain Vree/Gain, v
ADC ¥t -511 511 LSB
BWATR 4 kHz
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Table 123. ADC 41458 , Z7 @& T, = -40°C ~ 85°C (Continued)

- Xl
#s | BK 30y B/ME &= BA{E By
VinT AEP B EEE 2.3 2.56 2.7 Y,
RReF SE i AR BHE 32 kQ
RAIN il A BHE 100 MQ

Notes: 1. AVCC KY&/MEH 2.7V.
2. AVCC HImR K{ER 5.5V.
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ATmega32 HERM TERRA®TaRRE, XEREESEIRERTNR. FENERANRKESR
FEFTEHY /0 I MIE B J0 % A L PUE0 | 4 R (R SR TS A0 . A e BN SR IE 30
KB 0 RIBEE %R
R T BRER T,

BRSSMERARX , W THEBE, THEHR, /0 SIHNRABRKREBFERRFE, W17
HMABNRREE, TBERRN TERENTHERE,

BUAKSIHONBERAUBE AR C Vo f #TMHIT. X, CL HAKBER , Vo AT
EBE , A SIEYFHTFRIAR,

FRENBIESHNLEN R ERESHMRTHHIE. BEREFRIERMELERESIRHA
M THEFRESHMRINGEERE T,

FERATENAERSENRAZELCANERERDREE TRENRAMENTFE
o

Figure 148. RC f&5% s8R 5BEM X R (Vcc =5V , T=25¢c , B = 1 MHz)

CALIBRATED 1MHz RC OSCILLATOR FREQUENCY
vs. TEMPERATURE

1.03

1.02
I ——
1.01
— | \
\
1 — — | V.= 5.5V
\
0.99
— | | ™ V,,= 5.0V
I ——
o 098 ——
I I e | ™ V,,= 4.5V
€ 097 ]
u — —— V.= 4.0V
0.96
— — ™ V,=3.6V
0.95
\\ I —V,.=3.3V
0.94 v, =3.0v
0.3 v, =2.7v
0.92
-40 -20 0 20 40 60 80
T(C)
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Figure 149. RC iK% BB S TEBEMXR (Vcc =5V, T=25c , BF#ME 1 MHz)

CALIBRATED 1MHz RC OSCILLATOR FREQUENCY
vs. OPERATING VOLTAGE

1.03
102 T,=-40C T,=-10°C
T,=25C
101 T,=45C
1 T,=70°C
0.99
T,=85C
< 0.98
T
£ 097
E
0.96
0.95
0.94
0.93
0.92
25 3 35 4 45 5 55
Ve(V)
Figure 150. RC iK% 8MEBSRENAXR (Vecc =5V, T=25¢c , B I 2 MHz)
CALIBRATED 2MHz RC OSCILLATOR FREQUENCY
vs. TEMPERATURE
2.1
2.05 ]
\
\
_\\ \
2 \
 E—
| ——V,.= 5.5V
| \ cc
~ I T I V.= 5.0V
T 1.95 w2
> I
< _ ] I | V.= 45V
u_“‘ —— \
19— —— \\ V,.= 4.0V
| \\\ —V. =36V
\ \\\ _
185 — V,.= 3.3V
' — ~—V.=3.0v
\\
V.= 2.7V
18
-40 -20 0 20 40 60 80
T(C)
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Figure 151. RC iK% S| MBS TEBEMXR (Vcc =5V, T=25c , BF#E 2 MHz )

CALIBRATED 2MHz RC OSCILLATOR FREQUENCY
vs. OPERATING VOLTAGE

2.1
2.05
T, = .4/TA =-10C
T =25C
) /TA =245C
/// T,=70C
T 195 //T/—85c
LEE /
18
25 3 35 4 45 5 55
Ve (V)
Figure 152. RC iK% 28 ESBEMNRR (Vcc =5V , T=25¢c , B E 4 MHz)
CALIBRATED 4MHz RC OSCILLATOR FREQUENCY
vs. TEMPERATURE
4.1
4.05 ——
B R — I — V.= 5.5V
’  ——  —| —_
— V,.= 5.0V
3.9 —_— § — | V.= 45V
g 385 —————— i V.= 4.0V
Y] — — i V,=3.6V
3.75 — I ~—{V.=3.3v
. ~—v.=3.0v
3.5 V.= 2.7v
36
40 20 0 20 40 60 80
T(C)
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Figure 153. RC 7| MEBSIRHMEMXR (Vecc =5V, T=25¢ , DA ME 4 MHz)

CALIBRATED 4MHz RC OSCILLATOR FREQUENCY
vs. OPERATING VOLTAGE

T,=-40°C

H
o
0003

>

—

>
nonon
NANY

QU9

A

>

/ /
/ T,=85C

3.95

3.9

3.85

Fr.(MHZ)

3.75

3.7

3.65

3.6
25 3 3.5 4 4.5 5 5.5

Ve(V)

Figure 154. RC &% 2RME5REMN X R (Vec =5V, T=25¢c , TR 8 MHz)

CALIBRATED 8MHz RC OSCILLATOR FREQUENCY
vs. TEMPERATURE

8.5

8.3

8.1

7.9 — | [ V=55V
*~\\\\\\\\‘\\\ \\\\\\\\\\\\\\ ~—V, =5.0V
17
T | I V.= 45V
T I I
5 7.5 —V, = 4.0V
= \ \
v | V. =3.6V
7.3
— | \\ V,=3.3V
71 V= 3.0V
6.9 V= 2.7V
6.7
-40 -20 0 20 40 60 80

T(C)
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Figure 155. RC iK% SR SIRHMEBM X R (Vcc =5V, T=25c , DL 8 MHz )

CALIBRATED 8MHz RC OSCILLATOR FREQUENCY
vs. OPERATING VOLTAGE

8.5
6 T,=-40°C
1 n=a0c
8.1 T,=25C
— — — —T.=45¢C
7.9 ] T, =70°C
2z | — 17 esc
N
3 /
S 75
%
7.3
7.1
6.9
6.7
25 3 35 4 45 5 55

Ve(V)
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TR

b5 E2 N Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 ik )
$3F ($5F) SREG I T H S \ N z [ 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 b 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 1SC11 1SC10 1SCO1 1SC00 30, 64
$34 ($54) MCUCSR JTD ISC2 - JTRF WDRF BORF EXTRF PORF 38, 65, 213
$33 ($53) TCCRO FOCO WGMO0 COMO1 COM00 WGMO1 CS02 CS01 CS00 76
$32 ($52) TCNTO T/CO (8 i) 77
$310) (851 OSCCAL ﬁ%gﬁﬁ)ﬁ%ﬁ%ﬁ 28
OCDR FLiRRASES 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 Ccs12 CS11 Cs10 103
$2D ($4D) TCNT1H T/IC1- 1 BBEFTEFEEFT 103
$2C ($4C) TCNTIL T/IC1 - it BB FREFT 103
$2B ($4B) OCR1AH TIC1 - B REFRABFT 104
$2A ($4A) OCR1AL T/C1 - MR E 7R A RFET 104
$29 ($49) OCR1BH TIC1 - MR EFRBEFT 104
$28 (348) OCR1BL T/C1 - Wi LE R & 1788 BRFT 104
$27 ($47) ICRTH TIC1 - BARREEREFT 104
$26 (346) ICR1L T/IC1 - BARREEREFT 104
$25 ($45) TCCR2 Foc2 | WGM20 COM21 COM20 WGM21 CS22 cs21 €S20 116
$24 ($44) TCNT2 T/C2 (8 i) 117
$23 ($43) OCR2 T/C2 W bR & 1788 118
$22 ($42) ASSR - - - - AS2 TCN2UB OCR2UB TCR2UB 119
$21 ($41) WDTCR = = = WDTOE WDE WDP2 WDP1 WDPO 39
$202 (340) UBRRH URSEL = = = UBRR[11:8] 152
UCSRC URSEL UMSEL UPM1 UPMO UsBS ucsz1 ucszo UCPOL 149
$1F ($3F) EEARH - - - - - - EEAR9 EEARS 17
$1E ($3E) EEARL EEPROM itrit B Z8EF T 17
$1D ($3D) EEDR EEPROM BEF 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 ($37) 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 PORTCH1 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 higH 78 128
$OE ($2E) SPSR SPIF WCOL - - - - = SPI2X 128
$0D ($2D) SPCR SPIE SPE DORD MSTR CPOL CPHA SPR1 SPRO 126
$0C ($2C) UDR USART I/0 BB 1758 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 B4R BFEEFT 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 BFREHFHEEFT 202
$04 ($24) ADCL ADC BEESEREFT 202
$03 ($23) TWDR WL B TEORRESES 165
$02 ($22) TWAR TWAG | TWA5 TWA4 | TWA3 | TWA2 TWA1 TWAO TWGCE 166
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Mk % Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 g
$01 ($21) TWSR TWS7 TWS6 TWS5 TWS4 TWS3 = TWPS1 TWPSO0 165
§00 ‘§202 TWBR L BR{TEOMNRE r 164
Notes:

1. 3 OCDEN B#{uk4miE , OSCCAL B E A ZMti , E{ES N OCDR F1788 AR A,

2. W{aifE UBRRH 5 UCSRC &2 USART Ry EA,

3. ATHFRBH4RE , HRRBMNREZE 0, RE/ /O it o] ST EIRE,

4, —ERB[HETUBERNBEAZBE 1 KER. FEIENR , FTRETASHEMEN AVR ,CBI 7l SBl 5T RX — 45K EH ,

B AT AR BB B B AR AN K B FRR et TIR1E, CBI M SBI IE S A EARSEE RAER 1K 0x00 - Ox1F K F 78R,
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EERER

e RAER i B L L
HERBBES
ADD Rd, Rr TR IE Rd < Rd + Rr ZCNVH 1
ADC Rd, Rr R INE Rd < Rd+Rr+C ZCNVH 1
ADIW Rdl,K MBS FARM Rdh:Rdl < Rdh:Rdl + K ZCNV,S 2
SUB Rd, Rr TR Rd « Rd - Rr Z,CNVH 1
SUBI Rd, K BB Rd « Rd - K Z,CNVH 1
SBC Rd, Rr AR Rd <« Rd-Rr-C Z,CNVH 1
SBCI Rd, K i R AL BB Rd «Rd-K-C Z,CNVH 1
SBIW Rdl,K MF R B Rdh:Rdl < Rdh:Rdl - K ZCNV,S 2
AND Rd, Rr BES5 Rd < Rd e Rr ZNV 1
ANDI Rd, K SUBHZESRE Rd « Rd e K ZNV 1
OR Rd, Rr B Rd « Rd v Rr ZNV 1
ORI Rd, K SUBHMSERIRE Rd « RdvK ZNV 1
EOR Rd, Rr RH Rd < Rd @ Rr ZNV 1
COM Rd 1 K38 Rd « $FF - Rd Z,CNV 1
NEG Rd 2 fANB Rd « $00 - Rd ZCNVH 1
SBR Rd,K REHFRNN Rd « Rd v K ZNV 1
CBR Rd,K FEHELES Rd < Rd e ($FF - K) ZNV 1
INC Rd m—igE Rd < Rd +1 ZNV 1
DEC Rd B—RE Rd < Rd -1 ZNV 1
TST Rd MWiRBRBRN Rd < Rd ¢ Rd ZNV 1
CLR Rd FEHREE Rd « Rd ® Rd ZNV 1
SER Rd FEREMN Rd < $FF None 1
MUL Rd, Rr THEBFAE R1:RO « Rd x Rr Z,C 2
MULS Rd, Rr BHSHBFEE R1:R0 « Rd x Rr z,C 2
MULSU Rd, Rr ERSBERHSHERE R1:R0 « Rd x Rr z,Cc 2
FMUL Rd, Rr THSNERE R1:R0 « (Rd x Rr) << 1 Z,C 2
FMULS Rd, Rr RS INBRE R1:R0 « (RdxRr) << 1 z,Cc 2
FMULSU Rd_Rr ERSIMSRAES I TE R1:RO < (RdxRn) << 1 ZC 2
BREDS
RJMP k Hax Bk PC« PC+k +1 None 2
1JMP EEBEE (2) PC«Z None 2
JMP k Bk PC « k None 3
RCALL k AN FREFEA PC« PC+k+1 None 3
ICALL BEAA (2) PC«Z None 3
CALL k EEFEFRAR PC « k None 4
RET FRFIEE PC « Stack None 4
RETI PR E PC « Stack | 4
CPSE Rd,Rr BB, SRS T—RES if (Rd =Rr) PC « PC+2o0r3 None 1/2/3
cP Rd,Rr id:9 Rd - Rr Z,N,V,.CH 1
CPC Rd,Rr AR Rd-Rr-C Z,N,V,.CH 1
CPI Rd,K SUEHEER Rd - K Z,N,V,.CH 1
SBRC Rr, b FlEah 0 WS T—%iEd if (Rr(b)=0) PC « PC +2o0r 3 None 1/2/3
SBRS Rr, b FEHEMR "1 UBE T —KIES if (Rr(b)=1) PC <~ PC +20r3 None 1/2/3
SBIC P, b /0 BN "0 M T —%ES if (P(b)=0) PC « PC+20r3 None 1/21/3
SBIS P,b I/0 BFER N "1” MBS T — %S if (P(b)=1) PC « PC +20r 3 None 1/2/3
BRBS s, k REFERNUN 1" WBIT-—RES if (SREG(s) = 1) then PC<PC+k + 1 None 1/2
BRBC s, k REFHERMN "0 WY T —RIES if (SREG(s) = 0) then PC«PC+k + 1 None 1/2
BREQ k LIS if Z=1)then PC « PC +k +1 None 1/2
BRNE k EER R if (Z=0) then PC « PC +k + 1 None 1/2
BRCS k AL "1 T BkEE if (C = 1) then PC «— PC + k + 1 None 1/2
BRCC k AR "0” MIBkEE if (C = 0) then PC « PC + k + 1 None 1/2
BRSH k RFRET MRk if (C = 0) then PC «— PC + k + 1 None 1/2
BRLO k NF kR if (C = 1) then PC « PC + k + 1 None 1/2
BRMI k SUl Bk if (N = 1) then PC « PC +k + 1 None 1/2
BRPL k B if (N = 0) then PC < PC + k + 1 None 1/2
BRGE k EHSBATRET MRS if (N ® V=0) then PC < PC +k + 1 None 1/2
BRLT k EHSHAN if (N ® V= 1) then PC « PC +k + 1 None 1/2
BRHS k SRR "1 NPkE if (H=1) then PC « PC + k + 1 None 1/2
BRHC k AR 0" MIBkE if (H = 0) then PC « PC +k + 1 None 1/2
BRTS k T "1 NBksE if (T=1)then PC « PC+k +1 None 1/2
BRTC k T8 "0" Mgk if (T = 0) then PC « PC +k + 1 None 1/2
BRVS k SRR "1 Bk if (V = 1) then PC «— PC +k + 1 None 1/2
BRVC k BARE R "0” MIpkE if (V = 0) then PC «— PC + k + 1 None 1/2
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s BRIER B B LIS # P
BRIE k PRTERE Bk if (1=1)then PC « PC +k + 1 None 1/2
|_BRID K o T 55 A A B i if (1 =0) then PC « PC + k + 1 None 1/2
BE#IEES
MOV Rd, Rr FiFRE & Rd < Rr None 1
MOVW Rd, Rr SHEERT Rd+1:Rd <~ Rr+1:Rr None 1
LDI Rd, K puE=AvAEIE Rd «K None 1
LD Rd, X gk B S R Rd « (X) None 2
LD Rd, X+ M EEIURE AR N— Rd « (X), X < X+ 1 None 2
LD Rd, - X kRl — 5 HOER A T uk BR X« X-1,Rd « (X) None 2
LD Rd, Y MREEIUHE Rd « (Y) None 2
LD Rd, Y+ MEEEIUE , REtuEm— Rd« (Y),Y < Y+1 None 2
LD Rd, - Y bR — S hIER B T ut iR Y« Y-1,Rde(Y) None 2
LDD Rd,Y+q MBHFREBNREI U BE Rd « (Y +q) None 2
LD Rd, Z gk B S BE Rd « (2) None 2
LD Rd, Z+ MREEITUBIE R n— Rd « (), Z « Z+1 None 2
LD Rd, -Z kR — 5 DR A4 T ut Bg Z«Z-1,Rd« (2) None 2
LDD Rd, Z+q R RN EET U RE Rd « (Z+0q) None 2
LDS Rd, k M SRAM gz Rd « (k) None 2
ST X, Rr SRS ut B R FEHRE (X) < Rr None 2
ST X+, Rr NREIH AR EREE , A m— (X) < Rr, X X+1 None 2
ST - X, Rr bR — S A RES 1t R E R X« X-1,(X) «Rr None 2
ST Y, Rr kB S E (Y) «<Rr None 2
ST Y+, Rr MREEIUBIE  REban— (Y)«<Rr,Y«<Y+1 None 2
ST -Y,Rr bR — S hIER B T ut iR Y<Y-1,(Y)«<Rr None 2
STD Y+q,Rr MBHFREBNRES U BE (Y+q)«<Rr None 2
ST Z,Rr gk B S L BE (Z) < Rr None 2
ST Z+, Rr IERET UEIE , RSt hn— (Z)«<Rr,Z«Z+1 None 2
ST -Z,Rr kRl — 5 HOER A T ut Big Z«Z-1,(Z)«Rr None 2
STD Z+q,Rr MEHRE RN RES U BE (Z+q)«Rr None 2
STS k, Rr M SRAM mEE#E (k) < Rr None 2
LPM DN 7 22 E R RO « (2) None 3
LPM Rd, Z B = R E Rd « (2) None 3
LPM Rd, Z+ MRBFEENEIE , REmam— Rd « (2), Z « Z+1 None 3
SPM REEFZRNKE (Z) « R1:RO None -
IN Rd, P M 1/O O EEE Rd « P None 1
ouT P, Rr WO P «Rr None 1
PUSH Rr FEHFREARR Stack < Rr None 2
POP Rd G E 17 2R MERR T3 Rd « Stack None 2
NHUNRES
SBI P,b I/0 BlFefE L I/O(P,b) « 1 None 2
CBI Pb /10 FERLEE I/O(P,b) « 0 None 2
LSL Rd BRER Rd(n+1) < Rd(n), Rd(0) « 0 ZCNV 1
LSR Rd BEAE Rd(n) « Rd(n+1), Rd(7) < 0 Z,C NV 1
ROL Rd HHAVERER Rd(0)«-C,Rd(n+1)« Rd(n),C«Rd(7) Z,CNV 1
ROR Rd HHUERER Rd(7)«C,Rd(n)« Rd(n+1),C<Rd(0) Z,CNV 1
ASR Rd EREGE Rd(n) « Rd(n+1), n=0..6 Z,C NV 1
SWAP Rd BREFHIM Rd(3..0)«Rd(7..4),Rd(7..4)<Rd(3..0) None 1
BSET s REB SREG(s) « 1 SREG(s) 1
BCLR s HEES SREG(s) « 0 SREG(s) 1
BST Rr, b NEERTURAT T « Rr(b) T 1
BLD Rd, b FTRATERN Rd(b) « T None 1
SEC AL B AL C«1 C 1
CLC BAES C«0 c 1
SEN SR B AL N1 N 1
CLN ARENEE N« 0 N 1
SEZ TR B Z1 z 1
CcLZ EHRENES Z<0 z 1
SEI SRR 11 I 1
CLl 2BPWER 1<0 | 1
SES BENRFEN B S 1 S 1
CLS BEANRFELEE S«0 S 1
SEV 2 ANB R RSB V1 \Y 1
CLV 2 AN IBREREEE V<« 0 \ 1
SET SREGH T B T« 1 T 1
CLT SREGH TEE T«0 T 1
SEH SREG My Ui BB He 1 H 1

284 ATmega32(L) .




L | ATmega32(L)

Be BRER L B4 w& # I K

CLH SREG M ¥# T EEFE HeO H 1

MCU &S

NOP ZiRE None 1

SLEEP KR (3 ¥RERIIAE , W specific descr.) None 1

WDR AR (Xt WDR/timer L specific descr.) None 1

BREAK =1 Babawshalah ey 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 GRS
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 k4%
ATmega32-16PC 40P6 (0°C ~ 70°C)
ATmega32-16MI 44M1
ATmega32-16Al 44A Tk
ATmega32-16PI 40P6 (-40°C ~ 85°C)
ATmega32-16MC 44M1
ESp Tl
44A 44- 5|% , & (1.0 mm)TQFP
40P6 40- 5|% , 0.600" 3 , PDIP
44M1 44- 1BE | 7x7x1.0mm K/, %EE 0.50 mm , MLF
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HEER

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 —~— ™11.75(0.462) SQ

— 0.45(0.018)

— 0.30(0.012)
i
|

0.80(0.0315) Bscw

A :
JIOTTannuny
- “55000388) °°
— 1.20(0.047) MAX
0.20(0.008) 0°~7° !

0.09(0.004) ~ 1 /

rr .
Ai 7“
| ﬂ _ 0.75(0.030) 0.15(0.006) j |

0.45(0.018) 0.05(0.002)

*Controlling dimension: millimeter

REV.A 04/11/2001
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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 [] NN 1]

f

13.97(0.550)
13.46(0.530)

¢

EpER NN EpEEEE SRR RS
—~—— 48.26(1.900) REF —=|

4.83(0.190)MAX
[

| ) ) ) ] \ *
w | T
PLANE | i

3.56(0.140) L - 0.38(0.015)MIN
3.05(0.120) | | | == 0.56(0.022)
[~ 1.65(0.065) 0.38(0.015)
2 54(0.100)BSC 1.27(0.050)
_15.88(0.625)_
15.24(0.600)
[ \
\ [\l 00~ 15° REF
0.38(0.015)*/¢ ol
0.20(0.008)

‘

17.78(0.700)MAX

*Controlling dimension: Inches

REV.A 04/11/2001
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44M1

o] .
O\ 0
Marked pin#1 identifier (]
0
L
1 2
] |z
O]
i Z
i E
<
d
0 )]
i /
Y
A
TOP VIEW
-
-«

(L
R - l— /PIN #1 CORNER SIDEVIEW
Juuuuuuuuy s COMMON DI VENS! ONS
(*Unit of Measure = mm)
]
— [ N SYMBOL | MIN NOM | MAX | NOTE
— —] A 0.80 090 | 1.00
— ] Al 0.00 002 | 005
— — A3 0.25 REF
E2 (-
E2| — 0.18 | 023 | 030
— — D 7.00 BSC
— — p2 | 500 | 520 | 540
— ) E 7.00 BSC
- ] E2 500 | 520 | 5.0
Annnmm : 050 BSC
L 0.35 055 | 075
I R ) [ os]
BOTTOM VIEW
NOTE 1. JEDEC STANDARD MO-220, Fig 1 (Saw Singulation), VKKD-1
08/29/01]
1— 2325 Orchard Parkway| TITLE _ DRAWING NO. | REV
A 44M1, 44-pad ,7 x 7 x 1.0 mm body, lead pitch 0.50mm
|ﬂ"a San Jose, CA 95131 Micro lead frame package (MLF) P 44M1 B
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ZHRAK ATmega32 & Bk, TEHAXTER JTAG 55 IDCODEH f## R B2

IDCODE R# T M TDI m AHHIE

}288 IEEE1149.1 , JTAG % IDCODE I{EFREH ; ¥BMSH ID 8t , @
ARRE TDI MRBIZE "1", N, ELRAHEENSHETERNBIEEL , 25
TR ", BREFEFGHIIEE Update-DR Bf£4# "1” FTRE.

R ATmega32 A LH—WEE | B EEREE,

RRA*E

B IDCODE S EiET# A TAP 2 HI83#Y Test-Logic-Reset IRA K%k ZF 254
ID FEFe8  REEWERS , UREES[40EE, R ESE S ATmega32 BiH 25
BB ID FEEEIY ATmega32 X% BYPASS &5, Y& A ID HEHJIER
ATmegad2 it , FEEHFEERRBIEREEFTHIE, 5 TAPIRHZRH Test-Logic-
Reset RAK ERINFESH IDCODE 5+

Hith RRS =%

MBEXMEREVFHESEFFIES4H ID , BBL ATmega32 MiZE2AHEEPHE —
854, IDCODE 7 JTAG IES H1785H et , Update-DR EIRE/S 5 WL i3 HH 5
FARIE , BE5H ID FFHETRELE,

ATmega32(L) m————



EEE——————————sssssssss——— A TMega32(L)

ATmega32 WEEFM wrsAvhmERoRBNFRFFANNNAE. H5EHNOESS,

TEAE

MERZ Rev. 2503E-09/03
FIfR 2 Rev. 2503F-12/03
k34

MHRZ Rev. 2503D-02/03
TR 2 Rev. 2503E-09/03
RIZE (L

MHRZ Rev. 2503C-10/02
TR Rev. 2503D-02/03
AyZE 1L

MARZS Rev. 2503B-10/02
FiRZ Rev. 2503C-10/02
3L

MAIRZ Rev. 2503A-03/02
FIfR 7 Rev. 2503B-10/02
RYZAL

1.

8.

9.

B P27 “ IREMNF KW RC I®5%8 7 -

EFSBY P33 ITAGEOSHLRRARSE ” W “ FRIERRE 7.

5 P35 Table 15 .

BE# P204 “ MIRTHEISH O —~TAP” fiXF JTAGEN BL M H 5

B Bit 7 - JTD: 21k JTAG £ 0O/,

1 P240 Table 105 H X F JTAGEN BL M HER.

BEH#T P269 “ BSR4 PUEIMRE *, ERMFHESR/ERS -

£ P292 “ #hiR %K ” A — X TF JTAG £+ IDCODE Wy REIEM 3%

£ P283 “ FFERHBLA ” F A EEARH H# EEAR9,

P266 “XFlashit{T4RE" 5 P267 “XEEPROME{THE” FIRME— S H B,
HiBR « ZThaeo% R ” & “32 kHz &R ” BB S .

£t%4 Timer 0 & Timer 2 0% T PWM B AR.

P235 “ IRELIGATE PR (NS )" FH0E SPM TN X EEPROM E,

P14 FmiE ” RINAFERE.

RN P20 “ 3 B IRARAE X T 89 EEPROM BiR{E ” 85

7 P190 “ W53 K ADC ¥%IREF 7 FRIGERA Ba MR Z 5 ENAY R,

¥ P216 Table 90 ,

10. 7 INEH P289 « HIEFER ” ,

1.

SERT P269 “ [ERAFE " o

§¥ Flash 542X 10,000 B A / #EIR,
i Bx SFIOR #FF83M Bit nr.4 — ADHSM ,

0 P23 “ BRERHER ” #o,
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10.

11.

12.

13.

ATMEL

BEAERNTCEERASRHNE—LRE , XPoHEANL P29 « AEets ” &
P269 Table 118 ,

£ P32 “ |/MULIhEE ” FHRMXTF OCD RERTHFEMN /N,
RIEXE (WGM HiRE ):

— P71 “ % PWM &= ” (T/CO)

- P72 “ HfI{1E PWM R ” (T/CO)

— P111 “ R3E PWM &= ” (T/C2)

- P112 “ #f81E PWM # = ” (T/C2)

{81E P150 Table 67 (USART).

E%ﬁ' P269 “ Eﬁﬁﬁ ? FF@& V|L! I|L 5 IIH E°

EHiXTF OSCCAL FREFTHHEA,
EFMS | RENBNAFERARERET R 2. 4. 8 MHz NiRKHeS , XETENZS
FLANE -
P28 “ IRSH B ES 1788 ~-OSCCAL” & P242 “$rEFT ” HHIREA,
Table 42 {§1E3£R,
Table 45 5 Table 46 WS Ei% A,
FE 3 Table 119, Table 121 5 Table 122,

aRhn P292 « HhiREK 7 o
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